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Foreword

As the old saying goes, where there is muck there
is brass and there is indeed a massive economic
opportunity inherent in London’s waste which we
must realise to its full potential.
There is also of course a real environmental
imperative to stop sending rubbish to landfill or
discarding items that can be used again or recycled,
but we can also reap huge monetary benefits and
create jobs if we make better use of our waste
material.
My ambition is to put ‘the village’ back into the
city. What I mean by this is that we can improve the
quality of life for Londoners by ensuring that we
focus our efforts on delivering a cleaner and greener
city, with stronger and safer communities through
our work to make London more sustainable and
prosperous for decades more to come.
An exciting new generation of innovative
techniques and technologies is now available
making it possible to fuel homes, businesses and
vehicles from that in the past, we have just chucked
away. My vision is for London to lead on developing
this greener infrastructure and implementing
innovative approaches that generate a raft of new
job opportunities and enterprises and serve our
changing needs in waste management.
Business organisations have a large part to play in
making this vision a reality, not least by dealing with
their waste in an efficient and responsible way. Many
organisations have taken impressive strides forward
in dealing with waste in recent years. Recycling
facilities are now commonplace in offices and
companies have seen that there are real cash savings
to be made by doing so, as well as knowing they are
contributing to a cleaner, more pleasant city.

It is the Mayor’s role to outline, facilitate and
accelerate these opportunities.
There remains much more that can be achieved,
particularly with regard to the prevention of
rubbish in the first place and making sure we
reuse items that are still in working order. There
is money to be made by recycling and processing
more of London’s waste in London itself, and I
am taking steps to see that the facilities we need
get built. I also want to see ordinary businesses
benefit from new ways of dealing with waste, and
I will make sure they have the information they
need to take advantage of reuse and recycling
services in a way that saves them money in the
long run.
In this strategy, we have outlined how businesses
can support my plans for making London a zero
waste city. It complements work, detailed in a
separate document, to tackle household waste.
Together, these two strategies offer a detailed
view of all waste produced in the city – the first
time this has ever been done for a city in the UK.
I look forward to working with all organisations in
London to make sure we produce less waste, and
that what waste there is, finds new life through
reuse, recycling, or composting, or is converted
into energy generation to power our dynamic city.

Boris Johnson
Mayor of London
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PREFACE

A strategic framework for enhancing
quality of life in London and protecting
the environment
The Climate Change Adaptation Strategy is part
of a series of strategies that together set out
actions and policies to make London the best
big city in the world. How? By improving the
quality of life of Londoners and making the city
more sustainable.
The future of the planet lies in cities. In the
1950s just 29 per cent of people lived in towns
and cities. By the close of the 20th century
that figure had increased to 47 per cent, and
by 2050 it will hit 70 per cent. There are clearly
benefits to city living. People live longer, have
access to better education, extensive public
transport, greater healthcare provision, more
social, cultural and economic opportunities
and a lower carbon footprint. The Mayor is
working to ensure that London not only retains
its world city status but remains among the
best places on the planet to live, whatever your
age or background. He also wants to ensure
that the city is liveable and its development is
sustainable for future generations.
The Mayor’s ambition is to put ‘the village’
back into the city. What this means is
improving the quality of life for Londoners by
ensuring that we focus our efforts on delivering
a cleaner and greener city with stronger and
safer communities through our work to make
London more sustainable.

The Mayor’s environment strategies and
programmes are built on three policy pillars.
These are retrofitting London, greening
London, and cleaner air for London. These
pillars aim to improve the quality of life
for Londoners and visitors, and to make
the capital more attractive. The Mayor’s
programmes that underpin these pillars are
delivering targeted improvements and benefits
that Londoners can see and experience around
them. They also aim to make public services
more efficient and less of a burden on tax
payers, whilst delivering wider environmental
benefits such as conserving water, saving
energy or reducing waste.

The three ‘pillars’ and example
programmes:
Retrofitting London
Retrofitting London’s existing buildings is
not only crucial to tackling London’s CO2
emissions, it also reduces energy and water
use, delivers new jobs and skills, as well as
saving London businesses and homes money
on energy bills. Almost 80 per cent of the
14,000 low carbon jobs that could be created
per year from delivering the Mayor’s CO2
target and two thirds of the £721 million of
annual low carbon economic activity would
come from retrofitting.
Our homes and workplaces are responsible
for nearly 80 per cent of the city’s emissions.
Fundamentally 80 per cent of these buildings
will still be in use by 2050. The RE:NEW
programme which installs a range of energy
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and water efficiency measures in homes,
enables Londoners to save money on their
energy bills while making their homes more
energy efficient. The RE:NEW demonstrations
in 2010, have shown that households could
save over £150 annually through retrofitting
actions.
Greening London
The Victorians bestowed on us a city softened
by trees and green spaces. Greening London
builds on this legacy and aims to improve
the look and feel of our city, making it more
attractive whilst reducing the impact of noise
and air pollution. Greening London also makes
the city more resilient to flooding and extreme
weather events, and can contribute to a
healthy mind and body. The Mayor through his
RE:LEAF programme and the London Green
Grid has an ambition to increase tree cover by
five per cent by 2025, therefore achieving one
tree for every Londoner and creating a better
network of interlinked, multi-functional and
high quality open and green spaces.
Cleaner air for London
Air pollution is a serious health issue and the
Mayor is determined to reduce its impact.
Actions being taken to improve air quality
include introducing the first ever age limit
for black cabs, tougher standards for the
Low Emission Zone, new cleaner hybrid
and hydrogen buses and fitting older buses
with equipment including filters to curb
pollution. The new bus for London, which
will be launched in 2012, will use the latest
green technology making it 40 per cent more
efficient than a conventional double decker.
The Mayor is working to introduce more
electric vehicles onto London’s streets. In May
this year, he launched Source London, the
UK’s first citywide electric vehicle charging
network and membership scheme and we are
also now investing record amounts to deliver a

cycling revolution in London. Additional steps
are being taken to tackle pollution levels at
some of the busiest roads in central London.
This includes utilising dust suppressant
technology that prevents PM10 from recirculating, installing green infrastructure
to trap pollutants and a no engine idling
campaign to reduce engines running
unnecessarily when stationary. Eco-marshalls
are also being deployed to help both monitor
and reduce the impact of taxis on air quality.
London continues to attract people and
businesses and therefore continues to
grow. The London Plan forecasts the city’s
population could increase from 7.6 to 8.8
million by 2031. These strategies show
that making London a sustainable city and
protecting the environment does not mean we
all have to be eco-warriors or make sacrifices
to our standard of living. We can work to
lessen our impact on the city while at the
same time improving the environment and our
quality of life.
In a post-Olympic London, we can also grasp
the opportunity to make the capital a digital
leader, an intelligent city. By harnessing
the power of data, we can run our city
more efficiently, understand environmental
trade-offs, and communicate better with
Londoners, enabling them to make better
informed and sustainable choices in how
they live and work. This is already happening
through the explosion of social media and
digital applications that encourage behaviour
change based on the choices an individual
makes. Data visualisation is also allowing us to
understand complex data sets, telling us the
results of the millions of decisions we make,
on us, on our neighbourhoods, on our city and
beyond.
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Transitioning our city to a sustainable low
carbon economy will also bring economic
opportunities for London in terms of jobs
and investment. Despite the economic
downturn, the value of London’s low carbon
and environment sector is now worth over £23
billion, growing by over four per cent a year. As
London and the rest of the world continue to
reduce their greenhouse gas emissions over the
coming decades, the economic opportunities
from that activity will be huge. London must
make sure it grabs this opportunity and
continues to be a world leader.

Kulveer S Ranger
Mayor’s Director
of Environment
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In the last few years, the way businesses deal
with their waste has moved up the agenda.
There has been a growing recognition
that businesses, in both the commercial
and industrial sector and the construction,
demolition and excavation industries, need to
be more aware of the resources they use and
the waste their processes leave behind. As well
as changes to government policy, that have put
more emphasis on climate change impacts and
focused in on capturing the economic benefits
of waste, businesses themselves are paying
more attention to the resources they use and
their carbon footprint. With such changes taking
place, there is a growing need for a revised
strategy to tackle our business waste.
The Mayor’s policy proposals, as detailed in this
strategy, aim to set the overall direction for the
management of business waste in London for
the period 2010 to 2031, with specific actions
to enable the move to sustainable resource and
waste management within the next two to three
years. These policies are designed to address
the need for greater business resource efficiency
and an improved waste infrastructure, which will
be required to meet the objectives and targets
of the Mayor’s spatial development strategy, the
London Plan, in relation to business waste.
The term ‘business waste’ in this strategy refers
primarily to two distinct waste streams – that
from the commercial and industrial (C&I)
sector and that from construction, demolition
and excavation (CDE) – that are collected and
managed by the private sector.
Business waste accounts for 16 million tonnes,
or around 80 per cent of solid waste generated
in London. The Mayor’s Business Waste Strategy
is non-statutory but is designed to sit alongside
the statutory Mayor’s Municipal Waste Strategy
(which relates to the remaining 20 per cent of

waste) to provide a complete view of the waste
sector in London.

The Mayor’s vision, objectives and
targets for business waste in London
The Mayor’s vision for the management of
London’s business waste is set out in the
introductory text to this strategy, along with the
two key targets for business waste as outlined
in the London Plan. Ultimately, the Mayor
wants London to become a world leader in
waste management, making use of innovative
techniques and technologies to minimise
the impact of waste on our environment and
to exploit its massive economic value. The
overriding aims are to:
• focus on waste reduction and the more
efficient management of resources to reduce
the financial and environmental impact of
waste
• manage as much of London’s waste within its
boundaries as practicable, by taking a strategic
approach to developing new capacity
• boost recycling performance and energy
generation to deliver environmental and
economic benefits to London.
The Mayor’s key targets for the management of
business waste are as follows:
• achieve 70 per cent reuse, recycling and
composting of C&I waste by 2020, maintaining
these levels to 2031
• achieve 95 per cent reuse, recycling and
composting of CDE waste by 2020, maintaining
these levels to 2031.

Opportunities for improving business
waste performance
Detailed information about the waste London
produces and how it is currently managed is
set out in Chapter 1. Broadly half (48 per cent)
of the waste generated in London comes from
CDE, the largest source of waste arisings in
London, but 82 per cent of it is reused, recycled
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or composted. C&I waste accounts for a further
32 per cent of London’s waste but only 52 per
cent is reused, recycled or composted.
The Mayor’s approach to business waste is to
help provide the resources necessary to help
drive resource efficiency in businesses, boost
reuse, recycling and composting performance for
both C&I and CDE waste and improve London’s
waste infrastructure provision for these two
waste streams. The four key policy areas that
will help deliver these objectives, summarised
below, are set out in detail in Chapter 2.

The Mayor’s policies for business
waste in London
Policy 1
The Mayor wishes to change the way businesses
and their employees feel about the resources
they use and the waste they create, by
promoting the commercial value of being
resource-efficient. Greater resource-efficiency
in business would help shift London towards
a low-carbon society, with benefits for the
wider economy, for the environment and for
Londoners. Such an economy would use fewer
resources more efficiently, produce less waste
and use recovered resources in the form of both
materials and energy.
Policy 1, therefore, sets out the actions that the
Mayor will take to help businesses to identify
and implement waste prevention measures
within their organisation; minimise resource use
and increase the uptake of reused, recycled and
reclaimed products and materials; and realise
the financial and wider commercial benefits of
engaging in these activities.
Policy 2
Policy 2 sets out the actions that the Mayor will
take to help businesses overcome the practical
issues that make it difficult for them to separate

waste for reuse, recycling and composting, and
so encourage greater participation by businesses
in achieving 70 per cent reuse, recycling and
composting of C&I waste by 2020 and beyond.
The Mayor’s actions are, therefore, focused
around helping businesses, especially small and
medium-sized enterprises (SMEs), to access
reuse, recycling and composting collections, or
entering into collective contracting for these
services.
The Mayor also proposes to use the planning
system to ensure that the design of new and
refurbished buildings provides suitable waste
storage and access for collections. Other
proposals will target London’s food waste
producers and those occupying multi-tenanted
buildings or large business estates.
Policy 3
The development of new waste infrastructure
in London is not coming forward at the rate
required to reduce London’s reliance on
landfill or to capitalise fully on the income
and employment opportunities from the
reuse, recycling and reprocessing of the city’s
waste. This development is being hampered
by finance and planning issues and a need for
greater collaboration between different players
in the waste management business, including
feedstock providers, technology suppliers, offtake users (for heat, power, recyclate or fuel)
and potential investors.
The Mayor plans to address the development
of new waste infrastructure which will help to
manage London’s business waste within the
capital, so that there is less reliance on landfill
and the financial, economic and environmental
benefits are felt within London. The aim is to
stimulate growth in the market by sharing the
risk associated with these new projects, illustrate
their commercial viability and then attract
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greater levels of private sector investment to
fund the large-scale roll-out.
Policy 4
The CDE waste stream in London is already
achieving high levels of reuse and recycling.
However some projects are beginning to show
that these levels can be increased even further.
Greater emphasis is required in specific areas,
such as in reducing the overall quantity of
waste generated in the first place; reducing
‘downcycling’ of construction wastes such
as converting unused bricks and blocks into
aggregates; and increasing reuse within the
industry. The Mayor’s policy proposals for the
CDE waste stream aim to drive improvements
in resource efficiency by designing out waste at
source, and by promoting best practice in reuse
and recycling of all materials.
The Mayor will use the planning regime in
London and supporting planning guidance to
engage developers, architects and designers in
looking for ways to design out waste at source
and improve the overall resource efficiency
of buildings and infrastructure projects. The
planning regime will also be used to ensure that
developers and their contractors make plans
that maximise the opportunities for reuse and
recycling of waste, such that London’s strong
reuse and recycling performance of CDE waste
can be maintained. To support this, the Mayor
will work with private sector partners to help
fund delivery of the necessary infrastructure for
CDE waste reuse and recycling.
In addition, the Mayor will encourage more
CDE waste producers to sign up to a ‘London
2012 standard’ where they attempt to match
and exceed the high reuse and recycling
performance of the construction and demolition
projects London 2012.

Leading by example
Finally, the Mayor is keen to show leadership on
this issue and Chapter 3 illustrates how members
of the Greater London Authority (GLA) Group,
as business waste producers themselves, are
helping to take a lead on sustainable resource
and waste management in the capital. This
includes Transport for London (TfL), the
Metropolitan Police Authority (MPA), the
London Fire and Emergency Planning Authority
(LFEPA) and the Greater London Authority
(GLA).

Appendices
The following supplementary information is
provided within the appendices to this strategy:
• Appendix 1: Legislative framework for
managing London’s business waste
• Appendix 2: High-level implementation plan
for the actions contained in this strategy.
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As the issue of business waste has moved up
the agenda in recent years, and government
policy has changed to reflect the growing
concern about the climate change impacts of
the way we deal with waste, the need for a new
strategy for waste management in London has
grown. Many businesses in both the commercial
and industrial sector and the construction and
demolition industry, have been putting a greater
focus on the way they manage their resources,
and the way they deal with waste. A strategy
for business waste now needs to take these
changing circumstances into account.

Landfill has traditionally been cheaper than
recycling (and energy generation) but the
landfill tax, at £56 per tonne in 2011 and rising
(on top of the gate fees charged by sites for
taking landfill waste), means that recycling is,
on the whole, becoming cheaper than disposal
and energy generation. The real savings however
are in waste reduction and reuse. For every 1 per
cent reduction in waste, approximately £20m
is shaved off the bill. Similar savings can be
achieved for waste that is reused. This strategy
will focus heavily on what the Mayor and
businesses can do to move in this direction.

Managing waste in the current
economic climate

Considering the climate change
impacts of waste

Resource efficiency is an increasingly important
business consideration in the current economic
climate1. Traditionally, waste has always
been perceived as a burden to deal with – an
unnecessary cost that negatively impacts on the
bottom line for businesses. The past 20 years,
however, has seen a dramatic change in the way
that we think about and manage our waste,
to a point where there is much to be gained,
financially, economically and socially, from
realising the value contained within our waste.
This provides an opportunity to:
• improve business practices, profitability and
competitiveness
• capitalise on new market opportunities
• meet the legislative requirements in specific
sectors with regard to waste management
• meet customer demands for more sustainable
business practices
• enhance environmental and corporate social
responsibility profiles.

Climate change is also a key consideration in
what we do and managing our waste differently,
as close as possible to the point of production,
can bring numerous environmental benefits,
particularly in terms of reduced greenhouse gas
emissions.

It is estimated that London’s total waste
management bill is in the region of £2 billion
per year and if we don’t change the way we deal
with London’s waste, this will increase year on
year as the landfill tax increases.

Landfill sites contribute 40 per cent of the UK’s
methane emissions, a powerful greenhouse
gas, and overall, landfill accounts for 3 per cent
of the UK’s total greenhouse gas emissions.
London has the opportunity not only to
reduce greenhouse gas emissions from waste
management by reducing landfill gas, but also
to reduce the consumption of fossil fuels by
recycling (and offsetting the additional energy
required to produce products from virgin
materials) or by directly offsetting fossil fuel use
through energy generation.
A government Energy White Paper published
in 2003 referred to energy and waste as the
two key policy elements required as part of
the sustainable consumption and production
agenda and many cities around the world
are now beginning to interlink policies on
waste, energy and climate change mitigation.
The City of Copenhagen, for example, has a
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strategic waste management plan that focuses,
for the first time, on climate as a key area in
waste management2. Similarly, the City of San
Francisco has linked its own strategic waste
management decision-making to its Climate
Action Plan3.
London is seeking to stay at the cutting edge
of waste and climate policy and practice, with
the Mayor’s Municipal Waste Strategy, which
focuses on carbon dioxide-equivalent (CO2eq)
outcomes through the world-first Emissions
Performance Standard for municipal waste
management at city level. These priorities are
also reflected in the business environment,
with climate change and resource use being
identified as the two of the key issues for most
businesses4.

The Mayor’s vision for waste as a
resource in London
The Mayor’s vision is that London becomes
a global leader in waste minimisation and
management, as part of achieving the highest
environmental standards and quality of life
for its people. The Mayor wants London’s
waste and recycling industries to be central
to the city’s transition to a low-carbon
economy, using innovative techniques and
technologies to minimise the impact of waste
on our environment and to exploit its massive
economic value. The overriding aim is to reduce
the amount of waste generated by the capital,
significantly increase recycling and composting
performance, and to generate energy in the
most environmentally friendly way possible
from rubbish that cannot be reused, recycled or
composted.
A fresh approach to waste is needed to take
London into a new era in waste management.
For too long, waste has been seen as a burden –
a cost to be minimised. But that has meant that
London – its businesses and its waste authorities

– has not been in a position to realise the full
economic value that can come from waste.
As the market for recycled goods develops,
recyclable materials take on a value. The residual
waste also has a value when used to generate
energy. This potential value should be at the
forefront of all decisions made around managing
waste.
Underlying all that the Mayor is aiming to
do on waste is the principle that the greatest
environmental benefits should be sought at all
times, with particular emphasis on reducing the
climate change impact of waste.

The Mayor’s objectives for waste
Planning policies, objectives and targets for
management of London’s waste are set out
in the Mayor’s spatial development plan for
London, the London Plan. Key policies and
proposals for waste management outlined in the
London Plan are as follows:
• work towards zero waste to landfill by 2031
• manage as much of London’s waste within its
boundaries as practicable by taking a strategic
approach to developing new capacity
• focus on waste reduction and the more
efficient management of resources to reduce
the financial and environmental impact of
waste
• boost recycling performance and energy
generation to deliver environmental and
economic benefits to London
• promote waste management methods that
achieve the greatest possible environmental
benefits in terms of climate change, converting
London’s waste management from a carbonemitting to a carbon-saving activity.

The Mayor’s targets for business waste
The London Plan contains two key targets
with respect to the management of London’s
business waste:
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• achieve 70 per cent reuse, recycling and
composting of commercial and industrial (C&I)
waste by 2020, maintaining these levels to
2031
• achieve 95 per cent reuse, recycling and
composting of construction, demolition, and
excavation (CDE) waste by 2020, maintaining
these levels to 2031.
Based on current estimates and future
projections of business waste in London, Table
1 illustrates the quantities of business waste
that would need to be recycled in order to
achieve these targets in 2020 and 2031. These
figures take into account the projected growth
in business waste and are discussed in further
detail in Chapter 1 on London’s Waste Picture
and Legislative Context. Estimated recycling
performance for 2010 is based on a current,
estimated recycling performance of 52 per cent
for C&I waste and 82 per cent for CDE waste.
The Mayor’s targets, while ultimately voluntary
for individual businesses, are set for London as a
whole and therefore, the business sector needs
to play its part in contributing to improving the
capital’s reuse and recycling performance. These
targets exceed those set out by the European
Waste Framework Directive, which requires
Member States to achieve:
• 50 per cent reuse and recycling of materials
including paper, metal, plastic and glass from

origins other than households where the
waste streams are similar to the composition
of household waste
• 70 per cent reuse, recycling and other
material recovery of construction and
demolition waste (excluding naturally
occurring material)5.
They also compare favourably to targets set
for the devolved regions of the UK. Wales has
set reuse and recycling targets for C&I waste
of 67 per cent by 2019/20 and 70 per cent by
2024/25, plus a reuse, recycling and recovery
target of 90 per cent for construction and
demolition waste by 2019/206. Scotland aims
to achieve a minimum level of 70 per cent
reuse and recycling for C&I waste by 2025 and
70 per cent reuse, recycling and recovery of
construction and demolition waste by 20207.

The Mayor’s policies and proposals for
business waste
The Mayor has a statutory duty to provide
strategic direction for the management of
London’s Local Authority Collected Waste
(LACW). However, this accounts for just one
fifth of London’s waste and the Mayor realises
that, in order to fully realise the economic and
environmental value of waste as a resource,
London requires a truly holistic approach to
managing all of the waste that it generates not just that from LACW sources.

Table 1 Quantities of business waste projected, and the quantities that
would need to be recycled to meet the Mayor’s targets in 2020 and 2031 (tonnes)
2010

2020

2031

Estimated
Arisings

Existing
Recycling
Performance

Projected
Arisings

Target
Recycling
Performance

Projected
Arisings

Target
Recycling
Performance

C&I Waste

6,496,000

3,377,920

6,450,000

4,515,000

6,596,000

4,617,200

CDE Waste

9,753,000

7,997,460

10,512,000

9,986,400

11,093,000

10,538,350

TOTAL

16,249,000

10,725,780

16,962,000

14,501,400

17,689,000

15,155,550

19
The policies and proposals in this strategy
aim to set the high-level direction for the
management of business waste in London for
the period 2010 to 2031, with specific actions
to enable the move to sustainable resource
and waste management within the next two
to three years. These policies are designed
to address the need for greater business
resource efficiency and an improved waste
infrastructure, which will be required to meet
the objectives and targets of the London Plan
in relation to business waste.
In this strategy, the term ‘business waste’
refers to commercial and industrial (C&I) waste
and construction, demolition and excavation
(CDE) waste that is collected and managed by
the private sector. Together, these two waste
streams account for 16 million tonnes, or
around 80 per cent of solid waste generated in
London8.
The Mayor has set out his direction on
business waste within four broad policy areas.
These are:
• Policy 1: Promoting the commercial value of
a resource-efficient business – supporting
businesses to realise the hidden savings and
revenue opportunities from waste prevention
and more effective management of the waste
they generate.
• Policy 2: Boosting reuse, recycling and
composting participation in the commercial
and industrial sector – dealing with the
practical issues that require intervention to
help businesses prevent waste at source,
access cost-effective recycling services,
and to separate and store their waste in
a way that does not cause harm to the
environment, health or local area.
• Policy 3: Supporting the waste infrastructure
market in London to grow and to deliver
for businesses – providing assistance to the
waste sector to broker new partnerships,

access new sources of business waste,
develop new waste infrastructure, find
suitable sites for development, overcome
planning and investment issues, and
maximise opportunities for carbon reduction
and energy generation.
• Policy 4: Driving improvements in resource
efficiency in the construction and demolition
sector while continuing to maintain the good
levels of reuse and recycling performance
already being achieved – focusing on driving
environmental performance for the largest
source of waste arisings in London.
While privately-collected business waste
accounts for 80 per cent of the waste
generated in London, some policy proposals
(such as those addressing design processes
or resource-efficiency measures), will be
applicable to all businesses regardless of
whether the waste is presented for collection
by a local authority or by a private contractor.
There are no specific policy proposals in
this document aimed at the management of
hazardous waste, since both C&I and CDE
waste streams will consist of waste that may
be classified as hazardous, non-hazardous
or inert. The classification of the waste, in
this instance, is considered to be of less
relevance than the overarching principles that
support the Mayor’s vision for sustainable
resource and waste management in London.
For example, waste reduction principles
would be just as applicable to hazardous CDE
waste management as to non-hazardous
CDE waste management. However, as set
out in Policy 5.19 of the London Plan, the
Mayor will work in partnership with London
boroughs, the Environment Agency, industry
and neighbouring authorities to identify the
capacity gap for dealing with hazardous waste
and to provide and maintain direction on the
need to increase capacity.
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Delivering the strategy
The specific actions in this strategy will be
delivered by:
• working in partnership with all of the GLA
Group – the GLA, TfL, the MPA and the
LFEPA – and the London Waste and Recycling
Board (LWARB). These regional public sector
organisations are putting significant efforts and
funding towards business waste and resourceefficiency programmes
• working in partnership with local authorities,
business groups and sector bodies, third
sector organisations, the waste industry and
business organisations in London. These
groups are familiar with the issues affecting
local businesses and the potential solutions
for overcoming the barriers to better waste
management and resource efficiency
• engaging, enabling and empowering individual
employees and businesses to realise the value
of, and thus make more sustainable choices
with respect to green procurement, resource
efficiency and waste management.
The strategy is intended to be applicable to
all types and sizes of business in London but
the Mayor will seek to deliver a sector-focused
approach to target areas where action and
assistance are most needed. The strategy
assumes business compliance with legislative
requirements and will complement the Mayor’s
policies and proposals being developed and
implemented in other areas, such as for local
authority collected waste9, climate change
mitigation10, transport11, air quality12, economic
development13 and employment and skills14.
Complementary links between the Mayor’s
strategies are highlighted in this document. A
summary of legislative requirements considered
in developing this strategy can be found in
Appendix 1.
An implementation plan for delivering the
Mayor’s actions on business waste is set out
in Appendix 2.
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Chapter One

London’s
waste picture
and le gislative
context
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This chapter provides the context and
evidence base for this strategy, setting out
a picture of London’s waste arisings and
projections. It also seeks to highlight where
the opportunities lie in relation to the Mayor’s
priorities and targets on:
• reducing London’s waste going to landfill
• improving London’s self-sufficiency in
managing its own waste
• boosting reuse, recycling and composting
targets.

London’s waste arisings
For the purposes of this strategy, waste arisings
are categorised into one of three streams
dependent on the nature of the waste and how
it is collected. These three streams are:
• Local Authority Collected Waste (LACW)
(previously known as municipal waste).
• Commercial and industrial (C&I) waste.
• Construction, demolition and excavation
(CDE) waste.
All three waste streams may consist of waste
that is classified as hazardous, non-hazardous
or inert and so no reference is made to
hazardous waste as a distinct waste stream in
the proposals of this strategy.
The quantities and management methods
of LACW, C&I and CDE waste outlined in
this chapter are based on data for 2008,
which is used as the baseline year by a waste
arisings study undertaken for the GLA by SLR
Consulting Ltd1. This forms part of the updated
evidence base for London’s future waste
arisings for the three primary waste streams for
the period 2010-2031. The methodology for
calculating CDE and C&I waste arisings can be
viewed in the SLR Consulting study.
In 2008, London generated a total of 20 million
tonnes of waste, comprising approximately
4 million tonnes of LACW, 6.5 million tonnes

of C&I waste2 and 9.5 million tonnes of CDE
waste3. Figure 1 shows the proportion of each
of these three waste streams in London.
LACW waste, which accounts for around
20 per cent of London’s waste, is collected
by local authorities (or Waste Collection
Authorities) from homes, some small
businesses and from municipal premises, parks
and gardens. The remaining 80 per cent of
London’s waste comes from businesses and
is collected and managed privately by waste
contractors. Almost half (48 per cent) of the
waste generated in London is CDE waste,
while C&I waste accounts for just over a third
(32 per cent).

London’s waste management methods
Reuse, recycling and composting
performance
Figure 2 shows the waste management
methods used in London for each of the
LACW, C&I and CDE waste streams4. Overall,
61 per cent of London’s waste is reused,
recycled or composted but this figure is
skewed by the very large proportion of
CDE waste (82 per cent) that is managed in
this way. Reuse, recycling and composting
accounts for 52 per cent of C&I waste in
London, and only 27 per cent of LACW,
although this waste makes up the lowest
proportion of waste arisings overall.
‘Other’ refers to material that is sent for
mechanical biological treatment, is disposed of
using other treatment processes or is delivered
to an unknown destination. It should be
noted that the 24 per cent of C&I waste sent
to ‘other’ destinations shown above includes
17 per cent of all C&I waste sent to unknown
destinations.
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Figure 1 Proportion of waste streams
by origin in London, 2008

Figure 2 Breakdown of London’s waste
management methods

Municipal (MSW)
20%

3%

100

8%

18%

24%

80

24%
49%
17%

60

Construction,
Demolition and
Excavation (CDE)
48%

Commercial and
Industrial (C&I)
32%

6%

40

20

0

6%

21%

82%

52%

CDE

C&I

■ Recycling ■ Incineration

27%

61%

LACW
Total
■ Landfill ■ Other

Figure 3 London’s total waste to landfill by material, 2008 (‘000 tonnes) (indicative)
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London’s reliance on landfill
The Environment Agency estimates that, of the
6.6 million tonnes of London’s waste that went
to landfill in 2008, approximately 85 per cent
(5.6 million tonnes) was transported outside of
the region5. Of this amount, 3.1 million tonnes
was landfilled in the South East and 2.2 million
tonnes in the East of England6. Of the total
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amount of London’s waste sent to landfill,
around 48 per cent is unsegregated, mixed
waste7.
According to Environment Agency data for
London in 2008, only 25 per cent of C&I waste
that went to landfill and 16 per cent of CDE
waste was sent within the Greater London
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regional area8. The figure for CDE waste sent
to landfill a year previously, in 2007, was 28
per cent (no data available for C&I waste),
which indicates an increasing reliance upon
regions outside of London for dealing with this
business waste9. Most of the waste exported
for landfill outside of London in 2008 (75 per
cent of C&I waste and 84 per cent of CDE
waste) was managed mainly within the South
East of England and East of England, with a
small percentage going to other parts of the
country10.
In terms of the potential opportunities for
diverting waste from landfill, Figure 3 illustrates
the specific material streams going to landfill
from each of the three primary waste sources.
For C&I waste, Figure 3 shows that the top
categories of landfilled waste are paper and
board, plastic and glass, and therefore, the best
opportunities for diverting waste from landfill
are in these waste materials.
For the CDE waste stream, the biggest
opportunities are in aggregates, wood and
mixed waste. Looking at LACW and C&I
waste together, the top three opportunities
for the development of a waste treatment
infrastructure that can benefit both sectors
are in the management of paper and board,
organic materials and plastics.
The Environment Agency estimates that around
90 per cent of CDE waste to permitted landfill
is soil and stones, with other research also
indicating that very little ‘hard’ construction
and demolition material is landfilled11. For
example, a 2005 DCLG survey of CDE waste
arisings in England reports that very little
evidence was found of materials such as
concrete, bricks, tiles, ceramics, track ballast
and bituminous or coal tar products (‘hard’
construction and demolition waste) going
to landfill12. However, a WRAP (Waste and

Resource Action Programme) study showed
that nationally, the market for recycled
aggregate is likely to be largely saturated by
2016, so that increases in the recycling of CDE
waste as aggregate are likely to be short-term
only13.

Composition of London’s business
waste and projected waste arisings
The composition of LACW generated in London
is given in the Mayor’s Municipal Waste
Management Strategy for London, London’s
Wasted Resource. The composition of C&I and
CDE waste is discussed further below.

Commercial and industrial waste
C&I waste arisings data presented in this
strategy is based upon a waste per employee
generation rate for different commercial
and industrial sectors. Waste per employee
generation rates are greater in the industrial
sector than in the commercial sector but the
dominance of the service sector in London
means that this is likely to have a greater
influence on the composition of C&I waste
generated overall in London, now and in the
future.
It is estimated that in 2010, London generated
6,496,000 tonnes of C&I waste. Figure 4 shows
an indicative breakdown of the origin of this
waste in London by sector. Manufacturing as
a whole, combined with the power and utilities
sector, together account for just a quarter of
London’s waste arisings14. The service sector
accounts for the remainder, of which a third
comes from the retail and wholesale sector.
The manufacturing sector in London is
projected to continue to decline from 224,000
jobs in 2007 to 90,000 by 2031. At the same
time, business and financial services could grow
by 420,000 jobs from 1.56 million jobs in 2007
to 1.98 million in 2031, while jobs in the hotel
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Figure 4 Indicative sector analysis of
C&I waste arisings in London

Figure 5 Indicative commercial waste
composition for London
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and restaurant trade are set to grow by 235,000,
accounting for a fifth of new jobs, and retail
is predicted to grow by 36,000 jobs15. Thus,
the composition of London’s business sectors
will influence the types of waste generated in
the capital and the opportunities for resource
management and recovery.
The individual composition of each of the
C&I sub-waste streams is shown in Figures
5 and 6 respectively. In both cases, general
waste accounts for the majority of both the
commercial (36 per cent) and industrial (75
per cent) sub-waste streams. Together with
other general and biodegradable waste, which
makes up 13 per cent of commercial waste
and seven per cent of industrial waste, mixed
wastes account for a significant proportion
of the overall C&I waste stream. This is also
substantiated by data from other surveys. For
example, a 2009 C&I waste arisings survey for
the Environment Agency in Wales suggested
that around 50 per cent of the C&I waste stream
comprised non-differentiated mixed wastes16. It
is likely that a proportion of this waste could be
segregated for reuse, recycling, composting or
other recovery.
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Table 2 Projected C&I and CDE waste arisings (‘000 tonnes) for London, 2010 to 2031
Waste Stream

2010

2015

2020

2025

2031

C&I Waste

6,496

6,450

6,450

6,498

6,596

CDE Waste

9,753

10,204

10,513

10,736

11,092

16,249

16,654

16,963

17,234

17,688

Total Business Waste Arisings

There has traditionally been less national
policy action on C&I waste, than for the
LACW and CDE waste streams. The Waste
Strategy for England 2007, for example,
stopped short of setting any specific targets
for the management of C&I waste, although
it did identify priority materials, products and
sectors for action. Consequently, most of the
actions for C&I waste have been delivered
through voluntary commitments on a sectorby-sector basis. A large part of this work
has been co-ordinated, or co-delivered, by
WRAP, most notably through the Courtauld
Commitment which is a retail industry
voluntary commitment to halt packaging waste
growth, deliver reductions in packaging waste
and target waste in the retail supply chain17.
More detail on this is included under Policy 2
in this document.
Most regulatory requirements for priority
materials, products and sectors have been
in the form of legislation that addresses
producer responsibility, and is required to be
implemented by European Union Member
States. Since 1997, producer responsibility
legislation has been introduced covering the
design, manufacture, labelling, marketing
and end-of-life management of packaging,
end-of life vehicles, electrical and electronic
equipment and batteries.
In 2009, the government set out its approach
to the management of C&I waste in England
as part of a broad-based campaign on
resource efficiency, aimed at businesses, waste

management companies, local authorities,
regulators, delivery bodies and other parties
with an interest in business waste and resource
efficiency18. This was followed in March 2010 by
Less is More: Business Opportunities in Waste
& Resource Management that sets out the
policy direction of the Department for Business
Innovation and Skills (BIS) and the Department
for the Environment, Food and Rural Affairs
(Defra) in relation to the opportunities for
British businesses to make use of material
resources and waste across the supply chain19.
The government has completed a further review
of waste policy and management in England,
published in June 2011. In relation to business
waste, the main proposals include:
• developing a comprehensive waste prevention
programme and in the meantime working
with businesses and other organisations in
the supply chain to drive waste reduction and
reuse
• supporting businesses to reduce food waste
both within their operations and in supply
chains
• developing new voluntary responsibility
deals with businesses in a range of sectors –
including hospitality, retail, direct mail, waste
industry – focussed on reducing and recycling
waste
• supporting councils and the waste industry in
improving the collection of waste from smaller
businesses. This includes ending the Landfill
Allowance Trading Scheme to remove an
important perceived barrier to local authority
service collection from businesses20.
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Construction, demolition and
excavation waste
The CDE sector is the largest source of waste
arisings in London (48 per cent of total waste),
reflecting the national picture throughout the
UK21. The composition of waste generated varies
on a project-by-project basis according to the
stage of development (for example, demolition,
construction, refurbishment or maintenance)
and the type of development being constructed
(for example, whether it is a building or civil
engineering project). Civil engineering projects
typically generate more waste than demolition
and buildings projects, mainly in the form of
excavated soil and aggregate22. Waste from
buildings projects is much more variable. Figure
7 shows the indicative composition of CDE waste
generated by a new build construction project23.

Figure 7 Indicative CDE waste composition for
a new build construction project
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industry-led initiative produced the Strategy

Projected growth of CDE waste in London is
shown in Table 2 and will be driven partly by
waste generated by major infrastructure projects
in the capital, including Crossrail and the
proposed Thames Tideway Tunnel. It is estimated,
for example, that the Crossrail project in London
will give rise to around 7.3 million cubic metres
of CDE waste, equivalent to around 8.76 million
tonnes, across the anticipated lifetime of the
project from 2009 to 201724. Generally, CDE
waste will be influenced by factors such as the
state of the economy and associated construction
output, and construction methods.
Despite being the largest source of waste in
London, the recycling performance of the CDE
sector has been much stronger than that of the
LACW and C&I sectors. The relatively high reuse
and recycling rates have been achieved largely
through a mixture of joint government and
industry initiatives and regulation.
Following the identification of construction as a
priority sector for action in the Waste Strategy
for England 2007, a cross-government and

■ Paper and Card ■ Food ■ General Waste
Sustainable
Construction
inMetals
Juneand2008.
■for
Other
General and Biodegradable
Waste ■
Scrap
■The
Contaminated
General
Chemical
& Otherthe concept of
strategy
aims■to
promote

sustainability in the construction industry by
specifying a series of actions and targets across
a range of issues, including procurement, design,
innovation, people, regulation, climate change
mitigation and adaptation and water. Its key
target with respect to waste is to halve waste
to landfill by 2012 relative to a 2008 baseline.
It also promotes use of procurement targets,
sector resource-efficiency plans, packaging waste
reduction, supplier take-back schemes, use of
life-cycle assessment tools for components and
use of recycled content in construction.
The Site Waste Management Plan Regulations
2008 came into force in April 2008 and require
that a site waste management plan (SWMP)
be prepared for all construction projects over
the value of £300,000 (excluding VAT)25. The
purpose of the SWMP is to record the amount
and type of waste produced during all phases of
construction and consider how that waste should
be managed in terms of reuse, recycling and
disposal. It is designed to increase the diversion
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of construction waste from landfill and improve
resource efficiency in civil engineering and built
environment projects. At the planning stage,
an SWMP can be used to steer the detailed
design of the development towards finding
opportunities for waste minimisation, reuse and
recycling.
The Site Waste Management Plan Regulations
2008 are part of an increased focus at the
planning stage on identifying options for waste
reduction and increased use of recycled and
secondary aggregates in new developments.
References to SWMPs are now made in planning
policy, supplementary planning guidance and
developer guidance notes. Requirements for
best practice CDE waste management have
also been incorporated into environmental
assessment methods, such as the Building
Research Establishment Environmental
Assessment Method (BREEAM) and the
government’s Code for Sustainable Homes and
are therefore increasingly important for new
developments.
WRAP has also worked with industry to
develop a series of quality protocols for the
production of aggregates from inert waste that
are designed to broaden the market for the use
of recycled aggregate26. Recycled aggregate
makes an important contribution to the overall
supply of aggregates, the need for which is
reflected also in minerals planning policy. The
government’s Minerals Policy Statement 1
(MPS1), for example, promotes use of recycled
and secondary aggregates in place of primary
materials and seeks to set a specified level for
the contribution of recycled and secondary
materials in overall supply (contained within
National and Regional Guidelines for Aggregates
Provision)27.

Hazardous waste
London produced 498,000 tonnes of hazardous
waste in 2008. Based on data returns from waste
management site operators, the Environment
Agency estimates that most of this waste came
from the Olympic Park development site at
Stratford in East London . This waste would
have been managed as hazardous CDE waste.
The Environment Agency further estimates that
68 per cent of this waste was deposited outside
of the region, compared to 84 per cent in
200728. However, the increase in the percentage
of waste dealt with within London is skewed
by the way the Olympic site in Stratford dealt
with its waste, obscuring the fact that the actual
tonnage of London’s hazardous waste deposited
outside the region has increased since 200729.

31
Endnotes
1.

2.

3.
4.
5.

6.

7.
8.
9.
10.
11.
12.

13.

14.

15.

Future Waste Arisings in London 2010-2031:
Summary Note, Greater London Authority (2010),
available at http://legacy.london.gov.uk/shapinglondon/london-plan/docs/waste-arisings-note.pdf
(accessed 15 July 2010).
A national C&I waste survey was conducted by Defra
in 2010, which estimated a significantly lower level
of C&I waste arising nationally including in London.
While any reductions are to be welcomed, the survey
was conducted in a deep recession and the figures
arising may not fall within long-term trends. This
Strategy uses the figures from the London Plan. The
Defra survey results will be kept under review to
inform future work.
Waste generated within the Greater London regional
boundary.
Adapted from Appendix 2, 2009/10 Business Plan,
LWARB, 2009. See also reference 14.
Adapted from Municipal waste statistics, Defra
(2010), available at www.defra.gov.uk, and
Commercial and Industrial Waste Survey, Defra
(2010), available at www.defra.gov.uk/statistics/
files/ci-final-report-101216.pdf (accessed 27 April
2011)
Landfill Data for London: Indicator One, Environment
Agency (2010), available at www.environmentagency.gov.uk/research/library/publications/41039.
aspx (accessed 06 July 2010).
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
State of the Environment in London, Environment
Agency (2010), available at http://publications.
environment-agency.gov.uk/pdf/GETH0210BRXEe-e.pdf (accessed 06 July 2010).
Survey of Arisings and Use of Alternatives to
Primary Aggregates in England, 2005: Construction,
Demolition and Excavation Waste (Final Report),
DCLG (2007). Provides estimates of the quantities
of recycled aggregate and the amount of soil,
construction, demolition and excavation waste used
and disposed of at permitted landfill sites and spread
on registered exempt sites.
The Sustainable Use of Resources for the Production
of Aggregates in England, WRAP (2006), available
at:www.wrap.org.uk/downloads/WRAP_AGG0059_
project_report_final_20.10.06.dd5dbb18.3337.pdf.
Looks at how the use of recycled and secondary
aggregates will increase and the potential impact on
primary aggregate production and sales.
Ratio of commercial to industrial waste from waste
arisings by consolidated sector and London region,

16.
17.
18.

19.
20.

21.
22.

23.

24.

25.

26.

27.

based on Environment Agency Survey of Commercial
and Industrial Waste Arisings 2002/03.
GLA Economics: Working Paper 38, GLA (2009).
Survey of Industrial and Commercial Waste Arisings,
May 2009, Environment Agency Wales (2009).
Greater London Authority Best Practice Guidance:
Trade Waste Recycling, Enviros Consulting Limited
(2005), available at www.london.gov.uk/sites/
default/files/BPG%20Trade%20Waste%20Recycling.
pdf (accessed 21 June 2010).
Ibid.
Future Waste Arisings in London 2010-2031:
Summary Note, SLR Consulting (2010), available
at http://legacy.london.gov.uk/shaping-london/
london-plan/docs/waste-arisings-note.pdf (accessed
06 June 2010).
For further details about the Courtauld Commitment,
visit www.wrap.org.uk/retail/courtauld_
commitment/.
Commercial and Industrial Waste in England:
Statement of Aims and Actions 2009, Defra (2009),
available at www.defra.gov.uk/environment/waste/
topics/documents/comemrcial-industrial-wasteaims-actions-091013.pdf (accessed 30 September
2010).
Less is More: Business Opportunities in Waste &
Resource Management, Defra (2010), available at
www.defra.gov.uk/environment/waste/documents/
opportunities-waste-manage.pdf (accessed 06 June
2010).
Government Review of Waste Policy In England,
Defra (2011), available at www.defra.gov.uk/
publications/files/pb13540-waste-policyreview110614.pdf (accessed on 18 July 2011).
Waste Strategy Annual Progress Report, Defra
(2008), available at: www.defra.gov.uk/environment/
waste/strategy/index.htm?lang=_e (accessed 17
July 2009). Construction, demolition and excavation
waste accounts for around 32 per cent of waste
arisings nationally. Inert construction, demolition
and excavation waste generated in England is
approximately 90 million tonnes per annum. Other
non-inert construction, demolition and excavation
wastes and wasted construction materials account for
a further 15-20 million tonnes and 13 million tonnes
respectively, i.e. a total of around 120 million tonnes
per annum from the construction industry, a third of
all waste generated in England.
Building the Future 2005-06: A Summary on the
Arising and Management of Construction and
Demolition Waste in Wales, Environment Agency
Wales (2006), available at http://publications.
environment-agency.gov.uk/pdf/GEWA0308BNRRe-e.pdf?lang=_e (accessed 30 September 2010).
SmartWaste Case Studies: Reducing Construction

T h e M ay o r ’ s B u s i n e s s Wa s t e S t r at e gy for London

28.

29.
30.

31.

32.

33.
34.

Waste - Overall Waste Construction Waste
Composition for Chiswick Park, July to November
2000, Building Research Establishment (Undated),
available at www.smartwaste.co.uk/smartaudit/
downloads/chiswick.pdf (accessed 30 September
2010).
Excavation and Waste Management, Crossrail
(2010), available at www.crossrail.co.uk/therailway/environment/excavated-material-and-waste
(accessed 30 September 2010).
Site Waste Management Plan Regulations 2008, SI
2008 No. 314.
Quality Protocol for the Production of Aggregates
from Inert Waste, Waste & Resources Action
Programme, Quarry Products Association and
Highways Agency (2005), available at:
www.aggregain.org.uk/quality/quality_protocols/
(accessed 17 July 2009). Guidance document for
producers and purchasers of aggregates produced
from inert waste, to help identify the point at which
inert waste used to produce recycled aggregate has
been fully recovered, ceases to be defined as a waste
and becomes a product.
Minerals Policy Statement 1, Department for
Communities and Local Government (DCLG) (2006),
available at www.communities.gov.uk/publications/
planningandbuilding/mineralspolicystatement5
(accessed July 2009). Overarching minerals
planning document in England; sets out the policies
and considerations that the government expects
Mineral Planning Authorities to follow in preparing
minerals and waste development schemes as part of
local development frameworks and in considering
applications for minerals development.
Other Useful Data on Waste in London,
Environment Agency (2010), available at www.
environment-agency.gov.uk/research/library/
publications/116013.aspx (accessed 20 August
2010).
Ibid.
Ibid.

33

Chapter Two

Business
waste po li cies
and proposals
for Lo ndon
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Policy 1
Promoting the commercial
value of a resource-efficient
business

• Proposal 1.3: Deliver communications
campaigns and initiatives to promote the
financial, commercial and environmental
benefits of resource efficiency to businesses
and their employees.

Vision
The Mayor wishes to change the way
businesses and their employees feel about
the resources they use and the waste
they create, by promoting the commercial
value of being resource-efficient. Greater
resource-efficiency in business would help
shift London towards a low-carbon society,
with benefits for the wider economy, for
the environment and for Londoners. Such
an economy would use fewer resources
more efficiently, produce less waste and
use recovered resources in the form of both
materials and energy.

The value of a resource-efficient
business

Vision to policy

A study undertaken on behalf of the GLA in
2004 found that businesses perceive there
to be a number of barriers to implementing
resource efficiency and waste minimisation
measures. The key barriers2 were:
• the financial costs involved in implementing
waste minimisation and recycling schemes
(the potential payback of such schemes was
not well recognised)
• a reluctance by the private sector to invest
in waste infrastructure, due to perceived
financial risks, lack of markets for recovered
materials and energy, potential volatility in
commodity markets and uncertainties in the
planning regime
• a perception of recycled products as of poor
quality, by both businesses and consumers
• the limited influence businesses had to
prevent waste, which needed to be dealt
with further up the supply chain. Businesses
felt that more should be done on waste
prevention at the manufacturing stage.

The Mayor will provide businesses with the
resources necessary to help:
• identify and implement waste prevention
measures within their organisation.
• minimise resource use and increase the
uptake of reused, recycled and reclaimed
products and materials.
• realise the financial and wider commercial
benefits of being actively engaged in these
resource-efficiency and waste-prevention
activities across the whole supply chain,
from resource extraction to product design,
production, distribution, consumption,
reuse, waste prevention, recycling,
treatment and disposal.

Policy to action
• Proposal 1.1: Support businesses to
identify and implement waste prevention
opportunities across the supply chain.
• Proposal 1.2: Support businesses to close
the loop in London and drive the market for
use of recovered resources.

Work undertaken by the Defra and BIS has
identified that the best opportunities for
businesses to improve their resource efficiency
are in reducing or eliminating waste at source,
when materials have the most value and incur
none of the costs of disposal or treatment.
These opportunities exist across the supply
chain for all businesses and all stages of the
product life-cycle1.

Transforming perceptions about waste
prevention and resource efficiency
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Surveys have shown that financial costs are
considered to be the most significant issue
in improving resource efficiency among
businesses. A C&I waste survey, commissioned
for the Environment Agency in Wales, found
that financial costs were considered to be
the biggest barrier to improving resource
efficiency and that this was the case in all sizes
of business3.
Despite the perceived financial barriers,
90 per cent of the businesses surveyed still
considered that they undertook some kind of
waste minimisation, reuse or recycling activity,
with only a small number (mainly small
businesses) reporting that they did nothing
at all to engage with resource efficiency3.
Small businesses may be less likely to reduce,
reuse and recycle because they feel they are
too small to benefit from implementing such
resource efficiency measures5.

Perceptions about cost of waste
minimisation
Most businesses are still focused on managing
waste outputs rather than looking at
waste reduction and material inputs6. The
perception that it costs more to implement
waste minimisation and recycling schemes is
often based only on the visible costs of waste
collection and disposal, with businesses not
realising the wider benefits that could result
from improved resource efficiency.
To see the real value to businesses, there
needs to be a better understanding of the
true cost of waste, which is far greater than
the direct costs of collection and disposal. The
bulk of waste costs are hidden (for example, in
terms of raw material costs, energy and water
consumption) and so the additional value that
could be achieved from resource-efficient
practices is often difficult to identify and
measure.

Figure 8 The product life-cycle
Raw Material
Extraction

Recover

Produce

Disposal
Collect

Purchase

Discard

Consume

This highlights the need to consider resource
and waste management on a whole life-cycle
basis, dealing with the impact on operations
and products, and looking both upstream in
the supply chain and downstream at the point
of use and end-of-life stages. With a better
understanding of supply chain issues and the
product life-cycle (see Figure 8), it is easier to
identify where potential savings can be made.
Whereas, by not taking into account these
additional ‘hidden’ costs, businesses could be
hugely underestimating the potential benefits
of implementing waste minimisation and other
resource-efficiency measures within their
organisations.
Notwithstanding these hidden costs, the direct
costs of waste disposal to landfill will rise as the
landfill tax continues to increase. Landfill tax,
which stands at £56 per tonne for the financial
year 2011/2012, will increase by £8 per year
until 2014/15 to £80 per tonne (this is on top
of landfill gate fees and other handling costs,
such as haulage). Industry can assume landfill
taxes will not fall below this level after 2015,
giving a baseline against which to consider
investment in new methods of waste processing
and treatment. So, even without identifying the
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hidden costs of waste management, businesses
will find their disposal costs will rise if they fail
to engage in resource efficiency.

Avoiding the costs of resource
inefficiency
WRAP estimates that the true cost of waste
can be between five and 20 times the visible
costs of disposal, depending on the quantity
and nature of the waste produced7. On the
other hand, Envirowise (now part of WRAP)
estimates that simple and no-cost or lowcost waste minimisation measures could save
the equivalent of one per cent of turnover,
dependent on sector8. The Environment
Agency also estimates that low-cost or nocost resource-efficiency measures have the
potential to save UK business about £6.4
billion each year.
Furthermore, by improving the way the waste
that is created is managed, savings can be
made on disposal costs by avoiding landfill tax
and new revenue opportunities can be found
for businesses through the more efficient
handling of large quantities of recyclable
materials. The level of savings that can be
achieved vary by sector but are potentially
greatest in resource-intensive industries like
construction and manufacturing and in retail
and wholesale.
Construction
In the construction sector, which accounts for
almost half of London’s waste arisings, WRAP
has assessed that the potential net cost saving
to developers and contractors of implementing
resource-efficiency measures could be 0.4 per
cent of total construction value9. These savings
are based on an analysis to identify costs and
benefits achievable when introducing waste
reduction and recovery plans into the design
stage on a construction project. While the
net benefit is typically a small proportion of

construction value, this can equate to a large
saving in absolute monetary terms.
WRAP’s assessment showed that good
practice waste management in construction
should at least be cost neutral, with the
‘worst performing’ case study still achieving
a net benefit of 0.03 per cent. Using waste
forecasting tools, such as WRAP’s Net
Waste Tool10 and the ICE (Institution of Civil
Engineers) Demolition Protocol11, can help to
realise cost-saving opportunities that exist in
this area12.
The Mayor’s proposals for improving resource
efficiency and waste prevention measures for
CDE waste are discussed further in Policy 4 of
this strategy.
Manufacturing
A study commissioned by the Environment
Agency found that manufacturers investing in
best-practice waste minimisation techniques
could achieve savings of around £2-2.9 billion
per year in operating costs, equivalent to
five to seven per cent of UK manufacturing
profits in 200013. For London, the total net
saving in manufacturing costs would be
around £195 million; a significant saving given
that manufacturing accounts for around a
quarter of the capital’s C&I waste14. The study
also found that the typical average payback
period from waste minimisation process
improvements could be 12 months or less – a
quick-win improvement, both financially and
environmentally.
Cost-savings for other commercial and industrial
sectors are discussed in a report quantifying
the business resource-efficiency opportunities
in the UK economy15. The report identifies
that ‘low-cost or no-cost’ resource-efficiency
savings across all sectors within the London
business economy could be worth as much
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Table 3 Top 10 sectors identified for waste cost-saving opportunities17
Rank

Sector

Estimated waste cost-saving opportunity

1

Food Products, Beverages and Tobacco

£71 million

2

Retail

£65 million

3

Travel Agents and Leisure, Other Business, Finance and Real
Estate, Computer-Related Activities

£49 million

4

Construction

£22 million

5

Manufacture of Machinery and Equipment

£17 million

6

Chemicals, Chemical Products, Synthetic Products, Rubber
and Plastic Products

£15 million

7

Hotels and Catering

£10 million

8

Education

£5 million

9

Paper, Publishing and Printing

£5 million

10

Energy Supply

£3 million

TOTAL

as £272 million, 8.6 per cent of the total
potential waste savings across England and
Wales16. Table 3 shows the top ten sectors,
accounting for 96 per cent of this potential
waste-saving opportunity, with the food, drink
and tobacco industry and the retail sector
appearing to offer the greatest opportunities
in this area.

£262 million
(96 per cent of total waste cost-saving
opportunity for London)

•

•
•

Wider benefits to London’s
businesses, economy and environment
The wider economic opportunities from
resource efficiency and improved waste
management are recognised nationally in
Defra’s position statement, Less is More:
Business Opportunities in Waste & Resource
Management18. These include:
• the development of repair and maintenance
sectors that help to extend product lifecycles
• sales growth as a result of more market
opportunities in the recycling and

•

reprocessing sector, which will help to ensure
that collections and processing remain
economically viable for London
market development opportunities for outputs
from materials reprocessing and energy
generation
market development of commodity trading
schemes
investment opportunities in waste
infrastructure and technologies
employment creation and skills development.

Some of these benefits that are particularly
applicable to waste prevention and resource
efficiency are explored further below.
Business benefits
As well as the financial costs that can be
avoided, businesses can benefit from wasteprevention and resource-efficiency measures
by being better able to manage regulatory
and reputational risks, meeting stakeholder
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demands for sustainable business practices
and enhancing their environmental and social
responsibility profiles.
Economic benefits
The Mayor sets out in policies 2 and 3 of this
strategy how he intends to boost levels of
reuse, recycling and composting by London’s
businesses. The Mayor is also keen to see
that the material that is collected for reuse,
recycling and composting is of a high quality
so that it can be reprocessed into higher value
products. This should help overcome the
perception of recycled materials as poor quality
and should, in turn, drive the market for further
recovery of materials.
Stimulating demand for material resources,
and waste minimisation and management
services should lead to wider benefits for
London’s economy as a whole. As the market
for recovered materials develops, it boosts the
economic viability of collection and processing
operations and maintains the size and diversity
of the waste service sector. There are also
opportunities for third sector organisations,
including voluntary groups, charities and social
enterprises, to develop their role in the waste
sector and the London economy generally.
The market for re-usable items is often more
localised than for recyclable materials, thus
keeping many of the opportunities for new
enterprise development in London.
The contribution of the resource and waste
market to the development of the green
industries sector should lead to new training
and employment opportunities for Londoners.
It is estimated that the number of jobs likely
to be created to prepare London to manage
its waste in the most carbon-efficient and
economically beneficial way will be 1,260,
ranging from research and development,
project management and manufacturing

through to maintenance and operation of
the facilities needed19. In New York City,
there are already more than 32,000 jobs
in recycling, and the number is to grow
substantially through the implementation
of the city’s Solid Waste Management Plan,
Beyond Waste: A Sustainable Materials
Management Strategy for New York, which
focuses on waste prevention, materials
management, education and producer
responsibility for products and packaging,
and moving the city away from end-of-pipe
waste management solutions20.
Environmental benefits
Waste prevention offers the greatest
potential to divert waste from landfill and
make carbon dioxide equivalent (CO2eq)
savings. Avoiding unnecessary waste
reduces the demand for raw materials and
the extraction and processing of those raw
materials, which uses energy and creates
waste. Waste prevention and minimisation
also reduce the need for transport and its
associated impacts, such as fuel consumption,
congestion, noise and air pollution.
The effects of reducing waste can have an
impact on the whole of a product’s lifecycle,
preventing greenhouse gas emissions and
reducing economic costs back to the point at
which raw materials are extracted. The key to
effective waste prevention and minimisation
lies in the front-end procurement strategy
of a business – both in terms of actively
minimising material requirements, preventing
waste and procuring materials that are being
reused or have been recycled.
The Mayor’s proposals for action on business
resource efficiency and waste prevention are
outlined below in this policy chapter. Endof-life management of waste is discussed in
Policies 2, 3 and 4 of this strategy.
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Proposal 1.1 Support businesses
to identify and implement waste
prevention opportunities across the
supply chain

private sources. Some projects have a sector
focus, such as for the print, creative and
media sectors, whereas others are open to all
businesses, particularly SMEs.

Action 1.1.1:

For further information, case studies and to
access support, visit www.lda.gov.uk/ourwork/european-funds/ERDF/index.aspx.

The Mayor will support the continued provision
of business resource-efficiency support
programmes to help businesses to manage
their resources and waste more effectively.
The Mayor will continue to manage the
funding provided by the European Regional
Development Fund (ERDF) and use it to
support a variety of business support projects
in London. He will also continue to promote
the Mayor’s Green Procurement Code, which
successfully helped businesses reduce waste
over the past few years.

ERDF Business Resource Efficiency
support projects in London
The ERDF for London is managed by the
GLA Group. One of the ERDF’s four main
priorities is ‘Business innovation and research
and promoting eco-efficiency’. The objective
of this priority is to improve the capacity of
London’s businesses, particularly its small
and medium-sized enterprises (SMEs), and to
innovate through developing new products,
processes and services, leading to increased
growth, competitiveness and improved
environmental performance. The programme
also provides assistance for London’s
extensive knowledge base to help create new
commercial opportunities and effectively
exploit new ideas.
As of February 2011, nine projects providing
resource efficiency advice (along with other
environmental practice advice) to London
businesses have been committed to, with a
total planned spend of over £13.5 million –
half of which comes from ERDF funding and
the other half from a variety of public and

The Mayor of London’s Green
Procurement Code
The Mayor of London’s Green Procurement
Code is a support service offering businesses
a range of tools and guidance to reduce their
environmental impact through responsible
purchasing practices. The code aims to raise
awareness of the benefits of responsible
purchasing practices and to help businesses
realise the value of these, including cost and
efficiency savings, an improved corporate
profile, reduced reputational risk, gaining a
competitive advantage and improved staff
morale. On a wider, economic level, the Green
Procurement Code aims to help drive demand
for sustainable products and services that:
• use fewer natural resources
• contain fewer hazardous materials
• have a longer life-span
• consume less energy or water in production
or use
• generate less waste in production or use
• are reused or contain recycled material
• can be reused or recycled at end-of-life.
Businesses that sign up to the code can
access a range of guidance on:
• training staff in responsible purchasing
practices
• securing management approval for
responsible purchasing initiatives
• putting in place responsible purchasing
policies, frameworks and stakeholder
communication programmes
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• engaging suppliers
• identifying and measuring the environmental
and financial impacts of responsible
purchasing practices.
In 2010, the code successfully moved from
being a free service to a paid-for service,
demonstrating that businesses saw enough
value in the service to want to pay for it. The
code will continue to be offered as a paid-for
service in future, supported by the Mayor and
the GLA Group in various ways, such as by
licensing the intellectual property developed
over the years, supporting annual awards,
continuing its association with the Mayor
and maintaining access to the GLA Group’s
procurement expertise.
For more information about the Mayor of
London’s Green Procurement Code, visit
www.greenprocurementcode.co.uk/.

Action 1.1.2
The Mayor will explore the potential to work
with London’s industry sector organisations to
help direct businesses towards sector-specific
guidance on waste prevention and resource
efficiency, or to help to develop this where
none exists. The Mayor envisages that this will
include working with organisations in London
that are already taking a lead in this area and
have developed expertise in such practices as:
• the measurement, assessment and disclosure
of waste performance in supply chains
• the procurement of reused and recycled
content
• supporting suppliers to reduce waste so as
to lessen the impacts of product-related
packaging, for example, further down the
supply chain.
An example of this work is the Ska Rating tool
for building interior fit-out, being promoted
by the Better Buildings Partnership to its
members. The Ska Rating is an environmental

labelling method designed to rate and compare
the environmental performance of fit-out
projects, initially for office buildings in the UK.
Supported by the Royal Institute for Chartered
Surveyors, Ska Rating is designed to encourage
good practice in fit-out work and has been
developed collaboratively by consultants,
contractors and occupiers. More detail on the
Better Buildings Partnership is available under
Policy 2.

Action 1.1.3
The Mayor will work with business liaison groups
such as the Federation of Small Businesses, the
Food and Drink Federation, the Confederation
of British Industries, and London First to help
translate the resource-management agenda
into the language of economic growth and
competitiveness, making it appropriate to a
business audience. Through their expertise,
the Mayor hopes to identify issues and actions
specific to businesses of different sizes and in
different sectors. The Mayor will also seek to
work with these groups to raise awareness of
best practice and introduce voluntary codes to
improve waste management practices, such as
for source separation of glass by colour.

Action 1.1.4
The Mayor will launch, in conjunction with
partners, a designing-out-waste competition
with the retail and wholesale sector in London to
publicise the financial and commercial benefits
of waste prevention and resource efficiency to
businesses, employees and consumers.

Proposal 1.2 Support businesses to
close the loop in London and drive the
market for use of recovered resources.
Action 1.2.1
The Mayor will lend his support to organisations
and initiatives that stimulate demand for
reused and recycled materials, and promote the
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market opportunities this creates for London’s
reprocessing and manufacturing sectors. This
includes supporting initiatives such as the new
and ambitious London Reuse Network.

London Reuse Network
The London Reuse Network is an attempt
to build a new operational network model,
across London, to significantly increase
the reuse of items that would otherwise be
discarded to go to landfill. The development
of this network is being led by a new
organisation called London Reuse Limited
(LRL), which is the partner delivering
this initiative for the London Community
Resource Network (LCRN). Over the years,
LCRN has developed a network of member
organisations, which collect and sell or
redistribute reusable items to Londoners.
Working closely with these organisations,
LRL seeks to develop working partnerships
that create a step change in the thinking
towards reuse, and develop a coordinated
and large operational network to increase the
collection, repair and retail opportunities for
the thousands of tonnes of reusable items
that would otherwise be destined for landfill.
The London Reuse Network’s projects cover
the following product streams: domestic
furniture, office furniture, hotel fittings,
carpets, textiles, paint, large and small WEEE
(ie fridges and appliances), small household
items, books, bicycles, children’s toys and
equipment, and wood. The projects provide
an approved, quality-assured collection
service to households and businesses across
London.
As a charitable initiative, the London Reuse
Network promotes its service directly to
London’s residents and to businesses,
enabling donations of items which can be
used for charitable purposes or circulated

back into the retail market. The London
Reuse Network also works closely with local
authorities to ensure as much as possible
of the bulky waste collected is reused,
either in partnership with authorities and
existing contractors, or under contract to the
authorities themselves.
The ideal physical infrastructure is being
developed to facilitate the work of the
Network, comprising ‘depots’, which serve
multiple ‘hubs’, which in turn support
multiple ‘outlets’. Depots accommodate
bulk collections and hold stock to balance
the throughput, enhancing the sorting and
storing facilities and increasing capacity for
recycling. Hubs are Approved Reuse Centres
supporting a mix of activities including
storage, sorting, training, volunteering,
repair, distribution and retailing – where
the proportionate emphasis of each activity
varies with local conditions and priorities.
Outlets focus on distribution, retail and casual
collection with low levels of storage in some
locations.
London Reuse Network’s delivery partners
have well-established relationships with
social services, housing associations,
homeless, refugee and other organisations
serving vulnerable Londoners and people in
need, and these are currently the primary
recipients of reused goods. London Reuse
Network works in partnership with national
and international networks through which
significant volumes of goods for reuse are
requested.
The outlets, including many of London’s
charity shops, retail reused goods to the
public, targeting thrifty-, green- and
fashion- conscious consumers. Working
with established peer-to-peer systems (eg
Freecycle, Give & Take, Freegle, Eastex),
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London Reuse Network enables virtual access
to, and distribution of, reused goods to a
wider public.
London Reuse Network is possibly the largest
and most ambitious reuse intervention of its
kind anywhere in the world. It has received
funding via a combination of grant and loan
funding from LWARB. The intention is that
the Network becomes self-sufficient from
a funding perspective over the long term,
and the developed model becomes one to
replicate worldwide.
For more information about the London
Reuse Network, visit www.lcrn.org.uk/
projects/london-reuse-network/

Proposal 1.3 Engage with, and
inform, businesses and their
employees about the financial,
commercial and environmental
value of waste minimisation and
resource efficiency
While the potential cost savings of waste
minimisation and resource efficiency may
be attractive to the bottom line, these will
only be achieved with the buy-in of an
organisation’s employees. In some cases, a
complete cultural change may be required
to make waste minimisation and recycling
schemes work. A survey of Londoners
found that while 83 per cent said that their
workplace provided adequate recycling
facilities, nearly half did not use those
facilities21.
Providing good information is crucial in
changing people’s perceptions of waste
from being a business cost to a business
opportunity. A study looking at the
application of waste minimisation measures to
businesses in the food and drink sector in the
east of England, for example, found that the
benefits were greatest where organisations
and their employees were provided with good
access to information to help overcome any
lack of awareness or training22.

Action 1.3.1
The Mayor, in partnership with WRAP,
will continue to deliver the Recycle for
London programme between 2010 and
2013. Funding for this Londonwide
reduction, reuse and recycling engagement
programme has been secured from the
LWARB, with funding and in-kind support
also provided by WRAP and the GLA.
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Recycle for London
Recycle for London aims to deliver
communications that will drive waste
reduction, reuse and recycling behaviour
change in London and, ultimately, divert
London’s waste from landfill. The LWARB
has approved grant funding of £3.5 million
over three years to the programme, which is
delivered by the GLA working in partnership
with WRAP. The GLA and WRAP also
provide funding and in-kind support to the
programme.
The programme’s aims are to:
• improve reuse and recycling rates and reduce
household and business waste in London
• support the LWARB’s aim to boost London’s
green economy and transform how London
manages its waste
• support the Mayor’s municipal and business
waste strategies.
Its objectives are to reduce waste (with an
emphasis on food), improve London’s LACW
recycling performance, provide information to
the public to support new infrastructure (such
as promoting the use of on-the-go recycling,
and improving awareness of business waste,
food waste collections, and reuse services),
reduce the amount of certain materials
going into landfill, such as textiles, batteries,
electrical items and furniture, promote the
creation of higher value items from recycled
content, and maximise the social value of reuse
and recycling.
More information about Recycle for London
see www.recycleforlondon.com/.
Part of the Recycle for London programme will
be specifically targeted at London’s business
sector and Recycle for London will seek to work
with commercial partners to deliver elements of
the programme, where those partners can add

real value. It will also aim to drive a permanent
behavioural change in London’s workforce.
With full details to be developed and delivered
in 2012-13, the initial thinking is that the
Recycle for London engagement plan for
businesses will target certain waste streams or
business sectors where there is most potential,
as identified elsewhere in this strategy. Some
of the ideas being considered include:
• partnering with existing national and regional
programmes to influence the reduction, reuse
and recycling of a range of business waste
materials.
• activities to capture unwanted furniture
and IT equipment for reuse, which could
boost third-sector involvement in the waste
sector and reduce the costs to businesses of
disposal.
• partnering with businesses on a producerresponsibility basis to tackle waste that
ends up in the household waste stream,
thus widening the sphere of influence
of businesses with respect to their waste
impacts. For example, packaging waste makes
up 15-25 per cent of the weight of household
waste, which could be reduced through better
design by businesses upstream in the supply
chain23.
• developing and promoting best practice
in business sectors where there are
high potential gains from better waste
management. The food sector, including
restaurants, catering businesses, hospitality
is one such area. Here, there may be
opportunity to work with the Mayor’s London
Food Board and its Waste Working Group to
promote a new food waste hierarchy. This is
discussed further in Policy 2 of this strategy.
• raising awareness of the rising landfill tax and
how it affects waste disposal costs, to act
as a disincentive to create waste – and help
to bring this into the mainstream financial
considerations for business.
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Policy 2
Boosting reuse, recycling and
composting participation in
the commercial and industrial
sector

Vision
The Mayor wants to help all types and sizes
of businesses to overcome the practical issues
that prevent greater separation of waste
for reuse and recycling, so as to encourage
businesses to participate in achieving rates of
70 per cent reuse, recycling and composting
of C&I waste by 2020 and beyond.

Vision to policy
The Mayor will target his policy proposals
on those sectors and waste streams that are
most likely to yield significant improvements
in waste reduction and in reuse, recycling
and composting performance, to be most
effective in diverting London’s C&I waste
from landfill. These policy proposals and
actions are focused on helping businesses to
overcome the practical issues that prevent
greater participation in active resource and
waste management.

Policy to action
• Proposal 2.1: Increase access to reuse,
recycling and composting services, and
collective contracting arrangements,
particularly for small and medium-size
businesses.
• Proposal 2.2: Target London’s food waste
producers.
• Proposal 2.3: Boost reuse, recycling and
composting performance in multi-tenanted
buildings and on large estates.
• Proposal 2.4: Improve storage capacity and
collection access arrangements to business
premises.

The challenges for commercial and
industrial waste producers
Evidence shows that businesses of all types and
sizes, ranging from SMEs to large corporations,
want to become more actively engaged in
the effective management of their resources
and waste. A confidential piece of research
commissioned by one of the London Business
Improvement Districts (BIDs), to assess the
feasibility of on-site recycling within BID areas
and the appetite for collective contracting and
public place recycling, found that more than
half of businesses had an environmental policy
in place and even more were keen to obtain
support to help implement environmental
measures1. The research found that many
businesses were keen to have access to services
enabling:
• recycling of food waste
• recycling of green waste from privately
managed parks and public areas
• collection and recycling of waste electrical and
electronic equipment (WEEE), batteries and
furniture
• collective recycling contracts2
It was found that there was high demand for
collection of dry recyclables (especially for
paper, cardboard and plastics for office and
retail-based businesses) and for separate food
and glass waste collections from food retail and
hospitality businesses. These are considered to
be some of the key opportunities for recycling
in London, enabling the capital’s businesses to
meet reuse, recycling and composting targets
for C&I waste. This is supported by the findings
of a study commissioned by Westminster Council
in 2005 to assess the quantity and composition
of commercial waste generated over a 12-month
period from the retail, office and hospitality
sectors, which make up most of the businesses
within the City of Westminster area3. The top
five waste streams by weight from each of the
three sectors are shown in Table 4.
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Table 4 Top five waste streams for the retail, office and hospitality sectors4
Retail

Office

Hospitality

Cardboard

40 per cent

Paper

65 per cent

Glass

41 per cent

Paper

27 per cent

Food

10 per cent

Food

20 per cent

Plastic

13 per cent

Plastic

8 per cent

Cardboard

12 per cent

Food

9 per cent

Cardboard

7 per cent

Paper

11 per cent

Glass

3 per cent

Glass

5 per cent

Plastic

7 per cent

In excess of 70 per cent of the waste from each
of the retail, hospitality and office premises
was potentially recyclable5. The study’s findings
are likely to be reflected in many parts of
central London, particularly where a similar mix
of retail, office and hospitality prevails.

of office-based businesses within London and
the quantity of waste paper and cardboard
likely to be generated, this indicates that
many businesses are still either not engaged
in sustainable waste management initiatives or
feel unable to participate for other reasons.

The Westminster study found that:
• For the retail sector, the three largest fractions
– paper, cardboard and plastic – came mostly
from product-related packaging waste. The
two other significant waste streams – glass
and food waste - were attributed to staffroom
waste6.
• Within the hospitality sector, (which includes
cafes, restaurants and bars), 71 per cent of
waste was potentially recyclable. A significant
proportion – 41 per cent by weight – of
the waste generated was glass. Clear glass
made up 18 per cent of the overall waste
composition, 17 per cent was green glass and
seven per cent brown glass7.
• For offices, 75 per cent of waste was
potentially recyclable. Paper represented the
main fraction of waste but food (10 per cent)
was also a significant waste stream.
Unpublished research undertaken by the GLA
also shows that there is inadequate capture
of paper and cardboard from the C&I waste
stream, with large volumes going to landfill,
despite there being existing collection systems
and reprocessing infrastructure in place for
these two materials8. Given the high proportion

It has been reported, both anecdotally
and through published research, that
there are a number of barriers preventing
greater participation in reuse, recycling and
composting activities. These issues are:
• gaining access to reuse, recycling and
composting services, especially for SMEs
• recycling in multi-tenanted buildings and on
large estates
• prohibitive costs of collection, particularly for
food waste and glass
• insufficient availability of storage space for
recycling containers and access to premises by
refuse collection vehicles.
This is supported by research commissioned by
a London BID, which found that the top three
improvements required by businesses in terms
of waste management were:
• to reduce collection contract costs
• to improve the public realm
• to have access to a local recycling centre9
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Proposal 2.1 Increase access to reuse,
recycling and composting services
and supporting collaborative working
to develop collective contracts and
collection
Despite the appetite for becoming involved in
reuse, recycling and composting activities, many
businesses struggle to find and access suitable
collection services. This may be because:
• they do not know where to go for the services
that they need
• the quantities they have available are
considered too small for collection
• the costs are considered prohibitive, especially
for food waste and glass collections from SMEs
and the hospitality sector10.
The issues for SMEs and the hospitality sector
are particularly well documented.
Small and medium-size enterprises
According to data from BIS, 99.3 per cent of
enterprises within London are small businesses
with less than 50 employees. A further 0.5 per
cent are medium-size businesses with (50249 employees) and just 0.2 per cent are large
Figure 9 Reasons given by SMEs
for not recycling

Never thought
about it before
2%
No time to
look into this
8%
No time to
separate waste
4%

Don't
know why
10%

Small
company/not
enough waste
4%
No services
provided
by local
authority
42%

No space to
store waste
10%
Will cost money
20%

■ Paper and Card ■ Food ■ General Waste
■ Other General and Biodegradable Waste ■ Metals and Scrap
■ Contaminated General ■ Chemical & Other

businesses (more than 250 employees)11. In
terms of employee numbers, small and mediumsize businesses account for 38.5 per cent and
9.5 per cent of London’s workforce respectively
and, together, almost half of the turnover
generated in the capital.
The Federation of Small Businesses reports,
however, that while there is an appetite among
smaller business for waste minimisation and
recycling activities12, the amounts recycled are
often small in relation to total waste output
and recycling activity can be sporadic13. The
two key reasons for the lack of recycling
activity appear to be cost and gaining access
to recycling services, with small businesses
often unable to take advantage of economies
of scale in waste contracts, making collection
for recycling and recovery expensive14. This is
supported by a number of surveys including
those commissioned by the Federation of Small
Businesses15 and by the London Assembly16.
The London Assembly research concluded that
around one-fifth of SMEs were not actively
engaged in recycling. Figure 9 illustrates the
reasons given for this17.
Defra conducted a Call for Evidence for the
Government Review of Waste Policy in England
2011, which identified several barriers faced by
small businesses regarding waste and recycling
collections. The barriers identified included:
• a lack of facilities for businesses to take their
waste and recycling (as opposed to having it
collected from their premises)
• a lack of recycling services in some areas and
in relation to some materials (particularly food
waste)
• high cost of service to the business user and
lack of convenience
• a lack of awareness amongst SMEs of their
legal obligations
• a lack of awareness amongst SMEs of services
available in their area.
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Table 5 Non-household LACW in London, 2000/01 to 2008/09 (‘000 tonnes)
Non-Household
LACW
Residual Waste
Recycling
TOTAL

00/01

01/02

02/03

03/04

04/05

05/06

06/07

07/08

08/09

1,008

996

1,024

962

1,011

810

761

734

750

40

33

43

49

62

76

67

74

83

1,048

1,029

1,067

1,011

1,073

886

828

808

833

Businesses have the ability to choose whether
they have their waste collected by a local
authority or private waste contractor although
small businesses, particularly, often look to
their local authority as the first point of call in
managing their waste. It has been reported that,
in London in 2009, around 88 per cent (29 out
of 33) of waste collection authorities were able
to provide a trade waste collection service (for
residual, or ‘black bag’, waste). Furthermore,
23 waste collection authorities (70 per cent)
were able to provide trade waste recycling
collections18. Some local authorities, such as
the Corporation of London’s Clean City Awards
Scheme for Businesses, have also established
their own business waste recycling programmes
to reward businesses, and thus provide an
incentive, to recycle more of their waste19.
Despite the number of waste collection
authorities offering these services, the actual
amount of waste and recyclables collected
from businesses by local authorities has been
declining. This trend is detailed in Table 5,
which shows that just 833,000 tonnes of nonhousehold LACW was collected by London’s
local authorities in 2008/09, down from over
one million tonnes in 2005/0620.
Given that C&I waste arisings have not declined
overall during this period21, the implication is
that fewer businesses are taking up the waste
services that may be offered by their local
authority. In the London Assembly survey, 42
per cent of businesses claimed that they did not

recycle due to lack of service provision by their
local authority22.
Waste collection authorities have a duty
to collect household waste and recyclables
in accordance with Section 45(1)(a) of the
Environmental Protection Act 1990 and the
Household Waste Recycling Act 2003. However,
they only have a duty to arrange for the
collection of commercial waste under Section
45(1)(b) of the same Act if requested to do so
by a business within their jurisdiction.
Charges are levied by local authorities for
their trade waste recycling services but these
may not be considered cost-effective by the
waste producer, especially if there is a lack of
knowledge about collection charges generally,
which puts many businesses off from making
changes in their waste management practices.
Where there is support to develop new services,
it is often directed towards household recycling
collections rather than developing cost-effective
trade waste services23.
The 2011 Government Review of Waste Policy in
England recognises that local authorities can do
more to provide waste collection and recycling
services to small businesses, and commits
government to working with local authorities
and private waste collection companies to
make it easier for small businesses to recycle. In
addition, Government is developing a Business
Waste and Recycling Collection Commitment for
local authorities to sign up to – this will set out
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the principles of how they help local businesses
meet their waste management responsibilities
and recycle more24.
Another issue is that not enough waste may
be generated by a single commercial property
to warrant a commercial refuse contract. The
Federation of Small Businesses, for example,
reports that local authorities are either unwilling
or unable to collect the small amounts of waste
generated by smaller commercial properties25.
A small quantity of waste requiring collection
from a single property is likely to be an issue
regardless of whether collected by a local
authority or by the private sector. Small
businesses are likely to be a less attractive
contract to a private waste management
contractor and so find themselves pushed back
to relying on their local authority collections.
The end result is that businesses either do not
separate waste for recycling or end up dealing
with it in a way that is not in compliance with
legislation governing the management of
waste. A YouGov survey, for example, reports
that about a third of small businesses take
their waste home or to a household reuse and
recycling centre for recycling.
Given the increasing similarities in composition
of LACW and C&I waste arisings, local
authorities should be able to provide
economically and environmentally viable services
to collect and reprocess materials, in a way that
delivers good quality, high-value material as an
end-product. This is particularly true in densely
populated areas, where collections can be
frequent and yields more economically viable.
The economic importance of small and mediumsize businesses to London, coupled with the
resource and waste management challenges
they face, mean that greater recognition is
required to help address their needs in this

area. Improving recycling performance is one
of the main environmental concerns of smaller
businesses26 and so the challenge is to find
ways to help them boost their actual reuse
and recycling participation. This is considered
as a priority area in Defra’s current position
statement on deriving economic opportunities
from waste, which recommends improving
access to collection and sorting of waste from
small and medium-size businesses27.
While the Federation of Small Businesses
has called for local authorities to provide
cheaper, more efficient waste and recycling
collections and provide help to become greener
businesses28, the Mayor believes that he can
assist by encouraging businesses to work in
partnership. This should help to generate
economies of scale for collection and processing,
particularly in parts of London that have a high
proportion of small businesses. This should help
to increase the variety and quality of materials
sent to recycling by small businesses.
Hospitality sector
A study in urban licensed premises in London
identified a range of perceived barriers to glass
recycling. These include perceptions that costs
of glass waste recycling are higher than general
trade waste collection; and that glass waste
recycling services may not be as frequent,
reliable or effective as general trade waste
collection services. The study concluded that
very large companies and very small businesses
have a high awareness of the importance of
glass waste recycling. While cost is an issue
for both large and small businesses, it is not
an overriding one. Large businesses also value
reliability and efficiency, while small business
owners are often motivated to recycle due
to their personal commitment to recycling29.
Other characteristics that help businesses
to choose glass recycling services include
regularity of collections, compliance with
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health and safety legislation and easy handling
for staff. For small and medium-size hospitality
businesses, the frequency of collection and size
of containers used for storage were the most
important factors when deciding whether or
not to recycle glass30.
Where glass is collected for recycling this is
often as colour-mixed glass. Yet mixed glass,
even where it is separated via a materials
recycling facility, is often of too low a quality to
be used in container manufacture31. Alternative
uses for recycling of mixed glass exist in the
aggregate industry but this is less favourable in
carbon terms than closed-loop recycling.

Action 2.1.1
The Mayor will support development of tools
that help businesses to find and to access
business waste reuse and recycling services32.
This will also help organisations, such as the
third sector, to increase their work with the
business sector.
The LWARB, for example, will support the
development of more online information about
ways for both consumers and SMEs to access
reuse services. This will follow the development
of the London Reuse Network in the years
ahead, with more shared collection, storage and
distribution facilities coming on stream, to be
accessed by all types of reuse projects across
London.

Action 2.1.2
The Mayor will continue to support the London
BIDs network as a way to provide access to, and
achieve economies of scale for, waste reuse and
recycling services32. In addition, he will work
with BIDs to offer best-practice advice on the
delivery of waste management projects. He will
also help to promote opportunities to find waste
management efficiencies between neighbouring

BIDs and assist with the setting up of resourceefficiency clubs within these forums.
Over the past few years, some London BIDs
have successfully helped set up collective waste
collection and management contracts for the
businesses in their areas. Collective contracting
can reduce costs significantly, particularly where
large businesses, estate owners and managing
agents of multi-tenanted buildings are involved,
and there are commercially attractive quantities
of material for recycling. The other benefits of
collective contracting are:
• reduced waste traffic within the BID area, with
knock-on benefits in terms of less congestion,
better air quality, and more time freed up for
other collection and delivery vehicles
• improved possibilities for expanding collections
to other materials, such as glass and plastic
that might otherwise be more difficult to
collect (plastics because of the many types of
plastic available, and glass because of the need
to separate to maintain quality)
• the waste contractor is able to collect a higher
volume of materials in a small geographical
area from a high density of customer premises.
In promoting collective contracting, a BID may
not necessarily need to have any contractual
responsibilities itself but instead takes on the
following roles:
• using levies to provide a free or reduced-cost
recycling service
• engage with a waste contractor to provide
a collective recycling approach in the area,
helping to promote to, and recruit, businesses
• promote the scheme to individual businesses
to help them establish individual contracts with
the waste contractor
• act to co-ordinate data from the waste
contractor to communicate levels of business
participation and recycling performance.
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London Business Improvement
Districts (BIDs) Network
A Business Improvement District (BID)
is a business-led and business-funded
organisation set up to improve a defined
commercial area. Varying in shape and size,
BIDs operate for a maximum term of five
years, beyond which they are subject to a
renewal process to secure additional five year
terms.
BIDs offer services in return for a financial
contribution from businesses and a say in
the decision-making process about how
those funds should be spent. Consequently,
businesses are able to define the priorities for
improvements to their local area that should
help to retain existing, and attract new,
businesses and to make areas an attractive
place to work and visit.
A levy on business rates (typically between
1-2.5 per cent in London) is charged, in
addition to existing business rates. Collection
of the levy is administered by the local
authority governing a specific BID area. A
governing board is established made up of
representatives of the business community
who are responsible for consulting on, and
implementing, priority programmes for the
BID area.
A BID is responsible for developing a business
plan that sets out priorities for making area
and service improvements. It also details how
the BID will be managed and operated. This
includes establishing an operating agreement
with the local authority governing the BID
area to administer collection of BID levies
from participating businesses.
The London BIDs Programme has been
running since 2003 and is aimed at
supporting the development of new BIDs

and guiding the management and renewal of
existing BIDs across London. The London BIDs
Network provides a strategic advisory board
made up of representative organisations that
disseminate best practice and policy guidance
via a series of events, training, publications
and online information. The Mayor has
supported the BIDs network over the past
few years by providing funding for a common
website and for events where best practice can
be shared. The Mayor will continue to support
the network by sharing GLA expertise and
helping to create new business opportunities,
especially in waste and recycling.
Involvement in a BID programme provides the
following benefits to businesses:
• businesses are able to decide what additional
services should be provided and BID levy
money is ring-fenced specifically for these
services
• businesses benefit from increased promotion
of the area by the BID management team
• partnership working and joint service
provision and procurement provides
economies of scale and subsequent cost
reductions for businesses
• opportunities for networking with
neighbouring businesses are improved
• dealing with public bodies, including local
authorities and the police, is made easier.
As of February 2011, there were 25 formal
BIDs and eight developing BIDs within the
Greater London area. Information and contact
details for each BID can be found at www.
londonbids.co.uk/bid-locations.html.
More information about BIDs, their
governance and methods of funding is
available from www.londonbids.co.uk/ and UK
BIDs, the National BIDs Advisory Service, at
www.ukbids.org/index.php.
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Case Study 2.1
Team London Bridge Business
Improvement District
The Team London Bridge Business
Improvement District represents 270
businesses operating in the London Bridge
area bordered by the River Thames,
London Bridge, Tower Bridge and along
Tooley Street.
In 2009/10, Team London Bridge managed
a budget of just over £1 million from
business levies, funding carry-over from
previous financial years and from project
partners. The majority of this funding
(38 per cent, or £655,220) was spent on
environment and street scene projects with
the remainder distributed across other areas
such as business promotion, corporate social
responsibility, security and safety, advocacy
and networking and core operating costs.
These funding priorities and investments
are set by the BID businesses and their
representatives, which shows that there
is a strong appetite for improvement of
environmental performance and public
realm. Funds in this area were directed
to capital investment and providing new
services in areas such as cleaning and
maintenance, new energy-efficient lighting,
the provision of recycling services, and
clearing graffiti and litter.
The BID has partnered with First Mile to
offer a subsidised, mixed collection recycling
service that improves recycling performance
levels of its business community and reduces
costs. First Mile provides mixed recycling
sacks for collection of paper, card, plastic,
metal and glass. This service has been taken
up primarily by SMEs within the area, with
many larger businesses and organisations
already providing their own service. By
using one main contractor, fewer collection

points are needed and the amount of
refuse collection vehicle traffic in the area is
minimised.
While, ultimately, businesses still pay for the
service through their BID levy, the economies
of scale achieved in service provision mean
that costs are lower than otherwise for
collections from individual premises. The
scheme is also administered by Team London
Bridge on behalf of its members so that
smaller businesses, particularly, do not have
to worry about dedicating time and resources
to finding services.
As part of its service to Team London Bridge,
First Mile is also able to offer a food waste
collection service; quarterly collections of
waste electrical and electronic equipment
(WEEE), batteries and furniture; and a
confidential waste collection service.

Action 2.1.3
The Mayor will encourage waste authorities
to expand their business waste collection and
disposal services. There is demand for this
as businesses, especially smaller businesses,
see this as one of their links with their local
authorities. As business waste becomes more
similar to household waste, providing these
services should become easier and perhaps
cheaper for local authorities. This should also
ensure the waste authorities are able to make
best use of their facilities and infrastructure.

Action 2.1.4
The Mayor will work with companies affected
by the ‘producer responsibility’ regime and
those working with them to comply with the
regulations, to promote a joined up approach
to reuse and recycling from both businesses
and households. The Mayor will seek to find
optimal solutions to the management of WEEE
and other waste streams by doing this.
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Proposal 2.2 Target London’s food
waste producers
Too much food waste is going to landfill, instead
of being captured for composting or reprocessing,
due to the limited collection systems and
reprocessing infrastructure in place33. It is
estimated that around 41 per cent of the total
amount of waste generated by the food and drink
manufacturing sector in London is food waste,
equivalent to 23,153 tonnes (3.8 per cent of the
UK’s total food waste)34. In the hospitality sector,
the 2005 study for Westminster City Council
estimated that around 20 per cent of the waste
was food waste, the second largest fraction, after
glass (41 per cent)35
Packaging, food waste and influencing
consumer behaviour (for example, through
marketing and consumer communications, and
store-based recycling) are considered to be the
three key issues in the food industry36.
A lot of work has already been done, or is
underway, on packaging, to reduce and
improve packaging with respect to household
waste. Much of this work has been undertaken
by WRAP, primarily through the Courtauld
Commitment programme, which is a voluntary
resource-efficiency programme for the UK retail
sector. The current phase of this programme,
being carried out over 2011 – 2015, has three
targets:
• to reduce the weight of packaging, increase
recycling rates of packaging and increase the
recycled content of all grocery packaging.
Through these measures the aim is to reduce
the carbon impact of grocery packaging by
10 per cent.
• to reduce UK household food and drink waste
by four per cent
• to reduce traditional grocery product and
packaging waste in the grocery supply chain by
five per cent - including both solid and liquid
waste37.

The Mayor believes, however, that there is still
much to be gained from tackling London’s
food waste, particularly with regard to energy
generation and linking to his wider objectives
on sustainable food and social poverty in
London. These priorities extend to all of
London’s food waste producers, including
food and drink manufacturers, the retail and
wholesale sector, hotels and catering and the
hospitality sector.

Action 2.2.1
The Mayor will work with the London Food
Board Waste Working Group and foodproducing business sectors to help raise
awareness and understanding of the waste
chain – from producer through to point of
treatment and disposal – and identify the issues
around separation, collection and treatment
of food waste. This should, in turn, increase
awareness of the demand for food waste
collections and infrastructure, and help those
investing in food waste treatment infrastructure
to understand and minimise the risks involved
in building, maintaining and operating a
treatment infrastructure for food waste. Further
information about the Mayor’s proposals for
supporting the business waste infrastructure
market in London can be found in Policy 3 of
this strategy.
The key issues in managing food waste in
London are stimulating demand for collection
services and developing the necessary waste
treatment infrastructure. The Waste Working
Group has highlighted the following points:
• There is a need for food waste producers to
understand how waste is managed at the
point of treatment and disposal and how this
influences the methods of separation and
collection that might be required as a result.
• There is a need for the waste industry to better
understand the issues faced by businesses with
respect to separation and storage of waste,
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and the issues around the availability and
awareness of food waste collection services.
• There needs to be greater understanding
among food waste producers of the factors
affecting market prices for the collection of
food waste, such as competition, haulage,
treatment capacity.
• There needs to be an assessment of how
to create push/pull demand for food waste
collections and infrastructure.
Separate food waste collection is ideal when
the food waste is sent for carbon-efficient
disposal methods such as anaerobic digestion.
However there is currently no legislative demand
to encourage businesses to have their food
waste collected separately. Separate food waste
collection services are not offered by many
waste collection companies either. The challenge
therefore is to create a market for these
services. Food waste processing infrastructure
is being developed in London (see Policy 3 for
examples), and the hope is that gate fees at
these facilities will be competitive with other
disposal methods – this would help create the
market for separate food waste collections38.
Other work with the London Food Board may
include the development of sector-specific
action plans for food waste producers in
London, such as food and drink manufacturers,
the retail and wholesale sector, hotels and
catering and the hospitality sector.

Action 2.2.2
The Mayor will assist food waste producers
in London to prevent unwanted, edible food
going to waste by supporting the use of food
redistribution schemes such as the FareShare
Community Food Network charity.
The Mayor is already supporting FareShare
through the LWARB. He will also call on food
producers, distributors and retailers to formally

support collection of food for these schemes
to enable its distribution to a wide range of
recipient organisations, such as charities and
other voluntary groups.
In March 2010, the LWARB awarded a grant
of £362,000 to FareShare to help save edible
food from landfill. The grant has been used
to provide 90 per cent of funding for a new
food distribution depot in the Park Royal
business area of north-west London, leading
to the creation of two new jobs (a depot
manager and shift co-ordinator) and around 50
volunteering opportunities. This is aiding the
distribution of the equivalent of 800,000 meals
to the homeless and other vulnerable groups
within London each year, saving an estimated
300 tonnes of food waste from landfill in the
process39.

FareShare Community
Food Network
The FareShare Community Food Network
is a national UK charity that supports
communities to relieve food poverty.
FareShare provides a paid-for collection
service to the food and drink industry
to distribute good quality food that no
longer has a commercial value but is fit for
purpose to local community groups. Each
year, across the UK, FareShare distributes
around 20,000 tonnes of food that would
otherwise have been wasted. In 2008/09,
the redistribution of this food contributed to
providing more than 7.4 million meals and
helped business food waste producers to
reduce CO2eq emissions by 13,950 tonnes (as
a result of avoiding the methane emissions
this food would have produced in landfill)40.
FareShare’s experience, skills and operations
in this area mean that it is also able to provide
a series of education, training, employment
and volunteering opportunities.
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FareShare is represented on the Mayor’s
London Food Board, which informs and
guides programmes to improve access to
healthy food in the capital, boost economic
opportunities for the food sector and
reduce the food system’s impact on the
environment, including by reducing food
waste and diverting it from landfill. More
details about the FareShare Community Food
Network are available from www.FareShare.
org.uk/.

Action 2.2.3
The Mayor will work with the London Food
Board Waste Working Group to develop, launch
and promote a food waste hierarchy to help
businesses follow best practice in food waste
reduction, redistribution and disposal.
The food waste hierarchy will give precedence
to food waste reduction, for example by
avoiding surpluses in the first place and
by donating edible food for charitable
redistribution; it will also promote the potential
to divert unwanted food for livestock feed
where practicable and legally permitted; finally
it will indicate that when the above avenues
have been exhausted, best disposal methods
(including composting and anaerobic digestion)
should be considered. This will help businesses
understand best practice in this area, and help
them make decisions about how to adopt this
best practice, as appropriate to their specific
operations.
The hierarchy is scheduled to be launched in
autumn 2011 at a ‘Feeding the 5000’ event41
to promote food waste reduction, and the
redistribution of edible food. The Mayor
will continue to promote this hierarchy to
businesses after the event, as the opportunities
arise.

Proposal 2.3 Boost reuse, recycling
and composting performance in multitenanted buildings and on large estates
Commercial landlords and managing agents for
multi-tenanted buildings and large estates have
an important role to play in helping to reduce
waste and providing recycling services to their
tenants.
A confidential piece of research, commissioned
by one of the London BIDs to assess the
feasibility of on-site recycling within the BID
area, as well as collective contracting and public
place recycling,42 found that some large estate
owners and managing agents were disposing of
all waste generated by tenants to landfill. This
had the result of lowering the overall recycling
performance for the BID to just 5 per cent, even
though some other individual businesses were
achieving recycling rates as high as between
60 per cent and 70 per cent. Based on the
Westminster waste analysis study, which looked
at the retail, office and hospitality businesses
that are likely to occupy these types of premises,
this indicates that a high proportion of paper,
cardboard, food and glass waste may be going
to landfill as mixed waste (see Table 4)43.
Many occupiers of multi-tenanted buildings are
several steps removed from the waste collection
process (via cleaning contractors and buildings
facilities management) and may not know who
is responsible for this even though, legally,
they have a Duty of Care to ensure correct
management to the final point of disposal or to
a point where the waste ceases to be a ‘waste’.
The payment of a service charge, while this may
cover waste management costs, does not legally
discharge tenants from their responsibilities as
waste producers. All waste producers should be
aware of how a service provider manages their
waste once it passes into their control.
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Commercial landlords and managing agents
should take the opportunity to improve storage
and access arrangements, where possible,
during refurbishment or maintenance work and
provide a training or awareness raising role to
support tenants and make them aware of their
obligations.
If the managing agent has no desire to offer
reuse, recycling and composting services
(particularly as the managing agent is not the
direct producer of the waste) or lacks awareness
about the possibilities for doing so, tenants may
feel restricted in becoming further engaged
in sustainability issues, despite their best
intentions. Managing agents may also feel that
they have insufficient time or the correct level of
engagement to work with their tenants. Either
way, both parties are likely to be affected by
rising landfill disposal costs as a result.

Action 2.3.1
The Mayor aims to address these issues
through the GLA Group’s funding and support
of projects such as the Better Buildings
Partnership (BBP), a collaboration of London’s
leading commercial property owners and allied
organisations. The primary aim of the BBP
is to develop solutions to help landlords and
managing agents to improve the sustainability
of London’s existing commercial building stock.
The BBP has produced a series of toolkits
to help owners and occupiers of commercial
buildings to work together to reduce the
environmental impact of their buildings. For
example, the BBP’s Green Lease Toolkit allows
owners and occupiers to agree waste, water,
carbon and energy reduction strategies that
best fit with the circumstances of individual
properties. The Green Building Management
Toolkit develops this work further and provides
practical guidance on how to set up and run
a Green Building Management Group. The

Managing Agents Sustainability Toolkit
provides various tools to help improve waste
management at building level.
The toolkits are most relevant to multioccupied buildings where landlords and
tenants need to find ways to work together
to improve their environmental performance,
including waste and recycling performance.
The toolkits will help the many landlords who
wish to improve the environmental impact
of their building stock but are unable to find
ways to engage with the multitude of tenants
all with differing aspirations and differing
lease terms and timescales. The toolkits
will also help tenants with corporate social
responsibility policies that would like to do
more, with assistance from their landlord,
including measuring and managing their own
environmental impacts.

Better Buildings Partnership
and its toolkits
The Better Buildings Partnership (BBP) is a
collaboration of London’s leading commercial
property owners and allied organisations,
which is supported by the Mayor of London
and the GLA Group. Its primary aim is to
develop solutions to help landlords and
managing agents to improve the sustainability
of London’s existing commercial building
stock.
The BBP has produced a series of toolkits to
enable owners and occupiers of commercial
buildings to work together to reduce the
environmental impact of their buildings. More
specifically, the toolkits allow owners and
occupiers to agree waste, water, carbon and
energy reduction strategies that best fit with
the circumstances of individual properties.
The Green Lease Toolkit contains a
series of non-prescriptive, best practice
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recommendations, a model Memorandum of
Understanding which can be used in full or in
part and which parties can enter into at any
stage of any lease, and a model Green Lease
Clauses form, which is designed to be used
as minimum best practice in new and renewal
leases.
The Green Lease Toolkit’s best practice
recommendations for waste include the
adoption of sustainable procurement
schemes, including reuse and supplier
take-back schemes; co-operation between
owners and occupiers on the joint setting of
recycling targets and shared waste facilities
for occupiers (to reduce vehicle journeys and
overall collection charges); awareness-raising
and training programmes for both employees
and cleaning contractors to encourage
correct use of, and participation in, reuse
and recycling programmes; provisions for the
storage and collection of hazardous wastes,
including fluorescent bulbs, mobile phones
and batteries, to reduce overall collection
costs and the risk of not complying with the
legal requirements for handling hazardous
waste; consistent and frequent measurement
of waste data; data sharing on waste to
landfill and recycling; regular waste audits;
and application of the above principles to the
management of both operational waste and
waste from refurbishment and maintenance.
The Green Building Management Toolkit
provides guidance for setting up and running
a Green Building Management Group, which
would consist of landlords and tenants. It
provides various useful templates to be used
by such groups, including a waste action
plan template and a waste monitoring report
template, with suggestions on indicators and
reporting methods.

The Managing Agents Sustainability
Toolkit contains guidance on the waste
hierarchy; development of a building-wide
waste strategy; carrying out waste audits;
understanding Duty of Care responsibilities;
managing waste during refurbishment and fitout; identifying and disposing of hazardous
waste; and identifying and disposing of
electrical equipment.
The Green Lease Toolkit was the BBP’s first
publication and a BBP Working Group has
been trialling its use for over a year. Members
of this BBP Working Group have reported the
following successes and potential uses as a
result of its implementation:
• It helps commercial landlords to engage with
lawyers, property management companies
and tenants on lease negotiation.
• It provides a best-practice benchmark
for the commercial property sector, by
illustrating good practice in terms of both
environmental opportunities and potential
cost reductions.
• It should become a selling point for
landlords, helping to attract tenants into
buildings, and encouraging further uptake of
the Toolkit.
• As it helps occupiers make cost savings
through reduced service charges, it should
in turn, benefit the owner through improved
tenant retention rates.
• It should lead to a more joined-up approach
within occupier organisations, between
those with responsibility for negotiating
leases and those formulating corporate
policies on waste (this is a particular issue
where retail tenants are concerned)44.
The BBP toolkits are available to download
online at www.betterbuildingspartnership.
co.uk
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Case Study 2.2
York House, owned by BBP member
British Land
At York House, zero waste was sent to landfill
in 2010/11, with 79 per cent recycled and the
remaining 21 per cent sent for incineration
with energy recovery.
Some 166 tonnes of waste were diverted
from landfill, equivalent to almost £8,000 in
landfill taxes. This was thanks to the efforts
of property owner and occupier British Land,
building management team Broadgate Estates
Ltd, and occupiers Bunzl, Government of
Singapore Investment Corporation (London
Office) Pte Ltd, hurleypalmerflatt and Moor
Park Capital LLP.
The introduction of a food composting
scheme in 2009/10 significantly improved
recycling rates, with waste food now turned
into high quality compost which is used for
agriculture in Kent. Occupiers have also run
recycling awareness campaigns, putting up
posters, improving labelling and sending out
emails to staff. Ensuring staff make full use
of recycling facilities and correctly segregate
waste, is particularly important as most of
the recycling is achieved through on-site
segregation.

Broadgate in the City of London, where
Capital Waste helped some buildings to win
Clean City awards.

Focus on waste reduction
As well as increasing recycling, British Land
reduced the amount of waste generated by its
staff at York House by 10 per cent per person
in 2010/11, compared to 2009/10.
Waste reduction initiatives included:
• encouraging people only to print when really
necessary, and always to print on both sides
• reducing deliveries of printed media and
encouraging people to view materials online
• installing new software that measures
printing, with monthly reports highlighting
to Head of Department whether their team’s
consumption is reducing or increasing
• introducing a new project team to support
people in reducing their consumption, and
Waste Reduction Champions to work within
individual teams.
Source: British Land

Waste management at York House
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Case Study 2.2: York House, owned by BBP member British Land. © British Land.
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Action 2.3.2
The Mayor will seek to work with sector
organisations such as the British Institute of
Facilities Management, large estate owners and
managing agents and transport organisations
such as the GLA Group and Network Rail, on
the possibility of finding spaces on site to house
small-scale waste treatment options such as
balers, shredders and in-vessel composting units.
A number of delivery partners may be required
in terms of providing landholdings, establishing
treatment processes, and maintaining ongoing
operations and maintenance.

Action 2.3.3
The Mayor will seek to facilitate sponsorship
opportunities for the provision of ‘trade
waste’ bring bank hubs and ‘on-the-go’
public place recycling within London’s
business parks and estates. Towards this end,
the Mayor will seek to develop existing and
new partnerships with London boroughs and
other organisations such as those operating
recycling incentive schemes, local business
groups, retailers, manufacturers, the property
industry and the waste sector.

Proposal 2.4 Ensure that all new
and refurbished developments have
sufficient internal and external space
available for storage of bulky waste,
residual waste and recycling. This is to
facilitate separation of waste that can
be reused and recycled and ultimately
diverted from landfill. It will also help
to lessen the impact of business waste
on the street-scene environment in
London.
Often space can be at a premium, and having
to house different types of waste and recycling
containers can be a disincentive to separating
waste for reuse and recycling, particularly
for small businesses. The design of external

waste storage areas also needs to be carefully
considered so that businesses can feel
confident in placing waste securely outside of
their premises without causing environmental
harm or other problems, such as attracting
vermin.
In a survey of 1,538 businesses in Wales,
for example, seven per cent said that lack
of storage space was a barrier to recycling45.
Anecdotal evidence obtained from members of
London’s Smart Green Business, representing
some of London’s BID organisations, also
indicates that insufficient storage capacity is a
barrier to recycling, particularly in relation to
increasing the range of materials collected46.

Smart Green Business
Smart Green Business is a network set up to
provide access to professional advice and
support to help businesses achieve economic
advantage through environmental action.
It aims to support more than 1,300 SMEs
in London, helping businesses to improve
environmental performance in seven key areas
including waste management and recycling,
green procurement, business resource
efficiency, environmental management
systems, energy auditing, travel planning
and knowledge transfer partnership. By June
2012, the Smart Green Business group aims
to have helped businesses to:
• divert 1,300 tonnes of waste from landfill
• save 7,000 cubic metres of water
• avoid the use of two tonnes of materials
• save 300 tonnes of CO2eq.
Smart Green Business is funded by the Mayor
via the ERDF Operational Programme 200713. The initiative contributes towards the
Mayor’s Economic Development Strategy,
which sets out a vision to create a sustainable
world city with strong, long-term economic
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growth, social inclusion and environmental
improvement.
Project delivery of Smart Green Business is
being managed and co-ordinated by the Cross
River Partnership, with input from its delivery
partners, including eight of the London BIDs
(Angel Aim, Bayswater, Better Bankside,
Camden Town Unlimited, Heart of London
Business Alliance, Team London Bridge,
Victoria and Waterloo Quarter), Westminster
Council, North Central Travel Plan Network
and South East London Transport Strategy.
Other strategic partners include the London
BIDs Network and the London boroughs of
Camden, Islington, Lambeth and Southwark.
Mixed and contaminated waste materials
are harder to convert into valuable new
materials and products. Therefore, the ability
to separate waste at source is important in
the case of many materials. A 2007 survey for
the Environment Agency in Wales found that
a third of commercial and industrial waste
generated was mixed waste, which could
potentially have been diverted from landfill for
recycling if it had been separated at source.
Access to premises by refuse collection vehicles
is also a concern, especially where storage
and loading bays are not at street level or are
positioned away from thoroughfares that have
sufficient room to accommodate collection
vehicles. It is further complicated by the fact
that storage and collection areas can be a
range of different places, including footpaths,
shared basement and loading bays, shared
internal and storage areas, and private storage
and bin collection areas. The need to transfer
recycling, as well as residual waste, containers
over long distances or up and down multiple
building levels can be a deterrent to separating
waste material streams for recycling.

Automated waste collection systems and
underground storage areas are difficult to
retrofit, due to the existing underground
infrastructure of buildings, and high capital
expenditure costs. Therefore, these collection
technologies are best suited to proposals for
new development.

Action 2.4.1
The Mayor will make use of the planning
process, through the London Plan and his
supplementary planning guidance on sustainable
design and construction, to ensure the
provision of waste storage space in new and
refurbished developments47. Local planning
authorities will be required to ensure that all
planning applications for new and refurbished
developments have provided for sufficient
waste storage space. In addition, an operational
waste strategy for new developments should be
submitted to show how the potential types and
quantities of waste that may be generated can
be managed on-site in such a way as to achieve
70 per cent recycling of C&I waste.
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Policy 3
Supporting the waste
infrastructure market in
London to grow and to deliver
for businesses

Vision
The Mayor wants to assist the development
of new waste infrastructure which will help
to manage London’s business waste within
the capital, so that there is less reliance
on landfill. This will also bring financial,
economic and environmental benefits to
London. The aim is to stimulate market
development by sharing the risk associated
with these new projects, illustrating their
commercial viability and then attracting
greater levels of private sector investment to
fund large-scale roll-out.

Vision to policy
• The Mayor will use the role of the LWARB
to support and accelerate the delivery of
London’s waste infrastructure requirements
such that the opportunity for early landfill
diversion is not missed.
• The Mayor will use his influence over
London’s planning regime to ensure that
new waste treatment infrastructure is not
delayed in being brought to market.
• The Mayor will also encourage the
development of waste facilities in a way that
facilitates their integration into London’s
urban environment and helps to reduce
the operational impacts of the waste sector
upon the environment.

Policy to action
• Proposal 3.1: Work to attract new
investment for waste infrastructure in
London.
• Proposal 3.2: Facilitate business
partnerships to help catalyse development
of waste infrastructure in London.

• Proposal 3.3: Improve the knowledge base
for waste sector investors.
• Proposal 3.4: Identify additional
opportunities for the development of the
business waste infrastructure.
• Proposal 3.5: Facilitate delivery of waste
infrastructure improvements through the
strategic planning process.
• Proposal 3.6: Integrate waste facilities into
the urban environment.

Reducing London’s reliance on landfill
London currently sends 17 per cent of its
C&I waste and 18 per cent of its CDE waste
to landfill (see Figure 2) and is largely reliant
on existing sites outside of the region, where
capacity is reducing. Notwithstanding the
issue of diminishing landfill availability, both
within and outside of the Greater London
region, a lack of processing alternatives means
that London is not realising the economic
and employment opportunities that new
waste infrastructure would bring, nor the
environmental benefits, in terms of lower
greenhouse gas emissions from the new
treatment technologies and lower overall
vehicle mileages.
London’s reliance on landfill can be most
reduced by the provision of alternative
treatment options for key waste streams such
as mixed plastics, food waste, wood, metals
(specifically from LACW), paper and board
(specifically from the C&I waste stream) and
textiles.
These materials have been identified as those
which have significant potential to displace
virgin materials and fossil-fuel derived
energy, based on the total tonnage produced,
the proportion currently landfilled and the
potential CO2eq that would be saved overall
as a result of diverting these materials from
landfill.
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Investment opportunities and
challenges in developing waste
infrastructure
Waste management and recycling services are
considered part of the UK Low Carbon and
Environmental Goods and Services sector. In
London, the existing market for low carbon and
environmental goods and services was worth
around £21 billion in 2007/08, representing
almost 10,000 companies and employing close
to 156,000 people1. The environmental sector,
including the waste management and recycling
sub-sectors, was worth £3.8 billion in London2
and the renewable energy and emerging low
carbon sectors were worth £6.5 billion and £10.7
billion respectively3.
A report by Ernst & Young indicates that access
to capital and borrowing costs for developers in
the UK Low Carbon and Environmental Goods
and Services Sector – including the waste
sector – remain the key barrier to growth4.
Current planning procedures can also be difficult
for infrastructure developers to negotiate
and can act as a deterrent to attracting
inward investment into the waste sector.
The design, development and deployment
of new technologies also requires significant
collaboration between partnership organisations.
The LWARB’s experience shows that traditional
investment organisations can be very wary about
new energy generation technologies which
have not yet been widely implemented and
proven in the UK, even when they have been
used elsewhere, such as in the case of some
gasification technologies.
A report by the Institution of Civil Engineers
also cites finance and planning issues as
the barriers to be overcome in order to
improve infrastructure for resource and waste
management5. The report highlights that there
has been insufficient focus on new waste

treatment infrastructure for non-LACW waste
streams to date, and a key recommendation is
the integration of the strategy and planning
aspects of LACW with C&I waste infrastructure.
Ensuring that London has sufficient waste
infrastructure to meet its landfill diversion
priorities will provide a number of secondary
opportunities including inward investment into
London’s waste sector, the development of a
low-carbon London and significant employment
opportunities.
Businesses operating in the waste sector in
the UK have seen a fundamental change in
their market strategies as a result of the shift
in thinking from waste to resource, driven by
social, commercial and legislative pressures.
Previously, waste services comprised mainly
transport, logistics and landfill disposal. In the
LACW sector, major operators have changed
their service offering, in response to local
authorities’ current preference for longer-term,
integrated contracts for LACW management,
to cover collection, transportation, recycling,
landfill and other forms of waste treatment and
energy generation solutions6. These long-term
contracts provide commercial certainty that
enables substantial levels of investment to build
new infrastructure.
However, there is still a market failure in the
development of infrastructure for C&I waste.
Unlike the LACW sector, there are no long-term
contracts available for significant amounts of
C&I waste to underpin the capital costs of new
waste management infrastructure development.
Businesses contract with waste management
companies individually, unlike households
which contract collectively via their waste
disposal authorities. Individual businesses do not
produce a lot of waste, so a waste management
company would need to secure waste contracts
from thousands, possibly tens of thousands of
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businesses, to generate enough feedstock for a
new waste treatment facility.
Another issue hindering waste infrastructure
development for the C&I sector is the short
length of feedstock contracts available.
Businesses understandably do not enter into
waste management contracts of more than
two or three years. It is very difficult therefore
for waste infrastructure developers and their
investors to feel secure about having enough
long-term C&I waste contracts to back the
development of a new treatment facility.
Despite these difficulties, there are developers
who see the opportunity to build ‘merchant’
facilities to deal with C&I waste. These are
facilities built at risk, without the benefit of
long-term contracts and are dependent on short
and medium-term business contracts (typically
from a few months to two-three years) and on
the additional waste secured in an ad-hoc way
via the ‘spot market’. Due to the inherent risks
involved, developers of merchant facilities face
major hurdles in securing financial investments.
The Mayor has provided funding to the LWARB
to help accelerate the development of merchant
facilities in London for C&I waste management,
and this has produced a significant number of
projects, as described later in this section.
Another option would be that more facilities
built by waste management companies on
the back of long-term local authority waste
management contracts could include some
‘merchant’ capacity to treat C&I waste. The
Mayor, through the LWARB, is also working to
encourage this and significant successes are
being achieved in this area as well.
Not having waste infrastructure for C&I waste
would mean that a substantial percentage of this
waste would continue to go to landfill. As the
landfill tax is rising, this would prove more and

more expensive for London’s businesses. It is
therefore crucial that this infrastructure is built
quickly.
The experience of the LWARB and other
organisations has shown that the recent
banking crisis and the inherent risks associated
with merchant facilities has meant that many
businesses have faced difficulties gaining access
to new capital to develop the infrastructure
that London needs to treat its waste7. The
Mayor’s response to this has been to provide
minimum amounts of funding, via the LWARB,
to projects so that they can then gain the
remaining majority of funding from the private
sector, getting them ‘over the line’ so to
speak. The LWARB is providing funding in as
commercial a manner as possible, mostly in the
form of loans which, once repaid, can be reinvested into other projects, creating a muchneeded recyclable flow of public capital into
infrastructure projects.
London needs to build on its strengths in
securing investment in new waste infrastructure
developments. The Ernst & Young report
illustrates the potential economic benefits of
securing private sector investment in new waste
infrastructure as part of the Mayor’s overall
programme on climate change mitigation.
The report estimates that, by 2025, creating
the optimal recycling and energy generation
infrastructure will contribute a projected:
• Direct Gross Value Added (GVA) of £52 million
per year (7.2 per cent of the overall climate
change mitigation programme contribution of
£720 million per year).
• 1,260 jobs (gross) per year (8.8 per cent of the
total of 14,357 jobs).
• inward investment of £78 million per year
(9.2 per cent of the overall climate change
mitigation programme contribution of £845
million per year)8.
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Figure 10 Estimated average annual jobs creation in
the waste sector, 2009 to 20259
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The majority of these jobs (roughly 600 per
year) are estimated to be in maintenance and
operations. The breakdown of these jobs is
shown in Figure 10.

Tackling climate change
The waste sector is considered to be one of
four primary areas within the Mayor’s climate
change mitigation programme, the others being
building efficiency, transport and decentralised
energy. Tackling climate change by reducing
greenhouse gas emissions is a global priority.
There is now a strong scientific consensus that
greenhouse gas emissions, as a result of human
activity, are causing the climate to change at an
unprecedented scale and speed10.
Traditional methods of waste management are
a net contributor to climate change and the
European Environment Agency estimates that
methane emissions from UK landfill sites are
among the highest of the EU Member States11.
Decomposition of biodegradable materials in
landfill, for example, generates around 40 per
cent of the UK’s methane emissions and 3 per
cent of the country’s greenhouse gas emissions.
London’s waste sector has an opportunity
to become a net reducer of greenhouse gas

emissions through more effective management
of waste and linking to opportunities in the
decentralised energy sector.
The Mayor has already set out in his Municipal
Waste Management Strategy, London’s Wasted
Resource, that the management of London’s
LACW should achieve significant climate
change mitigation benefits, particularly for
waste that currently goes to landfill or energy
generation. Instead of focusing on particular
waste services or technologies, the Mayor has
looked at the outcomes of particular methods
(based on their lifecycle CO2eq emissions
performance) to develop a CO2eq emissions
performance standard (EPS). This outcomebased approach establishes two key principles:
• that the focus will be on recovering the
materials and choosing the reprocessing
routes which deliver the greatest CO2eq
savings
• that there will be support for decentralised
energy generation from LACW in a way that
is no more polluting in carbon terms than the
baseload energy generation it replaces12.
Achieving the EPS will ensure the management
of London’s LACW ceases to be a net
contributor to climate change and becomes
one that plays a role in achieving significant
climate change mitigation benefits. London
will be the first city in the world to develop an
EPS for LACW management, sending a clear
message to London’s waste authorities and the
waste industry to focus on waste management
activities that achieve the greatest CO2eq
savings.

London’s CO2 Emissions

In 2008, London’s CO2 emissions were 44.7
million tonnes (MtCO2), equivalent to 8.4
per cent of the UK’s total CO2 emissions. The
supply and use of electricity and other fossil
fuels in buildings is the primary source of CO2
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emissions in London. The Mayor intends to
tackle emissions by reducing energy demand
on a sector-by-sector basis while at the same
time ‘de-carbonising’ the supply of energy.
The Mayor has committed to an overall target
of reducing London’s CO2 emissions by 60
per cent on 1990 levels by 2025 and at least
80 per cent by 2050. These targets are on
the basis that this is the contribution London
and the UK as a whole need to make to help
stabilise atmospheric concentrations of CO2 at
450ppm.
More information on the Mayor’s strategic
objectives for climate change mitigation and
energy, and the benefits of moving London
to a low-carbon economy, can be found
in Delivering London’s Energy Future: The
Mayor’s Climate Change Mitigation and
Energy Strategy)13 and Prospectus for London:
The Low Carbon Capital14.

Developing the green skills sector
The Mayor’s policy proposals on helping
Londoners gain the skills and experience
needed to participate in the low-carbon
economy are dealt with in Delivering London’s
Energy Future: The Mayor’s Climate Change
Mitigation and Energy Strategy15. The Mayor’s
main programme for delivering the skills and
experience necessary in this area is the Low
Carbon Employment and Skills Programme,
which is made up of a number of projects
that will ensure Londoners are able to secure
sustainable employment within the low-carbon
economy, including:
• assessing the employment and skills required
to support the low-carbon sector in London
• creating jobs through the Mayor’s climate
change programmes
• working in partnerships to identify the
requirements for low-carbon skills training
and employment support.

Proposal 3.1 Work to attract new
investment for waste infrastructure in
London
As described above, the public sector needs to
provide strategic investment to overcome the
market failures that are preventing new waste
infrastructure development in London, particularly
in the treatment of London’s C&I waste.

Action 3.1.1
The Mayor will invest in the development of waste
infrastructure in London through two key routes:
the LWARB Infrastructure Fund and the London
Green Fund. Each of these two funds will help
to lever investment into large-scale, Londonwide
programmes to help develop and attract private
sector investment to new waste infrastructure
capacity in London.
The LWARB Infrastructure Fund
From 2009 to 2011, the LWARB had a total
investment fund of £58 million available from
DEFRA and the GLA Group to help provide financial
support for waste infrastructure and campaigns,
brokerage support and to help to bridge the gap
between the Mayor’s strategies for waste and their
implementation. At least another £18 million is
available for the period 2011 to 2014.
As part of its total investment fund of £58
million, the LWARB allocated £21 million to help
develop waste infrastructure from a preferred
pool of projects. This £21 million Infrastructure
Fund supports a portfolio of projects that, by 31
March 2015, will:
• divert over 500,000 tonnes of waste from
landfill each year
• save over 3m tonnes of CO2eq over the lifetime
of the projects
• create approximately 150 jobs within London16.
More information about the LWARB is contained
in Box 3.2.
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The LWARB
The LWARB was established by the GLA in
2007 to promote and encourage a reduction
in the waste produced, an increase in reuse
and recycling and an increase in the use of
methods of collection, treatment and disposal
that are more beneficial to the environment in
London. The LWARB’s remit covers all waste
streams (LACW, C&I waste and CDE waste)
and it seeks to achieve its objectives through
the provision of three key services:
• A £76 million fund* to provide financial
support for waste infrastructure and
communications campaigns. The fund is
administered by an eight-member board and
three programme-specific committees (an
investment committee, an audit committee
and a flats recycling programme committee).
• A brokerage and project development
service that aims to bring together waste
producers, site owners, London boroughs
and energy users to provide new sites for
waste infrastructure. It will provide expertise,
funds and contacts to help develop waste
projects to meet its priorities.
• A role as a best-practice co-ordinator to
provide a knowledge and data management
centre helping interested parties to
bridge the gap between strategy and
implementation.
For each year during the life of the fund,
the LWARB must prepare a business plan
that sets out its priorities and methods for
disbursing any funds at its disposal. Funds
will be distributed by way of grants, loans,
guarantees, equity participation and other
financing vehicles to the following types of
project:
• waste infrastructure or technologies that
significantly reduce CO2eq emissions
and divert waste from landfill, including
reuse infrastructure, manufacturing
infrastructure for reprocessing recyclate into

new materials, recycling, composting and
anaerobic digestion facilities and new and
emerging advanced thermal treatment or
chemical conversion technologies
• projects that contribute towards district
heating networks and connections to
maximise combined heat and power
opportunities
• awareness campaigns to target specific
community sectors and convey broad
messages about waste reduction, reuse and
recycling, delivery of which will be via the
Recycle for London campaign (as discussed
in Policy 1).
For more information about the LWARB,
visit www.lwarb.gov.uk.
*£58m from 2008 – 2011 and £18m from 2011 – 2014

The London Green Fund
The London Green Fund is the London
component of the JESSICA (Joint European
Support for Sustainable Investment in City
Areas) initiative developed by the European
Commission and the European Investment
Bank in collaboration with the Council of
Europe Development Bank. JESSICA allows
member states of the EU to invest a proportion
of their EU grant funding to make repayable
investments in projects, thereby creating a
revolving investment fund for funding the
regeneration of urban areas.
The London Green Fund is a separate funding
stream from the LWARB Infrastructure Fund,
so potential project sponsors may apply for
funding from both streams.

The London Green Fund
The London Green Fund operates as
a revolving fund for making repayable
investments in environmental infrastructure
projects and programmes that contribute

71
to tackling climate change through the
development of new waste infrastructure,
decentralised energy and energy efficiency
schemes. It will provide equity, loans or
guarantees – not grants - to projects and any
return on investments will be reinvested in
environmental projects.
Relative to commercial markets, the London
Green Fund has the flexibility to take a
longer-term view of the scale and timing of
financial returns expected from investments,
particularly in the current economic climate.
Once projects have demonstrated a track
record and financial return the London
Green Fund will be able to realise its original
investments, in part or in full, for reinvestment in a similar activity.
The London Green Fund has been set up
with an initial fund size of £100m. The
Mayor has provided half of this, with £32
million provided by the LDA and £18m
provided by the LWARB. These contributions
were matched by £50m funding from the
European Regional Development Fund
(ERDF). The London Green Fund has
separate Urban Development Funds (UDF)
for its two initial priority areas – waste and
energy efficiency. Each UDF will be managed
by an external fund manager to ensure
full project analysis from both a financial
and environmental perspective prior to
investment. The process allows the Mayor,
the GLA Group and the LWARB to determine
the strategic objectives of the fund and its
investment criteria while the independent
fund manager ensures that the fund itself is
focused on investment and delivery.
The £18m LWARB contribution has been
matched by £18m funding from ERDF
to form a distinct £36m Waste UDF to
be invested solely in the waste sector.

Foresight Group have been selected as the
fund manager for the Waste UDF. The UDF,
now called the Foresight Environmental
Fund, was launched in March 2011 and is
open for business. Foresight Group have
already committed to securing an additional
£36m of private capital to increase the
size of the Waste UDF to at least £72m.
This demonstrates how public funds from
London and Europe are not only being
invested in ways that ensure they can
generate returns to be reinvested, but are
also being leveraged at UDF and at project
level to bring private sector finance into the
waste sector in London.

Case Study 3.1
Biossence Gasification Facility,
East London
Biossence Ltd was established in 2006 to
develop, build, own and operate energy
generation facilities using the gasification
advanced thermal treatment technology.
Biossence’s first plant, the East London
Sustainable Energy Facility (ELSEF), will
process 98,000 tonnes per year of solid
recovered fuel (SRF) derived from local
LACW sources. The SRF will be provided
under a long-term fuel supply contract from
the nearby Frog Island mechanical biological
treatment facility, which is operated by
Shanks East London under a 25-year
private-finance initiative (PFI) contract with
the East London Waste Authority.
The facility will generate 18-20 megawatts
of electrical power and around 10
megawatts of thermal power. A small
amount of power will be used to meet
the facility’s own needs and the balance
exported to the National Grid.
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Case Study 3.1 Biossence Gasification Facility, East London – an artist’s impression.
© Biossence East London Ltd.
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The LWARB is providing around £9 million
in financial assistance on a commercial basis
that will facilitate construction of the £80
million facility. The LWARB’s funding will be
used to underwrite technology development
for the facility to help attract private sector
investment into the project.
Biossence also has planning permission for
a 400,000 tonne gasification plant near
Liverpool and is developing a pipeline of
other projects around the UK and abroad. For
more information visit www.biossence.com

Proposal 3.2 Facilitate business
partnerships to help catalyse
development of waste infrastructure in
London
Every tonne of food waste that goes to landfill
results in a significant amount of CO2eq
emissions: 297kg on average. Food waste
reduction is the ideal solution to eliminating
such harmful emissions. Where this is not
possible, the next best solution can be to
turn this waste into compost or energy using
appropriate industrial processes. This can
achieve significant results: for example, every
tonne of food waste treated via anaerobic
digestion to generate electricity can result in
83 kg of CO2eq savings compared with current
UK electricity generation (which is produced
mostly using fossil fuels), and 380kg of CO2eq
savings when compared with sending the waste
to landfill17. Composting a tonne of food waste
rather than sending it to landfill can result in
344 kg CO2eq reduced.

Action 3.2.1
The Mayor will use the Food Waste to Fuel
Alliance Programme to take a sector-specific
approach to the development of at least five
exemplar food waste treatment infrastructure
projects in London.

The Food Waste to Fuel Alliance is a brokerage
service that seeks to bring together technology
providers, energy companies and food waste
producers in cross-sector partnerships that
can deliver economies of scale, increase value
for money and share some of the risk involved
in developing new food waste treatment
infrastructure18. Working closely with the
LWARB, the alliance is creating partnerships
for the development of an infrastructure for
anaerobic digestion, used cooking oil processing
and other fuel or energy producing projects,
for which there is plenty of opportunity in
London. The alliance is made up of a number of
representatives from the GLA Group, including
the GLA, the LWARB, TfL and Capital Growth.
Businesses involved in this programme to date
include British Airways, BAA, Sainsbury and
Keystone Distribution. The alliance aims to
support food waste treatment infrastructure
projects with one or more of the following
objectives:
• contributing to decentralised energy
(heat and power) networks
• providing renewable transport fuel
(bio-fuel and hydrogen).
• providing compost for local use, linked to
the Mayor’s Capital Growth Programme that
promotes community food schemes in London.
As of May 2011, several exciting projects are
in the early stages of development by alliance
members. One is a food waste-to-biojet fuel
project by British Airways and their partners
Solena, where at the time of writing, site
negotiations and technical evaluation work were
underway. If this project is successful, over 16
million gallons of fuel could be produced per
year, enough twice over to fuel all of British
Airways’ flights from London City Airport.
A second project, in the very early stages of
development, is a used cooking oil collection
and processing service by Addison Lee, a
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London-based courier and taxi company. A
recent study for the London Borough of Camden
concludes that biodiesel from used cooking oil
provides a very high level of greenhouse gas
savings compared to other transport biofuels19,
and the Mayor is very supportive of this idea.
The company’s ambition is to be able to collect
oil free of charge from London businesses, and
use the oil produced within one or more of their
service fleets.
Other potential projects under the Food Waste
to Fuel initiative include various anaerobic
digestion projects in collaboration with the
LWARB and project developers.

Action 3.2.2
The LWARB will continue to offer a brokerage
and project development service that aims to
bring together waste producers, site owners,
London boroughs and energy users to provide
new sites for waste treatment infrastructure.

East London as part of the legacy of the 2012
Games.
A commitment was made in the London 2012
bid that, if successful, the 2012 Olympic
and Paralympic Games would catalyse waste
infrastructure in East London as part of the
legacy of the Games. This commitment is being
honoured, with several facilities now having
been assisted, through Mayoral investment
via LWARB, with their plans to locate in East
London.
The Olympic Park Legacy Company, in the
preparation of the Olympic Park Legacy Master
Plan, has identified waste-derived syngas or
biogas as one of the most cost-effective means
of providing energy to the Olympic Park in
legacy to ensure it is a low-carbon development.
Discussions are underway with Cofely, the
Olympic Park energy centre operators, about
the technical potential for this to happen.
Discussions are also underway with local
authority partners to identify a site for the gasproducing facility.

The service is now open in the form of a webbased system where companies can register
their details and interest and look for potential
project partners. As of May 2011, 15 companies
had registered their interest.

Proposal 3.3 Improve the knowledge
base for waste sector investors

The service will seek to become more proactive
over time and provide expertise, funds and
contacts to help develop waste projects to
meet the Mayor’s priorities for improving
waste treatment infrastructure in London. The
LWARB will seek to develop project partnerships
bringing together five principal components: a
site operator, a feedstock provider, a technology
supplier, off-take users (for heat, power,
recyclate or fuel) and finance provision20.

Action 3.3.1: Research has been undertaken to
produce a catalogue of commercially operating
waste infrastructure facilities across the
world, to showcase the opportunities for their
development in London. The Mayor will publish
this catalogue in 2011-12. The catalogue will
comprise a series of international case studies
of existing commercial or demonstrator plants
using anaerobic digestion, gasification or
mechanical-biological treatment processes to
treat waste.

Action 3.2.3
Work with London boroughs, the GLA Group
and the Olympic Park Legacy Company to
catalyse development of waste infrastructure in

The facilities selected for inclusion in the
catalogue will have been designed and/or
operated by a range of different technology
providers. The goal of the catalogue is not to

75
provide an exhaustive list of reference facilities,
but rather to identify those technologies that
are configured in the most appropriate way
for London and to demonstrate that there are
a significant number of plants of this nature
operating outside of London, in the UK, in other
EU Member States and beyond.

Action 3.3.2
As part of its remit to act as a best practice
co-ordinator, the LWARB will steer potential
investors and other partners towards the
relevant knowledge and data sources to help
improve understanding of new waste treatment
technologies and the level of risk associated
with such technologies, particularly advanced
thermal treatment technologies, such as
gasification and pyrolysis. The LWARB will also
help to identify and bring together the parties
with the existing strengths, skills, knowledge
and experience necessary to bring new waste
infrastructure to market with the minimum level
of risk.

Proposal 3.4 Identify additional
opportunities for development of
business waste infrastructure
Through the work of the LWARB and the GLA
Group, the Mayor is developing a series of
tools that will enable potential investors in the
waste sector to identify opportunities with the
potential to increase the value, and lower the
risk, of the investment to be made. These tools
should assist with site selection and assessment
and help to identify co-location efficiencies and
options for secondary and tertiary processing.
The Mayor, particularly, is targeting a significant
increase in the proportion of energy generated
from renewable sources within London. Energy
generation using advanced thermal conversion
technologies is considered to be one of three
main opportunities to increase renewable
energy generation in London, alongside large-

scale, biomass heat and power and widescale deployment of small and medium-scale
renewable heat and power technologies (such as
photovoltaic panels, solar thermal systems and
heat pumps).
The Mayor is supporting the development of
a market for heat, as well as regulatory reform
of the electricity market to support access for
decentralised energy generators. The Mayor is
doing this by:
• enabling the identification and development of
decentralised energy opportunities
• delivering decentralised energy through the
planning system
• enabling the commercialisation of the
decentralised energy market.
The Mayor will progress with several
initiatives in this direction, including ensuring
funding is available via the London Green
Fund, continuing to host the London Heat
Map and helping project development via
the Decentralised Energy Masterplanning
Programme (DeMAP).

Decentralised Energy
Masterplanning Programme
In 2008, decentralised energy contributed
around 2.5 per cent of the overall supply of
energy in London. EU and national policies
are geared towards moving to low- and zerocarbon sources for supplying electricity via
the national grid, and the Mayor has set a
target to generate 25 per cent of London’s
energy from decentralised sources by 2025.
Decentralised energy is defined as lowcarbon electrical power or heat generated
and delivered within London. The primary
opportunity in London is for low- and zerocarbon heat networks fed by combined heat
and power (CHP) systems at a range of
scales. These systems can be fed by a mix of
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Table 6 Projected commercial and industrial waste infrastructure capacity gap for
London at 2015, 2020 and 2031 (‘000 tonnes)
Facility Type

2015

2020

2031

Materials Reclamation Facility (MRF)

1,835

2,259

2,282

Composting and Anaerobic Digestion

648

819

880

Mechanical-Biological Treatment

542

505

1,904

New Energy Generation

338

238

1,175

Thermal Treatment

361

302

479

3,724

4,123

6,720

TOTAL

Notes:
Anaerobic digestion (AD) element includes source-segregated AD capacity and back-end capacity required after
mechanical-biological treatment (i.e. for non-source segregated organic waste). Mechanical-Biological Treatment: Based
on all waste inputs to the mechanical-biological treatment process.
New Energy Generation is back-end thermal treatment capacity required for refuse-derived fuel produced following
mechanical-biological treatment of waste. Thermal treatment: Excludes thermal treatment capacity required for refusederived fuel produced following mechanical-biological treatment of waste.

energy sources, including waste derived fuels.
Waste heat from residual waste processing
facilities can be distributed using a heat
network infrastructure to provide low-carbon
heat to neighbouring homes, public buildings
and businesses. This will enable new and
existing developments to meet tighter CO2eq
reduction requirements and contribute to
London’s climate change mitigation targets.
The Decentralised Energy Masterplanning
Programme (DEMaP) is a resource designed
to facilitate and accelerate delivery of
decentralised energy projects across
London and help London boroughs and the
commercial sector to produce local heat
maps and energy masterplans. Decentralised
energy projects and district heating networks
require extensive and complex infrastructure
and long development timescales, but they
can provide heat and power in a low-carbon
way, and can offer a return on investment.
Decentralised energy masterplans can identify
opportunities, provide technical feasibility
information and help make the business case

for projects, to enable viable projects to gain
funding. As of May 2011, 24 boroughs have
received DEMaP support.
More information about the DeMaP
programme is available from www.
londonheatmap.org.uk/Content/home.aspx.

Action 3.4.1
The GLA and the LWARB are working together
to identify the potential capacity gap between
LACW and C&I waste infrastructure required in
London and known projects under development.
It is estimated that there may be a shortfall in
waste infrastructure capacity for C&I waste of
around 3.7 million tonnes in 2015 rising to 4.1
million tonnes in 2020 and 6.7 million tonnes
in 2031 if no new infrastructure is developed
within this time period21.
Table 6 provides a breakdown of the estimated
level of capacity required for different types
of C&I waste infrastructure. This is based on
projected C&I waste arisings for each of the
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years 2015, 2020 and 2031, and projections for
the capacity of existing and planned facilities.
The GLA and LWARB’s work in this area, to
be completed in 2012, will help to identify
waste infrastructure requirements in London
in more detail, including the extent and
geographic location of infrastructure required.
The outcomes will also be used to inform the
decision-making process of the LWARB, in
considering which projects should be offered
assistance. The information is also being used
as part of a web-based Geographic Information
System (GIS) tool developed by LWARB in
conjunction with the GLA Group, further details
of which are provided in Action 3.4.2.

Action 3.4.2
LWARB has worked with the GLA Group to
develop the London Waste Map which is a
Londonwide web-based GIS map of London’s
waste infrastructure. The system maps the main
opportunities and constraints for the future
development of waste infrastructure in London
and will help to identify the best areas for this
development. The Mayor will seek to increase
awareness and use of this important resource
and keep it updated, to help London’s waste
industry operate as efficiently as possible in
establishing locations and finding partners.
The London Waste Map is now publicly available
to registered users and uses work already
undertaken within the GLA Group on mapping
London’s brownfield sites and heat and power
networks. More information about London’s
heat networks is provided in Box 3.6.
The London Waste Map includes:
• existing waste arisings for both LACW and
C&I waste
• existing and proposed waste management
facilities
• brownfield sites

• Strategic Industrial Land identified in the
London Plan
• existing and proposed heat and power
networks (the London Waste Map is
complementary to the London Heat Map)
• potential demand for off-takes, including
heat, power, recyclate and fuel
• transport infrastructure networks
• planning boundaries and strategic planning
areas, including, for example, strategic
industrial and employment locations,
Opportunity Area Planning Frameworks and
the Green Enterprise District.
Constraints mapped include:
• environmental and heritage interactions,
such as Sites of Special Scientific Interest
(SSSI) and listed buildings
• human interactions, such as proximity to
housing
• physical interactions, such as ground
conditions and the flood risk.

The London Waste Map
The London Waste Map provides a
Londonwide GIS of all of London’s waste
management infrastructure and, by mapping
the opportunities and constraints, helps
users to identify opportunities for waste
infrastructure development, industrial
symbiosis and closed-loop waste solutions.
Some non-mapped information is also
provided as part of the GIS, relating to waste
collection and disposal contracts in London,
contact information and links to specific
waste policies.
The London Waste Map helps the LWARB in
its aspiration, set out in its 2010/11 Business
Plan, to act as a ‘best practice coordinator –
working with aligned organisations to create
a knowledge and data management centre
along with best practice positions (such as
project structuring and contracting)’. This
map will contribute to the knowledge needed
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Screenshot of London Waste Map showing waste sites, waste site applications and electricity network infrastructure.
© London Waste & Recycling Board (data sources are listed on the London Waste Map).
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for decision-making in the area of waste
infrastructure development.
The London Waste Map is publicly accessible
at www.londonwastemap.org.

Case Study 3.2
Thames Gateway Heat Network
The idea of the Thames Gateway Heat
Network is to create an area-wide (largescale) decentralised energy scheme,
demonstrating how multiple heat generators
could supply low-carbon heat to multiple
consumers in the future. Located within
the Thames Gateway, Europe’s largest
regeneration area, the Thames Gateway Heat
Network would involve the construction of a
23km transmission network capturing lowcarbon and renewable heat from a number
of heat generating facilities, including some
of the new waste treatment facilities planned
for development in East London. The concept
behind this approach is that heat could be
delivered to a variety of buildings within
the London Thames Gateway, giving CO2eq
savings of an estimated 100,000 tonnes of
per year.
More information about the Thames
Gateway Heat Network vision can be found
in the Mayor’s report, Powering Ahead:
delivering Low-Carbon Energy for London,
available at http://legacy.london.gov.uk/
mayor/publications/2009/docs/poweringahead141009.pdf, and at www.ltgheat.net/.

Proposal 3.5 Facilitate the delivery of
waste infrastructure through the
strategic planning process
Local planning authorities have a responsibility
to identify land for the purposes of waste
management but there are still major
uncertainties around the planning process,

which act as a substantial constraint for the
development of ‘merchant’ waste infrastructure
facilities (those that are able to deal with
the ad-hoc waste from businesses that is not
covered by long-term contracts). The Mayor
proposes to assist the planning process and
enable ease of co-location with industry that
can make use of off-takes, such as heat and
power, recyclate and fuel.

Action 3.5.1
The Mayor will promote the clustering of
businesses involved in the waste and lowcarbon sectors to create areas of sectoral
strength and opportunities for innovation and
partnership working. The capital now has a
range of emerging geographical clusters that
are specialising in waste and other low-carbon
industries, including the Green Enterprise
District and Sustainable Industries Park. Not
only do these areas provide an opportunity to
support the development of waste infrastructure
in its own right but they are an ideal place for
the clustering of other facilities in this sector,
leading to the development of integrated
resource-recovery parks.
The Mayor has also identified, in his London
Plan, a series of 33 Opportunity Area Planning
Frameworks (OAPF), which he will use to
identify and facilitate strategic, cross-borough
opportunities for development, including those
for waste management. OAPFs allow for a
greater degree of planning and co-ordination
than would otherwise be realised if an area
was developed on a site-by-site basis. This
provides an opportunity to integrate waste
and decentralised energy infrastructure with
complementary light industrial activities.
Complementary activities include those that
require low- and high-grade heat for light
industrial, commercial or recreational activities
and industrial and manufacturing industries
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requiring raw materials. Plastics reprocessing is
particularly suited to London due to the light
industrial nature of the process and the need
to reduce transportation (plastic is light and
the transportation cost per tonne relatively
high). Manufacturing industries that can utilise
reprocessed plastics are, therefore, well suited
to development within integrated resource
recovery parks.
The Mayor will ensure that waste treatment
opportunities are fully considered for
these areas, with a view to establishing
green industry parks and district heating
opportunities throughout London.

The Green Enterprise District
Located in the heart of the Thames Gateway
regeneration area, the Green Enterprise
District is a flagship initiative that aims
to attract organisations that are active in
the Low Carbon and Environmental Goods
and Services sector, particularly those in
waste management and low-carbon energy
generation. By doing so, the Green Enterprise
District aims to capture some of the economic
benefits of this growing sector for London.
The waste management sector, for example,
has been identified as a key employment
sector within the Green Enterprise District
Framework, which aims to create up to 6,000
jobs overall.
The Green Enterprise District covers the six
East London boroughs of Hackney, Tower
Hamlets, Newham, Waltham Forest, Barking
and Dagenham and Havering and contains
the largest concentration of protected
industrial land use in London. These sites are
typically located alongside the River Thames
and inland canals and wharves.
The Green Enterprise District initiative aims to:
• attract green enterprise to East London

• stimulate demand for green infrastructure
and a de-carbonised energy supply
• position East London at the forefront of
low-carbon innovation, by making use
of industrial symbiosis and sustainable
industries parks
• maximise the potential of green and open
spaces and the District’s waterways.
As of May 2011, a significant amount of
low-carbon activity has been generated in
the Green Enterprise District. Siemens are
building their global sustainability pavilion
in the Royal Docks, which will showcase
cutting-edge environmental technologies to
the public. A ‘temporary use’ competition
has been conducted for various sites, and
one of the winners is looking to develop a
community-based waste reuse and recycling
initiative. The Royal Docks area has been
granted ‘enterprise zone’ status by central
government – 125 hectares of land in the
Royal Docks will benefit from the measure,
where reduced business rates and other
regulatory concessions will be implemented
over five years to boost external investment
in the area.
All of this activity is in addition to the new
waste infrastructure being developed in the
area, described elsewhere in this document,
including in the Sustainable Industries Park
(see box below).

Case Study 3.3
Examples of waste facilities in the
Sustainable Industries Park
Closed Loop
Closed Loop Recycling is the world’s first food
grade PET and HDPE plastic bottle recycling
plant, capable of taking 35,000 tonnes of
recovered plastic bottles, including milk and
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soft drink bottles, and turning them back into
recycled raw material for new food and drink
packaging. The plant diverts a significant
amount of waste from both landfill and export
reprocessing. Using the recycled plastic to
make new bottles can reduce the carbon
footprint of the bottles by up to 25 per cent.
The first customers to purchase recycled food
grade plastic from the plant include Britvic,
Marks & Spencer and Solo Cup Europe. Using
cutting-edge technologies, Closed Loop
Recycling turns the waste that may have been
previously exported to developing countries
at low value, or discarded into landfill, into
new material suitable for food and drink
packaging. This creates a circle of constantly
recycled plastic and fits the ‘Closed Loop’
philosophy.
Closed Loop Recycling, which is also part of
the 25-hectare Thames Gateway Sustainable
Industries Park, has already announced its
expansion within the UK demonstrating its
position as a leader in high-grade plastics
recycling. More information about the
Sustainable Industries Park can be found
at www.closedlooprecycling.co.uk/ and
www.londonsip.com.

Thames Gateway Power
In July 2010, Thames Gateway Power,
a subsidiary of Cyclamax, was granted
planning permission for the development
of a gasification facility at the Sustainable
Industries Park by the London Thames
Gateway Sustainable Development
Corporation. This will be used to treat
120,000 tonnes per year of, primarily,
non-recyclable C&I waste, serving a main
catchment area of seven miles. The facility
will generate an estimated 15 megawatts of
electricity - enough to power 31,500 homes
locally. The plant is due to be operational in

2013 and is expected to provide low-carbon
heat, cooling and power to other businesses
occupying the Sustainable Industries Park.
It is predicted that the £75 million investment
will generate 35 new jobs covering
management, technical, engineering,
administration and operations roles. It will
save an estimated 46,400 tonnes of CO2eq
emissions per year, by diverting waste from
landfill and avoiding fossil-fuel use.
For further details about Thames Gateway
Power, see www.thamesgatewaypower.co.uk/.
Source: Let’s Recycle22 and Thames Gateway Power23

TEG Environmental
TEG, an established green technology
company, will use £1.9m loan funding from
the LWARB along with other funding to
develop a 30,000 tonne anaerobic digestion
(AD) plant, the first of its kind in London.
The facility will also incorporate in-vessel
composting (IVC) technologies capable of
processing 20,000 tonnes of organic waste.
This technology mix means that the plant will
divert up to 50,000 tonnes of food and garden
waste from landfill each year.
The facility will turn food and garden waste
from London households, businesses and
industrial catering companies into organic
fertiliser to be used on farms and agricultural
land. The plant will also be capable of
generating 1 MW of renewable energy
for export to the National Grid and TEG is
also exploring the potential to export the
additional heat produced by the process into
local heat networks.
It is expected that the plant will displace over
185,000 tonnes of CO2eq over the 20- year
life of the project, generate power sufficient
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Case Study 3.3 The interior from Closed Loop. © Closed Loop Recycling Ltd.
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to light 2,000 homes, create eight permanent
jobs, and be up and running in 201224.

Proposal 3.6 Integrate waste facilities
into the urban environment
London needs to make better use of its rivers
and canals, particularly for waterborne freight,
including waste. This can also provide an
opportunity for the waste sector to reduce its
own transport-related environmental impacts.
Water transport is particularly suited to bulk
movements of relatively low value cargoes,
including waste and recyclates, and waste and
materials associated with construction and
demolition activities. In the Olympic Park at
Stratford, waterways have been upgraded so
that construction material can be transported
by water rather than road. There may also be
opportunities for CDE waste generated by the
proposed Thames Tideway Tunnel project to be
transported by water.
The majority of waste transported via water
in London is LACW but as new infrastructure
is developed, particularly for business waste,
there is an opportunity for the waste sector
to integrate sustainable modes of transport
into their operations at the planning and
development stage.

Action 3.6.1
The Mayor will examine opportunities for
transporting waste by rail or water. Transport for
London will, as appropriate, support businesses
to explore opportunities to open up the rail and
navigable water network for the transportation
of waste, to allow the waste sector to reduce its
vehicle mileage and the associated environmental
and social impacts, including emissions, air
quality, health impacts, noise and dust.
This action supports various elements of the
Mayor’s Transport Strategy, such as Policy
4 which says ‘The Mayor, through TfL, and

working with the DfT, Network Rail, train
operating companies, London boroughs and
other stakeholders, will seek to improve people’s
access to jobs, business’ access to employment
markets, business to business access, and
freight access by seeking to ensure appropriate
transport capacity and connectivity is provided
on radial corridors into central London. The
Mayor will also explore opportunities to
make greater use of the Thames for eastwest
passenger and freight transport across the city.’
There has already been some good work done
towards transporting waste by rail or water. For
example, Transport for London has undertaken
research on opportunities on multi-modal refuse
collection vehicles (MMRCVs). These vehicles
are effective as part of a waste collection and
transportation system combining road, water
and rail transport modes25. Also, businesses are
already making use of London’s water network
for transporting waste e.g. Cantillon, a specialist
demolition company, have reduced greenhouse
gas emissions from a demolition project in
Chamber’s Wharf by transporting waste by barge
down the Thames26.

Action 3.6.2
Through Policy 5.17 of the London Plan, the
Mayor will continue to require that wharves
with an existing or future potential for
waste management should be identified and
safeguarded specifically for that use.
Proposal 38 from the Mayor’s Transport
Strategy builds upon this safeguarding: ‘The
Mayor, through TfL, and working with the
Port of London Authority, London boroughs
and operators, will seek to ensure that existing
safeguarded wharves are fully utilised for
waterborne freight (including waste), and will
examine the potential to increase the use of
the Thames and London’s canal network for
waterborne freight transport.’
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Policy 4
Drive improvements in
resource efficiency in the
construction and demolition
sector while continuing to
maintain the good levels
of reuse and recycling
performance already being
achieved

waste can be maintained. To support this,
the Mayor will work with partners, such as
the LWARB, to help fund delivery of the
necessary infrastructure for CDE waste reuse
and recycling, if possible. The Mayor will also
encourage the adoption of exemplar materials
and waste management practices adopted
for major development projects such as the
Olympic Park.

Vision

Policy to action

Building and infrastructure projects
within London will consider, at all stages
of development from design through
construction and maintenance, how to:

• Proposal 4.1: Use policy and regulatory
requirements to encourage designing
out waste at source and drive resourceefficiency improvements.
• Proposal 4.2: Engage developers, architects
and designers in taking a leading role to
design out waste at source.
• Proposal 4.3: Support London’s
construction and demolition sector in
raising existing levels of reuse, recycling and
composting.

• design out waste at source: design out waste
that might otherwise be generated during
excavation, demolition and construction
• drive improvements in resource efficiency:
maximise use of reclaimed materials or
components with recycled content
• maintain existing reuse and recycling
performance of CDE waste in London:
design with end-of-life impacts in mind, so
that opportunities for reuse, refurbishment
and recycling of structures or components
are maximised in the future.

Vision to policy
The Mayor will use the planning regime in
London and supporting planning guidance
to engage developers, architects and
designers in looking for the opportunities to
design out waste at source and improve the
overall resource efficiency of buildings and
infrastructure projects.
The planning regime will also be used to
ensure that developers and their contractors
make plans to maximise the opportunities
for reuse and recycling of waste that
might be created, so that London’s good
reuse and recycling performance in CDE

The CDE waste stream in London is already
achieving high levels of reuse and recycling.
While there is a need to help maintain and
increase this level of waste management
performance, greater emphasis is required in
specific areas, such as reducing the overall
quantity of CDE waste generated in the first
place; reducing ‘downcycling’ of construction
wastes such as converting unused bricks and
blocks into aggregates; and increasing reuse
within the industry. The Mayor’s policy proposals
for the CDE waste stream are focused on driving
improvements in resource efficiency by designing
out waste at source, and by promoting best
practice in reuse and recycling of all materials.
The construction industry is both the UK’s
largest user of natural resources and the largest
producer of waste. WRAP estimates that, each
year, around 400 million tonnes of material
is used and 120 million tonnes of waste is
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generated, equivalent to one third of the UK’s
waste arisings1. WRAP has also identified within
its 2008-2012 business plan that there is a need
to tackle high levels of resource consumption
and wastage within the sector.
In London, CDE waste arisings are estimated to
be 9.7 million tonnes per year, with reuse and
recycling levels of 82 per cent being achieved2.
This level of reuse and recycling performance has
been driven by flagship projects leading the way
such as the Olympic Park, and by developments
in waste policy and regulation affecting the
construction sector within the last few years.
In particular, the Strategy for Sustainable
Construction3, which contains a voluntary target
to halve waste to landfill, and the Site Waste
Management Plan Regulations 2008 have had an
impact on this sector.
While these measures have been successful in
driving more effective management of CDE
waste, the Mayor considers that there is still
room for improvement for London’s CDE sector,
which could make a valuable contribution
to London’s economic and environmental
sustainability. Ultimately, the Mayor aims for
London’s construction sector to reduce its
resource consumption and use of virgin building
materials by:
• using resource-efficiency tools to enable
designers and architects to reduce waste at
source and optimise use of reclaimed and
recycled materials, making use of materials
found on-site and sourcing new components
containing a specified level of recycled content
• using procurement processes to drive resource
efficiency in the supply chain and set targets for
on-site waste management
• limiting product damage and lowering material
wastage rates through use of construction
consolidation centres, just-in-time deliveries,
improved ordering procedures and better
component and materials storage.

Designing out waste at source and
driving improvements in resource
efficiency
Designing out waste at source and driving
improvements in resource efficiency reduces
the environmental impacts associated with
production of new materials, including waste
and carbon emissions generated during the
extraction and manufacturing processes. WRAP’s
Reclaimed Building Products Guide, for example,
details the carbon and overall environmental
impact savings that can be achieved for a range
of construction materials when substituted with
reclaimed materials or products, often at little or
no additional expense4.
Financially, WRAP estimates that £1.5 billion is
wasted in unused materials, as a result of overordering, poor storage or damage to materials
while in transit or on-site5. Much of this waste
could be avoided with better procurement
and materials management practices. These
opportunities need to be taken into consideration
at the design and planning stage of development
where they can be most effectively addressed.
To this end, WRAP has developed a range of
tools and guidance documents to help clients
work with design teams, contractors and the
supply chain to ensure that resource efficiency
is considered as early on in the design and
procurement process as possible6.
The Mayor’s policy approach to CDE waste
management is consistent with WRAP’s renewed
focus on working with designers and architects
to design out waste at source. WRAP also
plans more work to target the role of smaller
businesses, particularly sub-contractors and
trades, in improving resource efficiency and
halving waste to landfill. Two of WRAP’s specific
project areas for construction in 2010/11, for
example, include developing resource-efficiency
plans for manufacturers and raising the profile
of resource efficiency in the construction supply
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chain7. The Royal Town Planning Institute, in
its response to the consultation on the London
Plan8, has also called for more to be done
on waste reduction in the sector, with clear
guidance provided for developers.

Maintaining existing reuse and
recycling performance of CDE waste
Despite the already high levels of reuse and
recycling of CDE waste in London, recent
case studies have shown that it is possible to
achieve higher levels still of up to 95 per cent,
particularly for larger construction projects
such as the Olympic Park and Heathrow
Terminal 5. With major infrastructure projects
such as Crossrail underway and proposed
Thames Tideway Tunnel on the horizon,
London needs to ensure that city-wide levels of
reuse and recycling are improved even further
and that high-profile projects continue to set
the highest possible standards.

Case Study 4.1
Olympic Park CDE reuse and recycling
The Olympic Delivery Authority (ODA) is
responsible for building the venues and
infrastructure for the London 2012 Olympic
and Paralympic Games. With a commitment
to using sustainable design and construction
principles, key targets for materials and
waste management were developed. These
targets were set out in the ODA’s Sustainable
Development Strategy (SDS) published in
January 2007:
• 20 per cent by value of construction
materials from a reused or recycled source
• 25 per cent by weight of recycled aggregate
for permanent venues and associated
Olympic Park wide infrastructure
• 90 per cent of waste, by weight, arising from
demolition works to be reused or recycled
• Diversion of 90 per cent of construction
waste from landfill through reuse, recycling
and recovery.

The design process
Designing out waste has been a fundamental
aspect of the ODA’s approach to venue
development, for both the temporary and
permanent venues. Project design teams used
WRAP’s Designing out Waste: A Design Team
Guide for Buildings and the Design-Out Waste
Quantification Methodology Toolkit to identify
quick-win solutions. This produced a number
of notable achievements, including:
• use of a new blockwork technique, which
incorporated a Y-beam system of windposts,
reduced the amount of steel support
required, saving £40,000
• bridges and structural frames were
prefabricated off site to reduce construction
waste
• toilet facilities for the International Broadcast
Centre were manufactured off-site and
simply lifted into place, which reduced
wastage by an estimated 70-90 per cent.
Given the temporary nature of some venues,
design for deconstruction has been integrated
into the design process to enable a high rate
of recovery of materials during disassembly in
the post-Games period. Designers have also
been encouraged to consider waste-efficient
procurement with supply chain contractors.
To date, 38 per cent by value of construction
materials have come from a reused or recycled
source and 51 per cent (by mass) of recycled
and/or secondary aggregate has been used
for construction of venues and infrastructure,
exceeding both targets set at the start.

Excavation and demolition
Over 1 million cubic metres of excavated soil
was cleaned and processed by five on-site
soil-washing and stabilisation plants, enabling
86.7 per cent to be reused on site. The Olympic
development also reused or recycled 98.5 per
cent of demolition materials, by weight, with

89
a total of eight buildings being dismantled for
reuse off site. In order to ensure that materials
for reuse were identified prior to demolition,
contractors were required to complete a
Demolition and Site Clearance Materials
Management Plan based on recommendations
from the ICE Demolition Protocol and WRAP’s
Quality Protocol for the Production of
Aggregates from Inert Waste. Over 220 buildings
were demolished and materials such as granite
and concrete kerbs, sandstone paving, lampposts
and manhole covers were stored centrally and
where possible, reused or recycled on site.
Material from the site has also been used as
engineering fill and in designs of the Greenway
and gabions, diverting waste from landfill.

the Olympic Park are:
• the overall carbon footprint of the
development has been significantly reduced
• the Olympic Park development can now
provide a model for future developments;
• fly-tipping has been reduced through central
control of waste on site
• less waste has been sent to landfill.

Waste management

Further information is available from the
Commission for a Sustainable London 2012’s
report, No Time to Waste: A Review of Waste
and Resource Management Across the
London 2012 Programme9.

Approximately 98 per cent of construction
waste, by weight, is currently being reused,
recycled or recovered. This has been achieved
by a number of means, including:
• development of a reuse strategy with
BioRegional Development Group, whereby
excess or unused construction materials are
shared with other contractors or donated to
local community projects
• on-site crushing of brick and concrete for use
in construction
• encouraging contractors to segregate at
source and charging extra if mixed skips are
collected.
Over 95 per cent segregation rates are being
achieved on a number of the London 2012
projects, well above industry standards; and
establishing a construction consolidation
centre with an on-site compactor has helped
to save around 20,000 lorry movements
taking waste off-site.

Key benefits
The key benefits of employing such rigorous
sustainability criteria to the development of

Targets for both recycled content and
construction waste management are currently
being exceeded and the Olympic Park is now
recognised as an exemplar in the construction
industry, setting a benchmark for materials
resource efficiency and waste management
performance.

Proposal 4.1 Use policy and regulatory
requirements to design out waste at
source and drive resource-efficiency
improvements.
Action 4.1.1
The Mayor will revise the London Plan’s
Supplementary Planning Guidance (SPG)
on Sustainable Design and Construction
to contain up-to-date best practice
requirements for achieving sustainable design
and construction with respect to waste
prevention and materials resource efficiency
on buildings and infrastructure projects.
Using the London Plan to direct planning
requirements at borough level will ensure that
sustainable design and construction principles
are incorporated by developers into their
plans. Planning applications will then need to
demonstrate how these design principles will
be met.
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The London Plan and SPG on
Sustainable Design and Construction
The London Plan is the Mayor’s Spatial
Development Strategy for London that
sets the strategic planning context for the
capital. The local plans established by London
boroughs should be in general conformity
with the London Plan and its policies. Policies
are designed to help guide decisions on
planning applications by boroughs and the
Mayor. Thus, it is important in establishing
resource efficiency and waste management
in new developments and in developing new
waste infrastructure in London.
The SPG on Sustainable Design and
Construction contains additional information
to support the implementation of the
Mayor’s London Plan policies on resource
efficiency and waste. It contains a list of
essential and preferred standards to be used
by the Mayor to assess planning applications
that are referred to him. These can also
be taken into account by local planning
authorities, as further material consideration,
when considering applications for new
developments10.
The SPG was published in 2006, and some
industry standards that were then considered
good, or best practice, might now be the
industry norm. One example is the Mayor’s
preferred materials standard, which states
that 10 per cent of the total value of
materials used should be derived from reused
and recycled content. Now, WRAP’s standard,
good and best practice levels are set at 10 per
cent, 20 per cent and 30 per cent respectively
and WRAP has showcased a number of case
studies to illustrate what can be achieved (see
case study examples at www.wrap.org.uk/
construction/case_studies/index.html).

The Mayor intends to update his SPG on
Sustainable Design and Construction by 2012
to take account of new industry best practice.
His existing essential and preferred standards
on materials and waste, which should be
considered for new developments, are
summarised below. These principles should be
taken into account from the design process
onwards and throughout the remainder of the
development life-cycle.
The Mayor considers that the best way to
influence the up-take of sustainable design and
procurement principles is through the planning
system and the provisions contained within his
spatial development strategy, the London Plan,
and the associated SPG on Sustainable Design
and Construction11.
The SPG on Sustainable Design and
Construction sets out the Mayor’s essential
and preferred standards that should be taken
into consideration in the design of major new
development. These cover waste reduction,
reuse and recycling, use of materials, and
design of storage and access to facilitate
waste handling operations. His existing
essential and preferred standards that are
of relevance to materials and waste are
summarised in the box below.

The Mayor’s essential and
preferred standards
Mayor’s essential standards12
• existing buildings reused where practicable
• minimise use of new aggregates
• minimise, reuse and recycle demolition waste
on site where practical
• specify use of reused or recycled
construction materials
• by 2010, design for the provision of facilities
to recycle or compost at least 35 per cent
of household waste by means of separated,
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dedicated storage space (in applicable
developments)
• reduce waste during construction and
demolition phases and sort waste stream onsite where practical.

Mayor’s preferred standards13
• before demolition, appraisal of maximising
recycling of materials by use of ICE’s
Demolition Protocol
• 10 per cent of the total value of materials
used to be derived from reused and recycled
content in products and materials selected
• use prefabricated and standardised
modulation components to minimise waste
or, where this is not feasible, use low-waste
fabrication techniques
• by 2015, design for the provision of facilities
to recycle or compost at least 60 per cent
of household waste by means of separated,
dedicated storage space (in applicable
developments)
• by 2020, design for the provision of facilities
to recycle or compost at least 70 per cent of
C&I waste by means of separated, dedicated
storage space (in applicable developments)
• incorporate or provide access to new waste
recovery facilities to provide a renewable
source of energy to new developments.

Action 4.1.2
Through the London Plan and SPG on
Sustainable Design and Construction, the
Mayor will set out the level of information
that should be submitted at the planning
stage so as to encourage resource efficiency
and waste management measures to be
considered as early on in the design process
as possible. This may be as an initial Site
Waste Management Plan Statement in
the first instance, to highlight where the
opportunities for sustainable resource and
waste management are likely to arise within a
development.

The Site Waste Management Plan Regulations
2008 came into force in April 2008 and require
that a site waste management plan (SWMP) be
prepared for all construction projects over the
value of £300,000 (excluding VAT). However,
there is a disparity between the requirement
to prepare a statutory SWMP and levels of
checking and enforcement of this requirement
by the Environment Agency and local
authorities. Research commissioned by WRAP
found that 84 per cent of planning permissions
for new developments did not require a SWMP
to be submitted and only six per cent of those
submitted were inspected by local planning
authorities as part of a planning application14.
The requirement to prepare and submit a
SWMP alongside planning applications for
building and infrastructure projects is not, in
itself, a legal requirement. There are, however,
economic and environmental benefits to be
gained in ensuring that resource efficiency and
waste management measures are considered as
early on as possible in the design and planning
process. A requirement to do this through the
planning regime presents an ideal opportunity
to achieve this. More information on Site Waste
Management Plans is available in Box 4.3.
Studies undertaken by WRAP, consulting firm
AEA, BRE, the Chartered Institute of Building,
South East Centre for the Built Environment,
Constructing Excellence and Envirowise have
identified that cost savings, better on-site
management of waste and improved legal
compliance are the key benefits to be gained
from the use of an SWMP15. However, to
make sure these benefits are realised, all
stakeholders in a project need to be aware of
their responsibilities and have had the training
required to implement the actions in an SWMP.
Further awareness by clients, would also help to
ensure that SWMPs are prepared earlier in the
development project life-cycle so that potential
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Figure 11 Site Waste Management Plan steps
Project Stage

SWMP Section

Policy and setup

1

Enter Basic Details
q

Preparation
and concept design

2

Record Waste Prevention Actions
q

3

Forecast Waste
q
Record Waste Reduction Actions
q

Pre-construction

4

Specify Waste Carriers
q
Plan Waste Destinations
q
Record Waste Management and Recovery Actions
q

Construction

5

Enter Actual Waste Movements
q

Post completion
and use

6

KPIs
Reporting
Sign Declaration

Detailed design

Source: WRAP www.wrap.org.uk/construction/tools_and_guidance/site_waste_management_planning/site waste.html
(accessed 09-05-11)

savings from design decisions can be identified
and implemented.
More than two-thirds of respondents to the
WRAP survey16 said that designing out waste
generated the most cost savings, but WRAP
found that only one third of SWMPs reviewed
contained actions to design out waste. This
suggests that SWMPs are still only being
prepared shortly before the construction
process begins when most of the opportunity
to reduce waste and improve resource
efficiency has been lost. Some of the other
findings of the WRAP survey were:
• 20 per cent reported that an SWMP was
useful in highlighting further resource
efficiencies
• 53 per cent reported an increase in the use of
recycled materials

• more than half of respondents reported
reduced costs as a result of SWMP
implementation, with 19 per cent of
respondents reporting a cost saving in excess
of £10,000
• apart from cost-savings, other benefits
identified included improvements in site
management, data handling, procurement,
project planning and compliance, as well
as reduced storage requirements and an
increased awareness among staff regarding
resource efficiency and waste management
• three-quarters stated that benefits
outweighed costs of implementation17.
•

Site Waste Management Plans
The requirement to prepare an SWMP for
all construction projects over the value of
£300,000 (excluding VAT) was introduced by
the Site Waste Management Plan Regulations
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2008. The purpose of the SWMP is to record
the amount and type of waste produced
during all phases of construction and how
that waste should be managed in terms of
reuse, recycling and disposal. At the planning
stage, an SWMP can be used as a tool to
steer the detailed design of the development
in a way that minimises waste and identifies
opportunities for waste minimisation, reuse
and recycling.
Various tools and non-statutory guidance
notes are available to assist in the production
of an SWMP, including SWMP templates
produced by WRAP and the Environment
Agency, the BRE SmartWaste Toolkit and
the WRAP Net Waste Tool18. SWMPs must
be updated throughout the duration of the
project to record actual types and quantities
of waste generated, the management
methods employed and any deviations
between forecast and actual data.

Case Study 4.2
Site Waste Management Plans in
Brighton and Hove
Brighton & Hove City Council has begun
tighter regulation of construction sites to
ensure that statutory SWMPs are being
prepared and implemented on construction
sites. The enforcement plans, which came
into force on 22 June 2010, involve visits
from the council in conjunction with the
South East Centre for the Built Environment
to local development sites to ensure that
they are complying with the SWMP. These
enforcement plans are additional to the
existing requirements for contractors to file
SWMPs along with planning applications19.

Proposal 4.2 Engage developers,
architects and designers in taking a
leading role to design out waste at
source.
Action 4.2.1
The Mayor will work with partners including
WRAP and construction sector bodies, such as
CIRIA (The Construction Industry Research and
Information Association), BRE and Constructing
Excellence, to raise awareness of the benefits
and methods of designing out waste in London’s
new developments.
The concept of designing out waste at source
has become pivotal in the construction
process20. WRAP, for example, has launched two
sets of guidance for development design teams
on designing out waste in buildings21 and in
infrastructure22 projects. The first of these two
guides, A Design Team Guide for Buildings, was
launched in conjunction with an international
open ideas competition to promote the five key
principles that design teams should consider in
the design process to reduce waste. The Mayor
is keen to capitalise on the success of this
initiative for London to ensure that developers,
architects and designers are incorporating best
practice into their projects. The Mayor will
promote best practice by presenting the Olympic
Park achievements and the SPG requirements
at key events targeted at the design and
construction sector.

Case Study 4.3
WRAP Designing out Waste
competition
In 2009, WRAP developed a series of new
design tools and guidance to help design
out waste in buildings and civil engineering
projects. These were produced on the basis of
five key principles that design teams can use
during the design process to reduce waste:
• design for reuse and recovery
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•
•
•
•

design for off-site construction
design for materials optimisation
design for waste efficient procurement
design for deconstruction and flexibility.

In order to highlight the important role of
designers and architects in reducing waste in
construction, WRAP launched a Designing out
Waste International Open Ideas Competition.
Hosted in association with the Royal Institute
of British Architects (RIBA), the purpose
of the competition was to explore, develop
and showcase the ideas outlined in WRAP’s
designing out waste guide for buildings.
Open to students and qualified professionals
of architecture, design and other
construction-related subjects, a prize fund
of £20,000 was made available to successful
entrants, who were required to base their
designs on one example taken from a choice
of three: mixed-use redevelopment, office
development or primary school. In addition to
demonstrating the five key design principles,
competition entries were also required to
consider ‘buildability’ and the commercial
viability of the design.
More information about WRAP’s
Designing out Waste International Open
Ideas Competition can be found at www.
designingoutwaste.org.uk/.
WRAP has also prepared a series of case
studies and cost-benefit analyses to illustrate
how design decisions taken by architects
and designers during the development of
a building or civil engineering project can
be important in reducing the level of waste
generated.
An introduction to designing out waste
in construction, along with design tools

and guidance for use in buildings and civil
engineering projects, can be found at www.
wrap.org.uk/construction/tools_and_
guidance/designing_out_waste/.

Proposal 4.3 Support London’s
construction and demolition sector
to increase existing levels of reuse,
recycling and composting.
Action 4.3.1
Help to maximise the reuse and recycling
potential of CDE waste through supporting
investment in CDE waste infrastructure
and raising the profile of London’s existing
performance levels. A proportion of the funding
available from the LWARB will be used to
support the development of facilities for CDE
waste. This may also include an assessment of
the feasibility of developing a trading hub for
reused and recycled materials within London,
thus providing strategic co-ordination between
new sources of supply and reprocessing.

Action 4.3.2
Building on the achievements at the
Olympic Park, where at the time of writing,
approximately 98 per cent of construction and
demolition waste was being reused, recycled or
recovered, the Mayor will develop a ‘London
2012 Standard’ pledge for London’s developers
and construction contractors, which will
contain a commitment to meeting the London
Plan target of 95 per cent reuse and recycling
of CDE waste. This will form part of a wider
sustainability commitment for the construction
sector that includes procurement of reclaimed
materials and/or construction components
with recycled content. The Mayor will look at
extending the award categories of the Mayor’s
Green Procurement Code and BBP specifically to
reflect this.
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The BBP brings together 14 of the largest and
most influential commercial landlords in London.
They are focused on developing sustainability
solutions for their own portfolios but also with
the intention of rolling these out to the wider
market. Given that the Mayor’s policies on new
development can strongly influence the way
in which London manages its resources and
waste, he will look to organisations such as
the BBP to continue their work on developing
exemplar opportunities in resource and waste
management through the estates of member
organisations.
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Chapter Three

Leadin g by
exampl e,
the G LA Group
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In addition to its role as a strategic authority,
delivering the Mayor’s policies and
programmes for London, the GLA group has
a responsibility as an employer, a consumer
of goods and services, and a waste producer
itself to demonstrate good practice in
procurement, resource efficiency and waste
management.
This section sets out how the GLA Group
intends to lead by example with respect
to the responsible procurement of goods
and services, resource efficiency and waste
management, illustrating some of the many
initiatives currently being undertaken.
All members of the GLA Group have
set targets for the reuse, recycling and
composting of their waste, with many
extending their recycling schemes to collection
of food waste. The GLA Group is also leading
on reuse initiatives, including repair and
refurbishment of existing office furniture and
chairs using local companies in London.
Finally, the GLA Group’s procurement
expenditure amounts to more than £3 billion
per year and covers a diverse range of goods
and services1. Its spending power is such that
it is able to drive demand for environmentally
sustainable goods and services within its
supply chain and its Responsible Procurement
delivery plan contains targets relating to lowcarbon, resource-efficient and environmentally
responsible procurement. In 2010/11, all
members of the GLA Group achieved the
gold standard in the Mayor of London’s
Green Procurement Code assessment. The
GLA Group has encouraged suppliers to
become members of the programme and the
Mayor has now established his Responsible
Procurement Awards, a competition that is
open to suppliers of the GLA Group and
GLA staff.

The GLA

Reuse and recycling
The GLA in partnership with its waste contractor,
Bywaters, has developed an innovative waste
and recycling programme in City Hall that has
resulted in an increase in its recycling rate from
45 per cent in 2006 to 80 per cent in 2010.
During this time the GLA has reduced the
amount of waste sent for landfill or incineration
from approximately 115,000 tonnes per year to
54,000 tonnes a year.
The introduction of a new recycling system in
2007 has seen the removal of individual, underdesk bins and one central, residual waste bin
provided instead on each floor. Each floor is also
provided with two recycling bins: one for mixed,
dry recyclables and one for glass. A separate,
kitchen work-top caddy is provided for the
collection of food waste at each kitchen-point
and additional recycling bins are provided within
each photocopier room for the collection of
clean, white waste paper.
The success of the GLA’s office waste recycling
scheme is such that other organisations within
the More London Estate, to which City Hall
belongs, have come to view the system with
a view to implementing a similar arrangement
within their own premises.
Chairs and tables that are still in good working
condition are reupholstered and refurbished
using two local companies in London: Hunters
Contracts of Dagenham and Howe UK Limited
of Wandsworth.

Managing Food Waste
The GLA has sought to influence best practice
waste management at the procurement stage
by stipulating that food waste management
should be part of the new recycling contract
with Bywaters. The food waste collected as
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part of the City Hall recycling scheme is sent
for composting by the East London Community
Recycling Partnership (ELCRP). Founded as a
not-for-profit community organisation, ELCRP
operates an in-vessel composting system
operating in accordance with Animal ByProducts Regulations and approved by Defra
that deals with food waste, including cooked
meat and fish. Some of the compost generated
by this process is returned to City Hall and given
away to GLA staff for use in their gardens.

While London Overground accounts for
only seven per cent of TfL’s C&I waste, the
proportion it recycles is at 49 per cent for
the second year, having risen there from six
per cent. This follows the introduction of
newspapers and plastics recycling bins at almost
all stations, ongoing recycling efforts during
train and station cleaning, and projects at
the depots and operator’s head office. Mixed
recycling bins will also be installed at Victoria
Coach Station in the near future.

Engaging with Employees

Last year, London Buses and Dial-a-Ride
recycled 100 per cent of their office waste. This
includes office waste from staffed bus stations.
Regarding passenger waste from London buses,
the aim is to achieve recycling rates of at least
80 per cent in the near future.

An active and highly visible Environmental
Champions programme, led by volunteers and
endorsed by the Mayor, has been established
to promote behaviour change to reduce the
environmental impact of the GLA’s operations.
This includes an inter-floor competition for
the most environmentally friendly-floor,
with prizes awarded as incentives. Monthly
recycling performance for City Hall as a whole
is monitored and the results published on the
staff intranet.
TfL
Transport for London (TfL) has set targets to
recycle 70 per cent of C&I waste by 2017/18
and to reuse or recycle at least 90 per cent
of CDE waste over the period to 2017/18.
It has achieved very good performance in
its procurement of materials as well as its
management of station, operational, office and
construction waste.

Recycling
London Underground’s new waste management
process (introduced in May 2010) has seen 73
per cent of waste collected from trains and litter
bins in stations recycled. The waste is taken to
a Materials Recycling Facility in London, where
recyclable material is separated out from other
waste before being sent for recycling.

Construction Waste
Crossrail will use material excavated during
construction works to create a large wildlife
reserve at Wallasea Island, eight miles north of
Southend-on-Sea in Essex. Clay, chalk, sand
and gravel will be transferred by ship to the
island. The RSPB will then use it to create 1,500
acres (nearly 2.5 square miles) of tidal wildlife
habitat. It will form one of the largest new
wetland nature reserves in Europe for some 50
years and is expected to support a wide range
of waterfowl, saltwater fish and plant species.
Development of Wallasea Island, expected to
start in 2011, will be the most important coastal
habitat creation scheme in the UK.
As London Underground progresses in delivery
of its investment programme, opportunities are
being taken to reuse and recycle significant
amounts of material. Almost all ballast taken
from the railway is recycled, over 90 per cent
of the Victoria line trains have been recycled as
part of the decommissioning programme and
over 96 per cent of construction and excavated
waste material was recycled and reused from the
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project works at Tottenham Court Road in 201011. In future, London Underground will look
to improve construction and demolition waste
management and recycling on smaller projects
and maintenance activities; where practical
and affordable, this will include identifying
opportunities for purchase of recycled materials
for projects and maintenance activities.
Last year TfL recycled 98.5 per cent of
construction waste arising from maintenance
works of the TfL Road Network. A review of
waste recycling performance carried out by
WRAP found that existing recycling rates are at
the leading edge of best practice.

Head Offices
During 2010-11, TfL Head Office staff recycled
over 12,000 tonnes of commercial waste –
representing some 71 per cent of its total
office waste. Additionally, the total amount of
waste generated was reduced by 13 per cent on
2009/10 levels.
These achievements were made through a
combination of strategic improvements in the
way waste is reused by TfL, better access to
recycling facilities for Head Office staff and an
ongoing occupancy engagement campaign.
New buildings are built with recycling facilities
in mind – the Palestra and Pier Walk sites both
operate bin-sharing environments, where no
individual has a personal waste bin and recycling
facilities are located in accessible and clear
hubs. TfL has also been trialling the roll-out of
bin sharing environments in existing building
stock with great success – one site has increased
its recycling rate from 67 per cent to 87 per
cent. The organisation is also investigating the
feasibility of food recycling in office kitchens.
Occupants are kept informed of their building’s
progress via the Head Office Waste and
Recycling Leagues, which present information

in a clear and obvious way. Additionally, TfL
has created dedicated intranet pages that show
staff how to reduce, reuse and recycle at work.
MPS
The Metropolitan Police Service (MPS) is
the UK’s largest police service, serving a
population of 7.2 million and covering an
area of 620 square miles. The MPS is a large,
diverse organisation covering a wide variety of
activities, which are undertaken and managed
through approximately 52,000 staff, 900
buildings and 5,750 vehicles. In 2010/11, the
MPS generated 7,043 tonnes of office waste, of
which 52 per cent was recycled – exceeding the
organisation’s target for 2011 of 50 per cent.
Overall, 64 per cent of this waste was diverted
from landfill. In 2009/10, the organisation’s
recycling rate for all wastes generated across
the MPS estate, including WEEE, batteries,
mobile phones, cooking oil, vehicles, furniture
and other unusual waste streams, was 68 per
cent. This recycling rate is expected to increase
in future.

Waste reuse
In 2009/10, an online swap-shop resource was
formally launched across the MPS. Designed
originally for Resources Managers, the swapshop enables unwanted or surplus stock to be
redistributed to other MPS sites or departments
for reuse. In the 2009/10 financial year, over
2,356 items were redeployed resulting in
estimated savings of over £11,000. In addition
to this, 22 tonnes of ICT equipment was
supplied to external organisations and almost
40 tonnes of clothing were exported to Africa
and Eastern Europe for reuse. In 2010/11, at
least 95 per cent of construction wastes from
new MPS developments have been diverted
from landfill (reused off or on site), and the
MPS have saved £320,000 by reusing fleet
vehicle parts.
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The MPS has arranged for delivery of its
redundant furniture to ‘Waste to Wonder’, an
organisation that reallocates unwanted goods
via schools, groups and charities. This has so
far resulted in the removal of 30 tonnes of
redundant furniture across the MPS estate.
Benefiting organisations include a church in
Swindon and a project sending furniture (40
tables and 40 chairs from MPS) to Jamaica. A
school in Southampton has also expressed an
interest in 80 desks. Further waste amnesties
are being conducted throughout the year due to
their success.

and 70 per cent diesel) which fuels vehicles
that deliver supplies to the MPS. Over 45,000
litres were collected from the organisation’s
catering services during 2010/11 resulting
in an income to the MPS of approximately
£11,000 and a saving of 65 tonnes of carbon
emissions in the supply chain. Moving
forward, the organisation’s new corporate print
management strategy will focus on reducing
the amount of printing and ICT materials
used, resulting in associated energy and waste
savings.

Procurement
Recycling Unusual Waste Streams
In addition to standard office wastes, a variety
of unusual materials are gathered and recycled.
In an innovative scheme, weapons have been
melted down to construction-ready steel by an
organisation providing materials to a number
of construction projects, including the London
2012 Olympic Park. In 2010/11, around 28
tonnes of metals including guns, knives and keys
were collected and melted down for new uses,
raising an income of £6,470.
The waste from the organisation’s mounted
branch also continues to be recycled. In
2009/10, around four tonnes of horseshoes
were fully recycled, as were around 2,000 tonnes
of horse manure and bedding, which were used
for soil improvement in arable farms and smallscale allotments in and around Greater London.
Fleeces, sweatshirts, metals from badges on
police uniforms and body armour have been
recycled and put to creative end uses, including
seat belts for new cars. In the near future,
custody blanket recycling will be introduced,
ensuring that even less waste is sent to landfill.

Linking Waste Management and
Climate Change
Used cooking oils are collected and converted
to a B30 bio-diesel mix (30 per cent bio-fuel

With a procurement budget of £850 million,
Responsible Procurement is a key element of
the MPS’s overall procurement strategy, in line
with the GLA’s Responsible Procurement Policy
and Action Plan. The waste hierarchy principles
‘reduce, reuse, recycle’ have been integrated
within the MPS’s furniture contract to ensure
items which can not be reused internally or
externally are dismantled and sorted into
categories for recycling.
Further information regarding waste and
recycling performance will be included in the
MPS’s Corporate Social Responsibility Report
2010/11, which will be published on the
organisation’s website at www.met.police.uk/
about in September 2011.
LFB
The London Fire Brigade (LFB) is run by the
London Fire and Emergency Planning Authority
(LFEPA) and is one of the largest firefighting
and rescue organisations in the world, serving
London’s 7.5million residents as well as those
who work in, or visit the City. It has a spending
power of around £430 million every year and
employs some 7,200 people, of whom about
6,000 are uniformed operational staff. The
LFB Sustainable Development Strategy and
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Sustainable Development Framework were
approved in November 2009.

sales, and a further £3,000 is expected to be
donated in the next year.

Recycling

Procurement

In 2010/11, LFB produced 2,236 tonnes of
waste and reached an all-time high recycling
rate of 57 per cent. This exceeded the
organisation’s target to recycle 55 per cent of
all waste generated from LFB sites by 2011.

The LFB is a signatory to the Mayor of London’s
Green Procurement Code (MGPC), having
attained MGPC Gold standard since its inception
and most recently being awarded Gold standard
again through its 2011 external audit of the
previous year’s expenditure. LFB has revised its
spend on sustainable goods reporting to include
areas identified by the MGPC criteria; this now
includes larger spend items such as BREEAM
excellent construction and those that are not
recorded by its Purchase Order Management
System (POMS) such as IT and energy
efficiency works. In 2010/11, LFB’s spend on
green products was £7.05m, up from £399k
in 2008/09. It is also actively encouraging
suppliers to sign up to the MGPC.

The LFB has had an organisation-wide
trade waste and recycling contract with
Bywaters since July 2008. Waste is separated
into three main streams: dry recyclables
(paper, cardboard, cans, tins, plastic,
cartons/tetra packs), general waste and
glass. Presentations to cleaning staff and
fire-fighters were undertaken to improve
understanding of what could be recycled to
enhance recycling rates within the new waste
management system; the challenge now is to
meet the target of 60 per cent recycling by
2012.
More recently LFB has signed up to WRAP’s
campaign: Halving Waste to Landfill for
construction waste and has set a target of
reducing construction waste by 20 per cent by
2013 from its 2010 baseline.

Managing Unusual Waste Streams
Given the nature of its operations, the LFB
is required to manage a number of more
unusual waste items. For example, the LFB has
donated 213 waste hoses, or approximately
3.8 tonnes, to a social enterprise that uses
the material to produce handbags, luggage,
corporate gifts and belts. The LFB also has a
new textiles recycling scheme and in 2010/11,
recycled 1.6 tonnes including shoes, boots,
station work-wear, undress uniform and
sleeping bags and other bedding items such as
pillow slips. To date, £1,300 has been donated
to the Fire Fighters Charity from profits of

Future Activity
Future LFB activities include reviewing the
feasibility of introducing a food waste collection
from LFB sites as part of the renewal of its waste
contract. Early trials towards this have been
conducted and have delivered positive results.
Work is ongoing to identify new opportunities
for recycling through procurement and to reduce
waste production.
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Endnotes
1.

Delivering Value for London: using Procurement to
Make a Positive Difference, GLA (2009), available at
www.london.gov.uk/rp/docs/value-for-london09.
pdf (accessed 30 September 2010).
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Glossary
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Advanced conversion/thermal treatment
technologies: defined by the Renewable
Obligation Order 2002 as meaning anaerobic
digestion, gasification or pyrolysis technologies
used for the treatment of waste. Use of such
technologies may require pre-treatment by
means such as mechanical biological treatment
(MBT) or autoclave to prepare the waste for use.
Aggregates: granular material used in
construction. Aggregates may be natural,
artificial or recycled.
Anaerobic digestion: biological degradation
of organic material in the absence of oxygen,
producing biogas (typical composition of which
is 65 per cent methane and 35 per cent CO2) and
digestate (liquid and solid), suitable for use as a
soil improver.
Autoclave: a steam sterilisation process to treat
mixed waste and includes mechanical components
to separate out materials suitable for recycling.
The heat in the autoclave (up to 150 degrees
Celsius) changes the physical characteristics of
the waste. This can lead to greater recovery rates
of higher quality recyclable materials than with
MBT technologies. Autoclave is also known as
mechanical heat treatment (MHT).
Biodegradable waste: defined in Council
Directive 1999/31/EC on the landfill of waste as
meaning any waste that is capable of undergoing
anaerobic or aerobic decomposition, such as
organic kitchen and green garden waste, and
paper and paperboard.
Biomass: defined in the Renewables Obligation
Order 2009 as fuel used in a generating station
of which at least 90 per cent of its energy
content is derived from relevant material (that
is to say, material which is, or is derived directly
or indirectly from, plant matter, animal matter,
fungi or algae).

Biomass waste: materials derived from plant
or animal matter including wood, paper, card,
and organic waste (food and green garden
waste).
Borough/London boroughs: there are 33
London boroughs, administered by borough
councils, which are elected every four years.
The boroughs are the principal local authorities
in London and are responsible for running most
local services in their areas, such as schools,
social services, waste collection and roads.
Local authorities is a more general term for the
local areas that run these services; boroughs is a
term that generally refers to local authorities in
metropolitan areas.
Bring site: a group of containers for the
collection of a variety of dry recyclable
materials for recycling. Bring sites are located
in public spaces, such as in supermarket and
station car parks, thereby providing continuous
access to users.
Brownfield: any land or premises which has
previously been used or developed and is
not currently fully in use, although it may be
partially occupied or used. The land may also
be vacant, derelict or contaminated. It excludes
parks, recreation grounds, allotments and land
where the remains of previous use have blended
into the landscape, or have been overtaken by
nature conservation value or amenity use.
Business Improvement Districts: a businessled and business-funded organisation setup to improve a defined commercial area.
BIDs provide services in return for a financial
contribution and a say in the decision-making
process about how these funds should be
spent. Financial contributions are collected as
levies – in addition to the existing business
rates – by the local authority governing a
specific BID area.
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Business waste: consists of waste from the
commercial and industrial sector, and from
construction, demolition and excavation
activities that is collected by private
contractor (that is, not by a local authority).
Capital Growth programme: a partnership
initiative between London Food Link, the
Mayor of London, and the Big Lottery’s Local
Food Fund. It is championed by the Chair
of the London Food Board Rosie Boycott
and aims to create 2012 new community
food growing spaces across London by
the end of 2012. Capital Growth offers
practical help, grants training and support
to groups wanting to establish community
food growing projects as well as advice to
landowners. These new food growing spaces
along with existing allotments, city farms
and community gardens could be the ideal
location for the by-products of composting
facilities.
Carbon dioxide (CO2): a naturally occurring
gas comprising 0.04 per cent of the Earth’s
atmosphere. It is essential to photosynthesis
in plants and is also a prominent greenhouse
gas. The burning of fossil fuels such as coal
or gas, and some waste materials including
plastics, releases carbon dioxide into the
atmosphere. It is currently the predominant
scientific opinion that carbon dioxide
emissions are the main cause of global
warming, contributing to climate change.
Carbon dioxide-equivalent (CO2eq):
the universal unit of measurement used to
indicate the global warming potential (GWP)
of greenhouse gases. It is used to evaluate
the impacts of releasing (or avoiding the
release of) different greenhouse gases. For
example, the GWP of methane is 23 times
that of CO2, which has a GWP of 1. Sulphur
hexafluoride has a GWP of 23,900.

Combined cycle gas turbine (CCGT) plant:
a combined cycle gas turbine (CCGT) plan
uses a gas turbine to generate electricity. The
waste heat also produced is used to make
steam to generate additional electricity via
a steam turbine. This last step enhances the
efficiency of electricity generation.
Combined heat and power: the combined
production of electricity and usable heat.
Steam or hot water, which would otherwise be
rejected when electricity alone is produced, is
used for space or process heating.
Commercial and industrial (C&I) waste:
refers to waste from premises which are
wholly or mainly for trade, business, sport,
recreation or entertainment, as defined
in Schedule 4 of the Controlled Waste
Regulations 1992.
Composting: the biological degradation of
organic materials, such as garden and kitchen
waste, in the presence of oxygen-producing
gas, where the residue is suitable for use as a
soil improver.
Construction, demolition and excavation
(CDE) waste: refers to waste from the
construction, repair, maintenance and
demolition of buildings and infrastructure. It
consists mostly of brick, concrete, hardcore,
subsoil and topsoil, but it can contain
quantities of timber, metal, plastics and
occasionally hazardous waste materials.
Digestate: The nutrient-rich residues of
anaerobic digestion that can be used as a soil
improver or fertiliser.
Dry recyclables: refers to dry materials
suitable for recycling including paper, card,
metals, plastics and textiles. Does not include
organic waste (food and green garden waste).
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Embodied carbon: refers to the CO2 emitted
at all stages of a good’s manufacturing process,
from the mining of raw materials through
the distribution process, to the final product
provided to the consumer. Depending on
the calculation, the term can also be used to
include other greenhouse gases.
Emissions Performance Standard (EPS):
a requirement that sets specific limits to the
amount of pollutants that can be released into
the environment. While emissions performance
standards have been used to dictate limits
for conventional pollutants such as oxides
of nitrogen (NOx) this regulatory technique
may be used to regulate greenhouse gases,
particularly CO2. The EPS referred to in
this document is given in tonnes of CO2eq
emissions per tonne of waste treated. See
also definition of carbon dioxide equivalent
(CO2eq).
Energy generation: the generation of
energy in the form of heat and/or electric
power. Energy generation from waste includes
combined heat and power, combustion of
landfill gas, and energy generated using gas
produced during anaerobic digestion. Energy
generation technologies include incineration,
gasification, pyrolysis, and anaerobic digestion.
Fly-tipping: the illegal deposit of waste on
land.
Gasification: defined by the Renewables
Obligation Order 2009 as meaning the
oxidation or steam reformation of a substance
to produce a gaseous mixture containing two or
all of the following: oxides of carbon, methane
and hydrogen. Gas fuels produced by this
process can be burnt to produce steam or used
as a fuel for gas engines to generate energy.
The gas fuels can also be used in hydrogen fuel
cells to generate renewable energy.

General conformity: A legal term, referring
to the way in which statutory documents
are complied with by certain parties. In this
strategy, the term refers to the relationship
between the boroughs and GLA’s planning
requirements. The GLA Act 1999 (Section 344)
introduced the general conformity statutory
requirement to London by amending the 1990
Act. Under the new development plan system
introduced by the Planning and Compulsory
Purchase Act 2004, the requirement for
general conformity now applies to Local
Development Plan Documents. Section 24(1)
of the Act specifies that local development
documents must be in general conformity
with the spatial development strategy. This
means that at the point of adoption, local
development documents must be in general
conformity with the London Plan otherwise
section 24(1) is infringed.
Gate fee: also known as the tipping fee, the
charge levied upon a given quantity of waste
received at a waste processing facility. In
the case of a landfill, it is generally levied to
offset the cost of opening, maintaining and
eventually closing the site. Landfill gate fees
may also be inclusive or exclusive of landfill.
GLA Group: The organisations known
collectively as the GLA Group - the Greater
London Authority (GLA), Transport for London
(TfL), the London Development Agency (LDA),
the London Fire and Emergency Planning
Authority (LFEPA) and the Metropolitan Police
Authority (MPA) / Service (MPS).
Global Warming Potential (GWP):
a measure of how much a given mass
of greenhouse gas, when emitted, will
contribute to global warming. It is a relative
scale which compares the gas in question to
that of the same mass of CO2 (whose GWP is
by definition 1).
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Global warming: the increase in the average
temperature of the Earth’s near-surface air
and oceans since the mid-20th century and
its projected continuation. Global surface
temperature increased 0.74 ± 0.18 °C between
the start and the end of the 20th century. The
Intergovernmental Panel on Climate Change
(IPCC) concluded that most of the observed
temperature increase since the middle of the
20th century has been caused by increasing
concentrations of greenhouse gases, resulting
from human activity such as fossil fuel burning
and deforestation.
Greater London: geographical area
encompassed by the 32 London boroughs
and the City of London, representing most of
the continuous built-up area of London and
covering 1600 km2.
Greater London Authority (GLA):
organisation responsible for carrying out
the functions set out in the Greater London
Authority Act, including the Mayor, Assembly
and functional bodies: Transport for London, the
Metropolitan Police Authority and the London
Fire and Emergency Planning Authority. There
is a clear separation of powers within the GLA
between the Mayor – who has an executive role,
making decisions on behalf of the GLA – and
the London Assembly, which has a scrutiny role.
Greenhouse gases: atmospheric gases
that absorb and emit radiation within the
thermal infrared range. Increased amounts of
anthropogenic greenhouse gases (derived from
human activities such as burning fossil fuels
and deforestation) are seen as the fundamental
cause of the greenhouse effect causing climate
change. The main greenhouse gases in the
earth’s atmosphere are water vapour, ozone,
CO2, methane, and nitrous oxide. In addition
to the main greenhouse gases, others include
sulphur hexafluoride, hydrofluorocarbons

and perfluorocarbons. Although these gases
are less prevalent in the earth’s atmosphere,
they have very high global warming potential.
Methane and CO2 make up about 98 per cent of
greenhouse gas emissions from waste activities.
Green industries/sector: the business
sector that produces goods or services which
compared to other, generally more commonly
used goods and services, are less harmful to the
environment.
Gross Value Added (GVA): the difference
between output and intermediate (or average)
consumption for any given sector/industry.
That is, the difference between the value of
goods and services produced and the cost of raw
materials and other inputs which are used up in
production.
Hazardous waste: waste that displays one or
more of the hazardous properties listed in Annex
III of the Waste Framework Directive (2008/98/
EC). Waste may be classified as hazardous if it is
explosive, highly flammable, toxic, carcinogenic,
or ecotoxic (harmful to the environment or an
ecosystem).
Household waste: waste collected from
residential properties by Waste Collection
Authorities under section 45(1) of the
Environmental Protection Act 1990. Household
waste accounts for approximately four-fifths of
London’s LACW waste.
Incineration: the controlled burning of waste
in the presence of air to achieve complete
combustion. Energy is usually recovered in the
form of electrical power and/or heat. Plants are
generally large-scale, having an annual capacity
of 100,000 tonnes or more.
Industrial waste: waste from any factory or
any premises occupied by industry (excluding
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mines and quarries) as defined in Schedule 3
of the Controlled Waste Regulations 1992 (as
amended).
Inert waste: defined by Council Directive
1999/31/EC on the landfill of waste as waste
that does not undergo any significant physical,
chemical or biological transformation. Inert
waste will not dissolve, burn or otherwise
physically or chemically react, biodegrade or
adversely affect other matter with which it
comes into contact in a way likely to give rise to
environmental pollution or harm human health.
Joint European Support for Sustainable
Investment in City Areas scheme
(JESSICA): an initiative of the European
Commission in co-operation with the European
Investment Bank and the Council of Europe
Development Bank. An independent fund
managed by the European Investment Bank
that allows EU member states to invest a
proportion of EU Grant Funding to make
repayable investments in projects, thereby
creating a revolving investment fund for the
regeneration of urban areas.
Landfill: areas of land used for the deposit of
waste, usually in disused quarries or mines. In
areas where void space is limited, the practice
of land raising is sometimes carried out, where
some or all of the waste is deposited above
ground and the landscape contoured for
restoration purposes.
Landfill tax: a tax paid in addition to landfill
gate fees, by businesses and local authorities
that want to dispose of waste using a landfill
site. It is designed to encourage businesses to
produce less waste and to use alternative forms
of waste management. There are two rates of
tax: £2.50 per tonne for inert waste such as
rocks and soil; and a standard rate of £56 per
tonne from 1 April 2011, increasing by £8 per

tonne each year until at least 2014, when it will
be £80 per tonne.
Local authorities: see ‘boroughs/London
boroughs’.
Local authority collected waste (LACW):
this includes all waste under the control of local
authorities or agents acting on their behalf.
It includes all household waste, street litter,
waste delivered to council recycling points,
waste from municipal parks and gardens,
council office waste, Civic Amenity waste, and
some commercial waste from shops and smaller
trading estates where local authorities have
waste collection agreements in place. Previously
this was generally known as municipal waste.
Since April 2011, Defra has been using the new
term LACW.
London Assembly: directly-elected London
regional body comprising 14 constituency
members and 11 pan-London members. A
component of the Greater London Authority.

London Plan: see Spatial Development
Strategy.
London Waste and Recycling Board
(LWARB): formally constituted in September
2008 with funding of £73.4 million from both
central government and the GLA Group, with the
objectives of using that fund in Greater London
to promote and encourage a reduction in waste,
an increase in the proportion of waste that is
reused or recycled, and the use of methods of
collection, treatment and disposal of waste that
are more beneficial to the environment.
Life cycle assessment (LCA): Life
cycle assessment techniques measure the
environmental and economic costs and benefits
of products and activities (in this case waste)
at every stage of its existence, from production
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to final disposal. Such techniques can provide
a basis for making strategic decisions on
the ways in which particular waste can be
most effectively managed in a given set of
circumstances, for example to reduce costs or
greenhouse gas emissions from waste activities.
Material Reclamation/Recycling Facilities
(MRFs): a transfer station for the storage
and segregation of recyclable materials. Also
known as Material Recycling Facility or Material
Recovery Facility.
Mayor’s Green Procurement Code: The
Mayor’s Green Procurement Code was launched
up in 2001 to support London’s businesses
and organisations to buy products made from
recycled materials. Since its inception, the
Mayor’s Code aims to increase the procurement
of products with recycled content, stimulating
the development of markets for recycled
materials.
Mechanical Biological Treatment: systems
consisting of a mechanical stage, where
recyclable and reject material are separated
to leave an organic fraction. This fraction is
then sent for treatment using composting or
anaerobic digestion techniques.
Methane: a greenhouse gas, 23 times stronger
as a global warming gas than carbon dioxide.
Methane is the predominant greenhouse gas
from waste, mostly from biodegradable waste
decomposing in landfill. Methane emissions
from landfills make up approximately 40 per
cent of UK greenhouse gas emissions.
Municipal Waste: See definition of ‘Local
authority collected waste (LACW)’. Before
2011, LACW was referred to as ‘municipal
waste’. More information is available online
at www.defra.gov.uk/statistics/environment/
waste/la-definition/

Non-biomass waste: refers to fossil-fuel based
waste materials including plastics, metals and
textiles.
Non-household LACW: refers to waste
generated through local authority activities
including waste from local authority premises,
parks and gardens, and waste collected from
businesses by local authorities. Non-household
LACW makes up about 20 per cent of LACW.
New and emerging technologies:
technologies that are either still at a
developmental stage or are recently operating
at a commercial scale. May include new
applications of existing technologies. In relation
to waste, these include anaerobic digestion,
MBT, autoclave, pyrolysis and gasification.
On-the-go recycling: a way for members of
the public (including office workers, tourists
and visitors) to recycle as they move around the
city, using various easily accessible recycling bins
in strategic locations on the streets, in public
buildings, at key venues and in work.
Organic waste: biodegradable garden and park
waste, food and kitchen waste from households,
restaurants, caterers and retail premises and
comparable waste from food processing plants.
Pre-treatment: for waste to be considered
as pre-treated it must comply with the threepoint test for the definition of ‘treatment’.
Treatment must be a physical, thermal, chemical
or biological process, which can include sorting,
that alters the characteristics of the waste and
does so in order to reduce its volume; reduce
its hazardous nature; facilitate its handling;
or enhance its recovery. One of the simplest
forms of pre-treatment for general waste is
categorising a proportion of each waste stream
and segregating it for recycling, which could
be done either manually or at a sorting facility.
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Pre-treatment technologies include mechanical
biological treatment and autoclave.
Prevention: minimising the quantity and
hazardousness of waste generated. Includes
complete avoidance of waste and reduction in
the amount of waste generated.
Pyrolysis: defined in the Renewables Obligation
Order 2002 as meaning the thermal degradation
of a substance in the absence of any oxidising
agent (other than that which forms part of the
substance itself) to produce char and one or
both of gas and liquid.
Recovery: obtaining value from waste through
reuse, recycling, composting, other means of
material recovery (such as anaerobic digestion)
or through energy generation (combustion with
direct or indirect use of the energy produced,
manufacture of refuse derived fuel, gasification,
pyrolysis and other technologies).
Recycling: a recovery operation by which
waste materials are reprocessed into products,
materials or substances whether for the original
purpose (referred to as closed-loop recycling) or
other purposes. It includes the reprocessing of
organic materials but not energy generation or
the processing of materials to be used as fuels or
for back-filling operations.
Regional self-sufficiency: managing wastes
within the region where they arise. Waste
regional self-sufficiency is dealt with in more
detail in the London Plan, the Mayor’s Spatial
Development Plan for London.
Renewable Obligation Certificates:
certificates issued when electricity is generated
from renewable sources. The Electricity Act 1989
requires electricity suppliers to meet a certain
percentage of their total sales from renewable
sources. Under the Renewable Obligation Order

2002, only plants that generate electricity
from biomass will be eligible although the
biomass may be a waste. Plants processing
wastes must, however, use advanced
conversion technologies in order to be
eligible, and it is only the biomass component
of the waste that will earn Renewable
Obligation Certificates or ROCs. Advanced
conversion technologies are defined in the
Order as anaerobic digestion, gasification and
pyrolysis.
Residual waste: a portion of the waste
stream that is not reused, recycled or
composted and remains to be treated through
the recovery of energy and/or materials or
through disposal to landfill.
Reuse: any operation by which products or
components that are not waste can be used
again for the same purpose for which they
were initially conceived.
Reuse and Recycling Centres/Civic
Amenity Sites: sites operated by local
authorities where residents can take their
waste for reuse, recycling and disposal.
Solid Recovered Fuel (SRF) – also known
as refuse derived fuel (RDF): a fuel
produced by shredding and dehydrating solid
waste using a waste converter or treatment
technology. The fuel is then typically used to
generate energy using a thermal treatment
facility. SRF consists largely of non-recycled
waste including plastics and biodegradable
waste. SRF processing facilities are normally
located near a source of solid waste and,
while an optional thermal treatment facility is
normally close to the SRF production facility,
it may also be located at a remote location.
SRF can be distinguished from RDF in the fact
that it is produced to reach a technical and/or
emissions performance standard.
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Source-segregated collections: recycling
collection schemes from homes or businesses
where materials for recycling are collected
separately from other materials, either by
different vehicle or at a different time to
the ordinary household or business waste
collection.
Spatial Development Strategy: a planning
and development strategy, which the Mayor
is required by law (under the Greater London
Authority Act 1999) to produce. It is generally
known as the London Plan. London boroughs,
in developing their local development
documents have to be in ‘general conformity’
with the London Plan.
Thermal treatment: a term given to any
waste treatment technology that involves high
temperatures in the processing of the waste
for the purposes of generating heat and/or
power. Thermal treatment is a generic term
encompassing incineration, gasification and
pyrolysis. See also ‘treatment’ definition.
Third Sector: voluntary or not-for-profit
organisations, charities, and social enterprises.
They are given this term as they offer a
different way of working that is neither in the
public or private sector entirely.
Treatment: Any recovery or disposal
operation, including preparation prior to
recovery or disposal, such as through the use
of mechanical-biological treatment. Treatment
involves the chemical or biological processing
of certain types of waste for the purposes of
rendering them harmless, reducing volumes
before landfilling, or recycling certain wastes.
Waste: legally defined by the waste Framework
Directive (2008/98/EC) as any substance or
object which the holder discards, intends to
discard, or is required to discard.

Waste arising: the amount of waste generated
in a given locality over a given period of time.
Waste authority: a collective term to include
London unitary, collection, and waste disposal
authorities.
Waste collection: the gathering of waste
from a waste producer and the preliminary
sorting and storage of waste for the purposes of
transport to a waste treatment facility.
Waste Collection Authority (WCA): the
authority responsible for arranging the collection
of household waste in their area (in London this
is on a borough-wide basis) and commercial and
industrial waste on request.
Waste disposal: waste management operation
not involving recovery, even where that
operation has a secondary consequence in terms
of reclamation of substances or energy (such
as the recovery of methane from landfill for the
purpose of energy generation).
Waste Disposal Authority (WDAs): the
authority responsible for arranging the
treatment and/or disposal of waste collected in
their area by Waste Collection Authorities.
Waste hierarchy: a conceptual model for the
management of waste that advocates, in order
of preference, prevention of waste, a reduction
in the quantity of waste generated, reuse,
recycling and composting, recovery of materials
and energy (e.g. through anaerobic digestion
or advances thermal treatment technologies),
treatment without recovery and landfill disposal
as a final resort. This is designed to reflect best
environmental outcomes for the management of
waste.
Waste management: the collection, transport,
recovery and disposal of waste, including the
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supervision of such operations and the aftercare of disposal sites.
Waste management industry: businesses (and
not-for-profit organisations) involved in the
collection, management and disposal of waste.
Waste producer: anyone whose activities
produce waste (original waste producer) or
anyone who carries out pre-processing, mixing
or other operations resulting in a change in the
nature or composition of this waste.
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Abb reviations
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AD
BIDs
BIS

Anaerobic digestion
Business Improvement Districts
Department for Business, Innovation
and Skills
BBP
Better Buildings Partnership
CCGT
Combined Cycle Gas Turbine
C&I
Commercial & industrial
CHP
Combined Heat and Power
CDE
Construction, demolition and
excavation
CO2
Carbon dioxide
CO2/kWh Carbon dioxide produced per kilowatt
hour of electricity generated
CO2 eq Carbon dioxide - equivalent
Defra
Department for the Environment
Food and Rural Affairs
DEMaP Decentralised Energy Masterplanning
Programme
EA
Environment Agency
ELSEF
East London Sustainable Energy
Facility
EPS
Emissions Performance Standard
EU
European Union
GIS
Geographical Information System
GLA
Greater London Authority
GVA
Gross Value Added
HDPE
High Density Polyethylene
ICE
Institution of Civil Engineers
JESSICA Joint European Support for
Sustainable Investment in City Areas
scheme
KgCO2 eq Kilograms of carbon dioxide equivalent
KWh
Kilo Watt Hour
LACW
Local Authority Collected Waste
LCEGS
Low Carbon and Environmental
Goods and Services
LFEPA
London Fire and Emergency Planning
Authority
LCRN
London Community Recycling
Network
LWARB London Waste and Recycling Board
MBT
Mechanical biological treatment

MGPC
MPA
MPS1
MPS
MRFs
MSW
OAPF
ODA
PET
PFI
PPS10
ROCS
SDS
SME
SPG
SSSI
SWMP
TfL
UDF
WDA
WEEE
WRAP
WRATE

Mayor of London’s Green
Procurement Code
Metropolitan Policy Authority
Minerals Policy Statement 1
Metropolitan Police Service
Materials Reclamation / Recycling
Facilities
Municipal Solid Waste
Opportunity Area Planning
Framework
Olympic Delivery Authority
Polyethylene Teraphthalate
Private Finance Initiative
Planning Policy Statement 10
Renewable Obligation Certificates
Sustainable Development Strategy
Small to Medium-Size Businesses
Supplementary Planning Guidance
Site of Special Scientific Interest
Site Waste Management Plan
Transport for London
Urban Development Fund
Waste Disposal Authority
Waste Electrical and Electronic
Equipment
Waste Resources Action Programme
Waste and Resources Assessment
Tool for the Environment
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APPENDIX ONE

Legislative
frame work
for managing
London’s
b usiness
waste

S T R AT E G I C D IR E C T I O N

Animal By-Products Regulation
(EC) No. 1774/2002

Landfill Directive (1999/31/EC) 2005

Waste Incineration Directive (2008/1/EC)

Integrated Pollution Prevention and
Control Directive (2008/1/EC)

Revised Waste Framework Directive
(2008/98/EC)

EUROPEAN LEGISLATION

Animnal By-Products Regulations
2005 (as amended)

List of Wastes (England) Regulations
2005 (as amended)

Hazardous Waste (England and Wales)
Regulations 2005 (as amended)

Landfill Allowance Trading Scheme (England)
Regulations 2004 (as amended)

Waste and Emissions Trading Act 2003

Landfill (England and Wales) Regulations 2002
(as amended)

Site Waste Management Plan Regulations 2008

Clean Neighbourhoods and Environment Act

Household Waste Recycling Act 2003

Environmental Permitting (England and Wales)
Regulations 2007 (as amended)

Controlled Waste Regulations 1992 (as amended)

Controlled Waste (Registration of Carriers and
Seizure of Vehicles) Regulations 1991 (as amended)

Environmental Protection (Duty of Care)
Regulations 1991 (as am ended)

Environmental Protection Act 1990

Waste Strategy for England 2007
Government Review of Waste Policy in England 2011

Planning Policy Statement 10: Planning for
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Policy

Proposal

Action

Partner Organisation

Timescale

Policy 1: Promoting
the commercial
value of a resourceefficient business

1.1 Support
businesses to identify
and implement
waste prevention
opportunities across
the supply chain

1.1.1 Support continued
provision of business
resource efficiency support
programmes

GLA Group, industry
sector organisations and
London business groups

2011 and
ongoing

1.1.2 Work with industry
sector organisations to
develop sector-specific
guidance on waste
prevention and business
resource efficiency

GLA Group, industry
sector organisations and
business groups

2012 - 2016

1.1.3 Work with business
liaison groups to help
identify issues and actions
specific to businesses with
respect to waste prevention
and business resource
efficiency

GLA Group, industry
sector organisations and
business groups

2012 - 2016

1.1.4 Launch a designingout waste competition with
the retail and wholesale
sector to raise awareness
of waste prevention and
business resource efficiency

GLA Group, higher
education institutions,
industry sector
organisations and
business groups

2011 - 2013

1.2 Support
businesses to close
the loop in London
and drive the market
for use of recovered
resources

1.2.1 Stimulate demand
for reused and recycled
materials through support
for initiatives such as the
London Reuse Network
and the Mayor of London’s
Green Procurement Code promoting the opportunities
these initiatives present for
London’s reprocessing and
manufacturing sectors

GLA Group

2011 and
ongoing

1.3 Deliver
communications
campaigns and
initiatives to promote
the commercial
and environmental
benefits of resource
efficiency to
businesses and their
employees

1.3.1 Deliver a reduction,
reuse and recycling
engagement programme for
businesses

Recycle for London
(GLA Group and WRAP)

2011 - 2013

2.1 Increase access
to reuse, recycling
and composting
services and
collective contracting
arrangements,
particularly for SMEs.

2.1.1 Support development
of tools to help businesses
to find and access business
waste and recycling
collection services

GLA Group, London
Waste and Recycling
Board, London
Community Resource
Network, London
boroughs

2013 - 15

Policy 2: Boosting
reuse, recycling
and composting
participation in the
commercial and
industrial sector
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Policy

Proposal

2.2 Target London’s
food waste producers

2.3 Boost reuse,
recycling and
composting
performance in multitenanted buildings
and on large estates.

Action

Partner Organisation

Timescale

2.1.2 Support role of the
London BIDS network and
work in partnership to
offer support and advice
on the delivery of resource
efficiency and waste
management projects

GLA Group, London
BIDS Network, and
Smart Green Business
Group

2011 and
ongoing

2.1.3 Encourage waste
authorities to expand their
business waste collection
and disposal services

GLA Group, London
Councils, London
boroughs

Ongoing
from 2012

2.1.4 Work with companies
affected by the Producer
Responsibility legislation
and the compliance
schemes to promote a
joined up approach between
businesses and households

GLA Group, industry
partners, London
boroughs

2013

2.2.1 Raise awareness and
understanding of the ‘wastechain’ to help facilitate an
understanding of the issues
around separation, collection
and treatment of food waste
to increase demand for
food waste collections and
infrastructure

GLA Group and the
London Food Board
Waste Working Group

2011 - 2017

2.2.2 Assist food waste
producers in London to
prevent unwanted, edible
food going to waste, e.g.
through schemes such as the
FareShare Community Food
Network

GLA Group, food
redistribution schemes
and London Waste and
Recycling Board

2011 and
ongoing

2.2.3 Work with the London
Food Board Waste Working
Group to develop, launch
and promote a food waste
hierarchy to help businesses
follow best practice in
food waste reduction and
disposal.

GLA Group and the
London Food Board
Waste Working Group

2011 - 2013

2.3.1 Support through GLA
Group funding of the Better
Buildings Partnership

GLA Group and Better
Buildings Partnership

2011 - 2013

2.3.2 Investigate possibility
of using disused spaces to
house small-scale waste
treatment options such as
balers, shredders and invessel composting units.

GLA Group, facilities
management sector
organisations, estate
owners and managing
agents, and transport
organisations

2013 - 2017
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Policy 3:
Supporting
the waste
infrastructure
market in London
to grow and deliver
for businesses

Proposal

Action

Partner Organisation

Timescale

2.3.3 Develop partnerships
to facilitate sponsorship
opportunities for provision
of ‘trade-waste’ bring
bank hubs and ‘on-the-go’
recycling within London’s
business parks and estates

GLA Group, London
boroughs, business
groups, retailers
and manufacturers,
facilities management
and property sector
organisations, waste
sector organisations

2012 - 2014

2.4 Improve storage
capacity and
collection access
arrangements to
business premises

2.4.1 Make use of
the London Plan and
Supplementary Planning
Guidance on Sustainable
Design and Construction
to ensure that new
developments consider the
need to design-in sufficient
waste storage capacity and
suitable access for waste
collection vehicles

GLA Group, local
planning authorities

2012

3.1 Secure new
investment for waste
infrastructure in
London

3.1.1 Invest in new business
waste infrastructure for
London and use this as
a mechanism to leverage
private sector investment

GLA Group and London
Waste and Recycling
Board

2011 - 2015

3.2 Facilitate
business partnerships
to help catalyse
development of waste
infrastructure in
London

3.2.1 Develop at least
five exemplar food waste
treatment infrastructure
projects through the Food
Waste to Fuel Alliance
Programme

GLA Group and other
members of the Food
Waste to Fuel Alliance

2011 - 2012

3.2.2 Offer a brokerage
and project development
service to bring together
potential project partners
(site operation, feedstock
provision, technology
supply, use of off-takes and
finance provision) in the
development of new waste
infrastructure

GLA Group and London
Waste and Recycling
Board

2011 - 2015

3.2.3 Catalyse development
of waste infrastructure in
East London as part of the
legacy of the London 2012
and Paralympic Games

GLA Group, London
Waste and Recycling
Board, London
boroughs, Olympic Park
Legacy Company

2011 - 2013

3.3.1 Publish a catalogue
of commercially operating
waste infrastructure
facilities to showcase the
opportunities for their
development in London

GLA Group

By 2012

3.3 Improve the
knowledge base for
waste sector investors
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Proposal

Partner Organisation

Timescale

3.3.2 Sign-post potential
GLA Group and London
investors and other project
Waste and Recycling
partners to relevant sources
Board
of data and information to
improve understanding of
waste treatment technologies
and level of risk involved in
bringing merchant capacity
to market

2011 and
ongoing

3.4.1 Identify the capacity
gap for C&I waste
infrastructure in London

GLA Group and London
Waste and Recycling
Board

2012 - 2014

3.4.2 Increase awareness and
use of the London Waste
Map, and keep it updated
so as to help London’s
waste industry reach optimal
efficiencies in terms of
location and partnership
development

GLA Group and London
Waste and Recycling
Board

2011 - 2015

3.5 Facilitate
delivery of waste
infrastructure through
the strategic planning
process

3.5.1 Promote clustering
of businesses involved in
the waste and low-carbon
sectors through planning
frameworks and enterprise
districts

GLA Group and London
boroughs

2011 and
ongoing

3.6 Integrate waste
facilities into the
urban environment.

3.6.1 Examine opportunities
for transporting waste by rail
or water

GLA Group

2011 and
ongoing

3.6.2 Use the planning
process to safeguard
wharves with an existing or
future potential for waste
management

GLA Group and London
boroughs

2011 and
ongoing

4.1.1 Revise the
Supplementary Planning
Guidance (SPG) on
Sustainable Design and
Construction to contain
up to date best practice
requirements for achieving
sustainable design and
construction principles
with respect to waste
prevention and materials
resource efficiency within
buildings and infrastructure
projects

GLA Group and London
boroughs

2011 - 2012

3.4 Identify additional
opportunities
for development
of business
waste treatment
infrastructure

Policy 4: Drive
improvements
in resource
efficiency in the
construction and
demolition sector
while continuing
to maintain good
levels of reuse
and recycling
performance

Action

4.1 Use policy
and regulatory
requirements to
design out waste
at source and drive
resource efficiency
improvements
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Policy

Proposal

Action

Partner Organisation

Timescale

4.1.2 Better utilise
the planning system
in London to make
the most of Site
Waste Management
Plans (SWMP) at the
design and planning
stages of buildings
and infrastructure
development, including
the request to submit
statutory SWMPs
alongside planning
applications for new
development in London

GLA and London
boroughs

2011 - 2017

4.2 Engage
developers, architects
and designers in
taking a leading role
to design out waste at
source

4.2.1 Raise awareness of
the benefits and methods
of designing out waste in
London’s new developments
to help raise awareness
among developers, architects
and designers

GLA Group, WRAP and
construction industry
bodies

2012 - 2015

4.3 Support London’s
construction and
demolition sector
to maintain existing
levels of reuse,
recycling and
composting

4.3.1 Support investment in
CDE waste infrastructure to
help maximise the reuse and
recycling potential of the
CDE waste stream in London

GLA Group and London
Waste and Recycling
Board

2011 - 2015

4.3.2 Develop a ‘London
2012 Standard’ pledge
for London’s developers
and construction
contractors, which will
contain a commitment
to meeting the London
Plan target of 95 per
cent reuse and recycling
of CDE waste

GLA Group

2012 - 2013
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Foreword

As the old saying goes, where there is muck
there is brass and there is a massive economic
opportunity inherent in London’s waste which
we must harvest to its full potential.

disposal on the environment. I am taking steps
to see that the facilities we need get built and
we have jump started this market through the
innovative London Green Fund.

In addition, there are pressing environmental
imperatives driving the need for change to
current practices. We must stop producing
mountains of waste in the first place, discarding
items that can be re-used again or recycled
and move away from a reliance on landfill and
incineration.

Furthermore, whilst recycling levels in the
capital are steadily improving, with some
boroughs achieving commendable results, we
need to do more. I want recycling to rapidly
become much more a part of everyday life
whether at home, on the move or in the office
and regardless of where people live. This is why
I am working with the voluntary and community
sector and borough councils to drive down
waste, increase reuse and boost recycling, all of
which will help to achieve my vision of making
London a zero waste city.

My ambition is to put ‘the village’ back into the
city. What I mean by this is that we can improve
the quality of life for Londoners by ensuring
that we focus our efforts on delivering a cleaner
and greener city, with stronger and safer
communities through our work to make London
more sustainable and prosperous for decades
more to come.
My vision laid out here is to create the
fertile conditions that encourage the new
infrastructure and fresh approaches required
to turn waste into a lucrative commodity and
improve Londoners’ quality of life.

London’s waste management is complex,
involving many organisations. It is the Mayor’s
role to outline, facilitate and accelerate positive
change. This strategy seeks to establish London
as a world class manager of its municipal waste.
I thank everyone who has helped produce this
document to the benefit of Londoners’ quality
of life.

This is already generating a raft of new job
opportunities and enterprises in response to
these changing needs.
For example, a ‘greener’ generation of
innovative technologies is making it possible
to fuel homes, businesses and vehicles from
material that in the past, we have just chucked
away. Significantly increasing these new ways to
treat waste is an investment opportunity worth
hundreds of millions to our economy, which
will dramatically reduce the impact of rubbish

Boris Johnson
Mayor of London
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PREFACE

A strategic framework for enhancing
quality of life in London and protecting
the environment
The Municipal Waste Management Strategy is
part of a series of strategies that together set
out actions and policies to make London the
best big city in the world. How? By improving
the quality of life of Londoners and making the
city more sustainable.
The future of the planet lies in cities. In the
1950s just 29 per cent of people lived in towns
and cities. By the close of the 20th century
that figure had increased to 47 per cent, and
by 2050 it will hit 70 per cent. There are clearly
benefits to city living. People live longer, have
access to better education, extensive public
transport, greater healthcare provision, more
social, cultural and economic opportunities
and a lower carbon footprint. The Mayor is
working to ensure that London not only retains
its world city status but remains among the
best places on the planet to live, whatever your
age or background. He also wants to ensure
that the city is liveable and its development is
sustainable for future generations.
The Mayor’s ambition is to put ‘the village’
back into the city. What this means is
improving the quality of life for Londoners by
ensuring that we focus our efforts on delivering
a cleaner and greener city with stronger and
safer communities through our work to make
London more sustainable.

The Mayor’s environment strategies and
programmes are built on three policy pillars.
These are retrofitting London, greening
London, and cleaner air for London. These
pillars aim to improve the quality of life for
Londoners and visitors, and to make the capital
more attractive. The Mayor’s programmes that
underpin these pillars are delivering targeted
improvements and benefits that Londoners
can see and experience around them. They
also aim to make public services more efficient
and less of a burden on tax payers, whilst
delivering wider environmental benefits such
as conserving water, saving energy or reducing
waste.

The three ‘pillars’ and example
programmes:
Retrofitting London
Retrofitting London’s existing buildings is not
only crucial to tackling London’s CO2 emissions,
it also reduces energy and water use, delivers
new jobs and skills, as well as saving London
businesses and homes money on energy bills.
Almost 80 per cent of the 14,000 low carbon
jobs that could be created per year from
delivering the Mayor’s CO2 target and two
thirds of the £721 million of annual low carbon
economic activity would come from retrofitting.
Our homes and workplaces are responsible
for nearly 80 per cent of the city’s emissions.
Fundamentally 80 per cent of these buildings
will still be in use by 2050. The RE:NEW
programme which installs a range of energy
and water efficiency measures in homes,
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enables Londoners to save money on their
energy bills while making their homes more
energy efficient. The RE:NEW demonstrations
in 2010, have shown that households could
save over £150 annually through retrofitting
actions.
Greening London
The Victorians bestowed on us a city softened
by trees and green spaces. Greening London
builds on this legacy and aims to improve
the look and feel of our city, making it more
attractive whilst reducing the impact of noise
and air pollution. Greening London also makes
the city more resilient to flooding and extreme
weather events, and can contribute to a
healthy mind and body. The Mayor through his
RE:LEAF programme and the London Green
Grid has an ambition to increase tree cover by
five per cent by 2025, therefore achieving one
tree for every Londoner and creating a better
network of interlinked, multi-functional and
high quality open and green spaces.
Cleaner air for London
Air pollution is a serious health issue and the
Mayor is determined to reduce its impact.
Actions being taken to improve air quality
include introducing the first ever age limit
for black cabs, tougher standards for the
Low Emission Zone, new cleaner hybrid
and hydrogen buses and fitting older buses
with equipment including filters to curb
pollution. The new bus for London, which
will be launched in 2012, will use the latest
green technology making it 40 per cent more
efficient than a conventional double decker.
The Mayor is working to introduce more
electric vehicles onto London’s streets. In May
this year, he launched Source London, the
UK’s first citywide electric vehicle charging
network and membership scheme and we are
also now investing record amounts to deliver a
cycling revolution in London. Additional steps

are being taken to tackle pollution levels at
some of the busiest roads in central London.
This includes utilising dust suppressant
technology that prevents PM10 from recirculating, installing green infrastructure
to trap pollutants and a no engine idling
campaign to reduce engines running
unnecessarily when stationary. Eco-marshalls
are also being deployed to help both monitor
and reduce the impact of taxis on air quality.
London continues to attract people and
businesses and therefore continues to
grow. The London Plan forecasts the city’s
population could increase from 7.6 to 8.8
million by 2031. These strategies show
that making London a sustainable city and
protecting the environment does not mean we
all have to be eco-warriors or make sacrifices
to our standard of living. We can work to
lessen our impact on the city while at the
same time improving the environment and our
quality of life.
In a post-Olympic London, we can also grasp
the opportunity to make the capital a digital
leader, an intelligent city. By harnessing
the power of data, we can run our city
more efficiently, understand environmental
trade-offs, and communicate better with
Londoners, enabling them to make better
informed and sustainable choices in how
they live and work. This is already happening
through the explosion of social media and
digital applications that encourage behaviour
change based on the choices an individual
makes. Data visualisation is also allowing us to
understand complex data sets, telling us the
results of the millions of decisions we make,
on us, on our neighbourhoods, on our city and
beyond.
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Transitioning our city to a sustainable low
carbon economy will also bring economic
opportunities for London in terms of jobs
and investment. Despite the economic
downturn, the value of London’s low carbon
and environment sector is now worth over £23
billion, growing by over four per cent a year. As
London and the rest of the world continue to
reduce their greenhouse gas emissions over the
coming decades, the economic opportunities
from that activity will be huge. London must
make sure it grabs this opportunity and
continues to be a world leader.

Kulveer S Ranger
Mayor’s Director
of Environment
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The world of waste is changing. The past 20
years has seen the public, private and third
sector invest considerable amounts of time,
money and effort into changing the way we
think about and manage our waste.
Reducing the amount of waste produced
and reusing waste that cannot be prevented
presents the greatest economic and
environmental benefits for London. We cannot
continue to manage waste by investing in
expensive waste collection and treatment
infrastructure without implementing an active
strategy of reduction and reuse. The Mayor sets
out in this document what actions London’s
households and businesses can take to reduce
waste and also calls on the government and
industry to play a role.

Developing a strategy for London’s
municipal waste
There are a number of key considerations
influencing the Mayor’s municipal waste
management strategy. The overriding one is
the need to manage London’s municipal waste
more effectively and efficiently. The rising cost
of landfill, growing concerns around energy
security and climate change, the emergence of
new commercially available waste management
technologies, and changing consumer behaviour
have all made a ‘business as usual’ approach no
longer viable.
Climate change is one of the key drivers for
London’s municipal waste management policy.
Sending waste to landfill generates greenhouse
gas emissions – particularly biodegradable
waste, such as food and green garden waste,
which releases methane (a powerful greenhouse
gas) as it decomposes. The municipal waste
that London sends to landfill generates
approximately 460,000 tonnes of greenhouse
gas emissions each year, expressed as a carbon
dioxide equivalent (CO2eq) figure1.

There is a massive opportunity for London to
achieve significant greenhouse gas savings
by diverting more municipal waste away from
landfill. Most of the waste we throw away
could be reused, recycled or composted, or
used to generate renewable energy, which
would achieve significant CO2eq savings.
By first reducing the amount of municipal
waste produced and then selecting the
optimal means for dealing with the municipal
waste sent to landfill, London could save
approximately 1.5 million tonnes of CO2eq
emissions each year. This significant saving is
a combination of avoiding the emissions that
would have occurred from sending waste to
landfill plus further savings of approximately
one million tonnes achieved by avoiding
emissions involved in manufacturing from
virgin materials, and in generating energy from
coal or gas. This is equivalent to avoiding the
emissions associated with powering London’s
Underground Network each year, plus avoiding
emissions from all of London’s registered
taxis2.
Another key driver for changing the way we
manage our municipal waste is the increase
in costs due to landfill tax. The main effect
the landfill tax has had from 2004 to 2011
is to make the cost of recycling (including
collection costs) cheaper than landfill –
approximately £109 per tonne for recycling
compared to £142 per tonne for landfill. As of
April 2011 landfill tax stands at £56 per tonne.
This will increase by £8 each year until at least
2014, when it will be £80 per tonne. This
will put up London’s annual bill for sending
municipal waste to landfill from about £265
million now to roughly £300 million. Landfill
tax has also made the cost of generating
energy from waste more comparable to
landfill and in some cases more commercially
attractive, depending on contractual
arrangements.
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In addition to the increase in landfill tax, the
Department of Environment Food and Rural
Affairs (Defra) has revised the definition of
municipal waste, which now includes a lot more
commercial waste. This brings it into line with
other EU countries and ensures that the UK
is meeting landfill diversion targets under the
European Landfill Directive. Implementing this
new measure will put considerable pressure on
local authorities, communities and businesses to
manage more of their waste better.

The Mayor’s vision, objectives and
targets for London’s municipal waste
management
The Mayor’s vision for London is that it excels
among global cities – expanding opportunities
for all its people and enterprises, achieving the
highest environmental standards and quality
of life and leading the world in its approach
to tackling the urban challenges of the 21st
century, particularly that of climate change.
The Mayor wants London to be a city that
becomes a world leader in improving the

environment locally and globally, taking the
lead in tackling climate change, reducing
pollution, developing a low carbon economy and
consuming fewer resources and using them more
effectively.
To achieve this London needs to become a
world leader in waste management, making
use of innovative techniques and technologies
to minimise the impact of waste on our
environment and fully exploit its massive
economic value. We need to reduce the amount
of municipal waste generated by the capital, to
increase recycling and composting performance
significantly, and to generate energy from
rubbish that cannot be reused or recycled in a
way that is no more polluting in carbon terms
than the energy source it replaces.
The Mayor’s vision is built upon the waste
hierarchy, which is applied from the top down. It
supports those activities further up the hierarchy
that can achieve the greater cost savings and
environmental benefits over those activities
further down it.

The Waste Hierarchy

Stages
Prevention or reduction
Reuse and preparing
for re-use

Includes
Using less material in design and manufacture
Preventing waste from entering the waste stream
(for example composting food scraps at home)
Cleaning, repairing or refurbishing

Recycling

Turning waste materials into new products. Includes
composting providing it meets quality standards

Other
recovery

Includes anaerobic digestion, incineration, gasification
and pyrolysis processes that produce fuels, heat and power

Disposal

Landfill and incineration without energy recovery

Source: Government Review of Waste Policy in England, June 2011.
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If there is a tension between implementing
the waste hierarchy and achieving the greater
climate change mitigation benefits, preference
should be given to those options achieving
greater climate change mitigation benefits.
The following objectives and targets aim to
support the Mayor’s vision:

Objectives
1		Provide Londoners with the knowledge,
infrastructure and incentives to change the
way they manage municipal waste: to reduce
the amount of waste generated, encourage
the reuse of items that are currently thrown
away, and to recycle or compost as much
material as possible.
2		Minimise the impact of municipal waste
management on our environment and reduce
the carbon footprint of London’s municipal
waste.
3		Unlock the massive economic value of
London’s municipal waste through increased
levels of reuse, recycling, composting and
the generation of low carbon energy from
waste.
4		Manage the bulk of London’s municipal
waste within London’s boundary, through
investment in new waste infrastructure.
The Mayor’s key targets for the management of
London’s municipal waste are as follows:
1		To achieve zero municipal waste direct to
landfill by 2025.
2		To reduce the amount of household waste
produced from 970kg per household in
2009/10 to 790kg per household by 2031.
This is equivalent to a 20 per cent reduction
per household.
3		To increase London’s capacity to reuse or
repair municipal waste from approximately
6,000 tonnes a year in 2008 to 20,000
tonnes a year in 2015 and 30,000 tonnes a
year in 2031.

4		To recycle or compost at least 45 per cent
of municipal waste by 2015, 50 per cent by
2020 and 60 per cent by 2031.
5		To cut London’s greenhouse gas emissions
through the management of London’s
municipal waste, achieving annual
greenhouse gas emissions savings of
approximately:
- 545,000 tonnes of CO2eq in 2015
- 770,000 tonnes of CO2eq in 2020
- One million tonnes of CO2eq in 2031
6		To generate as much energy3 as practicable
from London’s organic and non-recycled
waste in a way that is no more polluting in
carbon terms than the energy source it is
replacing. This is estimated to be possible
for about 40 per cent of London’s municipal
waste after recycling or composting targets
are achieved by 2031.
To achieve the Mayor’s objectives and targets,
the strategy will focus on the following six policy
areas, each containing a number of proposals.
Policy 1
Informing producers and
consumers of the value of
reducing, reusing and recycling
municipal waste
Reducing or preventing the amount of municipal
waste we produce is the most cost-effective
and environmentally beneficial way to improve
London’s municipal waste position. With the
number of households in London expected to
increase by 22 per cent to four million by 2031,
the Mayor is committed to ensuring population
growth does not result in any more growth in
the amount of household waste generated.
The Mayor has set a London wide 20 per cent
reduction in the amount of waste produced
per household in 2008 by 2031. This equates
to a reduction of approximately one per cent
per year, in line with recent trends. The Mayor
welcomes waste authorities setting their own
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waste reduction targets to help achieve his
overall reduction target for London.
The Mayor believes he can best influence
waste reduction and the value of reuse and
recycling in London by supporting local and
regional education programmes and initiatives.
The London Waste and Recycling Board
(LWARB), which is chaired by the Mayor (or a
representative of the Mayor) has funded Recycle
for London from 2008 and 2013 to deliver a
London-wide reduction, reuse and recycling
behaviour change programme.
The Mayor wants London to lead the way in
waste reduction and believes that reducing
the amount of unnecessary packaging
through better product design and smarter
purchasing habits is the key to achieving this.
The Mayor will work with London’s businesses
and manufacturers to deliver this through his
Business Waste Strategy.
The Mayor also wants to significantly boost
London’s reuse performance and has supported
the development of a strategic reuse network
across London with third sector organisations
and public bodies, supporting the repair and
reuse of discarded items.
Policy 2
Reducing the climate change
impact of London’s municipal
waste management
The Mayor wants to achieve significant CO2eq
emission savings from the management of
all London’s municipal waste, particularly
from waste that currently goes to landfill or
incineration. This means reusing, recycling,
composting or generating renewable energy
from as much waste as practicable, avoiding
the emissions associated with manufacturing
from virgin material and generating energy
using fossil fuels. The Mayor has developed a

CO2eq emissions performance standard (EPS)
for London’s municipal waste management
activities to work towards achieving rather
than prescribing particular waste management
activities or treatment technologies.
This approach will support waste activities and
services that reduce the amount of municipal
waste produced, and capture the greatest
number and highest quality of materials for
reuse, recycling or composting, and low carbon
energy generation.
A key characteristic of this approach is that it
allows flexibility. Waste authorities can look
across the whole waste system to find the
greatest CO2eq savings to make an important
contribution to achieving the EPS, depending on
their specific circumstances. For example, waste
authorities covering areas where there are many
flats may find it difficult to collect high volumes
of recyclables and may instead focus attention
on the recovery of certain materials that deliver
greater CO2eq benefits. Achieving the EPS will
ensure London’s municipal waste management
shifts from being a net contributor to climate
change to an industry that plays an integral
role in achieving significant climate change
mitigation and energy saving benefits. London
will be the first city in the world to develop an
EPS for the management of municipal waste,
incentivising the take-up of new technologies
and sending a clear message to London’s waste
authorities and the waste industry to focus
on waste management activities achieving the
greatest CO2eq savings.
In addition to the EPS, the Mayor has set a
minimum CO2eq emissions performance that
requires all energy generated from London’s
municipal waste to be no more polluting in
carbon terms than the energy it replaces.
London waste authorities will need to make
sure energy generated from their waste meets
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this minimum performance, or demonstrates
that they have steps in place to meet it in
the near future. This approach will rule out
traditional mass-burn incineration techniques
burning carbon-rich waste generating electricity
only and encourages a move towards cleaner,
efficient energy generation from low-carbon
waste material in the form of heat, power and
transport fuel for local use. Generating clean,
efficient energy from London’s municipal waste
in London will play an important role in meeting
the Mayor’s commitment to a target of a 60 per
cent reduction in London’s CO2 emissions (on
1990 levels) by 20254.
Policy 3
Capturing the economic benefits
of MUNICIPAL waste management
Over the last 20 years there has been a tendency
for waste authorities to outsource their waste
management functions. Outsourcing services
means outsourcing risk and therefore providing
fiscal certainty. However outsourcing risk can
be expensive and any potential revenue such
as that from the sale of product in the form of
recycled materials or energy is lost.
This strategy focuses on the economic
opportunity that municipal waste in London
presents. It is estimated that London could
save £90 million a year if municipal waste was
managed in the optimal way. There is a massive
opportunity for London’s waste authorities to
share in these savings. LWARB will work with
London Councils and London’s waste authorities
to develop a four year programme from 20112015 to identify and implement efficiencies in
London’s municipal waste management, in order
for London’s waste authorities to share in these
savings. The four year programme will, amongst
other things, explore opportunities for entering
into revenue-sharing waste contracts and joint
venture arrangements where appropriate.

Policy 4
Achieving high recycling and
composting rates resulting in
the greatest environmental and
financial benefits
The Mayor is keen to see that both waste
authorities and the waste industry provide
recyclable material to the processing and
treatment markets, ensuring these materials
maintain the best possible prices, highest
quality use, and maximum resilience to market
fluctuations.
This approach needs to be supported by the
provision of high quality, consistent recycling
and composting collection services across
London that make recycling hassle-free for
the consumer, regardless of which borough or
housing type they live in or where they work.
The Mayor will work with waste authorities
to ensure all Londoners can access a core set
of cost-effective waste collection, recycling
and composting services that Londoners
are incentivised to use, particularly to flats
and estates where recycling and composting
performance is typically low. LWARB has
allocated £5 million to fund a programme of
infrastructure improvement to boost recycling
rates from flats, in particular from high rise
housing estates.
The Mayor wants to exploit recycling
opportunities outside the home, and will work
with waste authorities to explore funding
opportunities with businesses and landowners
for providing more recycling bins along main
streets in London to allow Londoners to recycle
on the go.
The provision of high quality recycling and
composting collection services needs to be
supported by new infrastructure to reprocess
recyclable materials, to recover as much material
as possible from non-recycled (residual) waste
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for recycling and to generate renewable energy.
LWARB will fund the development of pretreatment infrastructure to support those waste
authorities that find it difficult to provide cost
effective recycling and composting collection
services. Pre-treatment infrastructure will play
an important role in helping waste authorities
achieve high recycling and composting rates.
Achieving high recycling rates, particularly for
high embodied carbon materials such as plastics,
metals and textiles, provides the greatest
opportunity for London achieving the Mayor’s
EPS.
Policy 5
Stimulating the development of
new municipal waste management
infrastructure, particularly low
carbon technologies
London must manage as much of its municipal
waste as practicable within London. The Mayor
is keen that this has a particular focus on new
low-carbon waste management technologies
where possible. LWARB represents a new dawn
for the capital and the way it tackles rubbish.
It will mean, for the first time, the Mayor of
London and London’s waste authorities working
together in partnership to find innovative
solutions to tackle this complex environmental
challenge. London will strive to be the beacon
of good practice, leading the way on innovation
for next generation waste facilities, providing
positive benefits to local communities in the
form of new products, employment and low
carbon energy.
LWARB committed £52 million to support
recycling, composting, and energy infrastructure
in London between 2008 and 2011. £18 million
of this was used as match funding to leverage
a further £18 million from the EU’s Joint
European Support for Sustainable Investment in
City Areas (JESSICA) scheme. This combined pot
of £36 million forms part of the London Green

Fund managed by Foresight Environmental who
will contribute additional match funding of £36
million to enable a net £72 million investment
fund for waste projects in London. LWARB
secured an additional operational funding
budget of £18m from the government for 20112015 to help deliver efficiencies in London’s
waste management and to develop further waste
management infrastructure.
The Greater London Authority (GLA) and
LWARB estimate 3.3 million tonnes of additional
municipal waste management capacity is needed
by 2031 requiring capital costs in the area of
£800 - 900 million and operational costs of £60
-70 million. LWARB’s funds alone will not be
sufficient, but it will leverage additional funding
from other infrastructure funds and through
private investment to help fill the capacity gap.
LWARB will play a significant role in the
development of new municipal waste
management infrastructure in London, keeping
the value of London’s waste in the capital
and being more self-sufficient. Borough
waste apportionment and net regional selfsufficiency are dealt with in the Mayor’s
spatial development strategy for London – The
London Plan. The Mayor wants London’s waste
management sites to move up the value chain,
moving away from low-value bulking and
transfer facilities to state-of-the-art resource
recovery parks, providing benefits to local
communities in the form of new products,
employment, and heat and power. LWARB has
developed a London-wide site framework in
partnership with waste authorities, bringing
together data on current, planned, and potential
waste management sites at a local and regional
level. For the first time in the UK the public
and private sector will be able to identify waste
management solutions that can be mapped
alongside opportunities for energy use and
sustainable transport.
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Policy 6
Achieving a high level of street
cleanliness
The Mayor wants Londoners and visitors to
enjoy a consistently high quality of life. One
factor affecting quality of life is litter and
cleanliness. Come 2012, the world’s eyes will be
on London and we must ensure that litter does
not mar memories of London. Chewing gum,
cigarette butts, and coffee cups are a particular
blight and the Mayor will work with London
boroughs and manufacturers to minimise the
impact that this waste and all other street litter
has on our local environment. The Mayor wants
communities to develop a feeling of pride for
the areas that they work and live in and will
encourage community groups, boroughs, the
third sector and businesses to get involved in
cleaning up London.

Achieving a step change in London’s
municipal waste management
The Mayor believes his policies and proposals
will put London on the path towards achieving
zero municipal waste direct to landfill by 2025,
by which time landfill sites currently used for
London’s municipal waste are expected to have
closed. Today London relies heavily on the
southeast counties for the majority of its landfill
needs, with only 23 per cent going to London’s
own landfill sites in Rainham and Beddington.
The Mayor has no desire to continue sending
municipal waste to landfills outside London and
will work with neighbouring counties to agree
a roadmap for reducing London’s exported
municipal waste. The Mayor expects in the
immediate future that landfill will continue to
play an important role in the disposal of some
municipal waste materials. Some materials, such
as bonded asbestos, are currently only suitable
for landfill, and for others, the technology is not
yet there to reuse, recycle or to generate energy
from them.

The Mayor’s Business Waste Strategy
Mayor has also produced a non-statutory
Business Waste Strategy for London’s
commercial and industrial waste, and
construction demolition and excavation waste
– waste which is collected and disposed of
by waste operators under private contracts
rather than by local waste authorities. Waste
produced by businesses, be it from shops,
restaurants and offices, industrial processes or
construction and demolition sites makes up 80
per cent of London’s waste - 16 million tonnes
a year. Although the Mayor only has statutory
powers with regard to London’s municipal
waste management, he believes we should look
at all of London’s waste in order to get the
greatest benefits for London economically and
environmentally.
His Business Waste Strategy sets out nonstatutory policies and proposals to help
London’s businesses improve their waste
position, with a particular focus on promoting
the economic and environmental benefits
of managing resources more efficiently. The
Mayor’s Business Waste Strategy can be found
at www.london.gov.uk.

The London Plan
In addition to the Mayor’s waste strategies, the
Mayor’s spatial development plan for London,
The London Plan, has planning policies that
cover all London’s waste. Both waste strategies
will be supported by, and should be read in the
context of, The London Plan. The policies and
proposals of The London Plan published July
2011, can be found at www.london.gov.uk.
Those covering waste policy issues include:
• working towards zero biodegradable and
recyclable waste to landfill by 2031
• Setting recycling/composting targets of:
- 50 per cent for municipal waste by 2020,
increasing to 60 per cent by 2031
- 70 per cent commercial waste by 2020
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- 95 per cent reuse and recycling for
construction, demolition, and excavation
waste by 2020
• Promoting waste management activities
achieving the greatest possible climate change
mitigation and energy saving benefits
• Managing as much of London’s waste within
London as practicable, working towards
managing 100 per cent of London’s waste
within London by 2031
• Borough level projections of London’s waste
arisings.

Other Mayoral strategies
The Mayor has developed other Mayoral
strategies including the Economic Development
Strategy, Transport Strategy, Air Quality
Strategy, Water Strategy, Climate Change
Mitigation and Energy Strategy and Climate
Change Adaptation Strategy. The Mayor’s
Municipal Waste Management Strategy is
consistent with relevant policies and proposals
in these documents.
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Chapter ONE

Legislative and
policy context
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The Mayor is required to produce and keep
under review a Municipal Waste Management
Strategy containing his policies and proposals
for the recovery, treatment, and disposal of
municipal waste in London. In preparing and
revising his strategy, the Mayor must have
regard to, among other things, the National
Waste Strategy which sets out the government’s
policies for how the UK is to achieve its
commitments under the 1999 European
Landfill Directive. To comply with the Landfill
Directive, the UK must meet the following
stringent targets on reducing the amount of
biodegradable municipal waste that can be
landfilled:
• 75 per cent of that produced in 1995 by 2010
• 50 per cent of that produced in 1995 by 2013
• 35 per cent of that produced in 1995 by 2020.
There are no waste targets set by the
government for London or any other UK
region to achieve. However in April 2005, the
government introduced the Landfill Allowance
Trading Scheme (LATS) providing the statutory
mechanism by which UK local authorities are to
reduce the amount of biodegradable municipal
waste they send to landfill, in order for the
UK to achieve the European Landfill Directive
diversion targets. Under LATS, each waste
disposal authority is given a landfill allowance
setting out how many tonnes of biodegradable
municipal waste it can send to landfill. The
allowance decreases annually up to 2020.
The government’s National Waste Strategy 2007
sets the following waste targets for the UK:
• to reduce the amount of household waste not
reused, recycled or composted in 2000 by 29
per cent by 2010 with an aspiration to achieve
a 45 per cent reduction on 2000 levels by 2020
• to recycle and compost household waste - at
least 40 per cent by 2010, 45 per cent by 2015
and 50 per cent by 2020

• to recover value from municipal waste
(including reusing, recycling, composting or
energy recovery) - 53 per cent by 2010, 67 per
cent by 2015 and 75 per cent by 2020.
In June 2011 the government carried out a
full review of waste policy in England, looking
at the most effective ways of reducing waste
arisings and maximising cost benefits from waste
and recycling, and at how waste policies affect
local communities and individual households. A
summary of the government’s review1 is set out
in Appendix 1.
The European Waste Framework Directive
was revised in 2008 requiring Member States,
including the UK, to bring into force its laws,
regulations and administrative provisions by
12 December 2010. The revised framework
was transposed into UK legislation in March
2011 through the Waste (England and Wales)
Regulations 2011 (S.I. 2011 No.988). The
revisions to the directive are summarised in
Appendix 1.
In the course of bringing the new directive
into UK legislation, the government revised
the definition of municipal waste2 to bring the
UK into line with the approach taken by other
Member States for calculating waste disposal
performance against the EU Landfill Directive
targets. The revised definition of municipal
waste now includes more commercial waste than
previously. For the purposes of producing the
Mayor’s Municipal Waste Management Strategy,
however ‘municipal waste’ is defined in section
360(2) of the Greater London Authority Act
1999, as `any waste in the possession or under
the control of:
a a body which, or a person who, is a waste
collection authority in Greater London, or
b a body which, is a waste disposal authority in
Greater London.
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The Mayor will continue to use this definition
of municipal waste for the purposes of
implementing his municipal waste management
strategy.
London’s first municipal waste management
strategy was published in 2003. Since then
the waste management sector has seen
increases in the landfill tax, the introduction of
LATS, the setting of the government’s waste
management targets in 2007, the transposition
of the revised European Waste Framework
Directive into UK legislation in 2010, and the
government’s national waste policy review in
2011. There have also been a number of other
significant policy developments specific to
London making it timely for the preparation
and publication of a new Municipal Waste
Management Strategy for London. These policy
developments include:
• statutory provisions in the GLA Act 2007,
which require the London waste authorities to
act in ‘general conformity’ with the Mayor’s
Municipal Waste Management Strategy, and
which place a new duty on the Mayor to
tackle climate change
• the creation of LWARB, which must ‘act in
accordance’ with the Mayor’s Municipal Waste
Management Strategy. LWARB’s objectives
are to promote and encourage a reduction in
waste, an increase in the proportion of waste
that is reused or recycled, and the use of
methods of collection, treatment and disposal
of waste that are more beneficial to the
environment
• the waste policies in the revised London Plan,
July 2011 which require boroughs to plan
for the management of waste arising in their
areas by identifying suitable sites.
Appendix 1 summarises the legislation taken
into consideration by the Mayor when revising
his municipal waste management strategy.

Implementing the Mayor’s policies and
proposals and achieving targets
The Mayor’s Municipal Waste Management
Strategy provides a framework of policies
and proposals to ensure London makes an
effective contribution towards meeting the UK’s
commitments under the Landfill Directive 1999.
The Mayor’s policies and proposals contained
in the strategy provide a clear lead to London’s
waste authorities on the actions it is expected
they will need to undertake to meet the Mayor’s
objectives and targets for London’s municipal
waste management. The implementation plan in
Appendix 2 sets out in detail how these policies
and proposals are to be implemented and their
effects monitored. The Mayor will also publish
an annual monitoring report on the progress of
the implementation of his policies and proposals
The Mayor will work with London’s waste
authorities and other stakeholders to implement
his municipal waste management strategy.
However it is London’s waste authorities who
are ultimately responsible for implementing the
strategy, as they are statutorily responsible for
the delivery of local waste services and for the
procurement of the necessary waste treatment
capacity. In exercising their functions under
Part II of the Environmental Protection Act
1990, London’s waste authorities have to act in
general conformity with the strategy.
The Mayor has set his own targets for the
management of London’s municipal waste,
which are more ambitious than those set
for the UK by the government. The Mayor
believes stronger targets than those set by the
government are necessary in London to reduce
the amount of municipal waste produced in the
capital, and because landfills accepting London’s
waste are expected to close by 2025.
In transposing the revisions to the European
Waste Framework Directive 2008, the
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government has introduced a new definition
of recycling. The definition includes the
requirement for compost and the output from
anaerobic digestion having to meet minimum
quality standards in order to be classified as
recycling. Metals recovered from incinerator
ash also now count as recycling. These changes
are expected to make a very small yet positive
contribution towards meeting the Mayor’s
municipal waste recycling or composting targets
set out in this strategy.
Chapter 3 sets out the Mayor’s preferred
approach for the management of London’s
municipal waste to 2031 to achieve his overall
targets. This includes setting municipal waste
recycling and composting targets, and aiming
to generate energy from London’s organic and
non-recycled waste in a way that is no more
polluting in carbon terms than the energy source
it replaces. The government’s recovery targets,
which include recycling and composting of and
energy generation from municipal waste, will be
achieved as a result of this approach.
The Mayor has worked closely with Defra in
developing his municipal waste management
strategy to ensure the policies and proposals
are consistent with the government’s overall
approach for managing waste in England.
Appendix 3 sets out in detail how the Mayor’s
policies and proposals contribute to achieving
his waste management targets, and how
their achievement will enable London’s waste
authorities to meet or exceed their LATS
requirements to 2012/13, and the government’s
national targets.
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Chapter TWO

Current
perf ormance
on managing
London’s
municipal
waste
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London’s municipal waste management
performance
In 2009/10, London produced 3,822,000
tonnes of municipal waste, mostly made up of
paper and board and organic waste (food and
green garden waste). Municipal waste for the
purposes of this strategy is waste in the control
of a waste collection or waste disposal authority.
Household waste makes up 79 per cent (three
million tonnes) of municipal waste and includes
recycling and black bag waste collected from flats
and houses, street litter, bulky household waste
and waste delivered to local authority reuse and
recycling centers. The remaining 21 per cent
(787,000 tonnes) comes from some small and
medium-sized businesses, where boroughs have
waste collection agreements in place to serve
these businesses.
The breakdown of London’s municipal waste by
material is shown in Figure 1. The breakdown
of London’s municipal waste by management
method is shown in Figure 2.

London’s municipal waste governance
framework
There are 32 London boroughs and the City of
London Corporation. Although the responsibility
for collecting waste in London has always been
with the boroughs, the responsibility for disposing
of waste has been dispersed since the abolition of
the Greater London Council in 1986 (see Figure 3).
There are 12 local authorities in London that
are responsible for both collection and disposal
of their waste (and are known as unitary
authorities). They are Bexley, Tower Hamlets, City
of London, Westminster, Southwark, Lewisham,
Greenwich, Sutton, Merton, Kingston, Croydon
and Bromley. The remaining 21 local authorities
are responsible for the collection of their waste,
but with waste disposal operations arranged
across four statutory waste disposal authorities.
These are:

Figure 1 Municipal waste by material
Disposable nappies 2%
Textiles 3%
Metals 4%
Wood/Furniture 5%

WEEE 2%

Organic
32%

Glass 7%
Plastics
10%

Mixed
12%

Paper & Card
23%

Source: Defra, 2010 www.defra.gov.uk
Notes: ‘Mixed’ waste includes household sweepings
and soil. WEEE refers to Waste Electrical and Electronic
Equipment

Figure 2 Breakdown of London’s municipal waste by
management method in 2009/10
Other
3%
Recycling/
Composting
27%
Landfill
49%

Incineration
21%
Source: Defra Waste Statistics, 2010, www.defra.gov.uk/
statistics/environment/waste/wrfg23-wrmsannual/
Notes: ‘Other’ is waste material sent for some form of
pre-treatment or unknown destination. Recycling or
composting includes organic waste sent for anaerobic
digestion. Less than one per cent of London’s municipal
waste is treated using anaerobic digestion. Approximately
five per cent of municipal waste to landfill is used for land
reclamation (including landfill capping).
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Figure 3 London’s unitary, waste collection and disposal authorities
Source: GLA, 2011.

Key:
ELWA – East London Waste Authority
NLWA – North London Waste Authority
WLWA – West London Waste Authority
WRWA – Western Riverside Waste Authority
Unitary Authorities

• East London Waste Authority (ELWA) –
Newham, Redbridge, Barking and Dagenham,
Havering
• North London Waste Authority (NLWA) –
Camden, Islington, Hackney, Waltham Forest,
Haringey, Barnet, Enfield
• Western Riverside Waste Authority (WRWA)
– Kensington and Chelsea, Hammersmith and
Fulham, Wandsworth, Lambeth
• West London Waste Authority (WLWA) –
Richmond upon Thames, Hounslow, Ealing,
Brent, Harrow, Hillingdon.

Management methods for London’s
municipal waste
Between 2003/04 and 2009/10, London’s
municipal waste actually decreased from 4.4
million tonnes to 3.8 million tonnes, despite

an increase in population from 7.39 million1 to
7.76 million2 over the same period. There are a
number of possible reasons for this including:
• more restrictions on the trade waste accepted
at household waste reuse and recycling centres
• changes in behaviour, as a result of direct
and indirect education on waste reduction,
including smarter shopping campaigns to
reduce waste, campaigns to increase use of real
nappies, and home composting programmes
• reductions in the waste and recycling collection
services offered to small businesses
• changes to consumer packaging, such as the
use of lighter materials (for example, using
plastic or Tetra Pak in place of glass).
London’s municipal waste arisings in 2009/10
were about two per cent lower than in 2008/09.
However, they are expected to increase slightly
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again as London’s population grows and the
capital comes out of the recession, albeit at a
slower rate than previously expected. Despite
these reductions, there is still too much waste
being produced unnecessarily and not enough
being reused, repaired or recycled. Instead, most
of it ends up in landfill where its value rots away.

includes paper, card, plastics, glass and tins/
cans recycling is similar to other UK regions (see
Figure 4), despite the challenges of a highly
diverse, dense and transient population.
Across England, 16 per cent of household waste
is composted, while in London composting
accounts for only 9 per cent of household
waste. With proportionately little garden waste
in London, the weight of material collected for
composting is likely to be lower than in most
regions, and this contributes to the challenge
of achieving overall municipal recycling and
composting rates in line with the England
average of 39 per cent in 2009/10 (see Figure
5). While municipal recycling and composting
rates in other international cities like Berlin (41
per cent) show that higher recycling rates are
achievable in highly urbanised areas, London’s
municipal waste recycling rate (27 per cent) is
similar to Sydney (29 per cent) and significantly
better than Paris (19 per cent)5.

Research3 undertaken for the GLA shows that
most of the growth in municipal waste will
come from a rise in the number of households,
which is predicted to increase by 12 per cent
by 2020 and by 22 per cent by 2031 from the
2008 baseline of 3.2 million4. This means that,
without any policy intervention, there will still
be a small but steady increase in total municipal
waste over time.

London’s municipal waste recycling
and composting performance
London’s municipal recycling and composting
performance has improved more than threefold
since 2000/01, from eight per cent to 27 per
cent in 2009/10. London’s performance on
household dry recycling (22 per cent) which

Recycling and composting play an important
role in climate change mitigation by avoiding

Figure 4 England’s regional household dry recycling performance 2009/10
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Figure 5 England’s regional municipal recycling and composting performance 2009/10
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greenhouse gas emissions that would
otherwise be produced in manufacturing from
virgin materials.

London borough household waste
recycling and composting performance
There is considerable variation in household
recycling and composting performance across
London’s 33 boroughs, where recycling rates
range from 17 to 51 per cent in 2009/10.
Figure 6 shows this variation by borough
separating inner and outer London boroughs
for ease of comparison. Nineteen boroughs
achieved recycling or composting rates over 30
per cent, with six of these achieving over 40
per cent and one reaching over 50 per cent.
Two boroughs recycled or composted less than
20 per cent. London’s overall household waste
recycling or composting performance rate was
32 per cent in 2009/10. Most inner London
boroughs are achieving good dry recycling
rates often exceeding the dry recycling
rates being achieved by the outer London
boroughs, and many outer London boroughs
have benefitted from organic waste collection

services to boost their overall recycling and
composting rates.
All 33 London boroughs offer at least a basic
household kerbside6 dry recycling collection
service, although there is large disparity
between the boroughs on which materials
are collected and the methods of collection.
London’s household recycling and organic
waste collection services are summarised
below. Figure 7 shows the main household
recycling and organic waste collection services
offered by each London borough. A full list of
household recycling and composting services
provided by London boroughs can be found
at www.capitalwastefacts.co.uk.
London’s household recycling and composting
services have the following characteristics:
• All boroughs provide kerbside collection
services for paper, mixed cans, and plastic
bottles. All except two boroughs collect glass
at the kerbside and all except one collect
cardboard. Thirteen boroughs collect mixed
plastics from kerbside services.
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Source: Defra waste statistics, 2009/10: www.defra.gov.uk/statistics/environment/waste/wrfg23-wrmsannual/

• Nineteen boroughs provide a kerbside comingled (mixed) recycling collection service.
Twelve boroughs provide a kerbside sort
service, and two boroughs provide a mix of the
two collection services.
• Seventeen boroughs collect dry recyclables
in a box or wheelie bin. Eight boroughs use a
sack, and eight boroughs use a combination of
boxes, sacks and wheelie bins. The colour of
recycling containers varies across boroughs.
• Twenty-six boroughs provide a weekly
recycling collection service. Five boroughs
provide a fortnightly recycling collection
service. Two boroughs provide daily recycling
collection services.
• All boroughs provide near entry (close to block
or estate entrances) or bring site recycling
banks for flats and estates, although there is
great variation between boroughs on what
materials are accepted.
• All except one borough provide a green garden
waste collection service. Eleven boroughs
provide separate weekly kerbside collections

for food waste, and nine boroughs collect
food and green garden waste together. Some
boroughs provide food and green garden
waste collections for flats and estates.
The variations in household recycling and
composting collection services across London
can cause confusion for residents, particularly
when moving to other boroughs. One of
the key complaints Londoners regularly cite
when asked about London’s environment is
the confusing nature of recycling services.
Furthermore, very few boroughs offer any kind
of financial incentives to increase participation
in household recycling or composting services.
In most cases, it is cheaper for local authorities
to recycle waste than it is to send the same
waste to landfill or incineration. This is partly
to do with income received from recycled
products, but mostly due to annual increases in
landfill tax of £8 per tonne until 2014, making
recycling and composting more commercially
attractive.
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Figure 7 Household recycling and composting services provided by London boroughs

Source: Recycling and organic waste collection service information taken from London borough websites and
www.capitalwastefacts.com as of April 2010.
Note: Some services may have changed or may only be trial services. Updated service information will be available on
www.capitalwastefacts.com

Recycling and composting performance
in flats and estates
Despite extensive efforts, few boroughs have
successfully tackled the problems of providing
recycling and composting services to flats and
other households that are not easily accessed
from the street. Many boroughs continue to trial
recycling and composting collection services in
flats and estates, but some schemes have been
withdrawn due to being too expensive, too
difficult, and having low levels of participation.
GLA survey work with London boroughs
in 2009/10 showed average recycling or
composting rates in flats and estates to be

around ten per cent or less. Common
barriers to achieving high recycling or
composting in flats and estates include
the lack of space for recycling storage and
the difficulty of transporting materials to a
collection point, often located externally to
flats or estates. Targeting flats presents a
huge opportunity for increasing London’s
recycling and composting performance,
given that nearly half of London’s
households are flats7.
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Recycling and composting
performance for non-household
municipal waste

and composting is made a priority for nonhousehold municipal waste.

In 2009/10, just 12 per cent of non-household
waste from London’s small businesses
was recycled or composted, against a
national average of 30 per cent8. Under the
Environmental Protection Act 1990, boroughs
are obliged to make arrangements for the
collection of non-household municipal waste
where a business requests it. A charge can
be made to cover costs associated with the
management of this waste.

In March 2011 Defra revised the definition of
municipal waste to include other commercial
waste. This change will put greater emphasis
on making improvements in this area that
will result in an increase of commercial waste
recycled and composted. The composition of
this commercial waste stream is similar to that
of household waste. The Mayor is keen to work
with Defra and the boroughs to understand
the implications of the change in definition to
municipal waste, and what this means for waste
authorities providing municipal waste collection
services.

Boroughs are not obliged to provide recycling
or composting services to businesses, although
about two-thirds of London’s boroughs do
provide such services, most commonly for
paper and/or glass9. The charges to businesses
for recycling collection services are typically
less than those for mixed (black bag) waste,
due to it being more expensive (depending on
collection costs) to send waste to landfill or
incineration than to send it for recycling10.
GLA survey work with some boroughs showed
that the start up (and running) costs of setting
up recycling collection services for businesses
could be a problem particularly where there
were not enough businesses participating
to offset collection costs. This is further
compounded by the private sector targeting
the more lucrative waste contracts from large
businesses, leaving smaller, less profitable
waste contracts to be picked up by boroughs.
Considering that this non-household waste
made up 21 per cent (or 787,000 tonnes) of
waste collected by London’s waste collection
authorities in 2009/10, the potential for
increasing recycling and composting rates
by tackling this sector is significant. As it is
such a substantial proportion of London’s
municipal waste, it is important that recycling

Generally, small and medium-sized businesses
that want to recycle see their local authority as
their first port of call for such a service11. With
well publicised and widely used business waste
recycling collection services, boroughs could
take significant steps to tackle climate change,
improve their recycling rates, and off-set some
of their collection costs. A survey completed
by the Federation for Small Businesses for
the 2010 local body elections12 found that
small businesses wanted their local boroughs
to provide a cheaper, more efficient, waste
collection service and help them to become
greener businesses. Both of these ends could
be achieved through a comprehensive business
waste recycling collection service.

London’s reuse and recycling centres
There are 41 reuse and recycling centres
(RRCs) in London, providing drop-off facilities
for a range of household waste materials for
reuse, recycling and disposal. They serve a
wide community, from the inner city to the
semi-rural fringes of London. These sites are
strategically important waste management
facilities, contributing approximately five per
cent of London’s household waste recycling

33
Figure 8 Location of reuse and recycling centres in London
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rate. The locations of London’s RRCs are
shown in Figure 8 above.
RRCs can play an important role in improving
London’s recycling and composting
performance. A report13 commissioned by the
GLA on best practice design of RRCs showed
that the average recycling and composting
rate of London’s RRCs improved from 19 per
cent in 2001/02 to 40 per cent in 2006/0714.
Some RRCs today achieve as high as 80 per
cent. The report concluded there was great
scope for further improvement and that 60
per cent recycling or composting levels were

achievable in the short term through good
design measures, with minimal costs. Given
the strategic importance of these sites, it is
important that the current network of RRCs
should be safeguarded. The Mayor’s London
Plan states that existing RRCs should be
protected and their use maximised.

London’s municipal waste used for
energy generation
London sends 21 per cent of its municipal
waste for incineration, including two large
incinerators in Enfield and Lewisham, managing
approximately 920,000 tonnes in 2009/10
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and generating energy in the form of heat
and electricity. In 2010, London’s incinerators
generated enough electricity to power
approximately 130,000 homes15, playing an
important role in local energy generation and
reducing London’s reliance on the UK energy
network.
However, neither of London’s incinerators
currently use the vast amounts of heat
generated, making this an inefficient way
to produce energy and releasing significant
amounts of CO2eq. Research16 undertaken for
the GLA demonstrated that incineration of
mixed waste operating in combined heat and
power mode (CHP) could be carbon neutral
in that it displaced the same level of CO2eq
emissions as it created. This would be achieved
by avoiding the CO2eq emissions that would
otherwise have been produced in generating the
same amount of heat and electricity using fossil
fuels, such as coal and gas. Heat makes up twothirds of energy generated from incineration, so
capturing it would greatly improve the overall

efficiency and carbon performance of London’s
existing incineration facilities.
The Mayor expects London’s incinerators to
continue playing an important role in managing
London’s non-recycled waste, and is keen to
work with incinerator operators to explore
opportunities for making these facilities more
efficient. Generating efficient, low carbon
energy from London’s non-recycled waste will
play an important roll in helping to achieve
the Mayor’s CO2 reduction targets as set out
in his Climate Change Mitigation and Energy
Strategy (CCMES). More information on the
Mayor’s plans for reducing the climate change
impact of London’s municipal waste and its role
in contributing to the Mayor’s CO2 reduction
targets for London can be found in Chapter 4
and Policy 2 of this strategy.
Table 1 shows that London is third to the West
Midlands and the Southeast in the proportion
of municipal waste sent for incineration. This
proportion will increase when London’s third
incinerator at Belvedere comes online in 2011.

Table 1 Waste management method by UK region 2009/10
Region

% landfill

% incineration

% recycling &
composting

% other

London

49%

21%

27%

3%

East

51%

3%

46%

1%

East Midlands

48%

7%

44%

1%

Northeast

44%

19%

35%

2%

Northwest

59%

2%

38%

0%

Southeast

38%

22%

41%

0%

Southwest

54%

2%

43%

1%

West Midlands

29%

33%

39%

0%

Yorkshire and Humber

50%

13%

36%

2%

Source: Defra Waste Statistics, 2010

Note: ‘Other’ includes small amounts of pre-treatment of waste.
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Figure 9 Distribution of municipal waste to landfill sites around London

Source: Greater London Authority 100032379 (2010). © Crown copyright. All rights reserved.

London’s municipal waste to landfill
Nearly half of London’s municipal waste
is sent to landfill each year, costing about
£265 million. It will become increasingly
expensive to dispose of London’s municipal
waste this way, as landfill tax is to rise from
£56 per tonne in 2011 to £80 per tonne by
2014. In addition to the increasing costs
and the environmental problems associated
with landfill, London’s landfill capacity is
rapidly declining. London relies heavily on
its surrounding regions for disposing of its
waste to landfill (see Figure 9). About 77 per
cent of London’s landfilled waste goes to
landfill sites outside London, mainly in the
south and east of England. These regions
are increasingly reluctant to accept London’s
waste and this landfill capacity is due to

expire by 202517. The remainder is sent to
London’s two municipal waste landfill sites
in Rainham (Havering) and Beddington Farm
(Sutton). However, these sites are expected
to close by 2018 and 2021 respectively18
with no new landfill capacity planned within
London.
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London’s municipal waste flows
Figure 10 shows that today approximately 70
per cent of London’s municipal waste goes to
landfill or incineration, often without any form
of pre-treatment to recover materials that could
be reused, recycled or composted.
Approximately 40 per cent of municipal waste
produced in London comes from flats and
estates where recycling is challenging. A further
21 per cent of municipal waste is collected from
small and medium-sized businesses, adding
to the complexity of the municipal waste
management picture.
About half of London’s municipal waste sent
for recycling is sorted beforehand at a MRF.
If current trends continue, London will need

to at least double the infrastructure it has for
sorting and processing recyclable municipal
waste by 2020, in order to achieve the Mayor’s
50 per cent recycling or composting target.
Figure 10 also shows 41 per cent of London’s
non-recycled municipal waste is sent directly
to landfill. There is a massive opportunity to
recover recyclable material from this waste and
generate low carbon energy from the waste that
remains. Managing non-recycled waste this way
will become increasingly important as the costs
of sending waste to landfill increase and landfill
capacity decreases over time. More information
on London’s municipal waste management
infrastructure requirements is provided in
Chapter 4. The Mayor’s plans for developing
the infrastructure to manage more of London’s
municipal waste are set out in Policies 3 and 5.

Figure 10 London’s municipal waste flows 2009/10
Municipal
waste arising
3.8 million
Waste from:
Household
sources
(74%)
Non –
household
sources,
e.g. small
businesses
(21%)
Recycling
and reuse
centres
(5%)

Sorting/
bulking

Collection
arranged by
borough
Recyclables
and residual
waste
collected via
kerbside and
near entry
sites at flats
and estates,
bring banks,
Recycling and
Reuse Centres,
small business
and street
cleansing
activities

Recyclables waste flows
Residual waste flows

Destination

4%
6%

Composting
2%

Transfer
station

3%

7%
12%

MRF (Materials
Reclamation
Facility) for
co-mingled
recycling

10%

MBT1
(mechanical
biological
treatment)

20%
41%
Key:

Treating

10%
1%
1%
1%
6% Incineration

Users of
recyclate (e.g.,
packaging
manufacturers,
paper mills)

Landfill
6%

Transfer station
Converting
<1% waste to
<1%
energy process,
e.g. anerobic
digestion,
gasification

National grid
or other
energy buyers

Source: Best available data from: Defra, 2009; Environment Agency, 2009; GLA, 2009
Notes: Numbers may not add up due to rounding. 1Approximately 25 per cent is lost as water during MBT processes
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Chapter THREE

The Mayor’s
ap proach
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London needs to reduce the amount of
municipal waste generated and move away from
its reliance on landfill and incineration. This
can be achieved by preventing waste at source
and then significantly increasing the amount
of waste reused, recycled and composted,
and generating renewable energy from the
remaining waste using a range of technologies.
It is particularly important that London stops
sending mixed untreated or unsorted waste to
landfill or incineration.
In preparing this strategy the GLA considered
ten different waste management scenarios,
which were independently modelled on their
economic and environmental performance1. The
ten scenarios were compared against an 11th ‘do
nothing new’ baseline scenario to see how each
scenario could help London to improve its waste
position and make an effective contribution
towards meeting the UK’s commitments under
the Landfill Directive 1999. The modelling
considered various options for managing
London’s municipal waste, including landfill,
recycling, composting, anaerobic digestion,
incineration and new thermal treatment energy
generation technologies. Judging the outcomes
of the model against a number of criteria and
sensitivities, a preferred approach (the Mayor’s
preferred approach) has been selected. The
criteria and sensitivities include:

Criteria
• Achieving the Mayor’s net self sufficiency
targets set out in The London Plan
• achieving a reduction in the amount of
municipal waste produced
• achieving an increase in the amount of
municipal waste reused
• achieving high recycling and composting
performance, reliant on:
a		providing recycling or composting services to
every London household

b		providing recycling and composting
collections to local businesses
c		increasing pre-treatment of residual waste to
further recover recyclable material
• reducing London’s reliance on landfill as
recycling or composting performance and
energy generation from non-recycled waste
increases
• achieving government targets set for the UK.

Sensitivities
• London waste authority contractual
requirements for using existing waste
management facilities
• the GLA’s knowledge of new waste
management infrastructure that London’s
waste authorities are planning for in the near
future
• the time necessary to plan, procure, build and
operate new waste management facilities
• the estimated cost and benefits of waste
management options, including new waste
management facilities
• the availability and environmental performance
of waste management options, including their
climate change impact
• the strategy applies the same growth rate
used to update London’s municipal waste
arisings set out in the Mayor’s strategic plan for
London, The London Plan.
The modelling estimated London’s 2008/09
annual municipal waste management bill to be
about £580 million. The modelling concluded
a ‘do nothing new’ approach would lead to an
increase in London’s annual municipal waste
management bill to about £680 million by 2031.
This figure includes all costs associated with
the collection, transport, treatment, and final
disposal of London’s municipal waste. It also
includes capital and operational costs associated
with new infrastructure to treat London’s
municipal waste. This figure does not include
project development and consenting costs as
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these vary greatly depending on the project and
location. This £100 million increase will largely
be a result of the increase in landfill tax pushing
up total disposal costs.
The costs and potential benefits represented
in the modelling are indicative only and are
based on national research undertaken by
WRAP (Waste Resources Action Programme),
consultants market knowledge and some limited
data provided by a handful of London waste
authorities. It is difficult to fully anticipate the
actual costs of managing London’s municipal
waste which is likely to be quite different from
the rest of the country. Some of London’s
special circumstances include:
• London’s fragmented waste governance
arrangements. London has 33 waste collection
authorities2 providing 33 different waste and
recycling collection services procured through
multiple and varied contracts;
• London’s diverse and transient population,
which presents various challenges, including
the potentially higher costs involved in
effectively communicating details about local
waste and recycling services;
• London’s diverse housing stock and, in
particular, the number of flats and multioccupancy properties where provision of
recycling services can be expensive.
Table 2 summarises the scenarios modelled and
their economic and environmental performance
(in potential CO2eq emission saving terms) from
2008 - 2031. The scenarios modelled against
the baseline ‘do nothing new’ scenario look at a
number of different approaches to recycling or
composting, as well as different pre-treatment
options for remaining waste (residual waste)
to recover more materials for recycling, and
to produce solid recovered fuel (SRF) for
energy generation. A mix of thermal treatment
technologies including incineration and

gasification were also modelled for generating
energy from residual waste and SRF.
When looking at residual waste, different pretreatment waste management processes were
considered that produce SRF with either low
or high proportions of biomass waste. Biomass
waste includes materials such as food and green
garden waste, and paper and card. Biomass
waste can be used to generate low carbon
energy and qualifies for renewable obligation
certificates (ROCs). More information on
ROCs and the carbon performance of waste
management approaches can be found in
Chapter 4.
The results from the modelling showed that by
changing the way we manage our municipal
waste London could save between £573 million
and £838 million and save between 20 million
and 33 million tonnes of CO2eq emissions
by 2031. These savings can be achieved
predominantly by:
a reducing the amount of household waste
produced per household each year by
approximately one per cent
b a gradual decline in municipal waste sent to
landfill
c achieving 45-67 per cent recycling and
composting rates (including reuse)
d increasing the amount of non-recycled and
organic waste used for energy generation.
The results from the modelling demonstrated
that there is relatively little difference between
the core scenarios that focus on high dry
waste recycling rates and those that focus
on collecting food waste. This supports an
outcome-based approach applied across the
whole waste management system, allowing
flexibility to achieve the greatest environmental
benefits at least cost. Due to variations in local
infrastructure needs and housing stock, it might
be appropriate for some waste authorities to
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Table 2 Economic and environmental performance of waste management scenarios modelled 2008-2031
Recycling approach

Residual approach

Scenario

Financial
costs or
benefits (£M)

Cumulative
CO2eq
savings (Mt)

1

0

0

Pre-treatment: low biomass SRF
to thermal treatment

2

£111

-20

Pre-treatment: high-biomass
SRF to thermal treatment

3

£217

-27

‘Do nothing new’

4

-£628

-25

Pre-treatment: low biomass SRF
to thermal treatment

5

-£599

-31

Pre-treatment: high-biomass
SRF to thermal treatment

6

-£578

-33

‘Do nothing new’

7

-£628

-25

Pre-treatment: low biomass SRF
to thermal treatment

8

-£599

-32

Pre-treatment: high-biomass
SRF to thermal treatment

9

-£573

-33

‘Do nothing new’ baseline

Do nothing new

Focus on dry recyclables

Focus on food waste

Focus on properties with
doorstep recycling collection
services

Pre-treatment: low biomass SRF
to thermal treatment

10

-£679

-33

Services achieving the greatest
greenhouse gas emission
savings

Pre-treatment: high-biomass
SRF to thermal treatment

11

-£838

-33

Notes:
1 The residual waste management approaches assume declining amounts of untreated residual waste going directly to
incineration over time. 2. The residual waste management approaches assume energy generation facilities are operating
in combined heat and power mode (CHP). 3. All scenarios assume 50 per cent of organic waste collected going to
composting and 50 per cent going to anaerobic digestion.

focus on food waste collection while others
focus on dry waste recyclables to achieve high
recycling and composting rates. Alternatively
waste authorities that find it difficult to provide
a full suite of cost effective recycling and
composting collection services may be better
suited to focus on solutions producing low
carbon SRF from waste for energy generation.
Figure 11 shows the overall annual net cost of
implementing four of the core waste scenarios
split by the various waste management activities.

These scenarios can be compared to the ‘do
nothing new’ scenario for managing London’s
municipal waste in 2008/09 with no new
waste services or infrastructure. The economic
and environmental performance of all waste
scenarios modelled can be found in Table 8.3 in
Appendix 4a of this strategy.
Figure 11 shows there is relatively little
difference between each of the scenarios, as the
greatest savings come in reducing the amount
of waste sent to landfill. The most cost-effective
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Figure 11 Total (annual) net costs of waste management in London in 2031

Cost of Waste Management in London (£ millions)

800
700

Baseline
Scenario

Focus Dry
(residual to
new thermal
treatment)

Focus Food
(residual to
new thermal
treatment)

DS Only
(residual to
new thermal
treatment)

Max GHG
(Residual to
new thermal
treatment)

Baseline Incineration & MBT
Landfill
New Thermal Treatment
Refuse Collection

600
500

Anaerobic Digestion
In-Vessel Composting
Open Air Windrow

400
300
200

Organics Collection
Other Recycling
Commercial Recycling
Bring Site Recycling
Reuse & Recycling Centres

100
0

Household Dry Recycling
Reuse

Notes:
‘Incineration and MBT’ refers to London’s current and planned incineration capacity (Belvedere) plus existing mechanical
biological treatment (MBT) capacity.
‘New thermal treatment’ for the purposes of the modelling undertaken refers to gasification technologies.
‘DS Only’ refers to a focus on properties only with door step recycling collection services. These are properties, typically
detached or semi-detached properties, with their own dedicated recycling collection container.
‘Max GHG’ refers to a focus on providing services achieving the greatest possible greenhouse gas (GHG) savings. This
assumes dry recycling and food waste collection services provided to every London household.

scenario in 2031 that achieves the best CO2
eq savings is the ‘Max GHG savings (residual
to thermal treatment)’ scenario, whereby the
quantity of residual waste decreases significantly
such that the costs of residual waste collection
and treatment also fall significantly. This
highlights the value of achieving high recycling
or composting rates (about 67 per cent). The
modelling, however, did show that achieving
such high recycling and composting rates
would generally require greater up-front service
investment costs than the other scenarios, with
the financial benefits realised over a longer
timeframe.
The modelling suggested that collecting source
segregated waste for recycling or treatment
(such as the separately collected food waste

for treatment by anaerobic digestion) could be
less expensive than residual waste treatment.
This needs to be taken into consideration when
developing new infrastructure in order to strike
a balance between recycling, pre-treatment,
and residual waste management infrastructure
requirements and, avoid over-capacity.

Aligning economic and environmental
considerations
Ultimately the Mayor wants to achieve
significant climate change mitigation and
energy saving benefits from the management of
London’s municipal waste management at least
cost. To achieve this, the Mayor has developed
a lifecycle CO2 equivalent (CO2eq) emissions
performance standard (EPS) for activities
associated with the collection, treatment, energy
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generation, and final disposal of London’s
municipal waste to work towards achieving.
This approach looks at the total CO2eq
emissions associated with waste products
over their lifecycle, from their production
through to their final disposal. While there are
other important environmental considerations
including air quality and biodiversity, CO2eq
emissions acts as a good proxy for determining
the overall environmental impact of waste
management activities.
In aligning the Mayor’s commitment to
reducing London’s CO2eq emissions and
significantly improving the capital’s recycling
and composting rate, the EPS has been
developed based on the modelled scenarios
that meet his recycling and composting
targets in 2015, 2020 and 2031 (Scenarios
5, 6 and 8-11). The five remaining scenarios
modelled ‘no change’ to London’s recycling
or residual waste management performances,
and were not considered given the expectation
that London’s municipal waste management
activities would change and improve over time.
Rather than specifying particular waste
management technologies or services, this
outcome-based approach focuses on waste
management activities that achieve the
greatest CO2eq savings. Generally, after waste
reduction and reuse, the greatest CO2eq
savings are achieved through high recycling
and composting rates, but significant CO2eq
savings can also be made by generating low
carbon energy from organic and non-recycled
waste. Generating low carbon energy from this
waste avoids emissions that otherwise would
have been generated using fossil fuels, and
plays an important part in London’s municipal
waste management achieving the EPS.
Generating low carbon energy this way will
also be crucial in helping to deliver the Mayor’s
decentralised energy goals and help achieve

his target of a 60 per cent reduction in London’s
CO2 emissions (on 1990 levels) by 2025, as set
out in his Climate Change Mitigation and Energy
Strategy.
The Mayor’s outcome-based approach
complements the government’s approach for
managing England’s waste, as set out in The
Government Review of Waste Policy in England
2011. In the Review, the government promotes
the use of lifecycle approaches for waste policy
and waste management decisions, and supports
the reporting of waste management in carbon
terms as an alternative to weight based targets
and measures that are currently used.
Following public consultation on this strategy,
further economic modelling3 was undertaken
to determine in more detail the financial and
technical implications of a wide range of waste
management scenarios incorporating different
recycling and composting rates and technologies
for London’s municipal waste management
achieving the EPS. A thousand different waste
scenarios were modelled on their economic
performance against the achievement of the
EPS. This modelling concluded 658 of the 1000
scenarios would meet the overall EPS up until
2031. Conclusions drawn from the modelling
included:
• The total cost of the scenarios meeting the
EPS ranged from £405 million to £645million
per year, with the largest proportion of the
scenarios costing between £550 million and
£625 million per year. This can be compared
to London’s 2008/09 municipal waste
management bill of £580 million, and the
projected £680 million annual municipal waste
management costs if no waste management
improvements are made.
• The EPS can be achieved using a range
of recycling and composting collection
services and performance rates (between
25 – 60 per cent), and a range of technical
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solutions to generate low carbon energy
from non-recycled waste. Scenarios with
higher recycling rates of high embodied
carbon materials such as metals, plastics
and textiles performed well against the EPS.
Where recycling targets high embodied
carbon materials, it leaves a higher organic
component in the residual waste stream,
which is beneficial for generating low carbon
energy.
• Scenarios incorporating waste management
technologies with high energy efficiency
performed well against the EPS, particularly
those generating both heat and power.
• Scenarios with SRF sent to cement kilns
consistently performed well against the
EPS. This is due to waste displacing fossil
fuels (primarily coal) to generate heat in the
cement manufacturing process. Generating
heat in cement kilns using coal is nearly
twice as polluting in carbon terms as using
SRF. Cement kilns are not expected to play a
significant role in the long term management
of London’s non-recycled waste however, as
greater efficiencies can be achieved with other
energy generation technologies. Cement
kilns are also typically located long distances
outside London, resulting in increased
transport costs and providing no benefit to
London’s heat supply.
• Generally scenarios with untreated waste
sent directly to thermal treatment facilities
generating electricity only do not perform
well against the EPS. This is because these
facilities are generally configured in a way
that produces electricity at relatively low
efficiency, and because the untreated waste
is generally more carbon intense than SRF
due to its higher proportions of recyclable
material, particularly mixed plastics.
The lifecycle methodological approach used to
establish London’s baseline performance and to
develop the EPS has been independently peer

reviewed4. The peer review concluded that the
methodology is fit for purpose for developing
the EPS, and recommended a number of
improvements that have been incorporated into
developing the EPS for this strategy. These
improvements present no significant change to
the overall approach for meeting the EPS, and
include:
• accounting for transport emissions from
municipal waste management activities
• greater clarity how the EPS will be
implemented and London’s performance
against it monitored
• using the latest information and guidance
produced by the Department of Energy and
Climate Change (DECC) for accounting for CO2
emissions from energy generation in the UK
• reviewing the EPS on a regular basis to
recognise any changes in lifecycle modelling
methodology and revisions to reporting CO2eq
emissions from waste management activities.
The full economic modelling reports used
to inform the Mayor’s preferred approach
can be found in Appendices 4a and 4b.
Further detail on the operation of the EPS
and the environmental performance of waste
management activities is set out in Chapter
4, Policy 2 and Appendix 4c. The report on
the independent review of the methodology
used to develop the EPS can be found in
Appendix 4d.

Developing a strategy for London’s
municipal waste management
The Mayor’s targets set out in the Executive
Summary to this strategy have been set
based on a combination of the economically
appraised waste management scenarios and
the environmental performance of waste
management options, including their impact
on climate change. From here the Mayor’s
preferred approach is determined for managing
London’s municipal waste to 2031.
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Figure 12 The Mayor’s preferred approach for managing London’s municipal waste by 2031
6000

6000

5000

5000

Municipal waste arisings

Tonnes (000s)

4000

4000

3000

3000

2000

2000

1000

1000

0
2008
Reduction
Reuse
New thermal treatment

2015

2020
Years

2025

Recycling,Composting or Anaerobic Digestion
Pre-treatment
Existing thermal treatment
Land reclamation and building material

0
2031

Landfill

Notes:
‘Recycling, composting or anaerobic digestion‘ includes anaerobic digestion capacity for separately collected organic waste
and recyclable material extracted from pre-treatment processes.
‘Pre-treatment’ refers to processes such as mechanical biological treatment and autoclave that recover materials for
recycling and prepare a solid recovered fuel (SRF) from remaining waste for energy generation.
‘Existing thermal treatment’ refers to London’s existing incineration capacity including the Belvedere incinerator expected
to be operational in 2011.
‘New thermal treatment’ refers to advanced conversion technologies gasification and pyrolysis. It could also include
incineration of high-biomass waste generating heat and power.
As some waste is expected to go through several processes (for example, pre-treatment), the overall capacity required is
greater than total waste arisings.
Modelling used to inform the Mayor’s preferred approach is indicative only and focuses on a number of sensitivities
and assumptions including waste arising projections, waste flows, collection methods, and improvements in recycling or
composting performance. In implementing this strategy the GLA will continue to update the modelling annually to reflect
changes in London’s municipal waste position.
See Appendix 5 for key assumptions of waste flows and waste sources.
Source: GLA, 2011.
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London’s municipal waste is expected to
increase from approximately four million tonnes
in 2008/09 to about five million tonnes in 2031
without any intervention. Figure 12 illustrates
the Mayor’s preferred approach for managing
London’s municipal waste to 2031. Chapter 4
of this strategy sets out the amount of current
and planned municipal waste management
infrastructure in London, and sets out the
estimated additional waste management
infrastructure capacity required to implement
the Mayor’s preferred approach.
Policies 1 to 5 in this strategy set out how
London can achieve the Mayor’s preferred
approach, with a strong focus on waste
reduction and developing the new waste
management infrastructure that London
needs to improve its recycling and composting
performance and become more self-sufficient
in its municipal waste management. In
achieving the Mayor’s preferred approach it is
assumed that:
• There will be no increase in household waste
generated between 2009 and 2031. The Mayor
hopes his waste reduction policy and proposals
will off-set any growth in household waste,
despite an expected 22 per cent increase
in the number of households in London.
Implementing the Mayor’s waste reduction
policy and proposals will result in approximately
850,000 tonnes less waste produced than
that would otherwise require management by
2031. A particular focus will be on reducing
the amount of waste produced per household
(Policy 1).
• The amount of waste reused each year will
increase from approximately 6,000 tonnes in
2008/09 to about 30,000 tonnes a year by
2031 (Policy 1).
• Diverting municipal waste from landfill by
increasing reuse, recycling and composting,
and generating energy from non-recycled
municipal waste more efficiently will achieve

•

•

•

•

significant CO2 savings, resulting in a carbon
positive outcome (Policy 2) and will better
capture the economic benefits of London’s
municipal waste management for London
(Policy 3).
There will be a step change in London’s
municipal waste recycling or composting
performance to achieve 45 per cent
performance by 2015, 50 per cent by 2020
and 60 per cent by 2031 (Policy 4), coupled
with an increase in pre-treatment waste
management infrastructure discussed below.
The waste management infrastructure to
sort and process London’s recyclable and
organic waste will need to more than double in
capacity from approximately 850,000 tonnes
per year in 2011 to 1.8 million tonnes per
year by 2020 to achieve 50 per cent recycling
or composting performance. Most of this
capacity will be necessary by 2015.
There will need to be a significant increase
in new waste management pre-treatment
capacity to recover as many materials as
possible for recycling from mixed waste, with
the remaining waste turned into fuel for low
carbon energy generation. This capacity will
need to increase from approximately 250,000
tonnes per year in 2011 to about one million
tonnes per year by 2031.
The overall capacity available for thermal
treatment energy generation capacity will
increase from approximately 1.4 million
tonnes per year in 2011 to about 1.9 million
tonnes in 2025, with a particular focus on
combined heat and power (Policy 5). The
Mayor’s preferred approach assumes new
thermal treatment capacity to generate low
carbon energy that will help to meet his
EPS, and is keen to encourage advanced
conversion technologies including gasification
and pyrolysis that can achieve high energy
efficiency.
Demand for thermal treatment capacity is
expected to decline from 2025 as recycling
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and composting performance increases,
reducing the quantity of mixed waste requiring
treatment (Policy 5).
• With the exception of the Belvedere
incinerator, it is assumed there will be no more
incinerators in London, and that the Edmonton
incinerator will close by 2021, having reached
the end of its life. The Mayor expects London’s
incinerators to be making use of the waste
heat generated by 2031 and moving towards
the incineration of treated, non-recycled waste
only (Policy 5).
The Mayor’s policies and proposals will put
London on the path to achieving zero municipal
waste to landfill by 2025, particularly with
respect to untreated waste to landfill. Some
of this waste, such as incinerator bottom ash
and other wastes from treatment processes are
already used as building materials and for land
reclamation and these amounts are expected to
increase slightly by 2031. Today landfill is the
only suitable disposal method for some wastes
such as asbestos and contaminated mixed
waste. The Mayor expects that the amount of
municipal waste that is currently only suitable
for landfill (about 10 per cent) will decline as
waste treatment and generation technologies
improve.
Implementing the Mayor’s municipal waste
management strategy will ensure London is well
placed to meet the challenges for managing the
capital’s municipal waste in ways that reduce
its environmental impacts and better capture
the economic benefits this resource presents.
London will be a world leader in driving forward
innovative waste management solutions, and is
well positioned to respond in a positive way to
policy announcements made by the government
in its 2011 national waste management review.
In particular it will be able to respond in a
positive way to the shift towards using carbon
accounting techniques alongside weight

based targets, to a potential landfill ban on
certain waste materials, to potential increased
recycling targets for packaging materials, and
to drive towards generating low carbon energy
from non-recycled waste as a way to make an
important contribution to national CO2 reduction
targets.
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Chapter FOUR

The rationale
for the
Mayor’s
approach

T h e M ay o r ’ s m u n i c i pal wa s t e m a n a gem ent strategy

Reducing the environmental impact of
London’s municipal waste
There are a number of reasons why we need to
manage our municipal waste more effectively
and efficiently. The rising cost of landfill,
growing concerns around energy security
and climate change, the emergence of new
commercially available waste management
technologies, and changing consumer behaviour
have all made a ‘business as usual’ approach no
longer viable.
Climate change is a key driver for London’s
municipal waste management policy. Sending
waste to landfill generates greenhouse gas
emissions – particularly biodegradable waste,
such as food, garden waste, paper and card,
which releases methane (a powerful greenhouse
gas) as it decomposes. London’s sends about
1.8 million tonnes of municipal waste to landfill
each year releasing approximately 460,000
tonnes of greenhouse gas emissions, expressed
as a CO2eq emission figure.
There is a massive opportunity for London to
achieve significant CO2eq savings by diverting
more municipal waste away from landfill. This
will also reduce energy bills, create economic
value and increase energy security. Most of
the waste we throw away could be reused,
recycled or composted, or used to generate
renewable energy, which would achieve
significant CO2eq savings. By first reducing the
amount of municipal waste produced and then
selecting the optimal means for dealing with
the municipal waste sent to landfill, London
could save approximately one million tonnes of
CO2eq emissions each year, resulting in a 1.5
million tonne net positive carbon outcome. This
is because reusing, recycling or composting, or
generating energy from waste not only saves
emissions from landfill (direct emissions), it
also avoids indirect emissions that would have
otherwise occurred in manufacturing from virgin

materials or generating energy using fossil fuels
(such as coal or gas). The net effect would be
a substantial positive carbon outcome from
London’s municipal waste management.
Considering direct and indirect emissions
is a common approach for determining the
overall lifecycle CO2eq performance of waste
management. A lifecycle approach allows us
to better understand how waste can positively
contribute to climate change mitigation by
focusing on the management methods that
achieve the greatest CO2eq savings as a whole.
Tables 3a and 3b show the potential
lifecycle CO2eq performance of different
waste management methods for various
waste materials. Negative figures in red text
represent CO2eq emissions avoided that would
otherwise have occurred in manufacturing from
virgin materials, sending waste to landfill, or
generating energy using current UK energy
grid mix. The UK grid mix is dominated (80 per
cent) by energy produced from fossil fuels, such
as coal and gas, and therefore has a greater
‘carbon intensity’ than, for example, methods of
generating energy from food waste and wood,
which are deemed to be ‘carbon neutral’.
The figures in Tables 3a and 3b can help
identify the optimal treatment methods
for each material. For example, the optimal
treatment method for food waste, after waste
reduction, is anaerobic digestion. Each year
London sends approximately 460,000 tonnes of
municipal food waste to landfill1. By applying
the lifecycle emission factor for landfill given in
Table 3a, it can be seen that this waste releases
approximately 137,000 tonnes of CO2eq each
year. Using food waste to generate renewable
energy instead, through anaerobic digestion,
would save about 175,000 tonnes of CO2eq
a year. This figure represents the combined
emissions saved from both landfill diversion
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Table 3a Lifecycle CO2eq performance (expressed in kg CO2eq per tonne of waste)
Waste
Material

Waste
prevention

Recycling
(closed loop1)

Paper and card

-950

-299

Kitchen/food waste

-2428

-83

-472

297

Garden/plant waste

-89

-83

-423

297

Wood

-256

-1

11394

Textiles

-19294

-4372

213

Plastic (dense)

-3100

-1182

11

Plastic (film)

-2500

-1000

5

Metals (ferrous)

-3100

-1623

3

Metals (non-ferrous)

-11000

-10721

4

Glass

-840

-169

3

Mixed waste5

Anaerobic digestion
(generating electricity only)

Composting

Landfill
407

260

Source: WRATE 2 emission factors, Environment Agency, August 2011.
1 Closed loop recycling refers to recycling materials back into their original form and use; for example,
recycling glass back into glass instead of recycling it into aggregate.
2 In-vessel composting (IVC)
3 Open windrow composting (OWC)
4 Discussions with the Environment Agency have clarified that the emission factor assigned to wood when sent to landfill
represents an error within WRATE 2. It has been presented here as it is what remains in the current version of WRATE 2.
5 Based on a residual mixed waste composition that would be expected with a 25 per cent recycling and composting rate.

(137,000 tonnes) and from energy that would
otherwise have been generated (38,000 tonnes)
using the current UK energy grid mix.
Table 3b provides ‘material-specific’ emission
factors associated with sending one tonne
of material for energy generation using
the thermal treatment waste management
technologies gasification and incineration,
as modelled for this strategy. In reality it is
very unlikely, aside from in the case of wood,
that such facilities will ever process individual
material streams in this way. It is far more likely
that they will be combined as part of a mixed
waste stream. However it is useful to refer to
the figures in Table 3b to understand how the
different materials within a mixed waste stream
would perform in CO2eq terms.

Table 3b shows that food waste and other
biodegradable waste materials including paper/
card, food waste, green garden waste and wood
used in thermal treatment waste management
facilities perform well in CO2eq saving terms.
Conversely thermal treatment of plastics and
textiles produce significant CO2eq emissions.
This is due to these materials having high
embodied carbon which is released during the
energy conversion process.
Table 3b also highlights the potential additional
CO2eq savings that can be achieved when
thermal treatment facilities operate in combined
heat and power (CHP) mode. The benefits
of CHP, and of different thermal treatment
technologies are discussed later in this chapter,
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Table 3b Lifecycle CO2eq performance (expressed in kg CO2eq per tonne of waste)
Material

Incineration

Gasification
(Gas Engine)1

Gasification
(Steam Turbine)1

Landfill

Electricity
only

CHP

Electricity
only

CHP

Electricity
only

CHP

-164

-364

-36

-515

-257

-288

407

Food waste

-2

-65

-88

-137

-56

-65

297

Garden waste

-19

-95

-116

-175

-76

-88

297

Wood2

-29

-596

-572

-809

-414

-462

1,139

Textiles

486

226

245

44

379

338

213

Plastic (dense)

1,521

1,069

1,125

776

1,358

1,288

11

Plastic (film)

1,346

959

1,006

707

1,206

1,145

5

57

-93

-3

-113

8

-57

26

Paper and card

Residual Waste3

Notes:
1 It should be noted the figures presented are for ‘standalone’ gasification, that is not including any upfront MBT (pretreatment) of waste.
2 Discussions with the Environment Agency have clarified that the emission factor assigned to wood when sent to landfill
represents an error within WRATE. It has been presented here, however, as it is what remains in the current version of
WRATE
3 Based on the residual waste composition that would be expected with a 25 per cent recycling and composting rate

under the section Treatment of unsorted waste
through energy generation.

applied in sequence from the top down where it
results in the greatest environmental benefits.

Tables 3a and 3b can give an indication of the
emissions generated or avoided by each waste
management method. The true performance
will depend on many factors, including the
quality of the waste materials, the composition
of waste going for treatment, and the
configuration and performance of waste
management facilities. All of these need to be
taken into consideration.

Generally, applying the waste hierarchy will
achieve the greatest CO2eq savings. However,
there are certain circumstances where the
waste hierarchy conflicts with achieving the
greatest climate change mitigation benefits. For
example, depending on the condition of wood,
it may be better to generate energy using
wood waste rather than to recycle it. In these
cases, waste authorities should aim to take the
approach that will deliver the greater climate
change mitigation benefits.

Implementing the waste hierarchy
The Mayor’s vision for the management
of London’s municipal waste is guided by
the waste hierarchy developed by the EU
Waste Framework. UK waste authorities are
required to implement the waste hierarchy
when undertaking their waste management
functions. The waste hierarchy should be

Reduction or prevention
Waste reduction, or prevention is by far the
most cost-effective and environmentally
beneficial way to reduce the impact that waste
has on the environment. There are two main
aspects to this:
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The Waste Hierarchy

Stages
Prevention or reduction
Reuse and preparing
for re-use

Includes
Using less material in design and manufacture
Preventing waste from entering the waste stream
(for example composting food scraps at home)
Cleaning, repairing or refurbishing

Recycling

Turning waste materials into new products. Includes
composting providing it meets quality standards

Other
recovery

Includes anaerobic digestion, incineration, gasification
and pyrolysis processes that produce fuels, heat and power

Disposal

Landfill and incineration without energy recovery

Source: Government Review of Waste Policy in England, June 2011.

• improving London’s resource efficiency –
reducing or preventing waste minimises the
demand for new resources and energy, reducing
the size, costs and environmental impact of
waste treatment and disposal facilities
• reducing the contribution of waste to London’s
CO2eq emissions – notably methane from
landfill sites but also CO2 (a benefit of more
reuse and recycling).
By reducing the amount of municipal waste
produced each year by only one per cent,
London could save around £5.8 million in waste
management costs and 73,000 tonnes of CO2eq
emissions.

in ensuring high quality materials are produced
from discarded materials. Reuse and preparing
for reuse also deliver substantial value in the
form of local employment and training, as well
as in the local distribution of items to people in
need of support, helping to alleviate poverty.
Voluntary and community groups (third sector
groups) have in the past been the pioneers
of reuse. The reuse sector in London employs
about 450 staff and 1,500 volunteers and
trainee placements. In 2008, 16,000 households
living in poor conditions were helped by the
provision of reusable furniture and appliances,
after referrals by social workers and housing
officers.

Preparing for reuse and reuse
Preparing for reuse and reuse should then be
considered, because it reduces demand for both
new and reprocessed materials, avoiding their
associated production costs and environmental
impacts. Preparing for reuse – checking, cleaning
or repairing products or parts of products so that
they can be re-used – plays an important role

The Third Sector Reuse Capacity Report 2007
(Reuse Capacity Report)2 undertaken by the
London Community Resource Network (LCRN)
for the GLA estimates London’s households
throw away 1.7 million reusable household items
every year (mainly bulky waste such as furniture,
appliances and small household effects). More
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recent research3 undertaken by LCRN of the
reuse tonnage available in London shows at
least two-thirds of London’s annual bulky waste
stream (65,000 tonnes) is reusable. However
LCRN estimates that only about ten per cent (or
6,000 tonnes) of this perfectly good material is
collected. The greatest reuse opportunities exist
for capturing a greater proportion of household
bulky waste and old office equipment.
The reuse sector is keen to do more but faces a
number of barriers. The Reuse Capacity Report
identified the following key barriers faced by the
third sector to providing effective reuse services:
• insufficient funding, often under short-term
arrangements (typically year to year) making it
difficult to secure long-term contracts
• insufficient skills and capacity – many are
volunteer-based services, focusing more on
delivering social services and not contract and
business development
• insufficient storage space despite a full stock of
donated materials
• low visibility of reuse and the lack of publicity
about reuse options, which are limiting demand
• significant market weaknesses, identified in
both the supply and demand side of reuse, with
less than ten per cent of items that could be
reused in London captured, and less than five
per cent of households in need of affordable
furniture, appliances and other vital equipment
accessing reuse services.
Without a centrally co-ordinated operational
reuse network in London, most reuse
organisations are unable to tackle these
problems.

Recycling (includes composting)
Following reduction and reuse, preference
should then be given to recycling or composting
at source. As shown in Table 3a, recycling
common household items, particularly plastics,
metals, paper/card and textiles, achieves

significant greenhouse gas savings. This is also
true, to a lesser extent, of glass and wood.
Particular opportunities exist for treating
London’s municipal food waste using anaerobic
digestion. Anaerobic digestion breaks down
organic material (food and green garden
waste) in the absence of oxygen, producing
a compost material4 that can be used as a
fertiliser substitute in gardens, parks and farms.
Anaerobic digestion also produces biogas
that can be burnt in a gas engine or linked
to hydrogen fuel cells to generate renewable
energy (see the Energy generation section
below).
To achieve higher recycling and composting
performance, the Mayor believes recycling and
composting needs to be easy for Londoners to
do, whether they are at home, in the workplace
or on the street.
Boroughs need to be able to offer a core set
of waste collection, recycling and composting
services, irrespective of where Londoners live
or work, and the type of property they occupy.
The Mayor supports waste authorities setting
high recycling and composting targets to ensure
London makes an effective contribution to
achieving the 50 per cent national household
waste recycling and composting target by 2020
as required by the Waste Framework Directive.
The Mayor wants London to go further than the
national target and has set an aspirational 60 per
cent municipal waste recycling and composting
target by 2031. Although this poses a big
challenge, the proposed targets match those
set by the South London Waste Partnership
and West London Waste Authority for their
constituent boroughs. Together, they represent
a third of London’s municipal waste authorities.
Once reduction, reuse and recycling and
composting activities at source have been
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exhausted, the waste remaining (residual waste)
should be treated to recover as much additional
recyclable material as possible, particularly
seeking to recover those materials with high
embodied carbon such as plastics, cans and
textiles. This can be done using pre-treatment
technologies such as autoclave, a steam
sterilisation process that enables the different
materials to be sorted more easily, and mechanical
biological treatment (MBT), where a combination
of mechanical and biological treatments separate
certain elements of the waste.
Such technologies are important if the best
climate change mitigation benefits are to be
achieved for London. Research5 undertaken
for the GLA found that untreated mixed waste
being used for energy generation had the
greatest climate change impact after landfill as
a waste treatment method. Recycling offered a
much better environmental outcome in terms of
CO2eq savings. It also showed the importance
of using pre-treatment technologies to produce
SRF for energy generation from the remaining
non-recycled waste. Generating energy from
SRF with a high biomass content achieves the
greatest CO2eq savings, as well as opportunities
for securing renewable obligation certificates
(ROCs).

Renewable Obligation (RO)
The RO is the main government programme
for delivering renewable electricity. Energy
companies are required by law to generate
a proportion of their electricity supply from
renewable sources. Renewable obligation
certificates (ROCs) are issued to show
compliance. Energy generators can sell their
ROCs to energy suppliers (such as EDF or
Scottish Power) to receive a premium on top
of income from electricity generated. As of
April 2010 the RO only applies to generating
installations of 5MW generating capacity or
higher.

Energy generation
The waste hierarchy dictates that once
reduction, reuse and recycling options have
been exhausted, non-recycled waste left over
should then be used to generate energy.
However generating energy from waste needs
to be considered from a resource management
perspective, not from a waste disposal
perspective. Preference should be given to
using facilities and technologies that generate
energy (including transport fuel) in a way that is
equal to or less carbon polluting than the same
amount of energy that would otherwise have
been generated, for example energy generated
using fossil fuels coal, gas and diesel.
This should be done using a process that is
eligible for ROCs. Particular opportunities exist
for waste facilities where both heat and power
generated are used. Heat makes up two-thirds
of energy generated in thermal treatment
technologies, so capturing waste heat greatly
improves the overall efficiency of these facilities
and avoids emissions that would otherwise have
occurred from generating heat using fossil fuels.
Table 3b shows significant CO2eq savings can be
achieved using energy generation technologies
operating in combined heat and power (CHP)
mode.
Preference should also be given to those
technologies with the greatest electrical
efficiencies and fuel flexibility. Significant
opportunities exist for using advanced
conversion technologies including anaerobic
digestion, gasification and pyrolysis. These
technologies are increasingly gaining
acceptability in the market and are becoming
commercially available at large scale. Greater
take-up of these kinds of new technologies
is essential as they can achieve higher
efficiencies, and can achieve lower CO2eq
emissions than incineration as indicated by the
figures in Table 3b.
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The gas fuels produced by advanced conversion
technologies can be burnt to produce steam,
used as a fuel for gas engines or used in
hydrogen fuel cells to generate renewable
energy. There is also a developing opportunity
to inject clean waste-derived gas into the gas
grid network which, given London’s extensive
gas network, is a real opportunity. Incineration
can only produce electricity through the
production of steam at electrical efficiencies of
around 25-28 per cent. Gas engines can produce
electrical efficiencies in the region of 30 per cent
or above, while fuel cells can be in excess of 50
per cent efficient.

contaminated silt and glass) where landfill is
currently the only suitable treatment option.
Material currently only suitable for landfill makes
up about ten per cent of municipal waste. It is
expected this fraction will decrease over time
as technologies improve to be able to recover
more value from this waste. However the focus
now needs to shift from landfilling unsorted,
untreated waste containing recyclables and
organic waste to the disposal of reject and inert
residues from recycling, energy generation and
other treatment processes.

It is costing London too much

Disposal of waste to landfill

The second biggest driver for change is the
increasing cost of managing our waste, mainly
due to the rise in landfill tax. The total cost
to London of managing its municipal waste,
including the collection, transport, treatment,
and final disposal activities, was approximately
£580 million in 2008/097. This figure represents
about 20 per cent of London’s total council tax
bill of £2.98bn. The average annual household
council tax bill in London is £1,212 and
therefore waste management represents £242
for the average council tax payer.

This is the last and least desirable waste
management option and one that is becoming
increasingly unacceptable. Biodegradable waste
sent to landfill produces methane, a greenhouse
gas 21 times more potent than CO2. Nonbiodegradable waste sent to landfill is removed
from the resource chain and becomes a wasted
commodity.

Waste authorities must pay fees to have waste
collected (collection costs) and then pay for
waste that is not reused, recycled or composted
to be accepted at landfill sites or incinerators
(landfill and incineration gate fees). A tax is then
applied to waste disposed to landfill. These costs
are shown in Figure 13.

In addition to making carbon savings, optimising
the treatment of waste can also contribute
significantly to a reduction in London’s energy
bill. Based on the wholesale cost of electricity
and gas, London’s municipal waste after
maximising recycling could contribute £92
million of savings to London’s £4.4 billion
electricity bill and take £24 million off London’s
£2.5 billion gas bill6.

In the short to medium term, the Mayor expects
landfill will continue to play a part in the
management of certain types of waste, such as
asbestos, where landfill is currently the most
appropriate means of disposal.
Energy generation, and pre-treatment processes
such as MBT and autoclave, also produce reject
or inert residues (for example, rubble, and

The main effect the landfill tax has had from
2004-2011 is to make the cost of recycling
(including collection costs) cheaper than landfill
– approximately £109 per tonne for recycling
compared to £142 per tonne for landfill. The
2011 landfill tax rate is £56 per tonne. This will
increase by £8 each year until at least 2014,
when it will be £80 per tonne. This will raise
London’s annual bill for sending municipal waste
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Figure 13 Collection costs and landfill and incineration gate fees
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Source: Economic Modelling for the Mayor’s Municipal Waste Management Strategy, 2010; London Borough Survey, GLA,
2009. Typical collection costs based on interviews with waste authorities. Individual waste authority costs will vary. WRAP
Gatefees report 2010.

to landfill from about £265 million in 2008/09
to roughly £300 million. Landfill tax has also
made the cost of energy generation from waste
more comparable to landfill and in some cases
more commercially attractive, depending on
contractual arrangements.
Defra has also revised the definition of
municipal waste to include a lot more
commercial waste to make sure the UK is
meeting its landfill diversion targets under
the European Landfill Directive. Implementing
these new measures will put considerably more
pressure on local authorities, communities and
businesses to manage their municipal waste
better to reduce costs. More information on
the revised definition of municipal waste can be
found at www.defra.gov.uk.
As with landfill and incineration, most waste
authorities also incur collection costs and gate
fees with the processing of recyclable materials.
These costs will be lower for the small number

of waste authorities that have a share in waste
treatment facilities or have revenue-share
entitlements worked into their contracts.
Table 4 sets out indicative prices for the most
common recovered materials, indicating the
significant revenue potential. It is difficult to
express exact figures as prices are subject to
market fluctuations. Figure 14 shows average
annual prices for recycling materials has been
on the increase from 2002 to 2010, particularly
for textiles and to a lesser degree mixed plastic
bottles. The market for recycled mixed paper
and glass has been relatively static during the
same period, with a slight increase in mixed
paper prices between 2009 and 2010. Typical
recycling collection and gate fee costs and
potential revenue are shown in Figure 15.
Recycling collection costs have traditionally
been higher than residual waste collection
costs because:
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Table 4 Average prices paid for common recyclable materials
Material

Price per tonne

Mixed paper

£55

Mixed card

£50

Mixed glass

£20

Plastic bottles

£110

Mixed cans

£142

Textiles

£200

Source: Economic Modelling for the Mayor’s Municipal Waste Management Strategy, Appendices Table 22, GLA, August 2010.
Figure 14 Annual average prices for recyclable materials 2002-2010
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• volumes of recyclable materials per household
have been lower than volumes of residual
waste, so collection vehicles have to travel
further to reach capacity
• collecting recyclable materials can require
separate vehicles or multiple compartments
within one vehicle to collect different
materials
• compaction vehicles collecting recyclables
compact less than those collecting residual
waste and therefore carry less material by
weight.
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Figure 15 Typical costs to recycle waste
a. Co-mingled collection
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2 The average price for materials (paper, glass, plastics, cans), see Appendix 4a Economic Modeling for the Mayor’s
Municipal Waste Management Strategy, GLA, 2010.

Waste contractual arrangements
To date the main focus of London’s waste
authorities has been to manage municipal waste
as efficiently as possible and at minimal cost
to the taxpayer. Traditionally this has been
by adopting low-cost collection methods and
outsourcing the treatment and disposal (usually
sending it to landfill). One consequence of this
approach is that sometimes waste authorities
have not actively pursued the opportunity to
generate income from their waste management
activities.
This approach will not be the most costeffective approach for much longer. The cost
of waste management in London has increased

in recent years and will continue to rise for the
foreseeable future, as changes in European and
central government legislation are pushing up
the cost of landfill. The decline of landfill space
is exacerbating the problem.
Many waste authorities have not yet capitalised
on the growing market for recycled materials,
or on the demand for the energy that can be
produced from waste because of this approach.
Part of the problem lies in the fact that waste
authorities have tended to enter in to longterm inflexible contracts, where the emphasis
has been on a stable pricing structure. These
contracts have rarely been linked to the revenue
generated by private contractors from selling
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on materials and generating energy from waste,
partly due to legislation and partly due to a
preference to outsource risk.

- government incentives to encourage the
generation of power from renewable sources.

Feed in tariff (FIT)
The Mayor believes that London is missing a
huge proportion of the economic opportunity
that municipal waste presents to the city. The
data in Figures 13, 14 and 15 suggests there are
significant savings to be made - in the region of
£90 million8 per year – by managing municipal
waste in the optimal way.

Waste authorities sharing the benefits
In most cases waste authorities do not own or
have any share in waste sorting or reprocessing
infrastructure, nor do they receive any revenue
from recycled materials. There is an economic
opportunity for waste authorities in getting hold
of some or all of the potential revenue from
recyclable material. Figure 15 (b) highlights
potential revenue from recyclable waste of £54
per tonne for material collected separately at
the kerbside, excluding any sorting or bulking
costs (the costs of gathering material together).
The precise level of revenue available to a waste
authority will depend on whether they own and
operate the sorting and bulking facilities or
procure the services from a third party.

Organic waste collections
Based on initial analysis with some waste
authorities, the cost of separately collecting and
treating organic waste (food and green garden
waste) stands at about £149 per tonne in 2010,
which is broadly similar to collecting residual
waste and sending it to landfill. Separate
collections of organic waste, particularly food
waste, which is particularly well suited to
renewable energy generation using anaerobic
digestion, will become more commercially
attractive as landfill taxes increase. At the same
time, energy generation will bring additional
income through ROCs, the heat feed-in-tariff
(FIT), and the Renewable Heat Incentive (RHI)

The FIT is a financial support scheme to
encourage the growth of renewable electricity
capacity. The government requires that
energy companies purchase electricity from
renewable generators for a guaranteed
price, which is significantly above the normal
market rate. This gives micro-generation up
to 50kW and renewable energy installations
up to 5MW a guaranteed tariff for the
electricity they generate and also for their
electricity sales. The UK FIT came into force
in April 2010.

Renewable Heat Incentive (RHI)
Both the RO and FIT only cover renewable
electricity generation. From 2011 the RHI
will support growth in renewable heat.
It is expected that the incentive would
apply to the generation of renewable heat
at all scales, whether it is in households,
communities or at an industrial scale.

The need to manage more of our
municipal waste locally to be selfsufficient
Increasingly there is a need to manage waste
closer to its source and reduce reliance on
landfill. The counties surrounding London no
longer want to landfill London’s waste in their
countryside and therefore the Mayor has set a
net self-sufficiency target for the management
of London’s municipal and commercial waste
of 100 per cent by 2031. In order to meet
this, it is possible for London to offset waste
exported outside the city by bringing waste in
for processing.
This strategy does not deal specifically with
regional self-sufficiency or how it is to be
achieved as it is a planning issue dealt with in
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the London Plan. This can be found at
www.london.gov.uk. The key waste policies in
the London Plan include:
• working towards zero biodegradable and
recyclable waste to landfill by 2031
• Setting recycling/composting targets of:
- 50 per cent for municipal waste by 2020,
increasing to 60 per cent by 2031
- 70 per cent commercial waste by 2020
- 95 per cent reuse and recycling for
construction, demolition, and excavation
waste by 2020
• Promoting waste management activities
achieving the greatest possible climate change
mitigation and energy saving benefits
• Managing as much of London’s waste within
London as practicable, working towards
managing 100 per cent of London’s waste
within London by 2031 and
• Borough level projections of London’s waste
arisings.
Today, about 40 per cent of London’s
municipal waste is bulked up for treatment or
landfill outside London and, along with it goes
the economic value of recovered materials for
recycling or energy generation. London needs
to invest in new waste facilities to manage
more of its waste and reduce its reliance on
outer regions, as well as retaining the value of
its waste by making sure more of the reuse,
recycling and energy generation stays within
London.
LWARB was set up to help address this issue
and attract private investment to new waste
infrastructure projects. LWARB, chaired by a
Mayoral appointee manages a £73.4 million
fund provided by the GLA Group and Defra
from 2008-2015. The objective of LWARB is to
promote and encourage a reduction in waste
and an increase in the proportion that is reused
or recycled, as well as promoting methods of

collection, treatment and disposal of waste that
are more beneficial to the environment.
More information about LWARB, including its
members and funding priorities, can be found at
www.lwarb.gov.uk.
LWARB’s remit covers municipal waste,
commercial and industrial waste, and
construction, demolition and excavation waste.
The GLA has worked with LWARB to identify
‘capacity gaps’ between the Mayor’s preferred
approach for municipal waste management and
known projects in development for all waste in
London. The resulting focus of LWARB is set out
in Figure 16.
It is estimated London needs an additional 3.3
million tonnes of municipal waste management
infrastructure capacity by 2031. This includes
approximately 1.7 million tonnes of municipal
waste management infrastructure the GLA is
aware of that is in procurement or has been
granted planning permission within London9. To
develop that infrastructure, LWARB’s funds alone
will not be sufficient. Given the extent of the
capacity gap and the capital cost associated with
waste management infrastructure development,
LWARB’s fund is only capable of supporting
partial fulfilment of the ‘gap’ requirements.
LWARB will therefore take a targeted approach
to the use of its funding to make sure the
identified capacity gaps are narrowed as much as
possible.
It is estimated London needs the additional
municipal waste management infrastructure
capacity in order to implement the Mayor’s
preferred approach for managing London’s
municipal waste to 2031, and, in particular, to:
• achieve zero municipal waste sent directly to
landfill by 2025
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Figure 16 Estimated additional waste infrastructure capacity required to manage
London’s municipal waste to 2031
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Source: GLA, waste authorities and London Waste and Recycling Board, August 2011. Final figures are subject to
procurement and planning decisions to be made after 2011.
Note: ‘Existing capacity (2011) represents waste management infrastructure to treat London’s municipal waste in 2011
that is expected to be available in 2031. It includes the Belvedere incineration capacity expected to be built in 2011. It
does not include Edmonton incinerator capacity because this facility is expected to close in 2021.

• achieve the revised Waste Framework Directive
target for recycling or composting 50 per cent
of household waste by 2020
• achieve the Mayor’s targets for municipal waste
recycling or composting
• generate energy from as much organic and
non-recycled municipal waste as practicable in
a way that is no more polluting in carbon terms
than the energy it replaces.
It is estimated that the total infrastructure
investment required for London’s municipal
waste management could have capital costs in
the region of £800 - 900 million10 and annual
operational costs of £60 -70 million. At the
time of publishing this strategy LWARB had
committed to making loans to five infrastructure
projects totalling £24 million. These projects will

deliver a total of 365,000 tonnes of additional
waste management capacity, of which 100,000
tonnes will be supplied by contracted local
authority collected municipal waste. The
remainder will come from a range of local
authorities and businesses who have yet to sign
contracts. More information on LWARB’s project
portfolio can be found at www.lwarb.gov.uk.
Figure 16 shows London’s existing (as at
2011), planned, and required municipal
waste management infrastructure capacity
to implement the Mayor’s Municipal Waste
Strategy. Figure 16 shows an infrastructure
capacity gap of approximately 1.6 million tonnes
by 2031. More detail on London’s existing
and planned municipal waste management
infrastructure is set out in Table 1 in Appendix 3.
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The funding for new waste management
infrastructure to fill the capacity gap will need
to be met by a mixture of public and private
investment. It is evident through LWARB’s
project portfolio that the waste industry is keen
to help fill London’s waste management capacity
gap, but significant additional investment
is necessary from banks and other financial
institutions to fill the market. It is essential
LWARB continues to receive funding from the
government beyond 2015 to develop projects
currently in the pipeline, to give certainty
to the market, and to leverage in additional
funding for further projects that will help fill the
capacity gap. There are currently a number of
funds to leverage investment from, which could
contribute to developing waste management
infrastructure in London, including the London
Green Fund (£114 million). More information on
how LWARB is working with the London Green
Fund can be found in Policy 3.
The GLA expects an additional 24,000 tonnes
of reuse capacity will also be required by 2031
in order to meet the Mayor’s reuse target. The
greatest opportunities are for reusing items
direct from households (that is, donations), local
authority bulky waste collections, and reuse and
recycling centres.
With the exception of the Belvedere incinerator,
expected to open in 2011, the modelling used
for Figure 16 assumes there will be no more
additional incinerators in London. The modelling
further assumes that the SELCHP (South East
London Combined Heat and Power) incinerator
will only operate until 203111 and the Edmonton
incinerator will close by 202112.
The GLA estimates that approximately 380,000
tonnes of new capacity for thermal treatment
will be required for municipal waste by 2031,
and that this capacity will be met through new
technologies producing both heat and power.

Finally, the modelling used for Figure 16
assumes that, as recycling and composting
performance increases, the demand for material
reclamation facilities will also increase. By
contrast, it assumes a continued increase in
recycling and composting will ultimately lead
to a decline in the capacity needed for the
pre-treatment of waste and its use for energy
generation over the longer term (although there
will initially be a significant period of increase).

Contributing towards decentralised
energy generation
A number of factors are coming together to
drive forward changes in how we use and supply
our energy. There are rising concerns about
the carbon intensity of our energy supply,
energy security, long-term increases in fossil
fuel prices and a growing awareness that global
fossil fuel resources are finite. Today, virtually
all our electricity is produced from large, fossil
fuel-powered power stations outside the
capital and these stations fail to capture and
make use of the waste heat created during the
production processes. This, in combination with
transmission and distribution losses, means that
conventional power stations have an efficiency
of around 35 to 55 per cent.
By contrast, locally produced CHP generating
facilities are around 80 per cent efficient.
Increasing decentralised CHP facilities using
waste reduces CO2 emissions by avoiding the
need to generate heat from fossil fuels, gets
rid of costly transmission losses, cleans up the
source of power, and gives London more control
over its own energy supply.
Decentralised energy will play an important part
in helping London meet its 60 per cent CO2
reduction target by 2025 by reducing the carbon
intensity of the energy that London consumes.
The Mayor has set a target for London to
generate 25 per cent of its energy requirements
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in work places and homes from low-carbon
decentralised energy by 2025. Generating
energy from London’s organic and nonrecycled waste (including commercial waste)
will make an important contribution towards
achieving this target.
Today, only about a fifth of London’s
municipal waste (920,000 tonnes) is used
to generate energy, the large majority of
which is untreated waste sent to incineration,
generating electricity only at efficiencies
of around 21 per cent. London’s waste is a
resource and, once recyclable materials have
been removed from the waste stream, the
remaining materials in the waste stream can
be used to produce low carbon energy. This
is estimated to be around 1.5 million tonnes
or just under 40 per cent of total municipal
waste produced once the Mayor’s recycling or
composting targets have been achieved. Policy
2 sets out the Mayor’s plans for generating
low carbon energy from London’s nonrecycled waste.

Decentralised energy generation
Decentralised energy generation is defined
here as low carbon power and/or heat
generated and delivered in London.
London’s non-recycled municipal waste,
used as low carbon fuel, will play an
important role in delivering the Mayor’s
decentralised energy targets. There are
broadly four scales of decentralised energy
system:
1. Type 1 Micro-generation: Generation
systems are often mounted on or next to
a particular building, supplying energy
to a single user who usually owns the
generation equipment; typically, renewable
energy systems of a capacity up to 50
kilowatts of electricity (kWe).
2. Type 2 Single development: Energy
is generated and sold to a single

development that may include a number
of buildings and customers (up to around
3,000 domestic customers). The plant
may or may not be owned and operated
by the energy users. This would include
smaller communal heating schemes,
such as BedZed in Sutton. It would also
include larger onsite networks with CHP
generation equipment in the order of
three Megawatts of electricity (MWe)
capacity and project capital cost in the
region of £10 million. The Cranston Estate
regeneration project in Hackney is a
typical example.
3. Type 3 Multi-development (medium
scale): These supply energy to more
than one site, for which district heat
networks are a necessary requirement.
A wide range of customers and demand
types may be involved, with a number of
different generation systems connected
totalling up to 40MWe in capacity. This
scale could support up to 20,000 homes,
public buildings and commercial sector
consumers. It is very likely that the plant
would be owned and operated by a third
party. The system could cost up to £100
million. The Southwark Multi-Utility
Services Company (MUSCo) is a typical
example.
4. Type 4 Area wide (large scale): These are
large infrastructure projects with a lifetime
of at least 40 years. Such schemes typically
involve several tens of kilometres of heat
pipe supplying 100,000 customers or more
and providing connection to multiple heat
generators such as power stations. Capital
costs of piping would exceed £100 million.
It is likely that separate bodies would own
and be responsible for different parts of
the system. Such systems can take from
five to ten years to deliver. The planned
London Thames Gateway Heat Network is
an example.
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Improving Londoners’ quality of life
The UK has been branded the dirty man of
Europe for too long. The UK gained this
reputation for two reasons: firstly, for the
amount of waste we send to landfill as a nation
and secondly, for a perception that the UK has a
problem with litter. The latter may be somewhat
hard to establish, as there is no comparable data
for Europe and the wider world.
We can, however, compare London’s
performance alongside the other English
regions. Table 5 sets out the National Indicator
195 regional benchmarks for 2009/10. This
indicator (NI195) measures the percentage of
land surveyed that is of a poor or unsatisfactory
standard of cleanliness for litter, detritus, graffiti
and fly-posting.
Table 5 shows that London is currently ranked
ninth out of the nine English regions for
cleanliness when it comes to litter, detritus,
graffiti and fly-posting when comparing NI195
scores represented as regional averages.
The cleanliness of London’s streets also remains
a key issue for Londoners. Results of the 2010
Annual Survey of Londoners13 showed that the
most problematic issue affecting the quality
of the environment in London were perceived
to be litter and pollution from traffic, scoring
equally highly (mentioned by 23 per cent of
respondents each) with fly tipping coming third
(17 per cent). When asked what the priorities
for improving the environment in London were;
pollution from traffic (mentioned by 22 per
cent) ranked first, followed jointly by noise from
traffic and fly tipping (21 per cent each) and
then litter (20 per cent).
For visitors and commuters alike, the first
impression of the cleanliness of London is
its transport corridors and stations. London
Councils has signed a Memorandum of

Understanding with Network Rail on improving
the cleanliness of land adjoining Network Rail
land and the Mayor is keen to see if this joint
approach will improve London’s transport
corridors. Trains and tube cars are another area
for attention, especially following the increase
in the number of free newspapers in circulation.
Newspapers left on trains and in tube cars tend
to attract other litter, such as coffee cups.
Year after year, Local Environmental Quality
surveys identify the most prevalent type of
litter on London’s streets as cigarette ends and
other smoking-related litter, found in around
95 per cent of survey samples. Cigarette ends
are not only unsightly but are often washed
into London’s watercourses during heavy
rainfall, causing harm to fish and birds due
to the leaching of toxic chemicals. The Clean
Neighbourhoods and Environment Act 2005
amended the Environment Protection Act 1990,
providing clarity that cigarette ends are to be
considered as litter and it is therefore an offence
to drop cigarette ends on the ground or into any
body of water.
Chewing gum dropped on the street continues
to be an unsightly and costly problem for
London. The GLA estimates that cleaning up
chewing gum from London’s streets costs
between £5 million and £10 million each year,
depending on the level cleaning undertaken. To
put this in perspective, the last time Trafalgar
Square was cleared of chewing gum, the bill
came to £8,500. Chewing gum manufactures are
beginning to develop solutions to this problem
with at least one degradable chewing gum
product now on the market.
London Councils estimates that in the UK over
13 billion plastic bags are issued to shoppers
each year14. That means the average person
gets 220 plastic bags each per year. On this
basis, Londoners as a whole are given almost 1.5
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Table 5 National Indicator 195 regional averages 2009/10
NI 195 2009/10 Regional averages – The percentage of relevant land and highways that is assessed as having deposits of
litter, detritus, fly-posting and graffiti that fall below an acceptable level
Region

Litter
NI 195a

Detritus
NI 195b

Graffiti
NI 195c

Fly-posting
NI 195d

South West

4%

9%

1%

0%

South East

4%

9%

1%

0%

East of England

5%

12%

2%

1%

West Midlands

5%

12%

3%

0%

North East

5%

7%

2%

0%

East Midlands

6%

12%

2%

0%

Yorkshire & Humber

6%

13%

3%

0%

North West

7%

12%

3%

1%

London

8%

14%

6%

2%

Source; www.pat.communities.gov.uk/pat/
Note: Detritus is defined as ‘non-living particulate organic matter’.

billion plastic bags per year. This is not only a
waste of resources but also often a contributor
to London’s litter. Plastic bags are a particularly
difficult form of litter as they are easily blown
about, often end up in our watercourses, harm
wildlife and look particularly unsightly when
they are caught in trees. The public’s view of
plastic bags is changing and many retailers are
leading the way by either charging for plastic
bags, providing re-usable bags or rewarding
shoppers for using their own bags. However,
still more can be done.
The Mayor intends to tackle the issue of litter
through a programme of work, set out in Policy
6, which will encourage community action, work
with producers of products that frequently end
up as litter, improve the cleanliness of transport
network and make it easier for London to report
environmental crimes such as fly tipping and
graffiti.
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Chapter FIVE

P olicies and
proposals
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Policy 1
Inform producers and
consumers of the value
of reducing, reusing and
recycling municipal waste
Vision
Consumers understand and respond to the
value of reducing, reusing and recycling
municipal waste.

From vision to policy
The Mayor will work with local authorities,
the third sector, businesses and the waste
industry to promote the reduction, reuse and
recycling of municipal waste, with the aim of
decreasing the amount of municipal waste
produced in London.
From policy to action –
proposals

Proposal 1.1 Setting waste reduction
and reuse targets
• The Mayor has set a London-wide target
to reduce household waste by 10 per cent
of 2008/09 levels per household by 2020,
increasing to 20 per cent per household by
2031.
• The Mayor has set a London-wide target to
increase the amount of London’s municipal
waste that could be reused or repaired from
6,000 tonnes each year in 2008 to 20,000
tonnes a year in 2015 and 30,000 tonnes a
year in 2031.

Proposal 1.2 Supporting London-wide
engagement to promote the reduce,
reuse and recycle message
• The Mayor will work with WRAP (Waste
Resources Action Programme), London
boroughs and the London Community
Resource Network to deliver the Recycle

for London communications programme
encouraging waste reduction, reuse and
recycling among both consumers and
producers. LWARB has awarded funds to
the Recycle for London communications
programme for the three year period 20102013.
• The Mayor, through Recycle for London,
will promote Zero Waste Places projects
in London as a means to showcase best
practice and encourage London boroughs
to participate in the scheme.
• The Mayor, through Recycle for London,
will make communications support available
to London boroughs that have obtained
funding from LWARB to improve recycling
in flats (see Policy 4 for details of the
programme to develop recycling in flats).
• LWARB has allocated funds to develop a
London-wide Reuse Network. The Mayor
will work with London waste authorities,
LWARB and the London Community
Resource Network to develop the London
Reuse Network, promoting waste reduction
and reuse initiatives in the third sector,
including furniture reuse schemes, which
can support and supplement existing local
authority waste collection services.

Proposal 1.3 Reducing the amount of
municipal waste entering the waste
stream
• The Mayor will, through the Mayor’s Green
Procurement Code, work with businesses
to help them reduce waste and improve
resource efficiency
• The Mayor will work with business and
education establishments to hold a
packaging and product design competition
aimed at ‘designing out’ waste from the
start.
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Proposal 1.4 Tackling the barriers to
providing effective reuse services
• The Mayor will work with third sector
organisations, LWARB and waste authorities
to tackle barriers that make it hard for the
third sector to deliver local authority reuse
and recycling services by:
a		 providing funding through LWARB to
develop a reuse network that would allow
reuse organisations to work together to
share resources and bid more effectively
for local authority reuse and recycling
services.
b working with waste authorities to
link their bulky waste services, where
practicable, with local reuse services,
when developing municipal waste
contracts.

What this will achieve
Overall these proposals will help reduce the
amount of municipal waste generated in
London informing producers and consumers
of the value of waste reduction, reuse and
recycling.
The best option is to prevent waste from
being produced in the first place. Through the
Mayor’s Green Procurement Code the Mayor
will influence businesses to help them reduce
this element of municipal waste at source.
Based on the GLA’s projected likely increases
in the number of new households over
the next two decades, the Mayor has set a
waste reduction target of 10 per cent per
household by 2020 increasing to 20 per cent
per household by 2031 (based on 2008/09
household waste arisings). If achieved, the
Mayor’s household waste reduction targets
will result in no overall increase in the total
amount of household waste produced in
London each year over the next 20 years,
even taking into account the likely increase in

population. In 2031, London would produce
the same amount of household waste as in
2008/09, even though it would accommodate
an additional 753,000 households.
The reduction and reuse of municipal
waste will also deliver significant savings
to London’s waste authorities through
avoided treatment and disposal costs. It is
estimated that London waste authorities
spent approximately £580 million in 2008/09
managing London’s municipal waste. Every
one per cent of London’s municipal waste
that is reduced or reused can save London as
much as £5.8 million.
While the exact benefits of these policies can
be difficult to quantify precisely, the Mayor
will put in place performance indicators and
monitoring programmes to track the success
of engagement with his policies.
A well resourced, coordinated and publicised
London Reuse Network could divert up to
1.7 million reusable household items from
landfill each year, representing approximately
30,000 tonnes of waste. It could also cut
£5 million off London’s waste bill. Increased
levels of reuse and repair will also result in
many social benefits including creating jobs,
increasing training and development locally,
and alleviating poverty.
There can be positive changes in behaviour
when engagement and initiatives for
reduction, reuse and recycling of waste
are well integrated, and targeted at
producers and consumers. Engagement
with the Mayor’s waste policies will play
an important role in achieving his target of
45 per cent municipal waste recycling or
composting by 2015, 50 per cent by 2020
and 60 per cent by 2031.

T h e M ay o r ’ s m u n i c i pal wa s t e m a n a gem ent strategy

Proposals
The Mayor believes promoting smarter,
better-informed purchasing habits and less
packaging in product design is the most
effective way to cut down on London’s
unnecessary waste. The Mayor considers
that he can best influence waste reduction
and increase awareness of the value of
reusing and recycling waste in London in
these areas by supporting local and regional
communications and initiatives. The Mayor
wants London to lead the way in waste
reduction but believes that, to be truly
effective, waste reduction actions need to
be taken as a matter of national policy. The
Mayor welcomes the government’s plans to
develop a comprehensive waste prevention
programme by the end of 2013, and seeks to
work with Defra to develop a set of measures
that can be adopted to reduce waste, offering
his assistance in promoting, trialling and
enhancing such measures in London.

Proposal 1.1 Setting waste reduction
and reuse targets
The Mayor has set a London-wide target to
reduce household waste by 10 per cent per
household by 2020, increasing to 20 per cent
per household by 2031, based on 2008/09
levels. These targets are consistent with
the trend of decreasing levels of household
waste produced in London in recent years,
which have seen waste volumes fall by one
per cent per year on average since 2006.
The Mayor’s targets also reflect what he
believes he can achieve in reducing the
production of household waste by engaging
with manufacturers and retailers, as well as
householders, to reduce household waste.
The Mayor welcomes London’s waste
authorities developing their own waste
prevention plans and setting their own waste
reduction targets in order to achieve the
London-wide reduction target.

Proposal 1.2 Supporting London-wide
engagement to promote the reduce,
reuse and recycle message
LWARB has allocated funds to the GLA to run
Recycle for London in partnership with WRAP.
Recycle for London’s expanded remit addresses
waste prevention, reuse and recycling through
communications, and targets priority materials
including plastics, textiles and food waste and
priority housing stock including flats and multi
occupancy dwellings. Recycle for London has
commenced a programme of communications
of greater scope and complexity than previously
undertaken, incorporating a number of focused
themes instead of a single recycling campaign.
Communication from a central body helps to
develop a consistent approach and alleviates
confusion among Londoners. Recycle for
London co-ordinates its activities so that they
are complimentary with national and local waste
reduction, reuse and recycling initiatives.
Recycle for London will continue to work with
the London boroughs to ensure the delivery of
coordinated and consistent communications
across London that will lead to a reduction in
waste and an increase in recycling and reuse
rates. Recycle for London develops Pan-London
communications that are delivered both at a
London level and a local level with two-thirds
of the investment delivered at the local level.
In addition, at least 35 per cent of the Recycle
for London budget has been allocated to
support borough waste reduction initiatives and
recycling services. Since Recycle for London
received funding from LWARB in 2010 it has
worked with every London borough and waste
authority on projects including promoting local
reduction, reuse, and recycling initiatives, and
localising the ‘nice save’ campaign (see Case
Study 1).
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Reduction
Recycle for London’s primary focus is to reduce
the production of unnecessary food (and drink)
waste by raising awareness of the economic and
environmental cost of food waste disposal and
providing clear, practical guidance on how to
reduce food waste. Waste authorities can apply
to Recycle for London for funding, guidance
and communication support for local waste
minimisation campaigns, and for supporting
waste reduction activities such as home
composting.
The Mayor will promote the Zero Waste Place
projects in London through Recycle for London,
as a way of showcasing best practice and
encouraging London boroughs to participate in
the scheme.

by providing the practical information that
Londoners need in order to recycle more.
The Recycle for London website
www.recycleforlondon.com is the primary tool
for providing the practical information that
Londoners need to recycle more. The redesigned website enables Londoners to access
information on local recycling and re-use
services via the ‘Postcode Locator’ tool and
also provides hints and tips on how to reduce
waste at home.

Evaluation
Specific performance indicators including
landfill tonnage diversion and CO2 saving
benefits, and monitoring systems will be put
in place to track the progress of individual
activities.

Reuse
The two main challenges for a successful reuse
programme are to increase the donations of
items, by both individuals and businesses, and
to persuade customers to purchase or acquire
used items as an alternative to buying new
products. Recycle for London targets campaigns
and uses online tools to achieve both these
objectives, as during the WEEE (Waste Electrical
and Electronic Equipment) focused Give and
Take events that ran during Recycle Week, 21st
-27th June 2010. The campaigns will emphasise
primarily the reuse of furniture and textiles.

Recycling
A Recycle for London survey in March 2009
showed 87 per cent of Londoners believed they
recycled ‘a lot’ or ‘everything’, yet the city’s
municipal waste recycling and composting
rate in 2009/10 stands at just 27 per cent.
Targeted engagement helps consumers turn this
claimed behaviour into real action, by showing
that recycling is worthwhile (for example, by
explaining that it costs London boroughs less
to recycle than it does to dispose of waste) and

Zero Waste Places
Zero Waste Places is a Defra initiative,
delivered by the BREW (Business Resource
Efficiency and Waste) Centre for Local
Authorities and supported by the University
of Northampton. Zero Waste seeks to
prevent waste occurring, conserve resources
and recover all value from materials. Zero
Waste Places can range in size from a small
street market, to a retail park, high street,
village, town or a whole borough or district.
The objective of the initiative is to identify
barriers and illustrate solutions that will help
others to adopt the most effective approach
to reducing their waste to zero. Defra made
£140,000 of funding available to fund Zero
Waste Places pilots. In 2009/10 six projects
were selected as Zero Waste projects,
three of which were in London boroughs –
Lambeth, Hackney and Newham.
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Promoting London’s reuse and
repair network
LWARB has allocated funds to the development
of a London-wide reuse network. The Mayor
will work with London’s waste authorities,
LWARB and the London Community Resource
Network (LCRN) to develop the London Reuse
Network, as well as promoting waste reduction
and reuse initiatives in the third sector,
including furniture reuse schemes, which can
support and supplement existing local authority
waste collection services.
LCRN has formed a joint venture called London
Reuse Ltd. (LRL) with its leading reuse member
organisations. LRL will be the operating
company of the London Reuse Network, which
will become the platform for an unprecedented
London-wide reuse and repair service. This
service will be accessible through simple
convenient one-stop contacts – one telephone
number for reuse in London, one web portal
linking all reuse services in London, serving
London’s business communities as well as
householders and public sector organisations.
The integrated reuse service will be tailored to
complement, and dovetail with, existing bulky
waste collection services.
Once the service infrastructure is developed,
LRL will make sure maximising reuse is at the
heart of dealing with bulky waste in all sectors.
Leading waste and recycling contractors, and
the majority of London’s local authorities, have
asked, or indicated a willingness, to work with
the London Reuse Network, which will also
play an important part in developing skills,
employment and volunteering experiences for
Londoners who want to join the booming low
carbon economy.
The London Reuse Network will transform
existing reuse services in London by extending
their reach, capacity and viability. By investing

in significant new warehouse space for reuse
organisations to use as depots, hubs and outlets,
introducing a quality standard and management
system, and by coordinating their activities
effectively, the London Reuse Network will raise
the capacity of reuse organisations and services
to a new level across London. With greater
capacity, reuse organisations will be equipped
to take on more of the bulky waste streams,
making them more reliable and useful partners
for local authorities.
The Mayor will work with LCRN and other
reuse and repair networks in London (including
furniture reuse schemes, Freecycle, and
Myskip) to develop a map of reuse facilities
across the capital, which will then be promoted
through the postcode locator on Recycle for
London’s website. This will allow Londoners
to easily see what local reuse and repair
opportunities there are.

FREECYCLE/FREEGLE
The Freecycle Network is a private, nonprofit organisation which provides an
online resources exchange scheme, where
users exchange unwanted items using the
online message board and email service.
Membership is free, and everything posted
must be free, legal and appropriate for all
ages. Members wanting to ‘offer’ an item can
send an email to their group or, if looking
to acquire something, can post a ‘wanted’
message on the online information board.
Once an exchange is completed members are
encouraged to alert the group with a followup ‘received’ email.
The Freecycle concept has spread to over
85 countries. The first Freecycle group
in London was set up in October 2003.
There are now 38 active Freecycle groups
in London, divided along local authority
boundaries. There are currently 240,562
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members exchanging approximately 564,166
items each year. A UK Freecycle group,
‘Freegle’, was set up in August 2009.
The scheme operates in the same way as
Freecycle but was set up to give UK Freecycle
groups more autonomy from the US-based
Freecycle Network. Approximately half of
London’s local authorities now operate under
the Freegle brand, with the remaining half
using Freecycle.
The Mayor considers that a target of reusing
20,000 tonnes of municipal waste in London
each year by 2020, increasing to 30,000 tonnes
a year by 2031, is challenging but achievable.
The Mayor, working with LCRN, LWARB, waste
authorities and Recycle for London will develop
a programme of work to achieve these targets
for municipal waste reuse over the lifetime of
this strategy.
More information on supporting reuse and other
waste management infrastructure in London can
be found in Policy 5.

Proposal 1.3 Reducing the amount of
municipal waste entering the waste
stream
The Mayor is also committed to working
more closely with manufacturers and retailers
to reduce packaging and he will develop a
programme of action as part of his Business
Waste Strategy. The programme will include:
• working with businesses to help them reduce
waste and improve resource efficiency, using
the Mayor’s Green Procurement Code and the
government’s Waste Prevention Fund
• setting up a packaging and product design
competition to encourage young talented
designers to ‘design out’ waste.
The Mayor’s Business Waste Strategy sets out
in more detail the programme of work outlined
above.

Proposal 1.4 Tackling the barriers to
providing effective reuse services
The Mayor values the contribution the third
sector makes to waste management in London
and will work with LWARB, London’s waste
authorities and the LCRN to increase the third
sector’s involvement in London’s waste and
resource management. In addition to helping
with the London Reuse Network, the Mayor
will work with waste authorities and other third
sector organisations to tackle the barriers that
make it hard for these organisations to deliver
local authority reuse and recycling services.

Developing an effective reuse service
The Mayor will work with the London Reuse
Network to develop a reuse service that meets
the needs of local authority bulky waste
collection services and uses local reuse and
repair schemes to add value to existing local
authority services. The London Reuse Network
will promote a London-wide approach,
whereby groups of reuse organisations work
together as business units in a ‘cluster’ to
deliver reuse to a waste disposal authority area
or a group of London waste authorities. This is
considered to be the optimum use of resources
in contrast to either very local, small-scale
operations or completely centralised services,
serving a number of boroughs from one
warehouse.

Promoting reuse services through
Recycle for London
Recycle for London has allocated funding to
promote reuse and provide communications
support to the London Reuse Network.
Recycle for London will engage with
Londoners, inform them of the value of
donating for reuse and of reusing items, and
direct them to the London Reuse Network to
take action.
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Case study 1
Recycling Saves Money campaign
What: ‘nice save’ campaign
Date: Summer 2011
Success: London-wide campaign with
widespread borough involvement (31 out
of 33 boroughs intending to localise the
campaign)
Cost: Budget of £460,000

Recycle for London delivered the campaign
across London-wide media during the
summer, and made the majority of the budget
available to London boroughs to localise
the messaging and deliver it through local
media channels, thereby telling local residents
how much they saved at a borough level. At
September 2011, 31 out of 33 boroughs had
confirmed their intention to localise.

In May 2011, Recycle for London launched
its nice save campaign, which targets ‘non
committed recyclers’ – those who recycle
a little bit, some of the time (that is those
with the potential to greatly increase their
recycling levels).

The campaign model means that London
boroughs are able to deliver an ‘off the shelf’
campaign that has been centrally developed
and tested, which means they don’t incur
those costs as a borough.

Traditionally, recycling campaigns have
focused on environmental messages. Most
Londoners who are motivated by the
environment are now already recycling. The
nice save campaign provides a different
motivation to recycle more, other than being
good for the environment – by explaining
that recycling has an economic benefit.
Recycling saves money for our city, and is
therefore beneficial to our local community.
This breaks down the psychological barrier
that people question whether recycling is
worthwhile, and whether their own recycling
efforts can really make a difference.

Case study 2
Waste reduction campaign

The creative approach is to positively
reinforce good recycling behaviour
by saying ‘nice save’ (thank you/well
done), then providing the fact (‘Last year
Londoners saved £30 million by recycling’),
and giving a call to action to visit the
recycleforlondon.com website to find out
how to recycle even more. The website
features a postcode locator which allows
Londoners to find out exactly what they
can recycle where they live.

What: ‘Less in your bin, more in your pocket’
waste reduction campaign
Date: Launched Summer 2009
Success: Between 2008/09 and 2009/10
the amount of municipal waste produced in
Wandsworth decreased by 3,842 tonnes
(3.5 per cent) to 106,162 tonnes. This has
saved Wandsworth approximately £345,000
in disposal costs.
Cost: Approximately £40k plus staff costs for
the campaign including signage, advertising
space, campaign materials, and stickers on
waste collection vehicles.
Wandsworth Council’s ‘Less in the bin,
more in your pocket’ waste minimisation
campaign was launched in summer 2009
following the introduction of a different
weight charging system by Western Riverside
Waste Authority. The change meant that
Wandsworth Council would receive the full
benefit of any reduced waste disposal costs
achieved by minimising waste and increasing
recycling, as well as making significant
greenhouse gas savings.
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Two key campaign messages were used:
‘Less in the bin, more in your pocket’ and
‘1kg less waste per household per week
saves £500,000 a year’. Residents were
challenged to reduce the amount of rubbish
they produced by one kilo per week, which
would save the Council £500,000 per year
in disposal costs, and ultimately save money
in terms of council tax. While it is difficult to
quantify the exact impact of the campaign,
figures showed that the Wandsworth
residents had gone a long way to achieving
this target - waste collected for recycling,
composting or disposal had fallen by almost
four thousand tonnes between 2008/09
and 2009/10. Municipal waste arisings fell
by a further 1.5 per cent during 2010/11,
resulting in the borough saving £180,000 in
disposal costs.

Cost: £900 to £2,500 per communal
composting site

Case study 3
Community composting

The Warburton & Darcy Estate project
was launched in August 2009. This estate
is managed by Hackney Homes, but the
compost project is run entirely by its
residents. This was set up in partnership with
the London Community Resource Network.
The success of this project has led to it being
used as a best practice model.

What: Waste Prevention
Implementation Plan
Date: 2011
Success: Benefits to the community
including:
• approximately four tonnes of organic waste
diverted from the waste stream each year
per community or 32 tonnes in total
• cost savings for the Residents Association as
they no longer have to purchase compost.
• carbon emissions avoided from waste
collection and treatment
• improved community cohesion and a
stronger links with the council recycling
team
• National recognition after winning the award
for Best Waste Prevention Project at Local
Authority Recycling Advisory Committee
Awards in 2010 and shorlisted for National
Recycling Awards in 2011.

In 2008, Hackney set a target of ten
community composting projects across
the borough by 2012 as part of its waste
prevention implementation plan. By April
2011 eight schemes were operational;
1 Warburton & Darcy (W&D) Estate in
London Fields
2 Follingham Court, Hoxton, as part of the
‘Zero Waste Places’ initiative
3 Gibson Gardens, a private block in Stoke
Newington
4 Kempton House in Hoxton
5 Kennaway Estate in Stoke Newington
6 Benthal Primary School in Stoke Newington
7 Hackney Downs Estate in Hackney Central
8 Shacklewell Primary School in Stoke
Newington

Warburton & Darcy Estate is a high rise
building comprising of 70 flats and includes
a community garden. Residents choose to
opt into the service and, to date, 30 caddies
have been distributed with an approximate
participation rate of 20 per cent, diverting
approximately four tonnes of kitchen waste
per year from the waste stream to on-site
composting.
This scheme uses a two-stage composting
process:
• The first stage is a ScotSpin tumbler that
takes a mixture of food waste and woodchip.
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• In the second stage, the compost from the
tumbler its then stored in two Hotboxes
with a 1,000 litre capacity, which are
also enclosed to deter pests and the
high temperatures generated means that
compost is produced quickly. Each of the
HotBoxes has a 1,000 cubic litre capacity.
The total cost for these three units is
£1,500 (two hotboxes and one ScotSpin).
The next phase of the project is to promote
the scheme and increase participation
rates within each operational site and to
keep expanding the number of community
composting sites in the borough.

Case study 4
Community reuse
What: Bright Sparks Repair and Reuse Shop
for small electrical items
Date: Shop opened 21 June 2010
Success: In its first year Bright Sparks:
• diverted 4066 items from waste to reuse or
recycling
• served approximately 4000 customers
• provided training and employment
opportunities for over 50 individuals
Cost: £250,000 per year running costs, some
of which will be offset by sales income, repair
service income, and income from providing
training.
The Bright Sparks Shop in Islington, thought
to be the first of its kind in London, takes
broken or unwanted electrical items and
brings them back into use.
A team of recyclers, trainees and volunteers
will repair and return, or repair and resell,
small electrical items like kettles, hair dryers
and lamps that are often binned simply
because they are no longer needed or not
the latest fashion.

Bright Sparks Shop, funded by Islington
Council, run by social enterprises DigiBridge
with LCRN, and supported by Homes for
Islington, aims to cut waste by repairing
usable appliances items that would otherwise
be thrown away.
Some items can be taken to the shop,
repaired and returned to the owner, or they
can be donated at collection points around
Islington, repaired and resold in the shop.
Items beyond repair will be recycled.
For more information see
www.islington.gov.uk/brightsparks.
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Top: Community composting in Hackney. © London Borough of Hackney
Bottom: Bright Sparks Reuse and Repair Shop. © London Borough of Islington
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Policy 2
Reducing the climate change
impact of London’s municipal
waste management

Vision
The way London’s municipal waste is
managed can and should deliver the
greatest possible CO2eq savings by reducing
waste, increasing its reuse, recycling and
composting, and by the generation of low
carbon energy from waste.

From vision to policy
The Mayor wants London’s municipal waste
management to move from being a net
contributor to climate change to an activity
that plays a key role in achieving significant
climate change mitigation and energy
saving benefits. To achieve this, the Mayor
has developed a lifecycle1 CO2eq emissions
performance standard (EPS) for London’s
municipal waste management activities
to work towards achieving. This EPS is a
metric that will help inform the way waste
authorities undertake their functions, aiming
to ensure the collection, treatment, energy
generation and final disposal of municipal
waste collectively achieve the greatest CO2eq
savings. The GLA will monitor London’s
municipal waste management performance
against the EPS annually using data from
WasteDataFlow. The GLA will review the EPS
at least every three years to take account
of any changes in lifecycle modelling
methodology and/or revisions to reporting
CO2eq emissions from waste management
activities.
In addition to the EPS, the Mayor has set a
minimum CO2eq emissions performance for
energy generated from London’s municipal
waste, such that energy is generated in a
way that is no more polluting in carbon terms

than the energy it replaces. This minimum
performance is called a ‘carbon intensity
floor’. London’s waste authorities will need
to make sure energy generated from their
municipal waste meets the carbon intensity
floor, or demonstrates that there are steps
in place to meet it in the near future. The
objective of the carbon intensity floor is to
ensure that energy generated from municipal
waste that cannot be reduced, reused,
recycled or composted is done efficiently
and in the most environmentally beneficial
way practicable. Generating energy this
way will play an important part in helping
meet the Mayor’s CO2 reduction targets and
decentralised energy targets as set out in
his Climate Change Mitigation and Energy
Strategy.
Whilst achieving the EPS is not a mandatory
requirement for London’s waste authorities,
the Mayor requires waste authorities to
achieve the carbon intensity floor, or
demonstrate that there are steps in place
to meet it in the near future, in order to be
in general conformity with his Municipal
Waste Management Strategy. The Mayor,
when determining waste authority contracts
and strategies, will consider the likelihood
of these proposals and plans meeting the
carbon intensity floor for the purposes of
implementing his strategy.

From policy to action – proposals
• Proposal 2.1 The Mayor will work with
waste authorities to put London on a
path for its municipal waste management
functions to collectively achieve the EPS.
• Proposal 2.2 The Mayor has developed a
lifecycle CO2eq EPS for London’s municipal
waste management to work towards
achieving. The EPS has been set to achieve
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the greatest climate change mitigation
benefits practicable from London’s
municipal waste at least cost. London’s
municipal waste management performance
against the EPS will be monitored and
reported annually.
• Proposal 2.3 The Mayor has set a minimum
CO2eq performance for energy generation
from London’s municipal waste, known as
a ‘carbon intensity floor’. Waste authorities
that are considering options for generating
energy from waste will need to demonstrate
how their preferred solutions will meet the
carbon intensity floor, or demonstrate what
steps are in place to meet it in the near
future.
• Proposal 2.4 The Mayor will work with the
Environment Agency and waste authorities
to ensure that achieving the EPS and
the carbon intensity floor will not have
any significant adverse impacts on other
environmental considerations, including air
quality and biodiversity.
• Proposal 2.5 The Mayor, through Transport
for London (TfL), will work with waste
authorities to maximise cost efficiencies
and reduce the environmental impact of
transporting municipal waste. The Mayor
will encourage waste authorities to join
TfL’s Freight Operator Recognition Scheme
(FORS) to help make the transport of waste
safer, greener and more efficient.

What this will achieve
The EPS concept is an increasingly popular
way for regional and national authorities to
manage carbon emissions in the industrial,
manufacturing and power generation sectors.
The government’s national review of waste
policy in June 2011 promotes approaches

that consider the lifecycle effects of waste
policy and waste management decisions,
and supports the reporting of waste
management in carbon terms as an alternative
to weight based targets and measures. The
Department of Energy and Climate Change
(DECC) is considering developing an EPS
for all new thermal power stations, which
might be achieved by either coal-fired or
combined cycle gas turbine (CCGT) power
stations through fitting of carbon capture
and storage infrastructure. The Enterprises
pour L’Environment (EpE), an organisation
of French and international businesses
representing the waste sector and concerned
about the environment, has developed a
greenhouse gas reporting protocol for local
authorities and companies to quantify, report
and verify greenhouse gases emissions from
waste management activities in order to
obtain an emissions inventory.
London will be the first city in the world
to develop an EPS for the management of
municipal waste, sending a clear message
to London waste authorities and the waste
industry to focus on waste management
activities that achieve the greatest CO2eq
savings. London’s municipal waste sent
to landfill today produces about 460,000
tonnes of CO2eq emissions a year. London’s
municipal waste sent for incineration
(generating electricity only) produces about
42,000 tonnes of CO2eq emissions a year
and London’s municipal waste sent for
recycling or composting each year saves
about 450,000 tonnes of CO2eq emissions
a year. All together, and when you include
emissions from transport, pre-treatment
and other associated activities, London’s
municipal waste management activities
produce approximately 98,000 tonnes of
CO2eq emissions each year. Achieving the EPS
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could result in significant net annual CO2eq
emissions savings of approximately:
• 545,000 tonnes by 2015
• 770,000 tonnes by 2020
• one million tonnes by 2031.
Rather than produce CO2eq emissions, waste
management activities can make significant
carbon savings. These savings can be
achieved through high levels of recycling
and composting, and low-carbon energy
generation that offset emissions that would
otherwise be produced by waste to landfill and
the generation of energy using fossil fuels.
In addition to making significant CO2eq
savings, a lifecycle CO2eq EPS and carbon
intensity floor for the management of
London’s municipal waste will:
• ensure waste is managed as a resource
• encourage waste authorities to focus on the
waste management activities that make the
greatest CO2eq savings.
• encourage the rollout of the most efficient
energy generating technologies, in particular
those generating heat and power
• help waste planning applications to be in
general conformity with The London Plan.
Achieving the carbon intensity floor will
ensure that energy generated from London’s
municipal waste will cease to be a net
contributor to climate change, and help
drive the market for new waste management
technologies without specifying a particular
technical solution. This will be achieved by
providing the energy market with SRF from
London’s waste with a lower carbon intensity
than fossil fuels including coal and gas, and
developing highly efficient energy generation
waste management facilities. Providing low
carbon fuel from waste for energy generation
in London will help to secure a reliable energy
supply for the capital, and help meet the

Mayor’s target for 25 per cent of London’s
energy needs to be met through low carbon
decentralised energy systems.
Generating energy from London’s municipal
waste this way will also ensure London makes
an important contribution to the UK meeting
its target for 30 per cent of its electricity to
come from renewable sources by 2020, as set
out in the government’s Renewable Energy
Strategy 2010.
Ultimately, the Mayor wants to achieve
significant climate change mitigation and
energy saving benefits from the management
of London’s municipal waste, particularly
for untreated waste that currently goes to
landfill or incineration. Rather than focusing
on particular waste management services
or technologies, the Mayor will look at the
outcomes of particular waste management
methods, based on their lifecycle CO2eq
emissions performance. This outcome-based
approach incorporates two key principles:
• that after waste reduction the focus will be on
recovering waste materials and choosing the
reprocessing systems that deliver the greatest
CO2eq savings
• that there will be support for decentralised
energy generation from municipal waste in a
way that is no more polluting in carbon terms
than the energy generation it replaces.
An outcome-based approach, using lifecycle
CO2eq performance, will support waste
activities and services that reduce the amount
of waste produced, and capture the greatest
number and highest quality of materials for
reuse, recycling or composting. It will rule
out energy generation using waste with high
proportions of carbon-rich materials (for
example plastics and textiles) that produces
electricity only. It will support energy
generation where both the heat and power
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generated are used. It will also drive increases
in recycling and pre-treatment of waste to
produce low-carbon solid recovered fuel (SRF)
for renewable energy generation.

Proposals
Proposal 2.1 The Mayor will work
with waste authorities to put London
on a path for its municipal waste
management functions to collectively
achieve the EPS.
Proposal 2.2 The Mayor has developed
a lifecycle CO2eq EPS for London’s
municipal waste management to work
towards achieving. The EPS has been
set to achieve the greatest climate
change mitigation benefits practicable
from London’s municipal waste at least
cost. London’s performance against
the EPS will be monitored and reported
annually.
To implement this outcome-based approach,
a baseline lifecycle CO2eq performance for
London’s municipal waste management needs
to be established. It is then possible to develop
an appropriate CO2eq EPS for London to work
towards.
A steering group comprising representatives
from some London waste authorities,
London Councils, LWARB and the
Environment Agency contributed to
establishing a lifecycle CO2eq baseline
performance for London and contributed to
the development of the EPS. The GLA has
developed a CO2eq baseline performance by
drawing upon London’s waste authorities’
2008/09 data from the WasteDataFlow
system and feeding it into the Environment
Agency’s Waste Resources Assessment Tool
for the Environment (WRATE).

WRATE and WasteDataFlow
WRATE, already used by a number
of London’s waste authorities, is the
Environment Agency’s tool for calculating a
lifecycle assessment of the resources used
and the operation of a whole range of waste
management processes, taking into account
their environmental costs and benefits. Users
pay an annual subscription to use WRATE
software to model in detail a wide range
of waste management approaches on their
economic and environmental performance
to help inform waste management decisions.
The GLA has developed a more simplified
Excel tool (a ready reckoner) based on
the WRATE methodology to enable waste
authorities to gain an indication of the CO2eq
performance of different waste management
options, and how they perform against the
EPS and the carbon intensity floor, when
developing their waste management contracts
and strategies.
WasteDataFlow is a web-based tool for UK
local authorities to report their waste data to
government. The government in their 2011
review of national waste policy indicated that
WasteDataFlow might be amended to calculate
the CO2eq emissions performance of UK local
authorities waste management activities.
Proposal 2.3 of this strategy sets out the
Mayor’s plans to work with government
and London’s waste authorities to
ensure consistency and easy usability
between WRATE, the ready reckoner and
WasteDataFlow. More information on
WRATE and WasteDataFlow can be found at
www.environment-agency.gov.uk and
www.wastedataflow.org respectively.
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Table 6 sets out London’s CO2eq emission
performance for 2008/09 and 2009/10,
showing how emissions savings achieved as
a result of reducing the amount of waste
produced, and from recycling or composting

activities (represented as negative figures) offset
emissions from pre-treating waste, incinerating
waste, and sending waste to landfill.

Table 6 Lifecycle CO2eq performance of London’s municipal waste activities
expressed in kilo tonnes of CO2eq (kt CO2eq) 2008/09 and 2009/10
Waste management activity

Waste managed
(ktpa) in
2008/09

Associated
emissions
(ktCO2eq) in
2008/09

Waste managed
(ktpa) in
2009/10

Associated
emissions
(ktCO2eq) in
2009/10

Landfill

1,831

476

1,752

456

Incineration

838

47

745

42

MBT1

278

-3

296

-4

Anaerobic digestion

4

-0.4

11

-1

In-vessel composting

124

-6

128

-6

Open air windrow composting

143

-6

134

-6

Paper/card

385

-115

391

-117

Glass

62

-6

125

-12

Metals (ferrous)

50

-80

50

-80

Metals (non-ferrous)

13

-135

13

-139

Plastics

24

-29

29

-34

Textiles

12

-53

12

-53

Wood

33

0.03

50

Rejects

176

3

8

167

Transport

n/a

52

n/a

TOTAL

3,973

150

3,903

Residual waste

Organic waste

Materials recycling/reprocessing

2

4

0.05
73

2

45
4

98

Notes:
1 Within the information presented in WasteDataFlow, it is unclear as to where the solid recovered fuel (SRF) from
Mechanical-biological treatment (MBT) facilities in London is currently sent, although it is understood that some
tonnage is sent to cement kilns outside London
2 The reject stream comprises materials rejected from MRFs and ‘on-the-go’ recycling, incinerator bottom ash, and
rejected material from MBT facilities. All material from these streams is assumed to be sent to landfill
3 To avoid double-counting, emissions from MBT rejects have been excluded as these are already included within the total
emissions modelled from the MBT process itself
4 Data published by Defra (see Table 2 in http://archive.defra.gov.uk/evidence/statistics/environment/wastats/
download/mwb200910.xls) suggests that this figure should be 3,975 ktpa in 2008/09 and 3,822 ktpa in 2009/10. At
the time of publishing this strategy it has not been possible to verify why the analysis of WasteDataFlow ktpa figures is
slightly different than the figures reported by Defra. It is not considered, however, that this has a significant impact on
the relative CO2 eq figures represented in Table 6
Source: See Appendix 4c Development of a CO2 eq emissions performance standard for the management of London’s
municipal waste, GLA June 2011.
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The basis for developing an EPS for
London’s municipal waste management
Developing an EPS for London’s municipal
waste management needs to take into account
the financial modelling of different waste
management scenarios to ensure solutions
are cost-effective, technologically robust and
practicably achievable.
As set out in Chapter 3, six of the ten waste
management scenarios modelled that met the
Mayor’s recycling and composting targets in
2015, 2020, and 2031 were used as the basis
for modelling and developing the EPS. More
information on all the scenarios modelled in
preparing this strategy and developing the EPS
can be found in Appendix 4a and Appendix 4b.
Figure 17 sets out how London’s municipal
waste management activities performed in
2008/09 and 2009/10 on CO2eq emissions,
and what improvements are necessary to meet
the EPS levels for the target years in 2015,
2020 and 2031 (shown as pink bars). For each
year, the emissions (or emissions saved) are
broken down to show emissions from landfill,
energy generation using thermal treatment
technologies, recycling, and organic waste
treatment (including emissions from pretreatment and energy generation of separately
collected organic waste).
Figure 17 shows that the net CO2eq emissions of
London’s municipal waste management activities
in 2008/09 were around 150,000 tonnes.
London’s net annual performance improved to
98,000 tonnes CO2eq emissions in 2009/10,
demonstrating positive progress against the
EPS. This improvement is largely the result of
less waste being sent to landfill and incineration,
along with increased levels of anaerobic
digestion and glass recycling.

After waste reduction and reuse, Figure
17 shows that recycling will play the most
significant role in achieving the EPS, which
becomes more challenging over time to 2031.
Figure 17 also shows how thermal treatment
and pre-treatment, in addition to increased
levels of recycling and composting, will be an
important element in avoiding CO2eq emissions
from sending waste to landfill, which decreases
significantly by 2031.
There will be a sharp increase in CO2eq
emissions from thermal treatment and pretreatment processes from 2009 to 2015, as
these technologies will be required in order
for London to make a step change in recycling
and composting performance, and to generate
energy from non-recycled waste. It is important
to note that a fairly basic pre-treatment process
with relatively low recovery levels of recyclable
material has been assumed in developing the
EPS. Much higher CO2eq emission savings could
be achieved using more advanced pre-treatment
processes that recover more recyclable material
and produce low carbon SRF for energy
generation.
All assumptions relating to capture rates of
materials from different recycling activities
and the modelled roll-out (and performance)
of different waste services and treatment
technologies to enable London’s municipal
waste management to meet the EPS have been
developed using information published by
WRAP2.
The metric for developing and determining
performance against the EPS, set out in Table 7,
is expressed in ‘kilograms of CO2eq emitted or
saved per tonne of waste managed’ (kgCO2eq/t
waste managed). Negative numbers represent
emissions savings. The GLA annually monitors
London’s municipal waste management
performance against the EPS and has developed
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Figure 17 Achieving the EPS for London’s municipal waste management
(tonnes CO2eq emissions, 2008-2031)

Thousand tonnes CO2eq emitted
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Recycling
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Net Emissions

Thermal treatment bars include emissions from pre-treatment processes used to prepare SRF.

1

a tool that allows local authorities to determine
how their own waste management options and
services could perform against the EPS (see
Proposal 2.3).
A key characteristic of the EPS is that it
allows flexibility, so that waste authorities,
after exhausting waste reduction and reuse
opportunities, can look across the whole waste
system to find opportunities achieving the
greatest CO2eq savings, depending on their
specific circumstances.
For example, waste authorities covering areas
where there are many flats may find it difficult
to collect high volumes of recyclables and
may instead focus attention on the recovery
of certain materials that deliver greater CO2eq
saving benefits. Recycling collection services
focussing on high embodied carbon materials

such as plastics, metals and textiles will reduce
the carbon intensity of residual waste, so that
it can be used to generate low carbon energy.
Generating low carbon energy from waste plays
a key role for meeting the EPS. This is explained
in more detail in Proposal 2.3.
Plastics are light and bulky, which can make
it difficult for some local authorities to collect
large enough quantities of in order to make a
significant contribution towards weight-based
recycling targets. It is important that as much
plastic is recycled as possible due to its high
embodied carbon and its economic value as
a recycled product. The Mayor wants waste
authorities to have more of an incentive to
target plastics and other high embodied carbon
materials for recycling to exploit their value and
to help in the production of low carbon residual
waste for renewable energy generation.
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Table 7 EPS levels 2015, 2020, and 2031
Year

EPS performance level (kgCO2eq/t waste managed).

2010 (current performance)

30

2015

-130

2020

-190

2031

-240

The Mayor supports the government’s plans in
its national waste policy review 2011 to consult
on increased recycling targets for packaging
producers from 2013 to 2017, and to consult on
a landfill ban of certain waste materials, namely
high embodied carbon materials.
The EPS does not include any CO2eq savings
that might be achieved by reducing the amount
of waste produced more than is necessary to
meet the Mayor’s waste reduction targets. This
is because it is difficult to determine accurately
which waste materials will be reduced and the
rate of waste reduction over time. Nor does the
EPS include any CO2eq savings from reusing
waste. This is because there is great uncertainty
over the appropriate emissions factors to ascribe
to different reuse options, and consequently
such factors are not included in WRATE.
Reducing and reusing the amount of waste
produced provides the greatest cost and CO2eq
saving benefits. The Mayor wants to ensure
waste reduction and reuse activities are correctly
identified as contributing to meeting the EPS.
The GLA is working with DECC to develop
a carbon credit system that will be applied
to London’s municipal waste management
performance against the EPS where there
has been a reduction in waste. The EPS has
been developed to be flexible over time, and
will accommodate any reduction in waste
beyond the Mayor’s targets, and be updated to
recognise the CO2eq benefits of reuse activities
once credible emission factors are available.

Proposal 2.3 The Mayor has set a
minimum CO2eq performance for
energy generated from London’s
municipal waste, known as a ‘carbon
intensity floor’. Waste authorities
that are considering options for
generating energy from waste will need
to demonstrate how their preferred
solutions will meet the carbon intensity
floor, or demonstrate what steps are in
place to meet it in the near future.
Energy generation, including the generation of
transport fuel, as a way of treating municipal
waste needs to work with other elements of
municipal waste management to help achieve
the whole waste system’s EPS. However, it must
also contribute to the Mayor’s aim to encourage
the development of low-carbon decentralised
energy and significantly cutting London’s CO2
emissions.
To support the shift towards low carbon energy,
the energy generated from municipal waste
must meet a minimum CO2eq performance.
In aligning this strategy with the CCMES, all
energy generated from London’s municipal
waste should have a carbon intensity less than,
or equal to, the source of energy generation
it replaces (otherwise known as the ‘marginal
source’ of generation).
Based on DECC guidance for studies of this
nature, the marginal source of electricity
generation which is considered to be displaced
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is the combined cycle gas turbine (CCGT)
plant. Such facilities are assumed to generate
electricity at a carbon intensity of about 393
grams of CO2 per kilowatt hour (kWh) of
electricity generated. As a result of the work
undertaken3 to review and refine the EPS
following public consultation on this strategy,
and to support the transition to a low carbon
economy, the GLA has set the carbon intensity
floor level to 400 grams of CO2 per kWh
of electricity produced. Therefore facilities
generating electricity from London’s municipal
waste must perform within this CO2eq
performance.
The ability to meet the carbon intensity floor
will be affected by three key variables:
• the efficiency of technology employed, for
example, the efficiency of incineration or
gasification and whether the heat generated
is used

• the amount of biomass in the waste that is
supplied to the facility, as higher levels of
biomass make it easier to meet the carbon
intensity floor
• the carbon intensity of the energy
sources being displaced, for example,
coal, gas, marginal source electricity, or
transport fuel (diesel).
The greatest opportunity for meeting the
carbon intensity floor is by ensuring facilities
are efficient and in particular that they
generate electricity and utilise the waste heat
(operate in combined heat and power mode).
Pre-treatment technologies such as MBT
or autoclaving can be used to produce SRF
which contains sufficient levels of biomass
to meet the carbon intensity floor. Table 8
shows indicative requirements, in terms of
biomass content by its calorific value (CV),
for meeting the carbon intensity floor under

Table 8 Indicative requirements for achieving the carbon intensity floor
Technology

Incineration4

Gasification
(steam turbine)
Gasification
(gas engine)

Mode of
operation

Electricity
generation
efficiency1

Net heat
delivered
to user2

Electricity only

28%

Electricity only

CV from Biomass (%)3
Untreated
waste

SRF

n/a

69%

66%

17%

n/a

82%

80%

CHP

19%

30%

57%

54%

Electricity only

20%

n/a

78%

75%

CHP

17%

27%

62%

59%

Electricity only

27%

n/a

68%

66%

CHP

27%

24%

48%

45%

Notes:
1 The data presented is in the form of ‘net’ efficiencies, i.e. taking into consideration both parasitic load and all other
energy ‘losses’ from input of fuel to the plant to output of useful energy. It should also be noted that the efficiencies
presented are scenarios only, and do not purport to represent either the mix of facilities currently operating in London
or the full technical potential of any particular technology.
2 Please see Appendix 4c for details of the methodology by which heat generation and use is included in the calculation
of the carbon intensity floor.
3 Values for SRF are calculated in WRATE on a dry matter basis, whereas those for untreated wastes are calculated on a
fresh matter basis (i.e., including the impact of the moisture content).
4 It should be noted that there are significant differences in the scale and related efficiency of incineration plant, with
smaller facilities of 50-60ktpa achieving lower efficiencies than larger 800-900ktpa facilities. This is reflected in the
potential differences in the efficiencies presented.

T h e M ay o r ’ s m u n i c i pal wa s t e m a n a gem ent strategy

a range of different technology scenarios, for
both untreated and treated wastes. Table 8 can
be used as reference points for waste authorities
when considering the options for generating
energy from their residual waste.
Table 8 indicates that waste that goes to
incineration or gasification facilities generating
electricity only needs to have relatively high
levels of biomass waste of around 70-80 percent
to meet the carbon intensity floor. In some cases
pre-treatment may not be necessary depending
on the efficiency of the waste facility,
particularly when operating in CHP mode
operating at efficiencies upwards of 44 per cent.
The GLA modelled the performance of four
residual municipal waste treatment scenarios
against the carbon intensity floor using London
borough waste data taken from WasteDataFlow
2009/10. Table 9 below shows the performance
of four residual waste treatment scenarios

modelled for the four London boroughs. Table
9 indicates that all four boroughs sending their
municipal residual waste to incineration or
gasification scenarios operating in combined
heat and power mode would comfortably meet
the carbon intensity floor level, regardless of
what recycling or composting rate is achieved.
All four boroughs (except for borough C)
currently provide separate food waste collection
services, where the food waste collected goes
for in-vessel composting. The fourth scenario
in Table 9 indicates the additional benefit
sending this food waste to AD can make towards
achieving the carbon intensity floor. Table
9 shows waste sent directly to incineration
generating electricity only at 24 per cent
electrical efficiency (scenario 1) will not meet
the carbon intensity floor.
None of London’s incinerators operate in
CHP mode, although some ideas are now
being explored regarding the feasibility of

Table 9 Indicative performance against the carbon intensity floor (using London waste authority waste data)
Residual treatment scenario

Borough A

Borough B

Borough C

Borough D

Grams of CO2 per kwh of electricity (including heat)

1 Incineration generating electricity only
(24% electrical efficiency)

676

647

686

754

2 Gasification CHP (32% electricity 26%
heat efficiency)

248

237

252

277

3 Incineration CHP (16% electricity 40%
heat efficiency)

287

274

291

320

4 Incineration CHP (16% electricity 40%
heat efficiency) + food waste to AD
generating electricity only

278

274*

NA

302

Municipal waste recycling or
composting rate (%)

25

14

22

45

CV from biomass (% of residual waste)

52

54

51

47

Notes:
The results are indicative only. True performance will depend on factors including the composition of mixed waste going
for treatment and the configuration of pre-treatment facilities. The same assumptions for Table 9 apply as set out in
Notes 1-3 in Table 8 above.
*Borough B provides a very limited food waste collection service. Sending this food waste to anaerobic digestion results
in a modest improvement in the decimal places against the carbon intensity floor.
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installing heat distribution networks from the
Belvedere incinerator and a project is underway
with the SELCHP incinerator in Lewisham to
provide heat to neighbouring residential and
commercial developments. The GLA Group has
developed a London Heat Map that identifies
opportunities for introducing heat networks
for London’s incinerators as well as other
decentralised energy opportunities. The Mayor
will work with London’s incinerator operators
to explore opportunities to introduce heat-use
infrastructure and improve the incinerators’
overall efficiency (and thus their lifecycle CO2eq
performance). More detail on the Mayor’s
proposals to work with London’s incinerator
operators is set out in Policy 5. Nottingham City
Council has developed a successful CHP waste
management facility in Nottingham City (see
Case Study 5).
Scenario 4 in Table 9 provides an indication for
how anaerobic digestion of organic (i.e. food
or green garden) wastes relate to the carbon
intensity floor. As anaerobic digestion does not
generate any energy from fossil fuels (including
plastics), operated in isolation, such facilities,
will always meet the carbon intensity floor.
As set out in Chapter 4, biogas technologies
can offer greater fuel flexibility and higher
efficiencies than traditional incineration
techniques. Biogas produced from anaerobic
digestion can be used to generate electricity via
gas engines or hydrogen fuel cells, or used to
produce renewable transport fuel to offset CO2
emissions from the use of diesel or petrol.
The Mayor supports the use of anaerobic
digestion for generating renewable energy.
Waste authorities sending organic waste for
anaerobic digestion will be able to offset its
CO2eq performance against other energy
generation solutions for treating its residual
waste for meeting the carbon intensity floor.

More information on how waste authorities can
determine the CO2eq performance of waste
management options is set out in Proposal 2.3.

Treating waste in cement kilns
SRF can be used to generate heat in cement
kilns. When used in this way the SRF is
displacing the conventional fuel, which is
primarily coal, and therefore it performs very
well when measured against the carbon intensity
floor. Coal has a very high carbon intensity of
about 870 grams of CO2eq per kwh. However,
as mentioned in Chapter 3, the Mayor does not
expect cement kilns to play a significant role in
the long-term management of London’s nonrecycled municipal waste as greater efficiencies
can be achieved by generating energy from
waste using other technologies. Cement kilns
are also typically located long distances outside
London, resulting in increased transport costs
and providing no benefit to London’s heat
supply.

Working with waste authorities to
achieve the EPS and the carbon
intensity floor
The EPS will be used to benchmark and
monitor the climate change impact of
London’s municipal waste management. The
Mayor will use the carbon intensity floor as the
basis for determining whether London’s waste
authorities are in general conformity with
his municipal waste management strategy.
Achieving high recycling and composting rates
will almost certainly enable waste authorities
to make the most effective contribution
towards meeting the EPS.
It is not expected that waste authorities with
high recycling and composting rates should
make significant changes to their waste
management services in order to make an
effective contribution towards achieving the
EPS and to meet the carbon intensity floor. The
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figures in Table 9 indicate that waste authorities
with high recycling and composting rates would
comfortably meet the carbon intensity floor if
their residual waste is sent to thermal treatment
facilities achieving overall energy efficiencies
upwards of 56 per cent. Work4 undertaken
by the GLA on the financial and technical
implications for meeting the EPS concluded that
both the carbon intensity floor and EPS could
be met as a result of achieving a wide range of
recycling and composting rates and as a result of
providing a range of recycling and composting
collection services. Recycling options that
concentrate on high embodied carbon materials
can be beneficial as they leave waste with a
higher organic component, and therefore a
higher calorific value from biomass to generate
energy from.
The GLA will work with waste authorities to
focus on waste management options that put
them on the path for achieving the EPS and the
carbon intensity floor and making an important
contribution towards meeting the Mayor’s
recycling and composting targets (set out in
Policy 4).
The GLA has developed a web-based CO2eq
performance ready reckoner tool that allows
London’s waste authorities to easily test the
CO2eq performance of a limited number of
waste scenarios against the EPS and against the
carbon intensity floor. The ready reckoner tool
is accompanied by a user manual and includes
advice on what waste services or technical
changes can be made to improve performance.
This tool has a built-in flexibility, so that it can
be modified to reflect the contribution waste
reduction and reuse make in reducing emissions,
once robust emissions factors for these activities
are made available. The ready reckoner tool and
user guide can be found at www.london.gov.uk.

The Mayor expects waste authorities to use
the ready reckoner tool for determining
performance against the carbon intensity floor
in the development of new municipal waste
management contracts that include energy
generation, and in the development of waste
strategies.
Waste authorities, working together or
alone, when procuring more than one energy
generation solution can pool together the
CO2eq performance of those solutions to meet
the carbon intensity floor. For example a waste
authority can combine the CO2eq performance
of an AD solution with the CO2eq performance
of a thermal treatment option. The ready
reckoner tool allows users to model the CO2eq
performance of a number of different energy
generation solutions, and to determine their
overall combined CO2eq performance against the
carbon intensity floor.

Links between the ready reckoner
and WRATE
The purpose of using the ready reckoner is
to give a quick and easy indication of how
waste management options perform against
the EPS and the carbon intensity floor, and
to identify what measures can be put in place
to improve performance. WRATE is a more
sophisticated tool allowing assessment of a far
greater range of waste management scenarios
and technological options. Waste authorities
may alternatively choose to undertake a
full WRATE analysis of waste management
options against the EPS. However, WRATE as
currently designed cannot be used to determine
performance against the carbon intensity floor.
This is because WRATE only measures the CO2eq
emissions performance of waste management
activities per tonne of waste managed, whereas
performance against the carbon intensity floor
is measured in CO2eq emissions per kwh of
electricity generated.
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Defra in its national waste policy review in 2011
promotes the use of a carbon metric reporting
tool for local authorities to measure and
report on their waste management activities.
It is envisaged such a tool would be linked to
existing waste reporting procedures such as
WasteDataFlow using WRATE or similar CO2eq
emissions lifecycle methodology. The Mayor
welcomes Defra’s invitation to build on existing
carbon metric tools and will work with them,
the Environment Agency and waste authorities
to explore how the GLA’s ready reckoner tool
might be developed for all UK local authorities
to use. This will help deliver a single, consistent
carbon reporting mechanism for waste
management activities across the UK, and avoid
the burden of additional waste reporting for
waste authorities.

Proposal 2.4 The Mayor will work with
the Environment Agency and waste
authorities to ensure that achieving
the EPS and the carbon intensity floor
will not have any significant adverse
impacts on other environmental
considerations, including air quality and
biodiversity.
While there is a significant focus within this
strategy on reducing CO2eq emissions in
response to climate change, waste authorities
must also take into account any adverse impact
on human health their waste management
activities might have, such as on local air quality.
Primarily, these impacts relate to oxides of
nitrogen (NOx) and particulates (PM10 and
PM2.5), for which there are high concentration
levels in London, estimated to exceed the
targets set for the capital5. These pollutants
are of considerable concern in London because
of their potential adverse impacts on human
health.

The potential air quality impacts from all new
developments (not just waste-related ones)
in London are considered on a case by case
basis through the local and strategic planning
process. The development of new residual
waste management facilities might result in
concentrations of NOx and PM10 exceeding
target levels in specific locations, particularly in
those areas where concentrations are already
elevated. Consideration needs to be given to the
location of facilities near existing sensitive areas
(such as residential areas, schools, hospitals) in
order to reduce or minimise the community’s
exposure to pollutants. Waste treatment
facilities, if managed and operating as designed
and located in appropriate locations, and
using best available abatement and mitigation
technology, are unlikely to have a significant
effect on meeting air quality objectives.
The Mayor expects proposals for new waste
facilities within London to be sited where
the impact on air quality and biodiveristy is
minimal. The Mayor expects that all new waste
management facilities will make use of the best
available emissions abatement technologies,
and will work with the Environment Agency
to monitor their impact on air quality and
biodiversity.

Waste and air quality
Nitrogen oxides (NOx), which contribute to
nitrogen dioxide (NO2), and fine particulate
matter (PM10) are the two main emissions
from waste management processes
potentially affecting human health. For
example, PM10 aggravates respiratory and
cardiovascular conditions. At high levels,
NO2 causes inflammation of the airways,
while long-term exposure can affect lung
function and give rise to harmful respiratory
symptoms. The EU has set limits on these
emissions, aimed at significantly reducing
the health impacts of poor air quality. The
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Mayor’s Air Quality Strategy sets out
how the Mayor will protect the health of
Londoners and increase their quality of life
by improving the quality of air they breathe.
Areas around waste sites in London
sometimes have high levels of PM10
concentrations due to resuspension of
particles from vehicles or on-site processes.
The Environment Agency is responsible for
the regulation of waste transfer and disposal
sites in London, as in the rest of England
and Wales and Environment Agency Officers
liaise directly with boroughs about these
sites. The Environment Agency has powers
to serve notice, prosecute, and in extreme
circumstances, revoke an operational permit.
The GLA, TfL, the Environment Agency and
the London boroughs meet on a regular
basis in response to reported high levels
of particulate pollution around a number
of waste transfer stations in London.
These sites are jointly regulated by the
Environment Agency and the boroughs.
The meetings address a number of complex
regulatory and planning issues, including
on-site processes, transport access to the
sites and the cleaning of surrounding roads.
The work of this group has led to a number
of improvements at waste sites in London
including installing wheel-washing facilities,
moving operations inside buildings, installing
water spray systems to damp down sites,
regular road sweeping on and off the public
highway, operator self-monitoring and
changing the types of waste accepted at the
sites. The GLA and TfL will continue to help
the Environment Agency and boroughs to
implement measures that improve air quality
at and around waste sites.

Reducing emissions from waste
transport
Proposal 2.5 The Mayor will
encourage waste authorities to join
TfL’s Freight Operator Recognition
Scheme (FORS) to help make the
transport of waste safer, greener and
more efficient.
Waste transport makes up around 10 per
cent of London’s annual municipal waste
management CO2eq emissions, producing
about 45,000 tonnes of CO2eq in 2009/10.
A significant proportion of these emissions
are from transporting municipal waste over
long distances to landfills outside London.
The Mayor will work with TfL and waste
authorities to reduce the environmental impact
of transporting London’s municipal waste, with
a focus on reducing the number and distances
of waste vehicle movements, and ensuring
that London’s waste vehicles are operating
safely and as efficiently as possible. The Mayor
will encourage all London’s waste authorities
to join TfL’s Freight Operator Recognition
Scheme (FORS), Developed in partnership
with key industry bodies, FORS aims to help
operators of all kinds of vehicles become
safer, more efficient and more environmentally
friendly and provides a quality benchmark for
the industry.
The Mayor also wishes to see greater
use of rail and water for transporting
London’s municipal waste, and supports the
development of more waste infrastructure at
railheads and wharves. More information on
this initiative is set out in Policy 5.
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Freight Operator Recognition
Service (FORS)
FORS is a unique, industry-led membership
scheme, in which over 55,000 vehicles from
around 430 companies are registered as
members. Twenty London boroughs are
currently members. Membership is free and
open to any company operating vans or
lorries in London. Membership allows access
to a range of benefits including workshops,
toolkits and online driver training, which
cover fuel efficiency, safety and Penalty
Charge Notices. By encouraging operators to
minimise fuel consumption, for example, and
providing them with tools and guidance on
how to do so, FORS aims to reduce emissions
across London at the same time as helping
companies to lower costs.
FORS members can also participate in
the FORS online benchmarking system.
Benchmarking helps members to manage
their fuel better fuel management, with some
seeing their fuel consumption performance
improve by around one mile per gallon over
a year. Others have found that the improved
understanding of their operation afforded by
benchmarking has enabled them to justify
procurement of more suitable vehicles, in
one case resulting in a reduction in fuel
consumption of around 30 per cent, with
obvious associated environmental benefits.
Benchmarking also allows operators to
anonymously compare performance with
their competitors and identify areas of
strength or potential improvement. Appendix
6 sets out the City of London Corporation’s
positive experience with FORS.
More information on FORS can be found at
www.tfl.gov.uk/fors

Caste Study 5
Waste management facilities
generating heat and power for
local use
Nottingham City Council
What: Nottingham Energy from Waste
(EFW) and District Heating Scheme (capacity
160,000 tonnes residual waste per year).
Date: 1972 to present day.
Success: The Eastcroft EFW plant, operated
by the Waste Recycling Group (WRG)
provides Nottingham City Council with a cost
effective solution that enables the council
to recover heat and power from over 50
per cent (75,000 tonnes) of its municipal
waste. Nottingham City recycles or composts
approximately 40% per cent of its waste,
resulting in only 10 per cent of is waste going
to landfill.
Cost: The contract associated with the
scheme covers gate fees and capital costs for
maintaining the facility totalling on average
£4 million- £4.5 million each year to process
the council’s residual waste. Building and
maintaining a similar size facility in 2010/11
would expect to cost around £5.5m - £6m
per year (at 5 per cent interest), or £137m
– £150m over a 25 year period. Operational
costs associated with steam production are
about £2 million annually, however this cost
is offset by income generated by the sale
of heat and power to key partners across
the city. The result is a competitive waste
treatment solution for the council to manage
its residual waste locally and the ability to
generate energy and income through sales.
The wholly owned council company,
Enviroenergy Ltd utilises the high pressure
steam produced to provide combined heat
and power to civic, commercial and domestic
buildings across the city including:
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Nottingham Energy from Waste and District Heating Scheme. © CWP Photography
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• over 4,500 domestic properties that benefit
from the provision of low cost district heating
with prices benchmarked below the major
utilities
• over 150 commercial customers including the
National Ice Stadium, Inland Revenue Offices,
Courts, civic buildings, major shopping
centres and Nottingham Trent University.
Customers enjoy security of low carbon
energy supply through district heating and/
or private wire electricity provision, making
Nottingham the UKs leading sustainable
energy city. Negotiations are underway for
increasing capacity for waste treatment
provision and steam supply which will enable
the scheme to expand its provision as an
independent energy supplier to meet the
growing energy demands of the city.
The key elements for making the EFW plant a
success include:
• A strong strategic relationship between the
Councils, WRG and Enviroenergy with a
holistic approach to meeting the waste and
energy needs of the city for the benefit of all
parties
• Provision for expanding the EFW plants
capacity to meet future waste and energy
needs.
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Policy 3
Capturing the economic
benefits of municipal waste
management

Vision
The approach to managing London’s
municipal waste changes from ‘a problem
to be disposed of’ to ‘an opportunity to be
maximised’.

From vision to policy
The Mayor will work with London Councils,
the waste industry, waste authorities and
third sector organisations to ensure that
London is taking steps to maximise the
economic benefits obtainable from its
municipal waste management.

From policy to action – proposals
Proposal 3.1 The Mayor, through LWARB,
will develop a four-year programme (20012015) to identify and implement efficiencies
in municipal waste management in London.
Working with waste authorities and London
Councils, LWARB’s efficiency programme will
explore the opportunities to:
• establish joint waste authority procurement
contracts and shared service arrangements
where appropriate that would bring about
benefits through economies of scale.
• develop a municipal waste management
services framework from which waste
collection authorities will be able to award
a contract to a supplier following a shorter
tendering process
• develop model municipal waste management
contracts and service specifications for waste
authorities to use
• develop best practice tools for disseminating
information on London’s municipal waste
management and cost data and for sharing
best practice on waste service provision.

• establish a Reuse and Recycling Centre
development programme that aims to
maximise the use of these important sites
to increase reuse, recycling and composting
rates, and explore opportunities for
accommodating new waste management
facilities.
Proposal 3.2 The Mayor, through LWARB,
will secure investment in London’s municipal
waste management infrastructure:
• The Mayor will provide financial assistance
for the development of facilities for the
management of municipal waste produced
in London through LWARB’s funds.
• The Mayor will seek to involve financial
partners who are able to make financial and/
or in-kind investments to increase the value
of LWARB’s fund.
• The Mayor will explore commercial loan
opportunities through LWARB that could
help waste authorities that are interested
in building and operating their own waste
management facilities to develop those
facilities, particularly where they are able
to work in partnership with other waste
authorities.

What this will achieve
Waste authorities jointly procuring waste
services and infrastructure will:
• achieve economies of scale to get a better
deal than if they were acting alone
• be more commercially attractive to suppliers
who are interested in securing a larger
market share by contracting with more than
one waste authority at a time
• help deliver more consistent household
waste and recycling services across London
boroughs, to reduce confusion and instil
confidence in the public.
Waste authorities wishing to work together
or alone will be able to use a municipal waste
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management services framework to enable
them to procure waste services more quickly
and efficiently. Waste management contract
suppliers on the Framework will have already
completed the initial Official Journal of the
European Union (OJEU) procurement process
including the pre-qualification stage, saving
time and resources. Waste authorities will
be able to use the Framework to add their
specific service requirements to standard
templates for contract terms, key performance
indicators, specification and pricing. This
will make the procurement process simpler,
quicker and easier and therefore cheaper for
both the supplier and the waste authority.
Developing model municipal waste
management contracts and service
specifications with London’s waste authorities
tailored to London’s specific municipal waste
management governance arrangements and
infrastructure requirements will:
• speed up procurement, by avoiding the need
to develop waste contracts from scratch
• improve the skills and capacity of waste
authority procurement teams to successfully
procure waste management projects
• help deliver more consistent waste and
recycling collection services across London,
regardless of which borough or housing type
people live in
• encourage bidders to make high quality bids
by providing guidance and standardisation so
that they can avoid excessive bidding costs.
In order for municipal waste to become a
greater source of economic benefit to London,
the quality of the waste material produced for
recycling, composting and low carbon energy
generation needs to be of a high standard.
Managing London’s municipal waste as a
resource will improve its quality, making it a
commodity that is more desirable to the re-

manufacturing sector, and helping to develop
the market for low carbon energy generation.
LWARB spent £52 million on delivering waste
management infrastructure and behaviour
change programmes in London from 20082011. This has been supplemented by a
further £18 million in match funding from
the European Regional Development Fund
(through the JESSICA scheme). This forms
part of the London Green Fund and is
managed by the Foresight Group who will also
contribute funding to enable a net £72 million
investment fund for waste projects in London.
LWARB has secured an additional operational
funding budget of £18m from the government
for the period 2011-2015 to help deliver
efficiencies in London’s waste management
and to develop further waste management
infrastructure.
Managing waste materials in the most optimal
way through reuse, recycling and renewable
energy generation could save London up to
£90 million per year.
Preparing London to manage all its waste
(including commercial and industrial waste,
and construction demolition and excavation
waste) in the most carbon efficient and
economically beneficial way could generate
approximately 1260 green-collared jobs and
contribute £52 million of direct Gross Value
Added (GVA) to the economy each year to
2025.
Energy generated from London’s municipal
waste, after maximising recycling, could
contribute £92 million of savings to London’s
£4 billion electricity bill and take £24 million
off London’s £2.5 billion gas bill.
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The Mayor believes that London is missing a
huge economic opportunity from managing its
municipal waste more efficiently. The GLA Act
1999 (as amended 2007) allows LWARB to do
anything that it thinks will facilitate achieving its
objectives, and it is well placed to identify and
implement efficiency savings in the management
of London’s municipal waste. LWARB will work
with London’s waste authorities to assist them in
realising efficiency savings and in capturing the
economic benefits from their waste, using the
mechanisms and interventions set out below.
LWARB as a London-wide body is uniquely
positioned and resourced to help deliver the
Mayor’s municipal waste management objectives
in this area. More information on LWARB’s
funding programme is addressed in Policy 5.

Proposals
Proposal 3.1 The Mayor, through
LWARB, will develop a four-year
programme (2011-2015) to identify
and implement efficiencies in municipal
waste management in London.
The Mayor supports those waste authorities
already working together to develop crossboundary contracts and service agreements and
will work with other waste authorities to explore
further opportunities for joint working in waste
management. Joint working arrangements are
likely to become increasingly attractive following
the government’s 2011 Comprehensive
Spending Review, which presents significant
challenges for local authorities to maintain
high quality and cost-effective front-line waste
management services. The Mayor believes
neighbouring waste authorities could achieve
significant financial and operational efficiencies
by sharing some waste management activities.
on some activities. For example, neighbouring
waste authorities with similar housing stock
might jointly procure a recycling collection

service for flats. Efficiency opportunities
identified will be evaluated and a business case
will be prepared and presented to London’s
waste authorities for consideration.
LWARB will work with waste authorities and
London Councils to develop a four-year
programme to find ways of making significant
savings in municipal waste management
operations in London. This programme, set
out in detail in LWARB’s 2011/12 Business
Plan, focuses on delivering efficiencies in the
following areas:
• Joint procurement: developing a cycle
of procurements of waste management
equipment to take advantage of London
waste authorities’ combined buying power
and make the procurement of capital
equipment and services more efficient, and
more affordable. A steering group will help
guide this process. Through its successful
Flats Recycling Programme, LWARB has
already demonstrated the savings that can
be made through the joint procurement of
waste management equipment. In 2011
LWARB achieved a 40 per cent cost saving
on the procurement of reusable recycling
bags. LWARB’s joint procurement project for
waste containers and food waste housing
units under the Flats Recycling Programme
made savings of approximately £200,000.
The Mayor wishes to see the procurement
of equipment through London-wide tenders
rolled out to the procurement of other waste
management equipment. More information
on LWARB’s Flats Recycling Programme is set
out in Policy 4.
• Shared services: LWARB will work closely
with waste authorities to deliver a more
consistent waste management service to
Londoners through a programme of shared
waste management services, delivered
locally, but procured strategically. LWARB
will work with waste authorities to develop
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London wide or sub regional shared services.
In the first instance this will look to build
upon the success of other London wide
service contracts, such as the London wide
Hazardous Waste Contract, and offer specific
waste related services across borough
boundaries. Significant efficiencies (financial
and operational) can be achieved by targeting
specific waste activities for shared contracts.
• Municipal waste management services
framework: LWARB will continue working
with Improvement and Efficiency South East
(iESE) to develop and operate a municipal
waste management services framework
for waste and recycling collection, street
cleaning, grounds maintenance and bulky
waste collection services. This framework will
provide a way for waste collection authorities
to access a range of waste collection and
cleansing services by holding a discrete tender
exercise to call off a contract from a range of
service providers that would have already met
the pre qualification criteria. The use of the
framework will provide transparency on price,
a consistent set of terms and conditions,
and save money and time by avoiding the
need for a full EU procurement process to be
undertaken for any call off contract.
• Model waste management contracts
and service specifications: LWARB will
develop a library of links to existing model
waste management contracts and service
specifications, and where appropriate
will work with waste authorities to tailor
model contracts and specifications to
meet individual waste authority needs.
LWARB will work with London Councils
and London’s waste authorities to identify
good examples of revenue-sharing and joint
venture arrangements that achieve costefficiency savings and encourage the use
of more environmentally beneficial waste
management solutions. LWARB will also work
in partnership with iESE to develop model

contracts and specifications for services that
are listed in the waste management services
framework.
• Best practice tools and co-ordination:
LWARB will continue to work with waste
authorities to improve the accessibility
and presentation of local authority waste
services information and data on the
collection, reuse, recycling, treatment
and disposal of municipal waste within
London. This will be achieved through
the development of best practice tools
including Capital Waste Facts and the
London Waste Map. LWARB has funded
Capital Waste Facts to download, analyse
and present London’s waste authorities’
waste data to help inform London’s
municipal waste management position and
to identify trends.
• Reuse and Recycling Centre (RRC)
development programme: LWARB
recognises the important role that
RRCs offer in providing a large range of
recycling and composting opportunities
for householders. LWARB will develop a
programme in consultation with London’s
waste authorities to maximise recycling and
composting opportunities at RRCs through
good design and site layout. Improvements
could include better signage, increasing the
number of recycling banks, or feasibility
studies exploring the case for re-orientating
and intensifying the operation of RRCs to
support the development of new waste
management facilities.

London Waste Map
The London Waste Map is a Londonwide geographic information system
(GIS) map of London’s waste
management infrastructure. The map
allows users to identify those areas
that are most promising for waste
infrastructure development, and the
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allows for the first time the ability to
map waste management projects with
energy, transport and other major utility
development projects. More details on the
London Waste Map is set out in Policy 5
and at www.londonwastemap.org/.

Capital Waste Facts
Capital Waste Facts is the centre for waste
management and recycling information and
data across London. Capital Waste Facts is
used by waste authorities, policy makers,
academics, the waste industry and the
public to better understand how London’s
waste flows through the waste management
system and identify where the opportunities
for improvement can be realised.
More information can be found at
www.capitalwastefacts.com.

Proposal 3.2 The Mayor, through
LWARB, will secure investment in
London’s municipal waste management
infrastructure.
LWARB will secure funds to be used to support
the development of new waste management
infrastructure for all London’s waste, including
commercial and construction waste. As set
out in Chapter 4, LWARB’s funding alone
will not be sufficient to fill London’s waste
management infrastructure capacity gap.
Therefore LWARB will use its brokerage service
to seek external strategic partners who are able
to make financial and in-kind investments to
increase the value of LWARB’s fund. This will
be achieved using a number of mechanisms
including:
• providing loans to enable private sector
investment
• participation in other funding schemes, such
as EU match funding and the London Green
Fund and
• the formation of joint ventures, where
investors provide extra funding.

EU match funding and the London
Green Fund
The Joint European Support for Sustainable
Investment in City Areas (JESSICA) scheme
is an initiative managed by the European
Investment Bank to promote sustainable
investment and growth in jobs in Europe’s
urban regeneration areas. In addition to the
funds directly managed by LWARB, LWARB
has contributed £18m to the London Green
Fund which will use the JESSCIA initiative to
develop waste management infrastructure
in London. LWARB’s contribution has
been matched by £18m from the European
Regional Development Fund. This £36 million
of public sector funding is independently
managed by Foresight Environmental, a
private sector fund manager that has a
target of bringing similar private sector
match funding. As such a total waste fund
of circa £72m will be available to invest in
waste infrastructure projects in London over
the period to 31 December 2015. While the
broad strategy for this fund is in line with
LWARB’s strategy the fund is independent
of LWARB and may support the same or
different projects as determined by its own
evaluation process. The London Green Fund
and LWARB fund are complementary funds
working towards the same goal.
More information can be found at
www.lwarb.gov.uk
LWARB funding could be used, on commercial
loan terms, to support those waste authorities
that are prepared to consider owning and
operating waste management facilities for
municipal waste to help them retain the
revenue from the sale of recyclables and
energy, and to offset their collection costs. It
is envisaged waste authorities could invest in
relatively low-tech facilities, such as Materials
Reclamation Facilities (MRFs) and in-vessel
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composting facilities. Such facilities typically
have less associated risk and may therefore
be more practicable for waste authorities
to procure compared to sophisticated
and expensive pre-treatment and thermal
treatment facilities. Policy 5 sets out the
Mayor’s plans for developing more waste
management infrastructure in London.

Case study 6
Revenue sharing contracts
What: Waste Collection, Recycling, Street
Cleansing and Ancillary Services Contract
Date: 2010
Success: The contract represents an
innovative arrangement for both the City
Council and the contractor as there is a built
in level of flexibility in service focus and both
the risks and the profits are shared;
• 50/50 share of avoided waste disposal
costs;
• 50/50 share of excess profits above the
agreed margin.
Cost: The contract is £36 million per annum
(£252 million over seven years)
In 2010 Westminster City Council let its high
profile waste collection, recycling, street
cleansing and ancillary services contract
to Veolia. The contract was let using the
Competitive Dialogue process for a term of
seven years with an option to extend up to
another seven years.
The Competitive Dialogue process, the first
time this approach was used in Westminster,
provided an opportunity to discuss the wider
economic, social and technical changes that
were expected to take place in Westminster
during the contract term. Discussions also
took place on a range of key issues including
fleet procurement options, indexation and
fuel prices, managing major special events
including the Olympics, sharing information

systems and developing a performance
framework that gave incentives for the
achievement of positive outcomes for both
parties.
The key elements of the contract include:
• A Partnership Board setting annual Key
Performance Indicators against which a
percentage of the supplier’s profit margin is
assessed;
• Incentives to increase the City Council’s
commercial waste portfolio;
• An efficient and operationally reliable
vehicle fleet that reduces emissions of CO2
by 20 per cent.
From its inception the contract
documentation was developed to
allow flexibility in service focus, the
encouragement of innovative solutions, the
improvement of customer experience and the
continual delivery of efficient and effective
waste management services.

Case study 7
Supporting waste authority
investment in waste infrastructure
What: In-Vessel Composting Facility (IVC)
Date: 2004
Success: The facility was the first in the
country to be certified as producing PAS100
quality compost. The IVC facility treats
30,000 tonnes of organic waste each year,
saving about £1.7 million on landfill tax
costs. Composting this organic waste instead
of sending it to landfill avoids approximately
8,500 tonnes of CO2eq emissions each year.
Cost: £5.2 million for a new 30,000 tonne
capacity IVC.
In 2004 the North London Waste Authority
(NLWA) led a project comprising ‘master
composter’ support for home and community
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composting by the London Community
Resource Network, new organic waste
infrastructure collection services by its
constituent borough councils and the
development of a new in-vessel composting
facility by its contractor, LondonWaste Ltd,
for which it was awarded £4m by the former
London Recycling Fund (LRF) to make it all
affordable.

In 2009 the NLWA let a MRF services
contract for the co-mingled dry recyclables
arising in five of its constituent boroughs of
Camden, Hackney, Haringey, Islington and
Waltham Forest. The contract was for ‘lots’
of merchant capacity (facilities independently
built to treat municipal waste) ahead of
NLWA’s long-term procurement of significant
new waste management infrastructure.

The first organic wastes were delivered
in September 2005, and the first loads of
finished compost were delivered to borough
parks and allotments in February 2006.

As the contract was let at a time when the
value of sorted recyclable wastes was very
low the NLWA decided to structure their
contract with a basic gate fee to cover MRF
contractors’ direct operational costs alongside
an income sharing arrangement under
which the NLWA receives 50 per cent of the
contractors’ relevant income (and a higher
percentage if the income more than doubles).

The borough organic waste collection
services have proved to be very successful,
with the full IVC capacity being used in
the first year, and additional third-party
merchant capacity being used since then as
more organic waste has been collected.
The LondonWaste compost continues to be
in great demand by north London allotment
sites, parks and community projects as well
as LondonWaste’s farming, landscaping and
educational customers. In 2009/10 over a
third of the compost was used within North
London.

Case study 8
Revenue share contracts
What: MRF (Materials Reclamation
Facilities) Services Contract
Date: October 2009
Success: The contract, including income
sharing with the contract provider, delivered
savings to the North London Waste Authority
(NLWA) of over £1.5m in 2010/11. Annual
savings will vary depending on the market
value for recyclable materials.
Cost: N/A

This contract structure gives the contractors
the confidence that they will receive an
income sufficient to cover their essential costs
and an incentive to minimise process losses,
and it gives the NLWA budget certainty
at competitive prices along with improved
recycling rates. NLWA is also using income it
receives under the MRF contract to subsidise
the same five boroughs’ collections costs,
such that the net financial impact on local
council tax payers has been brought in at the
lowest levels ever achieved locally.

Case study 9
Cost benefits from achieving high
recycling performance
What: Household recycling and organic waste
collection service
Date: N/A
Success: Achieving 51 per cent recycling
performance in 2010/11 and an annual
gross income of £893,000 from the sale of
recyclables collected at the kerbside. This
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saved Bexley residents £3 million on disposal
costs. Bexley’s household recycling and
organic waste services helped reduce the
borough’s residual waste by approximately
1,800 tonnes in 2009/10 and 980 tonnes in
2010/11.
Cost: Including income from recycling,
the net cost to collect and recycle Bexley’s
household waste is about £75 per tonne of
waste recycled. This can be compared to a
cost of £122 per tonne if this material was
collected and sent to landfill. This represents
a saving of £47 per tonne for every tonne
of waste that is recycled rather than sent to
landfill.

Recycling and composting
The London Borough of Bexley has a
recycling scheme which is offered to 97
per cent of its households. Householders
separate out recyclables and organic waste
for recycling or composting into different
containers provided by the council.
Flats have a similar scheme but have wheelie
bins or communal bins provided for their dry
recycling. Only a limited number of small
blocks of flats have a food waste collection
scheme.

Refuse
Households have a fortnightly collection
of refuse in 180 litre refuse bins. Flats that
do not have the space for the full set of
containers still have a weekly collection of
refuse.

Capture rates
The capture rates for materials recycled are
high for paper (91 per cent), glass (94 per
cent) and garden waste (98 per cent). The
lowest capture rate is for food waste at 69 per
cent, the other materials are between 79 per
cent and 86 per cent.

Key contributing factors:
The introduction of a limited capacity
fortnightly refuse collection (in 2008) was
key to increasing the recycling rate. It helped
to persuade some residents who previously
did not recycle to start to do so.
Bexley has always sought to inform residents
on the benefits of recycling rather enforce
its use. This includes running frequent,
sustained and clear communications
campaigns and having Recycling Advisors
visiting residents. Recycling Advisors look
after certain areas of the borough and
deal with issues such as those arising for
residents who are struggling to understand
the recycling scheme or can not fit all their
refuse in the bin provided. This has also
helped to minimise the amount of municipal
waste produced in Bexley.
The School’s Waste Action Club (SWAC) visit
primary schools and secondary schools in
the borough. The Club take assemblies and
run activities in these schools to educate the
children about waste. The aim is to reduce
the schools waste production and for the
children to take home the waste reduction
message and to reduce their waste at home.
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Recycling in Bexley. © London Borough of Bexley
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Policy 4
Achieving high municipal waste
recycling and composting
rates resulting in the greatest
environmental and financial
benefits

Vision
Recycling or composting in London will be a
straightforward part of Londoners’ daily lives,
to achieve high municipal waste recycling and
composting rates.

From vision to policy
The Mayor will work with London’s waste
authorities, Defra, LWARB, and the private
sector to provide municipal waste recycling
and composting collection services that are
accessible and as consistent as possible across
London, and that provide incentives for
households and businesses to use them.

or composting rates for household waste
collected from flats, particularly those
providing social housing.
• Proposal 4.4 The Mayor will work with
waste authorities and other stakeholders to
provide incentives for Londoners to reduce,
reuse and recycle municipal waste.
• Proposal 4.5 The Mayor will work with
waste authorities, WRAP, TfL and the
private sector to provide ‘on-the-go’
recycling bins across London.
Providing high quality, consistent and cost
effective recycling and composting services
to London’s households and businesses needs
to be supported by infrastructure to recover,
treat, and process materials into saleable
products. Policy 5 sets out the Mayor’s
proposals for developing waste management
infrastructure in London.

What this will achieve
From policy to action – proposals
• Proposal 4.1 The Mayor has set recycling
and composting (including anaerobic
digestion1) targets for London’s municipal
waste of 45 per cent by 2015, 50 per cent
by 2020 and 60 per cent by 2031.
• Proposal 4.2 The Mayor, through LWARB’s
best-practice co-ordinator service, will
work with waste authorities and Defra’s
Waste and Resources Action Programme
(WRAP) to provide cost-effective and
easily accessible recycling and composting
services to all London households and small
businesses. The aim is to showcase good
practice and identify opportunities to deliver
high quality, consistent and cost-effective
collection services, achieving high recycling
and composting rates.
• Proposal 4.3 The Mayor, through
LWARB, has allocated £5 million to fund
infrastructure measures to increase recycling

After waste reduction and reuse, achieving
high recycling and composting rates in most
cases is the most cost effective way to reduce
the environmental impact of managing
London’s waste and to achieve the Mayor’s
EPS. Recycling or composting 50 per cent of
London’s municipal waste could save around
970,000 tonnes of CO2eq emissions2 and £60
million in waste collection and landfill disposal
costs each year3.
Furthermore, it will be essential to recycle
and compost more if we are to avoid higher
landfill costs in the future.
Between 2011and 2015, LWARB expect
projects funded through its Flats Recycling
Programme to deliver the following benefits:
• increase recycling and composting
performance by 43 per cent on average per
project
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• provide 520,000 households with new/
improved recycling services
• divert around 75,000 tonnes of waste from
landfill
• prevent almost 66,000 tonnes of CO2eq
emissions from entering the atmosphere
The Mayor believes the best opportunities for
improving London’s recycling and composting
performance lie in providing recycling and
composting services to flats and small
businesses, which today only recycle or compost
about five to ten per cent of the waste they
generate. Figure 18 below provides a breakdown
of the main services and their contribution
to London’s current recycling or composting
performance. Figure 18 also indicates what

improvements are likely to be necessary for
London to achieve the Mayor’s 60 per cent
recycling or composting target by 2031 and
identifies the routes through which to capture
materials for recycling and composting. The
improvements necessary include some pretreatment of residual waste to recover materials
for recycling. Pre-treatment technologies
typically recover 10-15 per cent of recyclable
material from residual waste, although higher
recovery rates are possible with some autoclave
technologies.
Recycling and composting services provided
to properties with doorstep collections will
continue to play an important role in boosting
London’s recycling or composting performance.

Figure 18 How London can achieve 60 per cent recycling or composting rates by 2031
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Sources:
Appendix 4a: ‘Economic modelling of the Mayor’s municipal waste management strategy’, GLA, August 2010;
Appendix 4e: ‘The Performance of London’s Municipal Recycling Collection Services’, GLA, 2010;
‘Recycling collection schemes from flats – Performance,’ WRAP, 2009.
‘Analysis of dry recycling performance 2007/08’, WRAP, 2009.
Notes:
Figures based on potential yields obtained from best performing recycling services based on WRAP research and
scenario modelling in Appendix 4a to this strategy.
Assumes flats comprise 50 per cent of housing stock and residual waste arising from flats are similar to other
housing types.
‘Other recycling’ includes bring bank recycling, recycling street litter and composting green waste from municipal parks.

105
Although many of these services are already
reasonably well developed across London,
improvements can still be made and these
services are typically the most cost-effective
way to obtain the highest yield of recyclable
materials.
Pre-treatment of residual waste to recover
additional materials for recycling will also
be necessary to improve London’s recycling
performance, particularly in areas where it is
difficult to provide cost-effective recycling and
composting collection services, such as flats.
More information on the Mayor’s proposals to
develop waste management infrastructure in
London is set out in Policy 5.
Table 11 shows indicative recycling and
composting rates expressed as percentages
for the main waste management services. In
addition to household and business waste
collection services, there is significant potential
for improving recycling and composting rates
from Reuse and Recycling Centres to increase
from the 45 per cent levels achieved in 2010 to
about 60 per cent in 2020 and 80 per cent by
2031. Materials recovered from other activities
such as street litter for recycling and municipal

park green waste for composting and from
recycling bring banks are expected to make
increasing contributions to London’s recycling
and composting performance.

Proposals
Proposal 4.1 The Mayor has set
recycling and composting (including
anaerobic digestion4) targets for
London’s municipal waste of 45 per
cent by 2015, 50 per cent by 2020 and
60 per cent by 2031.
The Mayor believes that setting high recycling
and composting targets for London will ensure
that recycling and composting is always
considered before energy generation, wherever
recycling and composting delivers the best
economic and environmental outcomes.

Proposal 4.2 The Mayor, through
LWARB’s best-practice coordinator service, will work with
waste authorities and WRAP to
provide cost-effective and easily
accessible recycling and composting
services to all London households

Table 11 Indicative municipal waste recycling and composting rates by collection service that would achieve
the Mayor’s overall recycling and composting targets
Indicative recycling or composting rates

2011

2015

2020

2031

Household collection services - doorstep

40%

45%

50%

55%

Household collection services – flats

10%

25%

35%

40%

Business collection services

10%

30%

35%

40%

Reuse and Recycling Centres

45%

60%

70%

80%

Other activities*

30%

32%

34%

36%

Reuse

<1%

<1%

1%

1%

Total

27%

45%

50%

60%

Notes: 2011 figures are calculated from 2010/11 WasteDataFlow figures and from survey work with London boroughs on
recycling performance in flats and business.
*Includes recycling bring banks and recycling or composting of street litter and park green waste
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and small businesses. The aim is
to showcase good practice and
identify opportunities to deliver
high quality, consistent and costeffective collection services,
achieving high recycling and
composting rates.
In 2010, the GLA undertook research5
on London’s recycling and composting
performance, looking at how performance
related to different collection methods
and building types, to help identify areas
for improvement and keep collection costs
to a minimum. The research was guided
by a steering group made up of London
borough representatives, and supported by
the economic modelling used to inform the
Mayor’s preferred approach for managing
London’s municipal waste. The key findings of
the research were:
• The highest performing waste authorities
collected at least six materials for recycling
(paper, card, cans, glass, mixed plastics, and
textiles). Collecting at least six materials
gave rise to higher yields – up to 40 per cent
more than waste authorities collecting four
materials or less. Consistency in the materials
collected across different housing types was
found to increase performance, as it provided
a consistent message.
• Residents with weekly recycling collections
recycled twice as much on average as
those residents with a fortnightly recycling
collection service.
• For flats with near-entry collection services,
residents provided with internal receptacles
such as boxes or reusable bags to carry
recyclables to communal waste collection
points recycled on average nearly twice as
much as those residents without any internal
receptacles.
• High profile and continuous communication
about recycling and composting services,

typically through signage on the street
and on collection vehicles, leaflet drops,
advertisements in local newspapers and
information in council publications, was linked
to better participation and higher performance
rates. For example, participation levels in
Ealing’s household recycling collection service
increased by 16 per cent following a door
stepping and performance monitoring activity
to promote the borough’s recycling services.
• In boroughs where operating contracts were
linked to performance incentives, there were
generally better recycling or composting
rates. For example Camden’s ‘Community
Recycling’ incentive initiative offered to 2,500
flats in an estate to increase the amount of
materials recycled yielded 10-20 per cent
higher participation rates than other estates in
the borough, with some estates reaching 90
per cent participation rates. Residents were
offered incentives including free energy saving
light bulbs and doorstep collection services
rather than asking residents to take their
recyclables to a communal recycling point.
• Due to expensive collection costs and typically
low yields from flats, boroughs with a high
proportion of flats should consider investing
in residual waste treatment facilities to recover
recyclables and material for energy generation.
• Recycling services for small businesses that
collected a wide range of materials produced
higher participation rates, and in some cases
were more cost-effective than those collecting
only one or two materials.
Most of the data on costs used to inform the
research is based on national surveys and
incomplete data from only a handful of waste
authorities. As a result it is difficult to present
an accurate assessment of London waste
authority collection costs and opportunities for
improved performance.
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LWARB will work with partner organisations to
collate and communicate accurate information
on London’s waste management position and
share best practice with waste authorities. This
work will aim to help deliver consistent levels of
recycling and waste collection services across
London, regardless of the type of housing or
borough Londoners live in. LWARB does not
have the resources to deliver this service alone
and will work with London’s waste authorities,
WRAP and London Councils to achieve this.
One option is to work with London Councils
on its twinning and mentoring programme
to provide a forum within which London’s
waste authorities could share information and
experiences on local waste management. The
Mayor will also encourage London’s waste
authorities to join up to the government’s new
‘Recycling and Waste Services Commitment’ - a
pledge committing all waste authorities in the
UK to consult and communicate fully with their
residents on the types of waste and recycling
services they provide, and to make it easier
for residents that want to recycle to do so.
More information on the Recycling and Waste
Service Commitment can be found at
www.wrap.org.uk.
Ideally, recycling collections should accept
as many materials as possible, in order to
achieve the best CO2eq savings. However, in
developing their services, the Mayor expects
waste authorities to focus first on collecting
those materials that achieve the greatest
CO2eq savings by being diverted from landfill
or energy generation. These include organic
waste, mixed plastics, metals, paper and card,
textiles, and glass containers, which make up
approximately 90 per cent of the municipal
waste stream. With the exception of mixed
plastics, markets for treating organic waste and
recycling these other materials are already well
established. Closed loop recycling, in which
materials are recycled back into their original

products, offers both the greatest CO2eq savings
and the greatest economic opportunities from
recycling. Plastics reprocessing lends itself
well to closed loop recycling in London, as it
involves relatively light industrial processes and
the cost of transporting recyclable plastic long
distances is relatively expensive (plastic is light
and therefore yields a high transportation cost
per tonne). London currently has a closed loop
plastics recycling plant for plastic bottles but the
Mayor is keen for London to have a closed loop
recycling plant for mixed plastics in London due
to the significant environmental benefits and
economic opportunities recycling this material
presents. The Mayor through LWARB will
support the development of at least one mixed
plastics recycling facility in London.
The Mayor encourages boroughs to work with
small and medium-sized businesses (SMEs) to
realise the economic and environmental benefits
of recycling. Lower disposal costs for recyclables
and potential revenue from the materials
collected for the boroughs can go hand-in-hand
with lower collection charges to businesses, so
that both sides benefit. The Royal Borough of
Kensington and Chelsea currently provides a
commercial waste recycling service, similar to the
service provided to households, to around 3,800
commercial premises. Collecting and recycling
business waste instead of sending it to landfill
saves the borough £55 per tonne of waste
collected (see Case Study 10).
Through LWARB’s best practice co-ordination
service, the Mayor will help waste authorities to
provide cost-effective business waste recycling
or composting services to SMEs, equal to the
services offered to households. The Mayor will
encourage waste authorities to sign up to the
government’s Business Waste and Recycling
Collection Commitment to be published in 2011,
setting out how waste authorities can help
local businesses meet their waste management
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responsibilities and recycle more. As set out in
Chapter 2, the revised definition of municipal
waste and the government’s removal of the
Landfill Allowance Trading Scheme (LATS)
from 2013 will provide an incentive for waste
authorities to provide waste and recycling
collection services to SMEs.
In delivering his Business Waste Strategy, the
Mayor will continue to support the London
Business Improvement Districts (BIDs) network
as a way to provide access to, and achieve
economies of scale for, waste re-use and
recycling collection services. In addition, he will
work with BIDs to offer best-practice advice
on the delivery of waste management projects.
He will also help to promote opportunities to
find waste management efficiencies between
neighbouring BIDs and assist with the setting up
of resource-efficiency clubs within these forums.
The Mayor’s Business Waste Strategy can be
found at www.london.gov.uk.
The Mayor recognises that investment in waste
management infrastructure is necessary to
develop the reuse, recycling, composting and
treatment capacity in London. To warrant the
investment in high quality services, and to
ensure that the economic benefits of recycling
and efficient energy generation stay in London,
Policy 5 will set out what the Mayor proposes to
do to develop waste management infrastructure
in London.

Proposal 4.3 The Mayor, through
LWARB, has allocated £5 million
to fund infrastructure measures to
increase recycling or composting rates
for household waste collected from
flats, particularly those providing
social housing.
In June 2010 LWARB launched a £5m Flats
Recycling Programme to support local

improvements in recycling and composting
performance in flats. Funding has been made
available for waste authorities in London
wanting to:
• introduce a new flats recycling service or
• expand an existing flats service or
• improve the performance of an existing flats
recycling or composting collection service.
In 2010/11 the Flats Recycling Programme
funded 29 projects across 26 waste authorities.
All projects are due to be fully operational by
March 2012. Funding has been made available
to projects including:
• the provision of dry and food waste recycling
collection infrastructure, to include:
-purchase
of containers and liners, vehicle
costs, staffing or other service delivery costs,
underground containers and chutes
• recycling site improvement works, including
new and improved signage, fencing and
lighting and
• incentive schemes – including rewarding
residents for reducing, reusing or recycling
waste with ‘local green points’ or ‘green
credits’ funded from savings made on waste
disposal. Green points or credits can be spent
at local shops or donated to local community
projects.
The Mayor will work with boroughs, housing
associations, and Arms Length Management
Organisations (ALMOs) to target London’s social
housing as a way to boost London’s recycling
and composting performance. Social housing
makes up a large proportion of flats and estates
in London, and thanks to its close association
with the boroughs, this sector presents an
excellent opportunity for working in partnership
to improve local recycling and composting.
Any flat recycling support schemes funded by
LWARB is required to be integrated with other
housing retrofit programmes where practicable,
and supported by education programmes and
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revenue from boroughs. More information on
LWARB’s Flat’s Recycling Programme can be
found at www.lwarb.gov.uk.

Proposal 4.4 The Mayor will work
with waste authorities and other
stakeholders to provide incentives for
Londoners to reduce, reuse and recycle
municipal waste.
The Mayor supports rewarding households for
good behaviour instead of imposing charges on
households who do not recycle, or who produce
large quantities of waste. The Mayor will
encourage waste authorities to adopt incentivebased schemes, such as Local Green Points and
RecycleBank. This will be achieved through
the Flats Recycling Programme, and through
LWARB’s best practice co-ordination service
which will provide a forum for waste authorities
to share the experiences of successful incentive
schemes, and work with scheme providers to
deliver them in London. LWARB will also work
with waste authorities to help them access the
government’s grant funding programme for
innovative reward and recognition schemes. The
government is providing up to £0.5 million grant
funding in 2011/12 and has indicated there
may be further funding in later years. More
information can be found at www.defra.gov.uk.
LWARB funded London’s first Local Green
Points Scheme for waste and recycling, to
be launched in Bexley from autumn 2011.
The London borough of Lambeth launched
London’s first RecycleBank trial to 47,000 estate
households in May 2011. Several thousand
residents had signed-up to the scheme by
August and started benefiting from the rewards
on offer from over 100 local and national reward
shops and partners. Against a backdrop of
waste arisings continuing to fall in Lambeth,
the amount of recycling collected on the trial
estates during June and July 2011 was 10 per

cent higher than the same period in 2010. If
successful, RecycleBank will be rolled out to all
households in Lambeth during 2012.

Local Green Points
Local Green Points is a service delivered
to boroughs to motivate residents to take
positive actions to reduce the environmental
impact of their everyday lives. Participating
residents are awarded ‘green points’ funded
by savings made on local authority services.
Local green points can be accrued for (but
are not limited to):
• reducing waste
• recycling
• using public transport
• home energy savings
• reducing carbon
• community volunteering.
Green Points can then be redeemed in
ways relevant to the demographics of the
individual or community and include (but are
not limited to):
• discount or full payment for eco-products
and services
• free or discounted access to council owned
health facilities
• discounts or payments for other accredited
goods and services.
More information can be found at
www.localgreenpoints.com.

RecycleBank
RecycleBank is a scheme in which
householders receive money-off vouchers
for chains and local stores, or can choose
to donate money to charity, when they
recycle household waste. The scheme can
deliver a sustained increase in recycled
municipal waste by giving people an
incentive to recycle. The typical financial
benefit to households in London could be
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about £14 a month, assuming an additional
100-200 kilograms of waste recycled per
household a year. More information can be
found at www.recyclebank.com.
In 2011 the Royal Borough of Windsor
and Maidenhead rolled out the UK’s first
RecycleBank programme to the whole
borough after a successful trial scheme,
which resulted in:
• a 35 per cent increase in recycling
performance in the trial area of 6,500
properties
• 60 per cent of eligible households activating
their rewards accounts.
• more than twenty million RecycleBank
points being earned for discounts and
offers at over 100 shops, leisure centres,
businesses, attractions, cafés and
restaurants.

Proposal 4.5 The Mayor will work with
WRAP, waste authorities, TfL and the
private sector to provide ‘on-the-go’
recycling bins across London.
A number of boroughs provide recycling bins on
streets in strategic locations, such as outside bus
stops and train stations and in town centres, so
that Londoners can recycle on-the-go during
their daily commute. Recycling bins are most
commonly available for paper, although some
boroughs provide on-the-go recycling bins for
plastic bottles, glass and cans.
However, on the whole in London, there is still a
significant missed opportunity to recycle waste
generated outside the home. The Mayor is
therefore keen to promote on-the-go recycling
across London. Research6 undertaken for the
London Assembly showed more than 260 tonnes
of waste is produced at lunchtime in London
every day, illustrating the need to capture the

proportion of that waste that can be recycled.
The Mayor will therefore seek to promote
on-the-go recycling across London.
The Mayor considers that improving
on-the-go recycling points in London can
be best achieved through a combination
of public funding and private sponsorship.
The Mayor will work with WRAP and waste
authorities to collate and share good practice
on recycling on-the-go services on the street
and in public areas. The Mayor will work
with the GLA Group overall and in particular
with TfL, to improve on-the-go recycling
significantly on the GLA’s own estate. He
will also explore funding opportunities with
businesses and land owners for providing
more recycling bins along main streets across
London, integrated where practicable with
local authority recycling services, to allow
Londoners to recycle as they go.

Case study 10
Business waste recycling
collection services
What: Commercial Waste and Recycling
Collection Services
When: Since 2005
Success: The proportion of businesses that
are using the borough’s recycling collection
service has increase from 11 per cent in 2005
to 35 per cent in 2010.
Cost: A 240 litre wheelie bin costs £4.79 per
lift plus £1.60 per week hire on each bin for
general waste compared to only £1.66 per lift
and no hire charge for recycling. A general
waste bag costs £1.69 each compared to
a recycling bag costing 69 pence each.
Collecting and disposing of general business
waste costs the council £128/tonne. This
can be compared with £73 per tonne for
collecting and recycling mixed recyclables,
representing a £55 per tonne (43 per cent)
saving.
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The Royal Borough of Kensington and
Chelsea provides an innovative commercial
waste collection service with a strong
recycling focus. The materials collected for
recycling include paper, card, glass bottles
and jars, plastic bottles, tins and cans,
and food and drink cartons (tetra packs).
The service operates seven days a week
with three collections a day for recycling
customers.
There has been a 24 per cent increase in the
number of businesses using the recycling
service since 2005. This can be attributed to
a strong marketing campaign to encourage
businesses to recycle that includes regular
articles in the borough publications and a
sales team actively promoting the service
and educating businesses. This alongside
a competitive pricing structure and a
contamination monitoring programme has
lead to a significant increase in the number
of recycling sacks sold, from 250,000 in 2005
to 875,000 in 2010.
The Royal Borough of Kensington and
Chelsea currently have around 3,800
customers that use their recycling service representing a 75 per cent market share.

Case study 11
Improving recycling and composting
rates in boroughs with a high density
of flats
What: Dramatically improved recycling
rates/ Recycling Improvement Plan
Date: 2007/08 - present
Success: Doubling household waste
recycling rates from 13 per cent in 2007/08
to 26 per cent in 2009/10.
Cost: Approximate cost of Recycling
Improvement Plan was £1.6 million. Savings
in 2008/09 on disposal costs were £156,000.

Tower Hamlets poor recycling performance in
2007/08 (13 per cent) attracted ministerial
attention and a requirement to secure
a recycling performance of 19 per cent
by the end of 2008/09. To address this
Tower Hamlets put in place a Recycling
Improvement Plan and set themselves an
even more challenging target of 26 per cent
for 2009/10 and 32 per cent for 2010/11.
Tower Hamlets faces some unique
challenges; it has a large proportion of high
density housing (76 per cent of properties
are purpose-built flats), and has the most
ethnically diverse population in inner
London. There are also a large number of
private landlords and housing associations
that own and manage properties within the
borough.
Since flats form the majority of properties
in the borough their recycling collection
requirements have formed a key element
of the Recycling Improvement Plan.
Approximately half the flats in the borough
(40,000) now have a bring scheme for dry
waste recycling with the remainder having
a weekly collection from their doorstep. In
addition a food waste collection service was
introduced to 6,000 flats.
The key initiatives that are being undertaken
to improve recycling operations for flats
include:
• working to adopt a customer-orientated
view of the borough where public and
private land are maintained to the same
standard.
• the launch of a forum called the ‘Public
Realm Subgroup’ that acts as a mechanism
for the Council and managing organisations
to work jointly to improve services for
residents.
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Promoting recycling in Tower Hamlets. © London Borough of Tower Hamlets
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• developing a closer working relationship
with Tower Hamlets Homes, and developing
a partnership estates recycling and
cleansing project due to be launched in
2011.
• in 2010/11 the council will trial a new style
of recycling bring bank, which will reduce
levels of contamination.
Across the borough there has been a
concentrated communications programme
to raise awareness of recycling and to
encourage residents to recycle more.
Initiatives included:
• a new high profile campaign launched in
October 2008 called ‘Together We Can
Recycle More’. This campaign had an
immediate and visible impact on increasing
the tonnage collected for recycling and
employed local residents as champions to
foster community spirit and engage groups
of people that did not previously recycle.
• the launch of a new recycling champions
programme in spring 2010, with the
recruitment of 30 resident champions.
• new picture-based leaflets and fliers to
overcome literacy and language barriers.
• new ways of communicating with residents
including stickers to go on refuse chute
doors to remind residents to recycle.
• weekly messages and articles about waste
prevention and recycling in the local press.

Case study 12
Achieving high rates of recycling at
Reuse and Recycling Centres
What: Management of Reuse & Recycling
Centres (RRCs)
Date: September 2008
Success:
• Achieving average recycling performance
of 79 per cent in 2008/09 compared
to 50 per cent in 2007/08 across seven

Reuse and Recycling Centres in southwest
London.
• Reducing the amount of residual waste
sent to landfill from 34,000 tonnes
in 2007/2008 to 12,100 tonnes in
2009/2010.
This represents an overall reduction of 64 per
cent during this period
Cost: Reducing the amount of residual
waste sent to landfill between 2007/2008
and 2009/2010 has saved the Partnership
£876,000 on landfill tax costs at the 2009
landfill tax rate of £40 per tonne.
The South London Waste Partnership
consists of the three London Boroughs of
Croydon, Merton, Sutton and the Royal
Borough of Kingston upon Thames.
As part of the Partnership’s waste
management procurement strategy, the
contract for the management of the seven
RRCs across the Partnership was procured as
a separate contract awarded during 2008.
The Partnership awarded the contract for
a 14 year period with a further option to
extend by up to five years, to a Liverpool
based Company called Environmental Waste
Controls (EWC). EWC started managing the
Partnership’s RRCs from 1 September 2008.
The Partnership through their contract terms
and conditions set stretched yearly recycling
performance targets for each of the seven
RRCs, and put in place a service failure
mechanism should EWC not achieve the
recycling targets.
It was evident within a couple of months of
the start of the contract that the introduction
of EWC’s business culture had generated
levels of recycling at each of the RRCs that
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exceeded both the targets, and expectations of
the Partnership.
The change in performance has been
attributable to a number of factors including;
• the culture of EWC focussing on diversion of
waste from landfill bins for recycling
and reuse
• a bonus payment to EWC rewarding the
achievement of high levels of recycling.
• the introduction of new concise signage for
customers
• regular contract performance meetings with
Partnership officers
• the introduction of compactors for high
volume recycling materials
• extending the range of recyclables recovered
at each of the seven RRCs
• EWC allocating staff to educate customers
on how to maximise recycling, and minimise
waste for landfill
• the flexibility of EWC to adapt services to
ensure that they are fit for purpose at each of
the seven different RRCs.
The Partnership acknowledges that the
provision of a single provider to manage their
RRCs has ensured that consistency and high
landfill diversion rates are being achieved
across the Partnership’s area.
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Policy 5
Stimulating the development
of new municipal waste
management infrastructure
in London, particularly lowcarbon technologies

Vision
London manages the bulk of its municipal
waste within the Greater London area by
investing in appropriate waste management
infrastructure.

From vision to policy
The Mayor, through LWARB, will work
with waste authorities, businesses and
other stakeholders to develop appropriate
municipal waste management infrastructure
in London.

From policy to action - proposals
Proposal 5.1 The Mayor, through LWARB,
will actively support the development of
municipal waste management infrastructure
in London, and in particular the use of lowcarbon technologies:
• The Mayor will, through LWARB, work with
waste authorities and the private sector
to help the development of new waste
management facilities and improve existing
facilities for reuse, recycling, composting
and low carbon energy in London.
• The Mayor will, through the Mayor’s Food
to Fuel Alliance, aim to develop at least five
exemplar food waste management projects
in London. The Food to Fuel Alliance will
support food waste management projects
that generate renewable heat and power
(including transport fuel), and compost
material for local use.
• The Mayor through the GLA Group’s
Decentralised Energy Programme will work
with London’s incinerator operators to

find ways of making London’s incinerators
carbon neutral by capturing heat from the
incineration process that is currently being
wasted.
Proposal 5.2 The Mayor will work with waste
authorities to manage as much of London’s
municipal waste as practicable within London
to achieve regional self-sufficiency targets as
set out in the
London Plan:
• The Mayor, when reviewing municipal
waste contracts and waste strategies, will
work with waste authorities to intensify and
re-orientate waste sites in their control, so
that more of London’s municipal waste can
be treated in London where practicable.
He will also consider and evaluate all
aspects of the development of new or
planned waste management sites, looking
for a commitment to good design, and
consideration for development of new waste
management facilities.
• The Mayor will hold an open dialogue with
local authority leaders to identify where
there are further specific opportunities
for developing waste management
infrastructure in London. The Mayor will
also actively explore opportunities to use
land owned by the GLA Group for managing
municipal waste.
Proposal 5.3 The Mayor, through TfL, will
encourage the movement of municipal waste
using sustainable modes of transport.
• The Mayor, through TfL, will promote
sustainable forms of transport for municipal
waste, maximising the potential of rail and
water transport where practicable
• The Mayor, through TfL, will work with
waste authorities to make better use of
London’s wharves and canals and the River
Thames for developing the city’s municipal
waste management infrastructure.
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What this will achieve

about 24,000 homes and heat for 6,750
homes.

Building new and more efficient waste
management facilities in London will help
keep the economic value of London’s waste
within London. London will strive to be a
beacon of good practice, leading the way
on innovation for next-generation waste
management facilities that provide real
benefits to local communities in the form
of new products, employment and lowcarbon energy. New waste management
infrastructure will be essential if London is to
achieve zero municipal waste direct to landfill
by 2025.

There is the potential to supply heat from
the South East London Combined Heat and
Power (SELCHP) incinerator to about 2,700
homes in Southwark, saving approximately
8,000 tonnes of CO2eq emissions per year.
Other opportunities have been identified that
could provide up to 20,000 homes with heat,
saving 60,000 tonnes of CO2eq emissions
per year. These savings would be a result
of avoiding the emissions from running gas
boilers.

Using LWARB commercial loans to develop
more waste management facilities in London,
will mean that in the future London’s waste
authorities will be able to select waste
management options from a market of
facilities. This will reduce costs and allow
waste authorities to enter into simpler and
more flexible waste management contracts.

London will benefit from managing as much
of its municipal waste as practicable within
London. This chapter sets out how the Mayor
will work with LWARB and other partners to
develop new waste management infrastructure
to keep the value of London’s municipal waste
in the capital and achieve greater regional selfsufficiency.

Generating low carbon energy from more of
London’s organic and non-recycled municipal
waste will make an important contribution
to achieving London’s decentralised energy
and CO2 reduction targets. The Mayor
expects London’s non-organic waste to
play a declining role in energy generation
as recycling and composting performance
increases.

Proposals

Particular opportunities exist for generating
renewable energy from London’s municipal
food waste. Each year around 460,000
tonnes of municipal food waste is sent to
landfill. This waste, which produces methane
as it decomposes in landfill sites, could
instead be used to generate renewable, low
carbon energy using anaerobic digestion,
potentially providing enough electricity for

Proposal 5.1 The Mayor, through
LWARB, will actively support the
development of municipal waste
management infrastructure in London,
and in particular those using lowcarbon technologies.
Working with LWARB, waste authorities and
the private sector, the Mayor will assist the
development of new waste management
facilities and the improvement of existing
facilities to offer the best environmental
performance and economic benefits for
London. These facilities will include:
• Reuse and Recycling Centres
• recycling sorting facilities (such as material
reclamation facilities) that maximise the
recovery of high quality materials
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• reprocessing facilities
• composting facilities
• pre-treatment facilities to recover high quality
recyclable material from residual waste
• low carbon energy generation technologies to
generate renewable heat and power (including
transport fuel).

tonnes of this capacity will be available for
London’s municipal waste. At the time of
publishing this strategy, the other 265,000
tonnes is un-contracted capacity that London’s
waste authorities will have the opportunity to use
following the appropriate tendering process.

The GLA and LWARB estimate that an
additional 8 million tonnes of waste
management capacity will be required by 2031
to manage London’s waste more effectively
in response to declining landfill capacity
and increasing disposal costs. This capacity
gap is over and above waste management
infrastructure that is already in the planning or
procurement process. Approximately 3.3 million
tonnes of this capacity will be required for the
management of municipal waste.

In summer 2011 LWARB launched a new
expression of interest process to develop
a further pipeline of waste management
infrastructure projects, from which new projects
will be selected for funding, from a pot of
approximately £16 million from 2011-20151.
LWARB, in its revised 2011-2015 Business
Plan, aims to fund up to a further six waste
infrastructure projects in addition to the projects
set out in Table 12. More information on
LWARB-funded waste infrastructure projects can
be found at www.lwarb.gov.uk.

Table 12 sets out the waste management
infrastructure projects LWARB funded in 20082011 that will deliver approximately 365,000
tonnes of waste management capacity a year
from 2013. It is expected that about 100,000

Given the extent of the capacity gap and the
capital cost associated with infrastructure
development, the LWARB fund is only capable
of supporting partial fulfilment of the ‘gap’
requirements. LWARB will take a targeted

Table 12 LWARB-funded waste infrastructure projects 2008-2011
Project
sponsor

Description

LWARB
assistance

Total cost

Tonnage
(per year)

Location

Expected
to be
operational

Biossence

Gasification
facility with
CHP

£8.9 million

£100 million

100,000

Havering

2013

London Reuse
Limited

London Reuse
Network

£8.1 million*

£9.5 million

30,000

London-wide

Establishing
from 20112015

GreenTech

Plastics
recycling
facility

£1 million

£6 million

25,000

Enfield

2012

TEG

Anaerobic
digestion

£1.9 million

£10.6 million

30,000

Barking and
Dagenham

2012

Orchid

Mechanical
heat treatment
(waste pretreatment

£4 million

£45.5 million

160,000

Bexley

2013

*£4.1 million secured. The remaining balance of £4 million will come from future LWARB funding if available
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approach to the use of its funding to enable
greatest closure of the identified capacity
gaps. In most cases, LWARB’s funding will be
used to invest in waste management projects
on commercial terms. LWARB aims to ‘recycle’
its funds, as the investment is recouped, and
re-invest in new projects over five-year periods.
With a leverage target of around 4:1, four
investment periods will deliver a 16:1 leverage of
private investment.
The introduction of new waste management
infrastructure in London will significantly reduce
London’s reliance on declining landfill capacity,
slashing millions off London’s municipal waste
disposal bill. It will also provide positive benefits
to local communities in the form of new
products, employment, and heat and power.
Waste authorities will also benefit, by being
able to establish flexible contracts in the waste
sector. Rather than engaging in long (typically
25-30 year) contracts, waste authorities in
London will be able to take advantage of a
market place created for waste management,
with a variety of solutions on offer. They will
be able to enter into contract lengths to suit
their needs, as the service providers will not
be aiming to recoup their infrastructure capital
costs through gate fees over a fixed long term
contract.
The Mayor, through LWARB, will help develop
partnerships for new waste management
projects, particularly those that aim to deliver
facilities using new technologies. LWARB has a
web-based service that allows project sponsors,
financiers, technology providers, landowners
and waste producers to communicate with each
other and form viable projects. More information
on LWARB’s web-based service is available at
www.lwarb.gov.uk.
A key element of the partnerships will be
building and maintaining relationships with

stakeholders and delivery partners, and, where
possible, integrating municipal and nonmunicipal waste management projects. LWARB
is required to produce an annual business plan
setting out its priorities for the year ahead, and
to report on its funding allocations. LWARB,
through its annual plans, will report its progress
on developing municipal waste management
infrastructure to address the ‘capacity gap’,
the state of its investments and the progress
towards making new investments. The Mayor
requires LWARB to report on the following key
performance indicators: waste diverted from
landfill, CO2eq avoided, and jobs created.

The role of London’s municipal waste
for low carbon decentralised energy
generation
As set out in Policy 2, energy generated from
municipal waste will need to be no more
polluting in carbon terms than the energy source
is replaces. Generating low carbon energy from
London’s municipal waste will play an important
part in achieving the Mayor’s EPS, and in
achieving the Mayor’s decentralised energy and
CO2reduction targets for London.
Waste lends itself well to decentralised energy
systems, due to the flexibility of the fuel that can
be produced from it. Waste-derived gases from
technologies such as anaerobic digestion and
gasification, once cleaned, can be piped to local
energy centres or to the national gas grid, or can
be used directly in gas engines or reformed and
used in hydrogen fuel cells, producing electricity
and heat where it is required.
London’s dense urban and built up environment
provides good opportunities for generating
energy locally from its non-recycled waste
and making use of CHP and heat networks.
Its mixed building types and uses and high
building densities provide the high and diverse
energy demands that allow CHP systems to be
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run efficiently, as well as the high heat demand
densities that make heat network deployment
more cost-effective.
The Mayor will work with the GLA Group,
LWARB and waste authorities to assist the
development of waste facilities that generate
as much energy as practicable from London’s
organic waste and non-recycled municipal waste
in a way that is no more polluting in carbon
terms than the energy source it replaces. This will
be done through a combination of introducing
new technologies and using London’s existing
incinerators to generate heat as well as power.
More information on London’s decentralised
energy programmes and policies can be found
in the Mayor’s Climate Change Mitigation and
Energy Strategy.

Turning London’s food waste into an
opportunity
The Mayor will work with LWARB, TfL, and
the private sector to develop infrastructure
for managing food waste in London. To tackle
the issue of food waste, the Mayor has already
established the Food to Fuel Alliance, which will
aim to develop at least five exemplar food waste
projects in London that deliver one or more of
the following:
• decentralised renewable heat and power
• renewable transport fuel (bio-fuel or hydrogen)
• demonstrable links to hydrogen fuel cells
• compost material for local use, linked to the
Mayor’s Capital Growth programme.
The Food to Fuel Alliance is a brokerage
service that seeks to bring together technology
providers, energy companies and food waste
producers in cross-sector partnerships that
can deliver economies of scale, increase value
for money and share some of the risk involved
in developing new food waste treatment
infrastructure. Working closely with LWARB,
the alliance is creating partnerships for the

development of anaerobic digestion facilities,
used cooking oil processing and other fuel or
energy producing projects, for which there is
plenty of opportunity in London. The alliance
is made up of a number of representatives
from the GLA Group, including the GLA,
LWARB, TfL and Capital Growth. Businesses
involved in this programme to date include
British Airways, BAA, Sainsbury and Keystone
Distribution. More information on the
development of Food to Fuel projects is set
out in the Mayor’s Business Waste Strategy.
The Food to Fuel Alliance will also work
with the London Food Board to ensure
that London’s food businesses deal with
their food waste streams more effectively.
The London Food Board is made up
of representatives from London’s food
industry covering caterering, wholesale
markets, and retail supermarkets. The
London Food Board will work with its
members and draw on their areas of
influence to develop the necessary
supply chains of food waste feedstock for
treatment in anaerobic digestion facilities.
More information on the London Food
Board can be found at
www.london.gov.uk/londonfood/.

Using London’s existing energy
generation facilities more efficiently
Although there is a need for new waste
management infrastructure in London,
the Mayor also wants to work with waste
facility operators to enhance existing waste
management, making it more efficient and
improving its environmental performance.
The greatest opportunity is in harnessing
the vast amounts of heat generated but
not currently captured for use by London’s
incinerators in Lewisham (SELCHP) and
Enfield (Edmonton). Opportunities also exist
for developing infrastructure to use the heat
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from London’s third incinerator at Belvedere, in
Bexley, which is expected to open in 2011.
Research2 commissioned by the GLA showed
that incinerators generating energy from
untreated waste, and operating in CHP
mode, are carbon neutral in that they create
only as much carbon dioxide through the
combustion process as they avoid through
energy generation. However, retrofitting heat
networks that can make use of incinerator heat
is expensive and can have significant commercial
risks. The Mayor wishes to understand, on a
case-by-case basis, what the costs are, and
whether there is a case for directing funds from
the GLA Group, or London Green Fund, to help.
The Mayor expects new energy generation
facilities in London to operate in CHP mode
where practicable, and through LWARB’s
brokerage service will work with waste facility
operators to make sure the opportunities for
CHP are fully explored.
There is an opportunity for the GLA Group to
work with Southwark, Lewisham and Veolia to
develop heat infrastructure to supply affordable
low carbon heat from SELCHP to local housing
estates and public and private sector buildings
in Southwark and Lewisham. The first phase
of work could provide heat to five estates in
Southwark. A second phase could extend the
heat network to Canada Water.
Veolia (who operate and part-own SELCHP)
have been granted planning permission to
build an integrated waste facility on the Old
Kent Road in Southwark. This facility will
comprise a materials recovery facility and an
MBT facility to produce a solid recovered
fuel. As part of the planning approval, Veolia
agreed under a S106 planning agreement
with Southwark Council to supply low carbon
heat from SELCHP to neighbouring estates
in Southwark (approximately 2,700 homes).

Significant additional heat load would improve
the economics of the scheme and Convoys
Wharf in Lewisham could provide the extra heat
load, following the phase one and two work in
Southwark.
Existing and proposed heat requirements along
this route could also add to the opportunity
and diversity of heat loads. The identified
opportunities in Southwark (phases one and
two) have a combined peak demand which is
equivalent to a peak winter heat load of 40 MW.
This is enough energy to heat approximately
20,000 homes.
SELCHP is potentially capable of supplying
a continuous heat load up to around 40 MW
at the expense of some loss of electricity
generation. An additional boiler plant would be
needed to meet the total peak heat demand.
The GLA Group will work with SELCHP
and Lewisham to explore opportunities for
expanding SELCHP’s heat infrastructure to the
Deptford/New Cross area in Lewisham which
includes 50 per cent of the borough’s housing
growth.
The arrangements for ownership and
management of the heat network have not
been determined. The GLA Group will explore
the potential for the network to be owned
and operated by a public interest special
purpose vehicle, which could include private
sector involvement. Ideally the network would
commence operation by 2012 and continue to
expand for many years after that.
The GLA Group will work with the Edmonton
and Belvedere incinerator operators in Enfield
and Bexley, and work with local authorities to
explore heat infrastructure opportunities for
these facilities. There is scope for a decentralised
energy network in the Upper Lee Valley area as
part of a wider regeneration project in Enfield.
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At the time of publishing this strategy, the
opportunities for supplying heat in the area
immediately around the proposed Belvedere
incinerator are limited. However the size of the
plant represents a strategic asset that has the
potential to supply significant volumes of low
carbon heat in the wider East London area.
Work is underway to establish the potential
capacity and logistics for heat infrastructure
to neighbouring areas. This work will allow
the GLA to consider how a heat transmission
network might work, including crossing the River
Thames to supply the London Thames Gateway
regeneration areas.
With regards to the existing landfill sites, the
Mayor supports the conversion of landfill gas
for energy generation. This energy generation
could include the production of a transport fuel,
which would offer lower CO2 emissions and less
pollution when compared to conventional fuels
(petrol and diesel).

Managing more of London’s municipal
waste locally to achieve greater regional
self-sufficiency
London currently has 41 Reuse and Recycling
Centres and approximately 800 other waste
management sites, most of which are privately
owned3. The large majority of these sites are
used to separate and bulk up waste materials for
recycling and composting at other locations, or
to send to landfill sites, mostly outside London,
or to incinerators.
The Mayor wants London’s waste management
sites to move up the value chain so that more
of the economic value of London’s waste stays
in London. The possibilities for re-orientating
and increasing capacity on existing waste
management sites are significant, although
new sites will also be required. Existing sites
could be redeveloped to accommodate
composting facilities, material reclamation

facilities, pre-treatment facilities, reprocessing
plants or energy generation facilities. New
waste management facilities should be well
designed, and developed in consultation with
local communities, taking account of health and
safety within the facility, the site, and adjoining
neighbourhoods.

Proposal 5.2 The Mayor will work with
waste authorities to manage as much of
London’s municipal waste as practicable
within London to achieve regional selfsufficiency targets as set out in the
London Plan.
The London Plan sets a target for London to
work towards managing the equivalent of 100
per cent of its waste within London by 2031.
This means that should London manage waste
from other regions, there might be room for
some of London’s waste to be dealt with outside
the capital, while still meeting the Mayor’s selfsufficiency target.
The greatest opportunity for managing more of
London’s waste within its boundaries is through
the protection and development of London’s
existing and planned waste management sites.
When reviewing municipal waste contracts
and waste strategies, the Mayor will work with
waste authorities to intensify and re-orientate
waste sites in their control. This will ensure that
these sites are used to tackle London’s waste
challenge and help waste authorities achieve
their apportionment targets, as set out in The
London Plan.
Good design will be crucial in ensuring these
sites maximise reuse, recycling, composting,
and energy generation opportunities, and make
waste management facilities more acceptable to
the public. In 2008 the GLA published a report4
on design ideas for waste facilities in London.
The report shows how new waste management
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facilities can be brought into the city and,
through thoughtful design, find an appropriate
place on our streets where waste is turned into
new materials and energy for the benefit of
the community.
LWARB has worked with waste authorities,
landowners and other stakeholders to
develop a London waste map, providing a
geographical representation of London’s
waste management infrastructure. This
GIS based tool can be used to map both
opportunities and constraints for new waste
management infrastructure, and identify
those areas that are most promising for
future development. Information that can be
mapped in this way includes:
• waste arisings
• existing waste sites (or other industrial sites)
• heat networks
• transport networks
• planning boundaries
• the planning status of sites
• development plan documents (produced by
local authorities) identifying potential waste
management sites.
The maps can also show such constraints as:
• environmental issues, including Sites of
Special Scientific Interest (SSSI)
• conservation areas and listed buildings
• people – the proximity of sites to dwellings
• ground stability and flood risk.
More information on the London Waste Map
can be found at www.londonwastemap.org/.
A live and interactive waste site map does,
for the first time, allow the public and private
sector to identify waste management solutions
that can be linked with London’s wider
land-use planning needs, and in particular,
the city’s energy generation and transport
infrastructure. It will enable businesses, waste

authorities and investors to make informed
investment decisions on the suitability of sites
without risking significant development costs.
The Mayor is keen to see this joined-up
approach help overcome planning constraints
by linking to other developments within the
urban fabric. A GIS map of London’s waste
management infrastructure will enable all
the key players in London to identify the
opportunities for mapping waste management
with heat and power use in neighbouring
developments, linking with the London Heat
Map developed by the GLA Group. Some nonmapped information is also provided, relating
to waste collection and disposal contracts
in London, contact information and links to
London waste policies.

London Heat Map
The London Heat Map is an interactive
online tool that allows users to identify
opportunities for decentralised energy
projects in London. The heat map provides
spatial intelligence on factors relevant
to the identification and development of
decentralised energy opportunities, such as
major energy consumers, fuel consumption
and CO2 emissions, energy supply plants,
community heating networks and heat
density. The London Heat Map is available
at www.londonheatmap.org.uk.
As well as safeguarding and upgrading existing
municipal waste management sites, the Mayor
will work with stakeholders to help identify
additional sites in London where practicable
and feasible. The Mayor will hold an open
dialogue with waste authorities to identify
where there are opportunities to develop waste
management infrastructure in London. The
Mayor will also actively explore opportunities
to use land owned by the GLA Group, where
appropriate, for managing municipal waste.
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Proposal 5.3 The Mayor, through TfL,
will encourage the movement of waste
using sustainable modes of transport.
In 2008/09, water and rail carried 447,000
and 560,000 tonnes of waste respectively,
transporting 11 and 14 per cent of London’s
municipal waste, mainly to landfills outside
London. During 2004-2010 the amount of
waste carried by rail and water declined as
increasing levels of waste were recycled. Very
little use is made of these sustainable modes
of transport by recycling operations, yet there
is the potential for this sector to make greater
use of rail and water in the future. For example
paper could be sent to processing mills in Kent
this way or exporting material via the Thames’
ports.
The London Plan states that the criteria for
evaluating waste management proposals
should include the full transport and
environmental impacts of waste movements.
When reviewing municipal waste management
contracts and waste planning applications, the
Mayor will work with TfL and waste authorities
to promote the most sustainable forms of
transporting waste, maximising the potential
use of rail and water transport. The Mayor
will work with TfL to explore opportunities
to open up the rail and navigable water
network for increased transportation of waste,
in order to help waste authorities and the
waste management industry sector to reduce
their vehicle mileage and the associated
environmental and social impacts including
congestion, CO2 emissions, air quality, noise
and dust.
The cost-effective use of rail and water
relies on access to the necessary modal
infrastructure such as rail-heads and wharves.
Locating waste transfer stations and waste
processing facilities near safeguarded wharves

and rail heads, such as those at Smugglers
Way, Wandsworth and Transport Avenue,
Brentford, are critical in delivering a viable and
sustainable transport solution.

Making better use of London’s
wharves and canals for developing
municipal waste management
infrastructure
As of 2011, London’s waste authorities
use five safeguarded wharves on the River
Thames, though these will increase to six when
the Belvedere incineration facility becomes
operational. TfL is currently working with the
North London Waste Authority to investigate
the potential of using the River Lee for the
movement of material to and from a proposed
Edmonton waste management facility, and
it will explore the potential for maximising
water transport in their existing contracts with
the other waste authorities. The Mayor will
work with TfL and waste authorities to ensure
that wharfs and canals with an existing or
potential for waste management be identified
and safeguarded specifically for that use.
The Mayor will also work with TfL and waste
authorities, when reviewing waste contracts to
investigate the potential for developing waste
management infrastructure along London’s
wharves, canals and railheads. Proposal 38
in the Mayor’s Transport Strategy supports
safeguarding London’s wharves and canals
to increase the use of the River Thames and
London’s canal network for waterborne freight
transport
Where appropriate, TfL will also promote the
use of multi-modal refuse collection vehicle
(MMRCV) technology in collection fleets, as
one way of making better use of sustainable
transport in the collection of municipal waste
and its transfer to waste management sites.
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Policy 6
Achieving a high level of
street cleanliness

Vision
Londoners should enjoy a consistently high
standard of street cleanliness regardless of
where they are living, working or visiting in
London.

From vision to policy
The Mayor will work with London boroughs,
businesses and public transport providers to
develop and implement a programme of work
to make London a clean and pleasant city to
live in and visit.

From policy to action – proposals
Proposal 6.1 The Mayor will encourage
London boroughs to adopt Love Clean
London, a mobile and online reporting and
recording system for graffiti, fly-tipping and
other quality of life issues.
Proposal 6.2 The Mayor will work with
local authorities to improve enforcement of
environmental crimes, including litter and
graffiti.
Proposal 6.3 The Mayor will encourage
boroughs to recycle or compost their street
cleaning waste where practicable.

most clean-up activity ever in the run up to
the 2012 Games.
Proposal 6.6 The Mayor will work with
London Councils and London boroughs to
develop a road map towards a plastic-bagfree London.
Proposal 6.7 The Mayor will work with
gum manufacturers and London boroughs
to reduce the blight of chewing gum on
London’s streets by piloting non-stick and
degradable gum in London.
Proposal 6.8 The Mayor will work with
London boroughs, tobacco companies and
tobacco retailers to develop a London wide
smoking-related litter reduction programme.
Proposal 6.9 The Mayor will work with
London Councils and the Chewing Gum
Action Group to develop a behaviour change
communications programme on chewing gum
litter for London to launch in advance of the
2012 Games.
Proposal 6.10 The Mayor will work
with TfL and London Underground to
empower Londoners and visitors to be more
responsible with their rubbish while on
London’s transport network.

What this will achieve
Proposal 6.4 The Mayor will work with
a range of partners, including London
boroughs and the private sector, to provide
on-street recycling opportunities and to
recycle waste from London’s events.
Proposal 6.5 The Mayor will work with
the Capital Clean-Up campaign, London
Organising Committee of the Olympic Games
(LOCOG), Thames 21, CleanupUK and other
voluntary organisations to coordinate the

Targeted London-wide behaviour change
campaigns for prevalent forms of litter
and chewing gum will contribute towards
a reduction in the presence of litter and
chewing gum and help to reduce chewing
gum staining ahead of the 2012 Olympic
and Paralympic Games. Promoting and
encouraging the development of non-stick,
low-stick and degradable gum bases will not
only improve the appearance of London’s
streets, but will also save significant amounts
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of public money spent removing affixed gum
and associated staining.
Littering will become increasingly
unacceptable in London, as the public
is empowered to dispose of their litter
responsibly, through the provision of ‘onthe-go’ recycling bins, and as it becomes
more aware of products such as personal/
portable ashtrays. London’s transport
network will become considerably cleaner as
more litter and recycling bins are rolled out
across the network and on-street cigarette
butt bins are provided outside all suitable
stations and interchanges.
Clean up campaigns, such as those coordinated by the Capital Clean-up campaign,
will enable volunteers, community groups
and local residents to reclaim areas of land
for recreational or functional uses, such as
planting vegetables. These campaigns not
only clean up local areas, but also instil a
sense of ownership and responsibility for
plots of land that were otherwise blighted,
abandoned and ignored.
Accessible and interactive reporting systems,
such as Love Clean London, will enable
Londoners not only to inform London
boroughs of areas of abuse and blight from
fly-tipping and graffiti, but also to share the
good work they are undertaking in their own
neighbourhood. Such systems can also save
London boroughs money by reducing the
number of reporting channels and lowering
back office costs.

Proposals
With the spotlight on London in 2012,
London’s streets need to be among the
cleanest in England. To achieve this, London
will need to take a unified approach, with
the GLA and London boroughs engaging

with communities, landowners, transport
providers, charity organisations and many
other stakeholders, to ensure a consistent and
coherent approach over the next year.
The public’s perception of the success of the
2012 Games is likely to be influenced by how
clean the streets are and whether they can
recycle easily around the capital. If the 2012
Games are to achieve their goals for waste,
then a co-ordinated approach to cleaning
and on-street recycling is required for the
whole of London. The Mayor will work with
boroughs to continue to drive up cleansing
standards. He also wants to see campaigns
such as Capital Clean-up gather momentum
and support in the run up to 2012, to help
deliver a high level of cleanliness both during
and after the Games.
High standards of cleanliness cannot be
achieved simply by more cleaning before,
during and after the Games. There also needs
to be a change in the behaviour of Londoners
and visitors with regard to litter. The Mayor
will develop a programme of work with
London Councils, London boroughs and Keep
Britain Tidy that will aim to change people’s
behaviour towards litter and restore some
civic pride.
Businesses need to take responsibility for
litter that is generated as a result of their
activities. Retail and take-away food outlets,
for example, need to work with their local
authority, neighbouring businesses or
Business Improvement District to take action.
Local authorities have legislative support1
to work with businesses, to ensure they
can reach an agreement. Good examples
include the agreement between London’s
free newspaper distributors and the City of
Westminster to put paper recycling bins in
appropriate places.
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Proposal 6.1 The Mayor will encourage
all London boroughs to adopt Love
Clean London, a mobile and online
reporting and recording system for
graffiti, fly-tipping and other quality of
life issues.
The Mayor wants Londoners to be informed
and empowered when it comes to quality of life
and the quality of the local environment. He is
keen for Londoners to have more information on
their environment and to improve the processes
for reporting environmental crime. To that
end, in February 2011, the Mayor launched a
London specific mobile and online reporting and
recording tool called Love Clean London.
Love Clean London is based on the London
Borough of Lewisham’s Love Clean Streets
programme. It allows Londoners and council
workers to photograph and upload images such
as a fly tip or graffiti, either via a smart phone
application, a mobile phone SMS or directly
on to the website. In Love Clean London, the
reports will be sent to a central portal to be
directed to the appropriate London borough
for recording and action. The public can then
request an update as to when the issue has been
resolved. The tool also enables the public to
upload images of areas or incidents they have
cleared or cleaned themselves, promoting social
responsibility and community spirit.
Love Clean London enables local authorities
to target their workload more effectively with
the public becoming their eyes on the ground.
Further savings can be realised by integrating
the tool into back office services and by reducing
the number of reports made in more costly ways,
such as by telephone.
The Mayor has written to all London borough
leaders to encourage them to support him in the
London-wide rollout of this reporting system.

Proposal 6.2 The Mayor will work
with local authorities to improve
enforcement of environmental crimes,
including litter and graffiti.
Education and enforcement have a role to play
in changing people’s behaviour. There is a raft
of legislation available to local authorities to
tackle street cleanliness and environmental
crimes, but the degree to which it is used
varies greatly across London. The Mayor
will encourage London boroughs to adopt
enforcement strategies that clearly set out
how and when they will use the legislation.
The Mayor will encourage consistency across
boroughs’ enforcement strategies by promoting
partnerships and the sharing of best practice.
The Mayor will investigate the opportunity
to establish a service level agreement for the
enforcement of environmental crimes in London
that will set a minimum level of enforcement
to be expected across London. A service
level agreement would assure Londoners that
wherever they live, individuals that are caught
littering and fly-tipping will be treated in the
same way, with a minimum penalty applied.

Proposal 6.3 The Mayor will encourage
boroughs to recycle or compost
their street cleaning waste where
practicable.
Policy 4 sets out how London will meet the
Mayor’s recycling targets of 45 percent by
2015, 50 per cent by 2020 and 60 per cent by
2031. Recycling and composting of street waste
will, albeit minimally, contribute towards the
achievement of these targets. When reviewing
street cleansing services, London boroughs
should consider the opportunities available
to them to recycle and compost their street
cleansing waste.
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Proposal 6.4 The Mayor will work
with a range of partners, including
London boroughs and the private
sector, to provide on-the-go recycling
opportunities and to recycle waste from
London’s events.
On-the-go recycling is the next great recycling
opportunity for London. As recycling becomes
normal behaviour, people expect to be able to
recycle wherever they are. The Mayor will work
with London boroughs and the private sector to
encourage investment in on-the-go recycling
bins throughout London.
London hosts some of the world’s largest and
best-known events such the London marathon
and Notting Hill Carnival. The level of recycling
achieved at these events varies dramatically
and the Mayor wants all of London’s events
to perform to the same high standard. The
London 2012 Games will be the largest event
London has hosted in modern times and the
Mayor will work with the Olympic boroughs and
the Live Site operators to ensure that recycling
facilities are available to Londoners and visitors
whilst they enjoy events and activities outside
of the Olympic Park. Through the Recycle
for London programme the Mayor will make
communications expertise available with the aim
that throughout London, Londoners and visitors
will know what, where and how they can recycle.

Proposal 6.5 The Mayor will work with
the Capital Clean-Up campaign, London
Organising Committee of the Olympic
Games (LOCOG), Thames 21, CleanupUK
and other voluntary organisations to
coordinate the most clean-up activity
ever in the run up to the 2012 Games.
The Mayor has long supported the work of
Capital Clean-up, Thames 21, CleanupUK and
other voluntary organisations that engage

and encourage Londoners to take it upon
themselves to rid areas of litter, shopping
trolleys, overgrown vegetation and fly tips,
and make London’s neglected and ignored
open spaces great places to enjoy.
In the run up to the 2012 Games the Mayor
will put his weight behind these organisations
and help co-ordinate the most clean-up
activity ever. The Mayor is providing funding
to Capital Clean-Up to co-ordinate and
support clean up activity from June 2011
through until the opening ceremony of the
2012 Games. The Mayor has also integrated
Capital Clean-up into Team London,
increasing access to volunteers and volunteer
opportunities and raising the profile of the
campaign.
Capital Clean-Up is made up of
representatives from the London boroughs,
Thames 21, LOCOG, Keep Britain Tidy, The
Metropolitan Police, London Probation,
CleanupUK and the GLA. It aims to coordinate clean-up activities undertaken at
the community level, local authority level and
corporate level. The year of action building
up to the Olympic Games commenced in
June 2011 and will include further bursts of
coordinated activity in September 2011 and
early in 2012. Capital Clean-Up will then focus
on organising a final big push before the
Games.

Proposal 6.6 The Mayor will work
with London Councils and the London
boroughs to develop a road map
towards a plastic-bag-free London.
The Mayor would like London to become
a plastic-bag-free city and will work with
London Councils to determine the best way
to achieve this goal. The Mayor is a strong
supporter of local campaigns such as Greener
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upon Thames and, he encourages communities
across London to establish plastic-bagfree zones similar to the one established in
Kingston. Many of the larger retailers have
embraced the voluntary reduction scheme but
the smaller and independent retailers have not
necessarily received the support and guidance
they need to attain the level of change still
required.
The Mayor will work with the Association of
Convenience Stores to help and encourage
convenience stores to voluntarily reduce
the number of single use plastic bags they
provide to their customers. The Mayor and
London Councils will also write to the major
supermarkets to encourage them to re-double
their efforts in reducing the number of single
use plastic bags they distribute in light of
recent reports that distribution is on the
increase.

Proposal 6.7 The Mayor will work
with gum manufacturers and London
boroughs to reduce the blight of
chewing gum on London’s streets by
encouraging the development and
subsequent roll-out of degradable and
non-stick gum in London.
Manufacturers need to be pro-active
in reducing the blight of chewing gum.
The Mayor is keen to work with gum
manufacturers to invest in an educational
campaign in London that would encourage the
proper disposal of gum and develop non-stick
or degradable gum alternatives.
In July 2010, the Mayor invited chewing
gum manufactures, innovators, cleansing
technology suppliers and street cleaners
to an event at City Hall focused on sharing
good practice and information. One of the
highlights of the event was hearing from

a company called GumDrop that is providing
containers for the collection of spent chewing
gum and recycling the latex gum base to produce
usable latex-based products. The event was well
attended and the Mayor will continue to work
with the attendees of this group to work towards
his aspiration of a gum-litter-free London.
The Mayor is particularly interested in
the products that have been produced by
Peppersmith, a Putney based company that
uses natural ingredients to produce a gum that
is both non stick and degradable. The Mayor is
also interested in the new non-stick product by
Revolymer. Revolymer’s non-stick gum has gone
on sale in the US and the company hopes to
launch it in the UK in 2011.

Proposal 6.8 The Mayor will work
with the London boroughs, tobacco
companies and tobacco retailers to
develop a London-wide smoking-related
litter reduction programme.
Similarly the tobacco industry needs to
take some responsibility for the prevalence
of cigarette ends on our streets and in
our watercourses. Innovations have been
forthcoming with personal/portable ashtrays
being on sale for some years now. They have
often been purchased by local authorities
to distribute when enforcing litter offences.
However they are sold in relatively few shops in
London and most Londoners are not aware they
can buy them. The Mayor is keen to work with
the tobacco industry and retailers to increase
awareness of the offence of dropping cigarette
ends, and offering the concept of portable
ashtrays as a solution to the problem.
The Mayor is keen to engage with tobacco
manufacturers and retailers to develop a Londonwide campaign that both educates smokers that
dropping cigarette butts and other spent tobacco
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products is littering, and encourages the use of
alternatives such as personal ash trays and onstreet cigarette butt bins. As part of a campaign
the Mayor is keen to increase the provision of on
street cigarette butt bins outside London’s tube
stations and transport interchanges as these areas
are particularly blighted.

Proposal 6.9 The Mayor will work with
London Councils and the Chewing Gum
Action Group to develop a behaviour
change communications programme on
chewing gum litter for London to launch
in the months leading up to the 2012
Games.
The Chewing Gum Action Group is made up of
chewing gum manufacturers, Defra, Keep Britain
Tidy and the Food and Drink Federation. Each
year the group provides up to £1m of support
to local authorities to run behaviour change
campaigns aimed at stopping people from
dropping chewing gum on the streets.
Given that the world’s eyes are on London in
2012, the Mayor and London Councils wrote
to the then Environment Minister Lord Henley
requesting that the Chewing Gum Action Group
provides the resources for a London-wide
campaign to reduce chewing gum litter in the
run up to the 2012 Games. Lord Henley and the
Chewing Gum Action Group expressed an interest
in working with London on this idea with a view
to launching a campaign in 2012.

Proposal 6.10 The Mayor will work
with TfL and London Underground to
empower Londoners and visitors to be
more responsible with their rubbish
while on London’s transport network.
The Mayor is currently working with TfL, London
Underground, Network Rail and the train
operators to explore opportunities to improve

the cleanliness of our transport network
and to investigate how customers can be
empowered to do the right thing with their
litter, particularly by improving the provision of
recycling and litter-bins inside the stations and
on platforms.
London Underground have recently increased
the number of litter bins that are available
across the London Underground network by
25 per cent. London Underground is also
aiming to recycle at least 75 per cent of litter
that is collected on the network. The Mayor
now wishes to work with TfL, Network Rail,
and the train operators to rollout similar
programmes across the whole of London’s
transport network.

Case study 13
Volunteer clean-up campaign
What: Capital Clean-up campaign
Date: Ongoing – The 2011 campaign
launched on 10th June 2011
Success: London-wide campaign with
widespread borough involvement. 124
events ranging from responsible dog-owner
training to canal clean-ups and enforcement
campaigns took place during June and July
2011 across 20 of the 33 London boroughs.
Approximately 1,700 volunteers took part in
these events.
Cost: Annual budget of £40,000
In June 2011, the Capital Clean-up campaign
launched its fifth year of activity to make
London cleaner, greener and safer in advance
of the 2012 Games through local action,
education and enforcement against grime
crime. The campaign is led by the Mayor
of London and delivered in partnership
with litter action charities, London
boroughs, Thames21, London Councils,
the Metropolitan Police and the London
Organising Committee for the Olympic and
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Paralympic Games (LOCOG). The campaign
aims to deliver a London-wide legacy of
increased volunteering and community
participation in the maintenance of local
spaces.
The 2011 campaign includes new digital tools
to help achieve these goals. An interactive
online map helps the public to identify
clean-up events near them and to contact
organisers directly. Any London clean-up
activity can be registered and added to
the event map (visit www.london.gov.uk/
capitalclean-up for more information). To
help the public take action in their local areas,
the website also provides information on how
to plan and execute a volunteer clean-up, as
well as a poster template that can be filled
in and printed to promote local clean-ups.
A regularly updated Twitter and Facebook
profile promotes registered events and
spreads the word when the campaign or its
partners are in the news.
Outside the digital realm, a dedicated
campaign co-ordinator is available to put
members of the public in contact with
borough officers who can help deliver locallyorganised clean-ups. A partnership with
Keep Britain Tidy has allowed any Capital
Clean-up event to be co-registered with the
national ‘Big Tidy Up’ campaign, generating
a wider audience to engage with across both
campaigns and making free ‘Big Tidy Up’
litter bags and tabards available to Capital
Clean-up volunteers.
The June launch event of the Capital Cleanup campaign was an example of locally-driven
activity that delivered long-term change.
The event took place in a disused alleyway
in the London borough of Lewisham that
over the years had become overgrown and
used for fly-tipping and graffiti. A group of

neighbours notified the council that the site
was a concern and offered to help clean it up
and maintain it in future.
The day before the launch, London Probation
led Community Payback volunteers who
cleared away the bulky fly-tipped rubbish.
The following morning, campaign partners
including CleanupUK, Keep Britain Tidy and
City Hall staff joined forces with residents,
Lewisham Council officers and children from
two local schools to clear away unwanted
vegetation, pick up litter and paint a
graffitied wall using recycled paint from
Community RePaint. One of the student
volunteers from St. Augustine’s Primary
School was the winner of the 2010 Capital
Clean-Up poster competition and her artwork
was on the front of t-shirts distributed to
volunteers at the event.
Despite rainy weather, the morning’s activities
attracted still more local residents who
spontaneously joined in to help transform the
derelict spot. In total, nearly 50 volunteers
took part. Local residents have since started
the Sevenoaks Action Group Against Flytipping (SAGAF) and are using the converted
site as a community garden.
Further campaign activity is planned for
September 2011, during the ‘National Love
Where You Live’ campaign, as well as in
January/February 2012 leading up to the
Olympic and Paralympic Games.
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Before and after – the Capital Clean Up campaign launch event in Lewisham, June 2011. © GLA
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(Top) Student volunteers from St. Augustine’s School and (above) local residents and City Hall staff helping at the Capital
Clean Up campaign launch event in Lewisham, June 2011. © GLA
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The legislative context and drivers
for change
This chapter sets out the legislative framework
and policy drivers for delivering the Mayor’s
Municipal Waste Management Strategy.

The European Union
The European Commission’s 6th Environmental
Action Plan and the Framework Directive on
Waste1 provide the general strategy for waste
management. They establish several principles:
• The precautionary principle: where there is
reasonable grounds for concern that an activity
is causing, or could cause, environmental
damage then it is acceptable for policy makers
to accept a lower level of evidence as to the
risk of harm when the consequences of that
harm may be very costly or irreversible
• The prevention principle: the production of
waste must be minimised and avoided where
possible to limit the potential for harm
• The ‘polluter pays’ principle: places the
responsibility for the management and disposal
of waste on the person or organisation that
first produced it
• The proximity principle: waste disposal should
take place as close to the point of production
as possible, using the best practicable
environmental option (BPEO).
There are a wide range of legislative controls
affecting waste management that have flowed
from these principles. The 1999 EU Landfill
Directive2 is a primary example of this. To
comply with the Landfill Directive the UK must
meet stringent targets on the reduction of
the amount of biodegradable municipal waste
(BMW) that can be landfilled of:
• 75 per cent of that produced in 1995 by 2010
• 50 per cent of that produced in 1995 by 2013
• 35 per cent of that produced in 1995 by 2020
The Landfill Allowance Trading Scheme (LATS)
provides the statutory mechanism for UK local

authorities to achieve the European Directive
landfill diversion targets. The LATS has been
designed to provide a way for England to make
its contribution to UK targets for reducing the
amount of biodegradable municipal waste going
into landfill, as set by the 1999 EU Landfill
Directive. Under LATS, each waste disposal
authority is given a landfill allowance, which
decreases annually up to 2020, setting out how
many tonnes of biodegradable municipal waste
it can send to landfill. These allowances are
tradable, and can be banked or sold by a waste
disposal authority if it does not need all of its
allowance. Allowances can also be borrowed.
There are, however, restrictions on how
allowances can be sold, banked or borrowed,
designed to ensure England does not fail to
meet the targets set by the Landfill Directive.
Borrowing may not be used to supplement
allowances in the target years – 2009/10,
2012/13 and 2019/20 – or in the years
immediately preceding target years. Similarly,
the banking of allowances may not be used to
supplement allowances in either the target years
or the years immediately following target years.
Any waste disposal authority that disposes of
waste to landfill in excess of its allowance is
liable to a financial penalty of £150 per tonne.

Government Review of Waste Policy
in England 2011
In June 2011 the government released a full
review of waste policy in England3. In the review
the government announced it would abolish
the LATS at the end of its scheme year in April
2013. Whilst the LATS provided the initial
mechanism to help UK waste authorities to
achieve the European Directive landfill diversion
targets, the government considers the rising
level of landfill tax to be the primary driver for
waste authorities to achieve these targets. The
main principles of the government’s review of
waste policy in England are as follows:

3
• To prioritise efforts to manage waste in line
with the waste hierarchy and to reduce the
carbon impact of waste.
• To develop a national waste prevention
programme
• To promote the use of lifecycle thinking
in all waste policy and waste management
decisions, and the reporting of waste
management in carbon terms, as an
alternative to weight-based measures;
• To ensure waste authorities consult with
local communities and individual households
on providing high quality and consistent
waste and recycling collection services, and
incentivising residents to use these services
• To draw up plans to consult on a landfill ban
of certain waste materials
• To draw up plans to consult on increased
recycling targets on packaging producers from
2013-2017
• To maximise the contribution of the waste
and recycling industries to the benefit of the
UK economically and environmentally
• To consider how best the UK can work
towards the ‘zero waste economy’ by
drastically reducing the amount of waste
created and the valuable resources sent to
landfill, and looking at the entire process from
source to end of life
• To consider new approaches to dealing with
commercial waste and promoting ‘voluntary
responsibility deals’, reducing the amount of
waste generated by commercial production
and retail sales
• To abolish the LATS scheme at the end of its
2012/13 scheme year. Defra considers the
rising level of Landfill Tax is the primary driver
for waste authorities to divert waste from
landfill
• To get the most energy out of genuinely
residual waste, rather than getting the most
waste into energy generation

Revised Waste Framework Directive
(WFD) 2008.
Member States were required to bring into force
by 12 December 2010 the laws, regulations and
administrative provisions necessary to comply
with the revised Waste Framework Directive
(WFD). The revised WFD re-enacts, repeals or
revises three existing Directives: (i) the existing
WFD; (ii) the Waste Oils Directive; and (iii) the
Hazardous Waste Directive.
The main changes introduced by the revised
WFD may be summarised as follows:
• Greater emphasis on resource efficiency
and waste prevention as an objective of
waste policy set alongside protection of the
environment and human health.
• The waste hierarchy is now a priority order
(prevention; preparing for re-use; recycling;
recovery (e.g. energy recovery); and disposal),
but Member States may depart from the
hierarchy if doing so results in a better
environmental outcome.
• Member States must put in place waste
prevention programmes by the end of 2013.
The Commission will report on progress in
waste prevention by 2011 and by the end
of 2014, it will set waste prevention and
decoupling objectives for 2020.
• Member States must achieve a target of reusing or recycling 50 per cent of household
waste (including paper, metal, plastic and
glass) by 2020; and achieve a target of reusing, recycling or recovering 70 per cent of
construction and demolition waste by the same
date. The government is currently seeking
clarification on how this target applies across
the different material streams, and clarification
on how performance in meeting the target is to
be measured.
• Member States must set up separate collections
at least for paper, metal, plastic and glass by
2015, where it is technically, environmentally
and economically practicable and appropriate
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to do so. (The UK has clarified that co-mingled
collection can continue after 2015 where this is
the best means of increasing recycling rates in
the local circumstances).
Explanatory information on the Revised
Framework Directive can be found at
www.defra.gov.uk.

Planning Policy Statement 10: Planning
for Sustainable Waste Management
Planning Policy Statement 10 (PPS10) sets
out the Government’s policy to be taken into
account by waste planning authorities and
forms part of the national waste management
plan for the UK. It requires that a strategy for
muncipal waste management is produced as a
key component of regional spatial strategies,
but which also takes account of other spatial
planning concerns including transport, economic
growth, natural resources, regeneration and
sustainable development. The main principles of
PPS10 are as follows:
• To deliver sustainable development by driving
waste management up the waste hierarchy.
• To enable sufficient and timely provision of
waste management facilities to meet the needs
of communities.
• To help to implement the objectives of the
Waste Strategy for England, and its supporting
targets, consistent with meeting obligations
imposed by the European legislation.
• To help to secure the recovery and disposal of
waste without endangering human health, or
harming the environment, and ensuring waste
is disposed of as near as possible to its place of
production.
• To achieve self-sufficiency in local and regional
waste management that is reflective of the
types and quantities of waste generated.
• To ensure that the layout and design of new
developments support sustainable waste
management.

Waste Strategy for England 2007
The government set out its vision for sustainable
waste management in Waste Strategy for
England in May 2007 (the National Waste
Strategy 2007). The Mayor’s Municipal Waste
Management Strategy must have regard to
and be generally consistent with National
Waste Strategy 2007. The government’s main
objectives are to:
• Decouple waste growth (in all sectors) from
economic growth and put more emphasis on
waste prevention and reuse
• Meet and exceed the Landfill Directive
diversion targets for biodegradable municipal
waste in 2010, 2013 and 2020
• Increase diversion from landfill of nonmunicipal waste and secure better integration
of treatment for municipal and non-municipal
waste
• Secure the investment in infrastructure needed
to divert waste from landfill and for the
management of hazardous waste
• Get the most environmental benefit from that
investment, through increased recycling of
resources and recovery of energy from residual
waste using a mix of technologies.
The National Waste Strategy 2007 sets the
following waste targets:
• A reduction in the amount of household waste
not reused, recycled or composted in 2000 by
29 per cent by 2010 with an aspiration for a 45
per cent reduction by 2020. This is equivalent
to a fall of 50 per cent household waste to
landfill per person (from 450kg per person in
2000 to 225kg in 2020).
• Recycling and composting of household waste
– at least 45 per cent by 2015, and 50 per cent
by 2020.
• Recovery of municipal waste – 53 per cent by
2010, 67 per cent by 2015 and 75 per cent by
2020.
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The government has decided against setting
individual borough targets, preferring to set
an overall national target, the progress to
achievement of which will be monitored. This is
because there are already in place statutory local
authority targets for landfill diversion under the
LATS in addition to the rising level in landfill
tax. The government also believes it is not
appropriate to set recycling targets for municipal
and non-municipal waste due to different
waste streams requiring different target and
monitoring measures. The Mayor’s Municipal
Waste Management Strategy is consistent
with the National Waste Strategy 2007 but
the Mayor believes municipal waste targets
are also necessary for London to dramatically
improve London’s municipal waste recycling and
composting performance.

• minimising emissions of carbon dioxide and
other significant greenhouse substances
from the use of energy in Greater London for
purposes other than those of transportation
and
• supporting innovation, and encouraging
investment, in energy technologies in Greater
London promoting the efficient production and
use of energy in Greater London.

Climate change

1 The Mayor and the Assembly are each under
a duty to address climate change, in relation
to London.
2 In the case of the Mayor, the duty consists of
each of the following:
a to take action with a view to mitigation of,
or adaptation to, climate change,
b in exercising any of his functions under this
Act or any other Act (whenever passed), to
take into account any policies announced
by Her Majesty’s government with respect
to climate change or the consequences of
climate change,
c to have regard to any guidance, and
comply with any directions, issued to the
Authority by the Secretary of State with
respect to the means by which, or manner
in which, the Mayor is to perform the
duties imposed on him by paragraph (a) or
(b) above.

Since the publication of the first Mayor’s
Municipal Waste Management Strategy
(September 2003), the importance of mitigating
the effects of climate change has become a key
policy priority.
The Climate Change Act 2008 was enacted
requiring the government to reduce net UK
greenhouse gas emissions by 80 per cent by
2050 against a 1990 baseline. The Climate
Change Act also requires the government to
set five year climate change budgets to meet
statutory emission reduction targets for 2025
and 2050.
The Mayor is required under section 361B of
the GLA Act 1999 (as amended) to publish
a strategy containing policies and proposals
relating to the following:
• Minimising emissions of carbon dioxide and
other significant greenhouse substances from
the use of energy in Greater London for the
purposes of surface transport

The Mayor published this strategy, known as the
Climate Change Mitigation and Energy Strategy,
in October 2011.
Under the GLA Act, the Mayor is also subject to
broader climate change duties as below.

361A Duties of Mayor and Assembly
with respect to climate change

In keeping with these duties the policies and
proposals in this revised Mayor’s Municipal
Waste Management Strategy seeks to promote
the reduction of municipal waste, the use of
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resources more wisely and the production of
efficient energy from municipal waste to reduce
greenhouse gas emissions. It is therefore an
important tool in London’s response to climate
change.

The Greater London Authority Act
1999 and 2007
The Greater London Authority Act 1999 as
amended by the Gretaer London Act 2007 (the
GLA Act (as amended)) requires the Mayor to
produce and keep under review a Municipal
Waste Management Strategy. His first strategy,
published in September 2003, contained
policies to manage London’s municipal waste
(household waste and business waste collected
by local authorities) through to 2020. The
proposals (actions to implement the policies)
were generally for the period through to 2006
and therefore now require updating.
Section 353(3A) of the GLA Act (as amended)
requires that where the Mayor revises his
Municipal Waste Management Strategy he shall
have regard to any joint waste management
strategies which authorities in Greater London
have for areas where the disposal authority
is not also a collection authority, through
authorities having a capacity to comment and
alert the Mayor to the strategies in place and
their effect. In revising his strategy the Mayor
has had regard to these joint strategies and the
representations of the relevant authorities.
The GLA Act (as amended) now requires waste
authorities to notify the Mayor of new waste
contracts before they are advertised and
requires waste authorities to act in general
conformity with the Mayor’s Municipal Waste
Management Strategy when undertaking their
waste functions. The Mayor also has a power
of direction under section 356 of the GLA Act
(as amended), that he may exercise for the
purposes of implementing his Municipal Waste

Management Strategy. The Act as amended also
made the Mayor the planning authority, subject
to a policy test, for waste facilities that treat
over 50,000 tonnes of waste per annum, that
affect more than one borough and that are of
strategic interest.
In revising his Municipal Waste Management
Strategy, the Mayor has had regard to the GLA’s
principal purposes4 of:

Promoting economic development and
wealth creation in Greater London
The implementation of the following policies
will directly improve economic development
and wealth creation in Greater London:
• Policy 1 and the proposals therein;
• Policy 3 and the proposals therein; and
• Policy 5 and the proposals therein.
In the Policy chapters there is a full
explanation of the expected results of each of
the policies.
A key aim of the revised Municipal Waste
Management Strategy is to manage municipal
waste to enable the creation of wealth and
economic development in London and this
has been a material consideration in the
setting of targets in the revised strategy.

Promoting social development in
Greater London
The policies and proposals of the revised
Municipal Waste Management Strategy
have regard to the promotion of social
development in Greater London. The
following policies and proposals apply
• Policy 1 and the proposals therein; and
• Policy 6 and the proposals therein.
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A primary purpose of the revised Municipal
Waste Management Strategy is to improve the
management of municipal waste in London to
enable, among other outcomes, cost savings,
job creation and sustainable development,
all of, which will assist in promoting social
development in Greater London.

Promoting the improvement of the
environment in Greater London
Primary objectives of the revised Municipal
Waste Management Strategy are to secure a
reduction in and the improved management
of, municipal waste in London in the
interests of creating a better environment
for Londoners. The implementation of all
the policies and proposals in the revised
strategy including meeting the targets set,
will contribute towards the achievement of
that goal.
In revising his strategy the Mayor has had
regard to the effect his policies and proposals
would have on each of the following four
statutory cross-cutting themes in section
41(4)(b) of the Greater London Authority Act
(as amended) of:

Promoting improvements in the
health of persons living in Greater
London and the reduction of health
inequalities between persons living
in Greater London
A primary objective of the revised Municipal
Waste Management Strategy is to improve the
management of London’s municipal waste in
the interests of creating a better environment
for Londoners, an aspect of which would
be to create conditions conducive to
improvements in their health and a reduction
of health inequalities across the capital.

Contributing towards the achievement
of sustainable development in the UK
The four aims of sustainable development
are set out in the government’s Planning
Policy Statement 1: Delivering Sustainable
Development. They are:
• Social progress which recognises the needs of
everyone
• Effective protection of the environment;
• The prudent use of natural resources; and
• The maintenance of high and stable levels of
economic growth and employment.
The revised strategy by promoting the
management of municipal waste in
accordance with the waste hierarchy
contributes to the achievement of all the four
aims of sustainable development

Contributing towards the mitigation
of, or adaptation to, climate change
and its consequences
A primary purpose of the revised Municipal
Waste Management Strategy is to reduce
London’s carbon emissions that are
attributable to or consequential upon the
management of London’s municipal waste.
The achievement of the Mayor’s waste targets
will contribute to the mitigation of the effects
of climate change and their consequences in
London. Policies that, in particular, address
this issue are:
• Policy 2 and
• Policy 4: Achieving high municipal waste
recycling and composting rates
Achieving the emissions performance standard
(EPS) set out in Policy 2 will ensure that the
management of London’s municipal waste, by
reusing, recycling, composting or generating
renewable energy from as much waste as
possible, will reduce the emissions associated
with manufacturing articles using natural
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resources and generating energy from fossil
fuels. It is estimated that achieving 60 per
cent recycling or composting of municipal
waste could save approximately one million
tonnes of CO2eq emissions each year.
In revising and implementing the Mayor’s
Municipal Waste Management Strategy, the
Mayor has had regard under section 41(5) of
the GLA Act (as amended) to:

The need to ensure the strategy is
consistent with national policies and
such international obligations as the
Secretary of State may notify to the
Mayor
This Appendix 1 and the ‘Legislative and
policy context’ section in the strategy list
the relevant national and international
policies and obligations; and Appendix 3
outlines how the implementation of the
policies and proposals of the revised strategy
will contribute to meeting their aims and
objectives.
In revising the Municipal Waste Management
Strategy and in accordance with his duty
under section 41(9) of the GLA Act (as
amended), the Mayor, in setting Londonbased targets for the management of
municipal waste has had regard to national
waste targets and objectives and performance
indicators set by the Secretary of State.
The Mayor has set targets that are not
less demanding than any related targets or
objectives set nationally.

Ensure that the strategy is consistent
with each of his 11 other statutory
strategies
See text below regarding the Mayor’s other
strategies.

The resources available for the
strategy’s implementation
The revised Municipal Waste Management
Strategy has been drafted with regard given
to the resources available or likely to become
available for the implementation of its policies
and proposals. Many of the proposals will
require implementation by the capital’s waste
stakeholders including the London boroughs,
the waste industry, the third sector and the
London Waste and Recycling Board.
Detailed economic modelling of the strategy
and its deliverability has been undertaken,
the final report of which is contained in
Appendix 4a.
A detailed implementation plan setting
out the actions required to implement
the individual proposals, who will deliver
them and dates by which actions are to be
implemented, is set out in Appendix 2.

The desirability of promoting and
encouraging the use of the River
Thames safely, in particular for the
provision of passenger transport
services and for the transportation of
freight
The Mayor, when reviewing municipal waste
management contracts, will work with waste
authorities to promote the most sustainable
forms of transporting waste, maximising
the potential use of rail and water transport
wherever possible (e.g. see last proposal in
Policy 5).
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The effect on crime and disorder in
areas within Greater London and the
misuse of drugs, alcohol and other
substances in those areas
Policy 6 Achieving a high level of street
cleanliness is likely to have an indirect positive
effect of reducing crime and disorder.

Promoting improvements in
public sector equality and equal
opportunities
Policy 1 and Policy 4 promote greater
consistency in the provision of waste,
reuse, recycling and composting collection
services across London, improving access
to these services and providing incentive
for all Londoners to use these services.
More consistent and easily accessible waste
management services for all Londoners
to use will create conditions conducive to
improvements in equality of opportunity, and
encourage people from protected groups
and protected characteristics to participate in
public life.

The London Waste and Recycling Board
Section 356A of the GLA Act (as amended)
provided for the establishment of the London
Waste and Recycling Board (the ‘Board’) with
objectives to promote and encourage the
production of less waste and its sustainable
management. The Board brings together
the Mayor, London Boroughs, and other
stakeholders involved in managing London’s
waste.
The Board was established in September
2008 and comprises eight members under the
chairmanship of the Mayor. It has an investment
fund of £73.4 million from 2008 - 2015.
The Board’s objectives are to promote and
encourage, in relation to Greater London:

• The production of less waste;
• an increase in the proportion of waste that is
reused or recycled;
• the use of methods of collection, treatment
and disposal of waste that is more beneficial to
the environment.
In pursuing its objectives the Board is required
to act in accordance with the Mayor’s Municipal
Waste Management Strategy and in general
conformity with the London Plan. The Board
published its first Business Plan in February
2009 describing the steps it will take to deliver
its objectives in line with the current waste
strategy for London. The Business Plan will
be reviewed annually in order to take into
account any changes the Mayor may make to
his municipal management waste strategy or its
implementation.

The Mayor’s other strategies
The London Plan 20115 sets London’s planning
framework including planning policies for waste.
The Mayor’s statutory powers of direction for
waste (under section 356 of the Greater London
Authority Act) are limited to municipal waste,
leaving the majority of London’s waste outside
the Mayor’s policies and control. However, to
deliver the London Plan the Mayor needs to
provide a comprehensive strategic framework for
all waste produced in London.
The London Plan key waste policies are:
• Manage as much of London’s waste within
London as practicable, moving towards
managing 100 per cent of London’s waste
within London by 2031
• working towards zero biodegradable and
recyclable waste to landfill by 2031
• Setting recycling/composting targets of:
- 50 per cent for municipal waste by 2020,
increasing to 60 per cent by 2031
- 70 per cent commercial waste by 2020

TH E M AY O R ’ S M U N I C I PA L WA S T E M A N A GEMENT STRATEGY

- 95 per cent reuse and recycling for
construction, demolition, and excavation
waste by 2020
• Promoting waste management activities
achieving the greatest possible climate change
mitigation and energy saving benefits and
• Borough level projections of London’s waste
arisings
The Mayor has developed a non-statutory
Business Waste Strategy that sets ambitious
targets for business re-use and recycling,
and energy generation from waste. It accords
with the policies and proposals of his revised
Municipal Waste Management Strategy.
In revising his Municipal Waste Management
Strategy, the Mayor has had regard to the
achievement of its consistency with his other
strategies both adopted and emerging.

Other European Directives and
legislative drivers
There are a wide range of other European
Directives and legislative controls affecting
the production and management of waste in
London include:
• Environmental Protection
- Environmental Protection Act 1990
- Environmental Protection (Duty of Care)
Regulations (1991) (as amended)
- Controlled Waste (Registration of Carriers
and Seizure of Vehicles) Regulations 1991
(as amended)
- Controlled Waste Regulations (1992) (as
amended)
- Clean Neighbourhoods and Environment Act
2005
- Site Waste Management Plan Regulations
2005
• Environmental Permitting
- Integrated Pollution Prevention & Control
Directive 2008/1/EC

- Waste Incineration Directive 2008/1/EC
- Environmental Permitting (England and
Wales) Regulations 2007 (as amended)
• Recycling and Landfill
- Household Waste Recycling Act 2003
- Landfill (England and Wales) Regulations
2002 (as amended)
- Waste and Emissions Trading Act 2003
- Landfill Allowance Trading Scheme
(England) Regulations 2004 (as amended)
• Hazardous Waste
- Hazardous Waste Directive 91/689/EEC
[until 12 December 2010]
- Hazardous Waste (England and Wales)
Regulations 2005 (as amended)
- List of Wastes (England) Regulations 2005
(as amended)
• Animal By-Products
- Animal By-Products Regulation (EC) No.
1774/2002
- Animal By-Products Regulation 2005 (as
amended)
• Producer Responsibility: Packaging
- Packaging and Packaging Waste Directive
94/62/EC
- Packaging (Essential Requirements)
Regulations 2003 (as amended)
- Producer Responsibility Obligations
(Packaging Waste) Regulations 2007 (as
amended)
• Producer Responsibility: End-of-Life Vehicles
- End-of-Life Vehicles Directive 2000/53/EC
- End-of-Life Vehicles Regulations 2003
- End of Life Vehicles (Producer
Responsibility) Regulations 2005
• Producer Responsibility: Waste Electrical and
Electronic Equipment (WEEE)
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- Restriction on the Use of Certain Hazardous
Substances in Electrical and Electronic
Equipment Directive 2002/95/EC
- Restriction of the Use of Certain Hazardous
Substances in Electrical and Electronic
Equipment Regulations 2008 (as amended)
- Waste Electrical and Electronic Equipment
Directive 2002/96/EC and Amendment
Directive 2003/108/EC
- Waste Electrical and Electronic Equipment
Regulations 2007 (as amended)
• Producer Responsibility: Batteries and
Accumulators
- Directive (2006/66/EC) on Batteries and
Accumulators and Waste Batteries and
Accumulators
- Batteries and Accumulators (Placing on the
Market) Regulations 2008
- Waste Batteries and Accumulators
Regulations 2009
The revised strategy, in promoting the
management of municipal waste in Greater
London in accordance with the waste hierarchy,
is in general conformity with the aims and
objectives of these legislative and policy
provisions.

Endnotes
1
2
3
4
5

EU Directive on Waste 75/442/EEC as amended
by Council Directive 91/156/EEC and adapted by
Council Directive 96/350/EC
Council Directive 1999/31/EC on the Landfill of
Waste
Government policy review of waste management in
England, Defra 2011
GLA Act (as amended) s41(4)(a)
The London Plan: Spatial Development Strategy for
Greater London 2011
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Policy

Proposal

Partner Organisation

Timescale

Policy 1:
Informing
producers and
consumers
of the value
of reducing,
reusing, and
recycling
municipal waste

1.1 Setting waste reduction and reuse
targets

GLA Group, WRAP, waste
authorities, LCRN

10 per cent reduction
in household waste per
household by 2020,
increasing to 20 per cent
per household by 2031.
Reusing 20,000 tonnes of
municipal waste by 2020
and 30,000 tonnes by
2031

1.2 Supporting Londonwide
engagement to promote the reduce,
reuse, recycle message

GLA Group, WRAP, waste
authorities, LCRN, LWARB

From 2010. First
Recycle for London
communications
programme will run from
2010-2013.

1.3 Reducing the amount of municipal
waste entering the waste stream

GLA Group, WRAP,
interested businesses,
waste authorties, LWARB

From 2010

1.4 Tacking the barriers to providing
effective reuse services

GLA Group, LCRN, waste
authorties

From 2010

2.1 The Mayor will work with waste
authorities to put London on a path
for its municipal waste management
functions to collectively achieve the EPS

GLA, waste authorities

From 2011

2.2 The Mayor has developed a lifecycle
CO2eq EPS for London’s municipal
waste management to work towards
achieving. The EPS has been set to
achieve the greatest climate change
mitigation benefits practicable from
London’s municipal waste at least cost.
London’s municipal waste management
performance against the EPS will be
monitored and reported annually.

GLA, Environment
Agency, waste authorities,
London Councils, LWARB

From 2010

2.3 The Mayor has set a minimum CO2eq
performance for energy generation
from London’s municipal waste, known
as a “carbon intensity floor”. Waste
authorities that are considering options
for generating energy from waste will
need to demonstrate how their preferred
solutions will meet the carbon intensity
floor, or demonstrate what steps are in
place to meet it in the near future.

GLA, Environment
Agency, waste authorities,
London Councils, LWARB

From 2011

2.4 The Mayor will work with the
Environment Agency and waste
authorities to ensure that achieving
the EPS will not have any significant
adverse impacts on other environmental
considerations, such as air quality and
biodiversity.

GLA, Environment
Agency, waste authorities

From 2011

Policy 2:
Reducing
the climate
change impact
of London’s
municipal waste
management

3
Policy

Proposal

Partner Organisation

Timescale

2.5 The Mayor, through Transport for
London (TfL), will work with waste
authorities to maximise cost efficiencies
and reduce the environmental impact
of transporting municipal waste. The
Mayor will encourage waste authorities
to join TFL’s Freight Operator
Recognition Scheme (FORS) to help
make the transport of waste safer,
greener and more efficient.

GLA, TFL, waste
authorities

From 2010

Policy 3:
Capturing
the economic
opportunities of
municipal waste
management

3.1 The Mayor will through LWARB
develop a four year programme (20012015) to identify and implement
efficiencies in municipal waste
management in London.

GLA, London Councils,
waste authorities, LWARB

From 2011

3.2 The Mayor, through LWARB, will
secure investment in London’s municipal
waste management infrastructure

GLA Group, LWARB,
Defra, EU match funding
schemes, External
Investors

From 2010

Policy 4:
Achieving
high municipal
recycling and
composting
rates resulting
in the greatest
environmental
and financial
benefits

4.1 The Mayor has set recycling and
composting (including anaerobic
digestion) targets for London’s municipal
waste of 45 per cent by 2015, 50 per
cent by 2020 and 60 per cent by 2031

GLA

From 2011

4.2 The Mayor, through LWARB’s bestpractice co-ordinator service, will work
with waste authorities and the Waste and
Resources Action Programme (WRAP)
to provide cost-effective and easily
accessible recycling and composting
services to all London households and
small businesses. The aim is to showcase
good practice and identify opportunities
to deliver high quality, consistent
and cost-effective collection services,
achieving high rates of recycling and
composting.

GLA, LWARB, waste
authorities, London
Councils

From 2010

4.3 The Mayor, through LWARB,
has allocated £5 million to fund
infrastructure measures to increase
recycling or composting rates for
household waste collected from flats,
particularly those providing social
housing.

GLA Group, LWARB,
waste authorities, London
Councils

From 2010

4.4 The Mayor will work with waste
authorities and other stakeholders to
provide incentives for Londoners to
reduce, reuse and recycle municipal
waste.

GLA, LWARB, waste
authorities, London
Councils, waste incentive
organisations (e.g.
RecycleBank)

From 2010

4.5 The Mayor will work with waste
authorities, WRAP, TfL, and the private
sector to provide “on-the-go” recycling
bins across London.

GLA, TfL, WRAP, LWARB,
waste authorities, London
Councils

From 2010
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Policy

Proposal

Partner Organisation

Timescale

Policy 5:
Stimulating the
development
of new
municipal waste
management
infrastructure
in London,
particularly
low-carbon
technologies

5.1 The Mayor through LWARB will
actively support the development
of municipal waste management
infrastructure in London, in particular the
use of low-carbon technologies

GLA Group, LWARB,
Defra, EU match funding
schemes, External
Investors

From 2009

5.2 The Mayor will work with waste
authorities to manage as much of
London’s municipal waste as practicable
within London to achieve regional
self-sufficiency targets as set out in the
London Plan

GLA Group,waste
authorities, LWARB

From 2009

5.3 The Mayor, through TfL, will
encourage the movement of municipal
waste using sustainable modes of
transport

GLA, TfL, waste
authorities

From 2011

6.1 The Mayor will encourage London
boroughs to adopt Love Clean London,
a mobile and online reporting and
recording system for litter and fly-tipping

GLA, London Councils,
London boroughs

From 2010

6.2 The Mayor will work with local
authorities to improve enforcement of
environmental crimes, including litter
and graffiti.

GLA, London Councils,
London boroughs

From 2011/12

6.3 The Mayor will work with boroughs
to recycle or compost their street
cleaning waste where practicable.

GLA, London boroughs

From 2010

6.4 The Mayor will work with a range of
partners including London boroughs and
the private sector to provide on-street
recycling opportunities and to recycle
waste from London’s events.

GLA, London Councils,
London boroughs,
interested private sector
organisations

From 2010

6.5 The Mayor will work with the London
Organising Committee of the Olympic
Games (LOCOG), the Capital CleanUp campaign, Thames 21 and other
voluntary organisations to undertake the
biggest clean up ever, in advance of the
Olympic and Paralympic Games.

GLA, London Councils,
London boroughs,
LOCOG, Capital Clean-up,
Thames 21, interested
voluntary organisations

From 2010

6.6 The Mayor will work with London
Councils and the London boroughs to
develop a road map towards a plasticbag-free London

GLA, London Councils,
London boroughs

From 2010

6.7 The Mayor will work with gum
manufacturers and London boroughs
to reduce the blight of chewing gum on
London’s streets by piloting non-stick
and degradable gum in London

GLA, London boroughs,
interested gum
manufacturers

From 2010

Policy 6:
Achieving a high
level of street
cleanliness
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6.8 The Mayor will work with London
boroughs, tobacco companies and
tobacco retailers to develop a London
wide smoking-related litter reduction
programme.

GLA, London Councils,
London boroughs

From 2010

6.9 The Mayor will work with London
Councils and the Chewing Gum Action
Group to develop a behaviour change
communications programme on chewing
gum litter for London to launch in the
monhs leading up to the 2012 Games.

GLA

From 2010

6.10 The Mayor will work with TfL
and London Underground to empower
Londoners and visitors to be more
responsible with their rubbish while on
London’s transport network.

GLA, Tfl, London
Underground, London
Councils, London
boroughs

From 2010

APPENDIX three

Th e Mayor’s
municipal
waste targets
contr ibuting
towards
nati onal
wa ste ta rge ts
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This section sets how the Mayor’s policies and
proposals contribute towards achieving his
preferred approach for managing London’s
municipal waste. By achieving the Mayor’s
targets set in his preferred approach, London
will collectively meet or exceed London’s waste
authorities’ Landfill Allowance Trading Scheme
(LATS) allowances, and the government’s
national targets.

this infrastructure. In addition to the Mayor’s
policies and proposals, the GLA has taken into
consideration municipal waste infrastructure
that has been granted planning permission, and
municipal waste management infrastructure
being procured by London’s waste authorities.
This infrastructure, set out in Table 1, has
been factored into the modelling undertaken
for implementing the Mayor’s policies and
proposals. The GLA will update its modelling
with any new municipal waste infrastructure
procured in implementing this strategy.
The updated modelling will include, where
appropriate, municipal waste capacity developed
with the London Waste and Recycling Board.

London needs a significant increase in municipal
waste management infrastructure to achieve the
Mayor’s municipal waste targets. Policy 5 of the
Mayor’s municipal waste management strategy
sets out the Mayor’s proposals for increasing

Table 1: London’s current and planned municipal waste management infrastructure
Technology

2011 capacity (tonnes
per year)

Planned capacity (tonnes
per year)

In procurement, waste
authority-led (tonnes
per year)

Material Reclamation
Facilities (MRFs)

793,000

110,000

150,000

Pre - treatment

244,000

88,000

585,000

Composting/Anaerobic
Digestion

70,000

0

112,000

Thermal treatment

1,367,0001

200,000

532,000

TOTAL CAPACITY

2,474,000

398,000

1,389,000

1 This total includes municipal waste to be treated at the Belvedere incinerator. The plant’s planned capacity is
approximately 585,000 tonnes per year. It is assumed that 440,000 tonnes of this capacity each year will be for
London’s municipal waste from 2011.
Notes: Figures for ‘planned capacity’ and ‘In procurement’ capacity are indicative only and subject to final
contractual decisions to be made after 2011.
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The Mayor’s targets are for London to achieve
as a whole, placing no requirement on individual
waste authorities to achieve them. In some cases
the Mayor’s targets do not exactly match those
set by government for the UK. The Mayor’s
targets are more ambitious than those set by the
government and reflect regional circumstances,
such as:
• the declining landfill capacity accepting
London’s municipal waste;
• the need to significantly improve municipal
waste recycling or composting performance
– London is the lowest performing region in
the UK.
• the need to significantly increase the amount
of waste managed within London to achieve
greater self-sufficiency in line with Planning
Policy Statement 10.
All the Mayor’s policies and proposals contribute
towards meeting his targets. The tables and

figures below set out the key policies and
proposals that contribute towards achieving the
Mayor’s targets, London waste authorities’ LATS
requirements, and the targets set by government
for the UK. Justification is given where the
Mayor’s targets do not directly correlate with
those targets set by government.
In developing the Mayor’s strategy the GLA
has worked closely with officials in Defra’s
Waste Programme Team to ensure the strategy
is consistent with the Government’s overall
approach for managing waste in England. In
June 2011 Defra published a national waste
policy review document. In preparing the
Mayor’s Municipal Waste Management Strategy,
Defra was satisfied that the Mayor’s overall
approach for his strategy was consistent with
the Government’s ambitions in the review of
national waste policies.

Mayor’s target

Justification

National Policy requirement

Achieving zero
municipal waste direct
to landfill by 2025.

•The Mayor in his London Plan 2011 wants London
to manage the bulk of its waste within London
and work towards zero waste (all waste) to landfill
by 2031.
•Landfill sites accepting London’s municipal waste
(mostly outside London) are expected to close by
2025.
•2025 represents a realistic timeframe for new
waste infrastructure to be built in London to
divert waste from landfill.

London waste authorities meeting their
LATS allowances
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Key policies and proposals delivering the Mayor’s target
Policy 1:
Inform producers and consumers of the value of
reducing, reusing and recycling.

Proposals
1.1 Setting waste reduction and reuse targets
1.2 Supporting Londonwide engagement to promote the
reduce, reuse and recycle message
1.3 Reducing the amount of municipal waste entering the
waste stream

Policy 2:
Reducing the climate change impact of London’s
municipal waste management.

Proposals
2.1 The Mayor will work with waste authorities to put
London on a path for its municipal waste management
functions to collectively achieve the EPS
2.3 The Mayor has set a minimum CO2eq performance for
energy generation from London’s municipal waste, known
as a “carbon intensity floor”. Waste authorities that are
considering options for generating energy from waste will
need to demonstrate how their preferred solutions will
meet the carbon intensity floor, or demonstrate what steps
are in place to meet it in the near future.

Policy 3:
Capturing the economic benefits of waste
management

All Proposals

Policy 4:
Achieving high municipal waste recycling and
composting rates resulting in the greatest
environmental and financial benefits.

All Proposals

Policy 5:
Stimulating the development of new municipal waste
management infrastructure in London, particularly
low-carbon technologies

Proposals
5.1 The Mayor through LWARB will actively support
the development of municipal waste management
infrastructure in London, and in particular the use of lowcarbon technologies
5.2 The Mayor will work with waste authorities to manage
as much of London’s municipal waste as practicable within
London to achieve regional self-sufficiency targets as set
out in the London Plan

Policy 6:
Achieving high levels of street cleanliness

Proposals
6.4 The Mayor will work with a range of partners including
London boroughs and the private sector to provide onstreet recycling opportunities and to recycle waste from
London’s events.

Figure 1 sets out the impact achieving zero
municipal waste to landfill by 2025 has on
achieving London waste authorities’ LATS
allowances for biodegradable municipal
waste (BMW) sent to landfill by 2020. For
the purposes of implementing the LATS, it is

assumed 68 per cent of waste sent to landfill
is biodegradable. Applying this proportion,
London’s waste authorities are expected to
collectively meet their LATS allowances by
2013, at which point the LATS scheme is to be
abolished by the UK government.
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Figure 1: Achieving zero municipal waste to landfill by 2025
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Mayor’s target

Justification

National Policy requirement

To reduce the amount of household
waste produced in 2008/09 from
970kg per household to 790kg per
household by 2031. This is equivalent
to a 20 per cent reduction per
household.

•The Mayor believes greater economic
and environmental benefits can
be achieved by reducing waste at
source as opposed to focusing on
reducing waste not reused, recycled
or composted.

To reduce the amount of household
waste not reused, recycled or
composted (residual waste) in 2000 by
29 per cent in 2010 with an aspiration
to achieve a 45 per cent reduction on
2000 levels by 2020.

•The Mayor’s reduction target
reflects decreasing annual levels of
household produced waste since
2006/07.

Key policies and proposals delivering the Mayor’s target
Policy 1:
Inform producers and consumers of the value of
reducing, reusing and recycling.

All Proposals
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The Mayor has set targets to reduce the
amount of household waste produced by each
London household by 2031. This differs from
the government’s targets which are to reduce
the amount of UK household waste not reused,
recycled or composted by 2020. Achieving the
government’s targets effectively means reducing
the amount of UK household waste used for
energy generation or sent to landfill.

generation or to landfill by 2031. The trajectory
shows a declining amount of London’s
household waste expected to be managed this
way, comfortably lower than what is required
to meet the government’s household waste
reduction targets. In addition, the government’s
reduction targets will be achieved by London’s
waste authorities increasing their recycling
and composting performance, resulting in less
household waste going to landfill or energy
generation.

Figure 2 shows how much household waste
London is expected to send for energy

Figure 2: Achieving the Mayor’s household waste reduction targets
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Note: The sharp decline in energy generation levels from 2020 is a result of London’s Edmonton incinerator closing in
2020 combined with an increase in reuse, recycling and composting performance.
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Mayor’s target

Justification

National Policy requirement

1. To increase the amount of London’s
waste that could be reused or repaired
from approximately 6,000 tonnes each
year in 2008 to 20,000 tonnes a year
in 2020 and 30,000 tonnes a year in
2031.

1. The Mayor’s reuse target has been
set following discussion with the
London Community Resource Network
as to what is reasonably achievable.

1. Recycling (including reuse) and
compost of household waste - at least
40 per cent by 2010, 45 per cent by
2015 and 50 per cent by 2020.

2.The Mayor is required to produce a
municipal waste management strategy,
and has therefore set municipal waste
recycling or composting targets. The
targets match those set by the South
London Waste Partnership and West
London Waste Authority for their
constituent boroughs. Together, they
represent about one third of London’s
municipal waste authorities.

2. Recovery (including recycling or
composting) of municipal waste 53 per cent by 2010, 67 per cent by
2015 and 75 per cent by 2020.

2. To recycle or compost at least
45 per cent of municipal waste by
2015, 50 per cent by 2020 and 60 per
cent by 2031.
3 The management of London’s
municipal waste to achieve annual
greenhouse gas emissions savings of
approximately.
• 550,000 tonnes of CO2eq in 2015
• 770,000 tonnes of CO2eq in 2020
• One million tonnes of CO2eq in 2031
4. To generate as much energy as
possible from London’s organic and
non-recycled waste in a way that is no
more polluting in carbon terms than
the energy source it is replacing.

3. The Mayor wants London’s
municipal waste to deliver the greatest
possible environmental benefits
by reducing its impact on climate
change. Generally, achieving high
rates of recycling and composting
aligns with achieving the Mayor’s
Emissions Performance Standard
(EPS). However, a key characteristic of
the EPS is that it allows flexibility, so
that waste authorities can look across
the whole waste system to find the
greatest CO2eq savings, depending
on their specific circumstances. This
approach puts greater emphasis on,
and provides incentives for, waste
reduction which is the most costeffective waste solution.
4. This Mayor’s energy generation
target aligns the Mayor’s waste
management policy goals with those
in his Climate Change Mitigation
and Energy Strategy for delivering
low carbon energy in London and
providing incentives for low carbon
energy generation technologies. In
aligning the two strategies the Mayor
has set a minimum CO2 equivalent
emissions performance for energy
generated from municipal waste.
The minimum CO2eq emissions
performance, also known as the
“carbon intensity floor” has been set
based on the latest DECC guidance for
setting such performance standards.
The government’s recycling and
recovery targets are achieved as a
result of the approach set out in
sections 1-4 above.
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Key policies and proposals delivering the Mayor’s target
Policy 1:
Inform producers and consumers of the value of
reducing, reusing and recycling.

All Proposals

Policy 2:
Reducing the climate change impact of London’s
municipal waste management.

All proposals

Policy 3:
Capturing the economic benefits of waste
management

All proposals

Policy 4:
Achieving high municipal waste recycling and
composting rates resulting in the greatest
environmental and financial benefits.

All Proposals

Policy 5:
Stimulating the development of new municipal waste
management infrastructure in London, particularly
low carbon technologies

All Proposals

Policy 6:
Achieving high levels of street cleanliness

Proposals
6.3 The Mayor will encourage boroughs to recycle or
compost their street cleaning waste where practicable.
6.4 The Mayor will work with a range of partners including
London boroughs and the private sector to provide onstreet recycling opportunities and to recycle waste from
London’s events.

The Mayor has set municipal waste recycling or
composting targets matching the government’s
household recycling or composting targets
for the UK. Household waste makes up about
80 per cent of London’s municipal waste. The
other 20 per cent of non-household waste
is mostly made up of small business waste
collected by London’s waste authorities. In
2009/10 London recycled or composted 27
per cent of its household waste. Only about 10
per cent of London’s non-household waste is
recycled or composted each year. The Mayor
considers that municipal waste recycling or
composting targets for London are necessary

to significantly improve both household and
non-household recycling and composting
performance in the UK.
London did not meet the government’s 2010
household waste recycling or composting
target of 40 per cent. By achieving the Mayor’s
municipal waste recycling or composting targets
in 2015 and 2020, London is expected to meet
the government’s 2015 and 2020 household
waste recycling targets. Achieving the Mayor’s
reuse targets will contribute about one per cent
towards London’s municipal waste recycling or
composting performance by 2031.
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Figure 3: Achieving the Mayor’s municipal recycling and composting targets
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The Mayor has not set municipal waste recovery
targets. However it is possible to estimate
a municipal waste recovery performance by
looking at the amount of municipal waste
left over for energy generation as a result
of achieving the Mayor’s municipal waste
recycling or composting targets. In 2010 about
21 per cent of London’s municipal waste was
sent for energy generation using incineration.
This proportion is expected to increase when
London’s third incinerator, in Belvedere, Bexley,
comes on line in 2011. The Mayor expects
further energy generation capacity to be

Gov target - household waste recycled or composted

taken up using a range of energy generation
technologies.
After waste pre-treatment processes have taken
place, the Mayor expects London to generate
energy from about 35 per cent of its municipal
waste by 2020. This proportion, combined with
an expected municipal recycling or compositing
performance of 50 per cent by 2020, will achieve
an overall 80-85 per cent municipal waste
recovery rate. This performance will exceed the
government’s 75 per cent target by 2020.
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Figure 4: London’s expected municipal waste recovery performance to 2031
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A.1.0 Structure of Economic and Environmental
Model
An Excel® based model was developed to provide analysis of the following elements
of waste management within London:
 Performance and costs of dry recycling collection systems;
 Performance and costs of biowaste collections systems;
 Carbon dioxide (CO2) emissions or benefits associated with recycling;
 CO2 emissions associated with biowaste and residual treatment processes;
and
 Financial costs of biowaste and residual treatments.
A ‗Do Nothing New‘ baseline was constructed, followed by modelling of 11 scenarios.
The net change in outputs was then measured against this baseline to show which
scenarios provided the greatest benefits.
Section A.3.1 below describes the development of the ‗Do Nothing New‘ baseline.
Section A.3.2 then describes the approach to modelling scenarios, and calculating
the outputs required for the study.
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A.2.0 Assumed Waste Compositions
A.2.1

Current Waste Arisings

Current waste arisings were taken from the latest relevant Environment Agency
WasteDataFlow (WDF) reports (2008/09) for each London Borough. We believe these
to be the best representation of arisings currently available.

A.2.2

Changes in Arisings over Time

Modelling forward to 2031, changes in waste arisings are based on a recent study
undertaken on behalf of the GLA.1 The study seeks to understand what impacts
various factors, such as waste prevention and population growth, will have on the
total waste generated in London.
Sections A.2.2.1 and A.2.2.2 describe the approach taken for some of the key
streams, household and commercial wastes, included in the model. These growth
rates are included in both our ‗Do Nothing New‘ baseline, and in each ‗Do Something‘
scenario.
A.2.2.1

Household Waste

It should first be acknowledged that waste arisings are difficult to predict 20 years
into the future, as is required for this study. The main determinants of waste growth
have been historically attributed to household growth and consumption.
Communication campaigns to raise awareness and increased service provision are
expected to reduce the growth from households. Household growth has most recently
been predicted by Defra at a level of 0.5% per annum.2
We use the approach set out in the SLR study in the modelling of household waste
arisings. The key features of this study can be summarized as follows:
 The number of households in London will continue to increase, with
projections indicating a 17% increase by 2031;
 Household waste arisings, per household, will decrease over time, as a result
of waste prevention effects considered to arise through communication
campaigns, and additional service provisions;
 The combination of increased housing and decreased waste, per household,
means that the absolute growth in household waste will be zero; and
 All elements of ‗household waste‘, for example, RRCs, street sweepings etc,
will also be given a zero growth rate in the model.

LRS / SLR (2010) Future Waste Arisings in London, 2009 - 2031: Project summary and
methodological memo., 2010
1

DEFRA (2007) Waste Factsheet: National Waste Targets for England, available at:
http://www.defra.gov.uk/Environment/waste/strategy/factsheets/targets.htm
2
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A.2.2.2

Commercial Wastes

There are many different factors to consider when forecasting changes to future
arisings of commercial wastes. Such consideration is complex and falls outside the
scope of this study. We have therefore assumed that arisings from commercial waste
will match those forecast in the aforementioned SLR study undertaken on behalf of
the GL. Overall this study shows that non-household municipal waste will grow by 30%
by 2031.

A.2.3

Waste Compositions

A.2.3.1

Kerbside-collected Household Wastes

The kerbside composition used for this study was taken from the recent review of
municipal waste component analysis for England, published in early 2010.3 This was
then benchmarked against London studies such as the North London Waste Authority
(NLWA) waste compositional analysis.4 The composition used for our model was
altered to reflect the generally lower than average garden waste arisings in London.
This was thought to represent the average London composition better than by using
the UK wide study ‗as is‘. Furthermore, specific regional studies in London were not
thought to represent the average for the whole area.
It should be noted that this dataset is not considered to be a critical element of the
study. It was used only to benchmark future collection systems yields against likely
capture rates.
A.2.3.2

Commercial Wastes

Data on the composition of commercial wastes is relatively scarce. Our model uses
the most recent survey of commercial wastes published by the Environment Agency
(Wales) in 2009 as the basis for this composition.5 The data produced by the survey
suggests that around 50% of the stream is considered to be ‗mixed wastes‘. We have
used data from the previous analysis of commercial wastes provided by AEA
Technology for the Welsh Assembly Government (WAG) as the basis for modelling the
composition of this non-differentiated ―mixed wastes‖ fraction.6

3 Resource Futures (2010) Municipal Waste Composition: Review of Municipal Waste Component
Analyses - WR0119, Final Report for Defra

Entec (2009) Waste Composition Analysis Project for NLWA, Interim
Report for North London Waste Authority. See
https://ukr.hybis.info/Projects/WX/Awarded/WX64532/Issued1/Shared%20Documents/Compositio
n%20studies/NLWA%20waste%20composition%20draft%20report.pdf
4

5

Environment Agency Wales (2009) Survey of Industrial & Commercial Waste Arisings, May 2009

AEA (2003) The Composition of Municipal Solid Waste in Wales: A Report Produced for the Welsh
Assembly Government, December 2003
6
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A.2.3.3

Residual Composition

We have assumed that residual waste composition varies depending on the extent of
recycling occurring. As a result, we have therefore developed separate compositions
for a ‗low‘ recycling scenario, two ‗medium‘ recycling scenarios (one with collection
focused capture of dry materials, the other with collection focused on capture of food
waste) and a ‗high‘ recycling scenario.
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A.3.0 Scenario Modelling Assumptions
This section describes the underlying assumptions and data used to develop and
model all ‗scenarios‘. First a ‗Do Nothing New‘ baseline scenario is described in
Section A.3.1. This was, in essence, the baseline used to measure the relative effects
of all the ‗Do Something‘ scenarios described in Section A.3.2, whereby some change
in waste management practice occurs.

A.3.1

‗Do Nothing New‘ Baseline

The ‗Do Nothing‘ baseline contains the following elements, for each Borough:
 Kerbside waste arisings and recycling tonnages for 08/09, taken from
WasteDataFlow (WDF);
 Kerbside dry recycling, residual and organic waste system descriptions for
both doorstep and communal properties; and
 Waste arisings and recycling tonnages from RRCs, bring sites, commercial
enterprises and ‗other‘ tonnages, where ‗other‘ refers to systems such as ‗onthe-go‘ recycling and voluntary or third sector organisation (TSO) schemes.
A.3.1.1

Reuse

Foremost, we have obtained reuse tonnages from WDF. In addition to this, voluntary
and TSO reuse schemes are in operation, which do not report to the London Boroughs
and therefore the associated reuse tonnage is not included in WDF. Additional reuse
of 7,000 tonnes was therefore added to the baseline tonnage to reflect the estimated
10,000 tonnes reused in 2008/09.7 The cost associated with reuse is detailed in
Appendix A.6.4.
A.3.1.2

Household Kerbside Modelling

Alongside the use of in-house data sources, information relating to the types of
collection systems in place, in each Borough, originated primarily from
WasteDataFlow (WDF), a recent report on behalf of the GLA on best performing
recycling schemes in London.8 Each collection system is assigned a specific code. It is
important to note that ‗communal‘ and ‗doorstep‘ properties have been treated
separately, as the costs and performance will be very different. Doorstep properties
are defined as those receiving a collection service where the collection crew comes to
the householder‘s door, to collect recyclables or biowaste. Communal properties are
therefore defined as properties where the householder has to bring the material to a

Mayor of London (2010) The Mayor’s Draft Municipal Waste Management Strategy, available at:
http://www.london.gov.uk/mayor/environment/waste/docs/draft-mun-waste-strategy-jan2010.pdf
7

Hyder Consulting (2010) The Performance of London's Municipal Recycling Collection Services, Final
Report for GLA, March 2010
8
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central ‗communal‘ point. The collection crew goes to this location to tip waste in the
vehicle.
The number of communal properties was extracted from the household figures, as
supplied by the aforementioned study undertaken by Hyder. Where these were
unavailable, we have used the Office of National Statistics (ONS) data to ascertain the
number of ‗hard to reach‘ properties on communal collection systems.9
The tonnages of recycling and refuse collected from household (at the doorstep) are
taken directly from WDF. As WDF does not split the recycling, however, doorstep and
communal recycling is therefore aggregated in our baseline.
As noted above, all households in London were assigned a specific code relating to
the types of recycling schemes with which they are serviced. These codes are based
upon the type and number of materials collected, the frequency of collection, and the
frequency of refuse collection. For each of the codes, collection costs per household,
were taken from publicly available data (see Section A.1.0). Total collection costs are
thus derived from these ‗per household‘ costs and the number of households on each
scheme.
Cost data is readily available for doorstep properties, and considered to provide
reasonable estimates of service costs. Data on communal collection systems is far
less available. As such, assumptions are required to estimate the average costs of
communal based services across London. It should be acknowledged, therefore, that
there are significant uncertainties associated with these estimations, as discussed in
Appendix A.1.1.1.
A.3.1.3

Other Household Wastes

Tonnages of waste managed by the following routes, were also extracted from WDF:
 Recycling:
o Reuse and Recycling Centres (RRCs);
o Bring Banks;
o ‗On-the-go‘ recycling; and
o Non-contracted / voluntary services.
 Refuse:
o Regular household collection;
o Street sweepings;
o Bulky waste;

The most recent ONS data refers to 2001. We have estimated relative percentages of household type
to the total household numbers and adjusted to reflect increase in intermediate years. Using
information from WRAP regarding household collection systems we have estimated the number of flats
receiving doorstep and communal collection. We have assumed all detached and semi-detached
households receive a doorstep collection.
9

GLA – Economic Modelling for Mayor’s MWMS

7

 RRCs;
 Healthcare wastes;
 Fly-tipped wastes; and
 Other wastes collected for disposal.
The baseline costs of managing these wastes are set out in Section A.1.0
A.3.1.4

Commercial Waste

Tonnage data for commercial waste recycling, and refuse collection was extracted
from WDF. Costs, on a per tonne basis, were calculated using a model designed to
estimate likely collection charges seen by commercial enterprises today. More
information on this collection cost model is given in Section A.6.7 below.

A.3.2

‗Do Something‘ Scenarios

The scenario modelling comprised of two main elements. These were a) collection
system scenarios and b) residual waste treatment scenarios. The approach to this
modelling is given in the Main Report (Sections 4.0 and 5.0). The outcomes, in terms
of changes in waste management, are also presented here. This Section also gives
further detail on the performance of the different collection systems, over time, for
each scenario.
Table 1 shows the assumed ‗switches‘ from the current baseline to these best
performing systems. The order of switches has been made according to cost, i.e. with
the lower cost switches being made first. These switches have been modelled across
London as a whole, and it should be emphasised that there is no implied preference
as to which Boroughs should change their collection systems first.

GLA - Economic Modelling for Mayor’s MWMS - APPENDICES

Table 1: Switches to ‗Best Practice‘ Collection Schemes
Waste Stream

Dry Recycling

A.3.2.1

‗Communal‘
Households

Twin Stream

Fortnightly, all
materials

Weekly co-mingled

Co-mingled

Weekly collection,
all materials

All fortnightly switch
to weekly

Source Separated

Weekly collection,
all materials

All fortnightly switch
to weekly

Garden

As per baseline
system

As per baseline
system

Food

As per baseline
system

Weekly source
separate

Residual

Fortnightly
collection, 240 litre
wheeled bin or
Weekly sack based
where appropriate

As per baseline

Organic Wastes

Refuse

‗Doorstep‘
Households

System / Material

Household Dry Recycling Rationale

Dry recycling performance for each collection system published by WRAP has been
used as a basis for our modelling.10 The performance of the recycling schemes is also
a key factor in achieving future recycling targets. Current performance of the recycling
services in London (both inner and outer) is lower than the national average.11
London will not meet its targets if the average performance of current systems stays
constant. The approach to modelling increasing performance is given in Sections
3.2.1.1 and 3.2.1.2.

WRAP (2009) Analysis of kerbside dry recycling performance in England 2007/08, available at:
http://www.wrap.org.uk/local_authorities/research_guidance/collections_recycling/benchmarking.ht
ml
10

11

ibid
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3.2.1.1 Doorstep Properties
The approach to modelling ‗doorstep‘ dry collection systems is as follows:
 The best practice ‗doorstep‘ type collection systems for dry materials are given
in Table 2. In essence, all co-mingled, twin stream or kerbside sort systems
remain as such, but changes are made in terms of what materials are
collected, and the frequency of collection of both the recyclables and refuse.
Both co-mingled and twin stream systems, whereby the materials are collected
in a 120 or 240L bin, are collected fortnightly, whilst where the materials are
collected in a sack, collection frequency becomes weekly (if not already). For
‗kerbside sort‘ schemes, which utilise kerbside boxes, the frequency of
collection becomes weekly; and
 Yields from recycling systems are modelled to increase to current maximum
levels by 2015 (see Table 2). This approach might be considered optimistic
and will depend upon behavioural change, but alternatively, to model meeting
the 45% target, significant additional tonnage would need to be assumed as
captured from non-kerbside schemes, which would appear even more
challenging.
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Table 2: Dry Recycling Yields modelled for Best Practice ‗Doorstep‘ Properties in 2015 (kg/hhld/annum)

System Type

Refuse
frequency

Recycling
Frequency

Materials Collected

Paper &
card

Cans

Glass

Plastic

Total
Yield

Twin Stream

Fortnightly

Fortnightly

Paper/Card, Glass,
Tins, All Plastics

184

15

70

15

284

Single Stream Comingled
(Bin)

Fortnightly

Fortnightly

Paper/Card, Glass,
Tins, All Plastics

207

11

70

15

303

Single Stream Comingled
(Sack)

Fortnightly

Weekly

Paper/Card, Glass,
Tins, All Plastics

200

23

67

23

313

Kerbside Sort (Box)

Fortnightly

Weekly

Paper/Card, Glass,
Tins, Plastic bottles

179

13

65

18

275

Note: Additional capture of Textiles and WEEE was modelled at 1.5 and 0.15 kg/hhld/annum respectively in 2015

GLA – Economic Modelling for Mayor’s MWMS

11

It should also be noted that only the most significant materials, in terms of arisings,
were modelled in this study. Materials such as aerosols and tin foil were excluded to
simplify the modelling. It is recognised that this is a limitation. However, the yields of
such materials are insignificant compared to the total quantity of key materials
captured, and thus do not have a key impact on the achievement of recycling targets,
within the error bounds of our approach to modelling.
 In future years, yields from the different collection systems are increased on a
material-specific basis. This includes additional capture of materials such as
Textiles and WEEE;
 The average capture rates from the best performing systems (described
above) are as follows:
o 2015 – 253 kg/hhld/annum;
o 2020 – 270 kg/hhld/annum; and
o 2031 – 313 kg/hhld/annum.
 For the ‗max GHG abatement‘ scenario (see Section 4.0 of Main Report) the
capture rates are increased to higher levels.
3.2.1.2 Communal Properties
The current recycling performance per household varies from Borough to Borough. In
future years, estimates of the performance of recycling schemes from ‗hard to reach‘
properties, such as flats, is required. However, the data on communal properties is
currently very limited. There have been very few studies carried out on the
performance, and even less so on the costs, of different systems. Waste Watch, for
example, note that barriers to the collection of performance data from communal
properties include lack of funding and lack of consistent approach to data
collection.12 Capture rates per household have, however, been published by WRAP.13
This data has been used in our model and cross checked with internal data on such
capture rates.
The approach to modelling capture rates can be summarised as follows:
 The ‗average‘ and ‗high‘ capture rates are given in Table 3 and are based on
the aforementioned WRAP data;
 All dry recyclable collection systems from communal based properties were
only assumed to achieve current ‗average‘ yields by 2015;
 By 2020 all systems are assumed to increase yields to 80% of current ‗high‘
levels;

12

Waste Watch (2006) Recycling for Flats, Available at: http://www.wastewatch.org.uk/Homepage

WRAP (2009) Recycling Collections for Flats, Available at:
http://www.wrap.org.uk/local_authorities/research_guidance/collections_recycling/recycling_collectio
ns_for_flats/operation_of_different_collection_schemes/door_to_door.html
13
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 By 2031 all systems are assumed to have increased yields to levels equal to
current ‗high‘ levels; and
 Collection frequency remains the same. This is because additional collections
provide no direct incentive to the householder to recycle more, unless capture
rates increase significantly in flats where there is only a small area to
accommodate materials.
This approach was considered appropriate given the uncertainties and likely barriers
to recycling from ‗hard to reach‘ communal properties in London.
Table 3: Dry Recycling Yields from Communal Properties (kg/hhld/annum)
System Type

Bring

Floor

A.3.2.2

Collection
Frequency
Co-mingled

Weekly

Co-mingled

Fortnightly

Twin Stream

Weekly

Source Separated

Weekly

Co-mingled

Weekly

‗High‘ Yield

‗Average‘
Yield

117

85

93

68

178

129

156

113

0

131

Household Organic Wastes Rationale

For organic wastes, modelling of the captures of materials was based upon work
undertaken by Eunomia and published by WRAP in 2008 and 2009. The yields of
material from the UK‘s best performing garden waste and kitchen waste collection
systems are given in Table 4 and Table 5. It should be noted that these relate to
‗doorstep‘ type properties only, as similar data is not available for ‗communal‘
properties due to a lack of schemes currently in operation in the UK. For this study,
therefore, we have used a figure of around 50% of that potentially achievable for
doorstep properties, i.e. 50 kg/hhld/annum.

GLA – Economic Modelling for Mayor’s MWMS
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Table 4: Best Practice Yields from Garden Waste Collection Systems
Charging Basis

Charged

Free

Frequency

Yield
(kg/hhld/annum)

Container

Monthly

Renewable Sack

22.5

Monthly

Non-Renewable Sack

22.5

Fortnightly

Renewable Sack

45

Fortnightly

Non-Renewable Sack

45

Fortnightly

240L Bin

Weekly

Renewable Sack

81

Weekly

Non-Renewable Sack

81

Fortnightly

Renewable Sack

130

Fortnightly

Non-Renewable Sack

130

Fortnightly

180L Bin

200

Weekly

Renewable Sack

150

Weekly

Non-Renewable Sack

150

87.5

Table 5: Best Practice Yields from Kitchen / Garden Waste Collection Systems
System Type
Source Separated
Kitchen Waste
Co-mingled Kitchen
and Garden Waste

Collection
Frequency

Garden
(kgs/hhld/annum)

Kitchen
(kg/hhld/annum)

Weekly

n/a

100

Fortnightly

200

20

Weekly

220

70

When the yields in Table 4 and Table 5 were applied to the current collection systems
in place in London, the estimated overall tonnage was significantly higher than that
reported by WDF. This is a factor of both a) the demographics within London, b) the
lower garden waste proportion in household kerbside waste compared to the national
average and c) the high proportion of flats in the housing stock.
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Garden waste yields in London reported in WDF are equal to around 40% of those
reported in the Table 4 and Table 5. This is again due to the lower levels of waste
generated by a large proportion of flats in London compared to houses, and the lower
associated performance of the schemes in place.
The increase in future performance modelled for the existing and additional systems
put in place, can be summarised as follows:
 ‗Doorstep‘ yields of garden waste were increased from the current 40%, to
60% of the figures given in Table 4, by 2015;
 These were further increased to 65% and 70% in 2020 and 2031 respectively;
 The proportion of garden waste from ‗communal‘ properties remains constant
until 2031 when it was increased from 60% to 70%;
 Yields of food waste from doorstep properties remains at 100 kg/hhld/annum
in 2015, and increases to 110 and 120 kg/hhld/annum in 2020 and 2031
respectively; and
 Yields of food waste from communal properties remain at 50 kg/hhld/annum
in 2015, and increase to 55 and 60 kg/hhld/annum in 2020 and 2031
respectively.
It should be noted that when food waste collection systems are rolled-out, a waste
prevention effect can be observed.14 In essence, this is because when a food waste
collection is implemented the householder considers the quantity of waste being
discarded and will often seek to reduce the quantity they are producing. This is
unknown beforehand as all the material is placed in the refuse. In this study we
model a 30 kg/hhld/yr reduction in waste arising as a result of the introduction of a
new source separated food waste collection system.
A.3.2.3

Household Residual Waste Rationale

In terms of the collection of residual waste the key factors influencing the modelling
are a) the frequency of collection and b) the type of container. The greatest reduction
in arisings (and thus increase in recycling yields) takes place when new recycling
schemes are implemented alongside a change in refuse collection frequency from
weekly to fortnightly. This consideration is only relevant to ‗doorstep‘ properties, as
the same incentive to reduce residual waste does not exist with communal bins.
The only limiting factor to this approach is the location of dwellings and the type of
container system in place. Figure 1 below shows that nearly 1.5 million households in
London receive a weekly, sack based collection. Many of these properties may be in
locations whereby the use of 120 or 240L bins is not feasible. Therefore switching to
a fortnightly collection may not be a desired option. Furthermore, there will be an
additional capital cost in switching from sack to bin type collections.

Eunomia et al (2010) Assessment of the Options to Improve the Management of Bio-waste in the
European Union, Final Report to DG Environment, February 2010
14
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Understanding the proportion of households in London limited by this factor is not
possible within the scope of this study. We therefore use a simplistic approach of
assuming only 50% of the 1.5 million households in London can be switched from
weekly sack to fortnightly bin collection systems.
Figure 1: Refuse Collection Frequency and Container Type for London Households

Collected household waste : Regular Collection Number of Households
201,436

51,197

232,745
167,676

Comm. Bin (More than weekly)
Sack (More than weekly)
Bin (Weekly)

Comm. Bin (Weekly)
952,054

1,423,048

Sack (Weekly)
Bin (Fortnightly)

Comm. Bin (Fortnightly)

253,439

Source: Adapted from information provided by WasteDataFlow (2008/09)

A.3.2.4

Bring Banks

Currently, there is around 55ktpa of waste recovered for reuse and recycling from
bring banks in London. The most commonly collected materials are:
 Glass;
 Paper / Card (including books);
 Metals Cans;
 Plastic bottles; and
 Textiles.
We assume that, over time, there will be an increase in the number of bring banks in
London. In the modelling, therefore, we increase the capture of materials, on an
annual basis, by an additional percentage point above 2008/09 levels. Additional
captures can therefore be summarised as follows:
 5% by 2015;
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 10% by 2020; and
 20% by 2031.
It should be noted that as a result of these increased captures from bring banks, we
reduce in the model the tonnage of refuse collected from households.
A.3.2.5

On-the-Go Recycling

On-the-Go recycling has been targeted as a potential method to increase recycling
rates and enhance awareness of recycling in London. Levels of performance of
current schemes, however, are currently difficult to assess. Few direct comparisons
can be made between systems due to variation in duration of the scheme, numbers
and size of bins and materials collected. In addition, bins are often collected on
existing household or commercial waste collection rounds and thus tonnage data is
usually recorded as such.
With such schemes, there are three main approaches in terms of materials collected:
 Paper only (mainly in stations and areas where free papers are distributed);
 Co-mingled collection of paper, plastic bottles, cans and glass; and
 Separate collection of paper, plastic bottles, cans and glass.
Schemes that are in place across the UK have frequently been designed alongside
the current household recycling service and therefore vary across authorities. For
example, in Poole Borough Council, a twin-bin household recycling service is in place,
with blue bins for co-mingled recycling and black bins for residual waste. The onstreet recycling bins have followed this design. Personal communications with officers
from Poole Borough Council suggest that this matching of street and household
recycling bins has led to increased performance. Similarly DEFRA guidance and a
London Assembly report suggest that a standard approach to branding of street
recycling bins is necessary to increase performance.15 16
Table 6 summarises a number of schemes in place across the UK. In order to
examine the performance of on-the-go recycling, data was extracted from
WasteDataFlow (WDF) where available, whilst several UK authorities with established
schemes were contacted directly by Eunomia. Few conclusions can be drawn,
however, from this small sample set as the design of the schemes differs and little
accurate tonnage data exists.

DEFRA (2008) Recycle Bins in Public Places ‘Recycle on the Go’: A Good Practice Guide, available
at:
http://www.defra.gov.uk/environment/waste/localauth/recycleonthego/documents/recycleonthegoguide.pdf
15

16

London Assembly (2009) ‘On the Go’ Recycling, Report to Environment Committee May 2009
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Table 6: Summary of Known On-the-Go Recycling Schemes
Authority
Blackpool
City of London
Hillingdon
Hinckley and
Bosworth BC
North Tyneside
Council
Poole
Southwark

Bin Description

Reported
capture
(tonnes)

No. of
Bins

Duration of
scheme

Co-mingled collection of cans,
glass and plastic bottles
Paper

144

159

Apr-06

79

36

Jan-08

Co-mingled; glass, paper, cans,
and plastic
Separate collection of glass,
cans, paper and plastic bottles
Separate collection of glass,
cans, paper and plastic bottles
Co-mingled collection of glass,
cans, paper and plastic bottles
Paper

90

45

Jun-08

1.4

20

Jul-08

144

50

Apr-05

93

300

Jun-08

103

31

Jun-05

Based upon the data provided by authorities across the UK in Table 6, we have taken
average yields for the three main types of on street recycling bins. These are given in
Table 7.
Table 7: On-the-go Recycling Performance Assumptions for London
Material
Co-mingled collection of glass, cans, paper and plastic bottles
Separate collection of glass, cans, paper and plastic bottles
Paper

tpa/per bin
1
0.5
3

For modelling purposes we have assumed that co-mingled bins, using the ‗Recycle
Now‘ iconography, will be put in place across London Boroughs. We have assumed
that the number of on-street recycling bins will increase in number over time, which
will result in additional capture of materials. The number of bins and related tonnages
modelled for each year are given in Table 8.
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Table 8: Number of On-the-Go Recycling Bins and related Materials Captures
Year

Number of Co-mingled Bins
per Authority

Tonnes of Recyclable
Material Collected

2015

30

990

2020

100

3,330

2031

200

6,660

A.3.2.6

Reuse and Recycling Centres (RRCs)

Recycling from RRCs is important towards ensuring London meets the targets set out
in the Mayor‘s Draft MWMS. The current average recycling rate for all RRCs in London
is around 46%. This is low compared to the national average because of the lower
proportion of garden waste in London.
The overall recycling rate for RRCs in London is assumed to increase as shown in
Table 9. The recycling rate modelled increases only marginally from 2015 to 2020.
This is because very little further increase is required to meet the overall 50%
recycling target (in 2020) as improved performance modelled for kerbside collection
systems in the 5 year period is adequate to meet this higher target. Higher
performance rates have been modelled for the ‗max GHG abatement‘ scenario to
reflect the need to increase recycling rates above those within the Mayor‘s Draft
MWMS under this scenario.
Table 9: Recycling Rates Modelled for RRCs in London
Year

Central Assumptions

‗Max GHG Abatement‘
scenario

2015

55%

60%

2020

56%

70%

2031

70%

80%

A.3.2.7

Commercial Wastes

In our model, assumed increases in commercial waste recycling play a significant role
in meeting the recycling targets in the Draft MWMS. The achievement of these
targets, therefore, is very sensitive to variation in rates of commercial waste recycling.
This sensitivity is tested in Section 9.0 of the Main Report, whilst only the central
assumptions are presented here.
Current recycling data for commercial waste recycling services provided by Boroughs
(or their contractors) was gathered from WDF. To disaggregate the ‗co-mingled‘
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fraction reported in WDF the following assumptions were made, in relation to the
composition of this fraction:
 Paper / card – 70%;
 Glass – 20%;
 Metals – 5%; and
 Plastics – 5%.
The generic composition modeled for commercial wastes is discussed above in
Section A.2.3. Using the 2008/09 yields from WDF and this composition the captures
of each material were modelled as shown in Table 10, along with the estimated
captures by material for each of the future target years modelled.
Table 10: Current and Future Commercial Waste Recycling Performance, by Material,
Material

2008

2015

2020

2031

Paper / Card

60%

65%

75%

60%

Plastics

15%

25%

45%

15%

5%

35%

60%

5%

Wood / Furniture

30%

40%

70%

30%

Glass

45%

50%

75%

45%

Metals

30%

50%

75%

30%

WEEE

20%

50%

65%

20%

Garden

50%

60%

75%

50%

Food

20%

35%

50%

20%

Hazardous

0%

0%

0%

0%

Misc Comb.

40%

60%

70%

40%

Misc Non-Comb.

50%

60%

80%

50%

4%

40%

50%

65%

Textiles etc

Total

Given the large proportion of paper and card in the commercial waste stream, the
recycling of this material will have a clear effect on the overall recycling rate attained
in London. Using the composition modelled for this study it appears that the current
capture of paper and card is very low (5%). National averages for paper and card
recycling from the commercial waste stream, however, are estimated to be around
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75%.17 These low capture rates could be attributed to (a) the composition, (b) the
number of businesses receiving a collection service or (c) the performance of the
services currently in place. Given this far higher national average, however, it does not
seem unfeasible that the recycling of paper and card could increase significantly in
London. Furthermore, there appears no significant limitations to this change
occurring within 5 years. Therefore, we have modelled a sharp increase to 60% paper
/ card recycling by 2015.
All other materials follow likely increases in capture rates based on internal
information held by Eunomia. When the ‗max GHG abatement‘ scenario is considered,
these capture rates are increased in 2031 to best practice levels currently achieved
in other EU Member States, and with a faster rate of increase than under the central
case.
A.3.2.8

Voluntary / Non-Contract

There are a number of voluntary or non-contract kerbside and bring sites operating in
London. As the current tonnage of waste collected by such means is small, this is not
changed in future years within our model.

17

Eunomia (2010) Feasibility of Landfill Bans Research, Report on behalf of WRAP, March 2010
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A.4.0 Modelled Municipal Waste Flows in London
The waste flows in the model are complex and due to the number of scenarios and
modelled years (11 x 4) there is a large amount of data to present. A flow diagram
may, perhaps, be a more logical choice of presentation, but given that 44 diagrams
would be required, and that it would be harder to compare year-by-year results. In this
Appendix, we therefore present waste flows in table format. To aid understanding of
the tables, however, in Figure 4 we have provided an example waste flow for Scenario
11 (Max GHG Abatement) and the year 2031.
As discussed in the Main Report, under the ‗focus on dry ‗and ‗focus on food‘
scenarios, broadly the same amount of food and dry materials require collection to
meet the 2015, 2020 and 2031 targets. The main difference between these two
scenarios, therefore, is in the order of roll-out of services to 2015, which are shown in
Figure 2 and Figure 3. These show that under all ‗focus on dry‘ scenarios, dry
recycling services are rolled out first, followed by food and green waste collections to
reach the 45% recycling / composting target in 2015. The reverse is the case for the
the ‗focus on food‘ scenarios, whereby food waste services are rolled out first.
The abbreviations used along the x-axis in both Figure 2 and Figure 3 are set out in
Table 11.
Table 11: Abbreviations for Collection Systems
Abbreviation

Collection System

DS Dry

Dry recyclables from the doorstep

Com Dry

Dry recyclables from ‗communal‘ systems (i.e. for flats)

Garden

Garden waste from the doorstep

DS Food

Food waste from the doorstep

DS Food (Co.)

Food waste, comingled with green waste from the doorstep

Com Food

Food waste from ‗communal‘ systems (i.e. for flats)
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Figure 2: Roll out Scenarios 3 and 4 with ‗Focus on Dry‘ (2008 – 2015)‘
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Figure 3: Roll out Scenarios 3 and 4 with ‗Focus on Food‘ (2008 – 2015)‘
Thousands of Tonnes
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Figure 4: Example Municipal Waste Flows (Scenario 11 – ‗Max GHG Abatement‘ - 2031)
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Table 12: Waste Flows for Scenario 1: 'Do Nothing'
Waste Collected for:

2008

Total Reuse, Recycling and Composting

2020

2031

25%

25%

26%

26%

1%

1%

1%

1%

Source Segregated Collections

22%

17%

18%

18%

Comingled Collections (i.e. MRF Input1)

31%

36%

37%

38%

Direct Delivered

19%

19%

18%

18%

Composting (Windrow and IVC)

26%

27%

26%

25%

0%

0%

0%

0%

Total Residual Treatment

75%

75%

74%

74%

Input

28%

44%

43%

25%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

9%

9%

9%

0%

0%

0%

0%

22%

22%

22%

22%

% SRF to Incineration

100%

100%

100%

100%

% SRF to Gasification

0%

0%

0%

0%

Landfilled Rejects

36%

36%

36%

36%

Mass Loss (Water)

41%

41%

41%

41%

62%

47%

48%

66%

4%

5%

5%

4%

Reuse

Reuse /
Recycling /
Composting

2015

Dry Recyclables

Source
Segregated
Organics

Anaerobic Digestion (AD)

Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill

Input - Rejects from Sorting /
Treatment2

Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‗Total Residual Treatment‘.

GLA - Economic Modelling for Mayor’s MWMS - APPENDICES

Table 13: Waste Flows for Scenario 2: Residual to low biomass new techs only
Waste Collected for:

2008

Total Reuse, Recycling and Composting

2020

2031

25%

25%

26%

26%

1%

1%

1%

1%

Source Segregated Collections

22%

17%

18%

18%

Comingled Collections (i.e. MRF Input1)

31%

36%

37%

38%

Direct Delivered

19%

19%

18%

18%

Composting (Windrow and IVC)

26%

27%

26%

25%

0%

0%

0%

0%

Total Residual Treatment

75%

75%

74%

74%

Input

28%

44%

43%

25%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

46%

52%

75%

0%

3%

3%

4%

22%

28%

29%

29%

% SRF to Incineration

100%

66%

48%

27%

% SRF to Gasification

0%

34%

52%

73%

Landfilled Rejects

36%

33%

33%

33%

Mass Loss (Water)

41%

35%

35%

35%

62%

10%

5%

0%

4%

17%

19%

25%

Reuse

Reuse /
Recycling /
Composting

2015

Dry Recyclables

Source
Segregated
Organics

Anaerobic Digestion (AD)

Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill

Input - Rejects from Sorting /
Treatment2

Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‗Total Residual Treatment‘.
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Table 14: Waste Flows for Scenario 3: Residual to high biomass new techs only
Waste Collected for:

2008

Total Reuse, Recycling and Composting

2020

2031

25%

25%

26%

26%

1%

1%

1%

1%

Source Segregated Collections

22%

17%

18%

18%

Comingled Collections (i.e. MRF Input1)

31%

36%

37%

38%

Direct Delivered

19%

19%

18%

18%

Composting (Windrow and IVC)

26%

27%

26%

25%

0%

0%

0%

0%

Total Residual Treatment

75%

75%

74%

74%

Input

28%

44%

43%

25%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

46%

52%

75%

0%

8%

8%

9%

22%

20%

20%

20%

% SRF to Incineration

100%

69%

52%

31%

% SRF to Gasification

0%

31%

48%

69%

Landfilled Rejects

36%

33%

33%

33%

Mass Loss (Water)

41%

38%

38%

38%

62%

10%

5%

0%

4%

17%

19%

26%

Reuse

Reuse /
Recycling /
Composting

2015

Dry Recyclables

Source
Segregated
Organics

Anaerobic Digestion (AD)

Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill

Input - Rejects from Sorting /
Treatment2

Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‗Total Residual Treatment‘.
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Table 15: Waste Flows for Scenario 4: Focus on Dry + Landfilling
Waste Collected for:

2008

Total Reuse, Recycling and Composting

2020

2031

25%

46%

51%

61%

1%

3%

4%

5%

Source Segregated Collections

22%

23%

24%

23%

Comingled Collections (i.e. MRF Input1)

31%

31%

31%

29%

Direct Delivered

19%

12%

11%

11%

Composting (Windrow and IVC)

26%

24%

24%

24%

0%

7%

8%

8%

Total Residual Treatment

75%

54%

49%

39%

Input

28%

61%

68%

49%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

13%

14%

17%

0%

0%

0%

0%

22%

22%

22%

22%

% SRF to Incineration

100%

100%

100%

100%

% SRF to Gasification

0%

0%

0%

0%

Landfilled Rejects

36%

36%

36%

36%

Mass Loss (Water)

41%

41%

41%

41%

62%

27%

18%

34%

4%

7%

8%

8%

Reuse

Reuse /
Recycling /
Composting

2015

Dry Recyclables

Source
Segregated
Organics

Anaerobic Digestion (AD)

Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill

Input - Rejects from Sorting /
Treatment2

Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‗Total Residual Treatment‘.
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Table 16: Waste Flows for Scenario 5: Focus on Dry + Low Biomass New Techs
Waste Collected for:

2008

Total Reuse, Recycling and Composting

2020

2031

25%

46%

51%

61%

1%

3%

4%

5%

Source Segregated Collections

22%

23%

24%

23%

Comingled Collections (i.e. MRF Input1)

31%

31%

31%

29%

Direct Delivered

19%

12%

11%

11%

Composting (Windrow and IVC)

26%

24%

24%

24%

0%

7%

8%

8%

Total Residual Treatment

75%

54%

49%

39%

Input

28%

61%

68%

49%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

26%

25%

51%

0%

2%

2%

3%

22%

26%

26%

27%

% SRF to Incineration

100%

77%

70%

42%

% SRF to Gasification

0%

23%

30%

58%

Landfilled Rejects

36%

34%

35%

34%

Mass Loss (Water)

41%

37%

38%

36%

62%

14%

8%

0%

4%

11%

11%

19%

Reuse

Reuse /
Recycling /
Composting

2015

Dry Recyclables

Source
Segregated
Organics

Anaerobic Digestion (AD)

Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill

Input - Rejects from Sorting /
Treatment2

Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‗Total Residual Treatment‘.
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Table 17: Waste Flows for Scenario 6: Focus on Dry + High Biomass New Techs
Waste Collected for:

2008

Total Reuse, Recycling and Composting

2020

2031

25%

46%

51%

61%

1%

3%

4%

5%

Source Segregated Collections

22%

23%

24%

23%

Comingled Collections (i.e. MRF Input1)

31%

31%

31%

29%

Direct Delivered

19%

12%

11%

11%

Composting (Windrow and IVC)

26%

24%

24%

24%

0%

7%

8%

8%

Total Residual Treatment

75%

54%

49%

39%

Input

28%

60%

67%

48%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

26%

26%

52%

0%

5%

4%

7%

22%

21%

21%

21%

% SRF to Incineration

100%

80%

75%

49%

% SRF to Gasification

0%

20%

25%

51%

Landfilled Rejects

36%

34%

35%

34%

Mass Loss (Water)

41%

39%

40%

39%

62%

14%

8%

0%

4%

11%

11%

19%

Reuse

Reuse /
Recycling /
Composting

2015

Dry Recyclables

Source
Segregated
Organics

Anaerobic Digestion (AD)

Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill

Input - Rejects from Sorting /
Treatment2

Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‗Total Residual Treatment‘.

GLA – Economic Modelling for Mayor’s MWMS

31

Table 18: Waste Flows for Scenario 7: Focus on Food + Landfilling
Waste Collected for:

2008

Total Reuse, Recycling and Composting

2020

2031

25%

46%

51%

61%

1%

3%

4%

5%

Source Segregated Collections

22%

23%

24%

23%

Comingled Collections (i.e. MRF Input1)

31%

31%

31%

29%

Direct Delivered

19%

12%

11%

11%

Composting (Windrow and IVC)

26%

24%

24%

24%

0%

7%

8%

8%

Total Residual Treatment

75%

54%

49%

39%

Input

28%

61%

68%

49%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

13%

14%

17%

0%

0%

0%

0%

22%

22%

22%

22%

% SRF to Incineration

100%

100%

100%

100%

% SRF to Gasification

0%

0%

0%

0%

Landfilled Rejects

36%

36%

36%

36%

Mass Loss (Water)

41%

41%

41%

41%

62%

27%

18%

34%

4%

7%

8%

8%

Reuse

Reuse /
Recycling /
Composting

2015

Dry Recyclables

Source
Segregated
Organics

Anaerobic Digestion (AD)

Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill

Input - Rejects from Sorting /
Treatment2

Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‗Total Residual Treatment‘.

GLA - Economic Modelling for Mayor’s MWMS - APPENDICES

Table 19: Waste Flows for Scenario 8: Focus on Food + Low Biomass New Techs
Waste Collected for:

2008

Total Reuse, Recycling and Composting

2020

2031

25%

46%

51%

61%

1%

3%

4%

5%

Source Segregated Collections

22%

23%

24%

23%

Comingled Collections (i.e. MRF Input1)

31%

31%

31%

29%

Direct Delivered

19%

12%

11%

11%

Composting (Windrow and IVC)

26%

24%

24%

24%

0%

7%

8%

8%

Total Residual Treatment

75%

54%

49%

39%

Input

28%

61%

68%

49%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

26%

25%

51%

0%

2%

2%

3%

22%

26%

26%

27%

% SRF to Incineration

100%

77%

70%

42%

% SRF to Gasification

0%

23%

30%

58%

Landfilled Rejects

36%

34%

35%

34%

Mass Loss (Water)

41%

37%

38%

36%

62%

14%

8%

0%

4%

11%

11%

19%

Reuse

Reuse /
Recycling /
Composting

2015

Dry Recyclables

Source
Segregated
Organics

Anaerobic Digestion (AD)

Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill

Input - Rejects from Sorting /
Treatment2

Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‗Total Residual Treatment‘.
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Table 20: Waste Flows for Scenario 9: Focus on Food + High Biomass New Techs
Waste Collected for:

2008

Total Reuse, Recycling and Composting

2020

2031

25%

46%

51%

61%

1%

3%

4%

5%

Source Segregated Collections

22%

23%

24%

23%

Comingled Collections (i.e. MRF Input1)

31%

31%

31%

29%

Direct Delivered

19%

12%

11%

11%

Composting (Windrow and IVC)

26%

24%

24%

24%

0%

7%

8%

8%

75%

54%

49%

39%

28%

60%

67%

48%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

26%

25%

52%

0%

5%

4%

7%

22%

21%

21%

21%

% SRF to Incineration

100%

80%

75%

49%

% SRF to Gasification

0%

20%

25%

51%

Landfilled Rejects

36%

34%

35%

34%

Mass Loss (Water)

41%

39%

40%

39%

62%

14%

8%

0%

4%

11%

11%

19%

Reuse

Reuse /
Recycling /
Composting

2015

Dry Recyclables

Source
Segregated
Organics

Anaerobic Digestion (AD)

Total Residual Treatment
Input
Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill

Input - Rejects from Sorting /
Treatment2

Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‗Total Residual Treatment‘.
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Table 21: Waste Flows for Scenario 10: Recycling Collections from Doorstep Only +
High Biomass New Tech
Waste Collected for:

2008

Total Reuse, Recycling and Composting

2020

2031

25%

44%

49%

59%

1%

3%

4%

5%

Source Segregated Collections

22%

23%

24%

23%

Comingled Collections (i.e. MRF Input1)

31%

32%

32%

30%

Direct Delivered

19%

12%

11%

11%

Composting (Windrow and IVC)

26%

23%

23%

24%

0%

6%

6%

7%

Total Residual Treatment

75%

56%

51%

41%

Input

28%

59%

64%

46%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

28%

29%

54%

0%

6%

5%

7%

22%

21%

21%

21%

% SRF to Incineration

100%

79%

70%

46%

% SRF to Gasification

0%

21%

30%

54%

Landfilled Rejects

36%

34%

34%

34%

Mass Loss (Water)

41%

39%

39%

39%

62%

13%

7%

0%

4%

12%

12%

20%

Reuse

Reuse /
Recycling /
Composting

2015

Dry Recyclables

Source
Segregated
Organics

Anaerobic Digestion (AD)

Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill

Input - Rejects from Sorting /
Treatment2

Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‗Total Residual Treatment‘.
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Table 22: Waste Flows for Scenario 11: ‗Max Greenhouse Gas Abatement‘
Waste Collected for:

2008

Total Reuse, Recycling and Composting

2031

46%

59%

69%

1%

3%

3%

4%

Source Segregated Collections

22%

24%

24%

24%

Comingled Collections (i.e. MRF Input)

31%

32%

31%

31%

Direct Delivered

19%

13%

11%

10%

Composting (Windrow and IVC)

26%

19%

16%

16%

0%

10%

15%

15%

75%

54%

41%

31%

28%

60%

79%

60%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

26%

17%

40%

0%

5%

0%

5%

22%

21%

22%

21%

% SRF to Incineration

100%

80%

100%

66%

% SRF to Gasification

0%

20%

0%1

34%

Landfilled Rejects

36%

34%

36%

35%

Mass Loss (Water)

41%

39%

41%

40%

62%

14%

4%

0%

4%

11%

9%

16%

Dry Recyclables

Source
Segregated
Organics

Anaerobic Digestion (AD)

Total Residual Treatment
Input
Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill

1)

2020

25%

Reuse

Reuse /
Recycling /
Composting

2015

Input - Rejects from Sorting /
Treatment

The proportion of SRF to gasification drops back down to 0% in 2020 as no new residual treatment, above the baseline, is
required in that year. This is because the overall recycling rate increases beyond the 50% set out in the draft MWMS. The
100% SRF to incineration figure relates to the continued use of the output of the ELWA MBT as a fuel for combustion in a
thermal facility, the assumption being that the proportion and destination of SRF produced won‘t change over time.
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A.5.0 Economic Modelling Assumptions
It should be noted that the cost modelling has been undertaken with a view to:
 Seeking to preserve some ‗reality‘ in the modelling of the costs of switches in
management practice; and
 Seeking to ensure that flexibility to changes in the parameters which the GLA
may seek to vary (following hand-over of the model) is preserved.
Sections A.5.1 to A.5.4 provide information on all cost-related assumptions used in
our model, which are also summarised in Section 7.0 of the Main Report.

A.5.1

Chosen Cost Metric

We have carried out modelling using the ‗private‘ cost metric, reflecting the costs,
including taxes and subsidies, faced by operators in the UK waste market. Landfill Tax
charges, and support mechanisms such as the Renewables Obligation (RO) are
included. The private metric applies a private Weighted Average Cost of Capital
(WACC) valuing the opportunity cost of capital investments – either the cost of capital
charges, or the opportunity cost of not reinvesting capital in an alternative project.
For our analysis, the WACC varies from 10% - 15% depending on the infrastructure to
which it is applied.
The costs are presented in real 2009 sterling values. Where estimates are based on
figures from earlier years, these are inflated by the relevant GDP deflator.

A.5.2

Costs and Gate Fees

Where matters of cost are concerned, the waste sector is typically used to dealing
with the issue in terms of ‗gate fees‘. Gate fees are not ‗costs‘, and there are various
reasons why the gate fee at a facility may differ from average costs, or marginal costs,
as they might be conventionally understood. Gate fees may, depending upon the
nature of the treatment, be affected by, inter alia:
 Local competition (affected by, for example, haulage costs);
 Amount of unutilised capacity;
 The desire to draw in, or limit the intake of, specific materials in the context of
seeking a specific feedstock mix;
 Strategic objectives of the facility operator; and
 Many other factors besides.
Any one of these can influence the market price, or gate fee, for a service offered by a
waste management company.
Another feature of the waste treatment market at present is the use of long-term
contracts in the municipal waste market to procure services. The nature and length of
these contracts, and the nature and extent of the risks which the public sector may
wish to transfer to the private sector, influences the unitary payment, or gate fee,
offered under any given contract. The nature of risk transfer may relate, for example,
to technology and its reliability, or to specific outputs which a contract seeks to
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deliver, and these may, in turn, relate to existing policy mechanisms such as the
Landfill Allowances Trading Scheme (LATS). In the merchant sector, the key risk
relates to the supply of waste into the plant, and financiers will be keen to satisfy
themselves that the amount of waste available is sufficient for their plant. However,
once a merchant plant is up and running, in principle, it might be capable of charging
lower gate fees to customers.
The key point is that the nature of the risk transfer associated with a given contract,
as well as the source of the finance, affects gate fees. In the municipal waste sector,
contract prices are typically wrapped up in the form of a Unitary Payment, which may
be composed of a number of different elements associated with the delivery of the
contract against the specified outputs. This ‗unitary payment‘ is typically determined
on a contractual basis, and so is somewhat different to gate fees which might be
realised at facilities operating in a more openly competitive market. In the merchant
sector, gate fees are not constrained by the same contracts, and the aim is to run the
facility profitably, in the context of ensuring financing costs are met. In the approach
used in this study, issues of risk transfer are not considered.
It should be noted that whilst much of the major infrastructure for municipal waste
has, in the past, been financed using project finance, it remains possible that
corporate finance (in balance sheet) could be used to support projects in future. This
would have the effect of changing the cost of capital used to support any given
project. Finally, local authorities themselves may increasingly make use of Prudential
Borrowing, particularly for items for which the quantum of capital required is relatively
small (such as some biowaste treatment facilities).
Generally, therefore, the costs we have used may be different from ‗gate fees‘ or
‗unitary payments‘ which may be experienced in a given contractual agreement, or
spot market transaction, though they will approximate to them under the private
metric that we apply in this study. In general, the calculated costs might be lower than
gate fees / unitary payments agreed under local authority contracts, except in those
cases where, locally, either markets are very competitive, or strategic actions of
operators have the effect of depressing gate fees in the area.
If operating in a truly competitive market with shorter term contracts, the gate fees
charged by merchant plant should be close to the costs of the treatment process as
estimated under the private metric approach.
It should also be recognised that different treatments are more and less sensitive to
variables which underpin the analysis of costs. For example, changes in the cost of
capital (see Section A.5.4.1) affect the unit (per tonne) cost of more capital intense
treatments in a more significant way than they do for those with lower unit capital
costs. Similarly, assumptions concerning Landfill Tax, and ROC values will affect
different treatments in different ways.
In summary, this is not a straightforward analysis to carry out. However, the
treatment cost derived from analysis under the private metric should bear a close
resemblance to costs as they are experienced by actors in the market place.

GLA - Economic Modelling for Mayor’s MWMS - APPENDICES

A.5.3

The Nature of ‗Switches‘

The nature of ‗switches‘ varies in the profundity of the change in waste management
system that they imply. For example, some merely imply the direction of waste away
from one management route (e.g. landfill) into another (e.g. incineration). However,
others imply a switch from one management route (e.g. landfill) to another (e.g.
recycling) which may imply a change in collection system as well as the management
of the material. These might be referred to as ‗treatment switches‘, and ‗system
switches‘, respectively. The latter are far more difficult to model.
Where additional waste is being collected for recycling, for example, the costs of
doing this depend on a whole host of factors, not least of which is how that additional
material is being obtained (i.e. what combination of change in system, change in
participation, change in capture rate, change in relative collection frequency of
recycling and refuse, etc.), and the costs of this change relative to a given baseline. In
the general case, these costs could be positive or negative, depending upon the
assumptions one was to use concerning how the additional material is collected, and
the nature of any counterpart changes in the collection system.

A.5.4

Key Economic Modelling Variables

A.5.4.1

Weighted Average Cost of Capital

There is no readily available figure for the WACC in the waste sector. The Committee
on Climate Change (CCC), in commissioning a report requiring the development of
marginal abatement cost curves for the waste sector, originally proposed the use of a
default figure of 10%.18 Subsequently, a report citing a figure estimated by Oxera of
4.7-5.3% emerged. 19 20 Both of these seem rather low in our experience, especially
insofar as the municipal waste sector is concerned.
A possible explanation follows:
 The Oxera work used a two stage approach to assessing the cost of capital to
firms.
o The first was a high-level sectoral examination, which used data from
different sources to estimate sectoral averages. These themselves vary,
with regulators‘ estimates being at the higher end. The 4.7-5.3% range was
derived from this first stage alone; and

CCC (2008) The Committee On Climate Change‘s Methodology And Approach To Using Marginal
Abatement Cost Curves To Derive Domestic Carbon Budgets, Internal Draft.
18

19

CCC Shadow Secretariat (2008) Capital Costs, Discount Rates, and MAC Curves, Internal paper

20 Oxera Consulting (2007) Economic Analysis for the Water Framework Directive: Estimating the Cost
of Capital for the Cost-Effectiveness Analysis, Financial Viability Assessment and Disproportionate
Costs Assessment—Phase II, Report for Defra, DfT and the Collaborative Research Programme, June
20th 2007. It should be re-emphasised that these are intended to represent the WACC in real terms. As
such, the implied nominal rates would be higher owing to the effects of inflation.
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o The second was based on examining firm-specific differences to assess the
actual cost of capital to specific types of firm. The size of firm, and potential
constraints experienced by investors, were considered at this stage.
 The second stage essentially led to significant uplifts in the cost of capital.
The waste sector‘s WACC is affected by the risk associated with the investment being
made. As the waste sector shifts away from ‗traditional ways‘ of doing things, and to
the extent that contract structures seek to ensure risk is borne, where appropriate, by
the private sector, so the cost of capital appears to have increased. Many
investments in the municipal sector are financed using project finance, with Special
Purpose Vehicles (SPVs) set up for the purpose of delivering a specific service, or
range of services. SPVs are financed using debt and equity, with the equity investors
expecting greater returns on their investment. The ratio of debt:equity will have an
influence on the effective cost of capital to the company concerned. It may well be
that in future, more investments are financed corporately, with associated impacts on
the weighted cost of capital. Interestingly, Ernst & Young, advisers on many PFI
projects in the waste sector, assumed a 15% real pre tax cost of capital for
gasification, pyrolysis and anaerobic digestion, and, reflecting Ilex‘s analysis of CHP,
12% cost of capital for incineration with CHP (it is not clear, from the Ilex analysis that
the 12% figure is a real, as opposed to nominal, cost of capital).21 These figures seem
to reflect experience in the context of municipal contracts.
It seems possible that the average cost of capital may be lower in ‗merchant‘
transactions where the transfer of risk is not explicitly priced in to the cost of capital.
However, obtaining financial support for a given project may be more difficult owing to
the issues associated with securing supply of waste into the project. Moreover, for
fixed-throughput infrastructure, such as incinerators or gasification plant, investors
would expect a higher rate of return than for a municipal contract where the supply is
secure.22

Ernst & Young (2007) Impact of Banding the Renewables Obligation – Costs of Electricity Production,
Report to DTI, April 2007.
21

Audit Commission (2008) Well disposed: Responding to the Waste Challenge. Local Government
National Report, September 2008.

22
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Figure 5: Adjustments Made to Average Cost of Capital Estimates

Source: Oxera

In our modelling, we have therefore taken the following approach:
 We have used Ernst & Young‘s figure of 15% for large capital items of
infrastructure such as incinerators, for MBT plant, and for the less well
established technologies of MHT (autoclave) and gasification;
 We have used a figure of 12% for items of infrastructure where the quantum of
capital required is lower (IVC and AD plants). This reflects the fact that
treatment facilities are likely to be constructed outside of contracts on a more
commercial basis; and
 We have used a lower figure of 10% for collection and sorting systems, as well
as for landfill and open air windrow composting facilities.
This reflects, we believe, a reasonable assessment of the opportunity cost of capital
going forward. It seems reasonable to suggest, however, that there might be
variations in the cost of capital across technology types, and between contract (and
risk-sharing) structures. For example, local authorities might well be more inclined to
have recourse to Prudential Borrowing where the quantum of capital associated with
a given treatment project is relatively small.
It is worth stating that the current environment is one in which the availability of credit
is constrained, leading to a worsening in the terms upon which credit is made
available. This would be expected to increase the cost of capital. However, the
analysis here is forward looking, and extends beyond the short-term so we consider
the above figures to be reasonable looking forward.
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A.5.4.2

Revenue from Electricity Sales

The wholesale price for electricity, 7.2p/kWh, is the central value contained within the
most recent updated energy projection (UEP) published by DECC.23
The nature of Power Purchase Agreements (PPAs) and the quality of the deal they
deliver for generators, varies considerably. In our modelling, we have assumed that
the generator benefits from a proportion of the wholesale price, with the default figure
set at 80%. The generator thus receives 5.8p/kWh.
A.5.4.3

Revenues from Heat Sales

A value for heat sales of £30/MWh is given by Ernst & Young, based on the
company‘s proprietary data, in a review for BERR/Defra of the initial business case for
renewable heat.24 These figures seem rather high. More recent work by Jacobs for
SEPA used a lower figure of 1.5p/kWh (£15/MWh).25
In this study, whereby facilities would typically export heat rather than displace
alternative fuel costs, a heat offtake price of £15/MWh has been assumed.
For AD where biogas is injected to the grid, we assume revenues equal to the
wholesale price of gas, minus a supplier margin. We assume the income received is
80% of the wholesale price of gas. The wholesale price is taken to be 1.5p/kWh,
based on data from DECC.26 Therefore the revenue received is 1.2p/kWh.
A.5.4.4

Renewable Heat Incentive

The UK Government intends to introduce a Renewable Heat Incentive (RHI), with a
planned implementation date of April 2011. RHI payments will be funded by a levy on
suppliers of fossil fuels for heat, including gas suppliers, and suppliers of coal,
heating oil and liquefied petroleum gas (LPG). The RHI will apply at all scales, covering
a wide range of technologies including biogas produced from anaerobic digestion (for
localised heat use) and injection of biomethane into the gas grid.

23DECC(2009)

Energy and emissions projections webpage, Table E: price assumptions, available at
http://www.decc.gov.uk/en/content/cms/statistics/projections/projections.aspx (accessed 3rd
November 2009)
Ernst & Young (2007) Renewable Heat Initial Business Case, Report to Defra/BERR, 20 September
2007

24

25 Jacobs (2008) Development of a Policy Framework for the Tertiary Treatment of Commercial and
Industrial Wastes: Technical Appendices, Report for SNIFFER / SEPA, March 2008.
26 DECC (2009) Average Prices of Fuels Purchased by the Major UK Power Producers and of Gas at UK
Delivery Points. Table 3.2.1, Energy Statistics: Prices on DECC website. Available at
http://www.decc.gov.uk/en/content/cms/statistics/source/prices/prices.aspx (accessed 14th
September 2009). The most recent annual figure, of 1.481 pence per kWh for 2008 is rounded up to
1.5pence per kWh.
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The DECC consultation suggests that the tariff for biogas on-site combustion will be
5.5p/kWh for installations up to 200kW. 27 The consultation proposes that
biomethane injection into the grid, at all scales, should receive 4p/kWh.
The consultation also suggests that in the case of energy from waste (CHP), RHI
support will be paid on the biomass content, taken to be 50% unless proven
otherwise. The level of support, for installations of 500kWth and above is set at
between 1.6 and 2.5p/kWh. For modelling purposes, we assume a level of support of
2p/kWhth, attributed to the non-fossil proportion of the feedstock for all heat
generating residual treatment routes.
A.5.4.5

Revenues from Sales of Biomethane for Transport Use

There is very little use of biomethane for transport in the UK at present, and
accordingly, cost data is not widely available. Use of biomethane is focused on local
authority transport fleets, such as buses and refuse collection vehicles, where
refuelling takes place at a depot. Information from a supplier has indicated that they
are able to provide biomethane at a cost of between £0.65 and £0.75 per kg, before
duty and VAT. 28 Using the lower end of the quoted price range, we model on the
basis of revenues of £0.65 per kg, which equates to £0.46 per cubic metre, based on
the density of CH4 of 0.71kg/Nm3.
A.5.4.6

ROC Values and Feed-in Tariff

We use the weighted average of ROC values for 2009, which is £51.16/MWh.29 As
with electricity revenues, we have assumed that 80% of the ROC value
(£40.93/MWh) is realised by the generator in the default situation. ROCs only apply to
Landfill Gas (0.25 ROCs/MWh), Good Quality CHP (1 ROC/MWh for the biomass
fraction), gasification (2 ROCs/MWh for the biomass fraction) and AD (2 ROCs/MWh)
From April 2010, there will be a Feed-In Tariff (FIT) available for smaller (<5MW)
generators of renewable electricity although landfill gas will not be eligible.30
Installations of capacity 50kW and below will only be eligible for FITs, while operators
of facilities of between 50kW – 5MW will be able to make a one-off choice between
the FIT and the RO.
The FIT is made up of the following components:
 A fixed payment from the electricity supplier for every kilowatt hour (kWh)
generated (the ―generation tariff‖). For electricity generated from AD, the

27 DECC (2010) Renewable Heat Incentive: Consultation on the proposed RHI financial support
scheme, February 2010.
28

Personal communication with Stephen McCulloch, Chesterfield Biogas. 10 th September 2009

Non-Fossil Purchasing Agency website, Average ROC prices webpage. Available at http://www.eroc.co.uk/trackrecord.htm (accessed January 2010).
29

DECC (2010) Feed-in Tariffs: Government‘s Response to the Summer 2009 Consultation, February
2010
30
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generation tariff is proposed to be 9p/kWh for facilities greater than 500kW,
and 11.5p/kWh for facilities of 500kW and below.
 Another payment additional to the generation tariff for every kWh exported to
the wider energy market (the ―export tariff‖). This guaranteed price is to be set
at 3p/kWh;
For the purposes of the modelling we assume that AD operators opt for the FIT,
receiving both the generation tariff and the export tariff, as these would be
considered more ‗bankable‘ by financiers than ROCs.
A.5.4.7

Levy Exemption Certificates for Good Quality CHP

Fuel used by energy from waste projects qualifying as Good Quality CHP (certified via
the CHP Quality Assurance Programme (CHPQA)) is exempt from the Climate Change
Levy (CCL). Electricity from new renewable energy such as anaerobic digestion is also
exempt from the levy. Energy from Waste projects that do not meet the CHPQA
standards are not eligible.31
Under the CCL, electricity is currently (with effect from 1 April 2009) subject to a rate
of £4.70/MWh. 32 We assume for modelling purposes that 80% of the value
(£3.76/MWh) is realised by the generator.
A.5.4.8

RTFC Values and Road Fuel Duty Derogations

Suppliers of biomethane from anaerobic digestion of MSW are eligible to receive
Renewable Transport Fuel Certificates under the Renewable Transport Fuel Obligation
(RTFO). One certificate is issued per kg of biomethane supplied.
For the purposes of our modelling, we assume that suppliers operate at a relatively
small scale, with a focus on biogas rather than hydrocarbons supply, and are
therefore unlikely to be ‗obligated suppliers‘ under the RTFO. The RTFO Order 2007
states:
“A renewable transport fuel obligation is imposed on every transport fuel
supplier who in a specified period(a) owns relevant hydrocarbon oil at the time when the requirement to pay
duty of excise with which the oil is chargeable takes
effect, and
(b) supplies that oil at or for delivery to places in the United Kingdom.

Ofgem (2009) CCL:CHP Exemption, Ofgem website, available at
http://www.ofgem.gov.uk/Sustainability/Environment/CCLCHPEx/Pages/CCLCHPEx.aspx
31

(accessed June 2009).
HMRC (2008) Budget 2008, Climate Change Levy: Rates. Available at
http://www.hmrc.gov.uk/budget2008/bn84.pdf (accessed 3rd November 2009)
32
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This obligation does not apply to a transport fuel supplier who, in a specified
period, supplies less than 450,000 litres in total of the oil (a 'non-obligated'
supplier)".
The RTFC buy-out price is set at 15 pence per litre (ppl) for the first two years of
operation (from April 2008). This is the price that would be paid by an obligated
supplier that had failed to acquire sufficient RTFCs to meet the target (currently
3.25% by volume for 2009-10).33
However, unless the target is going to be missed by a considerable margin, it is
unlikely that non-obligated suppliers could sell their RTFCs for anything approaching
the buy-out price. The first ‗e-TOC‘ auction was held by the Non-Fossil Purchasing
Agency on 17th July 2009, with over 5 million 2008/09 RTFCs offered for sale.
However, none were purchased by obligated suppliers, due to the surplus of
certificates on the market for the first obligation year. 34
There is also a duty derogation available for road fuel natural gas (i.e. CNG, LNG and
biogas, which is effectively a consumption subsidy. The current differential of
approximately 41ppl equivalent with petrol and diesel will continue through to
2013.35 While this may assist in making biomethane more attractive for transport
end users, it does not mean that the suppliers can be assumed to benefit from a
portion of this subsidy beyond the revenue received (see A.5.4.5). Arguably, the
effects of this stimulus to consumption are already reflected in the price received by
the supplier.
A.5.4.9

Landfill Tax, Standard Rate

The standard rate of Landfill Tax is currently at a level of £40 per tonne, and will
increase at the rate of £8 per tonne per year until it reaches £72 per tonne in 2013.36
What levels it may be set at beyond this date are not entirely clear.
For the purpose of this analysis, we assume that the tax increases to £72 per tonne,
in nominal terms, in 2013. In real terms, the value will be lower than this because of
the effects of inflation. In the 2009 Budget Report, there was no announcement of
intent to increase rates beyond this point, but we have taken the view for this study
that the tax rate remains constant in real terms (i.e. that its nominal rate increases in
line with inflation once the £72 per tonne level is reached). 36 We therefore adjust

Renewable Fuels Agency website, RTFO Targets page. Available at
http://www.renewablefuelsagency.org/aboutthertfo/rtfotargets.cfm
33

Renewable Fuels Digest Issue no.13, August 2009. Available at
http://www.renewablefuelsagency.org/_db/_documents/Renewable_Fuels_Digest_issue_13_August_
2009.pdf
34

HM Revenue & Custome (2009) Budget 2009, BN66, Hydrocarbon Oils: Duty Rates, 22 April 2009;
Personal Communication with HMRC Transport Tax Team
35

HM Treasury (2009) Budget 2009: Building Britain‘s Future, Economic and Fiscal Strategy Report
and Financial Statement and Budget Report, April 2009.
36
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the nominal rates of landfill tax to real 2009 prices by the Bank of England‘s long
term inflation target (2.5%) as a deflator. 37
A.5.4.10

Landfill Tax, Lower Rate

The lower rate of Landfill Tax stood at £2.00 per tonne for many years before it was
increased, in 2008, to £2.50 per tonne. The 2009 Budget Report stated that this
lower rate applying to inactive wastes will be frozen at £2.50 per tonne for 20102011.36 Therefore, the lower rate tax is assumed to remain constant in nominal terms
(from 2009) over time.
A.5.4.11

Material Values

Recycling collection systems recover materials which have a value in the market
place. These material values will, of course, be susceptible to considerable
fluctuations, as with any commodity. Evidently, the scope for modelling forward
commodity prices in the sector is beyond the scope of this study (and in any case,
fraught with difficulty).
A set of material values were used in a recent analysis by WRAP.38 However,
although these were not at the higher end of the market at the time, recent events
have suggested that caution should be used in using high prices as a basis for
extrapolating forward over the longer-term. Equally, it would be wrong to assume the
lower values being experienced towards the start of 2009 should be used as a basis
for all modelling going forward.
There is no ‗right answer‘ in this matter. Whatever values are used is bound to be
considered controversial, but likewise, any assumption around commodity prices is
likely to be contentious (and almost certainly wrong).
The values we have used are shown below in Table 23 for municipal waste. The
municipal waste values were used in a recent study by Eunomia for WRAP (post price
crash) and were viewed as representing what might be a ‗medium-term average‘.

HM Treasury Green Book. Available at http://www.hm-treasury.gov.uk/d/green_book_complete.pdf
(accessed September 2009).
37

38

WRAP (2008) Kerbside Recycling: Indicative Costs and Performance, June 2008.
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Table 23: Values for Secondary Materials, Municipal Waste
Material

Price per tonne

Mixed paper

£55

Card

£50

Mixed plastic bottles
Mixed glass bottles/jars

£110
£20

Cans (based on market share between steel and aluminium)

£142

Textiles

£200

A.5.4.12

Landfill Gate Fee, Hazardous

Some facilities generate a residue which is classified as hazardous. Although these
are not likely to contribute significantly to emissions, they do exert some influence on
the cost of some treatments, for example, incineration.39 For the purpose of this
study, we have not included a model, as such, of a hazardous waste landfill site. We
have assumed, however, a cost per tonne of landfilling hazardous waste of £180
before landfill tax, but including transport costs.
A.5.4.13

Landfill Gate Fee, Non-hazardous

We assume a capital cost of £115 per tonne of installed capacity, and operating
costs of £7 per tonne, whilst restoration, post-closure and aftercare are estimated to
cost a further £7 per tonne. Based on these assumptions, the estimated gate fees
modelled for the landfilling of London‘s waste are summarised in Table 23.

It is not clear that either APC residues, or bottom ash should be considered entirely inert in this
regard. Some studies indicate that both residues may include organic carbon which has not been
completely combusted, and which is likely, therefore, to contribute to landfill emissions.
39
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Table 24: Non-hazardous Landfill Gate Fees (including Landfill Tax)
Year
Gate Fee

2008
£64

2009
£72

2010
£79

2011

2012

£87

£93

2013-20311
£100

Note:
1. This information was correct at the time of submission of the final version of this
report. This note has been added to acknowledge that the 2010 Budget clarified
that the Landfill Tax will rise an extra £8 to £80 per tonne in 2014. This further
increase has not been included in the modelling undertaken for this study

A.5.4.14

Bottom and Fly Ash from Incineration

For bottom ash, we assume that on average, around two-thirds of material is put to
some form of use in the construction industry at a cost of £5/tonne. The remaining
third is assumed to be landfilled at non-hazardous waste sites, attracting the lower
rate of Landfill Tax.40 While bottom ash is currently classified as inert, therefore
qualifying for lower rate of landfill tax, a Treasury consultation proposes that it could
be reclassified, and subject to the Standard Rate of Tax.41 We have modelled on the
basis of the lower Tax rate until any change has been confirmed.
For fly ash, the waste is assumed to be landfilled at a hazardous waste landfill. We
have not modelled this explicitly but have used a fixed pre-tax figure for the costs of
landfilling, inclusive of haulage, of £180/tonne.

We note that recent sampling by the Environment Agency suggests that bottom ash may, in future,
have to be treated as hazardous waste dependent upon the outcomes of tests regarding ecotoxicity.
40

HM Treasury, HMRC (2009) Modernising Landfill Tax Legislation, April 2009. Available at
http://www.hm-treasury.gov.uk/d/Budget2009/bud09_landfill_tax_964.pdf (accessed September
2009).
41
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A.6.0 Collection Cost Assumptions
Changes in treatment options will, in certain cases, require changes in the collection
systems being provided. For example, the switch from landfilling to increased
treatment of source-segregated biowaste, such as composting or anaerobic digestion
implies a change in the way materials are collected, with less being collected as
refuse and more being separately collected. This has cost implications quite distinct
from those associated with treatment systems.
There are significant problems which one faces in seeking to cost how, at the margin,
moving tonnages into one collection system and away from another affects the
collection logistics. Much depends upon how that material is being acquired. For
example, where households are concerned, this could be through RRCs, through bring
sites, or through kerbside collection systems, and where kerbside collection services
are concerned, whether it is being acquired through increases in participating
households, improved recognition of materials by households, and so on.
It is not true to say, as many economists tend to assume, that increasing recycling
rates necessarily increases collection costs. If the way the material is being delivered
into the collection system improves the efficiency of collection logistics, marginal
costs can be lower than average costs, and average costs fall. We have based our
assumptions on average costs of reasonably well performing systems. These may
decline in future if policies act to increase the capture of materials per participating
household.
Another important feature of collection systems is that collecting different materials
separately for recycling has different cost implications depending upon the nature of
that material. When expressed per unit weight of material, bulk density plays an
important role in determining costs. Materials with lower bulk density in collection
occupy more space in vehicles and lead to, other things being equal, vehicles
reaching volume capacity more quickly than in cases where materials are of a higher
density. This increases the requirement for vehicles and staff, and increases
collection costs.
In an ideal world, we would model the marginal costs of adding each material of a
given type to a given recycling system, and equivalently, seeing it not collected as
refuse. In practice, the range of collection systems is large, and such a modelling
process is extraordinarily difficult in the absence of some simplifying assumptions.
We have differentiated between refuse and other materials as will become clear
below. We have done this with a view to giving reasonable average estimates of costs
for the collection of different materials as far as possible.

A.6.1

Collection of Dry Recyclables from the Kerbside

The cost to a Borough for recovering recyclables, from the kerbside, will comprise of
the ‗collection only‘ cost and either a) a revenue stream if the materials are collected
separated at source or b) a cost for sorting in a MRF if the materials are collected as
co-mingled.
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Our assumptions for revenues from the sales of recyclables and be found in Section
A.5.4.11. The ‗sort‘ costs, or gate fees for MRFs can be found in Section A.7.8. Only
the total costs of collection are presented in Sections A.6.1.1 to A.1.1.1.
A.6.1.1

Doorstep Properties

Doorstep properties are those which receive a collection service whereby the
householder has to place their own ‗box‘ or ‗bag / sack‘ of recyclables on the
doorstep to their property.
Each type of collection system currently existing in London, along with best practice
schemes, was given a unique identification code. This related to the number of
materials collected and the frequency of collection. For each type ‗collection only‘
costs were taken from a WRAP study into indicative kerbside collection costs.42
Estimated yields of each of the main materials were taken from the more recent
WRAP study into kerbside performance.43 For the kerbside sort systems these yields
were then used, along with material revenues, to calculate the total revenue, per
household, from each system.
For co-mingled systems, the type and number of materials collected provide an
indication as to the type of MRF required to split the various waste fractions. These
different types of MRF attract varying gate fees. In this context, it should be noted that
MRF gate fees vary significantly across the country, and that there is very little
associated data available, mainly due the commercial sensitivity around contracts.44
Using point estimates for sort costs is not ideal, but in the absence of knowledge of
the details of each collection or sorting contract in London, no better methodology
can be adopted within the scope of this study.
The kerbside collection costs for dry recyclables, used in this study, are summarised
below in Table 25.

WRAP (2008) Kerbside Recycling: Indicative Costs and Performance. Technical Annex, Available at:
http://www.wrap.org.uk/downloads/KerbsideReportAnnexFinal_1.bac022de.5634.pdf
42

43 Icaro Consulting (2009) Analysis of kerbside dry recycling performance in England 2007/08 (WRAP
Project EVA034-087),Summary Report
44

WRAP (2009) Gate Fees Report, Eunomia on behalf of WRAP, 2009
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Table 25: Kerbside Dry Recycling Costs
Collection
Method
Twin
Stream Comingled
Single
Stream Comingled

Kerbside
Sort

Single
Stream Comingled

Kerbside
Sort

Single
Material

Materials Collected

Recycling
Frequency

Refuse
frequency

Collection
Only Costs
(£/hhld /yr)

Total Cost Net
of Revenues /
Sort Costs
(£/hhld /yr)

Paper/Card, Glass, Tins, Plastic

Fortnightly

Fortnightly

£10.95

£9.69

Paper/Card, Glass, Tins, Plastic

Fortnightly

Weekly

£10.87

£9.90

Paper/Card, Glass, Tins, Plastic

Fortnightly

Fortnightly

£11.35

£17.06

Paper/Card, Glass, Tins, Plastic

Weekly

Weekly

£9.91

£14.86

Paper/Card, Glass, Tins, Plastic

Weekly

Fortnightly

£16.85

£22.90

Paper/Card, Glass, Tins, Plastic

Fortnightly

Weekly

£8.35

£12.38

Paper/Card, Glass, Tins, Plastic
bottles

Weekly

Weekly

£20.06

£11.40

Paper/Card, Glass, Tins, Plastic
bottles

Fortnightly

Weekly

£16.01

£8.42

Paper/Card, Glass, Tins, Plastic
bottles

Weekly

Fortnightly

£24.71

£15.49

Paper/Card, Glass, Tins, Plastic
bottles

Fortnightly

Fortnightly

£21.00

£12.65

Paper, Glass, Tins, Plastic bottles

Weekly

Fortnightly

£22.21

£12.85

Paper, Glass, Tins, Plastic bottles

Weekly

Weekly

£17.56

£10.12

Paper, Glass, Tins, Plastic bottles

Fortnightly

Fortnightly

£18.50

£10.13

Paper, Glass, Tins, Plastic bottles

Fortnightly

Weekly

£13.51

£7.03

Paper/Card, Tins, Plastic

Fortnightly

Fortnightly

£11.29

£14.52

Paper/Card, Tins, Plastic

Weekly

Weekly

£9.91

£12.75

Paper/Card, Tins, Plastic

Fortnightly

Weekly

£8.29

£10.71

Paper, Glass, Tins

Weekly

Fortnightly

£18.82

£10.89

Paper, Glass, Tins

Fortnightly

Fortnightly

£12.27

£5.13

Paper, Glass, Tins

Weekly

Weekly

£13.86

£7.55

Paper, Glass, Tins

Fortnightly

Weekly

£9.29

£3.77

Paper/Card

Fortnightly

Weekly

£8.00

£2.09

Paper/Card

monthly

Weekly

£8.00

£3.43

Paper

Fortnightly

Fortnightly

£5.00

£0.88

Paper

Fortnightly

Weekly

£5.00

£0.60

Paper

Weekly

Weekly

£5.00

£1.15

Paper

monthly

Weekly

£5.00

£1.43
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A.6.1.2

Communal Properties

Communal properties have been defined as households of multiple occupation
(HMO), tower blocks, mansion blocks, and estates receiving a bring style collection.
Households of this nature receiving a door-to-door collection i.e. a box or sack
collection from the door of the property have been treated as doorstep properties and
are discussed separately.
There are a number of communal collection schemes in place and we have modelled
each of these in the ‗Do Nothing New‘ baseline. We have assumed in all of the
scenarios that all communal households will switch to the best performing collection
scheme, but have maintained the existing type of collection (co-mingled or source
separated). We have not differentiated these properties in terms of type of container
(see Table 26 for type of containers used).
There are several difficulties in estimating the cost of communal schemes.
Historically, this has not been a well researched area. We have therefore used a
number of sources in order to estimate such costs and related performance. The
baseline costs for a weekly co-mingled and source separated system were calculated
by Eunomia for a report developed for the London Borough of Hackney in 2008.45
This report captured actual information from collection rounds and calculated the
cost per household for a number of systems. The data has been adjusted to reflect
captures, material revenues and gate fees for this report.
In order to calculate a per household cost for fortnightly systems capturing different
materials we have assumed that the proportional reduction in cost that occurs for
doorstep properties can be applied to communal properties. Table 27 describes the
cost per household for each of the modelled systems.
We have assumed a weekly co-mingled system sack based collection has broadly
similar costs to that of 240 litre bins for doorstep collection.46 In a communal bin the
added cost of a 1100 litre bin will result in a marginal cost differential between sack
and 1100 bin.

45

Eunomia (2008) Estates Recycling in the London Borough of Hackney

WRAP (2008) Kerbside Recycling: Indicative Costs and Performance. Technical Annex, Available at:
http://www.wrap.org.uk/downloads/KerbsideReportAnnexFinal_1.bac022de.5634.pdf
46
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Table 26: Container Types
Container

Collection System

Cost for Kerbside
Collection

240 litre plus bin

Co-mingled (Weekly)

£22.7

Sack

Co-mingled (Weekly)

£23..25

Sack

Source Separated (Weekly)

N/A

Frame

Source Separated (Weekly)

N/A

Table 27: Modelled Cost
Collection System

Frequency

Materials

Cost per
Household

Source

Co-mingled

Weekly

All materials

£31.98 Hackney Study

Co-mingled

More than
weekly

All materials

£39.98 WRAP data

Co-mingled

Fortnightly

All materials

£25.56 WRAP data

Co-mingled

Weekly

No Glass

£32.93 WRAP data

Twin Stream

Fortnightly

No Glass

£25.56 WRAP data

Twin Stream

Fortnightly

All materials

£25.56 WRAP data

Source Separated

Weekly

All materials

£27.45 Hackney Study

Source Separated

More than
weekly

All materials

£34.31 WRAP data

Source Separated

Weekly

No Card

£30.94 WRAP data

Source Separated

Weekly

No Card/Plastic

£26.22 WRAP data

Source Separated

Weekly

No Plastic

£26.22 WRAP data

Co-mingled

Weekly

All materials

£31.98 Hackney Study
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A.6.2

On-the-Go Recycling

We have assumed in the modelling that the cost of on-street recycling bins will be
confined to a capital cost, as the additional cost of collection are integrated into the
current collection service. Capital costs have been supplied by London Boroughs and
are broadly similar. These are detailed in Table 28. The revenue from material sales is
difficult to determine due to lack of data recording.
Table 28: On-the-go Recycling Assumptions
Material

Capital Cost per Bin

Co-mingled collection of glass, cans, paper and plastic bottles

£500

Separate collection of glass, cans, paper and plastic bottles

£600

Paper

£400

A.6.3

Reuse and Recycling Centres

The approach taken to modelling the change in cost of reaching the required level of
performance on RRC sites has been to treat all 35 RRC sites in the GLA as though
they constitute one site. This approach reflects the likelihood that performance (and
the steps already planned or taken to improve performance) vary considerably
between individual sites, meaning that it would be impossible in a study of this nature
to model costs at every individual site.
In reality, different sites will target different materials and performance improvement
initiatives in different orders in future years. As all of the material that needs to be
recycled in each scenario will have to be captured at some point, we have made the
somewhat crude (but necessary) methodological decision to calculate an overall
average cost per tonne of additional recycling at RRC sites for all materials. This is a
less problematic methodology for RRC sites than for household collected waste
because a larger part of the cost of dealing with any tonne of waste is fixed (i.e.
provision of infrastructure, staff etc.) rather than variable (i.e. the cost or revenue
associated with a particular material).
It should be emphasised that for RRCs, we have not modelled marginal costs per
tonne of improvement, but average costs per tonne.
A bespoke model was developed to calculate the average per tonne cost using
assumptions derived from the National Assessment of Civic Amenity Sites (NACAS)
study, which sought, primarily by means of multiple regression analysis of date from
hundreds of RRC or CA sites across the UK, to understand the factors that lead to
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increased recycling and re-use performance at RRC sites.47 These measures have
been supported by a 2008 report examining best practice for RRCs in London.48 The
NACAS study was able not only to identify the factors that had led to improved
performance, but also to report the probable contribution to recycling performance
that introducing different initiatives would have on site recycling rates. Key factors
reported by NACAS as having the most significant impact on performance and which
were taken into account in our modelling include:
 The number of bulk recyclables collected (e.g. garden waste, timber etc);
 The number of small recyclables collected (e.g. paper, glass etc);
 The presence of a system for reuse which collects a substantial range of
reusable items;
 The quality, clarity and completeness of signage;
 The number and effectiveness of staff on site; and
 The presence of economic incentives to recycle for the service provider.
Within the model, we have made assumptions as to the number of opportunities
across the whole network (based on current performance) to introduce each of the
performance initiatives outlined above.
We subsequently attributed costs to each of those initiatives in terms of both capital
investment (e.g. where new roll-on roll-off containers would be required) and
increased operating costs (e.g. increased staffing levels). Capital investments were
assumed to be financed over the estimated useful life of each type of asset, allowing
a ‗revenue equivalent‘ cost to be calculated for each additional tonne of recycling.
The cost of capital for such initiatives is a variable in the model, set at 3.5% for the
purposes of this study, approximately reflecting rates currently available from the
Public Works Loan Board over a 10 year period.
The model also considered the extent of contribution that could be made by:
 Introducing facilities to separate a wider range of recyclables;
 Improving re-use facilities;
 Introducing contract incentives;
 Increasing CA dedicated management time;
 Introducing a ‗meet and greet‘ staff role;
 Introducing dedicated training programmes for site staff;
 Increasing the daily compliment of staff on site;
 Increasing completeness of signage;

Future West and Network Recycling (2004) National Assessment of Civic Amenity Sites, Final Report
for Biffaward, March 2004

47

48

Resource Futures (2008) London Reuse and Recycling Best Practice Guidance, RF Project no.: 376
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 Increasing clarity of signage;
 Increasing quality of signage;
 Improving communication with the public on RRC sites;
 Improving recycling facility/bin order;
 Improving site layout and traffic management; and
 Introducing trade waste control improvements.
The impact of each ‗material specific‘ (e.g. targeting a new material) initiative was
then calculated, generating an amount of additional tonnage for each of the materials
affected.
The impact of the ‗non-material specific‘ initiatives (e.g. increasing general staffing
levels) was then distributed across all materials targeted for recycling (and re-use,
which we have essentially included as a component of recycling), whilst ensuring that
the ultimate capture rate for each material was consistent with the mass flow model.
The income received or payment made (net of transport cost) by reprocessors for
each material was then applied to the number of additional tonnes of each material
recycled, to calculate the impact (positive or negative) of material values.
Table 29 outlines the headline figures used in order to arrive at the per tonne figure
used in the modelling. Current tonnage information has been extracted from WDF. We
have modelled improvements on current systems based on the reported operation of
the RRCs across all Boroughs, available in the Resource Futures report. Revenues
from materials include haulage. The cost associated with the implementation of
initiatives, such as contract incentives and staff training, originate from the NACAS
report and have been adjusted for inflation.
Table 29: Headline RRC Figures
Parameter

Annual Costs

Total site infrastructure

£19,755

Initiatives

£32,172

Revenue from additional materials

£5,249

Total cost

£57,177

Total new materials managed (tonnes)

115,631

Cost per tonne (£s)
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£49.45

A.6.4

Collection for Reuse

For the costs of collection for reuse, we have taken information from a number of
industry sources.49 An average cost of collection of £400/tonne, for the most
common materials and products reused, such as wood, furniture, white goods and
rubble, is used in our model. We acknowledge that this might be considered to be a
higher figure than quoted for some individual projects, but we believe it represents a
reasonable mean value based on the data made available for this study.

A.6.5

Refuse Collection

The costs of refuse collection vary depending on the frequency of collection and the
type of container. The costs in the Table below are based on internal data held by
Eunomia. When (bin) collection systems are switched from weekly to fortnightly a
saving of £10 per household per annum is achieved.
Table 30: Refuse Collection Costs
System Type

Collection Cost (£/hhld/annum)

Communal Bin - More than weekly

£35

Sack - More than weekly

£35

Bin - Weekly

£30

Communal Bin - Weekly

£20

Sack - Weekly

£20

Bin - Fortnightly

£20

Communal Bin - Fortnightly

£18

A.6.6

Organic Waste Collection

The costs of collecting food and garden waste have mostly been taken from a study
undertaken by Eunomia on behalf of WRAP, which assessed the management of
organic wastes from households in the UK.50 Costs of garden waste collection for
communal properties have been assumed to be the same as for doorstep properties,

49

These include LCRN and Caroline Lee-Smith, formerly of FRN, now an independent consultant

Eunomia (2007) Managing Biowastes from Households in the UK: Applying Life-cycle Thinking in the
Framework of Cost-Benefit Analysis, Appendices to the Final Report, WRAP. See
http://www.wrap.org.uk/downloads/Biowaste_CBA_Report_Appendices_May_2007.e79686b2.3823.
pdf
50
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as no suitable data exists by which to make another assumption, albeit such costs
are likely to be different. Costs of collecting source separated food waste from
communal properties, however, has been estimated higher than for doorstep
properties, at £15/hhld/annum, although it should be acknowledged that in the
absence of any robust data, this is a ‗best guess‘ estimate. Further research into the
collection costs of food waste from ‗hard to reach‘ properties in London would help
tighten such assumptions.
Where a charged garden service is in place, the cost to Boroughs has been assumed
as zero. This is because the collection costs will be paid for by ‗pay-per-use‘ or annual
charges levied on households.
The costs modelled for garden and food waste collection services in this study are
summarised in Table 31 and Table 32.
Table 31: Modelled Cost of Garden Waste Collection Systems
Charging Basis

Charged

Free

Frequency

Container

Cost
(£/hhld/annum)

Monthly

Renewable Sack

£0.0

Monthly

Non-Renewable Sack

£0.0

Fortnightly

Renewable Sack

£0.0

Fortnightly

Non-Renewable Sack

£0.0

Fortnightly

240L Bin

£0.0

Weekly

Renewable Sack

£0.0

Weekly

Non-Renewable Sack

£0.0

Fortnightly

Renewable Sack

£6.3

Fortnightly

Non-Renewable Sack

£7.0

Fortnightly

180L Bin

£8.3

Weekly

Renewable Sack

£14.3

Weekly

Non-Renewable Sack

£15.9
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Table 32: Modelled Cost of Food Waste Collection Systems
System Type

Collection
Frequency

Cost
(£/hhld/annum)

Source Separated Kitchen Waste – Doorstep

Weekly

£8.6

Source Separated Kitchen Waste – Communal

Weekly

£15.0

Fortnightly

£10.9

Weekly

£20.8

Comingled Kitchen and Garden Waste

A.6.7

Commercial Waste Collection

Within each subsector of commercial waste the size of each business varies
significantly. As a result we have not modelled the differences between sub-sectors
(offices, hospitality and retail) separately. Costs for the collection of commercial waste
have been derived from internal data and, where possible, supplemented by data
from the aforementioned study undertaken by Hyder Consulting. The internal data
used is based on that used by Eunomia in previous studies on behalf of the
Committee on Climate Change and Defra / WRAP.51 52

Eunomia (2008) Development of Marginal Abatement Cost Curves for the Waste Sector. Report for
Committee on Climate Change, December 2008
51

Eunomia (2010) The Environmental, Economic and Practical Impacts of Landfill Bans: Feasibility
Research. Report for WRAP, March 2010
52
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A.7.0 Treatment Process Cost Assumptions
A.7.1

Open-air Windrow Composting

Open-air windrow composting schemes are relatively low-cost processes. In 2002,
Eunomia modeled costs for open-air windrow facilities of £14.47 - £20 per tonne (net
of compost sales) for low- and high-specification windrow facilities.53 These figures
are only marginally higher today.
AEA Technology has also examined the effects of scale on gate fees for open air
windrow composting.54 These figures seem high, with gate fees supposedly never
dropping below around £23 per tonne, even at a scale of 200,000 tonnes (which is
more or less unprecedented for such facilities). Recent work for WRAP confirms this
with gate fees ranging from £17-£33 per tonne with a median figure of £22.50 per
tonne.55 The AEA study gave no information on unit capital costs, even though the
study sought to demonstrate economies of scale at different plant sizes.
We have modelled on the basis of a facility of the order 20,000 tonnes with a 15 year
lifetime, and have taken figures from previous studies undertaken by Eunomia, and
inflated these to give a unit capital cost, including land, of £85 per tonne of
throughput.56 We have tested this with industry representatives who have confirmed
this as a sensible figure.
Operating costs have been estimated at £5 per tonne of throughput before disposal
of rejects. Annual maintenance costs are modelled as 3% of unit capital cost per
tonne, which equates to £2.55 per tonne throughput.
For rejects, we have assumed 5% of input material is sent to landfill.57 This is
assumed to attract Landfill Tax at the standard rate.
The revenues from sales of compost are frequently ignored in studies assessing
treatment costs. However, revenues from compost sales have the potential to
increase in significance as energy prices increase. In most countries with more
mature compost markets, as more material becomes available, so there tends to be

53 Eunomia (2002) The Legislative Driven Economic Framework Promoting MSW Recycling in the UK,
Final Report to the National Resources and Waste Forum.

AEA Technology (2007) Economies of Scale – Waste Treatment Optimisation Study by AEA
Technology, Final Report, April 2007
54

WRAP (2008) Comparing the Cost of Alternative Waste Treatment Options,
http://www.wrap.org.uk/downloads/W504GateFeesReport_FINAL.c948135d.5755.pdf
55

Eunomia (2002) The Legislative Driven Economic Framework Promoting MSW Recycling in the UK,
Final Report to the National Resources and Waste Forum;

56

57 In theory, one might suggest that this type of material could be used for other purposes. In practice,
rejects from garden waste facilities tend to consist more of grit and stones, and to a lesser degree,
materials associated with garden implements which find their way into the facility. The potential for, for
example, energy recovery is less obvious with such reject streams.
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more effort spent in marketing products, and refining them for specific end-use
markets. This does not always translate into higher revenues. However, the revenues
are likely to be higher as the costs of gas (and other energy sources) increases, with
gas being a feedstock for synthetic nitrogen fertilisers. On the other hand, in some
parts of the UK, farmers‘ perceptions of compost are still influenced by the livestock
pathogen outbreaks of the recent past, which have made farmers more risk averse in
their attitude to compost use.
ADAS reports a figure for the value of nutrients of the order £10 per tonne of
compost.58 A report for the Joint Research Centre shows average values for composts
obtained in different countries (see Table 33). All of these are positive with median
UK figures being between €0.7- €20.00 per tonne of fresh matter. We have assumed
a value of £1.25 per tonne of waste input for compost (equivalent to around £2.50
per tonne of compost, towards the lower end of the range suggested in Table 33).

A.7.2

In-vessel Composting

In-vessel composting (IVC) systems come in various shapes and sizes. They can be
vertical or horizontally aligned. Unit capital costs depend upon, for example:
 Scale of facility;
 Nature of process used (and the degree to which the process is managed
through ‗fixed capital‘ rather than mobile equipment);
 Materials treated;
 Nature of exhaust air treatment; and
 Time spent in the intensive and maturation phases.
Typically, for systems in the UK, capital costs have been relatively low (of the order
£150 per tonne of capacity). However, there might be reasons to expect these to be
somewhat higher in cases where:
 The food waste component is higher, giving rise to a need for more thorough
management of the input materials (notably to ensure adequate structural
material is present through mixing), requiring more expensive treatment of
exhaust air; and/or
 Concerns regarding odour are expected to be significant, again affecting
exhaust air treatment.

See ‘Compost lowering costs for farmers’, accessed from letsrecycle.com, 10 July 2007,
http://www.letsrecycle.com/do/ecco.py/view_item?listid=37&listcatid=217&listitemid=10069
58
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Table 33: Average Market Prices for Compost in Different Sectors across EU Member States (€/t fresh matter)
Sector

BE/Fl

CZ

Agriculture (food)

1.1

vineyards, orchards

1.1

0rganic farming

DE

Fi

ES

GR

HU

IE

NLbio

IT

NL
green

SE

SI

EU
Mean

UK

14.0

0.0

27.0*

-

15.0

-

3.0

-4.0

2.0

0.0

-

2.9

6.1

-

-

-

-

-

-

-

12.0

-

-

-

-

2.9

5.3

1.1

-

-

-

-

42.0

-

-

-

-

-

-

-

2.9

15.3

Horticulture & green house production

1.1

-

15.0

-

-

42.0

-

-

-

-

-

-

-

2.9

15.3

Landscaping

2.5

4.5

15.0

2.0

-

-

18.0

-

25

4.0

-

-

-

6.5

9.7

1.12)

-

-

2.0

-

-

-

-

3.5

-

-

-

2.9

2.4

-

-

-

-

-

-

-

90.0 200.0

-

-

-

-

-

(145)

Soil mixing companies

1.1

-

-

2.0

-

-

-

-

-

-

-

-

-

6.5

3.2

Wholesalers

1.1

-

-

-

-

-

-

-

-

-

-

-

12.0

-

6,6

- 160.0

-

-

-

-

-

-

-

-

-

-

-

(160)

Blends
Blends (bagged)1

Wholesalers (bagged)1
Hobby gardening

7.2

4.5

-

10.0

-

-

20.0

-

13.0

0.3

-

-

21.0

20

12.0

Hobby gardening (bagged)1

-

-

-

-

-

300.0

-

-

-

-

-

-

-

-

(300)

Mulch

-

-

-

-

-

-

-

-

-

-

-

-

-

3.6

3.6

1.1

-

-

0.7

-

0.0

-

-

-

-

-

-

-

0.7

0.6

Land restoration, landfill covers
Notes:
1)

High prices because sold in small bags (5 to 20 litres)
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For operating costs of IVC facilities, Jacobs suggest a figure of £18 per tonne at a
30,000 tonne plant, which we understand includes maintenance costs. We have
used a figure of £10 per tonne for operating costs. Maintenance costs are not
included in this operating cost figure, but are included in the annual costs, at 5% of
capital cost, representing £8.25 per annum.
We assume rejects are 5% of input material and that these are sent to landfill where
they attract landfill tax at the standard rate.
As with open-air facilities, we have attributed to compost a revenue of £1.25 per input
tonne to the facility.
A.7.2.1

Ammonia Scrubbing

There is potential for GHG abatement through the use of scrubbers before biofilters at
in-vessel compost plants. The costs of the scrubber relate to the volume of air-flow
through the scrubber. For a 20,000 tonne per annum plant, the airflow would be, at a
maximum, around 40,000 m3/hr. A suitable scrubber with circulation pump, tank for
sulphuric acid and tank for ammonium sulphate would cost of the order £100,000
including additional piping (somewhat less – £70,000 or so - for the scrubber alone).
We therefore model on the basis of a capital cost of £5 per tonne for our 20,000tpa
reference facility.
Operating costs associated with electricity use, use of concentrated sulphuric acid,
use of water, maintenance, and management of residue (ammonium sulphate) have
been estimated at £1.24 per tonne of waste input.

A.7.3

Anaerobic Digestion

Like IVC systems, AD facilities come in different shapes and sizes. Most digesters
have vertical tanks, but some are horizontal. Mechanisms vary considerably and a
number of patented processes exist. Processes may:
 Operate at high or low solids content;
 Operate at mesophilic or thermophilic temperatures;
 Be one- or two- stage in nature; and
 Be continuous or batch processes.
AD facilities can also be used to generate energy in a number of ways, the costs for
which are summarised in Sections A.7.3.1 to A.7.3.4.
A.7.3.1

AD with Electricity Only

There is a dearth of experience with the anaerobic digestion of source-separated
municipal wastes in the UK. The continental experience is far richer in this regard.
There have been some reviews of the costs of anaerobic digestion in Europe. A recent
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study found considerable variation in costs across different technology suppliers. The
reader is referred to the full report for details and to our earlier review.59
Greenfinch, whose process is currently the subject of a Demonstrator Project under
Defra‘s New Technologies Programme, stated:
For a commercial operation where the boroughs are responsible for delivering
the organic waste to a facility which is owned by a private operation and which
derives the benefits from the by-products, the commercial gate fee would be
between £40 and £50 per tonne.60
Greenfinch gave figures for capital costs of £4 million for 20kt, and operating costs of
£20 per tonne including rejects, but before revenues.61 These are likely to be lower
costs than would be realizable under a contractual situation.
There is some uncertainty about what contract prices might look like in the UK
situation given the lack of experience here, and the fact that the UK approach to
procurement appears to have the potential to increase prices significantly (through
requests for comprehensive guarantees, and associated risk transfer mechanisms).
Capital costs for AD facilities used to deal with household, or industrial food wastes
(and other biowastes) tend to be of the order £250 - £350 per tonne depending upon
scale and the nature of the facility. We have estimated unit capital costs at £300 per
tonne.
In a feasibility study for Northern Ireland, suppliers were asked about the capital costs
for facilities of given sizes.62 The results are shown in Table 34. It can be seen that
the capital costs vary enormously, rather more for a given scale plant than the
operating costs. This, combined with the different ways of treating capital costs,
makes it difficult to generalize concerning the costs of digestion plants. Particularly
when dealing with source segregated fractions of municipal waste, digesters tend to
be more or less heavily engineered to deal with potential contraries. In addition, postdigestion processes vary across suppliers. It was not always clear, from the financial
breakdowns offered, how suppliers had accounted for UK-specific issues in respect of
planning, permitting and contracting.

59 Leif Wannholt (1999) Biological Treatment of Domestic Waste in Closed Plants in Europe - Plant Visit
Reports, RVF Report 98:8, Malmo: RVF. Hogg et al (2002) Costs for Municipal Waste Management in
the EU, Final Report to DG Environment, European Commission.
60 Greenfinch (2003) Presentation by Greenfinch Ltd Based on Anaerobic Digestion: City Solutions Day,
New & Emerging Technologies for Waste, February 2003.

Greenfinch (2003) Presentation by Greenfinch Ltd Based on Anaerobic Digestion: City Solutions Day,
New & Emerging Technologies for Waste, February 2003.
61

Eunomia (2004) Feasibility Study Concerning Anaerobic Digestion in Northern Ireland, Final Report
for Bryson House, ARENA Network and NI2000.
62
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Table 34: Key Financial Data for Digestion Plant
Capacity (ktpa)
CAPACITY
10
Total
Investment
Cost (£M)
Unit Investment
Cost (£/tonne)
Unit Operating
Cost (£/tonne)

20

25

£3.131

£3.002

£12.68

£313

£150

£27.14

£20.00

50

50

50

75

165

£6.00

£17.60

£16.00

£16.00

£20.05

£507

£120

£352

£320

£213.33

£121.49

£20.24

£18.00

£15.72

£28.00

£22.67

£22.20

Notes:
1. Including land
2. Excluding land

A study for Remade Scotland suggested that plant treating municipal waste would
have investment costs ranging from £3 million for a 5,000 tonne/year plant (£600
per tonne capex) to £12 million for a 100,000 tonne /year plant (£120 per tonne
capex), with operating costs between £100,000 (£20 per tonne capex) and
£900,000 per year (£9 per tonne capex).63 These operating costs would include a
revenue offset associated with energy generation and use.
The Annex to the English Waste Strategy gives the following capital costs:
1. 20 ktpa - £7.3 million (£365 per tonne capex);
2. 50 ktpa - £14.7 million (£294 per tonne capex); and
3. 150 ktpa - £28.8 million (£190 per tonne capex).
A Juniper report invited offers for a theoretical facility treating 30,000 tonnes of food
waste and 10,000 tonnes of slurry. The figures obtained from respondents using
extensive pre-treatment were, adjusting for recent movements in the exchange rate,
of the order £4.2-5.0 million (or £140 – 167 per tonne of capex if one considers the

Fabien Monnet (2003) An Introduction to Anaerobic Digestion of Organic Wastes, Remade Scotland,
2003.
63
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food only).64 The operating costs were quoted as £340,000, or around £11 per tonne.
We assume these are net of revenues from energy sales since they are so low.65
Jacobs estimate capital costs for a 40,000 tonne AD facility for commercial and
industrial waste at £266 per tonne of annual capacity, with operating costs of £28
per tonne before revenues.66 Short suggests that capital and operating costs will vary
as follows:67
 5,000 tpa: Capex £1.8 m = £360 per tonne with Opex £20 per tonne;
 10,000 tpa: Capex £3.0 m = £300 per tonne with Opex £17 per tonne;
 20,000 tpa: Capex £5.0 m = £250 per tonne with Opex £14 per tonne;
 30,000 tpa: Capex £6.8 m = £227 per tonne with Opex £13 per tonne;
 40,000 tpa: Capex £8.4 m = £210 per tonne with Opex £12 per tonne;
 50,000 tpa: Capex £9.9 m = £198 per tonne with Opex £11 per tonne.
One can see, therefore, a very wide variation in the capital cost figures being quoted,
and the variation cannot be explained by factors such as scale alone, partly because
of the variety of technical designs on offer.
We have used a figure of £300 for unit capital costs. For operating costs, we have
good reason to believe that if one is seeking a figure before revenue generation from
energy sales, and disposal of rejects, the figures above are all too low. We have used
a figure of £30 per tonne. We believe this to be representative of facilities of scale
20-30,000 tonnes capacity, with appropriate post-treatment of the digested biowaste.
A.7.3.2

AD with CHP

The issue of CHP is discussed in this document with regard to both thermal facilities
and AD facilities. Where thermal facilities are concerned, and where steam turbines
are used to generate energy, there is a trade-off between the generation of electricity
and the generation of heat. AD systems usually generate energy using gas engines.
Where gas engines are concerned, the generation of heat incurs little penalty in terms
of electricity generation, and the majority of facilities operate CHP engines, partly to
ensure the provision of free heat which is needed to keep the feedstock at the
required (mesophilic or thermophilic) temperature, as well as providing heat for
hygienisation of the feedstock in the wake of the EU Animal By Products Regulations.

64 The slurry was deemed to have only 5% solids content so only 5% or so of the solids would be in the
slurry.
65 Juniper (2007) Commercial Assessment: Anaerobic Digestion Technology for Biomass Projects,
Report for Renewables East, June 2007.

Jacobs (2008) Development of a Policy Framework for the Tertiary Treatment of Commercial and
Industrial Wastes: Technical Appendices, Report for SNIFFER / SEPA, March 2008.
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J Short (2008) Anaerobic Digestion and Alternative Waste Treatment Technologies, Deconstructing
AD, Presentation to MRW Conference, May 2008.
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There is some likelihood that AD facilities will be operated at smaller scale than
incinerators and that the total heat delivered is likely to be less than in what may be
larger incinerators. CHP units are also likely to be used to generate energy anyway,
which makes it more likely that, where AD is concerned, heat use may be more
possible, and may be possible on a more opportunistic basis. It also implies that at
least as far as generation equipment is concerned, the incremental costs are low
(close to zero). In addition, the associated costs of infrastructure for delivering heat
may be lower in a given area (as fewer end users would need to be served).
The relatively small number of publicly available studies that have looked at the issue
of CHP generation have tended to support the view that where thermal facilities are
concerned, effective utilization of CHP is likely to be predicated upon district or
community heating schemes. Where AD is concerned, this is less likely to be
necessary. AEA argue that where sewage treatment works are concerned:68
‘the option of heat recovery for additional heat (over and above what is
required for the process) is generally not implemented as the value is low,
there are limited opportunities for use on site (occasionally there are some
works offices) and the cost of sale to other customers is too high as they will
seldom be in close proximity to the water treatment works.’
They estimate the cost of the pipes and trenching to be of the order £1 million per
mile of trench.
For AD, an indication of the sort of differential between CHP and non-CHP
configurations was given by Jacobs, who suggest that for a 40,000 tonne plant, the
capital costs increase from £10.62M to £11.48M, or from £266 to £287 per tonne of
annual throughput. The operating costs were estimated to remain constant.69
In this study, we have estimated capital costs for the useful deployment of CHP of an
additional £1.65 million in capital terms for a 20,000 tonne per annum facility. This
estimate lies between the Jacobs estimate and that implied by Ilex (see Section
A.7.5.2 below) for a heat network.70 We have also added £1 per tonne to the
operating costs. Evidently, this must be treated as a ‗best guess‘, and the specifics
will vary with the location and local opportunities for heat use of any given plant.
Therefore for modelling purposes, we assume a total capital cost of £382.50 per
tonne, and an operating cost of £31/tonne.
A.7.3.3

AD with Gas Upgrading for Use as Vehicle Fuel

The costs of gas upgrading tend to be expressed relative to the flow rate of biogas
into the cleaning process. A number of different processes exist for cleaning up

68 AEA Energy and Environment (2008) The Evaluation of Energy from Biowaste Arisings and Forest
Residues in Scotland, Report to SEPA, April 2008.

Jacobs (2008) Development of a Policy Framework for the Tertiary Treatment of Commercial and
Industrial Wastes: Technical Appendices, Report for SNIFFER / SEPA, March 2008.
69

Ilex Consulting (2005) Eligibility of Energy from Waste – Study and Analysis, Final Report to the DTI,
March 2005.
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biogas (mainly for CO2 removal, but also for scrubbing of H2S), including chemical
absorption, pressure swing adsorption, water scrubbing, and membrane separation.
These processes are developing in terms of their energy use per unit of gas cleaned,
and the extent to which methane is lost in the process. The aim, evidently, is to
improve process efficiency without adding significantly to cost.
Much of the information offered is in terms of the cost per unit of gas cleaned, or per
unit of energy in biogas delivered. However, this is not especially useful for this study
as we are seeking information of the change in capital cost at the AD plant, as well as
in the operating cost. It is important in this regard to note that biogas upgrading is not
simply an additional cost. If the intention is to make use of biogas as vehicle fuel,
there are savings to be made in terms of the avoided cost of CHP generation, and of
connection to the electricity grid.
SLR estimate costs for a packaged gas engine generator set, up to about 1MWe,
installed in a container ready for connection to the site switchboard, at about
£600/kW (with costs per kW falling thereafter to £450-£500/kW).71 For a 20-30,000
tonne plant, the generation is of the order 1MW, with associated capital costs of
around £600,000. However, as the facility would still make use of a gas engine for
heat and power, albeit a smaller gas engine, to power the process and keep the
feedstock at the required temperature, any saving on CHP generation would be a
proportion of the £600,000 figure. We estimate an avoided cost of £200,000 for a
20,000 tonne plant.
AEA notes:
The costs of connection local to the generation project will be borne by the
developer of the biowaste project. These costs will include:
 Works on the site of the generation (e.g. new transformers, switchgear
etc).
 Any new or upgraded cable (over or underground) from the biowaste site to
the nearest suitable connection point on the network.
 Additional or upgraded transformers and switchgear at the connection
point.
The size of the generator, the distance to the connection point and the voltage
level at which the connection for connection will determine the scale of costs for
the local connection. The costs of additional or upgraded transformers and
switchgear at the connection point will depend on the level (if any) of unused
capacity on the existing grid equipment.
As this configuration of AD would not be exporting power, it is important to provide
analysis of the costs of a grid connection, which would be avoided. The costs of

SLR (2008) Cost of Incineration and Non-incineration Energy-from-waste Technologies, Report to the
Mayor of London, January 2008.
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connection and overhead lines will be specific to a given project. SLR suggests the
following figures for 11, 33 and 132kV connections and overhead lines:
 11kV Grid connection equipment:

£20,000 - £60,000;

 Overhead line:

£15,000 - £30,000/km;

 33 kV Grid connection equipment:

£120,000 - £150,000;

 Overhead line:

£20,000 - £35,000/km;

 132 kV grid connection equipment:

£800,000 - £1,000,000

They also note that in addition to these figures, the time taken to get permission to
connect to the grid can be important.
Small generation projects will be connected to the lower voltage distribution network.
For a 20,000 tonne plant, generating some 0.5 -0.75 MW electricity, an 11kV
connection should suffice. Taking into account cabling costs (which are variable
depending upon distance from the grid), we estimate a total fee to be of the order
£150,000.
For gas upgrading, the unit costs fall as the flow rate into the clean-up system
increases. This is shown in Figure 6. The implications for unit costs (under specific
assumptions regarding the cost of capital and the investment life-time) are shown in
Figure 7.
Figure 6: Investment Cost for Biogas Clean-up as a Function of Capacity (m3/hr)

Source: O. Jonsson and M Persson (2003) Biogas as a Transportation Fuel, Session 1, FVS
Fachtagung 2003
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Figure 7: Cost per kWh of Cleaned Biogas as a Function of Plant Capacity

Source: Margaretta Persson (2007) Biogas Upgrading and Utilization as a Vehicle Fuel, Paper
presented to the European Biogas Workshop, The Future of Biogas in Europe III, 14th June 2007

In our estimation, a 20,000 tonne plant, operating for around 7,500-8,000 hours per
annum, would be expected to generate around 400m3 of biogas per operating hour.
A report by the Institut Catala d‘Energia (ICAEN) gave figures, which appear to be
2004 figures, of €600,000 for capital costs, and operating costs of €80,000 per
annum, for pressure swing adsorption processes.72 More recent figures from a
Fraunhofer UMSICHT report gives figures for gas cleaning for different processes. At
the throughputs we are interested in, investment costs are of the order €1.32 – €1.4
million. Operating costs were €327,000 – €336,000.73
We have used, for capital costs, an average of the Fraunhofer figures converted to UK
sterling at a long-term exchange rate of £1 = €1.25. These give capital costs of £1.03
million (or around £50 per tonne), and operating costs of £249,000 (or around
£12.45 per tonne). In addition, we have added a cost for pipework of £300,000 (£15
per tonne). This reflects figures for 5km of pipework given by Schulz and for a plant in
Uppsala reported in an earlier study by Eunomia et al (see Table 35).74

72 ICAEN (2004) Economic Framework Report, Deliverable for the Altener Project Regulation Draft of
Biogas Commercialisation in Gas Grid – BIOCOMM, 2004.
73 Fraunhofer UMSICHT (2008) Technologien und Kosten der Biogasaufbereitung und Einspeisung in
das Erdgasnetz. Ergebnisse der Markterhebung 2007-2008, report for the Bundesministerium fur
Bildung und Forschung, April 2008.
74 W. Schulz (2004) Untersuchung zur Aufbereitung von Biogas zur Erweiterung der
Nutzungsmöglichkeiten, Bremer Energie-Konsens GmbH
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Table 35: Costs of Anaerobic Digestion Facilities
Uppsala
(30ktpa)1

Parameter
Capital cost (€000s) – digestion plant

Linköping
(100ktpa)2

€6 000

€5 900

Capital cost (€000s) – gas cleaning and compression

€850

€2 800

Capital costs (€000s) –piping

€330

€550

Variable costs (€000s) /annum

€220

€200 – 400

Notes:
1. Constructed in 1997
2. Constructed in 1996
Source: Uppsala municipality and Linköping municipality, cited in Eunomia et al (2002)

The additional capex, relative to generation of electricity only, for a 20,000 tpa plant
is £1.03 million plus £300,000, giving £1.33 million. Savings associated with avoided
costs of grid connection and a smaller gas engine are £150,000 and £200,000
respectively, totalling £350,000. Net increase in capital cost is therefore £980,000,
which for a 20,000 tpa facility gives an increased unit capex of £49/tonne. This gives
a total capital cost of £349 per tonne.
For operational costs we have added £12.45 per tonne, but subtracted £5 to take
account of maintenance costs that we understand are included in the Fraunhofer
figures. As for all processes, we calculate maintenance separately based on a
proportion of the capital cost. For AD with gas upgrading for vehicle fuel these total
£17.45 per tonne per annum. We have subtracted a further £1 to account for a
reduction in opex for the smaller CHP plant. This gives total opex of £36.45/tonne.
A.7.3.4

AD with Gas Upgrading for Use in the Grid

To inject gas into the grid the gas must first be cleaned, upgraded, metered and a
connection made. The capital cost of upgrading an anaerobic digestion plant for use
of the gas in the national grid for subsequent electricity generation from a 2008
Canadian study suggests that total capital costs are in the region of $2.130 (£1.22)
million, or £202 per tonne for a 6,000 tonne capacity plant.75 Eight operational
anaerobic digesters that transfer biogas to the national grid for use as electricity were

Electrigaz Technologies Inc. (2008) Feasibility Study – Biogas upgrading and grid injection in the
Fraser Valley, British Columbia
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examined and an average of these was assessed. The result applies to a plant which
produces 240 nm3/h (approx 6,000 tonne capacity).
The standards applied to the injection of biogas to the grid are expected drive the cost
of the upgrade. In Sweden the cleaning required for biogas is the same for vehicle
fuel and injection into the grid, as the same standard applies to both. In the UK a
regulatory barrier exists due to the oxygen content of pipeline gas which is currently
too low to include renewable gas.
We have assumed that the cost of upgrading for use in the grid is similar to that of
upgrading for vehicle fuels. This is due to insufficient data to assume otherwise as the
technology is not yet available in the UK and there is a lack of transferable
information from existing facilities. It is important to recognise, however, that this is
likely to be a technically difficult option for the foreseeable future, whatever its
presumed merits may be.

A.7.4

Landfill

Our landfill model is broken down into:
 The capital costs for the site. Evidently, these may vary in unit (i.e. per annual
tonne treated) terms depending upon the size of the site. We have modelled
on the basis, broadly, of:
o A fill rate of 250,000 tonnes per annum and a lifetime of 12 years;
Of course, fill rates and life times vary, as will the total available void of a
given site. This was felt to be broadly representative of a modern site, or
extension; and
o Capex, including site assessment, acquisition, site development,
restoration and aftercare, was initially estimated at approximately £23.5
million. For the modelling, we have used a figure of £115 per tonne of
material accepted at the site each year (in other words, the landfill is being
treated as a facility with a 250,000 tonne throughput, with capex of £115
per tonne of that annual throughput);
 Operating costs are estimated at £7 per tonne, before revenues from energy
generation, whilst restoration, post-closure and aftercare are estimated to cost
a further £7 per tonne;
It should be noted that where a specific material is being ‗switched‘ from landfill to
another process, the model picks up the relevant energy generation associated with
that material.

A.7.5

Incineration

Defra, in the context of the waste strategy, estimated the following capital costs for
incineration:
 100,000 tonnes Capex £64.7 million

£647.00 per tonne

 200,000 tonnes Capex £104.7 million

£502.35 per tonne

 400,000 tonnes Capex £149.1 million

£372.75 per tonne.
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The costs of such facilities are sensitive to planning risks, and the nature of the
procurement process.
There are two incinerators modelled in this study. These are:
 An incinerator delivering electricity only; and
 An incinerator delivering combined heat and power (CHP).
We begin by describing the basic configuration which is the first one above. We then
comment on changes from this baseline model.
A.7.5.1

Electricity Only

The incineration model is broken down into:
 A capital cost element:
Unit capital costs could be quite variable in any given situation and would
depend upon scale, the nature of risk transfer, the detailed plant design, the
requirements in terms of architecture, the nature of the flue gas cleaning
technology etc. Quoted figures do not always include the costs of land,
especially now that local authorities are encouraged to acquire sites. The
figure we have chosen is felt to be broadly representative of a plant of the
order of 200,000 tonnes capacity. There are likely to be some larger facilities
constructed, but some smaller ones also. Ilex used a figure, in 2004 prices, of
£58.6 million for a 200kt plant.76 This figure seems very low in the current
context of UK municipal waste contracts, which is the context in which most
incinerators have been built. SLR looked at plants already built and found that
capital costs varied with scale. It is important, in this context, to recognise that
costs have escalated quite significantly in recent years. Jacobs suggest a
figure of £86.5 million for a 250,000 tonne facility, though this seems low
relative to the same company‘s estimates in the context of a recent
procurement in Leeds (see below). 77 Given the recent cost inflation in
construction projects, these figures are probably rather low for new-build
facilities.
Fichtner, looking at a one-line 182kt plant, considered that capital costs would
be of the order £77.2 million, excluding land acquisition, costs of grid
connection, and legal and advisory services, increasing to £98.6 million where
the plant had two lines. Design enhancements were thought to be of the order
£1.5 million, with grid connection and enabling works of the order £3.5
million. For all costs, including contingency, but excluding land acquisition, the
figure was £87.25 million. However, a key factor for incinerators and other
capital projects, is the effect of inflation. Particularly in recent years, the costs

Ilex Consulting (2005) Eligibility of Energy from Waste – Study and Analysis, Final Report to the DTI,
March 2005.

76

Jacobs (2008) Development of a Policy Framework for the Tertiary Treatment of Commercial and
Industrial Wastes: Technical Appendices, Report for SNIFFER / SEPA, March 2008.
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of construction and of material have run ahead of conventional indices of
inflation. The indexation cost implied for this project owing to inflation over the
construction period was £26.5 million.78 This inflation figure appears to be a
figure quoted in nominal, rather than real terms. For the purposes of the
analysis, we have assumed capital costs today would be of the order £90
million, with the real effects of indexation likely to be of the order £10 million.
We have used a figure of £100 million capex, or £500 per tonne;
 Operating costs:
For operating costs, before revenues from electricity generation and costs of
dealing with residues, we have used a figure of £20 per tonne;
 Revenues from electricity generation:
These are estimated on the basis of net delivered energy (calculated from the
environmental analysis) and using the wholesale price for electricity contained
within the most recent updated energy projection (UEP) published by DECC. 79
 Revenues from ROCs:
The ROC-able element for the ‗electricity only‘ incinerator is assumed to be
zero, so ROC revenues are always zero;
 Costs of dealing with residues, which are estimated as follows:
o For fly ash, the waste is assumed to be landfilled at a hazardous waste
landfill. We have not modelled this explicitly but have used a fixed pre-tax
figure for the costs of landfilling, inclusive of haulage.
o For bottom ash, we assume that on average, around two-thirds of material
is put to some form of use in the construction industry. The remaining third
is assumed to be landfilled at non-hazardous waste sites, and attracting
lower rate landfill tax. There is currently a consultation process ongoing to
consider whether bottom ash should attract the standard rate of landfill
tax, and in future years it may even attract the higher rate.80 81
A.7.5.2

Incineration with CHP

It is difficult to estimate, with any degree of accuracy, exactly what could be the costs
of a CHP system given that so many variables exist. Costs will depend upon the

78

Fichtner (2007) Jacobs Leeds Energy-from-Waste: Validation of EFW Costs, 7 September 2007.

79DECC(2009)

Energy and emissions projections webpage, Table E: price assumptions, available at
http://www.decc.gov.uk/en/content/cms/statistics/projections/projections.aspx (accessed 3rd
November 2009)
HM Treasury and HMRC (2009) Modernising Landfill Tax Legislation, April 2009. Available at
http://www.hm-treasury.gov.uk/d/Budget2009/bud09_landfill_tax_964.pdf (accessed June 2009).
80

We note that recent sampling by the Environment Agency suggests that in a relatively large minority
of samples, bottom ash fails to meet some of the limit values. Bottom ash may, in future, have to be
treated as hazardous waste dependent upon the outcomes of tests.
81
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specific design of a given CHP scheme. Not only are there differences related to the
nature of the infrastructure required, but also, there will be differences in the impact
on the plant itself, depending upon whether the intention is merely to use low grade
heat for district heating, or medium or high pressure steam extraction. The former will
have little impact on power generation, the latter will have a more significant effect.
Ilex estimated the costs of a CHP system on behalf of BERR.82 The estimated costs of
CHP were based around the development of a 400,000 tone per annum plant, partly
because a previous report had suggested that larger plants of this size were likely to
be developed.
Costs of CHP relate to:
 Costs of providing heat from the facility (relative to costs of providing electricity
only);
 Costs of securing a market for the heat; and
 Loss of revenue from power sales.
The first of these includes the costs of tapping into the steam turbine where the initial
design allowed for this (and several have done so, or are planning to do so), provision
of heat exchangers, and (depending on the nature of the recipients) provision of backup boilers. In addition, the infrastructure for heat supply to the users has to be put in
place if it does not already exist. The nature of the heat consumer(s) is likely to be a
key determinant of these network-related costs. It is difficult to generalise these
costs, given the wide variation in the possible networks. In principle, co-location
alongside a major industrial heat user would be likely to give lower costs, but in
practice, the likelihood of this occurring at conventional incinerators may be low.
There might be a higher likelihood of merchant facilities being developed for the offtake of SRF, especially where the heat user is involved in the project itself.
Ilex estimated costs for different CHP plant as shown below in Table 36. These figures
were intended to be indicative of costs. The 43MW capacity relates to a heat
generation efficiency of around 24%. This is the only CHP option considered by Ilex
which seems likely to qualify as ‗good quality CHP‘ as the net efficiency, however
measured, is relatively low for the other options considered. The figures in the Table
show that the main costs are related to the provision of the network and customer
connections, and that in the Ilex assumptions, these show some clear increase with
scale, which might not be the case depending upon the nature of customers.
In reviewing the Leeds scheme, Fichtner comments on Jacobs‘ costs associated with
a CHP system which, it is claimed, have been taken directly from a scheme
considered for a 250 ktpa EfW facility.83 The capital costs for the CHP scheme were
£33.8 million with an annual operating cost of £320,951. Fichtner comment: ‗We
understand that these costs are taken from a report completed by ILEX Energy

Ilex Energy Consulting (2005) Extending ROC Eligibility to Energy from Waste with CHP, a
supplementary report to the DTI, September 2005.
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Fichtner (2007) Jacobs Leeds Energy-from-Waste: Validation of EFW Costs, 7 September 2007.
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Consulting and Electrowatt Ekono for the DTI.‘ The 250 ktpa facility is, in fact, a
400ktpa facility, and one with a power efficiency of 20% and a heat efficiency of 12%.
This would imply efficiency of heat generation of the order 20% for a 250ktpa facility,
which is quite a low figure (and would, arguably, imply a very poor use of capital in the
investment in the heat network).
Table 36: Capex and Opex Assumptions for 400ktpa Incinerator with CHP Plant
Thermal
Capacity,
MWth

Capex (£s)

Annual Opex (£s)

Heat
Heat
Customer
Heat
Heat
Customer
Pumping
Exchanger Network Connections
Exchanger Network Connections

3

0.19

2.39

0.95

0.01

0.00

0.01

0.02

11

0.62

6.80

3.08

0.02

0.01

0.03

0.06

20

0.88

14.83

5.59

0.03

0.01

0.07

0.11

23

0.90

15.81

6.43

0.04

0.01

0.08

0.13

28

0.90

19.25

7.83

0.05

0.01

0.10

0.16

30

0.95

20.62

8.39

0.05

0.01

0.10

0.17

34

0.95

23.37

9.51

0.06

0.01

0.12

0.19

43

0.98

29.56

12.03

0.07

0.01

0.15

0.24

66

1.00

45.37

18.46

0.11

0.01

0.23

0.37

Note:
1. Costs for heat networks, to a lesser extent, customer connections, will be very site specific and these
numbers are intended only to be illustrative
Source: Ilex Energy Consulting (2005) Extending ROC Eligibility to Energy from Waste with CHP, a
supplementary report to the DTI, September 2005.

The CHP option which most closely reflects our technical options is that with the
higher thermal capacity (even though we are considering a smaller plant). The heat
network and the customer connections would, using Ilex‘s figures, imply additional
capital costs of the order £43-£65 million. Perhaps unsurprisingly, in Ilex‘s analysis,
these scenarios – where the heat generation is greatest – are those which appear
least favourable from a financial perspective given the power penalty implied by the
increase in heat demand. Interestingly, the bottom row of the Table implies a heat
generation efficiency of only 24%, with power generation at 17%, implying a much
higher power to heat ratio than might be expected in many CHP systems which had
what one might call a ‗serious‘ focus on heat provision.
In a report carried out at the turn of the decade for the European Commission,
investment costs for power and CHP schemes in Finland were as set out in Table 37.
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What this shows is the relative costs of power only schemes to those generating heat
and power. The differentials are not trivial. Given that these figures are expressed in
Euros in 2000, then accounting for exchange rate movements and for inflation over
the last eight years, the figures do not seem so different to those provided by Ilex.
Table 37: Investment Costs for CHP in Finland (in €000, year 2000 base)
Heating
Capacity, tons/year
Investment

CHP

Heating

40

40

13 336

24 248

CHP
300

52 490

95 437

Source: Eunomia (2002), Costs for Municipal Waste Management in the EU: Annexes, Final Report to
DG Environment, European Commission

In another report, Jacobs suggest that at 25,000 tonnes capacity, unit capital cost
figures increase by £135 per tonne (or around a 40% increase in costs relative to
their power only estimate).
In our analysis, we have used Ilex‘s figures at the 43 MW size, for a 400,000 tonnes
per year plant, implying heat generation at around 30% of input energy. For such a
scheme, the following applies:
 Additional capital costs of £43 million;
 Additional operating costs of £0.47 million; and
 ROC-eligibility of incineration depends upon the definition of good quality CHP
which is to be used. Plants which meet the criterion of good quality CHP are
eligible for ROCs, but on the electricity generation only. We have assumed that
the plants operate above the relevant threshold and, as a result, ROCs are
received for the electricity.
We therefore model on the basis of additional capex of £107.50 per tonne, and
additional opex of £1.18 per tonne. This gives a total capital cost of £607.50 per
tonne, and an operational cost of £21.18 per tonne.

A.7.6

Mechanical Biological Treatment

Mechanical-biological treatment (MBT) facilities can be configured in various different
ways. Generally, outputs include more than one of the following:
 Recyclable materials;
 A stabilised biowaste, which may find use as a ‗compost like output‘, but which
may have to be landfilled;
 A fraction to be sent to landfill;
 A refuse derived fuel.
In the UK procurement and regulatory context, the capital costs for MBT facilities
have been difficult to estimate as the regulatory environment has been so fluid.
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An Annex to Waste Strategy for England 2007 gives capital costs for MBT facilities
which are configured to produce an RDF with the RDF, presumably, combusted in a
dedicated waste incinerator. The capital costs quoted were as follows:
 50,000 tonnes

Capex £29.4 million (£588 per tonne);

 100,000 tonnes

Capex £44.4 million (£444 per tonne); and

 200,000 tonnes

Capex £67.1 million (£335 per tonne).

For some facilities of this nature, particularly lower capital cost MBT processes based
on aerobic treatment, 60,000 tonnes or so is believed to be a near-optimum scale
from a technical (if not a project) perspective. Figure 8 showing the results of analysis
of tenders for German plants over one year, suggests that economies of scale may
already be limited at a capacity of 100,000 tonnes.
It should also be noted that this review covered a range of plant sizes with 60,000
tonne facilities falling in the middle of this range. Figure 8 shows that this type of
capacity is far from unusual for MBT plants. Indeed, the average size for the German
facilities listed is around 70,000 tonnes.
Figure 8: Range of Unit Capital Costs Reported in German Tenders for MBT Facilities

Our analysis focuses on an aerobic biodrying treatment process, with the resulting low
biomass solid recovered fuel (SRF) sent for:
 Gasification, with a steam turbine in CHP mode;
 Gasification, with a gas engine in CHP mode; and
 Combustion, generating electricity only.
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Consequently, one needs to understand the costs of a range of different pieces of
equipment. These include:
 An aerobic biodrying facility preparing SRF;
 A gasifier, with a steam turbine in CHP mode;
 A gasifier with a gas engine in CHP mode; and
 A dedicated combustion facility generating electricity.
These are discussed in Sections A.7.6.1 to A.7.6.3. For each system, where more
than one of the above technologies are used in one system, we have simply multiplied
the quantity of material to be treated by the unit capital cost to understand the total
capital costs for treating one tonne of waste in the overall process.
A.7.6.1

Aerobic Biodrying Facility Preparing SRF

In principle, the costs of this type of system will be different depending upon whether
the SRF which is being prepared is to be of ‗higher‘ or ‗lower‘ quality with regard to
biomass content. We have used figures for the capital cost of £200 per tonne, with
operating costs of £17 per tonne before residue disposal. It should be noted that the
reality is that both the capital costs and the costs of dealing with residues will depend
upon the detailed configuration of the system and the specification to which SRF is
being produced.
A.7.6.2

Gasifier with a Steam Turbine

It is very difficult to give any clear figures for gasification costs. There is no
commercial experience with waste gasification in the UK other than for small
amounts of clinical waste. There are some demonstration projects in construction, as
well as some merchant facilities now being planned. Some of these merchant
facilities claim low unit capital costs and the ability to operate their technology
coupled to a gas engine. Such a configuration has proved technically difficult to
deliver in a form which is reliable.
The quoted sources publicly available suggest enormous variation in the figures used
for various analyses. For example, AEA quotes indicative gate fees in North London of
£37 per tonne (excluding disposal of residues), but quoted operating costs alone of
£20-55 per tonne in a report for the Environment Agency.
Fichtner make the point:
Reasonably accurate costs are only likely to come from real quotations to
detailed specifications. Even costs obtained from tenders must be treated
with a degree of caution since tender prices can vary dramatically from one
supplier to the next even for almost identical technologies.
Though Fichtner seem to making this point regarding the capital costs of gasification
and pyrolysis in particular, the comment has more general applicability.
Our own view is that the tendency to generalize costs across ‗landfill‘ and ‗grate
incineration‘, both relatively mature technologies in which some variation exists, but
for which the associated cost variation is tolerably well understood, has led to a
situation in which stakeholders have tried to generalize across technologies which are
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quite varied. It should not be expected that all gasification technologies, nor all MBT
configurations, will cost the same. Different variants are patented processes which
may exhibit quite significant variation in design, performance and cost.
The Annex to the English Waste Strategy gives the following figures for capital costs
and gate fees:
 30 ktpa - capex £21.7 million (£723 per tonne), gate fee £93.6 per tonne;
 100 ktpa - capex £27.9 million, (£279 per tonne), gate fee £69.2 per tonne;
 150 ktpa - capex £67.2 million, (£448 per tonne), gate fee £51.56 per tonne.
These figures seem somewhat strange, implying as they do a massive drop in unit
capital costs as plants increase in scale from 30ktpa to 100ktpa, but then a
significant increase in unit capital cost as the scale increases to 150ktpa. Indeed, it is
rather difficult to understand how the gate fees would exhibit the suggested trend if
the capital costs really were as the document states.
We have used a figure for capital costs which assumes the gasifier has a capital cost
of £550 per tonne where a steam turbine is used and £600 per tonne where a gas
engine is used (our assumption being that requirements in terms of gas clean up will
be greater). These seem higher than many of the above figures, but in our view, most
of the above figures are rather low.
Operating costs are no more straightforward to determine as the variation in the the
above Defra figures indicates. We have used a figure of £25 per tonne for all
configurations.
A.7.6.3

Gasifier with a Gas Engine

As per the above discussion, we have used a figure for capital costs which assumes
the gasifier has a capital cost of £600 per tonne where a gas engine is used.
For operating costs, as previously stated, we use a figure of £25 per tonne. It is worth,
however, emphasising the point that there are no working examples of a gasifier with
a gas engine being used to treat residual waste in the UK, and therefore any
assumptions about capital and operating costs must be considered speculative at
best.

A.7.7

Autoclaving

Autoclaving (also know as Mechanical Heat Treatment (MHT)) is a term used to
describe configurations of mechanical and thermal, including steam, based
processes. The purpose of these processes is to separate a mixed waste stream into
a number of component parts, to give further options for recycling, recovery and in
some instances biological treatment. The processes also sanitise waste by destroying
bacteria present, and reduce its moisture content.
MHT technologies have a limited track record. The most common system being
promoted for the treatment of MSW using MHT is based around a thermal autoclave.
Autoclaving has been long been used in hospitals to sterilise surgical equipment via
the application of heat and pressure. The technology is also commonly used to
sanitise clinical wastes and for certain rendering processes for animal wastes, prior to
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sending to landfill. However, application to MSW is a recent innovation and there is
limited commercial experience with this feedstock material. 84
Another type of MHT system is a non-pressurised heat treatment process, where
waste is heated in a rotating kiln prior to mechanical separation.
Our analysis focuses on an autoclave treatment process, with plastics recovered for
reprocessing, and with the resulting high biomass solid recovered fuel (SRF) sent for:
 Gasification, with a steam turbine in CHP mode;
 Gasification, with a gas engine in CHP mode, and
 Combustion, generating electricity only.
Consequently, one needs to understand the costs of a range of different pieces of
equipment. These include:
 An autoclave;
 A gasifier, with a steam turbine in CHP mode;
 A gasifier with a gas engine in CHP mode; and
 A dedicated combustion facility generating electricity only.
The gasifier options have been discussed in sections A.7.6.2 and A.7.6.3, and the
combustion facility in A.7.5.1. The autoclave costs are outlined below.
For each system, where more than one of the above technologies are used in one
system, we have simply multiplied the quantity of material to be treated by the unit
capital cost to understand the total capital costs for treating one tonne of waste in the
overall process.
There is little published information on the cost of MHT facilities. A Defra report
identifies that technology suppliers suggest between £25-£45 per tonne operating
costs for the autoclave/separation components of the process. Capital costs are
estimated at around £15 million for a 100,000 tpa facility, which equates to a capital
cost of £150/tonne. The lifetime of the facilities are anticipated to be not less than
10 years and more usually 20 years. 85
We feel these figures to be on the low side, and model on the basis of £270/tonne
capital costs, and £13/tonne operating costs for the autoclave. We assume that for
each tonne input, 325kg goes to a gasifier using a steam turbine, or a gas engine
with capital costs of £550/tonne and £600/tonne respectively, and operating costs
of £25/tonne. Therefore, in our modelling, these capex and opex figures are
attributed to the MHT process in proportion to the 325kg/tonne output.

Defra (2007) Mechanical Heat Treatment of Municipal Solid Waste. Prepared by Enviros Consulting
on behalf of Defra as part of the New Technologies Supporter Programme.
84

Defra (2007) Mechanical Heat Treatment of Municipal Solid Waste. Prepared by Enviros Consulting
on behalf of Defra as part of the New Technologies Supporter Programme
85
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A.7.8

Materials Recovery Facilities

Obtaining reliable data on MRF costs, or gate fees, is complicated by a number of
factors:
 The reluctance of operators to divulge information perceived as commercially
sensitive;
 The different configurations of MRFs, whether fully co-mingled (single stream),
or a 2 stream mixture of fibres and containers, and variations in these basic
categories;
 The range of different types of MRFs, in terms of the source of their inputs
(Household/Commercial & Industrial/Construction & Demolition);
 The age of the facility, as new facilities are becoming larger, more capital
intensive, and with lower relative labour costs;
 The nature of the contract that the MRF operator has entered into, which
might include an element of sharing in material revenues; and
 The value of materials recovered.
The approach taken from this study is to use illustrative capital and operational costs
taken from WRAP‘s Single Stream MRF Cost Model, for two configurations at the
largest annual capacity available in the model;86
 Single stream bagged with glass, with 85,000 tonnes annual capacity; and
 Single stream bagged without glass, with 85,000 tonnes annual capacity.
For both we assume an operational lifetime of 14 years, with a 15% cost of capital
Uplifting these figures by approximately 8% to convert them to 2009/2010 prices,
and then subsequently attributing an uplift to reflect higher land and labour costs in
London is felt to deliver a reasonable approximation of MRF costs in London.87 These
assumptions have been presented to MRF operators in and around London for
verification.
A.7.8.1

Single Stream Bagged with Glass

For single stream bagged with glass, the model shows, for a facility of 85,000 tonnes
capacity, a total equipment cost of £4.9 million, with a building cost of £1.7 million.
This gives a total capital cost of £6.6 million, or £78/tonne. Inflated to 2009-10

86 WRAP (2007) Materials Recovery Facilities Cost Model Single Stream, Entec Consulting Ltd.,
Canada, for WRAP, 26 January 2007.

HM Treasury GDP Deflators webpage, available at http://www.hmtreasury.gov.uk/d/gdp_deflators.xls. Prices were uplifted from 2006-07 prices to 2009-10 prices. With
index levels at 94.803 and 102.11 respectively, this represents an increase of 7.59%
87
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prices, this is £84/tonne. To account for the higher cost of land in London, the capital
cost is uplifted to £93/tonne.
Labour costs total £1.57million per annum, with total variable operating costs minus
residue disposal and equipment maintenance at £450,000 per annum. Summing
these cost components gives a total annual operating cost of £2.04 million, or
£24/tonne. Inflated to 2009-10 prices, this is £26/tonne. To account for the higher
cost of labour in London, the operating cost is uplifted to £29/tonne
We assume maintenance to be 5% of capital cost, at £4.20/tonne. Rejects to landfill
are modelled at 15%. The calculated gate fee is £34/tonne.
A.7.8.2

Single Stream Bagged without Glass

For single stream bagged without glass, the model shows, for a facility of 85,000
tonnes capacity, a total equipment cost of £4.6 million, with a building cost of £1.8
million. The equipment cost is lower as there is no need for a glass line, and there is a
reduced cost associated with the mixed container receiving line. However, the
building costs are slightly higher, as the building is assumed to be larger, reflecting
the lower density, and thus higher volume requirements of the throughput as glass is
not processed. This gives a total capital cost of £6.4 million, or £75/tonne. Inflated to
2009-10 prices, this is £81/tonne. To account for the higher cost of land in London,
the capital cost is uplifted to £90/tonne.
Labour costs total £1.7million per annum. These are higher due to an increased
number of fibre sorters and container sorters. Total variable operating costs minus
residue disposal and equipment maintenance are £478,000 per annum. These are
slightly higher than for a glass accepting MRF due to increased baling wire
requirements, although savings are assumed in terms of requirements for spare
parts. Summing these cost components gives a total annual operating cost of £2.2
million, or £26/tonne. Inflated to 2009-10 prices, this is £28/tonne. To account for
the higher cost of labour in London, the operating cost is uplifted to £32/tonne
We assume maintenance to be 5% of capital cost, at £4.05/tonne. Rejects to landfill
are modelled at 13%. The calculated gate fee is £27/tonne.
A.7.8.3

Single Stream Bagged with Glass but without Paper

We also model the cost of sending a composition that includes glass, but excludes
paper. The capital and operating costs are the same as for Single Stream Bagged with
Glass, but the revenues are amended accordingly. The calculated gate fee is
£33/tonne.
A.7.8.4

Composition

Composition data from WDF is shown in Table 38. For paper/card, the assumed split
is 25% card, 75% paper.
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Table 38: Composition of MRF Inputs
MRF Type

Paper/Card

Cans

Plastic

Bagged with Glass

67%

5%

5%

Bagged without
Glass

88%

6%

6%

n/a

15%

15%

Bagged with Glass
no Paper

A.7.8.5

Glass
23%

Total
100%
100%

70%

100%

Revenue Assumptions

Table 23 above shows assumed values for clean recyclate. To account for increased
contamination of MRF outputs, these values are lowered by 32% for the MRF without
glass, and 35% where glass is included, and 32% where there is glass but no paper.
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A.8.0 Environmental and Technology Performance
Assumptions
This section describes the underlying assumptions used in the analysis. We start by
considering some framing assumptions common to all treatment technologies under
consideration within this study.

A.8.1

Energy Generation and Use

A.8.1.1

Electricity

The carbon intensity of an energy source is the quantity of GHG emissions associated
with generating the energy. Where emissions are avoided as a result of generating
energy from waste, or where energy is used by a process, assumptions regarding
which source of energy is considered to have been avoided, or utilised, are important
in determining the overall GHG benefit associated with power generation.
With a growing demand for electricity (unfortunately, most would add), where new
facilities are being built to generate energy, and where these operate more or less
continuously, it seems reasonable to argue that the avoided source of generation is
the source, or mix of sources, deemed most likely to have been built in the absence of
capacity arising through energy from waste infrastructure. Across the UK at present,
this might be a mix of sources, including gas, renewables such as wind, nuclear, and
some coal, though possibly equipped with some element of carbon capture and
storage.
Defra has suggested that for the purposes of policy evaluation, the marginal source of
electricity should be taken to be CCGT gas plant, representing the trend in terms of
recently commissioned power generation technology.88 The carbon intensity figure
used within the current analysis is based around electricity generated by a modern
CCGT power station. We have calculated the carbon intensity using an assumed
efficiency of generation of 55% (the levels achieved by modern power stations today),
and assumed natural gas has a calorific value of 39 MJ/m3.89 The carbon intensity
associated with electricity generation in this form is 0.330 kg CO2 equivalent per kWh
from the process itself with some 0.057 kg CO2 equivalent per kWh from the precombustion process, giving a total of 0.387 kg CO2 equivalent per kWh.
A.8.1.2

Heat

The carbon intensity of displaced heat generation was estimated from the calorific
value of natural gas of 39 MJ/m3. Emissions are 0.258 kg CO2 equivalent per kWh of
heat energy generated, taking into account the efficiency of heat generation

88 Defra (2006) Greenhouse Gas Policy Evaluation and Appraisal in Government Departments, April
2006
89

CV of natural gas: DECC (2009) Digest of UK Energy Statistics: National Statistics, 2009
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(assumed to be 90%) and the pre-combustion emissions as was the case with the
electricity emissions figure.
A.8.1.3

Diesel

We have used a figure of 2.63 kg CO2 equivalent per litre of diesel (including 0.46 kg
CO2 equivalent pre-combustion emissions).90

A.8.2

Dry Materials Recycling

Impacts associated with the following materials are considered within this section:
 Paper and card;
 Dense plastic;
 Glass;
 Steel;
 Aluminium;
 Wood;
 Textiles;
 WEEE; and
 Furniture.
Figures are given in terms of avoided CO2 equivalent emissions per tonne of material
recycled. We use data taken from a range of recent studies - including work
undertaken within the UK, Europe and the US - as a basis for modelling the
environmental impacts associated with recycling.
The principal UK-based sources considered within our analysis are:
 ERM (2006a) Carbon Balances and Energy Impacts of the Management of UK
Wastes, December 2006;
 ERM (2006b) Impact of Energy from Waste and Recycling Policy on UK
Greenhouse Gas Emissions, Final Report for Defra, January 2006; and
 WRAP (2006) Environmental Benefits of Recycling: An International Review of
Life cycle Comparisons for Key Materials in the UK Recycling Sector, Final
Report to WRAP, May 2006.
The WRAP analysis reviewed a number of studies, incorporating results from the UK,
Europe and the US.
The relevant European and American sources are those by:

Diesel emissions: Defra (2005) Guidelines for Company Reporting on Greenhouse Gas Emissions,
July 2005
90
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 AEA Technology (2001) Waste Management Options and Climate Change:
Final Report, European Commission: DG Environment, July 2001;
 USEPA (2002) Solid Waste Management and Greenhouse Gases: A Life-Cycle
Assessment of Emissions and Sinks, EPA530-R-02-006, May 2002.91
Of these, the AEA report also reviewed data from a variety of European studies. Data
from these studies was included within the WRAP review cited above for some of the
materials considered within the current analysis.
Where possible, the information provided by the above sources has also been cross
referenced against updated industry specific data provided by such bodies as the
European Aluminium Association.
This Section discusses the range of values for each of the material provided by the
various literature sources and confirms the value chosen for the current analysis. A
summary of the values used is provided at the end of the Section.
A.8.2.1

Paper

The international review of recycling studies undertaken on behalf of WRAP looked at
a range of life-cycle scenarios. Their analysis also evaluated impacts associated with
the method of disposal in the situation where paper is produced from virgin
materials.92 Table 39 summarises the results from the study with respect to paper
and card.
Table 39: Emissions Savings – Paper Recycling Compared to Disposal (WRAP)

Material

Disposal
method

No. of
scenarios
considered

Average saving
across
scenarios
(tonnes CO2eq)

Range of
savings across
scenarios
(tonnes CO2eq)

Paper (all types)

Incineration

35

0.73

-0.1 < x < 4.6

Paper (all types)

Landfill

13

1.34

-1.1 < x < 3.4

Notes:
1. Negative numbers here represent scenarios that lead to a net contribution to climate change as a
result of recycling that material
WRAP (2006) Environmental Benefits of Recycling: An International Review of Life cycle Comparisons
for Key Materials in the UK Recycling Sector, Final Report to WRAP, May 2006

A revised version of this report was subsequently published in 2006 and incorporated data on new
materials and an updated energy mix for the US. However the major part of the analysis did not
significantly change from the 2002 version.
91

WRAP (2006) Environmental Benefits of Recycling: An International Review of Life cycle
Comparisons for Key Materials in the UK Recycling Sector, Final Report for WRAP, May 2006
92
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Their analysis indicated that the most sensitive assumptions surrounded the type of
energy used for both the virgin paper and recycled paper production processes. The
report indicated that producing paper from recycled input results in an energy
reduction in comparison to production from virgin materials. There is however a
variation in the type of energy used by the different processes. In cases where wood
is used to generate thermal energy – which is the case for some virgin paper
production processes – the emissions associated with that energy use may be
reduced, even though the actual energy requirement is greater. The energy
requirements are dependent on the type of paper being processed, and in particularly
whether it is electrical or thermal energy that is required. Paper produced using
thermo-mechanical pulp or chemical-thermo-mechanical pulp (e.g. newsprint) usually
requires a supply of electricity, and this is less frequently produced from wood fuel. In
contrast paper produced from craft pulp requires thermal energy, and this was much
more frequently provided from wood fuel. The WRAP study found that in all cases
where incineration was favoured over recycling some form of wood energy was
assumed to be used within the virgin paper production process (but not within the
recycled paper production process).
The AEA (2001) report reviewed the estimates associated with a number of studies.
For paper, these are shown in Table 40.
Table 40: Life-cycle Emissions for Paper Production (AEA)
Paper Type

Source

Production emissions (kg CO2eq / t paper)
Virgin Materials

Recycled Materials

Newsprint

Swedish study

1,755

849

Newsprint

US study

2,222

1,535

Newsprint

BUWAL database

Kraft paper
unbleached

BUWAL database

1,080

633

(Swiss Kraft)
Graphic paper

BUWAL database

436 (uncoated)
730 (coated)

586 with de-inking
380 without de-inking

Corrugated board

BUWAL database

644
(25% recycled)

522-556

291 (68% recycled)

Source: AEA Technology (2001) Waste Management Options and Climate Change: Final Report,
European Commission: DG Environment, July 2001

The report carried forward the figure from the Swedish study, which converted energy
use into emissions using EU average power mix. The study assumed that 1 tonne of
recycled paper could produce 700kg of recycled newsprint. Actually, this estimate
may be quite low for newsprint, and is more representative of other paper grades, but
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since the study was looking at other forms of paper and card (using ‗paper‘ as one
category), 70% could be a reasonable figure to use. As such, the estimated GHG
savings associated with recycling paper were 0.7 x 906 kg CO2 equivalent per tonne,
or 0.634 tonnes CO2 equivalent per tonne of paper.
These savings are much lower than are estimated by the USEPA (2002). However, the
USEPA modelling included some quite sophisticated modelling of the US forest sector,
and the implications of not harvesting forests:93
‘When paper and wood products are recycled or source reduced, trees that
would otherwise be harvested are left standing. In the short term, this
reduction in harvesting results in a larger quantity of carbon remaining
sequestered, because the standing trees continue to store carbon, whereas
paper and wood product manufacture and use tends to release carbon. In the
long term, some of the short-term benefits disappear as market forces result
in less planting of new managed forests than would otherwise occur, so that
there is comparatively less forest acreage in trees that are growing rapidly
(and thus sequestering carbon rapidly).
Considering the effect of forest carbon sequestration on U.S. net GHG
emissions, it was clear that a thorough examination was warranted for this
study. The complexity and long time frame of carbon sequestration in forests,
coupled with the importance of market dynamics that determine land use,
dictated the use of best available models.’
Close inspection shows that these are extremely important in the modelling
outcomes, albeit (as the study itself admits) subject to considerable uncertainty.
Importantly, the study claims that these benefits are potentially transferable to other
countries: 93
‘Although the goal of this analysis is to estimate the impact of paper recycling
and source reduction on GHG emissions in the United States, the actual
effects would occur in Canada and other countries as well.’
The caveats under which these sequestration effects might be deemed a) accurate
and b) directly transferable are quite numerous (and the reader is directed to the
study for more detailed discussion). Suffice to say that the effect is potentially
important, being far greater than the total savings estimated by the AEA report.
The enormous significance of the sequestration effect in the total outcomes can be
appreciated by reference to Table 41. These figures take into account the loss rates
of material in the recovery process and in the production process. It can be seen that
for newspaper, the recycled input credit – which represents GHGs saved through
using recovered fibre as opposed to virgin materials - is close to the estimate used by
AEA. The enormous difference in the reported outcomes is entirely associated with
the sequestration effects modelled in the US study. It is also noteworthy that the
relative performance of the different materials recovered in respect of the credits for

USEPA (2002) Solid Waste Management and Greenhouse Gases: A Life-Cycle Assessment of
Emissions and Sinks, EPA530-R-02-006, May 2002
93
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using recycled inputs tends to reflect what was suggested in the studies reviewed by
AEA. For example, the credit for corrugated cardboard is less than the GHGs emitted
in using virgin materials, whilst the AEA review suggests a much reduced credit
relative to virgin material production.
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Table 41: GHG Emissions for Recycling, MTCO2eq per tonne of Paper (USEPA)
(a)

Material

(b)

(c)

(d)

(e)

Recycled Input Credit*:
Process Energy

Recycled Input Credit*:
Transportation Energy

Recycled Input Credit*:
Process Non- Energy

Forest Carbon
Sequestration

(f)
(f = b + c + d + e)
GHG Reductions From
Using Recycled Inputs

Corrugated Cardboard

0.147

-0.037

0.000

-2.677

-2.603

Magazines/Third-class
Mail

0.000

0.000

0.000

-2.677

-2.713

Newspaper

-0.770

-0.037

0.000

-2.677

-3.483

Office Paper

0.220

0.000

0.000

-2.677

-2.493

Phonebooks

-0.660

0.000

0.000

-2.677

-3.337

Textbooks

-0.037

0.000

0.000

-2.677

-2.750

Dimensional Lumber

0.073

0.000

0.000

-2.530

-2.457

Medium-density
Fiberboard

0.037

0.000

0.000

-2.530

-2.457

Source: USEPA (2002) Solid Waste Management and Greenhouse Gases: A Life-Cycle Assessment of Emissions and Sinks, EPA530-R-02-006, May 2002
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ERM give a figure of 496 kg CO2 equivalent avoided per tonne of material recycled.94
A more recent study takes figures from the Swiss Ecoinvent database, giving values
maximum and minimum figures of 0.62 tonnes and 0.28 tonnes respectively, with
the difference attributable to de-inking processes and the grade of paper being
produced (the minimum value assumes the paper recovered is of a low grade).95
We have used the upper value given by the latter ERM study of 0.62 tonnes CO2
equivalent per tonne of paper recycled in our analysis. This is close to the value taken
forward in the previously cited AEA study, and is also consistent with the average
WRAP value if the contribution given by the avoided landfill emissions is removed.
A.8.2.2

Glass

Glass commonly constitutes around 25-35% by weight of dry recyclables collected.
Tonne for tonne savings of greenhouse gases resulting from recycling glass therefore
have a significant impact with respect to the overall emissions associated with the
waste management system of an authority.
The values presented in Table 42 are taken from the WRAP review.
Table 42: Emissions Savings – Glass Recycling Compared to Disposal (WRAP)

Material

Disposal
method

No. of
scenarios
considered

Average
savings across
scenarios
(tonnes CO2eq)

Range of
savings across
scenarios
(tonnes CO2eq)

9

0.45*

0.0 < x < 2.1

Glass
(closed loop)

Incineration

Glass
(closed loop)

Landfill

16

0.44

0.3 < x < 1.1

Glass
(open loop)

Landfill

5

0.01

0.0 < x < 0.1

Notes
1. The study did not find any scenarios that compared open loop recycling with incineration
2. Negative numbers here represent scenarios that lead to a net contribution to climate change as a
result of recycling that material
WRAP (2006) Environmental Benefits of Recycling: An International Review of Life cycle Comparisons
for Key Materials in the UK Recycling Sector, Final Report to WRAP, May 2006

ERM (2006) Impact of Energy from Waste and Recycling Policy on UK Greenhouse Gas Emissions,
Final Report for Defra, January 2006
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ERM (2006) Carbon Balances and Energy Impacts of the Management of UK Wastes, December
2006
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WRAP‘s review found that:96
…the assumptions that were found to have the highest influence on LCA
outcomes were those related to the interdependency of the glass waste handling
system on the energy system of the surrounding technosphere, including:


the type of energy used for manufacture of primary glass;



the type of energy used for manufacture of secondary glass from recycled
cullet;



the type of recycling process applied (closed loop recycling appeared to be
preferable to open loop recycling processes).

As part of their study, WRAP reviewed a report by Enviros undertaken on behalf of
British Glass. This attributed benefits of 0.314 tonnes of CO2 equivalent per tonne of
material recycled in closed loop processes where the avoided disposal route was
landfill.97 The study also considered the impact of reprocessing glass in overseas
facilities; a value of 0.290 tonnes CO2 equivalent per tonne of glass emerged from
this scenario.
The AEA report used the EA / Chem Systems life cycle inventory. From this data, it
was estimated that the carbon dioxide savings through the use of an additional tonne
of cullet were 301 kg CO2. 1,049 tonnes of raw cullet are needed for 1000 tonnes of
processed cullet, giving a net GHG savings of 0.287 tonnes CO2 equivalent per tonne
of recycled cullet. This is almost identical to the figure reported by the USEPA (0.28
tonnes CO2 equivalent per tonne).
We have used the closed loop value from the Enviros study, assuming that the glass
is processed within the UK. This is slightly higher than the net savings attributed by
AEA and USEPA, but lower than the average WRAP value.
A.8.2.3

Steel

Data from the WRAP study is presented in Table 43.

WRAP (2006) Environmental Benefits of Recycling: An International Review of Life cycle
Comparisons for Key Materials in the UK Recycling Sector, Final Report to WRAP, May 2006
96

Enviros (2003) Glass Recycling – Life Cycle Carbon Dioxide Emissions, internal report for the British
Glass Public Affairs Committee
97
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Table 43: Emissions Savings – Steel Recycling Compared to Disposal (WRAP)

Material

Disposal
method

No. of
scenarios
considered

Average saving
across
scenarios
(tonnes CO2eq)

Range of
savings across
scenarios
(tonnes CO2eq)

Steel

Incineration

11

-0.90

-0.1 < x < 3.1

Steel

Landfill

8

-1.34

0.0 < x < 3.0

Notes
1. Negative numbers here represent scenarios that lead to a net contribution to climate change as a
result of recycling that material
WRAP (2006) Environmental Benefits of Recycling: An International Review of Life cycle Comparisons
for Key Materials in the UK Recycling Sector, Final Report to WRAP, May 2006

The study found that the assumptions which had the highest influence on the results
were those related to the interdependency of the steel waste handling system with
the energy system of the surrounding technosphere – particularly with regard to the
type of energy used within the primary and recycled scrap manufacturing systems.
The study also cited assumptions regarding the effectiveness of steel reclamation
from incineration processes as a further potential source of variation between
studies.
ERM give a figure of 0.43 tonnes CO2 equivalent per tonne of material recycled,98
while a later report by the same company gives minimum and maximum figures of
0.58 tonnes CO2 equivalent and 0.83 tonnes CO2 equivalent, respectively, albeit
reportedly using the same database as in the previous study.99
The AEA report used the datasets from BUWAL 250 for production of tin plate from
raw materials and from non-detinned scrap. This data includes all emissions
associated with transport of materials, energy used in processes etc. It was assumed
that 0.84 tonnes of tinplate were manufactured from 1 tonne of scrap. This gave a
figure of 1.521 tonnes CO2 equivalent savings per tonne of steel collected for
recycling. This figure is close to that reported in the USEPA report, which is slightly
higher at 1.79 tonnes saved. The IWM2 model gives a figure of 1.75 tonnes CO2
equivalent saved per tonne steel recycled.

ERM (2006) Impact of Energy from Waste and Recycling Policy on UK Greenhouse Gas Emissions,
Final Report for Defra, January 2006
98

ERM (2006) Carbon Balances and Energy Impacts of the Management of UK Wastes, December
2006
99
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We have used the WRAP figure of 1.34 tonnes CO2 per tonne of steel recycled for the
current analysis. This value is marginally higher than the mean of the other studies
previously cited.
A.8.2.4

Aluminium

Table 44 presents data from the WRAP study.
Table 44: Emissions Savings – Aluminium Recycling Compared to Disposal (WRAP)

Material

Disposal
method

No. of
scenarios
considered

Average
savings across
scenarios
(tonnes CO2eq)

Range across
scenarios
(tonnes CO2eq)

Aluminium

Incineration

10

6.92

-2.9 < x < 15.1

Aluminium

Landfill

6

6.33*

-0.4 < x < 15.1

Notes:
1, Negative numbers here represent scenarios that lead to a net contribution to climate change as a
result of recycling that material
2. Excluding one outlier result (50.32 tonnes CO2eq)
WRAP (2006) Environmental Benefits of Recycling: An International Review of Life cycle Comparisons
for Key Materials in the UK Recycling Sector, Final Report to WRAP, May 2006

Almost all studies reviewed by the WRAP analysis attributed a clear benefit from
aluminium recycling with regard to climate change. One outlier scenario considered
very poor recycling rates and compared this to an incineration process where a very
high recovery for the extraction of aluminium from the slag was assumed. The outlier
scenarios were not, however, regarded as either typical or representative.
Two ERM studies gave similar values - a range from 12.3 tonnes of CO2 equivalent
avoided to 13.1 tonnes of CO2 equivalent avoided per tonne of aluminium, and a
figure of 11.6 tonnes of CO2 equivalent avoided per tonne of aluminium.100
The AEA report used the datasets from BUWAL 250 for production of aluminium
ingots from raw material and from recycled aluminium, and for production of tin plate
from raw materials and from non-detinned scrap have been drawn from the BUWAL
250 data set. This data includes all emissions associated with transport of materials,
energy used in processes etc. For primary aluminium production, emissions of the
potent greenhouse gas carbon tetrafluoride (CF4), which has a global warming
potential of 6,500, are included. Table 45 confirms the GHG emissions for the

ERM (2006) Carbon Balances and Energy Impacts of the Management of UK Wastes, December
2006; ERM (2006) Impact of Energy from Waste and Recycling Policy on UK Greenhouse Gas
Emissions, Final Report for Defra, January 2006
100
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production of virgin and recycling aluminium indicated within the AEA study. It is
further assumed that 0.93 tonnes of aluminium are produced from 1 tonne of
recycled cans, and 0.84 tonnes of tinplate from 1 tonne of scrap. This gives a net
savings figure per tonne of aluminium recycled of 9.108 tonnes CO2 equivalent.
Table 45: GHG Emissions for Production of Virgin and Recycled Aluminium (AEA)
Material
1,000 kg aluminium ingot (virgin)
1,000 kg aluminium ingot (recycled)

CO2 (kg)

CF4 (kg)

Total kg
CO2eq

7,640

0.4

10,240

403

0

403

Source: AEA Technology (2001) Waste Management Options and Climate Change: Final Report,
European Commission: DG Environment, July 2001

The USEPA report gives a figure of 15.07 tonnes CO2 equivalent per tonne of
aluminium recycled. For aluminium, the USEPA and AEA data was incorporated into
the dataset considered by the WRAP review.
Recent data produced by the European Aluminium Association (EEA) suggests the
total global warming potential for ingot production in Europe to be 9,677 kg CO2
equivalent per tonne of aluminium, whilst comparable emissions for producing ingot
from recycled aluminium were given as 506 kg CO2 equivalent.101 This suggests
avoided emissions of 9.17 tonnes CO2 equivalent per tonne of aluminium recycled.
We have used the EEA value in the current analysis, which is slightly lower than an
average obtained from the average ERM and WRAP values.
A.8.2.5

Plastics

Different studies split out plastics fractions in different ways. Some give values of
plastics by polymer, others simply split out materials by whether or not they are rigid
or films. Where one is examining only household waste, one can reasonably consider
recycling of dense plastic, with less attention paid to plastic film. The same is not the
case for commercial wastes. Here, the value of plastic film may be significant, and it
becomes more important to understand the GHG benefits of film recycling.
Table 46 provides data from the WRAP review, for all types of plastic.

European Aluminium Association (2008) Environmental Profile Report for the European Aluminium
Industry: Life Cycle Inventory Data for Aluminium Production and Transformation Processes in Europe,
April 2008
101
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Table 46: Emissions Savings – Plastics Recycling Compared to Disposal (WRAP)
Material

Disposal
method

No. of
scenarios
considered

Average across
scenarios
(tonnes CO2eq)

Range across
scenarios
(tonnes CO2eq)

Plastics (all
types)

Incineration

29

-1.25

-3.8 < x < 4.1

Plastics (all
types)

Landfill

15

-1.08

-1.5 < x < 2.4

Notes
1. WRAP‘s analysis compared a range of different plastics
2. Negative numbers here represent scenarios that lead to a net contribution to climate change as a
result of recycling that material
WRAP (2006) Environmental Benefits of Recycling: An International Review of Life cycle Comparisons
for Key Materials in the UK Recycling Sector, Final Report to WRAP, May 2006

Results for scenarios comparing the recycling of plastic to the incineration of the
same material were particularly variable, and the WRAP review identified a number of
sensitive assumptions from the range of studies it had considered. Particularly
important were the following:
 Whether washing or cleaning of the material was required - where this was the
case incineration was suggested to be environmentally preferable in the
majority of cases (as a result of the use of hot water);
 Whether the recycled material was assumed to substitute (on a tonne for
tonne basis) virgin material of the same kind. In cases where the quality /
grade of the recovered plastic implied a less favourable substitution ratio
(worse than 1:1), the scenarios dealing with this issue demonstrated that a
ratio of 1:0.5 was about the break-point at which recycling and incineration
with energy recovery were environmentally equal.
WRAP‘s analysis found that results were less sensitive to the type of polymer that was
recycled. Their study featured one dataset evaluating the benefits of recycling film
plastic from farms which was assumed to require washing as one of the reprocessing
stages. The benefits attributed to this were in the region of 1.60 – 2.60 tonnes CO2
equivalent per tonne even including the washing step (the analysis did not confirm
which of the values taken from the study were attributed to the film plastic as
opposed to the container plastic). Beyond this, the review did not provide any data on
the recovery of film plastic from commercial waste streams.
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ERM attributed low and high values to recycling of dense plastic and plastic film.102 In
both cases, the low values represent the impacts associated with the use of plastic as
plastic lumber, whilst the high value represents the effect of displacing granulate, PET
in the case of dense plastic, and LDPE in the case of plastic film. The values for dense
plastic range from -0.85 tonnes CO2 equivalent saved (i.e. a net contribution to
climate change) to +1.82 tonnes CO2 equivalent saved per tonne of material. For
plastic film, the figures range from -0.85 tonnes CO2 equivalent saved (i.e. a net
contribution to climate change) to +1.47 tonnes CO2 equivalent saved per tonne of
material.
ERM‘s earlier study gave figures for dense plastic of 2.324 tonnes CO2 equivalent
saved per tonne of material recycled, and for plastic film, 1.586 tonnes CO2
equivalent saved per tonne of material recycled.103 ERM do not indicate the source of
the feedstock for the recycled film. The benefits of reprocessing clean packaging film
from a commercial stream are likely to be greater than those associated with
recycling food packaging from households, given that the energy used to wash the
material will be significantly reduced for film obtained through the first of these
streams.
In the AEA Report, data on the emissions associated with plastics production were
taken from the BUWAL 250 LCA data set which is based on data from the Association
of Plastics Manufacturers in Europe (APME), except for HDPE where data used was
taken from the Chem Systems work for the UK Environment Agency. Data on recycling
of HDPE plastic bottles into flakes which are then extruded into pellets which can
substitute for virgin material is available for a plant in the UK, and gives a value of
341 kg CO2 per tonne of recyclate due to a much lower energy demand. Similarly data
on PET bottle recycling to produce PET flakes at a Swiss plant gives a value of 114 kg
CO2 per tonne of flakes due to a low energy demand. AEA‘s life cycle CO2 emissions
associated with the production of different types of plastics are given in Table 47.

ERM (2006) Carbon Balances and Energy Impacts of the Management of UK Wastes, December
2006
102

ERM (2006) Impact of Energy from Waste and Recycling Policy on UK Greenhouse Gas Emissions,
Final Report for Defra, January 2006
103
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Table 47: Avoided Emissions Associated with Recycling Plastics (AEA)
Plastic type

Emissions in kg CO2eq / tonne material
EU virgin

PE granules (general)

2,200

HDPE granules

1,000

LDPE granules

2,320

LDPE granules

1,910

PVC powder

1,940

PET granules

2,200

PP granules

1,800

EU recycled

US virgin

US recycled

341

700

280

890

330

1,160

450

114

Source: AEA Technology (2001) Waste Management Options and Climate Change: Final Report,
European Commission: DG Environment, July 2001

The AEA study used figures for HDPE and PET of savings of 0.53 tonnes CO2
equivalent per tonne material recycled, and 1.8 tonnes CO2 equivalent per tonne
material recycled.
Updated information published by the APME suggests that typical emissions
associated with HDPE manufacture are higher than those given by Chem Systems,
implying that the benefits associated with recycling this polymer are greater than
those cited by the AEA study.104 The APME suggest typical emissions from a HDPE
production process to be 1.9 tonne CO2 equivalent per tonne of HDPE produced.
Other figures are comparable to those presented by AEA.
The USEPA study also gives quite different figures for HDPE compared to the AEA
study, as is shown in Table 48.

104

The most recent updates were made in 2005. See http://www.plasticseurope.org
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Table 48: Avoided Emissions Associated with Recycling Plastics (USEPA)
Material

Avoided emissions, tonne CO2eq / tonne of material

HDPE

1.40

LDPE

1.71

PET

1.55

Source: USEPA (2002) Solid Waste Management and Greenhouse Gases: A Life-Cycle Assessment of
Emissions and Sinks, EPA530-R-02-006, May 2002

For the current study, an average value for benefits associated with recycling dense
plastic was derived - 1.40 tonnes CO2 equivalent per tonne of material. The average is
based on the values obtained for HDPE, LDPE and PET from the AEA, ERM and USEPA
studies. For film plastic, we use the upper value given by the ERM study of 1.47
tonnes CO2 equivalent per tonne of film (which assumes a closed loop recycling
process).
A.8.2.6

Textiles

The WRAP review did not consider textiles recycling. AEA considered the process of
recycling textile fibers into wool and acrylic garments. Energy savings result from the
avoidance of raw wool scouring, the removal of contaminants and dyeing (less
estimated energy usage from rag pulling). Overall CO2 savings were calculated at
3.031 tonnes per tonne.105
ERM (2006a) reported figures of 0.93 to 1.75 tonnes CO2 equivalent saved per tonne
material recycled.106 Figures at the lower end of the spectrum refer to the recycling of
poor quality material into rags or fillers. Higher figures refer to combinations of
synthetic and natural fibres therefore cannot be classified as ‗maximum‘ values,
which is how they are reported. ERM (2006b) report a figure of 7.869 tonnes CO2
equivalent saved per tonne material recycled, suggesting that the ‗maximum‘ figure in
ERM (2006a) is underestimated.107
Data incorporated within the WRATE model suggests emissions benefits associated
with the recycling of donated textiles to be 4.29 tonnes of CO2 equivalent per tonne of

Based on Energy Efficiency Office Best Practice Programme, Good Practice Case Study 181, ‗A
Novel Use for Recycled Textile Fibres‘, (undated) ETSU, Oxfordshire, UK
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ERM (2006) Carbon Balances and Energy Impacts of the Management of UK Wastes, Final Report
for Defra, December 2006
106

ERM (2006) Impact of Energy from Waste and Recycling Policy on UK Greenhouse Gas Emissions,
Final Report for Defra, January 2006
107
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textiles, based on information supplied by Oxfam and WasteSavers. The model
assumes that 70% of the clothing donated is resold, with 3% being rejected
(subsequently landfilled) and a further 27% recycled into rags. Impacts are calculated
on the basis of a UK specific mixture of textiles. No information is provided on the
source of emissions reductions data.
It is clear that the benefits associated with recycling textiles vary enormously
depending on the type of fibres and the end use of the recovered material. We have
used the data provided by WRATE as the central assumption for the benefits
associated with recycling textiles in our analysis, as this used a UK specific mix of
materials to calculate the benefits.
A.8.2.7

Wood

There is a lack of robust data with regard to the benefits attributable to wood
recycling, as was acknowledged in WRAP‘s international review of life cycle studies
associated with recycling materials.
We use the value given by ERM 0.001 tonne of CO2 equivalent per tonne of wood
recycled. Following the same approach as for paper and card, we also include, in the
spirit of sensitivity analysis, the non-fossil carbon emissions associated with carbon
sequestration. These are attributed as 2.53 tonnes of CO2 equivalent per wood
recycled, as given by USEPA.108
A.8.2.8

WEEE

The benefits from the recycling of WEEE are estimated from the avoided emissions
values for steel, aluminium and plastics, applied to the assumed composition of
WEEE. The composition data is derived from a survey of recyclable WEEE undertaken
in London, as shown in Table 49. This gives benefits of 1.078 tonnes CO2 equivalent
per tonne of WEEE.
Table 49: Composition of Recyclable WEEE in London, 2006
Steel

Aluminium

Plastics

53%

2%

16%

Notes:
1. The remaining proportion of the material is assumed non-recyclable.
Source: Axion Recycling (2006) WEEE Flows in London: An Analysis of Waste Electrical and Electronic
Equipment within the M25 from Domestic and Business Sectors, Report for the Environment Agency,
September 2006

USEPA (2002) Solid Waste Management and Greenhouse Gases: A Life-Cycle Assessment of
Emissions and Sinks, EPA530-R-02-006, May 2002
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A.8.2.9

Furniture

Very little data quantitative data exists on the composition of furniture waste in the
UK, or on the benefits that can be attributed to the recycling or reuse of furniture
items. However the European Furniture Manufacturers Federation (UEA) has
produced an estimated composition of European furniture wastes (excluding large
WEEE items and white goods). These estimates are based on:
 European furniture manufacture statistics produced by the UEA and its
partners;
 The expected lifetime of the furniture items, and
 An assumed replacement rate of 70%.
The UEA provides only limited data on the proportion of furniture waste that is
recycled and reused across Europe.
The UEA provides only limited data on the proportion of furniture waste that is
recycled and reused across Europe.
Table 50 indicates the estimated composition of furniture waste in Europe, using the
UEA dataset together with that from a separate LCA study on mattresses.
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Table 50: Estimated Composition of Furniture Waste (Excluding Large WEEE Items)
Type of furniture
Household
furniture1
Wooden
products

Upholstered
furniture

68%

66%

Metal products

6%

6%

Plastics

9%

Fittings

Mattresses2

Office
furniture

Proportion
of total
furniture
waste, by
material

51%

62%

38%

13%

0%

1%

6%

7%

0%

6%

6%

Foams

0%

2%

14%

0%

1%

Textile coverings

0%

15%

50%

0%

5%

Glass

3%

0%

0%

2%

Others

6%

12%

4%

6%

65%

14%

16%

n/a

Proportion of
total furniture
waste, by type

36%

5%

Notes
1. Items such as dining tables / chairs, kitchen and bedroom fittings (excluding mattresses)
2. Data provided by Deliege et al as this is more typical for UK mattresses than the high level
data supplied by the UEA
Sources: UEA (u.d.) Furniture Waste and its Treatment, available from
http://www.ueanet.com/furniturewaste/; Deliege E, Nijdam D and Vlaanderen A (2008) European
Ecolabel Bed Mattresses: LCA and Criteria Proposals, Final Report for the EC

In addition to the materials identified above that have been previously considered in
other sections of the current analysis (i.e. wood, plastics, glass and textiles), flexible
polyurethane foam and latex foam rubber can also be recovered as manufacturing
scrap or recovered from post consumer use as bonded carpet cushion (although no
life cycle inventory data is available to quantify potential emissions reductions).109

109

See http://www.pfa.org/intouch/new_pdf/lr_IntouchV.8.pdf
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The composition analysis indicates that where biogenic CO2 emissions are excluded
from the analysis, the most significant benefits are likely to be attained from the
recycling or re-use of office furniture, given its relatively high metal content. The UEA
suggests that up to 70% of replaced office furniture in the EU is already being reused
as second hand products in Europe and Africa.
If the avoided emissions values for wood, steel, glass, textiles and plastics are applied
to the assumed composition of furniture, this gives estimated benefits for furniture
recycling of 0.40 tonnes of CO2 equivalent per tonne of furniture where biogenic CO2
emissions are excluded from the analysis. Inclusion of the biogenic CO2 impacts
(through sequestration) results in an additional 1.56 tonnes CO2 equivalent per tonne
of furniture.
The benefit that can be attributed to the reuse of household furniture items are not
necessarily greater than those that are assumed to occur from the recycling of the
composite materials. A recently published analysis of furniture reuse schemes
attempted to evaluate the environmental, social and financial benefits associated
with such schemes. The study incorporated data derived from interviews with scheme
participants, including those who donated furniture to the scheme as well as those
who obtained furniture from it.110 The interview data suggested that only 10% by
weight of furniture sold through the scheme would have been bought in the absence
of the scheme.
A.8.2.10

Summary of Values Used for all Materials

Table 51 provides a summary of the assumptions used within the current study along
with the relevant literature sources.

Alexander C and Smaje C (2008) Evaluating Third Sector Reuse Organisations in the UK: CaseStudies and Analysis of Furniture Reuse Schemes, Resources, Conservation and Recycling, 52,
pp719–730
110
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Table 51: Summary of Values Used and their Literature Sources
Avoided emissions, t CO2eq / t recycled material
Paper and card1

0.62

Dense plastic2

1.40

Film plastic3

1.47

Glass4

0.31

Steel5

1.34

Aluminium6

9.17

Textiles7

3.03

Wood8

0.001

WEEE9

1.08

Furniture10

0.40

Notes:
1. ERM 2006 (upper value)
2. Average of HDPE, LDPE and PET taken from ERM 2006a and 2006b, AEA 2001 and USEPA
2002
3. ERM 2006 (closed loop process)
4. Enviros 2003 (value for UK re-processing, assuming closed loop process)
5. WRAP 2006 (average landfill value)
6. European Aluminium Association 2008
7. AEA 2001
8. ERM 2006
9. Uses Axion WEEE composition and the above avoided emissions for each of the separate
components
10. Uses UEA furniture composition and the above avoided emissions for each of the separate
components

A.8.3

Materials Recycling Facilities

Our model considers the energy requirements of MRF facilities. We have based our
assumptions in this regard on data provided within the Environment Agency‘s
software tool WRATE.
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The tool uses data provided by operating plant where available, although closer
inspection of the facilities data provided within the model indicates that the electricity
consumption is often estimated. Table 52 outlines the energy requirements for these
facilities as indicated by WRATE.
The data provided in Table 52 suggests that the size of facility is important in defining
energy requirements, indicating that larger facilities require less electricity per tonne
of waste treated. The extent of the separation carried out by the plant is also
important. As indicated in Table 52, we have used average values across all these
facilities for modelling MRFs in London.
Table 52: MRF Energy Requirements
Throughput
(tonnes /
year)

Electricity
requirement
(kWh / tonne)

Diesel
requirement
(kg / tonne)

‗Small dirty (paper only)‘

25,000

14

0.29

‗Refuse Derived Fuel (RDF) for
cement kiln (front end)‘

60,000

30

0.33

‗V screen, semi automated‘

75,000

9

0.58

‗Including infra red equipment‘

50,000

15

0.93

n/a

17

0.53

Facility

Description1

Average
Notes:

1. Descriptions as expressed within WRATE
Source: WRATE

A.8.4

Location of Materials Reprocessing

Based on Defra‘s latest Packaging Recovery Note (PRN) and Packaging Export
Recovery Note (PERN) data, reprocessing is assumed to take place broadly 50% in
the UK, and 50% overseas, depending upon material type. For example, it is assumed
that 90% of glass is reprocessed in the UK. As discussed in Section 8.2 of the Main
Report, the destination and subsequent reprocessing of materials is relevant to
carbon reporting mechanisms. Under IPCC guidance only carbon emitted, or saved, in
the UK is counted in national emissions inventories. Hence the greater the
reprocessing of materials in the UK, the greater the reported carbon benefit. The
impact of this variable is tested within the sensitivity analysis in Section 9.6 of the
Main Report.

A.8.5

Open Air Composting of Green Waste

Source-separated green waste can be treated by either IVC or open-air windrow
composting facilities. Open-air windrow composting processes are those which occur
in the open, usually in piles of triangular cross-section, these being turned periodically
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to introduce air into the process. In the UK, food waste cannot be treated in
uncovered (open-air) facilities.
A.8.5.1

Climate Change Emissions to Air from Composting Process

The quantity of emissions to the atmosphere of any given gas from a given
composting process is related to the degree to which the composting process is
allowed to proceed towards a theoretical ‗final‘ point at which all the carbon
dissimilable in the composting process has been degraded.
In practice, different processes may facilitate more or less rapid degradation of the
available biomass, so that over a given period of time, different processes may lead
to differing levels of emissions. Other things being equal, however, and subject to
proper management of the composting process, a longer retention time would be
expected to lead to greater ‗raw gas‘ (i.e. before biofiltration / scrubbing) emissions.
Depending upon the nature of the input materials and the market outlets, compost
producers may seek to produce more or less mature products. The former is typically
used in higher value horticultural applications; the latter is typically used on
agricultural land. In terms of the overall emissions profile, it is important to
understand whether fresh or mature composts generate more or less emissions
overall.
This linkage – between end products, retention times and process emissions – has to
be approached carefully. Fresh compost would produce fewer process emissions.
However, the question arises as to what might happen once it is applied to land.
Would emissions of nitrogenous gases continue (and be relatively more harmful
because of the absence of any biofiltration)? Would the potential for methane
generation be increased as a consequence of the less stable nature of the material,
and the likelihood of the material being less well aerated?
To some degree, it could be argued that process emissions from compost, where they
are less because of the lower retention time, are likely to be compensated for when
the material is added to the soil. We probably do not have the evidence base to make
this assumption; however the assumption is likely to be more applicable when
considering open air composting than when considering in-vessel systems, with
biofiltration. Arguably, the longer the period of treatment in a system that uses
biofiltration, the less will be the difference in emissions from the ‗short duration‘ and
‗long duration‘ processes.
Within the modelling of composting processes carried out for this study, organic
waste is assumed to contain carbon in the form of cellulose, lignin, protein, sugar /
starch and fats. The proportion of these constituent types of carbon varies depending
on the composition of the organic stream - green waste contains a greater proportion
of cellulose and lignin whilst food waste contains more protein. Whilst sugar, starch
and fat will degrade completely during aerobic digestion processes, lignin degrades
much more slowly, such that only 15% is assumed to be degraded.
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Table 53 outlines the key assumptions used in this study, which were developed in a
previous study for WRAP by Eunomia.111 The principal climate change impacts are
associated with release of biogenic CO2 emissions which are not reported in the
majority of studies that use a life-cycle assessment approach to analyse the
emissions of greenhouse gases.
Table 53: Assumptions for Windrow Composting
Parameter

Assumption

CH4 emissions from process

0.05 kg / t input

N2O emissions from process

0.117 kg / t input

Non-degraded carbon (retained in biomass)

30%

Electricity requirement

0 kWh / t input

Diesel use by process

1 l / t input

Mineralisation rate of readily available organic matter3

20%

Mineralisation rate of stable humus

1%

% of organic matter from compost becoming humus

25%

Notes:
1. No action of biofilter is assumed for windrow facilities.
2. These avoided emissions equate to the amount of energy required to produce fertiliser. The
fertiliser requirement is assumed to be is displaced as a result of applying the compost to
land.
3. The mineralisation rate is the rate at which carbon contained within the organic matter (or
humus) is assumed to become atmospheric CO2.

Nitrous oxide emissions are determined by temperature, ventilation, nitrogen content,
the C/N relation, and other factors.112 Maximum N2O formation rates are observed if
the supply of oxygen during decomposition is insufficient. This may occur, for

Eunomia (2006) Managing Biowastes from Households in the UK: Applying Life-cycle Thinking in the
Framework of Cost-benefit Analysis, Final Report for WRAP, May 2006
111

Hüther L (1999) Entwicklung Analytischer Methoden und Untersuchung von Einflußfaktoren auf
Ammoniak-, Methan- und Distickstoffmonoxidemissionen aus Flüssig- und Festmist. Landbauforschung
Völkenrode, Sonderheft 200, Braunschweig (FAL) 1999, 225 S.
112
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example, if the partial pressure of oxygen in the rotting material drops to zero due to
very high rates of biological activity.113
Aeration and the C:N ratio are believed to have an important effect on the nitrogen
conversion processes. Where composting processes have included manures,
intensive aeration in connection with low C-content has been shown to give rise to
nitrite accumulation in slurry (up to 33% of the total nitrogen content) and incomplete
ammonium oxidation. Low ventilation rates and sufficient carbon supply support the
formation of nitrous oxide during nitrification and denitrification processes.
Gronauer et al suggest that around 12% of total nitrogen escapes from the material in
the form of ammonia and that 0.15 kg N2O per tonne waste would be emitted.114 A
further Swedish study assumed the nitrogen leakage to air was 7.5% of the nitrogen
content of the feedstock.115 Of this leakage, it was assumed 89% was emitted as
NH3, 9% as N2O and 2% N2. A study for the Danish EPA assumed that of the total
amount of nitrogen lost as gaseous emission, 98 % was volatilised as NH3, 0.5 % as
N2O and 1.5 % as N2.116 These are figures for raw gas (as opposed to gas which has
been scrubbed).
Our model assumes that 10% of the total nitrogen content of the waste is released in
some form as a result of the composting process. Of this 10%, we further assume
that 10% is released as N2O (with the remainder being released as NH3 and N2).
A.8.5.2

Benefits Associated with the Use of Compost

50% of the compost produced is assumed to be used in agriculture. Our model
considers the following benefits associated with the use of compost in this way:117
 The displacement of alternative nutrient sources otherwise applied through
the use of synthetic fertiliser, including the avoided energy use associated with
this;

Hellebrand H J (1998) Emission of Nitrous Oxide and Other Trace Gases During Composting of
Grass and Green Waste (Emission von Lachgas und anderen Spurengasen während der
Grüngutkompostierung). J. Agric. Engng Res. 69, S. 365-375; Zhou S, Zaeid H, and Van den Weghe H
(1999) Kompostierung tierischer Exkremente - Einfluß der Sauerstoffkonzentration auf
Reaktionskinetik und Emissionsverhalten, Agrartechnische Forschung 5, S. 2-10
113

Gronauer A, Helm M, Schon H (1997) Verhafen und Konzepte der Bioabfallkompostierung –
Vergleich – Bewertung – Empfehlungen, Bayerische Landesanstalt fur Landtechnik der TU MunchenWeihenstephan

114

115 Finnvenden G, Johansson J, Lind P and Moberg A (2000) Life Cycle Assessments of Energy from
Solid Waste, Forskningsgruppen for Miljostrategiska Studier, FMS 137, August 2000

116 Beck-Friis B (2001) Emissions of Ammonia, Nitrous Oxide and Methane during Composting of
Organic Household Waste, Agraria 266, Doctoral Thesis, SLU, Sweden, cited in Baky A and Eriksson O
(2003) Systems Analysis of Organic Waste Management in Denmark, Environmental Project No. 822,
Copenhagen: Danish EPA

For a detailed description of the methodology used to calculate these estimates see: Eunomia
(2007) Managing Biowastes from Households in the UK: Applying Life-cycle Thinking in the Framework
of Cost-benefit Analysis, Appendices to the Main Report, Report for WRAP, May 2007
117
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 N2O emissions avoided as a result of the reduced application of nitrogenous
fertiliser.
The remaining 50% of the compost is assumed to displace the use of peat in
horticulture and hobby gardening applications. Here the avoided impacts are
principally the slow release of CO2 from the aerobic degradation of peat after its
removal from the peat-land.118

A.8.6

In-Vessel Composting of Mixed Green and Food Wastes

Our model for the in vessel composting processes is largely the same as that
previously described for the open air facilities. Emissions to air are, however,
managed differently at IVC facilities and this has an impact on the greenhouse gas
emissions from the process.
This study considers two types of aerobic digestion process for source-separated
organic wastes – In-Vessel and Open Air Composting. Whilst garden waste can be
treated by either process, food waste can only be treated through IVC facilities as a
consequence of the Animal By-Product Regulations (ABPR) in the UK.
Emissions from IVC facilities vary depending on the composition of the organic
material being treated by the facility. Food waste requires structural material (i.e.
green waste) to be added to it prior to treatment within an IVC facility. Although it is
possible to treat a feedstock of up to 70% food waste using IVC, the proportion is
usually optimised at closer to 50-60%.119 For the purposes of the current analysis,
50% of the material treated at IVC facilities is assumed to be food waste.
In in-vessel composting systems, the ammonia released from the composting process
is usually treated in biofilters. In biofilters, the nitrogen in the ammonia is converted
to, in varying proportions, N2, NO and N2O. The last of these is a potent greenhouse
gas. The N2O emissions from in-vessel composting systems are thus associated with:
 The process itself, through the release of nitrogenous gases to the
atmosphere as a result of degradation processes – as has been previously
described in Section A.8.5.1 with respect to emissions from windrow
composting; and
 The workings of the biofilter, which are likely to include conversion of nitrogen
in the form of ammonia to nitrogen in the form of N2O.

This follows the methodology described in AEA Technology (2001) Waste Management Options and
Climate Change: Final Report, European Commission: DG Environment, July 2001. Emissions
associated with the aerobic decomposition of peat are modelled using the emissions factors provided
by Cleary J, Roulet N T and Moore T R (2005) Greenhouse Gas Emissions from Canadian Peat
Extraction, 1990-2000: A Life-cycle Analysis, Ambio, 34(6) pp456-461
118

It should be noted, however, that this percentage will largely depend upon the level of
sophistication of each particular IVC facility. These range from cheap, usually static clamp systems with
‗temporary‘ polymer textile-type roofs, which have a high propensity to generate odours, to more
expensive, housed or tunnel systems with generally lower likelihood of problematic odours
119
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Estimates vary as to the proportion of N in NH3 which follows the conversion pathway,
but best estimates are that conversion efficiencies are of the order 25%.
One study looking at MBT processes suggests a mass balance as shown in Figure 9.
This suggests that, as regards N, for every 500 g of N entering the biofilter as NH3, an
additional 111 g of N is emitted as N2O. This would imply a conversion ratio of 22%.
On the other hand, the above figure suggests a low overall rate of destruction of NH3.
Figure 9: N-balance of a One-step Biofilter at the MBP Plant in Bassum, Germany

Trimborn et al conclude that independent from the level of NH3 load in the raw gas
ca. 29% of the transformed NH3 is released as N2O and ca. 9% to NO.120
Amlinger et al assume that:121
the continuous aerobic conditions in the biofilter supports the microbial
oxidation of NH4+ to NO2-. High concentrations of NH3 and NO2- can inhibit
further oxidation to NO3- (Spector, 1998a,b). NO2- can be directly denitrified to
NO and N2O. It is likely that caused by a high NH3- concentration the microbial
community in the biofilter is shifted in a way that deoxidising, denitrifying
enzymatic activities become predominant.
Literature suggests range of removal efficiencies for different compounds using
biofilters. Vogt et al assumed a removal efficiency of 96% for NH3, 50% for methane
and 50% for total organic carbon. Omrani et al site removal efficiencies of 97-99% for

120

Trimborn M, Goldbach H, Clemens J, Cuhls C, Breeger A (2003) Endbericht zum DBUForschungsvorhaben Reduktion von klimawirksamen Spurengasenin der Abluft von Biofiltern auf
Bioabfallbehandlungsanlagen (AZ: 15052)

Amlinger F, Cuhls C and Peyr S (2008) Greenhouse Gas Emissions from Composting and
Mechanical Biological Treatment, Waste Management and Research, 26, pp47-60
121

GLA – Economic Modelling for Mayor’s MWMS

111

a biofilter using peat, soil and sand, whilst one of sawdust, clay and sand achieved
94% abatement.122
A more recent study by Amlinger and Cuhls presented data on the efficiency of CH4
removal from biofilters as part of a wider study on emissions from composting
processes.121 Their data – which included measurements taken from currently
operating facilities - suggested much lower efficiencies of removal than those
indicated above. They concluded that biofilter system could be expected to reduce
CH4 concentrations by a maximum of 20%, with typical removal efficiencies in the
order of 15%.
A specific recommendation, in relation to the operation of exhaust air treatment, so
as to reduce N2O emissions is – logically – to deploy acid scrubbers to eliminate NH3
prior to treatment at the biofilter. This reduces the amount of NH3 arriving at the
biofilter, and hence, its conversion to N2O. For example, ORA report 100% removal
through the combined use of biofilter and scrubbing.123 However, the use of a
scrubber alongside the biofilter is not yet standard practice in UK IVC facilities.
In this study, we assume only a biofilter is used. Of the NH3 generated in the first
instance (through the composting process), 25% of the N in the NH3 is converted to
N2O. This lies between the estimates derived from Doedens et al, and that of
Trimborn et al. We further assume that 95% of the NH3 and 20% of the CH4 is
removed by the biofilter, and that the remaining VOC emission not removed by the
biofilter does not cause any environmental damage.

Omrani G, Safa M and Ghaghazy L (2004) Utilization of Biofilter for Ammonia Elimination in
Composting Plant, Pakistan Journal of Biological Sciences, 7, pp2009-2013
122

ORA (2005) Development of a Dynamic Housed Windrow Composting System: Performance Testing
and Review of Potential Use of End Products, Report for Canford Environmental, Dorset
123
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Table 54: Assumptions for In-Vessel Composting
Parameter

Assumption

CH4 emissions from process

0.816 kg / t input

N2O emissions from process – garden waste

0.361 kg / t input

N2O emissions from process – food waste

0.477 kg / t input

Non-degraded carbon (retained in microbial biomass)2

30%

Electricity requirement

40 kWh / t input

Diesel use by process

0.3 l / t input

Mineralisation rate of readily available organic matter4

20%

Mineralisation rate of stable humus

1%

% of organic matter from compost becoming humus

25%

Notes:
1. Assumes that a biofilter converts 95% of the available NH3 to N2O. 88% of the total nitrogen
is assumed to be released as NH3, whilst 10% is assumed to be released as N 2O without the
action of the biofilter.
2. This carbon is assumed to be used for cell reproduction and growth of the microbiological
organisms carrying out the degradation process.
3. These avoided emissions equate to the amount of energy required to produce fertiliser. The
fertiliser requirement is assumed to be is displaced as a result of applying the output from AD
to land.
4. The mineralisation rate is the rate at which carbon contained within the organic matter (or
humus) is assumed to become atmospheric CO2.

A.8.7

Anaerobic Digestion of Food Wastes

Emissions associated with the anaerobic digestion (AD) process itself are likely to
occur at the following treatment phases:
1. During the digestion phase, described in Section A.8.7.1;
2. During the stabilisation process used to treat the solid residue, described in
Section A.8.7.2.
The ultimate emissions to atmosphere and the emissions associated with the
compensatory system are dependent in each case upon the utilisation of the biogas.
Our model considers the following uses for the biogas produced by AD systems:
1. On-site combustion and energy generation using a gas engine generating both
electricity and heat, described in Section A.8.7.4;
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2. Biogas upgrading and its subsequent use as a vehicle fuel offsetting the use of
diesel, described in Section A.8.7.5; and
3. Biogas upgrading and its subsequent injection into the gas grid offsetting the
use of natural gas, described in Section A.8.7.6.
We also consider the environmental impacts associated with the use of the digestate.
The benefits associated with this are described in Section A.8.7.7.
A.8.7.1

Emissions to Air from the Digestion Phase

The emissions from anaerobic digestion processes vary with input materials. They
may also vary with the degree to which digesters approach a theoretical maximum
biogas yield from the input materials. This theoretical yield depends upon the
efficiency of the process, and the retention time within the digester (and for some
processes, the difference between the hydraulic retention time and the solid retention
time may be important).
CO2 emissions resulting from the AD of source-separated organic waste are based on
the carbon content of the input waste, assumed to 100% food waste for the purposes
of this study.124 The carbon content is calculated on the basis of the total organic
content of the waste and its volatile solids (VS) content. A proportion of the total
carbon content will be converted to biogenic CO2 as a result of biogas combustion for
energy generation (in whatever form this takes). Table 55 outlines key assumptions
used within the modelling for this study.
Table 55: Assumptions Relating to AD Process and Generation of Biogas
Parameter

Assumption

Dry matter content of food waste

30%

Organic matter content of VS

93%

Carbon content of VS

45%

VS content of organic matter

45%

VS loss during digestion

70%

Methane content of biogas

60%

A.8.7.2

Emissions to Air from the Stabilisation Process

The residues can either be dewatered, creating a solid and a liquid fraction, or used
directly on land as a slurry, sometimes using flocculants in the process. Whilst there

124

These emissions are non-fossil in origin and therefore excluded in the majority of LCA analyses
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may be some arguments for direct spreading, not least that of cost, it is considered
better practice to stabilise the solid residues (following dewatering depending upon
the materials and the process) through an aerobic stage so as to produce a compost.
We assume that the digestion process is followed by an aerobic treatment phase
similar to that modelled for the composting of food waste at an in-vessel composting
facility.
A.8.7.3

Energy Use

Unlike composting plant, AD facilities can potentially utilise some of the energy
generated within the process to meet their requirements, although the literature
suggest that some plant supplement this with electricity taken from the grid. AD
facilities typically use both electricity and heat, although the extent to which both are
required can vary considerably between different facilities.
Data from the UK biogas technology supplier Greenfinch suggests that between 3 and
28 kWh of electricity per tonne of input was required by the process, depending on
the feedstock (although a lower electricity generation efficiency was indicated for this
process).125
The significant heat requirement is confirmed by data provided from plant in Germany
and the UK. Data from Bavaria suggests that a maximum two thirds of the heat
produced by agricultural biogas plants can be used in some way under practical
operating conditions, suggesting a heat requirement of 125 kWh per tonne of
input.126 Mass balance information provided by the UK operator Greenfinch suggests
that up to 50% of the heat may be required (equivalent to 216 kWh of heat per tonne
of input) although 130 kWh is more typical.127
The current study assumes that the AD process utilises 30 kWh of electricity and 118
kWh of heat per tonne of input to the process, equivalent to 10% of electricity
generated, and 33% of the heat generation. The additional electricity requirement for
upgrading is assumed to be 28 kWh of electricity (equivalent to 0.2 kWh per Nm3 of
biogas). These energy requirements are assumed to be supplied by the AD process
itself – i.e. a smaller CHP unit is assumed to fuel the vehicle fuel and gas to grid

125 Greenfinch (2005) Mass and Energy Balance: Ryegrass and Pig Slurry Biogas Plant, Produced for
DTI, September 2005; University of Glamorgan, The Wales Centre of Excellence for Anaerobic Digestion
and the Sustainable Environment Research Centre (2007) Ludlow (Greenfinch) Trial Scale Kitchen
Waste Treatment Plant; Biogen Greenfinch (2009) Renewable Energy Tariffs for Biogas, Presentation
given at: Developing UK Biogas, Stoneleigh, June 2009
126 Bachmaier H , Effenberger M and Gronauer A (2008) Agricultural Biogas Production: What About
the Climate Balance?, 17th Annual Convention of Fachverband Biogas e.V, 15th-17th January 2008,
Nuremberg
127 Greenfinch (2005) Mass and Energy Balance: Ryegrass and Pig Slurry Biogas Plant, Produced for
DTI, September 2005; University of Glamorgan, The Wales Centre of Excellence for Anaerobic Digestion
and the Sustainable Environment Research Centre (2007) Ludlow (Greenfinch) Trial Scale Kitchen
Waste Treatment Plant
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applications. The energy content of the biogas that is assumed to be available for the
upgrading process is therefore reduced accordingly.
No emissions are directly attributed to these energy requirements, as they are
included within the total emissions attributed to the AD process.
There will be an additional electricity requirement associated with the gas upgrading
process where the intention is to use the biogas as a vehicle fuel or to inject it into the
gas grid. These demands may vary depending on which upgrading process is used.
One study suggests that the upgrading steps require an input of electricity amounting
to around 6% of the energy produced.128 More recent data from both Germany and
Sweden suggests that this is typically in the order of 0.2 kWh per Nm3 of biogas.129
A.8.7.4

On-site Combustion of Biogas

Data from Greenfinch suggests a gross electrical generation efficiency of 30%
together with a heat generation efficiency of more than 50%.130 More recent data
from the same technology producer suggests higher electrical generation efficiencies
along with a lower efficiency of heat generation.131 This more in line with data from
Germany, which suggests a gross electrical generation efficiency of 40% together with
a gross heat generation efficiency of 45%.132
Our study assumes a gross electrical generation efficiency of 37% and a gross heat
generation efficiency of 45%. A proportion of the energy generated is assumed to be
consumed by the process, as was discussed in Section A.8.7.3. 60% of the net heat
generated is assumed to be utilised, again was discussed in Section A.8.7.3.
The principal climate change impact resulting from the energy generation phase
relates to the biogenic CO2 emissions from the combustion of the biogas in the gas
engine.
Additional CH4 emissions result from the non-combusted gas (known as the ―slip‖)
from gas engine. Data from five Bavarian agricultural biogas facilities suggests this

Baky A and Eriksson O (2003) Systems Analysis of Organic Waste Management in Denmark,
Environmental Project No. 822, Copenhagen: Danish EPA.
128

Urban W (2008) Methods and costs of the generation of natural gas substitutes from biomass –
presentation of results of latest field research, 17th Annual Convention of Fachverband Biogas e.V,
15th-17th January 2008, Nuremberg
129

Greenfinch (2005) Mass and Energy Balance: Ryegrass and Pig Slurry Biogas Plant, Produced for
DTI, September 2005; University of Glamorgan, The Wales Centre of Excellence for Anaerobic Digestion
and the Sustainable Environment Research Centre (2007) Ludlow (Greenfinch) Trial Scale Kitchen
Waste Treatment Plant
130

Biogen Greenfinch (2009) Renewable Energy Tariffs for Biogas, Presentation given at Developing
UK Biogas, Stoneleigh, June 2009
131

Scholwin F (2008) Present State of the Treatment of Biogas for Feeding into the Natural Gas
Network in Germany, 17th Annual Convention of Fachverband Biogas e.V, 15th-17th January 2008,
Nuremberg
132
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―slip‖ results in emissions of 21-37 g CO2 equivalent per kWh electricity.133 N2O
emissions from the combustion of biogas are assumed to be negligible.
As previously indicated in this section, biogas combusted in a gas engine is assumed
to result in the net generation of 265 kWh of electrical energy, and 97 kWh of heat
(taking into account the utilisation factor). This results in avoided emissions of 128 kg
of CO2 equivalent where both the heat and electricity are exported.
A.8.7.5

Biogas Used a Vehicle Fuel

The utilisation of biogas as vehicle fuel uses the same engine and vehicle
configuration as natural gas. There are reportedly more than 1 million natural gas
vehicles in use across the world, which demonstrates that there is a receptive market
to the use of biogas as vehicle fuel.134
The size of vehicle has a considerable impact on its emissions. Fuel consumption is
far greater for heavier vehicles such as lorries and buses in comparison to cars,
resulting in higher emissions per km. The sections that follow assume the upgraded
biogas is used to fuel a fleet of heavy vehicles (such as buses or lorries) from a
central re-fuelling point, such as already occurs in Sweden and France.
Both liquid fuel and gas operated heavy goods vehicles have seen considerable
improvements in emissions over the past decade. There remains, however,
considerable variation in performance between currently the available vehicles using
either fuel.
For the purposes of our analysis, what is most important is the ‗differential impact‘ of
using CNG derived from biogas as opposed to conventional fuels. We are interested in
the direct emissions and the ‗displacement effect‘ associated with the use of the fuel
to generate transport energy.
Gas quality demands are strict so as to provide a consistent high calorific gas
containing low levels of contaminants and corrosive gases. The raw biogas produced
in AD plants contains CH4 and CO2, smaller amounts of H2S and NH3, and trace
amounts of H2, N2, CO, and O2. Across different countries the minimum CH4 content
specification is between 95% and 97%, the permissible remainder being mostly CO2.
Typically also, the vapour content must be lower than 15 mg/Nm3, the H2S content
should not exceed 100 mg/Nm3 and the particle size is limited at 40 microns. The
typical sequence for gas preparation is:135

Bachmaier H, Effenberger M and Gronauer A (2008) Agricultural Biogas Production: What About the
Climate Balance?, 17th Annual Convention of Fachverband Biogas e.V, 15th-17th January 2008,
Nuremberg
133

IEA Bioenergy (u.d.) Biogas Upgrading and Utilisation, Task 24: Energy from Biological Conversion of
Organic Waste
134

Urban W (2008) Methods and costs of the generation of natural gas substitutes from biomass –
presentation of results of latest field research, 17th Annual Convention of Fachverband Biogas e.V,
15th-17th January 2008, Nuremberg
135

GLA – Economic Modelling for Mayor’s MWMS

117

A two step biogas desulphurisation process involving firstly a coarse desulphurisation
method such as sulphide precipitation, followed by a fine desulphurisation step
typically using activated charcoal filters;
 Gas drying;
 Gas compression;
 Removal of the CO2 from the biogas (sometimes called CO2 sequestration).
This is most commonly achieved by scrubbing the gas with water under
pressure, although other methods such as Pressure Swing Adsorption (PSA)
are also used.
The CO2 removal step results in the loss of some CH4 from the biogas. These losses
are typically in the order of 1% for the water scrubbing methods, although they can be
as much as 3% if PSA is used. However some technology providers claim they can
reduce this amount to close to zero.136 The clean up process is also associated with
an additional energy requirement, as was previously discussed in Section A.8.7.3.
The size of vehicle has a considerable impact on its emissions. Fuel consumption is
far greater for heavier vehicles such as lorries and buses in comparison to cars,
resulting in higher emissions per km. Both liquid fuel and gas operated vehicles have
seen considerable improvements in emissions over the past decade. There remains,
however, considerable variation in performance between currently the available
vehicles using either fuel.
Natural gas has a lower carbon content than diesel, which results in a reduction in
greenhouse gas emissions where these are calculated on the basis of the amount of
energy consumed. Gas also has a high octane number, enabling a high compression
ratio to be used, further reducing emissions.137 However gas-fuelled vehicles emit
more CH4 than diesel vehicles. In addition, differences in fuel consumption between
the two types of vehicles may reduce the benefits seen when emissions are
calculated per km of travel. Data from France suggests the fuel consumption for the
biogas buses is 65 m3 per 100 km, whilst diesel buses use 50 litres per 100 km.138
This gives fuel consumption for biogas buses of 23.4 MJ per km, whilst that of diesel
vehicles is 17.9 MJ per km.
A study in Finland by VTT compared the emissions performance between a number of
diesel and CNG buses, as part of a comprehensive national programme investigating
bus emissions. Their analysis considered vehicles in prime condition manufactured
during 2002-4, representative of Euro III technology. Data from that study with regard
to the greenhouse gas emissions is presented in Table 56.

136

See http://www.haase-energietechnik.de

137

See http://www.whatgreencar.com/cng.php

Lille Metropole Communaute Urbaine (u.d.) Lille Metropolis, Urban Community: Biogas Buses
Project, presentation to the US Department of Energy
138
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Table 56: Emissions Data from Diesel and Gas Buses
Fuel and Vehicle Type
Diesel

Gas

Emissions, g / km
CO2

CH4

Euro III

1,150

0.01

Euro III + OC

1,200

0.01

Euro III + CRT

1,230

0.05

Euro III + LB CNG

1,230

0.60

EEV LB CNG + OC

1,420

1.90

EEV LM CNG + TW/OC

1,300

0.30

EEV SM CNG + TW

1,050

1.20

Source: Nylund N, Erkkilä K, Lappi M and Ikonen M (2004) Transit Bus Emission Study: Comparison of
Emissions from Diesel and Natural Gas Buses, VTT Processes, October 2004

The VTT dataset suggests that the use of gas to fuel buses does not necessarily result
in a reduction in greenhouse gas emissions (although the emissions from the biogas
fuelled vehicles are biogenic in origin, unlike those from the diesel fuelled vehicle).
The VTT study suggests that CH4 emissions accounted for around 2% of the total CO2
equivalent emissions.
However, an earlier report detailing tailpipe emissions from Swedish buses suggests
much lower emissions from gas buses, giving values of 524 g CO2 per km for a
natural gas bus and only 223 g / km for a biogas bus.139 It is not clear whether the
last figure includes the biogenic CO2 emissions; if this is not the case, the CH4
emission is far larger than anything seen within the VTT test data. The same study
suggested emissions from a diesel bus of 1,053 g / km, which is more in line with the
VTT dataset.
Other data produced by car manufacturers suggests that greenhouse the use of dual
fuelled cars operating with a mixture of natural gas and diesel results in emissions
reductions of 10-15% in comparison to comparable petrol fuelled vehicles.140 Those
vehicles fuelled solely by gas are anticipated to achieve greater emissions reductions.
More recently published data associated with a planned trial for dual fuelled buses in

139 Plombin C (2003) Biogas as Vehicle Fuel: A European Overview: Trendsetter Report No 2003:3,
Stockholm
140

See http://www.whatgreencar.com/cng.php
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the UK indicates that carbon dioxide emissions reductions of 14% are expected as a
result of the shift to the dual fuel vehicles.141
In this study, we assume that the use of bio-methane results in emissions reductions
of 15% for the greenhouse gases (in terms of CO2 equivalent emissions). We further
assume that 2% of the CH4 in the biogas is emitted during the upgrading process.
A.8.7.6

Biogas Injected to Grid

Cleaned and upgraded biogas (bio-methane) can also be injected into the gas
distribution grid as a substitute for natural gas. Injection into the gas grid may require
additional gas cleaning, although the extent to which this is necessary will depend on
the requirements of the gas grid within each country.
At present there is only limited data associated with the environmental impacts of the
gas to grid option. Depending upon the requirements of the grid, the following
additional clean up steps may be required:
 Up to 4.6% propane is added to the gas to improve the Wobbe Index; and
 Oxygen may also need to be removed, further adding to the cost of the option.
The environmental implications of this step (e.g. in terms of any additional
energy requirement) are unclear.
Biogas injected into the gas network is assumed to offset emissions associated with a
similar quantity of natural gas on a calorie for calorie basis. The plant is assumed to
produce 2,114 MJ or 587 kWh of compressed biogas per tonne of food waste to the
facility excluding the biogas required by the process for energy generation purposes.
Offset emissions for climate change impacts are based on the calorific value of
natural gas, assumed to be 0.238 kg CO2 per kWh (including emissions associated
with extraction and transport).
We assume similar environmental impacts associated with the gas clean up process
as was the case where the biogas is upgraded for use as a vehicle fuel. Our analysis
is based on data from German facilities where additional clean up steps (such as
propane addition and oxygen removal) are not required for grid injection as the grid
accepts gas of a lower quality than that currently supplied to the UK grid. The
environmental implications of the additional clean up steps likely to be required for
grid injection within the UK are unclear as only limited data exists on these processes
at present.
A.8.7.7

Use of Digestate

For the purposes of this study, we have assumed that the output material behaves in
the same way as compost from the same feedstock produced through aerobic
means. However, we have assumed a lower mass of compost produced of 300 kg per

See
http://www.letsrecycle.com/do/ecco.py/view_item?listid=37&listcatid=217&listitemid=53457&sectio
n=waste_management
141
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tonne of waste input. The nutrient content is deemed to be the same as in the case of
composting of kitchen and garden waste.
The benefits associated with the use of the composted digestate are calculated on a
similar basis to those attributed to the compost produced from open air windrow
operations (described in Section A.8.5.2). Since some of the material has already
been degraded by the AD process, there is less solid material to enter the postdigestion composting process, and therefore less compost will be produced (typically
less than half of that produced from a similar quantity of material sent to an in-vessel
composting process). 90% of the compost produced from AD facilities is assumed to
be used in agriculture, with the remainder used for horticulture and amateur
gardening. The environmental impacts associated with the diesel required to spread
the compost on land are calculated in the same way as for the composting facilities.

A.8.8

Landfill

A.8.8.1

Landfill Gas Generation

In order to capture the relationship between degradation and residence time, our
model links the nature of the constituent organic compounds to the release of
greenhouse gases through time-dependent ‗first order decay‘ functions, as is done in
both the Land Quality Management (LQM) landfill model (used for inventorying the
UK‘s greenhouse gas emissions for waste), and in the IPCC default model.142
Emissions of methane from landfill are allocated to specific years over a 150 year
period. The degradation factors within the model have been validated to some extent
through assessing the implied methane emissions from the materials and crosschecking against work undertaken in the United States and by the UK Environment
Agency.143
The constituent carbon fractions degrade at different speeds as a result of variations
in their chemical and physical structure. Our model uses three degradation speeds to
represent the varying speeds at which carbon degrades within the landfill.144 The
simplified grouping of carbon fractions used within the model is shown in Table 57.

142 Land Quality Management (2003) Methane Emissions from Landfill Sites in the UK, Report for
Defra, January 2003; IPCC (2006) Guidelines for National Greenhouse Gas Inventories: Chapter 3 –
Solid Waste Disposal
143 Barlaz M (1997) Biodegradative Analysis of Municipal Solid Waste in Laboratory-scale Landfills, EPA
600/R-97-071, Washington, DC: USEPA; Gregory R and Revans A (2000) Part One, in Environment
Agency (2000) Life Cycle Inventory Development for Waste Management Operations: Landfill, Project
Record P1/392/3, Bristol: Environment Agency
144 The same approach is taken in modelling other anaerobic processes, including landfill (see, for
example, Land Quality Management (2003) Methane Emissions from Landfill Sites in the UK, Report
for Defra, January 2003). The method is not usually applied to aerobic processes, though some work of
a similar nature has been undertaken for degradation of organic matter in soil (including the work by
DU)
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Table 57: Simplification of Carbon Fractions for Landfill
Speed of Decay

Carbon Fraction(s)

Fast

Sugars

Medium

Fats, Proteins, Cellulose

Slow

Lignin and some Cellulose1

Notes
1. Some cellulose is bound within the lignin and is therefore similarly resistant to degradation
Source: Dalemo M (1996) The Modelling of an Anaerobic Digestion Plant and a Sewage Plant in the
ORWARE Simulation Model, Rapport 213, Swedish University of Agricultural Sciences, Uppsala 1996

Table 58 shows the impact of these differential degradation rates, and confirms the
outputs of our model in terms of proportion of each type of material degraded after a
50 year period. The model assumes that all of the organic matter will degrade during
150 years.
Table 58: Degradation of Organic Matter in Landfill Over 50 Years
Material

Proportion degraded after 50 years

Food waste

83%

Garden waste

71%

Office paper

75%

Newspaper1

70%

Textiles (natural fibres)

79%

Wood

79%

Notes

1. Newspaper contains a greater proportion of lignin than other forms of paper

To take account of the time profile of these emissions over the 150 year period, the
damage costs for landfill emissions are discounted using a declining long-term
discount rate as recommended in the UK Treasury‘s Green Book. Table 59 shows the
rates at which damage costs are discounted for the relevant time periods.
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Table 59: Declining Long Term Discount Rate Applied to Landfill Emission Damage
Costs
Period of
years

0 - 30

31 - 75

76 - 125

126 - 200

201 - 300

301 +

Discount
rate

3.5%

3.0%

2.5%

2.0%

1.5%

1.0%

Source: The UK Treasury Green Book

A.8.8.2

The Issue of Gas Capture

There is some debate with regard to both the efficiency landfill gas capture and the
proportion of the gas that is used for energy generation. Of these, the gas capture
rate is both the most sensitive and the most contested component.
A previous assessment undertaken by Eunomia used a gas capture rate of 50%, an
approach based upon two studies conducted on behalf of Defra by LQM and
Enviros.145 A study conducted by ERM on behalf of Defra, however, assumed a 75%
capture rate over the 100 year timeframe assessed.146 A subsequent ERM report
acknowledged that if one moved the analysis beyond this (somewhat arbitrary)
timeframe, lifetime capture rates might be around 59%.147 Documentation supplied
with the Golders model indicates that the expert review group formed as part of that
study considered that 85% of the gas would be collected during the gas utilisation
phases, and a lifetime 75% gas capture rate appears to have been suggested upon
that basis.148
The wider literature suggests a range of estimates for the efficiency of gas collection
with a distinction being made between instantaneous collection efficiencies and the
proportion of gas that can be captured over the lifetime of the landfill.149 Whilst

145

Eunomia (2006) A Changing Climate for Energy from Waste? Final report to Friends of the Earth,
May 2006; LQM (2003) Methane Emissions from Landfill Sites in the UK, Report for Defra, January
2003; Enviros, University of Birmingham, RPA Ltd., Open University and M. Thurgood (2004) Review of
Environmental and Health Effects of Waste Management: Municipal Solid Waste and Similar Wastes,
Final Report to Defra, March 2004
ERM (2006) Impact of Energy from Waste and Recycling Policy on UK Greenhouse Gas Emissions,
Final Report for Defra, January 2006
146

ERM (2006) Carbon Balances and Energy Impacts of the Management of UK Wastes, Defra R&D
project WRT 237. December 2006
147

148 Golder Associates (2005) Report on UK Landfill Methane Emissions: Evaluation and Appraisal of
Waste Policies and Projections to 2050, report for Defra, November 2005
149 Anderson P (2005) The Landfill Gas Recovery Hoax, Abstract for 2005 National Green Power
Marketing Conference; USEPA (2004) Direct Emissions from Municipal Solid Waste Landfilling, Climate
Leaders Greenhouse Gas Inventory Protocol – Core Module Guidance, October 2004; Brown K A, Smith
A, Burnley S J, Campbell D J V, King K and Milton M J T (1999) Methane Emissions from UK Landfills,
Report for the UK Department of the Environment, Transport and the Regions
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instantaneous collection rates for permanently capped landfilled waste can be as
high as 90%, capture rates may be much lower during the operating phase of the
landfill (35%) or when the waste is capped with a temporary cover (65%).150 In
addition, gas collection is technologically impractical towards the end of the site‘s life.
The Intergovernmental Panel on Climate Change (IPCC) has recently stated that
lifetime gas capture rates may be as low as 20%.151 We would consider, however,
that landfills in the UK are somewhat better engineered than in the general (global)
case, although a recent report by the European Environment Agency uses the IPCC
figure.152
Our model assumes that waste which has been pre-treated (e.g. through an aerobic
stabilisation process) will behave differently in landfill with respect to the generation
of landfill gas, and that pre-treated wastes will therefore ultimately require a different
form of gas management in landfill.
We have assumed a landfill gas capture of 50% for untreated wastes, in line with the
lifetime capture rates suggested in the wider literature for well-managed landfills
(such as those currently operating in the UK). Assumptions for pre-treated wastes are
outlined in Section A.8.8.5.
A.8.8.3

Energy Generation from Landfill Gas

Energy is generated from a variable proportion of the recovered gas. At times of high
flux, emissions can be greater than the capacity of the engines and thus a proportion
of the gas must be flared. At times of low flux, i.e. towards the end of the site lifetime,
emissions may be too small for the gas engines to function effectively. In such a
situation, the usual practice of the landfill operator is to flare the gas.
LQM carried out a survey of landfill operators to estimate the total flare capacity
across UK landfills.153 They noted within their analysis that:
There are difficulties in ascertaining the actual volumes of LFG burnt as
detailed records, if they exist at all, will be held by individual site operators. It
is rare to find a flow stack with a flow measurement device installed, even
though the capital cost of such a device is relatively small.

Spokas K, Bogner J, Chanton J P, Morcet M, Aran C, Graff C, Moreau-Le Golvan Y and Hebe I (2006)
Methane Mass Balance at 3 Landfill Sites: What is the Efficiency of Capture by Gas Collection
Systems? Waste Management, 5, pp515-525
150

IPCC (2007) Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change (Metz B, Davidson O R, Bosch
PR, Dave R, and Meyer L A (eds)), Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA., pp 600
151

Skovgaard M, Hedal N, Villanueva A, Andersen F and Larsen H (2008) Municipal Waste
Management and Greenhouse Gases, ETC/RWM Working Paper 2008/1, January 2008
152

Land Quality Management (2003) Methane Emissions from Landfill Sites in the UK, Final Report for
Defra, January 2003
153
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LQM did not consider the amount of energy generated from LFG within their analysis,
although they estimated the total flaring back-up capacity to be around 60% of
generation capacity. It is usual for landfill operators to maximise energy generation as
this represents a revenue stream. We assume within the current analysis that 40% of
the recovered gas will be flared. Although it is acknowledged that there is some
uncertainty here, the impact of this uncertainty (in terms of CO2 equivalent offsets
associated with energy generation from landfill) is relatively small.
A.8.8.4

Oxidation of Landfill Gas

Some of the uncaptured landfill gas will be oxidised as it passes through the cap to
the surface, the proportion being dependent upon the nature of the cap. The USEPA
suggests a range of 10% to 25%, with clay soils at the lower end of the range and topsoils being at the higher end. The lower value reflects what was proposed by Brown et
al in 1999 in a study on behalf of what was then the DETR.154 The IPCC similarly
suggested 10% as the default oxidation rate.155
However, a recently published review of the wider literature on this subject suggests
that the mean fraction of methane oxidised was 36% (an average across 42 studies
taken in a variety of locations).156 We have assumed an oxidation rate of 20% for
untreated waste sent to landfill, taking into account both the range of results
suggested by the USEPA along with data from the literature review.
A.8.8.5

Landfill of Pre-Treated Waste

Under the very low fluxes of landfill gas assumed to occur when pre-treated wastes
are landfilled, the methanotrophic bacteria within the soil cover can oxidise a much
larger portion of the methane delivered them, oxidising up to 95-100% of the
emission. Fugitive emissions of methane are therefore minimal in this case. Landfill
gas capture is not necessary (the low flux makes this technically infeasible, as was
previously discussed) and therefore no energy is generated from the landfill gas.
We assume that 90% of the methane is oxidised by the landfill cover when pretreated waste is landfilled. This reflects the likely management of landfill gas in a
situation where a ban on untreated waste to landfill has been put in place

154

Brown K A, Smith A, Burnley S J, Campbell D J V, King K and Milton M J T (1999) Methane
Emissions from UK Landfills, A Report for the UK Department of the Environment, Transport and the
Regions
IPCC (2007) Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change (Metz B, Davidson O R, Bosch
PR, Dave R, and Meyer L A (eds)), Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA., pp 600
155

Chanton J P, Powelson D K and Green R B (2009) Methane Oxidation in Landfill Cover Soils, is a
10% Default Value Reasonable? Journal of Environmental Quality, 38, pp 654-663
156
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A.8.8.6

Summary of Assumptions for Landfill

Table 60 summarises our assumptions with regard to the management of landfill gas
for untreated waste. The totals include emissions associated with energy used at the
landfill (although these are insignificant in comparison to the direct emissions from
the process).
Table 60: Landfill Gas Management – Untreated and Pre-treated Wastes
Parameter

Assumption

Proportion of methane captured (untreated waste)

50%

Proportion of methane captured (waste pre-treated at MBT facility)

0%

Proportion of captured methane used for energy generation

60%

Proportion of captured methane that is flared

40%

Efficiency of electricity generation, landfill gas engine

35%

Rate of oxidation of methane within the landfill cover (untreated
waste)

10%

Rate of oxidation of methane within the landfill cover (pre-treated
waste)

90%

Electricity requirement
Diesel requirement

A.8.9

Incineration

A.8.9.1

Direct Emissions to Air

1% of generated
1.65 l / tonne

Greenhouse gas emissions occurring as a result of the incineration of waste will be
dependent upon the carbon content of the dry material, along with the overall
efficiency of energy generation that results from the combustion of that material.
Table 61 details the carbon content of waste components together with their energy
and moisture content.
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Table 61: Carbon Contents and Energy Content of Materials in the Waste Stream

Total C
(% fm)

Proportion of
C that is non
fossil

Energy
content
(lower
heating value
as received)
MJ per kg

Typical
moisture
content

Paper

41%

100%

13

10%

Card

32%

100%

12

24%

Dense plastic

77%

0%

35

10%

Plastic film

72%

0%

33

15%

Textiles

49%

50%

15

19%

Glass

0%

0%

0

2%

Ferrous metal

0%

0%

0

3%

Non ferrous metal

0%

0%

0

5%

Wood

32%

100%

12

30%

Garden waste

26%

100%

8

45%

Food waste

14%

100%

4

70%

Misc. combustibles

40%

50%

15

41%

7%

0%

0

6%

30%

100%

5

41%

Misc. non combustibles
Fines

N2O emissions are modelled based on previous research undertaken by Eunomia on
behalf of WRAP.157 The considerable uncertainty with respect to these emissions is
acknowledged within the EU BREF note, which provided a range of 5.5 – 66 g N2O per
tonne of waste treated by the facility. We use the mid point of these values within the
current analysis. CH4 emissions are negligible from incineration facilities.

Eunomia (2007) Emissions of Nitrous Oxide from Waste Treatment Processes, Report to WRAP, July
2007
157
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Total climate change impacts associated with incinerating one tonne of residual
waste are typically in the order of one tonne of CO2 equivalent per tonne of residual
waste (including the biogenic CO2 emissions). The exact figure will vary, depending on
the composition of residual waste treated by the plant.
A.8.9.2

Energy Use at Incineration Facilities

The energy usage of the plant depends upon the scale of plant, and the nature of the
flue gas cleaning system. It also depends upon the presence or otherwise of:
 Mechanical pre-treatment systems;
 Incineration air preheating;
 Equipment for re-heating of flue gas;
 Waste water evaporation plant;
 Flue gas treatment systems with high pressure drops (which demand more
powerful fans); and
 Changes in the energy content of input waste (necessitating use of fuel to
maintain minimum combustion temperatures).
ERM‘s analysis suggests 3.9 kWh electricity is consumed per tonne of waste treated
at an incinerator, with process diesel use indicated as 1.2 kg of per tonne of waste.158
They arrived at these figures using Environment Agency data collected for the
development of the waste model WRATE. However, they note in their report that:
These process data were used as a substitute for all thermal treatment
processes. In reality the ancillary requirements of each will differ, but within
the context of the research the more important parameter relates to the
energy conversion efficiency of the process.
ERM‘s energy consumption figures appear to be very low in comparison to values
given in the wider literature. It is certainly true that far greater than use, but this does
not make the figures for energy use less important to the extent that the range of
values in the literature spans a small percentage of the energy in the waste, but the
choice of efficiencies used is also, typically, discussed in terms of whether the figures
used should be a small percentage higher or lower than some central figure (in other
words, in deriving net generation figures, the figures regarding use are actually quite
significant). The Draft BREF note for Incineration gives figures of:159
 Electricity use - 62 - 257 kWh per tonne, average 142 kWh per tonne; and

ERM (2006) Carbon Balances and Energy Impacts of the Management of UK Wastes, Defra R&D
Project WRT 237)
158

A BREF note is a note prepared by the Joint Research Centre of the European Commission to give
guidance to Member States as to what is implied by ‗Best Available Techniques‘ under the Directive on
Integrated Pollution Prevention and Control. See: European Commission (2005) Integrated Pollution
Prevention and Control, Draft Reference Document on the Best Available Techniques for Waste
Incineration, Final Draft, May 2005
159
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 Heat demand - 72 - 3,366 GJ thermal energy per tonne, average 433 GJ
thermal energy per tonne.
These, in turn, are far higher than figures suggested in, for example, reports by
Erichsen and Hauschild (46 kWh electricity per tonne) though this figure reflects only
the operation of gas cleaning equipment. 160 The Flemish Institute for Technological
Research (VITO) gave the following consumption of energy for processes with and
without SCR (these were based upon incinerators operated by Seghers Better
Technology):161
 Natural gas: 7.2 m3 per tonne
 Oil: 4 kg per tonne (or 4.7 litres per tonne)
 Electricity use (per tonne): 80 kWh with Selective Non-Catalytic Reduction
(SNCR) pollution abatement, 85 kWh with Selective Catalytic Reduction (SCR)
abatement.
To ensure the catalyst is not contaminated by other elements within the flue gas the
SCR abatement system is typically located just prior to the emissions stack, which
requires the gas to be reheated using additional electrical energy.162
CEWEP‘s survey of 97 facilities during 2001-2004 suggested the average electricity
used by incineration processes was 78 kWh per tonne of waste input.163 We use the
CEWEP figure for electricity consumption with SNCR and VITO‘s figures for energy use
assuming SCR within the current analysis. We have also used VITO‘s data for the
diesel usage, but have assumed no natural gas is used by the process. These figures
appear appropriate to UK incinerators.
A.8.9.3

Energy Generation

The efficiency of generation of electricity by an incinerator may be quoted gross, or
net of any energy used in the plant itself. The energy use in the plant depends partly
upon the nature of the flue gas cleaning system used, but also upon a range of other
factors. The relationship to flue gas cleaning is important since it seems likely that as
standards for abatement have improved, so the energy used in achieving those levels
of abatement has increased also.

Hanne L, Erichsen L and Hauschild M (2000) Technical Data for Waste Incineration - Background
for Modeling of Product Specific Emissions in a Life-cycle Assessment Context, Elaborated as part of
the EUREKA project EUROENVIRON 1296: LCAGAPS, sponsored by the Danish Agency for Industry and
Trade, April 2000
160

VITO (2000) Vergelijking van Verwerkingsscenario‘s voor Restfractie van HHA en Niet-specifiek
Categorie II Bedrijfsafval, Final Report

161

Note that this is not always the case – see European Commission (2005) Integrated Pollution
Prevention and Control, Draft Reference Document on the Best Available Techniques for Waste
Incineration, Final Draft, May 2005
162

Riemann I (2006) CEWEP Energy Report (Status 2001-2004): Results of Specific Data for Energy,
Efficiency Rates and Coefficients, Plant Efficiency Factors and NCV of 97 European W-t-E Plants and
Determination of the Main Energy Results, updated July 2006
163
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ERM suggested gross efficiencies of 20-27% for conventional incineration with steam
cycle electricity generation in a recent report for Defra.164 Fichtner quotes a ‗realistic
range‘ for net electrical efficiency of 19-27%.165 The highest figures we have seen
quoted are those quoted in the context of the Belvedere Inquiry where it was claimed
that a net efficiency of 27% would be achieved. This was based around assumptions
of a thermal efficiency of 84% and an electrical efficiency of 35%. These are
optimistic in the context of efficiencies currently achieved and are likely to be
deliverable only at large operating scales. The Draft BREF note gave no case where
the net export of electricity exceeded 18%.166 A survey of 25 incinerators across
Europe generating electricity only reported a maximum gross energy efficiency of
27.9% with a weighted mean efficiency of 21.8% across the 25 facilities (the mean
net efficiency was given as 17.7%).167 This study uses a gross efficiency of 27% for
facilities generating only electricity, reflecting the top end of the range quoted by ERM
and the CEWEP survey.
Whilst CEWEP supplies maximum values for heat and electricity generation for
facilities operating in CHP mode, the survey data does not directly supply any
information regarding the ratio of heat to electricity produced at each of the facilities
concerned. Where thermal facilities are concerned, and where steam turbines are
used to generate energy, there is a trade-off between the generation of electricity and
the generation of heat.
In its submission to the DTI as part of a review of the Renewables Obligation, ILEX
assumed electrical output would be reduced at an approximate rate of 1 MW of
electrical energy for every 4 MW of heat off-take.168 Data from CEWEP gives the
maximum heat output from surveyed facilities surveyed producing only heat as
92.7%, suggesting a theoretical ratio of 3.3 MW heat for every MW of electricity.169
The maximum heat output for any of the surveyed facilities operating in CHP mode
was 83.9%, whilst the maximum electricity output for the CHP facilities was 26.9%.
This suggests a ratio of 3.1 MW heat for every MW of electricity. However, the German
Waste Incineration Association suggests that the ratio should be rather lower at 2.3
MW heat for each MW of electricity, based on the data from German facilities (the

ERM (2006) Carbon Balances and Energy Impacts of the Management of UK Wastes, Defra R&D
Project WRT 237
164

165 Fichtner Consulting Engineers Limited (2004) The Viability Of Advanced Thermal Treatment Of MSW
In The UK, ESTET, March 2004

European Commission (2005) Integrated Pollution Prevention and Control, Draft Reference
Document on the Best Available Techniques for Waste Incineration, Final Draft, May 2005
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Riemann I (2006) CEWEP Energy Report (Status 2001-2004): Results of Specific Data for Energy,
Efficiency Rates and Coefficients, Plant Efficiency Factors and NCV of 97 European W-t-E Plants and
Determination of the Main Energy Results, updated July 2006
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ILEX Energy Consulting (2005) Extending ROC Eligibility to Energy from Waste with CHP,
Supplementary Report to the Department of Trade and Industry, September 2005
168

This is simply calculated as the ratio of the maximum gross efficiency of heat generation relative to
the maximum gross electrical generation efficiency of 29.7%
169
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majority of which operate in CHP mode).170 It is not clear, though, whether the
German figures speak in terms of gross or net generation, or indeed, whether they
take into account the heat load effect (in other words, these figures may relate to the
electricity and heat actually put to a useful purpose).
The relationship between the electrical efficiency, heat generation efficiency and total
generation efficiency (as outlined above) is shown graphically in Figure 10.
Figure 10: Electricity, Heat and Total Efficiency – Facilities Operating in CHP Mode
90.00%
80.00%
70.00%

Efficiency

60.00%
50.00%
40.00%
30.00%
20.00%

Electrical Efficiency
Heat Efficiency
Total Efficiency (electrical
plus heat)

10.00%
0.00%

Our energy generation efficiencies for facilities operating in CHP mode are based on
the average electricity production for CHP facilities surveyed by CEWEP, using the
higher ratio in the CEWEP report of 3.3 MW heat per MW electricity to calculate the
heat production. We assume a total system generation efficiency of 66%, with
electrical and heat generation efficiencies of 10% and 56% respectively.
A.8.9.4

Recovery of Metals

The efficiency with which metals are recovered from incineration facilities is modelled
based on a survey of Dutch facilities.171 The survey suggested that 70% of the ferrous

170

Available from www.itad.de

Muchova L and Rem P (2008) Wet or Dry Separation: Management of Bottom Ash in Europe, Waste
Management World Magazine, 9(3)
171
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metal could be recovered as well as 30% of the non ferrous. The materials recovery is
assumed to result in offset emissions as previously described in Section A.8.2.
A.8.9.5

Summary of Assumptions

Table 62 summarises the assumptions for incineration discussed within this section.
Table 62: Assumptions for Incineration
Parameter

Assumption

Gross electrical generation efficiency

27%

Gross electrical efficiency (CHP mode)

10%

Gross heat efficiency (CHP mode)

56%

Electricity demand for flue gas cleaning
Diesel use by process
Recycling of bottom ash

78 kWh / t input
4.7 l / t input
50%

CH4 emissions from process

0 kg CH4 / t

N2O emissions from process

0.04 kg N2O / t

Recovery rate for ferrous metals

70%

Recovery rate for non-ferrous metals

30%

A.8.10 MBT (Aerobic ‗Stabilisation‘ Systems)
A.8.10.1

Emissions to Air from the Stabilisation Process

The central aim of aerobic stabilisation processes is to produce an output which has a
reduced biodegradability thereby decreasing the environmental impacts associated
with landfilling this material. Our assumptions for the landfill of pre-treated
(stabilised) material are presented in A.8.8.
The approach for modelling the impacts of stabilisation processes draws upon work
by Eunomia on behalf of WRAP, which was based upon a raft of published
research.172 The body of research included work by Baky and Eriksson, Sonneson,

Schleiss K (1999) Grüngutbewirtschaftung im Kanton Zürich aus betriebswirtschlaftlicher und
ökologischer Sicht: Situationsanalyse, Szenarioanalyse, ökonomische und ökologische Bewertung
sowie Synthese mit MAUT, Dissertation ETH No 13,746, 1999; Eunomia Research & Consulting,
Scuola Agraria del Parco di Monza, HDRA Consultants, ZREU and LDK ECO on behalf of ECOTEC
172
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and Komilis and Ham, all of whom investigated the link between the biochemical
composition of the waste and the release of CO2 within composting processes. This
research, together with data sourced from technology suppliers, was used to model
the degradation of carbon fractions within our model and the subsequent release of
biogenic CO2 from the process.
The release of biogenic CO2 is the most significant environmental impact resulting
from the stabilisation process - as is the case with the previously described
composting processes. Relatively small emissions of CH4 and N2O (assumed to 0.01
and 0.04 kg of pollutant per tonne of waste) also occur.
Energy use at facilities also results in environmental impacts although the energy
requirements are usually less than those of incineration facilities. Typical
requirements are 50 kWh of electricity per tonne of waste to facility along with 1 litre
of diesel.
A.8.10.2

Recovery of Materials for Recycling

Stabilisation facilities typically recover plastics in addition to ferrous and non ferrous
metals, with the following recovery rates:
 Dense plastics 40%;
 Ferrous metals 65%;
 Non ferrous metals 60%.
These recovery rates for materials are considered typical of the better performing
facilities currently operating in the UK. Although some MBT facilities occasionally
target other materials for removal from the residual stream (such as paper), we
include within our model only those for which a market currently exists within this
context.
This materials recovery results in emissions offsets as previously described in Section
A.8.2.
A.8.10.3

Summary of Assumptions

Table 63 outlines the key assumptions within the model for stabilisation processes.

Table 63: Assumptions for Stabilisation Process

Research & Consulting (2002) Economic Analysis of Options for Managing Biodegradable Municipal
Waste, Final Report to the European Commission; Komilis D P and Ham R K (2004) Life-Cycle Inventory
of Municipal Solid Waste and Yard Waste Windrow Composting in the United States, Journal of
Environmental Engineering, 130(11), pp.1390-1400; Baky A and Eriksson O (2003) Systems Analysis
of Organic Waste Management in Denmark, Environmental Project No. 822, Copenhagen: Danish EPA;
Sonesson U (1996) Modelling of the Compost and Transport Process in the ORWARE Simulation
Model, Report 214, Swedish University of Agricultural Sciences (SLU), Department of Agricultural
Engineering, Uppsala Sweden
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Parameter

Assumption

Electricity requirement

50 kWh / t input

Diesel use by process

1 l / t input

CH4 emissions from process

0.01 kg / t input

N2O emissions from process

0.04 kg / t input

Recovery rate for ferrous metals

65%

Recovery rate for non ferrous metals

60%

Recovery rate for dense plastics

40%

A.8.11 MBT (Aerobic ‗Biodrying‘ Systems)
A.8.11.1

Emissions to Air

Biodrying systems involve the use of the heat from the process of biodegradation to
reduce the moisture content of waste prior to its being mechanically refined (including
using material separation technologies) for use as fuel. During this process
degradation of some of the carbon fractions will occur, but the amount of degradation
is relatively limited in comparison that occurring during aerobic decomposition
(stabilisation) processes. Key differences between biodrying and stabilisation
processes are the air-flow used to drive the process, the different water management
systems (in stabilisation processes, the waste is kept wet to maintain biodegradation,
whilst in biodrying processes, the material is allowed to dry), and the retention times
(which are much shorter in the case of biodrying). Biodrying processes are modelled
using an analysis of data from technology suppliers.
The central aim of biodrying processes is to produce a fuel. A reject stream is also
produced, which is assumed to be stabilised before being sent to landfill, using the
process previously described in Section A.8.10 of this Appendix. Our assumptions for
the landfill of pre-treated (stabilised) material have been previously discussed in
Section A.8.8.5.
Emissions associated with the biodrying phase of the process are relatively small – as
is the case with the stabilisation facilities. However the environmental impacts
associated with the combustion of the fuel are more significant. These impacts are
described in Section A.8.11.2.
The energy requirements for the biodrying process are similar to those of stabilisation
facilities. There will be additional energy requirements associated with the
combustion of the fuel.
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A.8.11.2

Energy Generation

Our assumptions regarding the nature of the SRF produced are detailed in Table 64.
Table 64: Model Parameters for Residual Waste to SRF
Parameter

Assumption

Amount of SRF produced by biodrying process (per tonne to
facility)

0.4 tonnes

Energy content of SRF (lower heating value as received)
% of carbon that is non-fossil

16.5 MJ / kg
46%

We assume that the SRF is combusted in an incineration facility generating electricity
as was previously described in Section A.8.9.173 This energy generation results in
avoided climate change impacts that would otherwise have occurred through the
generation of energy by other means. Typically emissions of 170 kg of CO2 equivalent
are avoided through the generation of electricity when impacts are considered on the
basis of one tonne of waste to the MBT facility.
A.8.11.3

Recovery of Materials for Recycling

MBT biodrying facilities use similar separation techniques to those employed at the
stabilisation facilities. However plastics are not removed for recycling where the aim
is to produce a fuel with a relatively high calorific value. We therefore assume the
same rates of recovery for the metals as previously described in Section A.8.11.3,
with no recovery of dense plastics.
A.8.11.4

Summary of Assumptions

Table 65 outlines key assumptions used to model the biodrying phase.

173 Combustion facilities accepting solely SRF will typically require a different type of incinerator than is
the case with facilities accepting untreated waste – due to the higher calorific value and the more
homogenous nature of the fuel. SRF is however a suitable fuel for fluidised bed incineration facilities,
such as that operating in Allington, Kent. We have not modelled a differential between the two types of
facility, given the relative lack of data regarding the operation of fluidised bed facilities within the UK.
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Table 65: Assumptions Used to Model Biodrying Systems
Parameter

Assumption

Residence time in biodrying phase

12 days

Residence time of rejects in maturation (stabilisation) phase

7 weeks

Electricity requirement1

40 kWh / t input

Diesel use by process1

0.5 l / t input

CH4 emissions from process2

0.01 kg / t input

N2O emissions from process2

0.02 kg / t input

Recovery rate for ferrous metals

65%

Recovery rate for non-ferrous metals

60%

Notes:
1. Per tonne input to the MBT facility.
2. Per tonne input to the biodrying process.

A.8.12 Autoclaving
A.8.12.1

Emissions to Air

Autoclave (or MHT) facilities use either steam or direct heat to treat the waste. Where
the heat treatment is carried out under pressure, the technology is referred to as
autoclaving. The energy requirement to heat the waste is a key parameter for
autoclaving and heat treatment technologies, and this varies according to the exact
approach undertaken. As is the case with the MBT Biodrying Systems, the aim is to
produce a fraction of dry recyclables, a fuel fraction (sometimes called ‗floc‘) and a
residue fraction which is usually landfilled.
Autoclaving is essentially a sterilisation technology and is commercially proven in a
variety of other industries. There are, however, very few such facilities treating MSW
on a commercial scale.174 Our model is based on data provided by technology
suppliers, a number of whom are currently operating demonstration facilities
throughout the country.

A 100,000 tonne per annum autoclave facility opened in Yorkshire at the beginning of 2008 - see
http://www.letsrecycle.com/do/ecco.py/view_item?listid=37&listcatid=217&listitemid=9110.
174
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Our analysis assumes that the fuel fraction is subsequently gasified, with the syngas
used to generate energy via a steam turbine. A residue fraction, which will also
contain appreciable amounts of organic material, is assumed to undergo a
stabilisation process prior to being landfilled, in order to reduce its biodegradability.
Emissions from the autoclaving process itself are relatively trivial, being limited to
some NMVOC emissions associated with waste handling. Much of the environmental
impact of the overall treatment process is associated with the energy generation
phase.
However the energy requirements of MHT and autoclave plant are usually more
substantial than that of the MBT facilities, as energy is required to heat the waste. We
have assumed an energy demand of 75 kWh of electricity and 15 m3 of gas per tonne
of waste to the MHT facility. There will be additional energy requirements for the
energy generation phase.
A.8.12.2

Recovery of Materials for Recycling

MHT and autoclave facilities aim to recover a wider range of materials than is typically
seen for MBT facilities. Operational data from MHT and autoclave plant suggests that
recovery rates are similar to those seen at MBT plant for those materials recovered by
both types of facility, although the recovery rate for ferrous metals is higher at the
former. Table 66 outlines the recovery rates used in our model of MHT facilities. The
total mass of material removed for recycling from one tonne of waste is dependent
upon the composition of material entering the facility. Typically, recovery rates such
as those shown in the table will result in the removal of approximately 100 kg of
recyclate per tonne of waste to the facility.
Table 66: Recovery of Materials for Recycling at Autoclave Facilities
Parameter

Assumption

Plastic film

20%

Dense plastic bottles

25%

Other dense plastic

25%

Glass

80%

Ferrous metal

90%

Non-ferrous metal

60%

It is unlikely that glass removed by the MHT facilities will be suitable for the closed
loop process previously described in Section A.8.2.2. We have therefore attributed no
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environmental benefit for the recycling of this material, as the benefits associated
with the use of this material as aggregate are minimal.175
A.8.12.3

Summary of Assumptions

Table 67 presents a summary of our assumptions used to model MHT and autoclave
facilities, whilst Table 68 outlines those used to model the gasification of the SRF
produced by the MHT process.
Table 67: Summary of Assumptions Used to Model MHT
Parameter

Assumption

Fuel parameters
Moisture content
Proportion of biomass by weight (fresh matter basis)
Calorific value (LHV, fresh matter basis)
Amount of SRF (per tone to facility)
Electricity use by MHT process

15%
70%
15.0 MJ / kg
320 kg
75 kWh / t

Gas used by MHT process (for heating purposes)

15 m3 / t

Total recovery of materials for recycling (from one tonne of
residual waste)

Circa 10%

A.8.13 Gasification of SRF from MBT and Autoclave facilities
Gasification is a process in which materials, when heated, are exposed to some
oxygen, but not a sufficient amount to lead to combustion. Facilities usually carry out
some pre-treatment of the raw MSW prior to gasification, which typically involves the
removal of metals and shredding of the waste. The output of the gasification process
is a syngas which is combusted to generate energy, with the calorific value of this
syngas being dependent upon the composition of the input waste to the gasifier. The
other main product produced by gasification is a solid, non-combustible ‗char‘.
If the syngas is sufficiently cleaned it can be used in a gas engine, where the
efficiency of generation is improved. However, the majority of existing commercially
operating facilities use a steam turbine or boiler for the generation of energy as this
requires less clean up of the syngas. Efficiencies of generation in this case are likely
to be similar to those seen for conventional incinerators, with the smaller gasification
facilities generating less energy than the larger plant.

See Enviros (2003) Glass Recycling – Life Cycle Carbon Dioxide Emissions, Internal Report for the
British Glass Public Affairs Committee
175
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Our central assumption is that the syngas is used in a steam turbine operating in CHP
mode with efficiencies of energy generation the same as those assumed for an
incinerator operating in CHP mode (see Section A.8.9). The gross electrical generation
efficiency is therefore assumed to be 10% and the gross heat generation efficiency
56%. The overall benefits associated with heat generation include the heat 60%
utilisation factor described in Section A.8.1.2.
The climate change impacts associated with the gasification of the SRF are
dependent upon the carbon content of the fuel, as is the case with combustion
processes. The biogenic (or non-fossil) CO2 content is dependent not only on the
composition of waste received at the MBT or autoclave facility, but also on the
requirements of the fuel consumer.
As was the case with the incineration facilities, estimates of the use of energy within
the facility (parasitic load) vary considerably. In gasification facilities, energy use
depends not only on the gas clean up techniques, but also on how much energy is
used to heat the waste within the gasification process. The assumptions used within
the current analysis are based on those developed by Hellweg.176
Table 68: Summary of Assumptions Used to Model Gasification
Parameter

Assumption

Efficiency of electricity generation

10%1

Efficiency of heat generation

56%1

Electricity used by process

97 kWh / tonne2

Diesel used by process

4.7 litre / tonne2

Notes:
1. These are gross generation efficiencies, which do not take into account energy use by the process
2. Energy demand figures are described per tonne of waste to the gasifier

Stefanie Hellweg (2000) Time- and Site-dependent Life-cycle Assessment of Thermal Waste
Treatment Processes, Diss. ETH No.13999, Zurich
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A.9.0 Comparison of Assumptions with WRATE
Although some relevant information on the environmental impacts of waste
management systems is available within the Environment Agency‘s Waste Resources
Assessment Tool for the Environment (WRATE) tool, we have based our analysis of the
GHG impacts of most of the waste treatment facilities on data provided by our own
proprietary models of residual and organic waste treatment facilities. As detailed
above, these are based upon a range of data sources, which are totally transparent to
the user, in this case, the GLA.
WRATE considers the environmental impacts of facilities wherever possible on actual
data obtained from facilities currently operating in the UK, although many process
models contain information extrapolated from other facilities and theoretical values
supplied by literature sources to fill the gaps that exist in the operational data
supplied by the facilities.
The tool offers the user some flexibility in the modelling process. Those holding an
expert license for the software can modify much of the data contained within the
models of individual treatment processes through the creation of so-called ‗user
defined‘ processes. It is also possible to create new bespoke models of processes not
already included within WRATE.177 However, it is not possible to make changes to the
landfill module – this is considered part of the background database, and
modification of this data is not possible even for ‗Expert‘ license holders (of which
Eunomia is one such holder). Eunomia believes that the most significant deficiencies
of the tool relate to the information associated with the landfill module.
WRATE substantially underestimates the amount of methane emissions that result
from the degradation of most wastes sent to landfill; for example, the emission of
methane assumed to occur over 150 years from landfilled food waste and paper is
about half of what we would expect even given the same landfill gas capture rate
(currently fixed at 75% in WRATE).
The model that underpins WRATE with regard to the behaviour of landfills is called
GasSim. This model produces similar results to another model which is used to
prepare the UK‘s greenhouse gas inventory submitted to the IPCC. Inaccuracies
associated with the latter model have now been acknowledged by Defra, although at
the time of writing it appears there are no immediate plans to revise either model.
Further fundamental errors occur in the tool‘s treatment of the stabilised output from
MBT facilities. The model assumes a proportion of the carbon is degraded within the
biological part of the MBT process. However, when this stabilised material is
subsequently landfilled, the methane emission is assumed to be exactly the same as
that of the non-stabilised material - WRATE only accounts for the reduction in mass
which occurs in material which is biologically pre-treated (occurring as a result of
moisture loss). The model, therefore, significantly underestimates the extent to which

Eunomia holds an expert license for WRATE, and has used this to create user-defined processes for
both the New Earth Solutions facility and the ATAD composting process.
177
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the biological component of the MBT process reduces the biological activity of
material subsequently sent to landfill.178
Errors in the model‘s current datasets have been acknowledged by the Environment
Agency, and a programme of updates – updating both the functionality of the model
as well as some of the data contained with it – commenced in 2009. Although the
first phase of updates was originally intended for release during 2009, these did not
reach the user community until 2010.179
Information provided to date by the Environment Agency suggests that improvements
to the front end of the tool have provided the focus for these initial updates, with the
aim being to provide standard users with more control over the models of treatment
processes. We note that substantial revisions have been made to the incineration
(Energy from Waste) module in this regard. The updated model will also include a
number of new MBT and gasification processes, although no revisions are planned for
the existing Autoclave model.180 The new version of WRATE will also include data from
the latest version of the Swiss life cycle database ecoinvent.
The second set of updates now scheduled for release later during 2010 may allow
users to modify assumptions with regard to landfill gas capture. However no other
amendments to the landfill module are scheduled at present.
We feel that the current fundamental errors inherent within WRATE‘s approach to
modelling the landfill impacts (for both treated and un-treated wastes) are such that
the tool is currently an unreliable source of information with regard to the analysis of
the GHG emissions from residual waste treatment. As such we have based our
analysis on outputs from our own model, which we feel more closely reflects data
provided within the wider literature on this subject.
We acknowledge, however, that use of WRATE alongside our own model can provide
organisations with a cross-comparison of results, and we have undertaken such
analysis previously on behalf of a number of public bodies and private sector
companies. As a principle, Eunomia supports the ongoing development of WRATE,
such that it is further improved to become a more useful life-cycle assessment tool.

178

The basis for our model of landfill impacts is discussed in Section A.8.8

This was confirmed in presentations by the Environment Agency at the first WRATE user conference
held in Birmingham on the 18th November 2009
179

We understand that this is because the technology suppliers did not want to provide the
Environment Agency with data to be included within the updated tool
180
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A.10.0 Assumptions relating to Monetisation of CO2
We apply the approach detailed in the latest guidance from DECC on the valuation of
carbon in policy appraisal. 181 Under this new approach, the precise valuation
methodology differs according to the specific policy question being addressed:
 For appraising policies that reduce/increase emissions in sectors covered by
the EU Emissions Trading System (ETS), and in the future other trading
schemes, a ‗traded price of carbon‘ will be used. This will be based on
estimates of the future price of EU Allowances (EUAs) and, in the longer term,
estimates of future global carbon market prices;
 For appraising policies that reduce/increase emissions in sectors not covered
by the EU ETS (the‘ non-Traded Sector‘), the ‗non-traded price of carbon‘ will
be used, based on estimates of the marginal abatement cost (MAC) required
to meet a specific emission reduction target;
 In the longer term (2030 onwards) consistent with the development of a more
comprehensive global carbon market, the traded and non-traded prices of
carbon converge into a single traded price of carbon.
The new values, in real terms, are as follows:
 A short term traded price of carbon of £25/tonne CO2e in 2020, with a range
of £14-£31. 182
 A short term non-traded price of carbon of £60 per tonne CO2e in 2020, with a
range of +/- 50% (i.e. central value of £60, with a range of £30 -£90.
 A long term traded price of carbon with a value of:


£70 per tonne CO2e in 2030, with a range of +/- 50% (i.e. £70 central
estimate, £105 high estimate and £35 low estimate).



£200 per tonne CO2e in 2050, with a range of +/- 50% (i.e. £200
central estimate, £300 high estimate and £100 low estimate).

 Linear interpolation is used to form a price series between 2020 and 2030,
and 2030 and 2050.
These traded and non-traded carbon values are shown in Table 69. Because our
analysis affects both traded and non-traded sectors, both traded and non-traded
values of carbon are used, as appropriate, in this assessment.
By way of illustration, we have provided the following example:

DECC (2009) Carbon Valuation in UK Policy Appraisal: A Revised Approach. Climate Change
Economics, Department of Energy and Climate Change, July 2009.
181

‗CO2e‘ refers to carbon dioxide equivalent. Non- CO2 greenhouse gases have a global warming
potential (GWP) ascribed to them. This describes their warming potency relative to carbon dioxide. For
example, methane has a 100 year GWP of 21, and nitrous oxide has a 100 year GWP of 310.
182
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 For an incinerator producing electricity, the GHG emissions from the process
are valued at the higher non-traded price (incineration is not included in the
EU-ETS), while the emissions reductions attributed to displacement of
counterfactual generation of electricity are priced at the lower, traded value
(electricity generation is covered by the EU-ETS);
 Likewise, for landfill, the GHG emissions (primarily methane) will be valued at
the higher non-traded price (landfill is outside the EU-ETS), while the emissions
reductions attributed to displacement of counterfactual generation of
electricity are priced at the lower, traded value;
 For anaerobic digestion with biogas upgrading for use as a vehicle fuel, the
emissions reductions attributed to displacement of diesel will be valued at the
higher non-traded price (transport is not within the EU-ETS). If, however, the
output of the process is electricity for supply to the grid the emissions
reductions attributed to displacement of counterfactual generation of
electricity are priced at the lower, traded value;
 For paper recycling, where both recycling, and the manufacture of paper using
virgin materials are assumed to occur overseas, the emissions savings will be
valued at the Shadow Price of Carbon.183

183 The IPCC approach considers GHG emissions only insofar as they affect the UK‘s inventory as
reported to the IPPC. In this case, any increase or reduction in GHG emissions overseas as a result of
UK waste management is ignored. Under the Global approach, all emissions would be considered,
irrespective of the location of their generation.
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Table 69: Traded and non-traded carbon values (2008-2050) (£ at 2009 prices)

2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050

Low
12
12
12
12
13
13
13
13
13
14
14
14
14
16
18
20
23
25
27
29
31
33
35
38
42
45
48
51
55
58
61
64
68
71
74
77
81
84
87
90
94
97
100

Traded
Central
21
21
22
22
22
23
23
23
24
24
24
25
25
30
34
39
43
48
52
57
61
66
70
77
83
90
96
103
109
116
122
129
135
142
148
155
161
168
174
181
187
194
200

High
26
27
27
27
28
28
29
29
29
30
30
31
31
39
46
53
61
68
76
83
90
98
105
115
125
134
144
154
164
173
183
193
203
212
222
232
242
251
261
271
281
290
300

Low
25
25
26
26
27
27
27
28
28
29
29
30
30
31
31
32
32
33
33
34
34
35
35
38
42
45
48
51
55
58
61
64
68
71
74
77
81
84
87
90
94
97
100

Non-Traded
Central
50
51
52
52
53
54
55
56
57
57
58
59
60
61
62
63
64
65
66
67
68
69
70
77
83
90
96
103
109
116
122
129
135
142
148
155
161
168
174
181
187
194
200

High
75
76
78
79
80
81
82
84
85
86
87
89
90
92
93
95
96
98
99
101
102
104
105
115
125
134
144
154
164
173
183
193
203
212
222
232
242
251
261
271
281
290
300
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Shadow Price of Carbon
27
28
28
29
29
30
31
31
32
32
33
34
34
35
36
36
37
38
39
40
40
41
42
43
44
44
45
46
47
48
49
50
51
52
53
54
55
56
58
59
60
61
62

A.11.0 Air Quality Impacts
A.11.1 Impacts of Plant on Air Quality
Measures outlined in the existing Air Quality Strategy were such that it was estimated
that London would not achieve targets for annual nitrogen dioxide (NO2) target set for
2005, and daily particulate matter (PM10) target set for 2004.184
A previous study carried out by Eunomia and EMRC on behalf of the GLA looked at the
air quality impacts of the installation of additional waste and wood energy facilities in
London.185 Two types of residual waste facility were considered:
1. A biodrying process with an SRF sent for gasification (with the syngas assumed
to be combusted in a steam turbine); and
2. An AD facility, with the stabilised reject stream assumed to be sent to landfill.
The study combined dispersion modelling with baseline maps of pollution to identify
areas of London that would be suitable for development of the different types of plant
considered in the report, without causing a significant increase in pollutant levels in
areas where air quality objectives are most difficult to meet. The analysis focused on
NO2 and PM10 as these are currently present in London at concentrations that exceed
air quality objectives. An initial review of baseline maps showing existing
exceedances, however, demonstrated that problems of compliance with air quality
objectives were most severe for NO2 (converted from NOx) and that all areas with
PM10 exceedance also had NO2 exceedance. To simplify the analysis and its
subsequent interpretation, therefore, the bulk of the analysis then focussed on NO2.
Information on the pollution abatement techniques for the waste treatment
technologies was developed from the Integrated Pollution Prevention and Control
(IPPC) BAT reference (BREF) document for waste treatment.186 The analysis also used
data from the London Atmospheric Emissions Inventory (LAEI), and maps of pollutant
concentrations generated by ERG for the GLA.187
Dispersion modelling for individual plant was performed using the ADMS-Screen 3
Model. This requires information on various parameters in addition to the emission
factors, including stack height and diameter, gas temperature and exit velocity, all of
which were derived from reference facilities.

184

GLA (2002) Cleaning London‘s Air: The Mayor‘s Air Quality Strategy, September 2002

185 Eunomia / EMRC (2008) Air Quality Impacts of Waste Management and Wood Energy Infrastructure
in London, Summary Report to the Greater London Authority, November 2008 (unpublished)
186 European Commission (2006) Integrated Pollution Prevention and Control: Reference Document on
Best Available Techniques for the Waste Treatment Industries, August 2006
187

http://www.airquality.co.uk/archive/laqm/laqm.php
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Since emissions from new plant are likely to be carried into an area where objectives
are not met, there is a need to identify concentrations that are likely to cause a
significant added problem. As a starting point or central assumption, a significant
additional burden was considered in the analysis to be an increase in NO2
concentration of 0.04 µg.m-3 of NO2 (or 0.1% of the existing air quality objective). The
influence of stack height on the results was also investigated for plant that had a
more significant impact on air quality.
Table 70 shows the proportion of London that was considered potentially suitable for
plant development for the two type of waste facility assessed as part of the study.
These results suggest that from the perspective of impacts on air quality, over half of
the area of London might be suitable for a MBT (biodrying) and gasification plant
whilst just over a third would be suitable for a MBT (AD) plant assuming a stack height
of 20 metres. Increasing the stack height has the effect of making a greater
proportion of London suitable for plant development.
The study concluded that there are large areas of London where waste treatment
plant could be located with minimal effect on air quality objective attainment. Isolated
plant of the types considered - if managed and operating as designed - were therefore
considered to be unlikely to have a significant effect on air quality where objectives
are not forecast to be exceeded in the future.
Table 70: Proportion of London Potentially Suitable for Plant Development

Plant type

Stack height
(m)

Permitted increment in NO2 relative
to objective in areas with current
exceedance
Concentration
µg.m-3

MBT (Biodrying) and
Gasification

% of objective

% of London
suitable for
plant
development

20

0.04

0.1%

63%

20

0.04

0.1%

36%

10

0.04

0.1%

29%

MBT (AD)
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Executive Summary
E.1.0

Introduction and Objectives

The first draft of the Mayor of London’s Municipal Waste Management Strategy
(MWMS) was published in early 2010. Further research and analysis with regard to
economic modelling of waste management processes, is required before the
document is published for consultation later in 2010. Eunomia Research &
Consulting (‘Eunomia’) was tasked to provide an evidence base, on economic and
environmental grounds, to provide context to the targets set out in the Draft
Strategy, and whether any amendments are required.
The Project Specification for this study requested that a number of scenarios should
be modelled to determine a ‘Mayor’s Preferred Method’ for waste management. This
method should be both technically feasible within the practical constraints of
London’s housing stock, and provide overall financial savings compared to a
continuation of current practice.
The key elements of the Mayor’s Draft MWMS, which have been used to guide the
modelling undertaken for this study include:
 Waste reduction and reuse targets;
 Achievement of a minimum recycling/composting (or AD) rate of 45% by
2015, 50% by 2020 and 60% by 2031;
 Maintaining of the self sufficiency targets set out within the London Plan;
 Minimisation of waste sent to landfill, with only streams which have been
through some kind of pre-treatment or sorting being sent to landfill;
 Increased collection and treatment of food waste;
 Support for residual waste treatments which maximise the abatement of
greenhouse gases (GHGs);1 and
 Financially viable opportunities for moving materials up the waste hierarchy.
The Draft MWMS was consulted upon by the London Assembly and Greater London
Authority functional bodies until March 15th 2010. A revised draft document is due
to be published for consultation in summer 2010, followed by publication of a final
MWMS by early 2011.

E.2.0

Scope and Methodology

A total of 11 waste management scenarios involving different approaches to
collection and residual treatment were modelled for this study. The sequence of the
approach to developing both the scenarios and associated model can be
summarised as follows:
 Development of a ‘Do Nothing New’ baseline;

The goal of the Draft MWMS is not to be technology specific, but to request, as an output
specification, that residual technologies are selected on the basis of their GHG performance
1
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 Selection of a number of relevant ‘Do Something’ scenarios for comparison.
These were, in essence, based around varying ‘scheduled’ household
recycling collections and residual waste management processes; and
 For each scenario:
o

Modelling of changes in waste collection systems to meet overall targets;

o

Modelling of the costs of collection and treatment of all waste streams;
and

o

Modelling of associated greenhouse gas (GHG) emissions;

o

Undertaking of ‘risk analysis’ and other forms of sensitivity analysis.

Key data sources for the study include WasteDataFlow (WDF) and other published
research, such as another recent study undertaken on behalf of the GLA, on best
performing collection systems in London, along with information developed on
behalf of WRAP.2 3
The main elements of waste management in London that were modelled in the study
include:
 ‘Scheduled’ household dry recycling and organic waste collections;
 Reuse;
 Reuse and Recycling Centres (RRCs)
 Commercial Wastes;
 On-the-go Recycling;
 Organic waste treatment, i.e. composting and anaerobic digestion (AD); and
 Residual waste treatment.
Within our model, households in London were split into two key categories a)
dwellings which receive a ‘doorstep’ type collection system and b) dwellings which
receive a ‘communal’ type collection system. This is an important distinction with
regard to development of assumptions relating to both the likely capture rates for
recyclable materials and the cost of service delivery.
The five ‘collection approaches’ modelled in this study are described as:
 ‘Do Nothing New’ Baseline;
 ‘Focus on Dry’ recyclables;
 ‘Focus on Food’;
 ‘Doorstep Only; and
 ‘Max greenhouse gas (GHG) abatement’.

Hyder Consulting (2010) The Performance of London's Municipal Recycling Collection Services, Final
Report for GLA, March 2010
2

Icaro Consulting (2009) Analysis of kerbside dry recycling performance in England 2007/08 (WRAP
Project EVA034-087),Summary Report
3
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These are combined with the following three waste treatment approaches:
 ‘Do Nothing New’ Baseline (i.e. existing landfill and incineration);
 ‘New Tech (low-biomass / unrefined solid recovered fuel (SRF)’ – includes
mechanical biological treatment (‘bio-drying’) with a resulting low-biomass
SRF sent for combustion or gasification; and
 ‘New Tech (high-biomass / refined SRF)’ – includes autoclaving with a highbiomass SRF sent for combustion or gasification, and plastics recovered for
reprocessing.
Further information relating to the this determination of scenarios and the
overarching modelling methodology is provided in Sections 3.0 and 4.0, with details
of all assumptions presented in the Appendices.

E.3.0

Summary of Key Results and Recommendations

The key results from the study relate to the overall costs of waste management for
London, and the CO2 emissions associated with the resulting waste flows; these
being the two most significant factors considered within the Mayor’s Draft MWMS.
Based upon the results presented in Section 8.0 and the associated sensitivity
analysis in Section 9.0, the following conclusions and recommendations can be
made:
 Focusing waste management services on the maximisation of ‘GHG benefit’
could result in the lowest financial costs of any scenario modelled, as shown
in Figure ES1. The Mayor, therefore, appears to be justified in proposing
recycling targets above those within Defra’s Waste Strategy for England, and
might also be justified in raising these targets above those published under
Policy 4 of the recent Draft MWMS;
 Figure ES1 shows that the ‘Doorstep only’ scenario, whereby no further
increase in kerbside recycling from communal properties occurs, and all
corresponding waste is diverted to MBT processes, appears to be more cost
effective than both the ‘focus on food’ and the ‘focus on dry’ scenarios. It
should be noted, however, that under this scenario, not enough materials can
be recovered from the waste stream to meet the Mayor’s 50% or 60%
recycling target in 2020 and 2031 respectively. Therefore, the GLA should
not seek to propose that a significant number of Boroughs follow such an
approach;
 As stated throughout this report, a lack of available, verifiable data is such
that there are significant uncertainties relating to estimates for some core
collection cost and in some assumptions relating to service performance,
especially out to 2031. As a result, the ranges of possible outcomes for each
scenario (modelled using Monte Carlo analysis), as shown in Figure ES2 are
relatively wide. Although the results of the study are of clear value, therefore,
as with all macro-modelling of this nature, they should be treated with
caution;
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Figure ES1: Total (Annual) Costs of Waste Management in London in 2031
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Figure ES2: Analysis of Total (Annual) Waste Management Costs to 2031

1. 'Do Nothing' Baseline Costs

9. Focus on Food_Residual to Refined SRF (Median)

6. Focus on Dry_Residual to Refined SRF (Median)

11. Max Recycling_Residual to Refined SRF (Median)

Note 1: Shaded areas represent the 95% confidence interval around the median values
Note 2: Scenarios 6, 9 and 11 have the same approach to residual waste management

 The approach towards maximising ‘GHG benefit’ is also consistent with the
Mayor’s proposal in the draft MWMS (Policy 2) for setting a greenhouse gas
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(GHG) standard for MSW management activities to reduce their impact on
climate change. Furthermore, Policy 5 of the draft MWMS proposes to
catalyse low carbon technologies as a central element of new waste
management infrastructure. The selection of new technologies modelled for
each scenario, therefore, represent those which have been shown in a
previous study by Eunomia on behalf of the GLA to offer better potential GHG
performances than alternatives;4
 The results of the study show that, with regard to reducing GHG emissions, all
modelled scenarios perform significantly better than the ‘Do Nothing’
Baseline scenario (see Figure ES3). It should also be noted that there is
relatively little difference in performance between the three core collection
scenarios; ‘focus on dry’, ‘focus on food’ and ‘max-GHG’.5 In the recent
consultation for a replacement draft London Plan, with regard to waste
technologies, the GLA suggests shifting towards a more ‘output-based
specification to ensure the best possible environmental outcomes’.6 It is
therefore perhaps appropriate that this level of flexibility is given to the whole
waste system, in that due to local infrastructure and housing stock it might be
appropriate for some Boroughs to focus initial efforts on food waste
collection, whilst others should focus initially on collection of additional dry
materials to meet recycling targets. This might be a principle adopted by the
GLA as part of the Mayor’s emerging preferred method of waste
management;

4 Eunomia (2008) GHG Performance of Residual Waste Technologies, on behalf of the GLA, January
2008
5 Furthermore, under the ‘focus on dry ‘and ‘focus on food’ scenarios, broadly the same amount of
food and dry materials require collection to meet the 2015, 2020 and 2031 targets. The main
difference between these two scenarios, therefore, is in the order of roll-out of services to 2015,
which is shown in more detail in Appendix 4

The London Plan: Spatial Development Strategy for Greater London (Consultation Draft
Replacement Plan), 2009
6
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Figure ES3: Breakdown of Cumulative GHG Emissions (2008 to 2031)
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 The Mayor’s Draft MSWM suggests that the total cost of waste management
in London is in the region of £600m/annum. Albeit with the caveats relating
to uncertainty outlined above, the modelling for this study (see Figure ES2
above) indicates a similar sum for future annualised costs under any of the
given scenarios. Policy 3 of the Draft MWMS suggests that this annual cost
might be reduced significantly, by as much as £90m/annum in near future.
Whilst these savings might be optimistic in the short-term (in light of the
rising costs of Landfill Tax and the time lag prior to the construction and
operation of new management infrastructure), should the benefits of both
markets for recycled materials and incentives for renewable energy be
realised by London Boroughs via effective procurement of new services, they
may be achievable in the medium to long term;
 The targets detailed under Policy 4 of the Draft MWMS present a specific
challenge with regard to the timeframe to meet a 45% recycling rate by 2015,
which reflects around a 20% increase on current performance. Assuming this
target is met, subsequent targets will be far less challenging, with only a
further 5% required over the following 5 years to 2020, then a further 10% to
2031. In initial years, therefore, annualised collection and recycling costs
increase significantly for Boroughs. Over time, however, from 2015 to 2020,
total annual costs decline slightly. This is the result of combination of effects
including moderately increasing costs of collection of dry recyclables and
GLA – Economic Modelling for Mayor’s MWMS
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biowastes, falling costs of both refuse collection and landfill (albeit with
increasing costs per tonne from the Landfill Tax escalator), such that the net
impact is a year-on-year fall in total costs. From 2020, there is a need to
replace ageing residual treatment infrastructure, i.e. the Edmonton
incinerator, and thus total annual costs increase once more;
 It is understood that the Mayor proposes to promote an equal level of waste
collection service across Boroughs. Whilst this might be a laudable goal, it
should be noted that both this study, and a simultaneous report being
undertaken on behalf of the GLA focusing on best practice collection, have
found that this will be extremely challenging.7 Some residential properties are
simply not designed to cope with the amount of waste which is now
generated by households, and whilst innovative systems such as
underground vacuum technologies are being introduced in London, these
come at a significant cost. Therefore, whilst we believe, as a principle, that
the GLA might seek to promote minimum levels of collection service further to
those enshrined in law via the Household Waste Recycling Act, it should also
recognise that the barriers are such that this might not be appropriate for all
Boroughs. At the same time, however, it should be recognised that other
Boroughs might far exceed these minimum services, such that the overall
objective is achieved on an aggregate basis;
 The evidence base used to model the costs of different waste management
methods for this study suggests that collection and recycling or treatment of
source separated wastes can be less expensive, on an annualised basis, than
residual waste treatment processes. The order of dispatch in our model
therefore is such that new collection services are generally rolled out prior to
the development of new residual treatment infrastructure. If this is the case
in reality, and new services achieve the levels of success delivered by best
practice examples, it should be noted that London could find itself in the
situation of having an over-capacity of waste management infrastructure.
Whilst such a situation is perhaps currently perceived as being very unlikely,
we recommend that the GLA is mindful of such an outcome in future years.
By way of mitigating this risk, Eunomia has handed over the waste
management model developed via this study, for use by the GLA on an
ongoing basis, to monitor and analyse future waste flows in London;
 The modelling for this study suggests that the recycling targets proposed by
the GLA in the Draft MWMS cannot be met by focusing on ‘scheduled’
household collection schemes alone. Improving performance at RRCs, and in
commercial waste recycling (for which municipal-led services currently
perform far worse than those operated by the private sector) will be essential.
Furthermore, although the contribution of ‘on-the-go’ recycling and street
cleansing activities is currently minor relative to other methods, the roll-out of
new such services could play an important role, not least in improving the
quality of life for many Londoners, in line with Policy 6 of the Draft MWMS;

Hyder Consulting (2010) The Performance of London's Municipal Recycling Collection Services, Final
Report for GLA, March 2010
7

GLA – Economic Modelling for Mayor’s MWMS

x
 It should be acknowledged that meeting the proposed recycling targets does
depend upon significant behavioural change, especially for residents in highdensity housing and thus measures must be put in place to assist this
change. Whilst detailed consideration of such methods is not within the
scope of this study (and costs of communications campaigns, for example,
have not been included within our model), the need to inform and educate
Londoners towards changing behaviour is recognised and explored in some
detail under Policy 1 in the Mayor’s Draft MWMS;
 The modelling undertaken for this study does not include the costs of project
development and consenting, which can be significant for waste
management facilities, especially in urban areas. It should be noted,
however, that the revised London Plan has been designed to smooth this
consenting process, particularly if applications are based upon the use of
cleaner waste treatment technologies;
 Although detailed consideration of whether LATS targets will be met is not a
core element of this study and has not been quantitatively demonstrated
within, our high-level analysis indicates that, for London as a whole, these will
be met under each of the core scenarios, as is shown within the Mayor’s
Draft MWMS; and
 Whilst there has been significant focus within this study (and in much
previous work relating to waste management in London) on GHG emissions, it
is important to highlight the potential tension between the development of
low-carbon waste treatment plant and the minimisation of air quality impacts.
Primarily these relate to oxides of nitrogen (NOx) and particulates (PM10), for
which London is currently estimated to be exceeding targets.8 Recent work
undertaken by Eunomia and EMRC on behalf of the GLA showed that the
development of new plant might result in exceedances of both NOx and
PM10 in specific locations, particularly those near to busy roads. The study
concluded, however, that there are large areas of London where waste
treatment plant could be located with minimal effect on attainment of air
quality objectives. Isolated residual treatment facilities of the types
considered in this study - if managed and operating as designed - were
therefore considered to be unlikely to have a significant effect on air quality
where objectives are not forecast to be exceeded in the future.

8

GLA (2002) Cleaning London’s Air: The Mayor’s Air Quality Strategy, September 2002
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1.0 Background and Introduction
The first draft of the Mayor of London’s Municipal Waste Management Strategy
(MWMS) was published in early 2010. Further research and analysis with regard to
economic modelling of waste management processes, is required before the
document goes out for consultation later in 2010. Eunomia Research & Consulting
has been tasked to provide an evidence base, on economic and environmental
grounds, to provide context to the targets set out in the Draft Strategy, and whether
any amendments are required.
The Project Specification issued by the Greater London Authority (GLA) requested that
a number of scenarios should be modelled to determine a ‘Mayor’s Preferred Method’
for waste management. This method should be both technically feasible within the
practical constraints of London’s housing stock, and provide overall financial savings
compared to a continuation of current practice.
The key elements of the Draft MWMS upon which the modelling within this study are
focused include:
 Reduction and reuse targets;
 Achievement of a minimum recycling/composting (or AD) rate of 45% by 2015,
50% by 2020 and 60% by 2031;
 Maintaining of self sufficiency targets set out within the London Plan;
 Minimisation of waste sent to landfill, with only streams which have been
through some kind of treatment or sorting being sent to landfill;
 Increased collection and treatment of food waste; and
 Support for residual waste treatments which maximise the abatement of
greenhouse gases (GHGs).9
As mentioned above, the Draft MWMS is currently being consulted on by the London
Assembly and Greater London Authority functional bodies until March 15 2010. A
revised Draft document is due to be published for consultation in summer 2010,
followed by publication of a final MWMS by early 2011.

The goal of the Draft MWMS is not to be technology specific, but to request, as an output
specification, that residual technologies are selected on the basis of their GHG performance
9
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2.0 Project Scope and Objectives
The Mayor’s intention is that this study will function as an independent piece of
supporting evidence to his new MWMS. In the Project Specification received by
Eunomia, two core objectives were stated, as follows:
 To model a range of waste management scenarios using London-specific
waste data and present the results with regard to economic performance; and
 To develop a waste management tool for the GLA to use on an ongoing basis
to model the costs associated with waste management scenarios in London.
Along with the results of the modelling exercise, this report is therefore focused on
providing details of the key assumptions which underpin both these results, and the
spreadsheet model handed over to the GLA for future use. This model includes
information at the Borough level to reflect both the current ‘real-life’ waste flows and
the impacts of future plans for new or amended services within London.
The study includes a range of waste management scenarios, which are modelled
against a baseline ‘Do Nothing New’ scenario. Eunomia’s approach to selecting and
modelling these scenarios is further detailed in Section 4.0.
To bring in an element of cost-benefit analysis (CBA) to the study, Eunomia has
provided information relating to the GHG emissions associated with each of these
waste management scenarios. As per previous work by Eunomia on behalf of the GLA,
these emissions have been monetised, such that these can be more easily compared
and reconciled with economic costs.
The timescales associated with the modelling extend from latest waste arisings data
(2008/09) until the final year considered in the Mayor’s Draft MWMS (2031/32).
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3.0 Methodology
The sequence of the approach to developing both the scenarios and model can be
summarised as follows:
 Develop a ‘Do Nothing New’ baseline;
 Select a number of relevant ‘do something’ scenarios for comparison;
 For each scenario:
o Model changes in collection systems to meet overall targets;
o Calculate the costs of collection and treatment of all waste streams;
and
o Calculate relevant environmental impacts.
 Run sensitivities.
In this Section, the development of the ‘Do Nothing New’ baseline is described in
Section 3.1, followed by additional elements required for the modelling (i.e. waste
growth and composition development) in Sections 3.2 and 3.3, the principles involved
in modelling all other ‘Do Something’ scenarios in Section 3.4, and finally a brief
discussion around the monetisation of GHG emissions is provided in Section3.5.

3.1 ‘Do Nothing New’ Baseline Development
There are two elements to the baseline used in the model. Firstly a mass flow
baseline was constructed to show the management of different wastes by treatment
or disposal method. The second element is the ‘collection system' baseline. The
distinction is made because, when modelling the costs of waste management in each
scenario, these cannot always be directly related to the tonnage of waste collected.
For example, in terms of household waste, the multiple collection systems that can
exist at one property make analysis of the cost of collection, in terms of one tonne of
waste collected, very complex. It is therefore more sensible to calculate collection
costs per household, as has been undertaken for this study.

3.1.1

Data Sources and Gathering

Defra and The Environment Agency’s WasteDataFlow (WDF) tool is an obvious starting
point in determining current waste flows. Our experience indicates, however, that
even following significant interrogation of this tool, there usually remain unanswered
questions with regard to how Boroughs are currently managing specific materials, for
example, whether recyclables are collected in separated or co-mingled form, or how
materials are collected in terms of frequency and container type. The information for
this study has therefore been drawn from a simultaneous study undertaken on behalf
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of the GLA, which involved interviews with each London Borough to determine and
corroborate the following:10
 Future plans for new or amended services;
 Recycling collection scheme characterisation, i.e. frequency, containers;
 Performance (in kg/household) of each recycling collection scheme;
 Refuse collection scheme characterisation, i.e. frequency, containers; and
 Costs of service delivery.
Where this data is unavailable, for example incomplete data returns in WDF, we have
used previously gathered data or contacted the Boroughs directly.

3.1.2

Analysis of Current Situation

The analysis of the data described in Section 3.1.1 focuses on the following two key
parameters:
1. The nature of the collection systems in place in each Borough (for dry
recyclates, organics and refuse); and
2. The tonnage collected for each material. This is to give an indication of the
overall performance of the systems (at Borough level, and system level where
possible).
From this analysis, the current (2008/09) situation was developed as a basis for the
‘Do Nothing New’ baseline. Sections 3.1.2.1 to 3.1.2.3 add further detail to the
development of this baseline, through discussion of the main waste streams arising in
London.
3.1.2.1

Household Kerbside Waste

It should be noted that two housing types have been examined in the modelling.
Households receiving a doorstep collection have been separated from households on
a communal collection. This difference in type of collection system was deemed one
of the most important factors in developing the modelling of kerbside services in
London. Performance and cost are assumed to differ to a greater extent than the
classification of housing types, as reported by organisations such as the ONS. In this
report, we therefore refer to the costs and performance on this basis.
The data on kerbside schemes is more comprehensive than for any other type of
waste collection system. However, such schemes are constantly changing and the
reporting of data varies between Boroughs. Moreover, reporting varies depending on
the nature of the questions posed to LAs. This makes cross comparison between WDF
information and that gathered in surveying of Boroughs very important.

Hyder Consulting (2010) The Performance of London's Municipal Recycling Collection Services, Final
Report for GLA, March 2010
10
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In our model, tonnage data was extracted from WDF for each Borough and
aggregated to calculate the levels of recycling and residual waste management. The
destination of the treatment / disposal options was also used to calculate baseline
disposal costs.
For each Borough, information was compiled to show the types of recycling and
organic schemes in place for each housing type. Information on the type of refuse
collection in place was also compiled, as the frequency and type of container has
significant implications for the overall cost of the service. For the purposes of this
study, we have called this the ‘collection system’ baseline.
3.1.2.2

Non-household Municipal Wastes

Non-household municipal waste is estimated to account for 21% of all the municipal
waste in London, most of which is commercial waste from local small-medium sized
businesses. This is a relatively high proportion compared to the national average. It is
therefore important to seek to understand what is happening with commercial waste
collection and onward management. However, despite this goal, there remains very
limited data on the collection systems employed nationally, let alone at a Borough
level. Furthermore, although there is some tonnage data from recycling collections
available from WDF, the types of system are not known, and will vary considerably
depending on the type, and size of businesses.
3.1.2.3

Other Municipal Wastes

The other sources of large quantities of waste from the municipal sector include
Reuse and Recycling Centres (RRCs) and, to some extent, bring bank sites. Whilst ‘onthe-go’ recycling and other collections have a lesser impact, we have also included
these routes within the model, although it should be noted that data on these later
sources of waste is very immature and thus not considered wholly reliable.
For each Borough the number of RRCs and bring sites (by material) were included in
the model baseline. Furthermore, for all waste sources noted above, the total tonnage
of materials collected for recycling / disposal was also considered. Again, this
information was taken from WDF.

3.2 Waste Arisings and Change over Time
Current waste arisings were taken from the latest WasteDataFlow reports (2008/09).
Changes in waste arisings are based on a recent study undertaken on behalf of the
GLA.11 The study seeks to understand what impacts various factors, such as waste
prevention and population growth, will have on the total waste generated in London.
The key conclusions and assumptions used in the modeling for this study can be
summarized as follows:

LRS / SLR (2010) Future Waste Arisings in London, 2009 - 2031: Project summary and
methodological memo., 2010
11
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 The number of households in London will continue to increase. A 17% increase
by 2031 is forecast;
 Household waste arisings, per household, will decrease over time, as a result
of waste prevention effects considered to arise through communication
campaigns, and additional service provisions;
 The combination of increased housing and decreased waste, per household,
means that the absolute growth in household waste will be zero; and
 In the absence of any waste prevention activities, non-household municipal
waste will grow by 30% by 2031.
These growth rates are included in our ‘Do Nothing New’ baseline, as well as the ‘Do
Something’ scenarios.

3.3 Waste Compositions
Assumptions relating to waste composition play a part in determining the costs of
different management methods. For example, the calorific value (CV) of streams
being sent for energy recovery will affect the level of energy output, and thus
revenues from the facility with regard to energy sales and revenues from Renewable
Obligation Certificates (ROCs). The model therefore has the capability to calculate
varying energy outputs which relate directly to the composition of the residual waste.
Furthermore, compositions are needed to estimate the likely yields of recyclable
materials, based on a systems performance. This is true for not only householdkerbside waste, but also waste arising at RRCs, street litter bins, and commercial
properties.
Full details of the data sources and compositions used in this work are given in
Appendix 2. The following points summarise the approach:
 Kerbside-collected Household Wastes – composition taken from the latest
Resource Futures analysis of England’s Municipal waste;
 RRCs / Litter – taken from 2006 AEA study for the Welsh Assembly
Government (WAG);
 Commercial Wastes – derived from latest WAG C&I survey (07/08) and from
previous AEA study; and
 Residual Composition – derived using the latest municipal compositional
survey, and estimations regarding the likely capture of materials required to
meet overall recycling rates (we determine four generic compositions, low, mid
- with and without food collections – and high, within this study).

3.4 Approach to ‘Do Something’ Scenario Modelling
Following the modeling of the ‘Do Nothing New’ baseline we modeled 11 scenarios
whereby there is some change to this baseline. The varying scenarios reflect a range
of realistic situations for waste management in London. The process of determination
of these scenarios is discussed in detail Section 4.0.
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Sections 3.4.1 to 3.4.6 summarise the overarching approach to modelling these 11
‘Do Nothing New’ scenarios, with assumptions for specific scenarios provided in
Section 4.0.

3.4.1 Modelling of Waste Collection
In ONS census data from 2000, 36 to 49% of London’s housing stock was described
as flats.12 The aforementioned Hyder study indicates that ‘doorstep flats’, ‘near entry
flats’ and ‘flats above shops’ account for some 45% of the current housing stock in
London. There will be some cross-over between houses and ‘flats’ as , under the
classifications in the data sources mentioned above, ‘flats’ also relates to houses
within which separate rooms are rented out as ‘flats’. Consequently, some ‘flats’ will
receive a ‘doorstep’ type collection service, but most will be serviced by a ‘communal’
based system.
In the modelling we use existing data sources on waste collection services in London
to categorise properties as ‘doorstep’ and ‘communal’ rather than by building type.
Our understanding of recycling collection systems in London suggests that around
32% of households in London receive a ‘communal’ type service. Potential limitations
to the use of ‘scheduled’ household collection systems for such properties are taken
into consideration within our modeling of scenarios.13
Data relating to the yield of different materials from a range of collection systems, on
a per household basis, is combined with total household figures to estimate overall
captures of waste. It should be noted that these yield figures were inflated for London
as current household arisings, per capita, are higher than the average for the UK.
To enable modelling of like-for-like collection costs of new services, the cost baseline
and cost of additional services is drawn from data within Eunomia’s internal cost
model. This includes elements to calculate the collection costs of dry recyclables,
organics and refuse. The dry recycling ‘collection only’ costs for ‘doorstep’ properties
are drawn from a study undertaken on behalf of WRAP.14 Data relating to costs of
collecting recyclables from ‘communal’ properties is very limited. One study previously
undertaken by Eunomia, which considered the costs of collection from flats in
Hackney is used as the main data source for this study.15
The approach undertaken demonstrates the change in costs associated with different
scenarios, along with providing absolute values. The aforementioned Hyder study on

12 This wide range relates to the inclusion / exclusion of ‘shared dwellings’ in the ONS data. This
category could relate to flats or houses, depending on the how they are classified

We have used the term ‘scheduled’ in this study to refer to services which happen on a regular,
scheduled basis, for example, kerbside collections from households. All other collection services are
deemed ‘non-scheduled’ for the purposes of this study
13

WRAP (2008) Kerbside Recycling: Indicative Costs and Performance. Technical Annex, Available at:
http://www.wrap.org.uk/downloads/KerbsideReportAnnexFinal_1.bac022de.5634.pdf
14

Eunomia (2007) Estates Recycling Evaluation; Report for the London Borough of Hackney, January
2008
15
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recycling performance in London attempted to gather information from Boroughs on
the collection cost element of recycling services. Limited data was received from the
Boroughs, and where cost information was supplied, annualised costs of service were
given, not the collection only cost of the different systems. Therefore, limited ‘London
specific’ data has been available for the modelling in this study.
The sequence of changes modelled for scheduled household collections is
summarised in Sections 3.4.1.1 and 3.4.1.2.
3.4.1.1

Scheduled Household Organics Collections

1. For each Borough the preferred marginal collection system for households
which are not currently receiving a garden or a food waste collection is
considered:
a. In most cases this is the existing system currently in place, i.e. we do
not change any existing garden waste services in the model, and only
roll out services to households not covered by the existing scheme; and
b. For ‘doorstep’ properties, existing food waste collection services are
rolled out to further households in the Borough. Where no collection
system is in place, source separated food waste collection services are
rolled out. For ‘communal’ properties, only source separated collections
are rolled out; the assumption being that all garden waste from these
properties is currently managed, and that no additional collections are
required.
2. The roll-out of new collection systems follows a ‘cost effective’ approach. For
example, all households not receiving a service are categorised by the
preferred system described above. The households for which this preferred
system is cheapest (based on modelling of all systems as part of this study)
are those which receive a new collection system first. Then, in a sequential
order, households with the next cheapest preferred system receive a new
service, and so on.
3.4.1.2

Scheduled Household Dry Recyclable Collections:

1. For ‘doorstep’ type properties ‘best practice’ dry recycling services (for both
source separated and comingled) are considered. The change in costs
between the existing system and the ‘best practice’ system are calculated.
Households for which this change in costs is the smallest are those for which
this change is made first. In general, the smallest additional costs are simply
those which involve a switch in collection frequency or the addition of a single
new material to an existing service which already includes most materials. The
greatest change in costs are where households, which are currently receiving
no, or very limited, recycling services, are moved to a ‘best practice’, and fully
comprehensive, service. In the modelling these are the final changes to be
made in terms of new recycling services rolled out;
2. The data and information around ‘communal’ dry recycling systems is limited.
However, the approach to the modelling is, in essence, the same as that
described above for ‘doorstep’ properties; and
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3. In the model, it is assumed that Boroughs which currently operate co-mingled
or source-separated collection schemes will continue with the same comingled or source-separated approaches.

3.4.2

Reuse Performance

The GLA has set a 2 per cent reuse target by 2020 and 3 per cent target by 2031.
This equates to needing an additional 40,000tpa of new reuse capacity by 2012,
ramping up to 120,000tpa by 2031.

3.4.3

Performance of Recycling and Reuse Centres (RRCs)

Recycling from RRCs will need to increase significantly such that the overall recycling
targets can be met. We have modelled that improvements to RRCs will result in a
recycling rate of 60% being reached by 2020, with a 70% rate being achieved by
2031. The 2020 target was set by Resource Futures in their analysis of RRCs in
London.16 Under the ‘max GHG abatement’ scenario (see Section 4.3), these increase
to 70 and 80% respectively.

3.4.4

Recycling of Non-household Municipal Wastes

The impact of the Landfill Tax, and potential landfill bans being considered by Defra is
such that it is likely that recycling rates for commercial wastes might become similar
to those for households.
In 2008, the GLA published information relating to the proportion of commercial
waste (70-75%) which might be recyclable within the hospitality, retail and office subsectors.17 As this might be considered high for London as a whole, we have modelled
commercial recycling rates as follows:
 Central Scenarios:
o 2008 (current) – 5%;
o 2015 – 40%;
o 2020 – 50%;
o 2031 – 60%.
 ‘Max GHG abatement’ Scenario (see Section 4.3):
o 2015 – 20%;
o 2020 – 55%; and
o 2031 – 65%.

16

Resource Futures (2008) London Reuse and Recycling Best Practice Guidance, RF Project no.: 376

GLA (2008) Making waste work in London: The Mayors draft Business Waste Management Strategy",
GLA, Feb 2008
17
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3.4.5

Performance of On-the-Go Recycling Schemes

Increasing the number of on-the-go recycling facilities has been targeted as a way in
which to improve recycling rates and enhance awareness of recycling in the London
Boroughs. Performance levels of current schemes, however, are difficult to assess.
Few direct comparisons can be made between systems due to variation in duration of
the scheme, numbers and size of bins and materials collected.
In London there are currently three predominant collections systems:
 Paper only (mainly in areas where free papers are distributed);
 Comingled collection of paper, plastic bottles, cans and glass; and
 Separate collection of paper, plastic bottles, cans and glass.
Performance assumptions of future on-the-go recycling schemes are discussed in
detail in Appendix 4. It should be noted here that we have made consistent
assumptions for performance across each household scenario. These are based upon
what we consider to be a conservative assumption, that 2 tonnes per annum will be
captured and recycled per street bin. We have assumed that 30 bins per authority will
be in place by 2015, 100 by 2020 and 200 by 2030.

3.4.6 Modelling of Residual Waste Treatment and Disposal
Currently, 75% of London’s waste is deemed ‘residual waste’. Around 3 million tonnes
per annum therefore needs to be managed through options including landfill,
incineration, MBT and gasification.
Waste flows to residual treatment processes are calculated by estimating captures of
recyclables (via all methods of collection as discussed in Section 3.4.1) from total
waste arisings and then assigning the remaining waste to different waste treatment
processes. These tonnage inputs are then used to estimate the total costs and
environmental impacts of residual waste management processes under each
scenario. The composition of the waste entering the plant is also modelled to
determine the level of energy produced and whether a process might qualify for
Renewable Obligation Certificates (ROCs).
As detailed in Section 7.7, Eunomia’s financial model estimates likely gate fees for
waste treatment based upon capital and operating costs on a per tonne basis. The
related residual treatment model, Atropos, uses a life-cycle analysis (LCA) approach to
estimate the resulting environmental impacts from waste treatment processes, such
as incineration, gasification, MBT and landfill.
3.4.6.1

Contribution of Residual Treatment to Recycling Rates

For each scenario modelled, recovery of materials at residual treatment facilities
contributes to meeting recycling targets. This is especially important as not all
Boroughs are likely to be able to achieve the Mayor’s 45% recycling target by 2015 by
non-residual recovery means alone.
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3.4.6.2

Timing of New Residual Infrastructure

It should also be acknowledged that the speed of change will also be a factor for
which assumptions might vary across scenarios. The scope of our analysis stretches
out to 2031, and thus each scenario must have an associated time profile, which
shows, for example, when treatment plants are constructed and become operational.
As discussed in Section 9.7.2, this might have an impact on costs, depending upon
assumptions relating to financial markets and future treatment of risk by funding
institutions. We have also taken into consideration in our model what is achievable in
terms of planning constraints for both 2020 and 2031.
3.4.6.3

Size of New Residual Facilities

The models used to provide evidence for the London Plan specified thermal facilities
with a throughput of 100ktpa. In our model, we have therefore assumed that any new
MBT and autoclave facilities will have throughputs of 120,000 to 150,000ktpa, such
that any subsequent thermal treatment facilities (taking into consideration mass loss,
materials recovery and rejects from pre-treatment) will process around 100ktpa of
MSW.
See Appendix 5 for full details of these assumptions, and Appendix 9 for discussion of
how the results might be affected if modeled using the Environment Agency’s WRATE
model.

3.5 Carbon Accounting and ‘Monetisation’ of GHG Emissions
HM Treasury’s Green Book states that analysis of the costs of policy options should
not be undertaken in isolation from quantification and monetisation of associated
GHG emissions. To bring in an element of cost-benefit analysis (CBA) to the study,
therefore, we have included modelling of the GHG emissions associated with each
waste management scenario. As per previous work by Eunomia on behalf of the GLA,
these emissions are monetised according to the new guidance recently been
published by DECC.18 See Sections 6.3 for further information of the approach used
for this study.

18

DECC (2009) Carbon Valuation in UK Policy Appraisal: A Revised Approach, July 2009
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4.0

Determination of Scenarios

4.1 Principles for Scenario Selection
Scenarios included within the modelling for this study have selected based upon our
understanding of:
 Best practice waste reduction, collection, recycling and treatment methods in
the UK and other EU Member States;
 Practicality of implementing such techniques in different Boroughs, i.e. nature
of housing stock has a key impact on some potential options; and
 Likely cost of these waste management techniques, based on real data.
The process of determination of the detail of these scenarios has adhered to a
number of key principles and targets as follows:
 Recycling and composting rates of 45-60%;
 A high level of self-sufficiency (the existing London Plan sets out a goal for
London to manage 50% of its own MSW by 2010, 75% by 2015 and 80% by
2020)19;
 Minimisation of GHG emissions; and
 Maximisation of heat use from waste management facilities generating
energy.
In each of the scenarios, it is assumed that recycling targets will be met ‘as a whole’
for London, i.e. as is currently the case, some Boroughs will perform better than
others. It should also be noted, however, that the modelling for the study was not
completely bound by these recycling targets. Varying the recycling targets, for
example, was undertaken with some scenarios whereby the resulting effect was
considered to have a greater environmental, or economic, benefit to London.

4.2

‘Do Nothing New’ Baseline Scenario

The ‘Do Nothing New’ scenario is used to measure the relative performance of the
additional scenarios which will see a change in waste management in order to meet
the targets. The scenario represents no change in the existing waste management
collection systems and treatment / disposal routes. Under this definition ‘existing’
also includes facilities that have planning permission but have not yet come into
operation. This includes, for example, the Belvedere incinerator. Housing and waste
growth, however, does occur in this scenario.

Greater London Authority (2008) The London Plan, Consolidated alterations since 2004 (Spatial
Development Strategy for Greater London, February 2008
19
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4.3

‘Do Something’ Scenarios

The ‘Do Something’ scenarios reflect a change in waste management practice in the
following three main areas:
 Waste collection;
 Organic waste treatment; and
 Residual waste treatment.
As noted above, the abatement of GHG emissions is a clear focus of the Draft MWMS.
Therefore, in addition to modelling scenarios to meet the targets set out in the Draft
MWMS, we have developed a scenario whereby the abatement of GHG emissions is
maximised.

4.3.1

Collection and Recycling Scenarios

Based on discussions with the GLA, Eunomia have modelled five scenarios as set out
in Table 4-1. Further details around the assumptions on performance, and modelling
of these scenarios, can be found in Appendix 4. The determination of the scenarios
for consideration in this study, is primarily based upon differences in ‘scheduled’
household collection systems, although it is assumed for all the scenarios that reuse
or capture of materials for recycling from the following ‘non-scheduled’ sources will
also take place:
 Contracted, or third sector organisation (TSO), reuse collection and resale;
 Reuse and Recycling Centres (RRCs);
 Bring sites;
 Other recycling (including on-the-go); and
 Commercial wastes.
Assumptions relating to changes in the management of the non-scheduled household
wastes are presented in Section 5.0. These assumptions are tested in Section 9.0 by
way of sensitivity analysis, whereby increases in non-scheduled household recycling
performance are limited.
It should be noted that the selection of scenarios has been undertaken to test the
efficacy of different approaches to waste management in London. In reality, Boroughs
would not be constrained by having to focus on one material, as local demographics
play a big part in the nature of the services and contracts, often designed to meet
LATS targets.
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Table 4-1: Summary of Collection Scenarios
Scenario Name

1

2

3

4

5

Description and Objectives

‘Do Nothing New’

Existing collection schemes remain in place. The
performance of the schemes remains ‘as is’ today. This ‘Do
Nothing New’ approach is required to measure the relative
performance of the subsequent ‘Do Something’ scenarios

‘Focus on Dry’

Meets (or exceeds) 45% recycling/composting rate by 2015,
50% by 2020 and 60% by 2031. Key aim is to test the
financial and environmental outcomes from rolling out
additional dry recycling collection first.

‘Focus on Food’

‘Doorstep Only’

‘Max GHG
abatement’

Meets (or exceeds) 45% recycling/composting rate by 2015,
50% by 2020 and 60% by 2031. Key aim is to test the
financial and environmental outcomes from rolling out
additional organic collections first.

Meets (or exceeds) 45% recycling/composting rate by 2015,
50% by 2020 and 60% by 2031. Key aim is to test the
financial and environmental outcomes from rolling out
additional recycling services to ‘easy to reach’ doorstep
properties, with the remaining residual waste from ‘hard to
reach’ properties being sent to recovery via MBT processes
which extract recyclables.
Meets (or exceeds) 45% recycling/composting rate by 2015,
60% by 2020 and 70% by 2031
Collection costs are greater than for scenario 2, but savings
will be made via the reduced amount of waste requiring
residual treatment
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Order of Roll-out of New Services

N/A

Collection of all dry materials (plastic bottles only) from doorstep and
communal dwellings;
Collection of food wastes from ‘doorstep’ dwellings only;
Collection of food wastes from ‘communal’ dwellings only.
Food waste collection and treatment from doorstep and communal
dwellings is prioritised;
Collection of all dry materials (plastic bottles only) from ‘doorstep’
dwellings only;
Collection of dry materials (plastic bottles only) from ‘communal’
dwellings only.
Collection of all dry materials (plastic bottles only) from ‘doorstep’
dwellings only;
Collection of food wastes from ‘doorstep’ dwellings only;
MBT plants to capture recyclables from residual waste stream from
‘communal’ based dwellings.

‘Order of roll-out’ based on scenario 2, but will include collections of all
dry materials (inc all plastics) and food from doorstep and communal
dwellings;

15
Scheduled household collections that currently operate in the UK can collect a wide
range of materials. In this study we focus on those which make up the significant
proportion of the waste stream only. The key materials that are focused on are:
 Paper;
 Card;
 Metals (mostly cans etc);
 Glass;
 Plastics (mostly bottles, but also other mixed plastics); and
 Textiles.
Modelling the costs and performance of collection systems that might include mobile
phones or household batteries, for example, is outside the scope of analysis.

4.3.2

Treatment of Green and Food (Organic) Wastes

With regard to modelling organic waste treatment, a number of factors are taken into
consideration in the model. These include:
 The type of organic collection system in place (i.e. source separated food and
garden, or co-mingled food with garden waste);
 The current and, likely, future mix of organic waste treatment infrastructure:
o We assume, at the margin, that 50% of the collected food waste will go to
anaerobic digestion facilities and 50% to in-vessel composting (IVC). Under
the ‘Max GHG abatement’ scenario, however, all food waste is assumed to
be managed by AD only;
o All additional separated garden waste collected is assumed to be managed
at open air windrow facilities;
 The GHG impacts of the various treatment processes.
It is also important to take into consideration the different potential configurations of
AD facilities, which might come to market in London. For collection Scenarios 1 to 4,
we have modelled costs and emissions for the following configurations:
 Use of gas engines to generate electricity only from biogas (60% of total food
waste arisings);
 Use of gas engines to generate electricity and heat (CHP mode) from biogas
(20% of total food waste arisings);
 Compression of biogas into vehicle fuel for local fleets (15% of total food
waste arisings); and
 Upgrading and injection of biogas into the natural gas network (5% of total
food waste arisings).
For Scenario 5, we have modelled only the AD configuration with the best associated
GHG performance.
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It is acknowledged here that AD can also be used to generate biogas (CH4), which can
be fed into a ‘gas-shift’ (or ‘steam reforming’) process for conversion to CO2 and
Hydrogen (H2).20 The latter can subsequently be used within stationery or vehiclebased fuel cells for energy generation at very high efficiencies. Whilst we have not
modelled such processes here, we acknowledge that they have significant potential to
deliver future GHG benefits, when the technologies become more commercially
mature.

4.3.3

Residual Waste Treatment

The focus of this study is on the modelling of realistic scenarios, i.e. those which are
being proposed in the current market. The following six residual treatment
configurations have therefore included in the modelling of ‘Do Something’ scenarios:
a) MBT (bio-drying, e.g. Eco-Deco) with resulting low-biomass SRF sent for
combustion (CHP mode);
b) MBT (bio-drying, e.g. Eco-Deco) with resulting low-biomass SRF sent for
gasification (steam turbine in CHP mode);
c) MBT (bio-drying, e.g. Eco-Deco) with resulting low-biomass SRF sent for
gasification (gas engine in CHP mode);
d) Autoclaving with high-biomass SRF to combustion (CHP mode) and plastics
recovered for reprocessing;
e) Autoclaving with high-biomass SRF to gasification (steam turbine in CHP
mode) and plastics recovered for reprocessing; and
f) Autoclaving with high-biomass SRF to gasification (gas engine in CHP mode)
and plastics recovered for reprocessing.
The goal of the modelling will be to show differences in cost (and GHG emissions)
between broad approaches to residual treatment. Based on the above technologies,
we propose the following three residual scenarios:
 ‘Do Nothing New’ aside from what is already planned;
 ‘New Tech (low-biomass / unrefined SRF)’21 - all new facilities (i.e. those which
do not yet have planning permission) are a combination of a), b) and c) above;

In molten carbonate fuel cells (MCFCs) the ‘gas-shift’ and energy generation processes take place
within the same physical unit
20

‘Low biomass/Unrefined’ refers to SRF that has not been refined to a high-quality with regard to
achieving a high percentage biomass content to potentially maximise revenues from the Renewable
Obligation. Such material is likely to contain significant proportions of plastic

21

GLA – Economic Modelling for Mayor’s MWMS

17
 ‘New Tech (high-biomass / refined SRF)’22 - all new facilities (i.e. those which
do not yet have planning permission) are a combination of e), f) and g) above.
This scenario is also used in the ‘max GHG abatement’ approach.
The quantity of residual waste that needs to be managed by new-build facilities is
dependent upon both, the level of recycling, and existing residual waste treatment
infrastructure. Although no new ‘conventional’ incineration capacity accepting
untreated waste is envisaged beyond that currently in place or under construction, it
should be acknowledged that this management route does form a part of each
scenario modelled forward to 2031.
To aid understanding of the waste flows and costs in this study, the existing mix of
residual waste treatment processes modelled in the ‘Do Nothing New’ baseline is
shown in Figure 4-1. This is based on data reported by Boroughs using the WDF tool.
It should be noted that the first sharp ‘kink’ in the graph is when the incinerator
located in Belvedere is scheduled to begin operation in 2012/13 and the second
‘kink’ is when the Edmonton incinerator is scheduled to cease operation in 2020/21.
Figure 4-1 Residual Waste Management in ‘Do Nothing New’ Baseline
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‘High biomass/refined’ refers to SRF that has been refined to a high-quality with regard to achieving
a high percentage biomass content to potentially maximise revenues from the Renewable Obligation
22
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For each scenario, we have assumed that all residual waste not treated by
incineration will be split among the three treatment solutions. The market share
afforded to each technology is shown in Table 4-2.
Table 4-2 Market Share of New Residual Technologies
New Techs

2015

2020

2031

New Tech (‘low-biomass’)
a) MBT: SRF to Dedicated Combustion (CHP)

60%

40%

20%

b) MBT: SRF to Gasifier (Steam Turbine CHP)

40%

40%

20%

0%

20%

60%

100%

100%

100%

d) Auto: SRF to Dedicated Combustion (CHP)

60%

40%

20%

e) Auto: SRF to Gasifier (Steam Turbine CHP)

40%

40%

20%

0%

20%

60%

100%

100%

100%

c) MBT: SRF to Gasifier (Gas Engine CHP)
Total ‘low-biomass’
New Tech (‘high-biomass’)

f) Auto: SRF to Gasifier (Gas Engine CHP)
Total ‘high-biomass’
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4.4

Summary of Waste Management Scenarios

Based on the above discussions, we have modelled a total of 11 scenarios, as
summarised in Table 4-3.
Table 4-3: Summary of Modelled Scenarios
Recycling Approach

Residual Approach

Scenario
1

‘Do Nothing New’ Baseline1
New Tech (low-biomass)

2

New Tech (high-biomass)

3

‘Do Nothing New’

4

New Tech (low-biomass)

5

New Tech (high-biomass)

6

‘ Do Nothing New’

7

New Tech (low-biomass)

8

New Tech (high-biomass)

9

‘Doorstep Only’2

New Tech (high-biomass)

10

‘Max GHG Abatement’

New Tech (high-biomass) 3

11

‘Do Nothing New’

‘Focus on Dry’

‘Focus on Food’

Notes:
1. Changes in costs and environmental performance are measured against the ‘Do Nothing New’
baseline scenario
2. Scenario 10 assumes only ‘easy to reach’ properties receive new kerbside collection systems, whilst
residual waste, from doorstep and communal based (i.e. ‘hard to reach’) properties is sent to
treatment facilities which recover relatively high levels of recyclables.
3. The residual approach which maximises GHG abatement is ‘New Tech (high-biomass)’.
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5.0 Resulting Scenario Waste Flows
The goal of this Section is to provide information as to how the overall recycling
targets for each core year (2015, 2020 and 2031) are met for each of the 11
scenarios. It should be noted that the total number of households in London used in
the modelling for 2008 is 3.3 million.
There are five collection scenarios modelled in this study. These are:
 ‘Do Nothing New’;
 Focus on Dry;
 Focus on Food;
 Doorstep Only; and
 ‘Max GHG Abatement’.
It should be noted that in Sections 5.1 to 5.4, reference is made to whether reaching
a given recycling target in a given year is limited by estimated capture rates of dry or
organic materials. This is designed not only show whether any additional change in
collection systems could be achieved in each year, but also to show situations
whereby households have already been switched to best practice (BP) schemes, and
no further change is possible.

5.1

Change in Waste Management Practice (Focus on Dry)

Within this scenario the average performance of the three ‘best practice’ schemes
increases from baseline levels (180kg/hhld/yr) to 253 kg/hhld/annum.23 Table 5-1
shows that, notwithstanding this additional yield per household, when the focus is on
dry materials, all households in London have to be switched to BP recycling schemes
to meet the 45% target in 2015. The bottom row of the table shows that, in the
collection model, none of the targets can be met through dry recycling alone. If the
performance of the various schemes was improved above realistic best practice
yields – through design or communication – it is possible the targets could be met.
This issue is considered by modelling the ‘max GHG abatement’ scenario.

23

‘Best practice’ dry recycling schemes are described in Appendix 3.
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Table 5-1: Change in Coverage of Best Practice (BP) Dry Recycling Schemes in London
(Focus on Dry)

Parameter

Max Possible
Change
(000s)

2015
(000s)

2020
(000s)

2031
(000s)

Total Households Switched to BP
Kerbside Sort (Doorstep)

645

645

0

0

Total Households Switched to BP
Comingled (Doorstep)

1,656

1,656

0

0

Change in Bring Collections
(Communal)

238

238

0

0

Target Limited by collection of Dry
materials?1

n/a

Yes

Yes

Yes

Notes:
1. If ‘Yes’ this indicates that not enough yield of recyclables from DRY schemes can be delivered to
meet the recycling targets in that year

Under this scenario (note, residual waste management shifts to new technologies
with low biomass / unrefined SRF), in order to increase recycling in London, by 20%
by 2015, a significant shift in the management of organic wastes is also required.
Table 5-2 below shows that, firstly, relevant additional doorstep households receive
garden waste services (these are the cheapest switches in terms of financial costs),
followed by a significant increase in the number of doorstep and communal
households receiving a kitchen waste collection service, by 2015.
The maximum possible change has occurred under this scenario by 2015. Thus no
further roll out of services is possible to help meet the 2020 and 2031 targets.
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Table 5-2: Change in Coverage of Best Practice (BP) Organic waste Schemes in
London (Focus on Dry)

Parameter

Max
Possible
Change
(000s)

2015
(000s)

2020
(000s)

2031
(000s)

Remaining
without
Scheme
(000s)

Total Additional Households
Receiving a Garden Waste
Collection Service (Doorstep)

494

436

0

0

0

Total Additional Households
Receiving a Kitchen Waste
Collection Service (Doorstep)

1,280

1,228

0

0

0

Total Additional Households
Receiving a Kitchen Waste
Collection Service (Communal)

1,016

1,016

0

0

0

Target Limited by collection of
Biowaste?1

n/a

No

No

Yes

n/a

Notes:
1. If Yes this indicates that not enough yield of biowaste can be delivered from the schemes, over and
above the DRY recycling collections, to meet the recycling targets in that year

Table 5-3 shows the collection of all materials from kerbside schemes under the
‘focus on dry’ scenario. To achieve the initial target of 45% in 2015, a significant
increase in the performance of all dry recyclable collection systems, across all
housing types, is required to increase the average yield to 234 kg/hhld/yr. Given that
the maximum outliers for doorstep only systems, in London, are currently around 220,
and communal properties are around 120, the performance would have to increase
to the same levels as that seen in ‘prospering small towns’ and ‘prospering Southern
England’ (currently around 300 kg/hhld/yr).24 Clearly it may be optimistic to assume
the required changes in performance. In the longer term (out to 2031) the barriers to
higher recycling rates might diminish, hence this conservatism in reaching higher
captures in the later years, may not be warranted.

Icaro Consulting (2009) Analysis of kerbside dry recycling performance in England 2007/08 (WRAP
Project EVA034-087), Summary Report
24
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Table 5-3: Breakdown of Recycling Performance (Focus on Dry)
Parameter
Scheduled
Household
Collections

2008
Hhld Kerbside Dry Recycling

2020

2031

11%

19%

20%

23%

144

229

235

265

5%

11%

12%

15%

94

132

140

166

16%

30%

33%

38%

Reuse

0%

1%

2%

3%

Recycling & Reuse Centres

5%

6%

6%

8%

1.4%

1.4%

1.4%

1.5%

1%

5%

7%

8%

Other Recycling / Composting1

1.1%

1.1%

1.1%

1.2%

Recycling from Residual Processes

0.0%

0.7%

0.6%

1.3%

9%

16%

18%

23%

25%

45%

50%

60%

kg/hhld/yr
Hhld Kerbside Biowaste Composting
kg/hhld/yr
Total Kerbside Recycling / Composting

Other
Recycling

2015

Bring
Commercial

Total Non-kerbside Recycling / Composting
Total Recycling in London
Notes:

1. Other Recycling / Composting includes materials collected from on-the-go / on-street recycling, green waste from parks and other methods of capture
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Figure 5-1 below shows the management of London’s waste under the ‘focus on dry’
collection scenario. The slight reduction in total waste arisings in 2015 reflects a
waste prevention effect resulting from the roll-out of new kitchen waste collection
schemes. This effect is described in detail in Appendix 3. Figure 5-1 also shows no
change in current baseline residual waste management, other than the Belvedere
incinerator coming on-line in 2011/2 and the Edmonton incinerator assumed to be
decommissioned in 2020. The rise and subsequent fall of treatment capacity of new
technologies (New Tech) in 2012/13 reflects current planned new facilities in
London, which may then represent over-capacity should the Mayor’s recycling targets
be met, i.e. there will be less MSW available for residual treatment.
Figure 5-1 London’s Waste Management under 'Focus on Dry' Scenario
4,500
4,000

Waste Management, thousand tonnes

3,500
Total Waste Reused
3,000

2,500

Total Source Segregated
Organics Treated
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Incineration
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1,500
Total New Tech
1,000

Non-Hazardous Landfill

500
0
2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Note: The chart represents inputs to primary waste treatments / reprocessing routes, and does not
include secondary reprocessing.

5.2

Change in Waste Management Practice (Focus on Food)

Under the ‘Focus on Food’ scenario, firstly, the coverage of garden waste services to
doorstep only households, where there is none currently operating, is extended. This
is followed by increasing the coverage of existing kitchen waste collection systems
across Boroughs (comingled or separate) and finally rolling out additional separate
collections of kitchen waste across London Boroughs, where none currently exists.
This is undertaken in a cost effective manner, i.e. the cheapest schemes are
implemented first (for both doorstep and communal properties). When the maximum
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change has occurred, if required, additional dry collection systems are rolled out to
meet the targets.
Under this scenario the yields achievable from doorstep schemes increase over time
to reach current best practice performance. The current achievable yields of kitchen
waste from communal properties are uncertain, but performance is likely to be low.
We have, therefore, also modelled an increase in performance from these systems
over time. Table 5-4 shows that to meet the 2015 target, a garden or kitchen waste
collection service needs to be rolled out to all doorstep households not already
receiving one. Furthermore, all communal properties must also receive a kitchen
waste collection.
Table 5-4: Change in Coverage of Best Practice (BP) Organic Waste Schemes in
London (Focus on Food)

Parameter

Max
Possible
Change
(000s)

2015 2020 2031
(000s) (000s) (000s)

Remaining
without
Scheme
(000s)

Total Additional Households
Receiving a Garden Waste
Collection Service (Doorstep)

494

494

0

0

0

Total Additional Households
Receiving a Kitchen Waste
Collection Service (Doorstep)

1,280

1,280

0

0

0

Total Additional Households
Receiving a Kitchen Waste
Collection Service (Communal)

1,016

1,016

0

0

0

Target Limited by collection of
Biowaste?

n/a

Yes

No

Yes

n/a

Notes:
1. If Yes this indicates that not enough yield of biowaste can be delivered from the various schemes to
meet the recycling targets in that year.

The analysis in Table 5-4 shows that that not enough tonnage can be captured from
organic waste collection schemes alone to meet the targets in either 2015 or 2031.
Consequently, to meet the 2015 target, significant additional recycling from ‘dry
material’ schemes is required as shown in Table 5-5, in fact to the same extent as
under the ‘focus on dry’ scenario. The main difference between these two scenarios,
therefore, is in the order of roll-out of services to 2015, which is shown in more detail
in Appendix 4.
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Table 5-5 Change in Coverage of Best Practice (BP) Dry Recycling Schemes in London
(Focus on Food)

Parameter

Max Possible
Change
(000s)

2015
(000s)

2020
(000s)

2031
(000s)

Total Households Switched to BP
Kerbside Sort (Doorstep)

645

645

0

0

Total Households Switched to BP
Comingled (Doorstep)

1,656

1,656

0

0

Change in Bring Collections
(Communal)

238

238

0

0

Target Limited by collection of Dry
materials?1

n/a

Yes

Yes

Yes

Notes:
1. If ‘Yes’ this indicates that not enough yield of recyclables from DRY schemes can be delivered to
meet the recycling targets in that year

As can be seen in Table 5-6, significant increases in both dry recycling and organic
waste collection are required to meet the Mayor’s targets. In all years shown, the
percentage recycling rates are, in fact, the same as those under the ‘focus on dry’
scenario (see Table 5-3).25 This indicates that, at the margin, the focus needs to be
on both dry materials and organic wastes for London to meet all the targets set out in
the draft MWMS.

The main difference between these two scenarios, therefore, is in the order of roll-out of services to
2015, which is shown in more detail in Appendix 4.
25
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Table 5-6: Breakdown of Recycling Performance (Focus on Food)
Parameter
Scheduled
Household
Collections

2008
Hhld Kerbside Dry Recycling

2020

2031

11%

19%

20%

23%

144

229

235

265

5%

11%

12%

15%

94

132

140

166

16%

30%

33%

38%

Reuse

0%

1%

2%

3%

Recycling & Reuse Centres

5%

6%

6%

8%

1.4%

1.4%

1.4%

1.5%

1%

5%

7%

8%

Other Recycling / Composting1

1.1%

1.1%

1.1%

1.2%

Recycling from Residual Processes

0.0%

0.7%

0.6%

1.3%

9%

16%

18%

23%

25%

45%

50%

60%

kg/hhld/yr
Hhld Kerbside Biowaste Composting
kg/hhld/yr
Total Kerbside Recycling / Composting

Other
Recycling

2015

Bring
Commercial

Total Non-kerbside Recycling / Composting
Total Recycling in London
Notes:

1. Other Recycling / Composting includes materials collected from on-the-go / on-street recycling, green waste from parks and other methods of capture
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Figure 5-2 below shows the split of waste management activities in London under the
‘focus on food’ collection scenario. As mentioned above, this is the same to that
shown in Figure 5-1 above under the ‘focus on dry’ scenario, and the main difference
between these two scenarios, therefore, is in the order of roll-out of services to 2015,
which is shown in more detail in Appendix 4.
Again, one can see the effect of waste prevention from the introduction of widespread
food waste collections in 2015.26 It should also again be noted that the rise and
subsequent fall in 2012/13 of treatment capacity using new technologies (New Tech)
reflects current planned new facilities in London, which may then represent overcapacity should the Mayor’s recycling targets be met, i.e. there will be less MSW
available for residual treatment.
Figure 5-2 London’s Waste Management under 'Focus on Food' Scenario
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Note: The chart represents inputs to primary waste treatments / reprocessing routes, and does not
include secondary reprocessing.

5.3

Change in Waste Management Practice (Doorstep Only)

Under this collection scenario the order of roll out of collection systems is as follows:

26

See Appendix 3 for discussion of this effect
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 Dry recycling schemes, with two or more materials currently collected, are
extended to all households, whilst doorstep properties are switched to best
performing systems; and
 Organic collection schemes are both extended and for doorstep properties, are
switched to best performing systems.
Under this scenario, to meet the 2015 target, all changes in dry recycling and
organics services must happen by 2015.
This waste flows under this scenario are presented in Figure 5-3. Again, it should be
acknowledged that the rise and subsequent fall in 2012/13 of treatment capacity
using new technologies (New Tech) reflects current planned new facilities in London,
which may then represent over-capacity should the Mayor’s recycling targets be met,
i.e. there will be less MSW available for residual treatment.
Figure 5-3 London’s Waste Management under ‘Doorstep Only’ Scenario
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Non-Hazardous Landfill
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Note: The chart represents inputs to primary waste treatments / reprocessing routes, and does not
include secondary reprocessing.

Table 5-7 shows that when no further increase in kerbside recycling from communal
properties occurs, and all corresponding waste is diverted to MBT processes, not
enough material can be recovered to meet the 45%, 50% or 60% target in 2015,
2020 and 2031 respectively.
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Table 5-7: Breakdown of Recycling Performance (Doorstep Only)
Parameter
Scheduled
Household
Collections

2008
Hhld Kerbside Dry Recycling

2020

2031

11%

18%

20%

22%

144

223

229

258

5%

9%

11%

13%

94

117

123

148

16%

28%

30%

35%

Reuse

0%

1%

2%

3%

Recycling & Reuse Centres

5%

6%

6%

8%

1.4%

1.4%

1.4%

1.5%

1%

5%

7%

8%

Other Recycling / Composting1

1.1%

1.1%

1.1%

1.2%

Recycling from Residual Processes

0.0%

0.9%

0.8%

1.6%

9%

16%

18%

23%

25%

44%

48%

58%

kg/hhld/yr
Hhld Kerbside Biowaste Composting
kg/hhld/yr
Total Kerbside Recycling / Composting

Other
Recycling

2015

Bring
Commercial

Total Non-kerbside Recycling / Composting
Total Recycling in London
Notes:

1. Other Recycling / Composting includes materials collected from on-the-go / on-street recycling, green waste from parks and other methods of capture
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5.4

Change in Waste Management Practice (Max GHG
Abatement)

As for the ‘focus on dry’ scenario, under the ’max GHG abatement’ scenario, the order
of roll-out under the ‘max GHG abatement’ scenario commences with new collection
services for dry recyclables, followed by those for organic wastes. Again, as for the
‘focus on dry’ scenario there is not enough yield from collections to meet the Mayor’s
targets, despite the assumed increased performance, so the change in dry materials
collection systems is the same as that shown above in Table 5-1. Relative to all other
scenarios, however, there are additional increases in recycling from both RRCs and
commercial enterprises (around an additional 1% each by 2031), and assumed
increases in performance from existing kerbside collection systems.
The additional biowaste schemes required to further increase recycling in 2020 and
2031 are summarized in Table 5-8. The increased performance of the existing
collection systems (both dry and biowaste) results in the case where the maximum
recycling targets can be met without having to roll out food waste collections to all
properties in 2015. However, all households must receive a food waste collection
service by 2020 to meet the targets in this year and in 2031.
Table 5-8: Change in Coverage of Best Practice (BP) Biowaste Schemes in London
(Max GHG Abatement)
Parameter

Max
Possible
Change
(000s)

2015
(000s)

2020
(000s)

Remaining
2031
without
(000s)
Scheme
(000s)

Total Additional Households
Receiving a Garden Waste
Collection Service (Doorstep)

494

434

60

0

0

Total Additional Households
Receiving a Kitchen Waste
Collection Service (Doorstep)

1,280

973

306

0

0

Total Additional Households
Receiving a Kitchen Waste
Collection Service (Communal)

1,016

0

1,016

0

0

No

Yes

Yes

n/a

Target Limited by collection of
Biowaste?1

n/a

Notes:
1. If TRUE this indicates that not enough yield of biowaste can be delivered from the schemes, above
the DRY recycling collections, to meet the recycling targets in that year.

Table 5-9 shows the resultant recycling achieved under the Max GHG scenario.
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Table 5-9: All Materials Collection (Max GHG)
Parameter
Scheduled
Household
Collections

2008
Hhld Kerbside Dry Recycling

2020

2031

11%

19%

24%

27%

144

229

275

309

5%

10%

13%

16%

94

119

155

177

16%

28%

37%

43%

Reuse

0%

1%

2%

3%

Recycling & Reuse Centres

5%

7%

8%

9%

1.4%

1.4%

1.4%

1.5%

1%

5%

8%

9%

Other Recycling / Composting1

1.1%

1.1%

1.1%

1.2%

Recycling from Residual Processes

0.0%

0.7%

0.0%

0.6%

9%

17%

20%

24%

25%

45%

57%

67%

kg/hhld/yr
Hhld Kerbside Biowaste Composting
kg/hhld/yr
Total Kerbside Recycling / Composting

Other
Recycling

2015

Bring
Commercial

Total Non-kerbside Recycling / Composting
Total Recycling in London
Notes:

1. Other Recycling / Composting includes materials collected from on-the-go / on-street recycling, green waste from parks and other methods of capture
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Figure 5-4 shows that, compared to the other four collection scenarios which meet
the 60% target by 2031 (see Figure 5-1, for example), the additional waste available
for residual treatment is significantly lower under this scenario. Furthermore, in 2020
the tonnage landfilled falls very close to zero. These results indicate that the
achievement of a 57% recycling rate in 2020 would most likely result in an over
capacity of residual waste treatment, in addition to potential overcapacity in
2012/13, as per the other four scenarios.
Figure 5-4 London’s Waste Management under ‘Max GHG Abatement' Scenario
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Note: The chart represents inputs to primary waste treatments / reprocessing routes, and does not
include secondary reprocessing.

5.5

Summary of Recycling Rates Achieved

The recycling rates achieved by each scenario for each year are shown in Table 5-10.
It should be noted that the targets set out in the Mayor’s Draft MWMS are met, or
exceeded, in all cases, except in 2031, under the ‘focus on dry’ and ‘focus on food’
scenarios when no additional residual treatment is procured, and in 2020 and 2031
under the ‘doorstep only’ scenario (Scenario 10). The lower performance of these
scenarios is the result of insufficient tonnages being recovered via residual treatment
processes to make up for a lower level of collection from ‘communal’ households.
Under the ‘Do Nothing New’ scenario (Scenario 1), recycling rates increase from
current levels to 26% as a result of the assumed increase in housing stock in the
baseline, enabling more waste to be recovered in total.

GLA – Economic Modelling for Mayor’s MWMS

The difference between the 2031 recycling rates achieved under Scenarios 2 and 3,
is the result of varying levels of materials recovery from different residual treatment
processes. These total levels of recycling (i.e. 28% and 31%) show that focusing solely
on the development of new residual treatment facilities will not deliver the recycling
targets stated in the Mayor’s Draft MWMS.
The maximum MSW recycling rates achievable in London (under the assumptions
used in this study) appear to be 57% in 2020 and 67% in 2031, i.e. those under the
‘Max GHG Abatement’ scenario.
It should be noted, however, that the further forward in time that modeling of this
nature is undertaken, the greater the associated uncertainty. As such, these figures
should not be taken as absolute limits. Other factors such as changing waste
composition or design for recyclability could drive recycling rates higher in the longer
term.
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Table 5-10 Recycling Rates Achieved for all Scenarios
Recycling Approach

Residual Approach

Scenario

2008

2015

2020

2031

1

25%

25%

25%

26%

New Tech (unrefined)

2

25%

26%

26%

28%

New Tech (high-biomass)

3

25%

28%

28%

31%

‘Do Nothing New’

4

25%

45%

50%

59%

New Tech (unrefined)

5

25%

45%

50%

60%

New Tech (high-biomass)

6

25%

45%

50%

60%

‘ Do Nothing New’

7

25%

45%

50%

59%

New Tech (unrefined)

8

25%

45%

50%

60%

New Tech (high-biomass)

9

25%

45%

50%

60%

‘Doorstep Only’

New Tech (high-biomass)

10

25%

45%

49%

58%

‘Max GHG Abatement’

New Tech (high-biomass)

11

25%

45%

57%

67%

‘Do Nothing New’ Baseline
‘Do Nothing New’

‘Focus on Dry’

‘Focus on Food’
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5.6

Indicative New Waste Infrastructure Required

To understand the likely additional costs London faces to meet the recycling targets
within the Mayor’s Draft MWMS, it is useful provide analysis of the associated
infrastructure which would be required to deliver upon the future waste flows detailed
above for each scenario. This potential infrastructure is detailed in Table 5-11 to
Table 5-14.
The key points to note from the data provided in Table 5-11 to Table 5-14 include:
 The difference in waste infrastructure required between the ‘focus on dry’ and
‘focus on food’ scenarios is negligible;
 Under the ‘doorstep only’ scenario, less overall dry recycling and organic waste
management infrastructure is required, along with a greater amount of ‘new
tech’ residual treatment capacity to manage additional residual waste from
‘communal’ based households; and
 Under the ‘max GHG abatement’ scenario, the requirement for dry recycling
and garden waste infrastructure increases. At the same time, as AD is
considered to maximise GHG abatement for the treatment of food waste,
relate capacity increases significantly and no additional IVC capacity is
required.
Importantly, it should be noted, however, that the information provided in Table 5-11
to Table 5-14 is indicative only, and is based upon modelling of theoretical scenarios
designed to demonstrate different approaches to waste management in London. In
reality, a mix of approaches is likely to be appropriate, and therefore actual
infrastructure might be somewhat different to that presented for any scenario
modelled for this study. It should therefore also be emphasised that this data should
not be used in any way to apportion related infrastructure across London Boroughs.
Table 5-11: New Infrastructure Capacity required under ‘Focus on Dry’ Scenario (000
tonnes)
Potential Infrastructure

2015

2020

2031

Transfer Stations (for source separated dry recyclables)

472

559

763

MRFs

212

256

336

48

62

124

IVC

114

147

196

AD

114

147

193

New Techs

297

224

556

Open Air Windrow
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Table 5-12: New Infrastructure Capacity required under ‘Focus on Food’ Scenario
(000 tonnes)
Potential Infrastructure

2015

2020

2031

Transfer Stations (for source separated dry recyclables)

452

541

744

MRFs

210

256

336

52

67

131

IVC

121

152

203

AD

121

153

200

New Techs

297

222

554

Open Air Windrow

Table 5-13: New Infrastructure Capacity required under ‘Doorstep Only’ Scenario (000
tonnes)
Potential Infrastructure

2015

2020

2031

Transfer Stations (for source separated dry recyclables)

452

538

740

MRFs

211

254

335

Open Air Windrow

52

68

132

IVC

96

124

170

AD

96

124

167

348

311

652

New Techs
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Table 5-14: New Infrastructure Capacity required under ‘Max GHG Abatement’
Scenario (000 tonnes)
Potential Infrastructure

2015

2020

2031

Transfer Stations (for source separated dry recyclables)

486

777

984

MRFs

212

360

457

82

120

168

IVC

0

0

0

AD

179

348

428

New Techs

297

0

235

Open Air Windrow
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6.0

Environmental and Technology Performance
Assumptions

This section outlines our assumptions relating to environmental parameters and
technology performance within the study. It should be noted that this information is in
summary form only, and that Appendix 8 provides detailed background information to
each of the assumptions listed in Section 6.1. In Section 6.2, we provide analysis of
how some of these assumptions compare with those published by DECC and Defra,
whilst in Section 6.3 we summarise our approach to monetising CO2 emissions.
It should be noted that this study considers only the climate change implications, i.e.
GHG emissions, of managing waste, although we acknowledge that other pollution
impacts will also result from its treatment. In terms of residual waste treatment, our
environmental model, Atropos, accounts for both the direct GHGs that occur as a
result of the treatment process itself, and the avoided GHG emissions resulting from
any energy generated or materials recovered for recycling.
The majority of the assumptions summarised in Section 6.1 and detailed in Appendix
8 are based upon those developed by Eunomia in partnership with the UK Committee
on Climate Change for a study to support the UK Climate Change Bill.27 These
assumptions were subsequently refined further for a study on behalf of Defra,
Scottish Government, WAG and DOENI (funded by WRAP), which modelled the
potential impact of landfill bans in the UK.28

6.1

Summary of Key Assumptions

The key assumptions used in the modelling for this study are summarised in Table
6-1 to Table 6-6.

27 Eunomia (2008) Development of Marginal Abatement Cost Curves for the Waste Sector, Report on
behalf of the Committee on Climate Change, December 2008
28

Eunomia (2010) Landfill Bans: Feasibility Research, Eunomia on behalf of WRAP, March 2010
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Table 6-1: Key Assumptions relating to Wastes in Landfill
Parameter

Assumption

Proportion of methane captured (untreated waste)

50%

Proportion of methane captured (waste pre-treated at MBT facility)

0%

Proportion of captured methane used for energy generation

60%

Proportion of captured methane that is flared

40%

Efficiency of electricity generation, landfill gas engine

35%

Rate of oxidation of methane within the landfill cover (untreated waste)

10%

Rate of oxidation of methane within the landfill cover (pre-treated waste)

90%

Table 6-2: Key Assumptions relating to Incineration
Parameter

Assumption

Gross electrical generation efficiency (electricity only)

27%

Gross electrical efficiency (CHP mode)

10%

Gross heat efficiency (CHP mode)

56%

Recycling of bottom ash

50%

Recovery rate for ferrous metals

70%

Recovery rate for non-ferrous metals

30%
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Table 6-3: Key Assumptions relating to Gasification (processing SRF)
Process

Assumption1

Gross electrical generation efficiency using a steam turbine operating in
CHP mode

10%

Gross heat generation efficiency using a steam turbine operating in CHP
mode

56%

Gross electrical generation efficiency using a gas engine operating in
CHP mode

40%

Gross heat generation efficiency using a gas engine operating in CHP
mode

45%

Notes:
1. The efficiencies presented here do not include consideration of either a heat load factor or
electrical ‘parasitic load’, which are discussed further in Appendix 8. Hence the overall ‘net’
efficiency modelled for gas engines, for example, is lower than the 85% (40% + 45%)
indicated.

Table 6-4: Key Assumptions for Avoided Emissions from Reuse / Recycling
Parameter
Reuse

Avoided Emissions
(tCO2/t Material Recycled)
0

Paper and card

0.62

Dense plastic

1.40

Plastic Film

1.47

Mixed Glass

0.31

Steel

1.34

Aluminium

9.17

Wood
Textiles
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0.001
3.03

Table 6-5: Key Assumptions for Emissions from Organic Waste Treatment
Process

Emissions
(tCO2/t Waste Treated)

AD: on-site biogas use (electricity only)

-0.05

AD: on-site biogas use (CHP only)

-0.07

AD: compressed biogas used in vehicles

-0.19

AD: biogas injected to gas grid

-0.07

In-vessel composting

0.03

Open-air windrow composting

0.04

It should be noted that the GHG emissions from residual waste treatment processes
vary according to the input composition of MSW. In our scenario modelling, we have
modelled three core residual compositions. We use a ‘medium’ recycling composition
for the intermediate target years to reflect around 45% recycling and a ‘high’ recycling
composition to reflect a 60% rate being achieved in 2031. Furthermore, there are two
likely methods of achieving these levels of recycling, by focusing on capture of dry
materials or focusing on capture of food wastes.
Table 6-6 provides a summary of the impacts of different residual treatment
technologies when processing these different waste compositions. Of particular note
is the better performance of scenarios which include an autoclave (or MHT) facility
rather than an MBT (bio-drying) facility, producing an SRF for processing via
combustion or gasification. This is due to the greater assumed percentage of nonfossil carbon within SRF from autoclave facilities (70%) when compared to the
assumption for MBT (bio-drying) facilities (46%). As mentioned above, further
information relating to all performance assumptions for each treatment technology is
provided in Appendix 8.
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Table 6-6: Key Assumptions for Emissions from Residual Waste Treatment

Treatment Scenario

Emissions
(tCO2/t Waste Treated)
Med (dry)

Med (org)

High

Incineration (‘Electricity Only’ Mode)

0.12

0.16

0.25

a) MBT (bio-drying) with resulting low-biomass SRF sent
for combustion (CHP mode)

0.11

0.12

0.17

b) MBT (bio-drying) with resulting low-biomass SRF sent
for gasification (steam turbine in CHP mode)

0.16

0.18

0.25

c) MBT (bio-drying) with resulting low-biomass SRF sent
for gasification (gas engine in CHP mode)

0.04

0.03

0.08

d) Autoclaving with high-biomass SRF to combustion (CHP
mode) and plastics recovered for reprocessing

-0.08

-0.11

-0.05

e) Autoclaving with high-biomass SRF to gasification
(steam turbine in CHP mode) and plastics recovered for
reprocessing

-0.05

-0.07

-0.02

f) Autoclaving with high-biomass SRF to gasification (gas
engine in CHP mode) and plastics recovered for
reprocessing

-0.17

-0.20

-0.15

6.2 Comparison with DECC Company Reporting Guidelines
Information regarding the GHG impacts of waste management methods can also be
found in the Defra / DECC Guidelines for Company Reporting.29 This data is based on
that presented in the Impact Assessment produced by Defra as part of the Waste
Strategy for England 2007, with some additional information provided by WRAP in
2009.30 The Impact Assessment data was, in turn, based on analysis provided by
ERM for Defra in 2006 and the previously cited International Review of the Impacts of
Recycling produced by WRAP.31

29 AEA (2009) Guidelines to Defra / DECC’s Conversion Factors for Company Reporting, Report for
Defra / DECC
30

Defra (2007) Waste Strategy for England 2007: Annex A – Impact Assessment

ERM (2006) Carbon Balances and Energy Impacts of the Management of UK Wastes, Final Report
for Defra, December 2006; WRAP (2006) Environmental Benefits of Recycling: An International Review
of Life-cycle Comparisons for Key Materials in the UK Recycling Sector, May 2006
31
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Our model produces similar results with regards to the GHG emissions associated
with the recycling of materials and for treatment of source separated organics.
However data from the Impact Assessment suggests the GHG impacts associated
with landfill and incineration are much lower than the results produced by our model.
ERM’s analysis bases its model of the behaviour of landfill on outputs from the
GasSim model produced by the Environment Agency. We believe that the latter model
considers only the cellulose element of the biodegradable carbon content, and thus
grossly underestimates the biodegradable carbon content of food waste, which also
contains fats and proteins.32 In addition, the GasSim analysis assumes a significant
proportion of the ‘non-fossil’ carbon contained within waste materials remains undegraded even after 150 years of anaerobic activity within the landfill.33 By contrast,
our model assumes that most of the non-fossil carbon in the waste material entering
the landfill will eventually degrade within this time period.
Furthermore, results from our model suggest emissions of around -300 kg of CO2
equivalent from the incineration of one tonne of paper (excluding the non-fossil
emissions) if an electrical generation efficiency of 28% was assumed. The Defra /
DECC guidelines suggest emissions of -500 kg CO2 equivalent.
It is not clear from Defra’s Waste Strategy which results have been taken forward
from ERM’s analysis into this document Annex. ERM assume three levels of energy
recovery, with two of these levels relating to electricity-only impacts:
 A ‘low’ recovery rate, with a generation efficiency of 20%; and
 A ‘medium’ recovery rate, with a generation efficiency of 40%.
Given that ERM make similar assumptions with regard to the calorific value and
carbon content for paper, it seems likely that the 40% figure has been taken forward
in the analysis for the Waste Strategy with regard to the generation efficiency of an
electricity only incinerator. As discussed in more detail in Appendix 7 to this study, this
is far in excess of that achieved by the best performing incinerators currently
operating in Europe.

6.3 ‘Monetisation’ of Greenhouse Gas Emissions
Eunomia’s waste economics model has been designed to include the relevant carbonrelated parameters required to include monetisation of CO2 emissions. As mentioned
above, this model was originally developed by Eunomia on behalf of the UK’s
Committee on Climate Change (CCC) to enable modelling of marginal abatement cost
curves (MACCs) to support the analysis of the potential to meet the targets within the

GasSim is based on CH4 projections produced by Golder Associates (2005) UK Landfill Methane
Emissions: Evaluation of Waste Policies and Projections to 2050, Report for Defra
32

‘Non-fossil’ (or ‘biogenic’) carbon refers to carbon from non-fossil sources such as food and garden
waste, with fossil carbon being from plastics within MSW
33
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UK Climate Change Bill.34 The model has subsequently been further refined via
projects on behalf of Defra, Welsh Assembly Government, Scottish Government and
(funded by WRAP).35
Reductions or increases in GHG emissions are ascribed a monetary value using the
latest guidance from DECC on GHG valuation in policy appraisal.36 Under this new
approach, the precise valuation methodology differs according to the specific policy
question being addressed:
 For appraising policies that reduce/increase emissions in sectors covered by
the EU Emissions Trading System (ETS), and in the future other trading
schemes, a ‘traded price of carbon’ will be used. This will be based on
estimates of the future price of EU Allowances (EUAs) and, in the longer term,
estimates of future global carbon market prices;
 For appraising policies that reduce/increase emissions in sectors not covered
by the EU ETS (the’ non-Traded Sector’), the ‘non-traded price of carbon’ will
be used, based on estimates of the marginal abatement cost (MAC) required
to meet a specific emission reduction target; and
 In the longer term (2030 onwards) consistent with the development of a more
comprehensive global carbon market, the traded and non-traded prices of
carbon converge into a single traded price of carbon.
Full details are provided in Appendix 10.

34 Eunomia (2008) Development of Marginal Abatement Cost Curves for the Waste Sector, Report on
behalf of the Committee on Climate Change, December 2008
35

Eunomia (2010) Landfill Bans: Feasibility Research, Eunomia on behalf of WRAP, March 2010

DECC (2009) Carbon Valuation in UK Policy Appraisal: A Revised Approach. Climate Change
Economics, Department of Energy and Climate Change, July 2009
36
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7.0

Summary of Economic Assumptions

The majority of the economic assumptions summarised in this report are based upon
those developed by Eunomia in partnership with the UK Committee on Climate
Change for a study to support the UK Climate Change Bill.37 These assumptions were
subsequently refined further for a study on behalf of Defra, Scottish Government,
WAG and DOENI (funded by WRAP), which models the potential impact of landfill bans
in the UK.38
In Sections 7.6 and 7.7, to describe the costs of waste treatment processes used in
the modelling, we refer to both gate fees and to CAPEX and OPEX assumptions. The
choice to present one or the other (or both in some cases) relates primarily to the
quality of the data sources available to Eunomia at the time of writing. Particularly for
novel treatment processes, for which there is little experience in the UK (and not least
in London), there are significant uncertainties associated with estimates of gate fees
in the current market. It is therefore usually more accurate to present CAPEX and
OPEX data gained from technology suppliers, to which we have applied a weighted
average cost of capital (WACC) and associated profit margin (see Section 7.1). Whilst
it would have been useful to be able to present more comparable sets of financial
data, we believe the approach taken represents the most sensible option for a nonsite specific study of this nature.

7.1 Key Financial Incentives and Regulatory Parameters
We have carried out modelling using the ‘private cost’ metric, reflecting the costs,
including taxes and subsidies, faced by operators in the waste market. Landfill tax
charges, and support mechanisms such as the Renewables Obligation are included.
The private metric applies a private Weighted Average Cost of Capital (WACC) valuing
the opportunity cost of capital investments – either the cost of capital charges, or the
opportunity cost of not reinvesting capital in an alternative project.
The costs will be presented in real 2009 sterling. Where estimates are based on
figures from earlier years, these will be inflated by the relevant GDP deflator.

7.1.1 Weighted Average Cost of Capital
The weighted average cost of capital (WACC) is the rate of return, or cost of borrowing,
that investors might seek in return for their financing of specific facilities. The WACC
will vary according to the perceived risk of the associated process or technology which
is being funded. The WACC is usually expressed as a percentage cost of capital.
For this study, we have taken the following approach:

Eunomia (2008) Development of Marginal Abatement Cost Curves for the UK Waste Sector, Final
Report for Committee on Climate Change and Defra

37

38

Eunomia (2010) Feasibility of Landfill Bans Research, Final Report for WRAP, March 2010
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 We have used a figure of 15% for large capital items of infrastructure such as
incinerators, for MBT plant, and for the less well established technologies, for
example, MHT (autoclave) and gasification;
 We have used a figure of 12% for items of infrastructure where the quantum of
capital required is lower (IVC and AD plants). This reflects the fact that
treatment facilities are likely to be constructed outside of contracts and on a
more commercial basis; and
 We have used a lower figure of 10% for collection and sorting systems, as well
as for landfill and open air windrow composting facilities.
This reflects, we believe, a reasonable assessment of the opportunity cost of capital
going forward. It seems reasonable to suggest, however, that there might be
variations in the cost of capital across technology types, and between contract (and
risk-sharing) structures. For example, local authorities might well be more inclined to
have recourse to Prudential Borrowing where the quantum of capital associated with
a given treatment project is relatively small.
It is worth stating that the current environment is one in which the availability of credit
is constrained, leading to a worsening in the terms upon which credit is made
available. This would be expected to increase the cost of capital. However, the
analysis here is forward looking, and extends beyond the short-term so we consider
the above figures to be reasonable looking forward.

7.1.2 Revenue from Electricity Sales
The wholesale price for electricity is the central value contained within the most
recent updated energy projection (UEP) published by DECC.39 The figure used in this
study is £72/MWh. In our modelling, we have assumed that, under a power purchase
agreement (PPA) the generator will benefit from a proportion of the wholesale price,
with the default figure set at 80%.

7.1.3 Revenue from Heat Sales
In this study, for AD, gasification and incineration (technologies that would typically
export heat rather than displace alternative fuel costs) a heat off-take price of
£15/MWh has been assumed.40
The UK Government intends to introduce a Renewable Heat Incentive (RHI), with a
planned implementation date of April 2011. RHI payments will be funded by a levy on
suppliers of fossil fuels for heat, including gas suppliers, and suppliers of coal,
heating oil and liquefied petroleum gas (LPG). The RHI will apply at all scales, covering

39DECC(2009)

Energy and emissions projections webpage, Table E: price assumptions, available at
http://www.decc.gov.uk/en/content/cms/statistics/projections/projections.aspx (accessed 3rd
November 2009)
DECC(2009) Energy and emissions projections webpage, Table E: price assumptions, available at
http://www.decc.gov.uk/en/content/cms/statistics/projections/projections.aspx (accessed 3rd
November 2009)
40
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a wide range of technologies including biogas produced from anaerobic digestion (for
localised heat use) and injection of biomethane into the gas grid.
However, at the time of writing, no details of the likely level of support have been
made available. Therefore, support from this incentive is not included in the
modelling of costs for this study, although our model does allow for the addition of
this at some stage in future.

7.1.4 Revenues from Sales of Biomethane for Transport Use
Using the lower end of the quoted price range, we model on the basis of revenues of
£0.65/kg, which equates to £0.46 per cubic metre, based on the density of CH4 of
0.71kg/Nm3.

7.1.5 ROC Values and Forthcoming Feed-In Tariff
As with electricity revenues, we have assumed that 80% of the ROC value is realised
by the generator in the default situation. ROCs only apply to Landfill Gas (0.25
ROCs/MWh), Good Quality CHP (1 ROC/MWh for the biomass fraction), dedicated
biomass (1.5 ROCs/MWh for the biomass fraction, assuming a minimum of 90%
biomass by calorific value) and AD (2 ROCs/MWh). The ROC price modelled in this
study is £51/MWh.
From April 2010, there will be a Feed-In Tariff (FIT) available for smaller (<5MW)
generators of renewable electricity although landfill gas will not be eligible.41
Installations of capacity 50kW and below will only be eligible for FITs, while operators
of facilities of between 50kW – 5MW will be able to make a one-off choice between
the FIT and the RO.
For the purposes of the modelling we assume that AD operators opt for the FIT,
receiving both the generation tariff and the export tariff, as these would be
considered more ‘bankable’ by financiers than ROCs.

7.1.6 Levy Exemption Certificates for Good Quality CHP
Fuel used by energy from waste projects qualifying as Good Quality CHP (certified via
the CHP Quality Assurance Programme (CHPQA)) is exempt from the Climate Change
Levy (CCL). Electricity from new renewable energy such as anaerobic digestion is also
exempt from the levy. Energy from Waste projects that do not meet the CHPQA
standards are not eligible.42

41

DECC (2009) Consultation on Renewable Electricity Financial Incentives 2009

Ofgem (2009) CCL:CHP Exemption, Ofgem website, available at
http://www.ofgem.gov.uk/Sustainability/Environment/CCLCHPEx/Pages/CCLCHPEx.aspx
42

(accessed June 2009).
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Under the CCL, electricity is currently (with effect from 1 April 2009) subject to a rate
of £4.70/MWh.43 We assume, for modelling purposes, that 80% of the value is
realised by the generator

7.1.7 RTFC Values and Road Duty Derogations
Suppliers of biomethane from anaerobic digestion of MSW are eligible to receive
Renewable Transport Fuel Certificates under the Renewable Transport Fuel Obligation
(RTFO). One certificate is issued per kg of biomethane supplied. However, as targets
are currently being exceeded, we do not ascribe a value to RTFCs in our modelling. A
fuel duty derogation is also available for road fuel natural gas, but as this is effectively
a consumption subsidy, we assume it to be implicit in the price paid for biomethane.

7.1.8 Landfill Tax - Standard Rate
The standard rate of Landfill Tax is currently at a level of £40 per tonne, and will
increase at the rate of £8 per tonne per year until it reaches £72 per tonne in 2013.44
What levels it may be set at beyond this date are not entirely clear.45
For the purpose of this analysis, we assume that the tax increases to £72 per tonne,
in nominal terms, in April 2013. In real terms, the value will be lower than this
because of the effects of inflation. In the 2009 Budget Report, there was no
announcement of intent to increase rates beyond this point, but we have taken the
view for this study that the tax rate remains constant in real terms (i.e. that its
nominal rate increases in line with inflation once the £72 per tonne level is
reached).44 We therefore adjust the nominal rates of landfill tax to real 2009 prices
by the Bank of England’s long term inflation target (2.5%) as a deflator.

7.1.9 Landfill Tax – Lower Rate
The lower rate of Landfill Tax stood at £2.00 per tonne for many years before it was
increased, in 2008, to £2.50 per tonne. The 2009 Budget Report44 stated that this
lower rate applying to inert wastes will be frozen at £2.50 per tonne for 2010-11.
Therefore, the lower rate tax is assumed to remain constant in nominal terms (from
2009) over time.
It is acknowledged here that the current status of incinerator bottom ash (IBA) as
‘inert’ for the purposes of the Landfill Tax is currently under review, as discussed in
Section 7.7.11.

HMRC (2008) Budget 2008, Climate Change Levy: Rates. Available at
http://www.hmrc.gov.uk/budget2008/bn84.pdf (accessed 3rd November 2009)
43

HM Treasury (2009) Budget 2009: Building Britain’s Future, Economic and Fiscal Strategy Report
and Financial Statement and Budget Report, April 2009.
44

45 This information was correct at the time of submission of the final version of this report. This
footnote has been added to acknowledge that the 2010 Budget clarified that the Landfill Tax will rise
an extra £8 to £80 per tonne in 2014. This further increase has not been included in the modelling
undertaken for this study
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7.2 Collection Costs and Revenues
When recyclable materials are collected as ‘source separated’ from households and
bring banks, the costs associated with recycling the material include a) collection
costs and b) the revenue generated from the sale of that material (as set out in
Appendix 6). When such materials are collected in ‘co-mingled’ form, the costs
include a) collection costs and b) sorting costs. The costs of sorting are directly
related to the gate fee (or equivalent) that London Boroughs will pay to the operator
of the materials recycling facility (MRF) where the sorting takes place (see Section
7.6).

7.2.1 Scheduled Household Collections
7.2.1.1

Doorstep Properties

We have defined these households with as those with their own container for
recycling (e.g. bin, box, bag), that the householder places out on near to their
doorstep for collection. The cost assumptions used originate from a WRAP report on
kerbside collection costs.46
7.2.1.2

Communal Properties

Communal properties are defined as households of multiple occupation (HMO), tower
blocks, mansion blocks, and estates, which receive a communal based waste
collection service, rather than a ‘doorstep’ one. These households comprise 32% of
the households in the GLA.
Previous work carried out by Eunomia for the London Borough of Hackney has
examined recycling of communal properties. We have used information acquired
during this study to inform assumptions regarding the performance and cost of
collecting recyclables from communal properties. The full details of this analysis are
available in the Appendix 6.

7.2.2 Commercial Wastes
Within each subsector of commercial waste the size of each business varies
significantly. As a result we have not modelled the differences between sub-sectors
(offices, hospitality and retail) separately. Costs for the collection of commercial waste
have been derived from internal data and, where possible, supplemented by data
from the aforementioned study undertaken by Hyder Consulting. The internal data
used is based on that used by Eunomia in previous studies on behalf of the
Committee on Climate Change and Defra / WRAP.47 48

WRAP (2008) Kerbside Recycling: Indicative Costs and Performance. Technical Annex, Available at:
http://www.wrap.org.uk/downloads/KerbsideReportAnnexFinal_1.bac022de.5634.pdf
46

Eunomia (2008) Development of Marginal Abatement Cost Curves for the Waste Sector. Report for
Committee on Climate Change, December 2008
47
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7.3 Reuse
For the costs of collection for reuse, we have taken information from a number of
industry sources.49 An average cost of collection of £400/tonne, for the most
common materials and products reused, such as wood, furniture, white goods and
rubble, is used in our model. We acknowledge that this might be considered to be a
higher figure than quoted for some individual projects, but we believe it represents a
reasonable mean value based on the data made available for this study.

7.3.1

Modelling of Social Benefits associated with Reuse

Many recycling and re-use activities are undertaken by the third sector, where profits
are re-invested to help achieve the charitable aims of the organisation. This is
particularly the case for niche services such as the re-use of white goods and
furniture. Collected from donors, these used goods are refurbished as required, and
then donated or sold at low cost to those who would normally be unable to acquire
them through usual market outlets.50 Numerous benefits may arise from such
schemes, including;
 Mutually beneficial exchange between donors wishing to dispose of an item
and recipients who otherwise would not be able to obtain them; and
 Provision of work, or work experience/training, to those excluded from the
mainstream job market;
 Existence value - this is the value of the reuse scheme to participants (or,
indeed, the ‘non-use value’ to non-participants) who derive utility simply from
the fact of their participation in the scheme, perhaps in relation to its socially
or environmentally benign ends.51 Donors of gifted furniture often derive
additional utility from donating to a ‘good cause’ as opposed to the usual
routes of disposal (the so-called ‘warm glow’ effect); and
 Relief of client hardship on the part of those who receive the reused goods, a
key social aim of many reuse organisations, is also identified as a key benefit,
and one that is typically not included within CBA.
Placing a value on these benefits, however, is problematic in that they are often
implicit, hard to quantify, or occur at ‘downstream’ points, distant from the tangible
activities of the organisation. Moreover, these benefits are not readily amenable to
inclusion within a cost-benefit analysis as presented for this study.

48 Eunomia (2010) The Environmental, Economic and Practical Impacts of Landfill Bans: Feasibility
Research. Report for WRAP, March 2010
49

These include LCRN and Caroline Lee-Smith, formerly of FRN, now an independent consultant

Alexander, C. and Smaje, C. (2008) Evaluating third sector reuse organisations in the UK: Casestudies and analysis of furniture reuse schemes. Resources Conservation & Recycling 52 (2008), 719730
50

Hanley, N. and Slark, R. (1994) Cost-Benefit Analysis of Paper Recycling: A Case Study and Some
General Principles. J Environmental Planning & Management 1994;37:189-97.
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7.3.1.1

Employment

Alexander and Smaje (2008) note that many reuse schemes take on volunteers or
employees with the explicit objective of improving the welfare of those taken on.
Often these people have particular needs which mean they are disadvantaged in the
mainstream job market, such as mental health problems or learning difficulties.
In CBA, job creation is not counted as a benefit, as it is taken to represent a transfer
of resources from one sector to another.52 More usually, labour is in fact represented
as a cost. However, Alexander and Smaje (2008) argue that in the case of social
enterprise, there is a net social benefit involved, as schemes take on people who
would not otherwise find employment. Furthermore, in so doing, they could serve to
mitigate negative social outcomes which might otherwise require a greater input of
public resources. Figures are presented in this study to show the net benefit to
society of taking individuals out of social security and into salaried payment. However,
a number of uncertainties remain in the application of such figures to reuse schemes.
7.3.1.2

Approach used in this Study

While we note the monetised benefits from the Alexander and Smaje study, we feel,
as do the authors, that further research needs to be undertaken to obtain more
reliable figures that could readily be transferred to a study such as this one. We
recognise that CBA does not capture the widest possible range of value in relation to
reuse schemes, but in the absence of further evidence, we are unwilling to include
any such figures in our analysis.

7.4 On-The-Go Recycling
We have assumed in the modelling that the operational cost of on-the-go recycling
bins will be zero, as it is assumed collection costs are covered by the value of
materials recovered. This is achievable because we assume that low quantities of
material can be collected on existing municipal rounds, and thus the marginal cost of
collection is very low. A capital cost of £500 per bin has been assumed. This figure
represents an average of costs given to Eunomia by London Boroughs currently
operating on-the-go recycling collections (see the Appendix 6 for more details).

7.5 Reuse and Recycling Centres
The approach taken to modelling the change in cost of reaching the required level of
recycling performance of Reuse and Recycling Centres (RRCs) has been to model an
average for each of the 37 RRC sites. This approach reflects the likelihood that
performance (and the steps already planned or taken to improve performance) vary
considerably between individual sites. Modelling each site individually suggests a
level of detail not achievable in a study of this nature.

Ackerman F, Porter R, Pearce D, Dijkgraaf E, Volebergh H. Rethinking the Waste Hierarchy.
Copenhagen, Denmark: Environmental Assessment Unit, 2005.
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In reality, different sites will target different materials and performance improvement
initiatives in different orders in future years. As all of the material that needs to be
recycled in each scenario will have to be captured at some point, we have made the
somewhat crude (but necessary) methodological decision to calculate an overall
average cost per tonne of additional recycling at RRC sites for all materials. This is a
less problematic methodology for RRC sites than for household collected waste
because a larger part of the cost of dealing with any tonne of waste is fixed (i.e.
provision of infrastructure, staff etc.) rather than variable (i.e. the cost or revenue
associated with a particular material).
We have not modelled marginal costs per tonne of improvement, but average costs
per tonne. A bespoke model was developed to calculate the average per tonne cost
using assumptions derived from the National Assessment of Civic Amenity Sites
(NACAS) study, which sought, primarily by means of multiple regression analysis of
date from hundreds of CA sites across the UK, to understand the factors that lead to
increased recycling and re-use performance at CA sites.53 These measures have been
supported by a 2008 report examining best practice for RRCs in the GLA.54

7.6

Materials Recycling Facilities

Materials recycling facilities (MRF) costs are modelled using the approach outlined in
the WRAP MRF Costing Model User Guide.55 We have calculated an associated gate
fee and have set this within a range of £27 and £34 per tonne, which includes
onward sales of materials by the MRF operator. Due to the close relationship between
material sales and other financial parameters, detailed CAPEX and OPEX data for
MRFs cannot be easily extracted for presentation in this study. Further detail is
available in Appendix 7.

7.7 Waste Treatment Processes
As mentioned above, the costs presented in this Section were developed in the
process of a number of studies on behalf of Defra and the CCC. Only headline figures
are presented. Full descriptions and references are to be found in Appendices 7.
As discussed above, to describe the costs of waste treatment processes used in the
modelling, we refer to both gate fees and to CAPEX and OPEX assumptions. The
choice to present one or the other (or both in some cases) relates primarily to the
quality of the data sources available to Eunomia at the time of writing. Particularly for
novel treatment processes, for which there is little experience in the UK (and not least
in London), there are significant uncertainties associated with estimates of gate fees
in the current market. It is therefore usually more accurate to present CAPEX and
OPEX data gained from technology suppliers, to which we have applied a weighted

Future West and Network Recycling (2004) National Assessment of Civic Amenity Sites, Final Report
for Biffaward, March 2004
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54

Resource Futures (2008) London Reuse and Recycling Best Practice Guidance, RF Project no.: 376

55

WRAP (2006) MRF Costing Model User Guide, September 2006
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average cost of capital (WACC) and associated profit margin (see Section 7.1). Whilst
it would have been useful to be able to present more comparable sets of financial
data, we believe the approach taken represents the most sensible option for a nonsite specific study of this nature.
It should be noted that the operating costs (OPEX) presented in Sections 7.7.1 to
7.7.16 are exclusive of any ROC revenues. It should be acknowledged, however, that
these additional revenues are included in the overall results presented in Section 8.0,
and are calculated from both the quantity of energy generated per tonne of waste
treated and the price of ROCs (see Appendix 7 and Section 7.1.5 for further
information).

7.7.1 Open Air Windrow Composting
We have modelled on the basis of a facility of the order 20,000 tonnes and have
taken figures from previous studies undertaken by Eunomia, and inflated these to
give a unit capital cost, including land, of £85 per tonne of throughput.56
Operating costs have been estimated at £5 per tonne before the costs of disposal of
rejects. Annual maintenance costs are modelled as 3% of unit capital cost per tonne,
which equates to £2.55 per tonne throughput. We have assumed 5% of input
material is rejected and sent to landfill, which attracts Landfill Tax at standard rate.57
We have assumed that compost has a sale value of £1.25/tonne.

7.7.2 In-Vessel Composting (IVC)
For a 30,000 tonne plant, we assume a capital cost of £165 per tonne. For operating
costs, we use a figure of £10 per tonne. Maintenance costs are not included in this
operating cost figure, but are included in the annual costs, at 5% of capital cost,
representing £8.25 per annum.
We assume rejects are 5% of input material and that these are sent to landfill where
they attract landfill tax at the standard rate. As with open-air windrow facilities, again
we have assumed that compost has a sale value of £1.25/tonne.

7.7.3 AD with Electricity Only
We have used a figure of £300/tonne for unit capital costs. For operating costs, we
have used a figure of £30 per tonne. We believe this to be representative of facilities
of scale 20-30,000 tonnes capacity, with appropriate post-treatment of the digested
organic waste. As for compost, we assume rejects are 5% of input material, but that
digestate has zero sale value.

Eunomia (2002) The Legislative Driven Economic Framework Promoting MSW Recycling in the UK,
Final Report to the National Resources and Waste Forum;

56

57 In theory, one might suggest that this type of material could be used for other purposes. In practice,
rejects from garden waste facilities tend to consist more of grit and stones, and to a lesser degree,
materials associated with garden implements which find their way into the facility. The potential for, for
example, energy recovery is less obvious with such reject streams.
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7.7.4 AD with CHP
In this study, we have estimated capital costs for the useful deployment of CHP at an
additional £1.65 million in capital terms for a 20,000 tonne per annum facility. We
have also added £1 per tonne to the operating costs, however the specifics will vary
with the location and local opportunities for heat use of any given plant. Therefore for
modelling purposes, we assume a total capital cost of £382.50 per tonne, and an
operating cost of £31/tonne. Again, we assume rejects are 5% of input material, and
that digestate has zero sale value.

7.7.5 AD with Gas Upgrading for Use as Vehicle Fuel
We model a capital cost of £349 per tonne, with operating costs of £36.45 per tonne.
Again, we assume rejects are 5% of input material, and that digestate has zero sale
value.

7.7.6 AD with Biogas Up-grading and Injection into the Natural Gas Grid
We have assumed that the cost of upgrading for use in the grid is similar to that of
upgrading for vehicle fuels. This is due to insufficient data to assume otherwise as the
technology is not yet available in the UK and there is a lack of transferable
information from existing facilities. It is important to recognise, however, that this is
likely to be a technically difficult option for the foreseeable future, whatever its
presumed merits may be. Again, we assume rejects are 5% of input material, and that
digestate has zero sale value.

7.7.7 Non-hazardous Landfill
We assume a capital cost of £115 per tonne of installed capacity, and operating
costs of £7 per tonne, whilst restoration, post-closure and aftercare are estimated to
cost a further £7 per tonne. Based on these assumptions, the estimated gate fees
modelled for the landfilling of London’s waste are summarised in Table 7-1.
Table 7-1: Non-hazardous Landfill Gate Fees (including Landfill Tax)
Year
Gate Fee

2008
£64

2009
£72

2010
£79

2011
£87

2012
£93

2013-20311
£100

Note:
1. This information was correct at the time of submission of the final version of this
report. This note has been added to acknowledge that the 2010 Budget clarified
that the Landfill Tax will rise an extra £8 to £80 per tonne in 2014. This further
increase has not been included in the modelling undertaken for this study

7.7.8 Hazardous Landfill
Some facilities generate a residue which is classified as hazardous, for example fly
ash from incineration. For the purpose of this study, we have not included a model, as
such, of a hazardous waste landfill site. We have assumed, however, a cost per tonne
of landfilling hazardous waste of £180 before landfill tax, but including transport
costs.
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7.7.9 Incineration with Electricity Only
We model capital costs at £500 per tonne of installed capacity. For operating costs,
before revenues from electricity generation and costs of managing residues, we have
used a figure of £20 per tonne. As noted above, operating costs also do not include
fuel costs. The gate fee we have estimated for new build plant is £98 per tonne of
waste treated. For existing plants we assume a gate fee of £74 per tonne of waste
treated.

7.7.10

Incineration with CHP

In addition to incineration with electricity only, we model on the basis of additional
CAPEX of £107.50 per tonne of installed capacity, and additional OPEX of £1.18 per
tonne. This gives a total CAPEX of £607.50 per tonne, and a total OPEX of £21.18 per
tonne.

7.7.11

Bottom and Fly Ash from Incineration

For bottom ash, we assume that on average, around two-thirds of material is put to
some form of use in the construction industry. The remaining third is assumed to be
landfilled as ‘inert’, and thus attracts the lower rate landfill tax of £2.50/tonne. It
should be noted, however, that there is currently a HM Treasury consultation process
taking place to consider whether bottom ash should attract the standard rate of
Landfill Tax, and thus in future years its associated costs may be significantly
higher.58
Fly ash is assumed to be landfilled at a hazardous waste landfill. As stated in Section
7.7.8, we have not modelled these costs explicitly, but have used a fixed pre-tax
figure for the costs of landfilling, inclusive of haulage.

7.7.12

MBT Aerobic Biodrying Facility Preparing SRF

In principle, the costs of this type of system will be different depending upon whether
the SRF which is being prepared is to be of higher or lower quality. We have used
figures for CAPEX of £200 per tonne, with OPEX of £17 per tonne before residue
disposal. It should be noted that the reality is that both the capital costs and the costs
of dealing with residues will depend upon the detailed configuration of the system
and the specification to which SRF is being produced.

7.7.13

Gasifier with a Steam Turbine

We have used a figure for capital costs of £550 per tonne where a steam turbine is
used. For operating costs we use a figure of £25 per tonne. As noted above, operating
costs do not include ROC revenues or fuel costs.

HM Treasury, HMRC (2009) Modernising Landfill Tax Legislation, April 2009. Available at
http://www.hm-treasury.gov.uk/d/Budget2009/bud09_landfill_tax_964.pdf (accessed September
2009).
58
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7.7.14

Gasifier with a Gas Engine

We model capital costs of £600 per tonne where a gas engine is used, with operating
costs of £25/tonne. Again, as noted above, operating costs do not include ROC
revenues or fuel costs.

7.7.15

Slag from Gasification

We assume slag from gasification is treated in the same way as incinerator bottom
ash, as discussed in Section 7.7.11. Therefore, we assume that around two-thirds of
material is put to some form of use in the construction industry, at a cost of
£5/tonne. The remaining third is assumed to be landfilled at non-hazardous waste
sites, and attracts the lower rate of Landfill Tax.

7.7.16

Autoclaving

We model on the basis of £270/tonne capital costs, and £13/tonne operating costs.
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8.0 Results from Scenario Modelling
The results presented in this Section reflect the outputs from the quantitative
modelling work undertaken for this study. It is acknowledged, however, that there are
many other more subtle factors that will affect the nature of waste management in
London than those included in our model. Behavioural change, for example, whilst
potentially being one of the most important factors in achieving high levels of
recycling is very difficult to quantify and monetise within modelling of this nature.
Such issues have therefore not been included within our core analysis, but are
explored further in Section 10.0.
To understand the costs, and environmental benefits, of the scenarios modelled in
this study, it is necessary to first appreciate the switches of waste that occur within
each, as detailed in Section 5.0. The key outputs from the study described in this
Section, therefore, are:
 Total Costs of Waste Management;
 GHG emissions from Waste Management;
 Monetised Carbon Impacts from Waste Management;
 Waste Sent to Landfill; and
 Heat and Power Generated.
These outputs are presented in Sections 8.1 to8.5.

8.1 Total Costs and Savings of Waste Management Scenarios
As mentioned above, the changes in collections systems and resulting waste flows
from the multiple different collection scenarios are described in Section 5.0. These
changes affect the relative costs of the scenarios with different collection systems in
place. The remaining difference in costs, between the scenarios (with the same
collection systems in place), relates directly to the varying costs of residual waste
management. Therefore, the two key components of the additional cost to London in
meeting the targets set out in the draft strategy are a) collection costs and b)
treatment infrastructure costs.
To explain the total costs of waste management, for all the scenarios, it is important
to first look at the breakdown of costs for the 2031 ‘Do Nothing New’ baseline
compared with four alternative scenarios. As shown in Figure 8-1, we have provided
assessment of four scenarios which have a different focus of collection (see Section
4.3 for further details), but the same residual treatment infrastructure.
The key differences in the change in waste management costs for these four
scenarios compared to the ‘Do Nothing New’ baseline, are:
 Reduction in cost of landfilling;
 Increase in cost for alternative (non-landfill) residual treatment;
 Decrease in the collection costs of refuse, through both a) less tonnage and b)
a switch to fortnightly collections;
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 Increase in household collection costs for dry recyclables and organics;
 Increase in costs of reuse, and other recycling / composting (albeit as part of
this metric, there is an increase in revenues from sales of recyclable
materials); and
 Increase in treatment costs for organic wastes.
Figure 8-1 also shows that when there is a ‘focus on food’ the associated collection
and treatment costs are marginally higher than in the other scenarios. When the ‘Max
GHG Abatement’ scenario is considered, however, the quantity of residual waste
decreases significantly, such that the costs of residual waste collection and
treatment, also falls significantly, suggesting this is the most cost effective option. It
should also be noted that although the ‘Doorstep Only’ scenario appears to result in
lower costs than the ‘focus on dry’ scenario, not enough material can be recovered to
meet the 60% target in 2031. ‘Other recycling’ refers to tonnes from street recycling
bins and non-contracted voluntary kerbside tonnes. Pre-treatment is included in the
cost of incineration. New technologies refer to the combination of pre-treatment and
thermal treatment used in a scenario.

Cos t of Was te Management in Lond on (£ millions )

Figure 8-1: Potential (Annual) Costs of Waste Management in London in 2031
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8.1.1

Additional Costs of Waste Management Scenarios

Waste treatment infrastructure costs are calculated from the tonnage waste flows
detailed in Section 5.0 and the annualised costs summarised in Section 7.7.
Annualised costs are derived from the annual costs of capital expenditure,
operational costs, disposal costs and revenues from energy generation and / or
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compost sales. For each scenario, these costs are provided in Table 8-1 and Table
8-2, with regard to additional CAPEX/OPEX and annualized costs respectively.
The figures for CAPEX in each table represent the cumulative costs of building
infrastructure, not the CAPEX required in that year. It should also be noted that the
CAPEX is not all being incurred in any given year, as the costs are annualised and
discounted. In cases where the total CAPEX falls from one year to the next, this
indicates that if all the infrastructure was built in the first year there would be over
capacity in later years, due to greater amounts of waste being diverted to recycling.
The OPEX figures represent the total operating costs of the new infrastructure in that
year only.
The total annualised costs presented in Table 8-2 represent the annualised cost per
tonne (equivalent to the estimated gate fee) multiplied by the tonnage treated in each
year.
It should be noted that the information in Table 8-1 and Table 8-2 is a reflection of
expenditure only and does not include the savings delivered by the scenarios, the
detail of which is provided in Section 8.1.2.
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Table 8-1: Additional Cumulative CAPEX and Annual OPEX of Waste Management Scenarios (relative to ‘Do Nothing New’ Baseline)
Recycling Approach

Residual Approach

CAPEX (£M)

Scenario

OPEX (£M)

2015

2020

2031

2015

2020

2031

1

£0

£0

£0

£0

£0

£0

New Tech (unrefined)

2

£466

£550

£882

£53

£62

£97

New Tech (high-biomass)

3

£565

£665

£1,062

£54

£63

£99

‘Do Nothing New’

4

£83

£104

£140

£16

£20

£27

New Tech (unrefined)

5

£199

£190

£370

£29

£30

£52

New Tech (high-biomass)

6

£230

£215

£424

£30

£30

£53

‘Do Nothing New’

7

£83

£104

£140

£16

£20

£27

New Tech (unrefined)

8

£199

£190

£370

£29

£30

£52

New Tech (high-biomass)

9

£234

£217

£427

£31

£31

£53

‘Doorstep Only’

New Tech (high-biomass)

10

£235

£236

£461

£30

£32

£56

‘Max GHG Abatement’

New Tech (high-biomass)

11

£239

£164

£327

£33

£33

£52

‘Do Nothing New’ Baseline
‘Do Nothing New’

‘Focus on Dry’

‘Focus on Food’
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Table 8-2: Annualised Additional Costs of Waste Management Scenarios (relative to ‘Do Nothing New’ Baseline)
Annualised Costs
Recycling Approach

Residual Approach

Scenario

2015
(£M)

2020
(£M)

2031
(£M)

1

0

0

0

New Tech (unrefined)

2

121

135

213

New Tech (high-biomass)

3

125

141

227

‘Do Nothing New’

4

21

26

36

New Tech (unrefined)

5

51

48

91

New Tech (high-biomass)

6

54

50

96

‘Do Nothing New’

7

21

26

36

New Tech (unrefined)

8

51

48

91

New Tech (high-biomass)

9

55

51

97

‘Doorstep Only’

New Tech (high-biomass)

10

55

54

104

‘Max GHG Abatement’

New Tech (high-biomass)

11

57

44

81

‘Do Nothing New’ Baseline
‘Do Nothing New’

‘Focus on Dry’

‘Focus on Food’
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8.1.2

Total Savings Delivered by Scenarios

Table 8-3 below shows the financial savings (represented by negative figures)
achieved under different scenarios in given years. The savings presented are relative
to the ‘Do Nothing New’ baseline for each year. The key findings from these results
can be summarized as follows:
 When the level of recycling does not increase, there are no overall financial
savings. This is shown by the additional costs generated under Scenarios 2
and 3 where baseline recycling increases only marginally (due to recovery of
materials during residual treatment) above today’s levels;
 Focusing on collection of dry materials for recycling appears to provide greater
financial savings than when the focus is on collecting food waste in London.
This is largely due to the fact that the net cost of collection, and treatment of
food waste is higher than for dry materials on a per tonne basis;
 When higher recycling targets are modeled, greater financial savings may be
achieved through the additional savings in collection of refuse and disposal of
residual waste. It should be noted, however, that the uncertainties in the costs
associated with modelling higher levels of recycling are not conveyed
adequately by single point estimates. Therefore, we use ‘Monte Carlo’ analysis
to draw out these uncertainties, and provide a range to the total costs as
presented in Section 9.0;
 The overall savings delivered by Scenarios 4 to 11 result from the greater
relative reduction in cost of new recycling and composting services in
comparison to sending the same material for residual treatment, or sending it
to landfill as part of the residual waste stream under the ‘Do Nothing New’
Scenarios 1 to 3. When residual waste is diverted from landfill to residual
treatment, the costs of waste management increase, notwithstanding the
increase in Landfill Tax. This is due to our assumptions relating to the higher
average gate fees compared with landfill, for some configurations of residual
treatment which are not currently commercially demonstrated, and the roll out
of this infrastructure (see Section 3.4.6.2). In the future, investor confidence in
residual treatment technologies will increase as they come to market,
potentially lowering capital expenditure, and the resultant gate fee.
Furthermore, if the Landfill Tax continues to rise at current rates, the ‘tipping
point’ for the more expensive residual treatments modeled in this study will be
reached (i.e. they become cheaper than landfill), providing further financial
savings for London Boroughs. This, of course, all becomes trivial if Defra press
ahead with a number of landfill bans, as the effective cost of landfilling, from
an economic perspective, will become infinite;59 and

59Defra

(2010) Options to further restrict waste to landfill – Consultation Stage Impact Assessment,
Accessed 30th April 2010, http://www.defra.gov.uk/corporate/consult/landfill-restrictions/20100318landfill-restrictions-condoc-ia.pdf
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 The total savings delivered by Scenario 10 (‘doorstep only’) are greater than all
other scenarios aside from under the ‘max GHG abatement’ scenario. This is
because under the assumptions used in our model, residual waste treatment
is cheaper (on a tonne for tonne basis) than collecting recyclables from ‘hard
to reach’ properties (which are ignored under the ‘doorstep only’ scenario). It
should be acknowledged, however, that under the ‘doorstep only’ scenario, the
Mayor’s proposed 60% recycling target in 2020 or 2031 cannot be met.
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Table 8-3: Financial Savings (net of costs) relative to ‘Do Nothing New’ Baseline
Recycling Approach

Residual Approach

Scenario

2015
(£M)

2020
(£M)

2031
(£M)

NPV: 20082031 (£M)

Ranking

1

-

-

-

-

9

New Tech (unrefined)

2

10

6

8

111

10

New Tech (high-biomass)

3

14

11

22

217

11

‘Do Nothing New’

4

-26

-58

-78

-628

3

New Tech (unrefined)

5

-24

-57

-76

-599

5

New Tech (high-biomass)

6

-25

-55

-72

-578

7

‘Do Nothing New’

7

-26

-58

-78

-628

3

New Tech (unrefined)

8

-24

-57

-76

-599

5

New Tech (high-biomass)

9

-24

-56

-73

-573

8

‘Doorstep Only’

New Tech (high-biomass)

10

-36

-62

-79

-679

2

‘Max GHG Abatement’

New Tech (high-biomass)

11

-43

-78

-92

-838

1

‘Do Nothing New’ Baseline
‘Do Nothing New’

‘Focus on Dry’

‘Focus on Food’
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8.2 Greenhouse Gas Emissions from Waste Management Scenarios
The financial cost savings delivered by different waste management scenarios
represent a critical, but not isolated goal within the Mayor’s new Draft MWMS. The
climate change impacts associated with Mayoral policy are increasingly important to
decision-making. Analysis the greenhouse gas savings that may occur from the
different scenarios modelled in this study, therefore, gives a wider scope of credibility
to this study as a basis for policy-making at the GLA. In this context, the GHG emission
reductions delivered by the different scenarios, relative to the ‘Do Nothing New’
baseline, are presented in Table 8-4.
Table 8-4 Greenhouse Gas Savings (relative to ‘Do Nothing New’ Baseline)
Cumulative GHG
Savings 20082031 (Mt)

Ranking

1

0.0

11

New Tech (unrefined)

2

-19.9

10

New Tech (high-biomass)

3

-26.8

7

‘Do Nothing New’

4

-25.4

8

New Tech (unrefined)

5

-31.3

5

New Tech (high-biomass)

6

-32.8

2

‘Do Nothing New’

7

-25.4

8

New Tech (unrefined)

8

-31.3

5

New Tech (high-biomass)

9

-32.7

4

‘Doorstep Only’

New Tech (high-biomass)

10

-32.8

3

‘Max GHG
Abatement’

New Tech (high-biomass)

11

-33.2

1

Recycling
Approach

Residual Approach

‘Do Nothing New’ Baseline
‘Do Nothing
New’

‘Focus on Dry’

‘Focus on Food’

Scenario

Figure 8-2 shows the total, cumulative, GHG emissions by source for waste
management in London. These emissions are reported according to IPCC reporting
guidelines, whereby the benefits of materials reprocessing overseas do not contribute
to the GHG balance. As such, due to the current high level of overseas reprocessing of
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materials collected in the UK, all scenarios result in net GHG emissions. If a greater
level of reprocessing was to occur in the UK, then the benefits from recycling dry
materials would be counted under the under the IPCC guidelines, which may result in
overall net GHG savings under some or all scenarios. This is tested by way of
sensitivity analysis in Section 9.6.
The key findings from the results presented in both Table 8-4 and Figure 8-2 can be
summarized as follows:
 As recycling increases, GHG savings increase significantly;
 Scenario 11 (‘Max GHG abatement’ with residual waste processed into a biomass SRF for gasification) appears to provide the greatest net GHG
savings. It should be noted that the economic savings are also greatest under
this scenario;
 The majority of GHG savings in all scenarios can be attributed to the diversion
of residual waste from landfill to residual treatment processes. Where the
tonnage input of residual waste is the same (i.e. within each collection
scenario) the relative impact of the different treatments is the key determinant
of the total GHG savings; and
 Greater GHG benefits can be achieved when residual waste is managed
through processes that produce a high biomass SRF for treatment at a
dedicated combustion or gasification facility. The savings accrue because it is
assumed both that reject streams have been stabilized prior to landfill, and
that only low levels of fossil based carbon (i.e. plastics) are treated and thus
released as CO2 into the atmosphere. It should be noted that, in line with IPCC
reporting guidelines, these results do not include non-fossil CO2, which would
increase the emissions from all scenarios.
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Figure 8-2 Breakdown of Cumulative GHG Emissions (2008 to 2031)
40,000

30,000

GHG Emissions, thousand tonnes

20,000

10,000

Dry
Organics

Residual
0

Net Emissions

-10,000

-20,000

8.3 Modelling of ‘Monetised’ Greenhouse Gas Emissions
Within this Section, we have provided analysis of the monetised CO2 benefits of each
scenario alongside the financial costs of waste management.60 It should be noted,
however, that in this study financial costs are modeled using a ‘private’ metric, which
includes all Government incentives, such as ROCs. As such, monetized CO2 impacts
cannot simply be added to derive a ‘net benefit to society’ as would be the case when
conducting full CBAs as part of Government Impact Assessments. Analysis of both
figures together remains useful, however, to allow an understanding of the potential
implications of the new MWMS for London’s economy and whether, in financial terms,
the GHG savings appear significant.
The net present value (NPV) both of the financial costs and monetized CO2 benefits,
from 2008 to 2031, are presented in Table 8-5. The figures are presented relative to
the ‘Do Nothing New’ baseline scenario. Table 8-5 shows that the CO2 benefits for all

60

See Section 6.3 for discussion of the approach to monetization of CO2
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scenarios appear to be significant compared to the potential financial costs of waste
management in London, further strengthening the case for the recycling targets set
out in the Mayor’s Draft MWMS. It should also be noted that the financial savings and
environmental benefits are greatest under the ‘Max GHG Abatement’ scenario.
Table 8-5: Financial Costs and Monetised CO2 Benefits relative to the ‘Do Nothing
New’ Baseline (NPV: 2008 to 2031)

Recycling Approach

Residual Approach

Scenario

Financial
Costs or
Benefits
(£M)

Monetised
Costs of
CO2
emissions
(£M)

1

0

£0

New Tech (unrefined)

2

£111

-£1,363

New Tech (high-biomass)

3

£217

-£1,874

‘Do Nothing New’

4

-£628

-£1,710

New Tech (unrefined)

5

-£599

-£2,117

New Tech (high-biomass)

6

-£578

-£2,225

‘Do Nothing New’

7

-£628

-£1,710

New Tech (unrefined)

8

-£599

-£2,117

New Tech (high-biomass)

9

-£573

-£2,223

‘Doorstep Only’

New Tech (high-biomass)

10

-£679

-£2,216

‘Max GHG
Abatement’

New Tech (high-biomass)

11

-£838

-£2,270

‘Do Nothing New’ Baseline

‘Do Nothing New’

‘Focus on Dry’

‘Focus on Food’

8.4

Waste sent to Landfill

In line with the new Draft MWMS, it has been important to minimise the tonnage of
waste sent to landfill within our modelling. In Table 8-6, we have therefore provided
analysis of the percentage of ‘untreated and ‘pre-treated’ waste, i.e. that which has
been sorted or processed at a waste management facility, which would be sent to
landfill under each scenario.
Table 8-6 shows that under all ‘do something’ scenarios, there is zero ‘untreated’
waste, and only very limited tonnages of ‘treated’ waste, sent to landfill in 2031.
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It should also be noted that the performance of residual technologies may have
improve in the period to 2031, such that both materials recovery rates increase and
reject rates decrease, reducing the overall tonnage sent to landfill. This is also likely
to be aided by new markets opening up for recovered materials such as mixed
plastics.
Table 8-6 Proportion of Total Waste sent to Landfill (2031)
Total
Untreated
Waste to
Landfill

Total
Treated
Waste to
Landfill

1

49%

3%

New Tech (unrefined)

2

0%

19%

New Tech (high-biomass)

3

0%

19%

‘Do Nothing New’

4

13%

3%

New Tech (unrefined)

5

0%

7%

New Tech (high-biomass)

6

0%

8%

‘ Do Nothing New’

7

13%

3%

New Tech (unrefined)

8

0%

7%

New Tech (high-biomass)

9

0%

8%

‘Doorstep Only’

New Tech (high-biomass)

10

0%

8%

‘Max GHG Abatement’

New Tech (high-biomass)

11

0%

4%

Recycling Approach

Residual Approach

‘Do Nothing New’ Baseline

Scenario

‘Do Nothing New’

‘Focus on Dry’

‘Focus on Food’

8.5

Heat and Power Generated

Table 8-7 below shows the net change in energy generation from 2008 levels. A large
proportion of energy generated is from the thermal processing of residual waste.
Thus, if the total quantities of residual waste fall as recycling increases, or if the level
of residual waste treatment falls, the total level of energy generation also falls. In this
context, it should be noted that for Scenario 1, as the Edmonton incinerator is
assumed to cease to operate in 2020/21, there is a reduction in energy generated in
2031 compared with 2008.
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Table 8-7: Energy Generated under each Scenario (relative to 2008)
Recycling Approach

Residual Approach

Scenario

2015 (MWh)

2020 (MWh)

2031 (MWh)

1

314,546

335,093

-24,055

New Tech (unrefined)

2

381,662

524,559

724,100

New Tech (high-biomass)

3

526,452

563,961

159,611

‘Do Nothing’

4

215,552

211,406

-175,031

New Tech (unrefined)

5

232,286

241,175

19,826

New Tech (high-biomass)

6

273,205

252,557

-124,125

‘ Do Nothing’

7

215,552

211,406

-175,031

New Tech (unrefined)

8

232,286

241,175

19,826

New Tech (high-biomass)

9

275,253

253,136

-122,922

‘Doorstep Only’

New Tech (high-biomass)

10

286,189

274,475

-109,696

‘Max GHG Abatement’

New Tech (high-biomass)

11

290,406

220,212

-133,570

‘Do Nothing New’ Baseline

‘Do Nothing’

‘Focus on Dry’

‘Focus on Food’
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9.0

Sensitivity Analysis

9.1 Risk Analysis of Central Cost Figures
As mentioned in Section 8.0, there are many uncertainties associated with modelling
of this nature. These mainly relate to forecasts for costs and performance of waste
collection and recycling, especially those relating to ‘communal’ properties. As the
model extends forward to 2031, these uncertainties only increase further. As noted
above, presentation of point estimates can also lead to a perception of accuracy
which is likely to be spurious. We have therefore used a ‘Monte Carlo’ analysis tool
(Crystal Ball®) to test the sensitivity of the total cost of waste management, to
changes in key assumptions.
Using this approach, Figure 9-1 shows the 95% confidence interval for three key
scenarios modelled in this study. These represent the four main variations in
collection systems, with the remaining residual waste, under all three scenarios, sent
to an autoclave facility to generate a high-biomass SRF for combustion or
gasification.61 The results in Figure 9-1 highlight that:
 The central results presented in Section 8.0 above provide a relatively sound
basis for policy-making, but do include a large range of uncertainty;
 Under all sensitivity cases modelled, there appear to be financial savings,
relative to the current baseline;
 The costs of waste management to London, in meeting the targets set out in
the strategy are likely to fall within the confidence intervals presented;
 Aiming for higher recycling rates (70% by 2031) may achieve greater financial
savings, but the uncertainty associated with these costs is much greater, such
that the total costs could exceed those required to meet the 60% target in
2031.
It should be noted that the sharp increase in costs around 2020 is when the
Edmonton incinerator is assumed to cease operation, and waste requires treatment
at new-build facilities with higher associated gate fees.

61

This residual scenario was chosen as it was shown to have the greatest CO2 benefit
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Total Cost of Waste Management in London, £millions

Figure 9-1: Analysis of Uncertainty of Total Waste Management Costs

1. 'Do Nothing' Baseline Costs

9. Focus on Food_Residual to Refined SRF (Median)

6. Focus on Dry_Residual to Refined SRF (Median)

11. Max Recycling_Residual to Refined SRF (Median)

Note: shaded areas represent the 95% confidence interval around the median values.
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The range of total annual costs under the different scenarios is drawn out further in
Figure 9-2. This shows that the costs of the ‘focus on food’ scenario could be as low
as those for the ‘focus on dry’ scenario and vice-versa. Furthermore, the costs under
the ‘max GHG abatement/recycling’ scenario could extend above the median values
for the other two scenarios.
What Figure 9-1 and Figure 9-2 do not show, however, is that when some of the input
parameters are varied, such as achievable yields from recycling schemes, the
recycling rates set out in the Draft MWMS may not be met. Such sensitivities are
presented in Sections 9.2 to 9.4.
Figure 9-2: Analysis of Uncertainty of Total Waste Management Costs

Total Cost of Waste Management in London, £millions
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Confidence Limit
£600
Median to 5%
Confidence Limit

£580

£560

£540
6. Focus on
9. Focus on
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9.2

Lower Performance of Scheduled Household Recycling
Schemes

The aim of this exercise is to test the sensitivity of the central results to variations in
assumptions relating to the performance of scheduled household recycling schemes.
Scenario 6 (‘focus on dry’ with residual to High Biomass) is used as an example to
demonstrate this sensitivity.
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Under the central assumptions, maximum recycling levels, as reported in the
aforementioned WRAP kerbside performance study, are used for each collection
system in 2015, with increased captures over time such that average yields are
253kg/hhld/annum. The average upper quartile figures for London are currently
around 195kg/hhld/annum, with the median ranging from 148 to
178kg/hhld/annum, according to whether a Borough is located in Inner or Outer
London respectively. It is therefore acknowledged that using the WRAP data is an
optimistic estimate, and more likely to represent a ‘best case’ situation in 2015. As
noted in Section 8.0, pushing up the average yields from some Inner London
‘doorstep’ type dwellings by around 100 kg/hhld/annum in 5 years may be
challenging, or in fact more costly than we model under the central case.
In the first sensitivity presented in Table 9-1, therefore, we have reduced the average
yield achieved in 2015 from 253 to 195 kg/hhld/annum to represent a ‘worst case’
scenario. Furthermore, we have also reduced the average yield for schemes operating
in 2020 from 267 to 216 kg/hhld/annum. Performance in 2031 is left unchanged, as
yields are more likely to increase to central case levels within the time frame
available.
In the second sensitivity presented in Table 9-1, again to present a ‘worst case’
scenario, the capture of organic wastes in 2015 has been reduced to a mid-point
between central case levels and those which were achieved in London in 2008/9.
Additional reductions in capture of organic wastes have also been modelled for 2020.
Table 9-1 shows that, if the performance of dry and organic waste collections reaches
‘worst case’ levels, then reaching the 45% and 50% targets within the Mayor’s Draft
MWMS will be far more challenging than under the central assumptions. Under these
‘worst cases’, however, the largest margin by which the target will be missed is by 3%
(under Sensitivity 2 in 2015). Although we do not believe, therefore, that this should
represent a significant concern, it does suggest that perhaps a greater emphasis
should be placed on the analysis of how behavioural change can be promoted in
London.
Table 9-1: Sensitivities associated with Lower Scheduled Household Performance (for
Scenario 6)
Case

Parameter
Total Cost

2008

2015

2020

2031

£582

£613

£596

£613

Recycling Rate

25%

45%

50%

60%

Change in Cost

£0

£34

£29

£5

Recycling Rate

25%

43%

47%

60%

Change in Cost

£0

£37

£29

£5

Recycling Rate

25%

42%

47%

60%

Central Assumptions

Sensitivity 1: ‘Lower
Capture of Dry’
Sensitivity 2: ‘Lower
Organics Capture’
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9.3 Changes in ‘Non-Scheduled’ Household Recycling
As discussed above, ‘non-scheduled’ household recycling plays an important role in
meeting the targets set out in the Mayor’s Draft MWMS. Again, as per the analysis in
Section 9.2, we have used Scenario 6 (‘focus on dry’ with residual to High Biomass)
as the central case by which to test the sensitivity of related central assumptions.
In the central case, the three non- scheduled approaches which increase
performance to the greatest extent are reuse, RRCs and recycling from the
commercial sector. As shown in Table 9-2, of these approaches, recycling from the
commercial sector contributes the most towards meeting the 45% recycling target.
Whilst achieving a 40% recycling rate for commercial wastes is not in itself
problematic, the 5 year time frame to 2015 may not be of sufficient length to allow
existing contractors to extend appropriate services.62
Table 9-2: Contribution of Non-Scheduled Approaches to Total Recycling Performance
‘Non-Scheduled’ Approaches to
Household Waste Recycling

2008

2015

0%

1%

10,000

53,000

5%

6%

Average RRC Recycling Rate

46%

55%

Commercial Sector - contribution to
total recycling in London

1%

5%

Commercial Recycling Rate

4%

40%1

Reuse – contribution to total
recycling in London
Tonnage Reused (tonnes)
RRCs - contribution to total
recycling in London

Notes:
1. Details relating to the breakdown of this figure are provided in the Appendix 3

Allied to this sensitivity, we have also undertaken a related ‘criticality analysis’. This
test lowers the overall recycling rate for commercial waste (the most significant
approach to ‘non-scheduled’ recycling) in 2015 and 2020, and records when
London’s overall recycling falls below the required targets in these years.

In this context, it should also be noted that at the time of writing, in response to pressure from the
European Commission, Defra is currently consulting on the definition of MSW, which may be brought
into line with that in other Member States, to include all commercial wastes
62
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Under this test, in 2015 the commercial recycling rate can fall to 33% before the
overall 45% recycling target can no longer be met. This fall is achievable because
additional kerbside recycling schemes to those already in place under the central
assumptions (for Scenario 6), can be rolled out to all London households. This finding
might be viewed as encouraging, as an additional 27% recycling performance (on top
of the current 4%) over the next five years is more achievable than an additional 36%
to reach the 40% rate.
The findings of this ‘criticality analysis’ also show that in 2020, commercial waste
recycling must exceed 43% for London’s overall target of 50% to be met. This, again,
is encouraging as current levels of commercial recycling across the UK are already
estimated to be around 45%, and thus meeting a 43% rate should be achievable in
London.63 However, this change in waste flows does come at a cost. Accordingly, the
additional roll out of kerbside recycling services in London to achieve the Mayor’s
proposed targets might require an additional £18m and £9m in 2015 and 2020
respectively.
The same ‘criticality analysis’ can also be used to show the impact of increasing
commercial waste recycling rates above the levels modelled under our central
assumptions. If these rates are increased, then fewer households would require a
food waste collection service, and thus the total costs of meeting targets would be
significantly reduced. For example, in 2015, if a 50% commercial waste recycling rate
is achieved, financial savings of around £4M could be made under Scenario 6.

9.4 All Schemes to ‘Kerbside Sort’ Collection Systems
Again, for this sensitivity, Scenario 6 (‘focus on dry’ with residual to High Biomass) is
used as the example scenario. If all doorstep and ‘communal’ type systems are
switched to ‘kerbside sort’ (or ‘source separated’) systems by 2020, then additional
savings of around £10M/annum might be achieved out to 2031. This is because
kerbside sort systems (net of revenue and sorting) are cheaper to run than single
stream commingled collections. It should be acknowledged, however, that there may
be operational limitations to implementing such collection systems in all London
Boroughs.

9.5 All Schemes to Weekly Refuse Collection
Once more, for this sensitivity, Scenario 6 (‘focus on dry’ with residual to High
Biomass) is used as the example scenario. If all refuse collection schemes are
changed so that the frequency of collection is weekly there are two key changes to
the central results:
1. The lower captures from kerbside recycling schemes result in none of the
recycling targets being achieved (by around 2-3%); and

63

Eunomia (2010) Landfill Bans: Feasibility Research, Final Report for WRAP
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2. The total costs of waste management increase by around 5% compared to the
central case.
These results suggest that it may not be sensible to propose that residual waste
should be collected in London on a weekly basis.

9.6 Greater Materials Reprocessing in the UK and London
As shown in Section 8.2, waste management practices in London still generate net
GHG emissions under the IPCC reporting methodology. A core feature of this
methodology is that GHG benefits accrued from materials reprocessing overseas do
not count. To test the sensitivity of this feature, if it is assumed that either a) all
materials reprocessing occurs in the UK or b) savings from recycling overseas do
count, then the net GHG emissions from waste management in London are far lower,
as shown in Figure 9-3. The results show that, in all scenarios whereby the recycling
targets in the Mayor’s Draft MWMS are met, net GHG savings for London are
achieved. These results suggest that the GLA should continue to promote new
materials reprocessing infrastructure in London.
Figure 9-3 Breakdown of Cumulative GHG Emissions (2008 to 2031) assuming all
Reprocessing in the UK
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9.7 Additional Considerations
9.7.1

Joint Service Procurement and Delivery

In the Mayor’s Draft MWMS, it is suggested that joint working across Boroughs might
offer opportunities to reduce costs via economies in procurement and delivery of
services. Whilst this is a variable which could be modelled with spurious accuracy by
way of sensitivity analysis it is not appropriate for a study of this nature. It should be
noted, however, that Eunomia’s work on behalf of local authorities in the UK in this
sphere suggests that joint working across Boroughs will deliver significant savings.

9.7.2

Shared Ownership of Waste Infrastructure

In the Mayor’s Draft MWMS, it is suggested that shared ownership of waste
infrastructure between Boroughs and the private sector might provide opportunities
to reduce costs via shared risk and potentially lower rates of interests offered by
Prudential Borrowing over project finance. Again, whilst this is a variable which could
be modelled with spurious accuracy by way of sensitivity analysis, it is not appropriate
for a study of this nature.
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10.0

Conclusions and Recommendations

As stated in Section 2.0, the core objective of this study is to provide independent
analysis of the financial costs and monetised GHG emissions associated with a range
of waste management scenarios to 2031. To provide the appropriate context for this
analysis, modelling of a ‘Do Nothing New’ scenario, was also undertaken.
Focusing upon this goal and based upon the results presented in Section 8.0 and the
associated sensitivity analysis in Section 9.0, the following conclusions and
recommendations can be made:
 Focusing waste management services on the maximisation of ‘GHG benefit’
could result in the lowest financial costs of any scenario modelled. The Mayor,
therefore, appears to be justified in proposing recycling targets above those
within Defra’s Waste Strategy for England, and might also be justified in
raising these targets above those published under Policy 4 of the recent Draft
MWMS;
 The ‘Doorstep only’ scenario, whereby no further increase in kerbside recycling
from communal properties occurs, and all corresponding waste is diverted to
MBT processes, appears to be more cost effective than both the ‘focus on
food’ and the ‘focus on dry’ scenarios. It should be noted, however, that under
this scenario, not enough materials can be recovered from the waste stream
to meet the Mayor’s 50% or 60% recycling target in 2020 and 2031
respectively. Therefore, the GLA should not seek to propose that a significant
number of Boroughs follow such an approach;
 As stated throughout this report, a lack of available, verifiable data is such that
there are significant uncertainties relating to estimates for some core
collection cost and in some assumptions relating to service performance,
especially out to 2031. As a result, the ranges of possible outcomes for each
scenario (modelled using Monte Carlo analysis) are relatively wide. Although
the results of the study are of clear value, therefore, as with all macromodelling of this nature, they should be treated with caution;
 The approach towards maximising ‘GHG benefit’ is also consistent with the
Mayor’s proposal in the draft MWMS (Policy 2) for setting a greenhouse gas
(GHG) standard for MSW management activities to reduce their impact on
climate change. Furthermore, Policy 5 of the draft MWMS proposes to catalyse
low carbon technologies as a central element of new waste management
infrastructure. The selection of new technologies modelled for each scenario,
therefore, represent those which have been shown in a previous study by
Eunomia on behalf of the GLA to offer better GHG performances than
alternatives;64

Eunomia (2008) GHG Performance of Residual Waste Technologies, on behalf of the GLA, January
2008
64
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 The results of the study show that, with regard to reducing GHG emissions, all
modelled scenarios perform significantly better than the ‘Do Nothing’ Baseline
scenario. It should also be noted that there is relatively little difference in
performance between the three core collection scenarios; ‘focus on dry’, ‘focus
on food’ and ‘max-GHG’.65 In the recent consultation for a replacement draft
London Plan, with regard to waste technologies, the GLA suggests shifting
towards a more ‘output-based specification to ensure the best possible
environmental outcomes’.66 It is therefore perhaps appropriate that this level
of flexibility is given to the whole waste system, in that due to local
infrastructure and housing stock it might be appropriate for some Boroughs to
focus initial efforts on food waste collection, whilst others should focus initially
on collection of additional dry materials to meet recycling targets. This might
be a principle adopted by the GLA as part of the Mayor’s emerging preferred
method of waste management;
 The Mayor’s Draft MSWM suggests that the total cost of waste management in
London is in the region of £600m/annum. Albeit with the caveats relating to
uncertainty outlined above, the modelling for this study indicates a similar sum
for future annualised costs under any of the given scenarios. Policy 3 of the
Draft MWMS suggests that this annual cost might be reduced significantly, by
as much as £90m/annum in near future. Whilst these savings might be
optimistic in the short-term (in light of the rising costs of Landfill Tax and the
time lag prior to the construction and operation of new management
infrastructure), should the benefits of both markets for recycled materials and
incentives for renewable energy be realised by London Boroughs via effective
procurement of new services, they may be achievable in the medium to long
term;
 The targets detailed under Policy 4 of the Draft MWMS present a specific
challenge with regard to the timeframe to meet a 45% recycling rate by 2015,
which reflects around a 20% increase on current performance. Assuming this
target is met, subsequent targets will be far less challenging, with only a
further 5% required over the following 5 years to 2020, then a further 10% to
2031. In initial years, therefore, annualised collection and recycling costs
increase significantly for Boroughs. Over time, however, from 2015 to 2020,
total annual costs decline slightly. This is the result of combination of effects
including moderately increasing costs of collection of dry recyclables and
biowastes, falling costs of both refuse collection and landfill (albeit with
increasing costs per tonne from the Landfill Tax escalator), such that the net
impact is a year-on-year fall in total costs. From 2020, there is a need to

Furthermore, under the ‘focus on dry ‘and ‘focus on food’ scenarios, broadly the same amount of
food and dry materials require collection to meet the 2015, 2020 and 2031 targets. The main
difference between these two scenarios, therefore, is in the order of roll-out of services to 2015, which
is shown in more detail in Appendix 4
65

The London Plan: Spatial Development Strategy for Greater London (Consultation Draft Replacement
Plan), 2009
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replace ageing residual treatment infrastructure, i.e. the Edmonton
incinerator, and thus total annual costs increase once more;
 It is understood that the Mayor proposes to promote an equal level of waste
collection service across Boroughs. Whilst this might be a laudable goal, it
should be noted that both this study, and a simultaneous report being
undertaken on behalf of the GLA focusing on best practice collection, have
found that this will be extremely challenging.67 Some residential properties are
simply not designed to cope with the amount of waste which is now generated
by households, and whilst innovative systems such as underground vacuum
technologies are being introduced in London, these come at a significant cost.
Therefore, whilst we believe, as a principle, that the GLA might seek to
promote minimum levels of collection service further to those enshrined in law
via the Household Waste Recycling Act, it should also recognise that the
barriers are such that this might not be appropriate for all Boroughs. At the
same time, however, it should be recognised that other Boroughs might far
exceed these minimum services, such that the overall objective is achieved on
an aggregate basis;
 The evidence base used to model the costs of different waste management
methods for this study suggests that collection and recycling or treatment of
source separated wastes can be less expensive, on an annualised basis, than
residual waste treatment processes. The order of dispatch in our model
therefore is such that new collection services are generally rolled out prior to
the development of new residual treatment infrastructure. If this is the case in
reality, and new services achieve the levels of success delivered by best
practice examples, it should be noted that London could find itself in the
situation of having an over-capacity of waste management infrastructure.
Whilst such a situation is perhaps currently perceived as being very unlikely,
we recommend that the GLA is mindful of such an outcome in future years. By
way of mitigating this risk, Eunomia has handed over the waste management
model developed via this study, for use by the GLA on an ongoing basis, to
monitor and analyse future waste flows in London;
 The modelling for this study suggests that the recycling targets proposed by
the GLA in the Draft MWMS cannot be met by focusing on ‘scheduled’
household collection schemes alone. Improving performance at RRCs, and in
commercial waste recycling (for which municipal-led services currently perform
far worse than those operated by the private sector) will be essential.
Furthermore, although the contribution of ‘on-the-go’ recycling and street
cleansing activities is currently minor relative to other methods, the roll-out of
new such services could play an important role, not least in improving the
quality of life for many Londoners, in line with Policy 6 of the Draft MWMS;

Hyder Consulting (2010) The Performance of London's Municipal Recycling Collection Services, Final
Report for GLA, March 2010
67
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 It should be acknowledged that meeting the proposed recycling targets does
depend upon significant behavioural change, especially for residents in highdensity housing and thus measures must be put in place to assist this change.
Whilst detailed consideration of such methods is not within the scope of this
study (and costs of communications campaigns, for example, have not been
included within our model), the need to inform and educate Londoners
towards changing behaviour is recognised and explored in some detail under
Policy 1 in the Mayor’s Draft MWMS;
 The modelling undertaken for this study does not include the costs of project
development and consenting, which can be significant for waste management
facilities, especially in urban areas. It should be noted, however, that the
revised London Plan has been designed to smooth this consenting process,
particularly if applications are based upon the use of cleaner waste treatment
technologies;
 Although detailed consideration of whether LATS targets will be met is not a
core element of this study and has not been quantitatively demonstrated
within, our high-level analysis indicates that, for London as a whole, these will
be met under each of the core scenarios, as is shown within the Mayor’s Draft
MWMS; and
 Whilst there has been significant focus within this study (and in much previous
work relating to waste management in London) on GHG emissions, it is
important to highlight the potential tension between the development of lowcarbon waste treatment plant and the minimisation of air quality impacts.
Primarily these relate to oxides of nitrogen (NOx) and particulates (PM10), for
which London is currently estimated to be exceeding targets.68 Recent work
undertaken by Eunomia and EMRC on behalf of the GLA showed that the
development of new plant might result in exceedances of both NOx and PM10
in specific locations, particularly those near to busy roads. The study
concluded, however, that there are large areas of London where waste
treatment plant could be located with minimal effect on attainment of air
quality objectives. Isolated residual treatment facilities of the types considered
in this study - if managed and operating as designed - were therefore
considered to be unlikely to have a significant effect on air quality where
objectives are not forecast to be exceeded in the future.

68

GLA (2002) Cleaning London’s Air: The Mayor’s Air Quality Strategy, September 2002

GLA – Economic Modelling for Mayor’s MWMS

APPENDIX FOUR b

DE TERMINING
THE COSTS
OF MEETING
THE EPS
AND CARBON
INTENSITY
FLOOR

Final Report

Lifecycle greenhouse gas performance for municipal waste management activities
Determining the cost of meeting the EPS and Carbon Intensity Floor

June 2011
SLR Ref: 402-01183-00003
Revision 2

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority

i

402-01183-00003
June 2011

EXECUTIVE SUMMARY
The GLA has undertaken work that has resulted in a life cycle greenhouse gas emissions
performance standard (EPS) being developed for the management of London’s municipal
waste. London’s waste authorities in undertaking their waste management functions will
need to ensure the collection, treatment, energy generation and final disposal of municipal
waste collectively meets the EPS, or demonstrate steps and in place to meet it in the near
future.
Energy generation, as a way of treating municipal waste, needs to work with other elements
of municipal waste management to help meet the whole waste system’s EPS. In meeting
the EPS it is proposed that a carbon intensity floor be set, whereby any energy generated
from London’s municipal waste should be no more polluting in carbon terms than the source
of energy generation it displaces. This approach aligns the Mayor’s waste management
goals with is goals for low carbon decentralised energy as set out in his draft Climate
Change Mitigation and Energy Strategy (CCMES)1.
In order to establish the financial and technical implications associated with this new
approach the GLA has commissioned research work (this project) to examine the waste
management activities that would enable waste authorities to best meet the EPS and meet
the carbon intensity floor and to financially and technically appraise these options.
To inform the analysis contact was made with pre-treatment and energy generation waste
facility operators to seek data on the proportion of materials produced for energy, recycling,
rejects, water loss and other processes and to obtain information on the biomass CV content
from waste treated at these facilities where available. As well as existing operators,
emphasis was placed on contacting new market entrants and demonstrator facility operators
to explore potential opportunities for producing high biomass fuel from waste.
In order to satisfy the requirements of the Brief SLR has set up a Microsoft Excel based
options assessment model to generate and analyse a number of potential scenarios. In total
the model has the potential to analyse over 2,000 waste management scenarios which cover
both existing technical practices and future scenarios based on a range of collection, pretreatment and energy recovery solutions for recyclates, food and residual waste. The current
model includes a number of spare slots for additional technologies and waste composition
scenarios (for future use by the GLA).
The scenarios are based on waste management technologies that are either commercially
available at present or near to proving commercial viability and that are capable of offering
affordable solutions in today’s market. Technical and economic data used to define the
technologies are based on a combination of information submitted by technology companies
and information from SLR databases. The list of technologies modelled is shown in Table
ES12.
The current model, and the results presented in this report, includes 200 base waste
management scenarios and assesses 5 waste composition scenarios; in total 1,000
scenarios are assessed when food waste management sub scenarios are included.

1 The Mayor’s draft climate change mitigation and energy strategy, October 2010 www.london.gov.uk
2 The technology providers are not identified by name in the results due to confidentiality restrictions.
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The modelling assesses the whole municipal waste system from waste collection through to
final reprocessing/treatment/disposal, and includes recycling, composting, pre-treatment and
energy generation options.
Table ES1: Technology Scenarios Available within the Model

Gasifica
tion 1

Gasifica
tion Gas
Engine
1

True
Pyrolysis
1

Dirty
MRF 1

MHT 2*

MBT
aerobic 2
(Landfill)

MBT
biostab 2
(Spare)

MBT AD
2 (SRF)

Incinerati
on 2 (low
CHP)

Gasifica
tion 2

Gasifica
tion Gas
Engine
2

True
Pyrolysis
2 (Spare)

Dirty
MRF 2
(Spare)

MBT AD
3
(Spare)

Incinerati
on 3
(medium
CHP)

Gasifica
tion 3
(Spare)

Gasifica
tion Gas
Engine
3
(Spare)

True
Pyrolysis
3 (Spare)

MBT
aerobic
4*

Incinerati
on 4 (high
CHP)

Gasifica
tion 4
(Spare)

MBT
aerobic 5
(Spare)

Incinerati
on 5
(medium
efficiency
electricity)

MHT 3
(Spare)

Note:

MBT
aerobic 3

Dirty MRF

Gasification
with gas
engines

Incinerati
on 1 (
electricity
only)

True pyrolysis

Gasification

MBT AD
1
(Landfill)

Incineration

MBT
biostab 1

MBT AD

MBT
biostabilisation

MHT 1

MBT
aerobic 1

MHT

MBT aerobic

Technology Type

* These technologies are capable of producing a high biomass SRF.

Given the considerable number of scenarios, the results are presented in graphical form as a
scatter plot. The following sub sections present the scatter plots for the carbon intensity floor
and EPS respectively.
Performance against the Carbon Intensity Floor
The carbon intensity floor is a measure of the carbon impact of generating energy from
waste and is measured as grams of carbon dioxide equivalent per unit of electricity
generation (gCO2e/kWh). The ability to meet the carbon intensity floor is affected by three
key variables:
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the efficiency of technology employed, for example, the efficiency of incineration or
gasification;
the amount of biomass (e.g. food, green garden and paper/card materials) in the
waste that is supplied to the facility, as higher levels of biomass make it easier to
meet the carbon intensity floor;
the carbon intensity of the energy sources being displaced.

Of the 1,000 scenarios modelled, 990 scenarios result in electricity and heat generation from
residual and food waste management and thus feature on the scatter plots below. The ten
other scenarios do not result in a carbon intensity performance figure, and these are
scenarios where food waste is treated by aerobic digestion and the residual waste treatment
process does not involve any thermal processing (MBT aerobic biostabilisation and MBT
with SRF to landfill).
The costs of individual scenarios and corresponding carbon intensity performance are
depicted in Figure ES1 with the carbon floor level, and grid mix emissions in 2011 and
predicted for 2025 overlain as red lines. Scenarios that fall below the red lines exceed the
carbon intensity floor; conversely scenarios above the red line fail to achieve the carbon
intensity floor.
Figure ES1: Carbon Intensity Floor versus Total Cost (Net)

A table summarising the numbers of scenarios achieving the Carbon Intensity Floor is
presented below.
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Table ES2: Recycling Options and Performance against the Carbon Intensity Floor

Recycling
Scenario

NC

lo

mid -d

mid -f

hi

Number of
Scenarios
achieving
Carbon
Intensity
Floor

Scenario definition

Do Nothing New (based on London’s
2008/09 waste management
performance including 25 per cent
recycling and composting
performance
25 per cent recycling and composting
rate, concentrating on dry recyclables
only
Focus on dry recycling without food
waste collections achieving 45 per
cent recycling rate
Focus on food collection achieving 45
per cent recycling and composting
performance through a combination of
mixed dry and food collections
Max GHG abatement achieving 60 per
cent recycling and composting rate
with particular emphasis on food
waste collection

Total
number of
scenarios
modelled

% achieving
Carbon Intensity
Floor

157

200

79%

162

200

81%

139

200

70%

133

200

67%

136

200

68%

Table ES2 illustrates that all recycling scenarios exhibit a high proportion of scenarios that
are capable of achieving the Carbon Intensity Floor. As such it can be concluded that the
carbon intensity floor is achievable across a range of recycling and composting scenarios
(and thus residual waste compositions).
The ten scenarios performing closest to the carbon intensity floor level of 400gCO2e/kWh
are presented in Table ES3.
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A number of key conclusions relating to the Carbon Intensity performance of scenarios are
summarised below:
• The carbon intensity floor for electricity generation can be achieved via the full range
of recycling options. Recycling options that concentrate on high embedded carbon
materials such as metals, plastics and textiles can be beneficial due to the higher
organic component left in the residual waste stream and thus higher calorific value
from biomass;
• The efficiency of energy recovery is a key factor with respect to whether the carbon
intensity floor level of 400 gCO2e/kWh can be achieved. In general scenarios
generating electricity from residual waste can achieve the carbon intensity floor if the
waste exhibits high biomass content and/or a high energy efficiency facility is utilised;
• The treatment of food waste through Anaerobic Digestion (with energy recovery,
biogas injection to grid, or biogas converted to a transport fuel) results in a low
carbon intensity performance due to the 100 per cent biogenic nature of the
feedstock. Thus, the treatment of food waste via AD as opposed to IVC can assist in
reducing the overall carbon intensity performance of the waste management solution;
• As a zero carbon impact technology AD offers the opportunity to compensate for high
carbon intensity residual treatment options such that the aggregated carbon intensity
performance of a scenario is able to achieve the Carbon Intensity Floor.
In summary, based on the modelling undertaken and the scenarios assessed, the Carbon
Intensity Floor level set as 400 gCO2e/kWh results in a position where a significant number
of recycling and residual waste management scenarios are capable of achieving the level or
exceeding the requirement.
Performance against the EPS
The EPS is a measure of the carbon footprint of waste management measured as tonnes
carbon dioxide equivalent per tonne of MSW managed (tCO2e/ tMSW). Meeting the carbon
intensity floor for energy generated from waste forms and important part in meeting the EPS.
Performance of the modelled scenarios compared to the EPS (for different years) is depicted
in Figure ES2; each scenario is shown as a single point characterised by carbon emissions
and cost. Scenarios that fall below the red line meet the EPS; conversely those above the
red line fail to meet the EPS.
In total, 883 of the 1,000 scenarios modelled meet the EPS in the year 2031 (currently set at
-0.24 tCO2e/tMSW).The majority of scenarios which do not achieve the EPS in 2031 are
based on No Change recycling, with a small number of scenarios based on Mid-F recycling.
Incineration high CHP and the higher performing MBT technologies (with higher diversion of
recyclable materials) are the only technology scenarios to achieve the EPS in the No
Change recycling scenarios.
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Figure ES2: EPS versus Total Waste Management Cost (Net Costs)

The numbers of scenarios achieving the EPS in each target year is presented in Table ES4;
demonstrating that the reduction in EPS level between target years results in a reduction of
scenarios able to meet the EPS level.
Table ES4: Scenarios Achieving EPS in Key Target Years
2015

2020

2031

Scenarios achieving EPS

965

916

883

% of scenarios achieving EPS

97%

92%

88%

A number of key conclusions relating to the EPS are summarised below:
• The modelling undertaken indicates that the EPS can be achieved by a range of
recycling options and technical scenarios. In total, 88% of the scenarios assessed
are shown to meet the EPS in 2031;
• The majority of scenarios which do not meet the EPS in 2031 are based on No
Change recycling performance;
• The scenarios with higher recycling performance (in particular recyclables with high
embodied carbon content) perform well against the EPS;
• The lowest collection cost per tonne scenarios are those No Change scenarios, as
the cost of collecting dry recyclables and organics is greater than for residual
materials. With respect to disposal costs, the scenarios offering the lowest cost per
tonne (and achieving the carbon intensity floor and EPS) are gasification and
Incineration technologies without pretreatment;
• Technology scenarios with high electrical energy efficiency or operating in CHP
mode also perform well against the EPS;
• Scenarios that include SRF to cement kilns perform well because 100% of the SRF
energy is displacing the conventional fuel (primarily coal);
• The EPS is flexible, in that it can be achieved through a combination of recycling,
food waste, pre-treatment and residual waste management approaches; achieving
high performance is dependent on achieving an optimum balance of all of these
elements;
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The current predicted spend on municipal waste management in London is circa
£580m per annum3. Assessing the NC (no change/do nothing new) scenario using
London s 2009/10 municipal waste management methods, the model generates a
gross annual Capex and Opex cost estimate of £639m in 2031. The gross figures are
presented, as authorities may not see the full benefit of all revenue streams
(recyclate sales and energy generation). The model generates a net annual Capex
and Opex cost estimate of £614m.

In summary, the modelling undertaken indicates that the EPS target in 2031 of -0.24 tCO2e/t
waste can be met or exceeded through a range of waste management scenarios providing
Authorities with the flexibility to adopt waste management approaches that suit their own
particular circumstances.
Performance against the Carbon Intensity Floor and EPS
In total, 658 of the 1,000 scenarios assessed in the model achieve the EPS in 2031 (-0.24
tCO2e/t or below) and perform at or below the Carbon intensity Floor Level (400
gCO2e/kWh). The highest performing treatment technologies by recycling options and
technology type are displayed in Table ES5.
In terms of whole system municipal costs (net annualised Capex and Opex basis), the
majority of scenarios meeting the carbon intensity floor and EPS sit between £405m and
£645m, with the largest proportion of the scenarios between £550m to £625m.

3 Mayor’s Draft Municipal Waste Management Strategy, January 2010.
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Table ES5: Numbers of Scenarios Achieving the Carbon Intensity Floor and EPS
(2031) Requirements4
Recycling scenario →

NC
25%

Lo
25%

mid –d
45%

mid –f
45%

Hi
60%

Total

Technology scenarios ↓
Direct to Incineration 4
(high CHP)

% of total
scenarios
modelled

5

5

5

5

5

25

100%

MBT aerobic 4*

20

19

18

18

17

92

92%

MHT 2*

16

25

25

24

23

113

90%

MBT AD 2

10

20

20

19

18

87

87%

MHT 1

10

19

20

18

17

84

84%

Dirty MRF 1
Direct to Incineration 3
(medium CHP)

10

9

6

6

5

36

72%

0

5

5

4

3

17

68%

MBT aerobic 1

0

4

4

4

4

16

64%

MBT aerobic 2 (Landfill)

0

4

4

4

4

16

64%

MBT AD 1 (Landfill)

0

4

4

2

4

14

56%

MBT aerobic 3
Direct to Gasification Gas
Engine 2

10

13

7

10

13

53

53%

0

4

4

2

2

12

48%

Direct to True Pyrolysis 1

0

4

4

2

2

12

48%

MBT aerobic 1

7

13

7

9

11

47

47%

Direct to Gasification 1
Direct to Gasification Gas
Engine 1
Direct to Incineration 2
(low CHP)
Direct Incineration 1
(electricity only)

0

4

2

2

2

10

40%

0

4

2

2

2

10

40%

0

2

2

2

2

8

32%

0

2

0

0

2

4

16%

0

2

0

0

0

2

8%

0

0

0

0

0

0

0%

Direct Gasification 2
Direct to Incineration 5
(medium efficiency
electricity)

Notes: * These technologies are capable of producing a high biomass SRF.
SRF generated from Pretreatment technologies (MHT, MBT and Dirty MRF) is treated via a
number of options - incineration (electricity only), cement kiln, gasification (electricity only) or
power station. MHT 1 also includes SRF to gasification (CHP).
Gasification and pyrolysis technologies where MSW is treated directly are assumed to include
a degree of on-site pretreatment

4 Technology scenarios are defined in Appendix A.
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Performance of Energy from Waste Options
The model includes a number of different options for energy generation including
incineration with and without CHP, cement kilns, co-firing in coal fired power stations and
advanced thermal treatment plants with and without CHP.
Consideration has been given to how these technologies perform as illustrated in Table ES6.
The figures presented are for a scenario where food waste is treated through Aerobic
Digestion, and thus the carbon intensity floor performance is associated with the residual
treatment only; the mid-f recycling scenario is used as an example.
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Table ES6: Performance Comparison of different Energy from Waste Options
(untreated waste to Energy from Waste, or pretreatment technologies with High
Biomass SRF to Energy from Waste)

Although Table ES6 is not a comprehensive list of energy generation options it does
illustrate the benefit of cement kilns against the carbon floor and the EPS; it also shows the
benefit of CHP enabled gasification as compared to electricity only incineration and
electricity only gasification (ATT_generic).
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Performance of Pre-treatment Technologies
Pre-treatment technologies offer the opportunity to recover additional recyclables and to
condition the residual waste prior to energy generation. The choice of pre-treatment
technology, therefore, has a direct impact on performance against the carbon intensity floor
and EPS. The model includes a number of pre-treatment technologies as follows5:
•
•
•
•

MHT – Mechanical Heat Treatment / Autoclaving;
MBT aerobic – Mechanical Biological Treatment with biodrying;
MBT AD - Mechanical Biological Treatment utilising anaerobic digestion;
Dirty MRF – Material Recycling Facility.

Performance of the pre-treatment technologies is illustrated in Table ES7.
Table ES7: Number of Pre-treatment Technologies Meeting the Carbon Intensity Floor
and EPS (2031)

The majority of pre-treatment technologies are shown to deliver a high level of compliance
against the carbon intensity floor and EPS; however certain technologies, for example forms
of mechanical heat treatment or MBT with high levels of recovery, perform well against the
carbon intensity floor and EPS with over 90% of scenarios meeting or exceeding the
minimum targets.
Technical Feasibility Assessment
The analysis undertaken by SLR and others indicates that CHP operation represents an
important factor in determining performance against the carbon intensity floor and EPS.
Whilst the analysis indicates a benefit attributable to CHP it is important to understand the
various factors that can affect whether CHP systems are commercially viable.
Equally, it is important to understand the commercial and technical implications that may
affect production and subsequent utilisation of high biomass fuels derived from municipal
waste. The report seeks to identify issues and opportunities with respect to CHP systems
and high biomass fuels.

5 The list of primary technologies includes MBT biostabilisation – Mechanical Biological Treatment with full

biostabilisation which is not a pre-treatment technology as the outputs are consigned to landfill
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INTRODUCTION
Project Background

The Mayor of London is preparing a new Municipal Waste Management Strategy (MWMS)
which focuses on carbon and the need to include policies to contribute to the reduction of
greenhouse gas emissions. Policies will also seek to exceed landfill directive and recycling
targets set out in the UK Waste Strategy 2007. Intrinsically linked to this commitment is a
requirement to maximise the carbon benefit of using waste in order to displace conventional
and non-renewable material and fuel sources.
The GLA has undertaken work that has resulted in a life cycle greenhouse gas emissions
performance standard (EPS) being developed. In meeting the EPS it is proposed that a
carbon intensity floor be set, whereby any energy generated from London’s municipal waste
should be no more polluting in carbon terms than the source of energy generation it
displaces. Based on the latest Defra guidance6 for studies of this nature, the marginal
source of generation which is considered to be displaced is the combined cycle gas turbine
(CCGT) plant.
In order to establish the financial and technical implications associated with this new
approach the GLA has commissioned research work (this project) to examine the waste
management activities that would enable waste authorities to best meet the carbon intensity
floor and to financially and technically appraise these options.
The project scope requires that a range of waste collection and treatment scenarios are
technically and financially appraised and that the choice of scenarios will need to include a
range of high and low biomass waste compositions going for energy generation. Relevant
activities will cover the full scope of an integrated waste management service including
options to modify waste collection activities to capture additional materials with high
embodied carbon content (namely metals and plastics) through to pre-treatment
technologies to produce a solid recovered fuel (SRF) that could subsequently be used for
energy generation and recovery.
Finally, it is a requirement that the results of the option analysis should be compared
alongside 1) how London performs against the carbon floor today and 2) how the waste
scenarios modelled would perform against DECC-approved grid emission factor projections.
1.2

The Emerging Carbon Agenda

The Mayor has set out his aspiration that management of all London’s municipal waste
achieves a positive carbon outcome, particularly for waste that currently goes to landfill or
mass-burn incineration.
The draft MWMS includes a Policy for setting a greenhouse gas (GHG) emissions standard
for municipal waste management activities to reduce their impact on climate change (Policy
2).
To deliver these policy objectives the Mayor will set a minimum lifecycle CO2 equivalent
emissions performance standard (EPS) for the management of London’s municipal waste.

6 DECC (2010) Valuation of Energy Use and Greenhouse Gas Emissions for Appraisal and Evaluation [online]

available at http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx
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All waste authorities will be expected to ensure waste management activities associated with
the collection, transport, treatment, energy recovery, and final disposal of waste collectively
meet this standard, or demonstrate that they have steps in place to meet it in the near future.
This approach is intended to support waste activities and services that reduce the amount of
municipal waste produced, and capture the greatest number and highest quality of materials
for reuse, recycling or composting.
Furthermore, the approach is intended to incentivise a move towards cleaner, efficient
energy recovery techniques for treating London’s municipal waste, particularly where both
heat and power generated are used.
This latter approach is supported by research undertaken by the GLA7 which demonstrates
that energy generation using mixed waste operating in combined heat and power mode can
be carbon neutral, by avoiding CO2 that would otherwise have been produced from
generating the same amount of heat and electricity using fossil fuels, such as coal and gas.
1.3

Introduction to the EPS

The Mayor of London’s draft MWMS was published for public consultation in October 2010.
A core objective of the MWMS is to develop a greenhouse gas (GHG) emissions
performance standard (EPS) for the management of London’s municipal solid waste (MSW).
The GHGs falling within the scope of the EPS include carbon dioxide (CO2), methane (CH4)
and nitrous oxide (N2O) emitted during waste management activities including recycling,
treatment and landfill. For simplicity, and in line global GHG accounting protocols, all nonCO2 emissions are converted to CO2 equivalents (CO2e) for measurement against the EPS.
The EPS concept is an increasingly popular way of regional and national authorities
managing carbon emissions in the industrial, manufacturing and power generation sectors.
Following an announcement by the new coalition Government in May, the Department of
Energy and Climate Change (DECC) is currently developing an EPS for all new thermal
power stations, which might be achieved by either coal-fired or combined cycle gas turbine
(CCGT) power stations through fitting of carbon capture and storage (CCS) infrastructure.
The development of an EPS for London is therefore consistent with such approaches being
undertaken at a national level.
Work carried out by Eunomia 8 proposed an EPS target (level) for London’s municipal waste
activities based on the modelling of six key scenarios which meet the recycling and
composting targets set within the draft MWMS. This work was revised in spring 2011 and
resulted in an EPS of -0.13 kg of CO2e per tonne of waste managed(kg CO2e/t) in 2015
further reducing to -0.24kgCO2e/t in 2031.
1.4

Carbon Intensity Floor for Energy Generation

The carbon intensity floor (CIF) measures the carbon dioxide emissions for each unit of
energy generated. In developing the draft MWMS the Mayor proposes that all London’s
MSW used for energy generation should exhibit a carbon intensity (kgCO2e/kWh) less than,
or equal to, the source of energy generation it displaces (otherwise known as the ‘marginal
source’ of generation), regardless of the location of the facility. In setting this goal the Mayor

7 Greenhouse gas balances of waste management scenarios, GLA January 2008.
8 http://www.london.gov.uk/sites/default/files/GLA001MWS%20APPENDIX%204b.pdf
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is aligning the MWMS with his Climate Change Mitigation and Energy Strategy (CCMES) for
delivering low carbon energy in London.
Based on the latest Defra guidance for studies of this nature9 , the ‘marginal’ source of
energy generation is combined cycle gas turbine (CCGT) plant. Such facilities are assumed
to generate electricity at a carbon intensity of 393g of CO2 emissions per kilowatt hour of
electricity produced (CO2e/kWh). This marginal electricity emissions factor is projected to
remain constant at 393gCO2e/kWh until at least 2025.
Taking into account Defra’s latest guidance document, recommendations from a Peer
Review of the original Eunomia study10 and draft results from this study, the GLA has
decided to set the Carbon Intensity Floor at 400 gCO2e/kWh. It is currently intended that the
Carbon Intensity Floor will remain at the level 400 gCO2e/kWh until 2031, although this will
reviewed on a periodic basis by the GLA in line with Defra guidance.
To achieve alignment with the Mayor’s wider approach in the CCMES for appraising all types
of energy generation plant in London, performance against the carbon intensity ‘floor’ should
focus on modelling of emissions from the facility alone. As such the scope of the ‘life-cycle’
boundaries should:
•
•
•
•
•

Exclude any CO2 benefits of materials capture and subsequent reprocessing;
Exclude the emissions from any reject streams sent to landfill;
Exclude the parasitic load of fuel preparation facilities, but include the ‘parasitic load’
of facilities generating energy;
Exclude direct emissions (including N2O) from fuel preparation facilities; and
Include the benefits of heat production and subsequent use when operating in CHP
mode.

As an alternative to Incineration some waste authorities are developing plans based on
production of SRF for use in cement kilns or power stations. Furthermore, certain
technologies concentrate on producing liquid or gaseous fuels rather than on the generation
of electricity. As a consequence, the following exceptions to the EPS have been adopted:

1.5

•

Where the generation of biofuels from waste is used to displace very carbon
intensive fossil fuels such as petrol and diesel, waste authorities following this
approach will be assumed to have met the EPS if there is a minimum of 50%
biomass in the feedstock sent for processing.

•

Where solid recovered fuel (SRF) is employed for energy recovery at a cement kiln it
will be assumed, as for biofuels that waste authorities following this approach will
meet the EPS if there is a minimum of 50% biomass in the feedstock sent for
processing.
Purpose of this Research

The previous work by Eunomia identified a range of ways of meeting the EPS and carbon
intensity floor through a combination of enhanced recycling, treatment of separately

9 DECC (2010) Valuation of Energy Use and Greenhouse Gas Emissions for Appraisal and Evaluation [online]

available at http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx
10 Development of a Greenhouse Gas Emissions Performance Standard for London’s Municipal Waste, August
2010 http://www.london.gov.uk/sites/default/files/GLA001MWS%20APPENDIX%204b.pdf
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collected food wastes, pre-treatment of residual waste to recover further recyclables and
condition the waste, and high efficiency energy recovery.
During public consultation on the draft MWMS, stakeholders (particularly waste authorities)
requested that a more robust financial evaluation be undertaken to support the EPS as part
of the overall approach taken by the GLA in the development of the MWMS
The purpose of this piece of research is to rectify this situation by providing an extensive
analysis of the financial and technical implications of meeting the EPS and the carbon
intensity floor.
In carrying out this research it will be possible to determine whether those waste
management scenarios capable of achieving the carbon intensity floor and the EPS are
affordable.
1.6

Research Approach

Waste Authorities in London have to date, and continue to, implement a variety of
approaches for managing municipal waste dictated by specific local considerations and
socioeconomic factors. This multitude of options, together with the considerable number of
new and emerging waste technologies entering the market creates a large number of
potential scenarios for managing municipal waste.
In order that as wide a range of scenarios as possible can be assessed SLR’s approach to
the project has been to develop a fully auditable excel workbook that allows an extensive
range of viable waste management scenarios to be modelled and compared against each
other and against the carbon intensity floor and EPS.
Each technology option is assessed using the five recycling and composting scenarios used
by Eunomia to develop the EPS with differing residual waste compositions. Each of the
above options is further assessed through five sub options investigating the impact of
alternative methods of food waste management11. Scenario development and descriptions
are provided in Section 2.5.1 of this report. The output results focus on providing a scenario
cost, the EPS figure and if appropriate a carbon intensity floor value.
The excel workbook will become the property of the GLA on project completion and allow the
GLA to update figures with new costs or technology parameters as and when they become
available.
Input parameters, for example unit costs, can also be modified to allow Authority specific
waste management scenarios to be modelled.
The project links closely with a secondary piece of work designed to create a “GHG
Calculator tool” which will allow Authorities to model, on an ongoing basis, the performance
of their waste management services against the EPS and the carbon intensity floor.

11 Wet AD with electricity generation; Dry AD with electricity generation; Wet AD with biogas to transport fuel;

Wet AD with biogas injection to grid; and Aerobic Digestion.
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Links with the GHG Calculator Tool

The Greenhouse Gas Calculator has been commissioned by the GLA to assist Local
Authorities in assessing the greenhouse gas emissions associated with the procurement of
new waste services.
The GHG Calculator has been designed to be a flexible tool which can be used in a number
of situations, and assess a number of different elements of the waste stream. Users enter
waste data and select options which best represent their current or proposed waste
management service; the GHG Calculator processes this information and provides an
estimate of the carbon dioxide equivalent emissions associated with the scenario, and
determines whether the EPS and Carbon Intensity Floor are achieved. The model can be
utilised to test a number of scenarios and determine the comparative performance against
the EPS and Carbon Intensity Floor.
Greenhouse gas emission data utilised in the GHG Calculator has largely been obtained
from the Environment Agency WRATE software, with other sources of information and
calculations supplementing the WRATE data to enable an accurate GHG Calculator. The
background greenhouse gas data and the approach to assessing the GHG impacts from the
GHG Calculator have been utilised within this research project to determine the financial and
technical implications of meeting the carbon intensity floor and EPS. It is intended that the
GLA will make the greenhouse gas calculator publicly available with the release of the final
MWMS for adoption in Summer 2011.
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SCENARIO MODELLING

2.1

Methodology for Scenario Assessment

In order to satisfy the requirements of the Brief SLR has set up a Microsoft Excel based
options assessment model to generate and analyse a number of potential scenarios. In total
the model has the potential to analyse over 2,000 waste management scenarios which cover
both existing technical practices and future scenarios based on a range of collection, pretreatment and energy recovery solutions for recyclates, food and residual waste. The current
model includes a number of spare slots for additional technologies and waste composition
scenarios (for future use by the GLA).
The current model, and the results presented in this report, includes 200 base waste
management scenarios and assesses 5 waste composition scenarios; in total 1,000
scenarios are assessed when food waste management sub scenarios are included.
Essentially the model builds up scenarios as follows:
•
•
•
•

Step 1 – Mass Balance & Waste Flow;
Step 2 – Financial Model;
Step 3 – Carbon Model; and
Step 4 – Scenario Comparison.

The structure of the model is shown below with further details provided in Appendix A.
Figure 1: Model Structure

The model is developed as a set of interactive worksheets. A brief description of the
worksheets together with screenshots is provided in Appendix A.
2.2

Technology Information

To inform the analysis contact was made with pre-treatment and energy generation waste
facility operators to seek data on the proportion of materials produced for energy, recycling,
rejects, water loss and other processes and to obtain information on the biomass CV content
from waste treated at these facilities where available. As well as existing operators,
emphasis was placed on contacting new market entrants and demonstrator facility operators
to explore potential opportunities for producing high biomass fuel from waste.
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To minimise the impact on recipients and thus hopefully maximise participation, data was
requested in the form of existing mass and energy balances, information that should be
readily available.
A list of technology providers contacted and details of the responses received is set out
below:
Table 1: Results of Questionnaires
Quality of cost
data

Quality of
technical data

Orchid

Technical and
economic data
provided

Data includes
CAPEX, OPEX and
lifecycle estimates

Technology
description, mass
and energy
balances

Aerothermal

Process description

CAPEX but no
OPEX costs

No mass or energy
balance

Graphite

No data provided

Typical gate fees
provided
Typical gate fees
provided

Mass and Energy
balance provided

Technology Provider

Information
provided

PRE-TREATMENT TECHNOLOGIES
MHT

MBT
Shanks_Ecodeco

No data provided

New Earth Solutions

No data provided

Clean MRF Technology
Biffa/Greenstar

No data provided

Bywaters

No data provided

Alternatives

ART

Technical and
economic data
provided

Vertal
Dirty MRF Technology
OKLM

No data provided

THERMAL TECHNOLOGIES
Incineration

Belvedere

Some technical data
provided

Outline CAPEX and
OPEX costs

Energy generation
information
provided

SELCHP

Some technical data
provided

Typical gate fees
provided

Mass and Energy
balance provided

CAPEX and typical
gate fees

Technology
description, mass
and energy
balances

True Pyrolysis

Pyromex

Technical and
economic data
provided

Rentech-Silvagas
First London Power
KTI/EPI (Crest
Nicholson)

No data provided
No data provided

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority

Technology Provider

9

402-01183-00003
June 2011

Information
provided

Quality of cost
data

Quality of
technical data

Technical and
economic data
provided

Data includes
CAPEX, OPEX and
lifecycle estimates

Technology
description, mass
and energy
balances

Technical and
economic data
provided

Data includes
CAPEX, OPEX and
lifecycle estimates

Technology
description, mass
and energy
balances

Data includes
CAPEX, OPEX and
lifecycle estimates

Technology
description, mass
and energy
balances

Plasma Gasification

Advanced Plasma
Power
Gasification

Energos
Ethos
Novera- Enerkem
technology
Cyclamax – Waste 2
Energy

No data provided
No data provided
No data provided

Gasification with gas engines

ITI Energy

Technical and
economic data
provided

Brief descriptions of some of the technologies are set out in sections 2.3 and 2.4.
2.3
2.3.1

Pre-treatment Technology Details
Orchid Environmental

The Orchid process is defined as Mechanical Heat Treatment (MHT) where the waste
materials undergo various mechanical processes and a heating element which separates,
dries and sanitises the waste to produce a range of outputs, mainly recyclables and Solid
Recovered Fuel (SRF).
The technology is a fuel preparation plant, and therefore an integrated part of a waste
management strategy rather than an end solution. The benefit of the technology is the ability
to produce a range of fuel specifications that can service different markets and be used in a
variety of thermal applications.
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Figure 2: Schematic of Orchid Heat Treatment Process

A byproduct to this process is the recovery of recyclable material. Previously contaminated
material not recovered as part of separate material collection systems is recycled into
established markets as the drying process in the rotating drums facilitates the recovery
process.
The technology’s recycling and landfill diversion performance is dependent on the input
composition, principally if it is processing Municipal Solid Waste (MSW) or Commercial &
Industrial waste (non-hazardous) (C&I waste).
2.3.2

Advanced Recycling Technologies (ART) Environmental

The ART technology is an advanced process for the conversion of mixed municipal and C&I
wastes into high grade fuel pellets that can be used as a substitute for conventional fuels in
coal fired power stations.
A combination of conventional separation equipment, thermal drying and aerobic digestion
are utilised to convert incoming waste into desired fuel products and high quality recyclates.
The ART process is capable of generating a high biomass fuel with gross CV in the range
13-17 MJ/kg and biomass content in excess of 90% by GCV, subject to final OFGEM
approval. A further issue being considered by ART is whether the generated fuels can be
potentially removed from waste regulation control.
2.3.3

Mechanical Biological Treatment

A number of technology providers were invited to submit information on their MBT processes
although no invitee responded. MBT is a well understood process and therefore data has
been extracted from SLR’s databases.
MBT technologies operate in two potential configurations:
•

Biostabilisation mode, in which the entire waste stream is biologically treated over
extended time periods to achieve maximum reduction in the biodegradability of the
waste, with the resulting organic product sent direct to landfill;
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Biodrying mode, in which a combination of biological drying and mechanical
separation techniques are used to recover recyclables and a high calorific value fuel.

Both forms of technology are included in the model in order to assess the benefit of fuel
production and combustion against landfill.
2.4

Thermal Technologies

Thermal technologies for the conversion of waste to energy can be categorised under the
three generic headings of incineration, gasification and pyrolysis covering the full range of
combustion processes. Incineration or ‘mass burn’ technologies have been utilised in
Europe and the UK for many years, and are considered to be fully bankable technologies
with a number of commercial facilities operating in and around London.
Non-combustion technologies, referred to as Advanced Thermal Treatment (ATT) or
Advanced Thermal Conversion (ACT), can broken down into the following generic types:
i.
ii.
iii.
iv.

Gasification (Two stage combustion; waste heat recovery only, generating
steam for energy production from steam turbines);
Gasification (syngas generating technologies; with energy production from
direct gas engines);
Pyrolysis; and
Plasma Arc Technology.

Recent development in each of these areas has been rapid over the past few years with a
number of companies now offering commercially viable facilities. Others are still in
developmental stages and are less well documented or yet to be proven in commercial
operations.
These thermal processes involve the breakdown of combustible materials using a
combination of heat, time and an environment with low or complete absence of oxygen.
Gasification and pyrolysis processes are intermediary stages in the thermal degradation
process, characterised by the production of high calorific value fuels which are subsequently
processed to recover energy through a range of possible energy conversion technologies,
for example steam turbines or gas engines.
2.4.1

Incineration

There are a number of incinerators, designed to take untreated residual MSW operating in or
close to London. All of these facilities utilise moving grate combustion and generate
electricity via steam turbines.
The newest of London’s incineration facilities is the Riverside Resource Recovery Facility, a
Energy from Waste facility at Belvedere with an average annual capacity of 585,000 tonnes
and a net energy efficiency of 27%.
2.4.2

Gasification

Gasification can be defined as the partial thermal degradation of a substance in the
presence of insufficient oxygen to oxidise the fuel completely. The resultant synthetic gases
(syngas) produced through such a process are typified by a combination of oxides of carbon
(both carbon monoxide and carbon dioxide), methane, water and hydrogen, with trace
amounts of higher hydrocarbons.
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A typical gasification process will largely avoid the formation of higher hydrocarbons through
control of temperature and extent of oxygen addition to the process. The avoidance of these
hydrocarbons reduces the issues associated with tars and oils formation and detrimental
impacts on downstream processes.
The quality of gas anticipated and the fine controls required to manage gas quality has led to
the emergence of two further classifications for gasification processes as staged combustion
or gas generating technologies.
Staged Combustion Technologies
In this type of process the feedstock is gasified in a primary chamber and the generated gas
is immediately subjected to additional air on passing into a secondary combustion zone.
In such processes the heat energy created through the gasification and final oxidation
phases is captured through a waste heat recovery unit to create steam.
The steam can subsequently be utilised for a combination of steam turbine generated
electrical energy and/or community heating projects. Such processes are typically closely
aligned with mass burn incineration technologies utilising moving grate technologies within
primary chambers.
Gas Generating Technologies
In this type of process the feedstock is gasified to generate a consistent and comparatively
high quality syngas. The syngas is typically cooled and ‘cleaned’ through a range of gas
scrubbing techniques to remove excess water, oils/tars, particulates and other contaminants.
The cooled and cleaned syngas is then capable of being piped as a fuel to electrical
generating plant, such as gas engines, or possibly gas turbines, depending on the quality
control and calorific value of the syngas.
Typically, gas generating technologies require a highly processed consistent fuel such as
SRF to maintain the generation of a reasonable calorific value syngas. These processes
may typically demand a feedstock of a lower moisture content, higher calorific value and
smaller particle size than is necessary for the staged combustion type processes. Typical
moisture levels in the SRF for syngas production can be as low as 3%, rising to typically 810% as a maximum.
2.4.3

Pyrolysis

Pyrolysis is defined as the partial thermal degradation of a substance in the absence of
oxygen and produces a combination of synthetic fuels comprising of gas, oils and/or tars,
and a solid char.
Commercial pyrolysis processes are emerging, although such facilities typically require
feedstock quality similar to the gas generating gasification technologies. Additionally, in
order to achieve true pyrolysis conditions in the absence of air or other oxidising agents
there is a need for strict and careful control of feeding mechanisms and often, a finely sized
feedstock.
Further difficulties can arise due to the generation of a wide range of sticky tars/oils that can
create significant problems, in particular due to feedstock variability.
It is more typical to find pyrolysis employed in combination with other thermal technologies
into an integrated process. Such pyrolysis-gasification processes include applications where
an initial high temperature phase is used to initiate degradation of the feedstock with little or
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no air/oxidising agent and the resulting products pass immediately through to a more
conventional gasification phase. Secondary processes may be conventional combustion
schemes with indirect heating in a pyrolysis phase or plasma technology applications.
2.4.4

Plasma Arc Gasification

Plasma arc technology has been in use in commercial applications for a number of years
and is currently being introduced as an application relating to waste disposal and/or
treatment. Plasma arc technology is not generally used as the sole means for processing
waste materials, as this would require very high levels of energy without comparable
benefits. However, plasma arc technology can be utilised in combination with other waste
gasification/combustion technologies to provide an alternative solution for the thermal
treatment of waste.
A plasma arc utilises high voltage, high current electrical energy passing through two
electrodes to generate extremely high temperatures within the arc column created. At the
high temperatures hydrocarbon materials are decomposed to an elemental level in the
presence of oxygen and in some instances, steam. Inert materials become molten and on
cooling form an inert slag-type material, sometimes known as vitrified slag when in the
presence of silica or sand. This glassy product tends to be inert and non-leaching and can
be re-used in road construction and/or as a building material.
The hydrocarbon elements, including hydrogen, carbon and oxygen, re-combine
downstream of the extreme temperatures and form typical combustion products depending
on the ultimate process conditions.
Details of technologies classified as advanced thermal treatment are given below:
2.4.5

ITI Energy

ITI Energy Limited has developed a patented advanced gasifier that combines the benefits
of both down-draught, side-draught and up-draught gasification to produce a syngas. A
major advantage of the ITI Energy gasifier is the very low level of tar and oil in the syngas,
which combined with a highly effective gas clean-up system, means that it can be fed
directly into internal combustion gas engines, dual-fuel diesel engines and/or existing boilers
using appropriately designed burners.
The facility is designed to take Briquetted Fibre Fuel (BFF); information from ITI does not
cover the briquetting process although a specification for the BFF is provided.
2.4.6

Advanced Plasma Power (APP)

The technology offered by Advanced Plasma Power Ltd (APP) utilises a combination of
conventional fluid bed gasification with a well established plasma arc treatment technology.
This combination solves the technical problems of conventional gasification by producing a
clean, hydrogen-rich syngas capable of being used by standard gas engines to generate a
higher power output compared with that derived from conventional steam turbine systems.
The process simultaneously vitrifies all the chars and ash into a recyclable product and
radically reduces the processing costs that can be associated with direct plasma gasification.
The APP proposed Gasplasma plant can potentially operate at a local scale processing
around 100,000-150,000 tonnes of waste per annum through an integrated facility of SRF
preparation and gasification.
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Figure 3: APP Flow Diagram
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2.4.7

Wet Syngas Cleaning

Exhaust to Atmosphere

Syngas Conditioning

Pyromex

The Pyromex technology utilises a high temperature pyrolysis process operating at
temperatures up to 1700oC. At this high temperature the problems that beset standard
pyrolysis technologies, such as tar creation, are avoided. The technology therefore
produces a higher CV and higher quality syngas than competing technologies. Once
generated the syngas is cleaned before use in a gas engine generator.
2.4.8

Energos

The technology offered by Energos is a staged combustion technology, with steam heat
recovery and power generation using a steam turbine.
The staged combustion process involves an initial or primary combustion chamber into
which the feedstock is introduced and through which air is passed to partially combust the
materials, similar to a conventional grate combustion process but with restricted air flow. In
parallel, the gases generated by combustion of the solids have insufficient air to enable
complete combustion and hence a relatively ‘weak’ synthetic gas is generated. The syngas
generated is then immediately passed to a secondary combustion chamber, in which surplus
air is introduced to allow complete combustion of the syngas.
The process generates a residual bottom ash as a consequence of the solids combustion
and the flue gases subjected to conventional scrubbing techniques downstream of the waste
heat recovery boiler, similar to mass burn technologies.
The process technology is almost identical to a mass burn process, with the exception of the
staged introduction of air, to enable classification of the process as gasification and allow the
syngas generated to potentially qualify for ROCs. The process is suitable for a broad range
of relatively low quality SRF-type feedstocks and requires a slow burning material to
maintain adequate control through the primary chamber and across the moving grate.
Figure 4 shows an outline block flow diagram for the Energos process.

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority

15

402-01183-00003
June 2011

Figure 4: Outline Flow Diagram for an Energos Gasification facility

2.4.9

General Technology Details

In addition to the above technologies, SLR has incorporated details of other specific
pyrolysis and gasification technologies into the model, although the names of technology
suppliers have not been included to avoid confidentiality issues.
2.5
2.5.1

Mass Balance and Waste Flows
Waste Arisings and Waste Composition

Mass balances and waste flows have been developed which trace the movement of all
waste components from point of generation to point of final recovery or disposal. These
mass balances are based on total waste flows for London, although there is no reason why
authority specific scenarios could not be developed in future iterations of the model.
The basis of the model is the current waste management performance across London as
reported in Table 2.
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Table 2: London Waste Arisings (2009/10)12
Method
2007/08
2,209
53%
919
22%
0
0%
925
22%
101
2%
4,154

Landfill
(percentage)
Incineration with EfW
(percentage)
Incineration without EfW
(percentage)
Recycled/composted
(percentage)
Other
(percentage)
Total

London
2008/09
1,946
49%
912
23%
0
0%
994
25%
123
3%
3,975

2009/10
1,523
40%
629
16%
0
0%
1,061
28%
613
16%
3,826

The technology options modelled are summarised in Table 3, each technology option was
modelled with 5 recycling and composting scenarios (described below). In addition each
technology was assessed with 5 sub scenarios investigating differing methods of food waste
management. The technologies producing an SRF had a further range of fuel use sub
scenarios modelled (Incineration, ATT, Cement Kiln, Power Station). The combination of the
technology scenarios and sub scenarios results in a considerable number of technical
scenarios being assessed against the current EPS and Carbon Intensity Floor level. The
study thus represents a robust and comprehensive assessment of the technical and financial
implications of achieving the EPS and carbon intensity floor.

12 Defra UK waste statistics 2009/10 www.defra.gov.uk
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Table 3: Technology Scenarios Available within the Model

Gasifica
tion 1

Gasifica
tion Gas
Engine
1

True
Pyrolysis
1

Dirty
MRF 1

MHT 2*

MBT
aerobic 2
(Landfill)

MBT
biostab 2
(Spare)

MBT AD
2 (SRF)

Incinerati
on 2 (low
CHP)

Gasifica
tion 2

Gasifica
tion Gas
Engine
2

True
Pyrolysis
2 (Spare)

Dirty
MRF 2
(Spare)

MBT AD
3
(Spare)

Incinerati
on 3
(medium
CHP)

Gasifica
tion 3
(Spare)

Gasifica
tion Gas
Engine
3
(Spare)

True
Pyrolysis
3 (Spare)

MBT
aerobic
4*

Incinerati
on 4 (high
CHP)

Gasifica
tion 4
(Spare)

MBT
aerobic 5
(Spare)

Incinerati
on 5
(medium
efficiency
electricity)

MHT 3
(Spare)

MBT
aerobic 3

Dirty MRF

Gasification
with gas
engines

Incinerati
on 1 (
electricity
only)

True pyrolysis

Gasification

MBT AD
1
(Landfill)

Incineration

MBT
biostab 1

MBT AD

MBT
biostabilisation

MHT 1

MBT
aerobic 1

MHT

MBT aerobic

Technology Type

Note:* These technologies are capable of producing a high biomass SRF.

The project builds on the work previously undertaken by Eunomia and considers five
possible levels of recycling and composting options as follows:
•

•
•
•

NC i.e. “No change”: Do Nothing New (based on London’s 2008/09 waste
management performance including 25 per cent recycling and composting
performance)13;
Lo:
25 per cent recycling and composting rate, concentrating on dry recyclables
only;
Mid-d: Focus on dry recycling without food waste collections achieving 45 per cent
recycling rate;
Mid-f: Focus on food collection achieving 45 per cent recycling and composting
performance through a combination of mixed dry and food collections;

13 Waste tonnages have been updated to 2009/10 tonnages
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Hi:
Max GHG abatement achieving 60 per cent recycling and composting rate
with particular emphasis on food waste collection.

The corresponding compositions of residual waste assumed from the five recycling and
composting options are summarised in Table 4.
Table 4: Residual Waste Compositions following different Recycling Efforts

2.6
2.6.1

Primary Category

NC

lo

mid -d

mid -f

hi

Paper
Card
Plastic Film
Dense Plastic
Textiles
Misc. Combustible
Misc. Non-combustible
Glass
Ferrous
Non-ferrous
Garden waste
Kitchen waste
fines

16%
8%
4%
6%
3%
9%
6%
5%
5%
1%
11%
24%
2%

12%
8%
5%
7%
4%
11%
5%
4%
6%
1%
7%
29%
1%

6%
6%
7%
4%
4%
13%
6%
4%
4%
1%
2%
43%
2%

9%
7%
7%
8%
4%
13%
6%
5%
5%
1%
3%
32%
2%

6%
6%
10%
8%
5%
18%
8%
5%
5%
1%
2%
26%
2%

Financial Modelling
Technology and Cost Data

In assimilating technology data, cost information was also requested from facility operators
and technology providers, however there was a general reticence to provide accurate
information.
Where technology data or cost information was not provided relevant data was extracted
from SLR technical databases.
2.6.2

Inclusion of Cost Data

The cost model has been designed to be fully inclusive and seeks to include all forms of
waste management activities from waste collection to transfer stations for the receipt and
bulking of wastes to mechanical biological treatment for preparation of waste derived fuels
through to final energy conversion.
With respect to the treatment facility costs, the assessment and results are presented using
three approaches:
• Gate fee basis:
• Gross annualised Capex and Opex facility data (excludes incomes from electricity
and ROCs), or
• Net annualised Capex and Opex facility data (includes incomes from electricity and
ROCs).
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Table 5 sets out the cost data that has been included in the model. In some circumstances
only gate fee data is available whilst for others both gate fee and facility data are included in
the model.
Table 5: Cost modelling – Source of Cost Data
Gate fees

Technology Unit Costs

Waste collection
Kerbside sort

Mayor’s Draft MWMS

Commingled Recyclate

Mayor’s Draft MWMS

Food waste collections

Steering Group

Green waste collections

SLR

Residual collections

Mayor’s Draft MWMS

Recycling and Transfer Stations
CA sites

SLR

Bring banks

SLR

MRFs

WRAP

Transfer stations

WRAP

Organic wastes
Green waste composting

WRAP

Anaerobic digestion
Biogas upgrade & injection to gas
grid

WRAP

SLR database

Biogas upgrade & vehicle fuel
Aerobic digestion

SLR database

SLR database
LB Lambeth Council

Waste treatment
Dirty MRFs
MBT (aerobic)

SLR database
WRAP

SLR database

MBT (anaerobic)

SLR database

Mechanical heat treatment

Tech provider

Energy recovery
Incineration

WRAP

District Heating

SLR database
Published Report

Gasification

Tech provider

Gasification with gas engines

Tech provider

True pyrolysis

Tech provider

Plasma gasification

Tech provider

The approach for calculating annualised Capex and Opex unit costs is described in Section
2.6.3.
Waste collection costs and facilities managing recyclables are not subject to the Capex and
Opex approach. In these cases a unit fee (£/t collected or managed) is utilised. The
treatment of residual waste and food waste is assessed by the Capex and Opex approach in
addition to use of standard gate fee data.
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Appendix C, D, and E include scenario summaries which contain total cost data and a
breakdown (£/t) for waste collection and waste disposal.

2.6.3

Methodology for Determining Unit Technology Costs

Where unit residual treatment technology costs (gross and net) have been supplied by
technology providers in the form of CAPEX and OPEX costs it has been necessary to
develop a per tonne cost metric that reflects the cost of receiving and processing municipal
waste. Table 6 indicates the methodology that has been used to convert input data from
technology providers into a per tonne cost estimate. A similar philosophy has been used for
information derived from SLR databases. Certain cost elements, for example management
of waste outputs are excluded from the cost metric as these are derived within the mass
balance model.
Table 6: Methodology for Deriving Unit Technology Costs
Cost Element

Method

Capex costs
M&E Capex cost
Civil Capex Cost

Supplied by tech provider
Supplied by tech provider

Cost of capital

Calculated by SLR (7% over 15 years)

Site purchase
EPC costs

Nominal fee between £2 million and £5 million added
Added at 7% of M&E and Civil costs

Peripherals
Opex cost
Manning
Consumables
Lifecycle replacement cost
Insurances
Waste management fees

Added at 10% of M&E and Civil costs
Included in OPEX
Included in OPEX
5% of M&E
1% of M&E and Civil Costs

Recyclables

Average figure for fly ash and bottom ash disposal
applied
Determined from mass balance with average
incomes/costs applied

Landfill outputs

Determined from mass balance with average costs
applied

Ash disposal

M&E: Mechanical and Electrical including installation
EPC: Engineering Prime Contractor costs associated with management of the facility
construction and project delivery

2.6.4

Gate Fee Information

Gate fee information has been drawn from three different data sources:
•
•

•

WRAP Gate Fees Report;
SLR Internal Databases;
Pay as You Throw rates submitted by Western Riverside Waste Authority.
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The model includes data extracted from the most recent WRAP report on waste treatment
gate fees, an extract of which is given in Table 714. The data in the report is derived from a
survey of facilities in England, Wales, Scotland and Northern Ireland conducted during
February/March 2010. The survey covered both those procuring waste treatment, disposal
and recovery services (primarily local authorities) and service providers, including interviews
with senior managers in waste management companies (WMCs). In addition, Defra
information on facilities in PFI/PPP planning and other market intelligence is incorporated
into the report.
Table 7: Summary Information on Gate Fees (WRAP Data)
Treatment

Grade/material/type of facility

Median

Range

MRF

Paper/card/plastic bottles/cans

£33

-£5 to £42

Composting

Open-air windrow (OAW)

£24

£11 to £51

£45

£26 to £104

£57

£50 to £90

£22

£11 to £44

#

£70

£59 to £92

£49

£32 to £79

In vessel (IV)
AD

1

Anaerobic digestion (AD)
2

Landfill

Gate fee only

Gate fee plus Landfill tax
Incineration

Existing facilities

3

4

Planned facilities

5
6

Current market estimate
MBT

7

1

£92

£78 to £109

-

£85 to £120

£75

-

2

Mixed food and green/garden waste. This is a UK wide figure; Regional estimates appear elsewhere in the
3
4
report. The standard rate of landfill tax increased to £56 per tonne on 1 April 2011. Facilities used by local
authorities surveyed. Feedback from WMCs indicates that these may not be a reliable estimate of gate fees in
the current market. 5 Based on a capacity of between 200kt and 300kt from Defra information on facilities
currently in procurement via PPP/PFI. Refer to the text in the report for information on other capacity ranges and
6
7
gate fees.
Industry estimate through feedback from WMCs surveyed who provided an indicative range.
Insufficient data points for a range.# The landfill gate fee has been increased in the modelling to take account of
landfill tax rate in 2014 and beyond (£80 per tonne).

SLR maintains a database of gate fees drawn from a number of sources. In the majority of
cases the data represents spot prices for acceptance of commercial waste. As a
consequence the gate fees quoted are likely to be lower than those quoted for municipal
waste. Where possible the model seeks to use London specific data.
Table 8: Summary Information on Gate Fees (SLR Data)
Treatment

Low

High

Median

AD

£31

£42

£37

IVC

£47

£56

£52

MHT

£57

£83

£70

Incineration

£73

£83

£78

MBT

£62

£67

£65

14 Gate Fees Report 2010. Comparing the cost of alternative waste treatment options, WRAP
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In developing the project, members of the Steering Group were asked to submit relevant
cost data for incorporation into the study and/or for comparison against assumptions and
costs from other sources.
Due mainly to confidentiality issues many of the Steering Group members were unable to
submit data. Information was however received from West London Waste Authority and this
is replicated below.
The information in Table 9 represents the Authority’s Pay as You Throw (PAYT) rates for
2011/12. These are the rates that the Authority charges the boroughs for the disposal
service that they require. They are not gate fees, as they represent averaged costs where
more than one provider is used. They include for some transport costs, (which are
dependent upon the location of the plant), but do not include any Transfer Station operating
costs or Authority overheads.
Table 9: Summary Information on PAYT Rates
PAYT Rate
2011-12
(£ per tonne)
85

Waste Treatment Method
Waste to Landfill
Incineration

97

Dirty MRF (including transport)

86

Windrow Composting

36

In-Vessel Composting

36

Anaerobic Digestion

60

Gate fee and PAYT data is compiled for comparison purposes in Table 10.
Table 10: Comparison of Gate Fee and PAYT Rates (Median Estimates)
Waste Treatment Method

PAYT Rate

Waste to Landfill

85

Incineration

97

Dirty MRF (including
transport)
Windrow Composting
In-Vessel Composting
Anaerobic Digestion
MBT
MHT

SLR Data

78

WRAP Data

Chosen Data

70

WRAP

49 (existing)
92 (planned)

WRAP

86

PAYT

36
36
60

52
37
65
70

24
45
57
75

WRAP
WRAP
WRAP
WRAP
WRAP

In all cases the WRAP data has been used as it represents the most comprehensive data
set available for municipal waste contracts whereas the SLR dataset is based on spot
market prices. It is recognised that the chosen dataset may not be fully representative of all
Authorities in London.
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Cost figures for source separated materials and commingled materials are included for the
recyclables stream (Table 11). These figures are in line with earlier costs published in
Mayor’s Draft MWMS.
Table 11: Gate Fees for Recyclable Materials
Waste Treatment Method

Gate Fee (£/t)

Source segregated
recyclables (incl kerbside,
HWRC and Bring)

-54

Commingled recyclables (to
MRF)

32

Source: Mayor’s Draft MWMS

A breakdown of how the source separated gate fee price has been derived is presented in
Table 12.
Table 12: Calculation for Source Seperated Recyclable Gate Fee
Material Type

Typical tonnage split (%)

Chosen cost (£/t)

42%
9%
3%
4%
3%
7%
7%
12%
9%
1%
0%
0%
1%
0%
0%

-85
-105
-85
-215
-240
20
20
-17
-137
-920
50
0
20
0
0

-

-84

Paper
Card
Plastic Film
Dense Plastic
Textiles
Misc. Combustible
Misc. Non-combustible
Glass
Ferrous
Non-ferrous
Kitchen waste
Garden waste
Fines
blank
blank
Average costs for segregated recycling

30.0
-54

Handling Fee (per t)
Net Gate Fee (per t)

2.6.5

Methodology for Determining Collection Costs

Cost figures associated with kerbside waste collection have been derived from the Mayor’s
Draft MWMS, other collection costs (for example bring sites and Household Waste Recycling
Centres) have been included based on judgement with respect to relative costs against the
quoted kerbside collection costs. Assumed waste collection costs are presented in Table 13.
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Table 13: Collection Cost Assumptions (£/t)
Waste
Collection
Method

Residual
Waste

324

90*

64*

HWRC

40

-

40

40

Bring Site

50

-

-

-

-

15

64

Other
*:
#:
SS:

2.7.1

Green
waste

122* - SS
77* - Commingled

Kerbside

2.7

Food
Waste

Recycling

#

40
Mayor’s Draft MWMS
Steering Group data
Source segregated

Carbon Modelling
Carbon Intensity Floor

In order to calculate performance against the carbon intensity floor it has been necessary to
adopt a methodology to determine the carbon impacts of any waste destined for energy
generation within the waste management scenarios modelled. The purpose of the carbon
analysis is to compare the performance of the modelled scenarios against:
a. how London performs against the carbon intensity floor (using Defra guidance on the
marginal source of electricity (CCGT); and
b. how the waste scenarios modelled would perform against DECC-approved grid mix
carbon intensity projected to 2025 (as a sensitivity).
In calculating the Carbon Intensity performance for each scenario the following equation has
been utilised:
Carbon Intensity
(gCO2e/kWh) =

Direct emissions associated with energy generating treatment
technologies (gCO2)
Gross electricity and heat generated by the technologies (kWh

The following approach has been used to derive the carbon intensity calculation:
Numerator
The direct emissions associated with generation of electricity and heat from waste
management activities has been calculated as follows:

Residual technologies

sum of the fossil carbon contents of each component of
the waste stream multiplied by a factor to convert to
carbon dioxide emissions and multiplied by a GHG factor
derived from WRATE to account for non CO2 greenhouse
gas components;

Organic energy
generating technologies

based on the direct burden emissions (per tonne input)
determined from WRATE modelling

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority

25

402-01183-00003
June 2011

Denominator
The electricity and heat generated from the facilities is calculated as follows:
Residual technologies

Calorific value of the waste/SRF multiplied by a
technology specific energy efficiency factor;

Organic energy generating
technologies

Input tonnage multiplied by a Biogas generation factor
and energy content factor multiplied by a technology
specific energy efficiency factor

2.7.2

Environmental Performance Standard

Consideration was given to using WRATE to conduct the carbon analysis to determine
performance against the EPS. However given the number of scenarios that are being
considered this approach has not been progressed. Instead a simplified methodology has
been adopted based on key carbon metrics derived in WRATE for key processes and
material outputs. As such it is possible to determine the carbon performance of all modelled
scenarios.
The methodology, which mirrors the approach being adopted in the GHG Calculator tool for
the EPS calculations, is described below (Figure 5):
Figure 5: Elements Incorporated into a Facility Carbon Footprint for EPS
Direct
Burdens
ATMOSPHERIC
EMISSIONS

InDirect
Burdens
ENERGY USE

Avoided
Burdens
RECYCLABLES
Overall Facility
Carbon Footprint

Indirect
Burdens
RAW MATERIALS

Avoided
Burdens
ENERGY /HEAT

Capital
Burdens
CONSTRUCTION

Note: the capital burdens of all facilities (existing and new) are divided by the capacity and
operational lifetime of the facility to generate a per tonne impact which is attributed to each
tonne of waste managed through the facility. This is comparable to the methodology used in
WRATE to derive capital burdens.
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Methodology for calculating Carbon Footprints for EPS

Atmospheric
Emissions
Indirect Burdens
(Raw Materials)
Capital Burdens
(Construction)
Indirect Burdens
(Energy Use)
Avoided Burdens
(Recyclables)
Avoided Burdens
(Energy/Heat)

Direct CO2 emissions computed from the carbon content of the waste.
Emissions of other GHGs (CH4, N2O) will be determined from
WRATE by calculating a total GHG:CO2 factor.
The GHG:CO2 factor is applied to calculated CO2 emissions to
determine total GHGs (CO2e)
Derived from WRATE and assigned on a per tonne basis.
Derived from WRATE and assigned on a per tonne basis.
An energy use value per tonne is derived from WRATE.
Grid relevant factors applied to derive carbon benefits.
Benefit is assigned on a per tonne basis for individual materials.
Choice of datasets e.g. WRATE or DEFRA/DECC.
Waste calorific value will be derived from waste composition.
Energy efficiency factors applied to derive energy outputs.
Grid relevant factors applied to derive carbon benefits.

The model includes the cost of waste transport activities but does not calculate the carbon
impact associated with transport of waste in line with the EPS methodology as proposed in
the Mayor’s draft MWMS, although the ability to do so at a later date is included. In SLR’s
previous experience, the impacts of transportation (when assessing a full MSW solution) are
relatively minor in comparison to the impacts associated with the recycling and residual
treatment processes. The latest EPS report by Eunomia concludes that the total emissions
associated with meeting the EPS for London in 2031 is -1,029.8 ktCO2e, transportation
contributes 43.9 ktCO2e to the total figure, thus demonstrating a small overall impact relative
to the emissions associated with reprocessing and treatment of materials.
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MODELLING RESULTS
Comparative Costs of Energy Generation Technologies

Using technical data from technology providers it is possible to compare the Capex and unit
costs of different forms of energy generation as indicated in Table 14. The net annual cost
per tonne represents the annualised Capex and Opex costs and includes income from
energy generation, including ROCS income, as well as the cost of pre-treatment in the case
of gasification with gas engines.
Table 14: Comparative Costs of Energy Generating Technologies
Capex per
tonne

Net annual
cost per tonne

Incineration (200ktpa)

£

830

£

82

Incineration (300ktpa)

£

670

£

58

Incineration (670ktpa)

£

520

£

37

Staged combustion (96 ktpa)
Gasification with engines (45
ktpa)

£

540

£

64

£

560

£

51

True pyrolysis (75 ktpa)

£

450

£

61

Plasma gasification (150 ktpa)

£

520

£

41

Table 14 indicates that there is no clear winner with respect to costs for energy generation
technologies. The 200 ktpa Incineration is relatively expensive on all three cost metrics
however the two larger scale Incineration plant deliver comparable cost performance to the
advanced conversion technologies. It is important to note that the capital costs are based on
different scale of facilities and therefore direct comparison of capital costs on a per tonne
basis will not be truly accurate.
3.2

Comparative Technical Factors for Thermal Treatment technologies

There are a range of factors that impact on the commercial viability of energy generating
technologies; two important factors are net energy efficiency and unit capacity. The former
factor identifies the quantity of input calorific value that is ultimately converted into grid
exportable electricity and usable heat whilst the latter defines the plant throughput and the
number of units required to satisfy a given treatment capacity.
Table 15 indicates marginal differences between the net electrical energy efficiencies of the
different technologies with the large scale Incinerator delivering the highest electrical energy
efficiency.
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Table 15: Net Energy Efficiency of Example Energy Generating Technologies
Net energy
efficiency
Incineration (200ktpa)

23%

Incineration (300ktpa)

23%

Incineration (670ktpa)

27%

Staged combustion

17%

Gasification with engines

27%

True pyrolysis

23%

Plasma gasification

23%

As one would expect for modular type technologies Table 16 indicates that the ACT
technologies would require a significant number of units to match the combined processing
capacity of a large scale incineration facility.
Table 16: Module Capacities for Energy Generating Technologies

1.

Number of
1
equivalent units

Incineration (200ktpa)

Typical Capacity
per module (ktpa)
200

Incineration (300ktpa)

150

4.5

Incineration (670ktpa)

225

3

Staged combustion

48

14

Gasification with engines

10

68

True pyrolysis

25

27

Plasma gasification

50

14

3.25

Technology for comparison taken to be the Riverside Resource Recovery Facility

Modularity infers a greater number of lower capacity plants made up of singular or multiple
units. Whilst this increases the overall numbers of facilities required this situation can yield
benefits for integration into district heating networks.
3.3
3.3.1

Combined Heat and Power
ACT technologies

A number of the ACT technologies indicated the ability to generate useable heat for export
(Figure 6).
For example, the Sankey diagram submitted by ITT indicates heat availability for CHP of
2MWh, based on a fuel input of 7 MWh.
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Figure 6: Energy Flow Diagram for an ACT Technology

Engines and their lubricating oil must be cooled to prevent overheating. This cooling system
provides heat in the form of hot water, which is produced whenever the engine is running,
irrespective of whether or not it can be used. In a packaged CHP unit, the engine/lubricating
oil cooling system is usually connected to a heat exchanger that can also recover heat from
the engine exhaust, which helps to maximise the efficiency of energy recovery from the
engine. Cooling system heat and exhaust heat are recovered in roughly equal proportions
from a gas engine CHP package. The heat from the engine is typically at around 80°C, but
some engines can operate using pressurised hot water, which delivers heat at up to 120°C.
3.3.2

District Heating Networks

Due to the range of factors that must be taken into consideration when planning District
Heating Networks it is not easy to determine a so-called average cost for development of a
District heating Network (DHN). However, data is available from a recent DECC report15
which provides average DHN connection costs for different types of dwelling. These costs
are replicated in Table 17:
Table 17: Indicative Costs for DHN Networks
DHN
infrastructure
cost

DHN branch
cost

HIU and
heat
meter

Total

Small terrace

£2,135

£1,912

£2,300

£6,347

Medium/large terrace

£2,135

£2,255

£2,300

£6,690

Semi-detached: dense

£2,719

£2,598

£2,300

£7,617

Semi-detached: less dense

£2,719

£3,198

£2,300

£8,217

Network Costs per dwelling:
by house type

Converted flat

£712

£752

£2,300

£3,764

Low rise flat

£1,500

£1,500

£2,300

£5,300

High rise flat

£1,000

£1,500

£2,300

£4,800

£1,846

£1,959

£2,300

£6,105

Average
HIU – Heat Interface Unit (heat exchanger)

15 The Potential and Costs of District Heating Networks. A report to the Department of Energy and Climate
Change. Poyry April 2009
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In order to establish a unit cost for a CHP network it is also important to account for
operating costs and incomes. The unit costs and assumptions presented in Table 18 are
used to derive a cost profile for a DHN system for a residential led development.
Table 18: DHN Network Cost Assumptions
Assumptions
Opex Costs
Price of heat (£/MWh)
Average domestic heat
consumption per annum
Peak winter thermal load per
property
Renewable Heat Incentive
(Large Biomass)
Target IRR
Average take-up over scheme
life
Lost Energy Income (£/MWh)

Value

Reference

5% of Capex

SLR Assumption

£35

DECC

13.3 MWh

OFGEM (Cert 2008-2011)

5.5 kW

SLR Assumption

£26/MWh

RHI Scheme

6-10%

Poyry

80%

SLR

£35

An example costs assessment for a 25MWe system is set out in Table 19.
Table 19: DHN Network Cost Assessment
Heat Efficiency
Gross Electrical Efficiency

10%
22%

20%
20%

40%
16%

Average number of properties

2169

4777

11980

Capital Cost - DHN

£13,242,101

£29,165,490

£73,140,652

Net Income

-£9,904,517

-£21,814,522

-£54,706,038

£3,337,583

£7,350,967

£18,434,614

-1.88%

-1.88%

-1.88%

Net Cost
IRR (%)

Modelling of the DHN network costs indicates that a residential DHN network is unlikely to
provide a positive payback over a 20 year period. If heat is costed at £60 per MWh,
consistent with expectations of domestic gas price rises the IRR improves to 4.13%. Whilst
these costs are only indicative they do show that the economic benefits of CHP and district
heating are very fragile. This is not to say that a DHN would not be commercially viable but it
is unlikely that the network would be delivered under the same finance arrangements as the
thermal plant. Since the payback period is somewhat longer than would be expected for the
thermal plant the DHN would need to be delivered as a long-term infrastructure investment
similar to the approach adopted in Nottingham and Sheffield.
Domestic heating is not the only opportunity for heat utilisation from energy plant. Industrial
and commercial users may offer a more significant and achievable heat resource than
domestic heat networks. Costs of CHP connection for industrial heat users are very site
specific but maybe as simple as a flow and return connection into an existing heat
distribution. As such, the capital costs for an industrial linked system are likely to be lower
than for those presented above.
A further consideration for DHNs connected to steam generating plant is the relationship
between electrical generating efficiency and heat output. For CHP Schemes that include
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fully or partially condensing (pass-out) steam turbines, power efficiency will decline as steam
extraction increases for a given fuel consumption, so there is a balance between increasing
heat recovery and reducing power output. The trade between heat to site and power for such
Schemes is known as the Z ratio.
The Z ratio depends on a variety of factors, including the pressure and temperature of the
steam supplied to site, steam turbine generating set’s thermodynamic (isentropic) and
mechanical efficiencies and vacuum (or pressure) maintained in the condenser.
Z ratios can be calculated based on the above data inputs or determined by plant
measurements. For the purposes of this project a Z ratio of 5 has been chosen as
representative of the range exhibited across different CHP schemes. Theoretical efficiencies
for different size generating sets are presented in Table 20.
Table 20: Theoretical Efficiencies for CHP Operations
Heat Efficiency
(MW)

3.4

2

5

Turbine Size (MW)
10

25

50

0%

19.6%

21.1%

22.3%

23.8%

24.9%

10.0%

17.6%

19.1%

20.3%

21.8%

22.9%

20.0%

15.6%

17.1%

18.3%

19.8%

20.9%

30.0%

13.6%

15.1%

16.3%

17.8%

18.9%

40.0%

11.6%

13.1%

14.3%

15.8%

16.9%

50.0%

9.6%

11.1%

12.3%

13.8%

14.9%

Renewable Energy Fiscal Incentives for CHP

Developers and operators of CHP system will most likely wish to attract additional fiscal
benefits that recognise the renewable energy status of the CHP system. Potential fiscal
benefits for CHP come in two forms:
•
•

Renewable Obligation Certificates for exported electricity available to plants that
achieve Good Quality CHP (CHPQA) status;
Renewable Heat Incentives (RHIs) for eligible heat exported from the site.

Details of the two schemes are presented below;
3.4.1

Good Quality CHP

The CHPQA Good Quality standard is only relevant to facilities wishing to claim ROCs on
exported electricity rather than on exported heat.
To be defined as Good Quality, new CHP schemes must achieve a Quality Index (QI) of
105, where QI is derived from a factored power and heat efficiency formulae. The CHPQA
standard also requires a minimum 20% electricity efficiency.
There is some indication that this approach will be discontinued in the future16.

16 RO-RHI interaction Policy options – Combined Heat and Power Association

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority

3.4.2

32

402-01183-00003
June 2011

Renewable Heat Incentive

A recent development that alters the fiscal benefits of CHP is the Renewable Heat Incentive
(RHI) scheme. The RHI, recently launched by DECC does not require CHP schemes
wishing to claim under the RHI to meet the Good Quality standard. This is because the
Government believes the RHI will be a sufficient incentive to optimise generation of heat
from CHP.
It is too early to tell whether the RHI will provide sufficient fiscal stimulus for widespread
adoption of CHP enabled energy from waste schemes however given the low take-up so far
of the ROCS approach it is considered likely that Energy from waste CHP operators will
seek fiscal support through the RHIs.
3.5

Comparison of Solutions

As detailed in section 1.5, the purpose of this research is to provide an analysis of the
financial and technical implications of meeting the EPS and the carbon intensity floor.
The modelling assesses the whole municipal waste system from waste collection through to
final reprocessing/treatment/disposal, and includes recycling, composting and residual
treatment materials.
In order that as wider range of scenarios as possible can be assessed SLR’s approach to
the project has been to develop a fully auditable excel workbook that allows an extensive
range of viable waste management scenarios to be modelled and compared against each
other and against the carbon intensity floor and EPS. This workbook is the property of the
GLA, but due to commercially sensitive waste technology provider data and costs is not
available for wider interrogation. The model is however fully auditable and modifications to
assumptions, technology parameters and compositions can be investigated by the GLA.
In total the model has the potential to analyse over 2000 waste management scenarios
which cover both existing technical practices and future scenarios based on a range of
collection, pre-treatment and energy recovery solutions for recyclates, food and residual
waste. The current model includes a number of spare slots for additional technologies and
waste composition scenarios (for future use by the GLA).
Given the considerable number of scenarios, the results are presented in graphical form as a
scatter plot. The following sub sections present the scatter plots for the carbon intensity floor
and EPS respectively.
Full details of scenarios assessed are contained in Appendix C. The scenarios ranked by
Carbon Intensity Floor figure are included in Appendix D, whilst Appendix E presents those
scenarios that achieve the EPS in 2031.
3.5.1

Performance against the Carbon Intensity Floor

The ability to meet the carbon intensity floor is affected by three key variables:
•

the energy efficiency of technology employed, for example, the efficiency of
incineration or gasification and whether the technology generates electricity only
or electricity and heat;

•

the amount of biomass (e.g. food, green garden and paper/card materials) in the
waste that is supplied to the facility, as higher levels of biomass make it easier to
meet the carbon intensity floor; and,
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The carbon intensity of the energy sources being displaced.

Of the 1,000 scenarios modelled, 990 scenarios result in electricity and heat generation from
residual and food waste management and thus feature on the scatter plots below. Ten
scenarios do not result in a carbon intensity performance figure, and these are scenarios
where food waste is treated by aerobic digestion and the residual waste treatment process
does not involve any thermal processing (MBT aerobic biostabilisation and MBT with SRF to
landfill.
The costs of individual scenarios and corresponding carbon intensity performance are
depicted in Figure 7 to Figure 9 with the carbon floor level, and grid mix emissions in 2011
and predicted to 2025 overlain as red lines. The scatter charts show the carbon intensity on
the Y-axis and the whole system cost (collection and disposal) on the X-axis for each
scenario modelled. The chart presents the performance of each scenario against the current
carbon intensity floor level (400gCO2e/kWh) and also the carbon intensity of the UK
electricity grid mix for 2011 (469 gCO2e/kWh) and 2025 (362 gCO2e/kWh) to provide further
context. The grid mix figures have been obtained from the DECC Low Carbon Transition
Plan17. Scenarios that fall below the red lines exceed the carbon intensity floor; conversely
scenarios above the red line fail to achieve the carbon intensity floor.

17

http://www.decc.gov.uk/assets/decc/White%20Papers/UK%20Low%20Carbon%20Transition%20Plan%20WP09/
1_20090724153238_e_@@_lowcarbontransitionplan.pdf
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Figure 7: Carbon Intensity Floor versus Gross Capex/Opex Costs

Figure 8: Carbon Intensity Floor versus Net Capex/Opex Costs

Figure 9 which plots the carbon intensity floor against the gate fee prices shows a more
linear distribution; this is due to less differentiation in gate fees within each technology type
as opposed to the Capex/Opex costs calculated for individual technology providers. The
different cost ranges are presented to allow the user to see the variation in cost of achieving
the carbon intensity floor using the different financial approaches.
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Figure 9: Carbon Intensity Floor versus Gate Fee Costs

Of the 990 energy generating scenarios, 727 scenarios (73%) result in emissions of 400g
CO2e/kWh or less, and thus meet the current level set for the carbon intensity floor. If the
carbon intensity floor level was set at the DECC grid mix in 2011 (469 gCO2e/kWh) then the
numbers of scenarios that achieve the target increases to 856, or 86% of the energy
generating residual waste scenarios. Correspondingly, if the carbon intensity floor is set at
the lower emission level of DECC grid mix in the year 2025 (362gCO2e/kWh) then the
number of technical scenarios achieving the target reduces to 631 (64%).
In terms of whole system municipal costs (net annualised Capex and Opex basis), the
majority of scenarios which meet the carbon intensity floor sit between £500m and £650m,
with the largest proportion of the scenarios between £550m to £650m. This compares to the
current predicted spend of circa £580m per annum on municipal waste management in
London18. Assessing the NC (no change/do nothing new) scenario using London s 2009/10
municipal waste management methods, the model generates a gross annual Capex and
Opex cost estimate of £639m in 2031. The gross figures are presented, as authorities may
not see the full benefit of all revenue streams (recyclate sales and energy generation). The
model generates a net annual Capex and Opex cost estimate of £614m.
A table summarising the numbers of scenarios achieving the Carbon Intensity Floor is
presented below (Table 21).

18 Mayor’s Draft Municipal Waste Management Strategy, January 2010.
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Table 21: Recycling Options and Performance against the Carbon Intensity Floor

Recycling
Scenario

NC

lo

mid -d

mid -f

hi

Scenario definition

Number of
Scenarios
achieving Carbon
Intensity Floor

Do Nothing New (based on
London’s 2008/09 waste
management performance
including 25 per cent recycling and
composting performance
25 per cent recycling and
composting rate, concentrating on
dry recyclables only
Focus on dry recycling without food
waste collections achieving 45 per
cent recycling rate
Focus on food collection achieving
45 per cent recycling and
composting performance through a
combination of mixed dry and food
collections
Max GHG abatement achieving 60
per cent recycling and composting
rate with particular emphasis on
food waste collection

Total number
of scenarios
modelled

% achieving
Carbon
Intensity
Floor

157

200

79%

162

200

81%

139

200

70%

133

200

67%

136

200

68%

The “lo” recycling option demonstrates a marginally higher proportion of scenarios achieving
the Carbon Intensity Floor, this is associated with the higher CV value from biomass (range
of 43-73% for treated (SRF) waste, which compares to 40-70% for treated (SRF) CV from
biomass for the “mid-d” recycling option). However, the results do not indicate a significant
variation, and as such it can be concluded that the carbon intensity floor is achievable across
a range of recycling and composting scenarios (and thus residual waste compositions).
Recycling collection schemes that focus on materials with a high fossil carbon content (e.g.
plastics) will result in a waste with a higher CV content from biomass waste which will
improve the ability to meet the carbon intensity floor. The focus on materials with a high
embodied carbon content (e.g. non ferrous metals) will not necessarily impact on the carbon
intensity floor, however it will significantly contribute towards meeting the EPS.
Table 22 details the numbers of scenarios achieving the Carbon Intensity Floor of 400
gCO2e/kWh or less for each residual treatment technology type.
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The proportion of scenarios achieving the Carbon Intensity Floor across different technology
types ranges from 0-100%, the energy efficiency of each residual technology type is the key
factor determining factor relating to whether an emission level of 400 gCO2e/kWh is
achieved, As an example Incineration with a high performing CHP scheme is the technical
option with 100% of scenarios achieving the Carbon intensity Floor. Furthermore, it is
apparent that scenarios based on electricity only are more likely to find achieving the carbon
intensity floor a challenge. The exception to this statement is where a facility is operating at
high energy efficiencies in the order of 30% gross, or where the untreated feedstock is high
in biomass (circa 69% CV from biomass)19. This means that the RRRF Incinerator could
achieve the Carbon Intensity Floor with the correct balance of biomass in the untreated
waste due to high energy generating efficiency whereas less efficient facilities are unlikely to
do so.
The level and type of pre-treatment is also a factor that impacts on overall carbon intensity.

19 Sensitivity testing of the model was undertaken utilising one of the spare composition slots. The ‘No Change’

scenario and composition were duplicated, and the residual waste composition was altered (by increasing paper
and card, reducing plastics and miscellaneous combustibles) to obtain a CV from biomass of circa 69%. On this
basis a scenario with food wastes to aerobic digestion (i.e. no impact on the carbon intensity performance) and
untreated waste to Incineration with electricity generation (circa 30% gross) results in a carbon intensity floor
performance of 366 gCO2e/kWh.

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority

38

402-01183-00003
June 2011

Table 22: Residual Treatment Technology Options and Performance against the
Carbon Intensity Floor

Technology scenario
MHT 1
MHT 2*
MBT aerobic 1
MBT aerobic 2 (Landfill)
MBT aerobic 3
MBT aerobic 4*
MBT biostab 1
MBT AD 1 (Landfill)
MBT AD 2 (SRF)
Direct to Incineration 1
(electricity only)
Direct to Incineration 2 (low
CHP)
Direct to Incineration 3
(medium CHP)
Direct to Incineration 4 (high
CHP)
Direct to Incineration 5
(medium efficiency electricity)
Direct to Gasification 1
Direct to Gasification 2
Direct to Gasification Gas
Engine 1
Direct to Gasification Gas
Engine 2
Direct to True Pyrolysis 1
Dirty MRF 1
Total

Number of scenarios
achieving the Carbon
Intensity Floor
94
122
47
20
53
92
20
19
97

Total number of
scenarios
assessed
100
125
100
25
100
100
25
25
100

% achieving
Carbon
Intensity Floor
94%
98%
47%
80%
53%
92%
80%
76%
97%

4

25

16%

10

25

40%

22

25

88%

25

25

100%

0
15
2

25
25
25

0%
60%
8%

15

25

60%

17
17
36
727

25
25
50
1000

68%
68%
72%
73%

Notes: * These technologies are capable of producing a high biomass SRF.
SRF generated from Pretreatment technologies (MHT, MBT and Dirty MRF) is treated via a
number of options - incineration (electricity only), cement kiln, gasification (electricity only) or
power station. MHT 1 also includes SRF to gasification (CHP).
Gasification and pyrolysis technologies where MSW is treated directly are assumed to include
a degree of on-site pretreatment.

It is not the GLA’s intention to seek the lowest carbon intensity performance for energy from
waste technologies but to ensure that where energy is generated from waste that the
technology achieves as a minimum a carbon intensity performance of 400 g CO2e/kWh and
the waste management scenario, as a whole meets the EPS.
Table 23 details the ten scenarios that achieve 400 gCO2e/kWh (CIF) or just below and meet
the EPS in 2031.
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Table 23: Ten Scenarios Closest to the 400gCO2e/kWh Level (all scenarios meet the EPS in 2031)
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The scenarios with the lowest carbon intensity performance levels (i.e. closest to
0gCO2e/kWh) are those scenarios which do not generate electricity or heat from residual
waste (e.g. MBT aerobic with SRF to landfill, MBT biostabilisation) with food waste treated
via anaerobic digestion. In these scenarios the direct emissions from AD are relatively small
in comparisons to the energy output figures and thus a low carbon intensity performance
figure (circa 20 - 50 gCO2e/kWh) is achieved. However, the scenarios can be comparatively
more costly, as a significant quantity of SRF or biostabilised material is disposed in landfill
with increasing landfill tax rates applied.
A number of key conclusions relating to the Carbon Intensity performance of scenarios are
summarised below:
• The carbon intensity floor for electricity generation can be achieved via the full range
of recycling options. Recycling options that concentrate on high embedded carbon
materials such as metals, plastics and textiles can be beneficial due to the higher
organic component left in the residual waste stream and thus higher calorific value
from biomass;
• The efficiency of energy recovery is a key factor with respect to whether the carbon
intensity floor level of 400 gCO2e/kWh will be achieved. In general scenarios
generating electricity from residual waste will achieve the carbon intensity floor if the
waste exhibits high biomass content and/or a high energy efficiency facility is utilised;
• The treatment of food waste through Anaerobic Digestion (with energy recovery,
biogas injection to grid, or biogas converted to a transport fuel) results in a low
carbon intensity performance due to the 100 per cent biogenic nature of the
feedstock. Thus, the treatment of food waste via AD as opposed to IVC can assist in
reducing the overall carbon intensity performance of the waste management solution;
• As a zero carbon impact technology AD offers the opportunity to compensate for high
carbon intensity residual treatment options such that the aggregated carbon intensity
performance of a scenario is able to achieve the Carbon Intensity Floor.
In summary, based on the modelling undertaken and the scenarios assessed, the Carbon
Intensity Floor level set as 400 gCO2e/kWh results in a position where a significant number
of recycling and residual waste management scenarios are capable of achieving the level or
exceeding the requirement.
3.5.2

Performance against the EPS

The EPS is a measure of the carbon footprint of waste management measured as tonnes
carbon dioxide equivalent per tonne MSW managed (tCO2e/ tMSW). Meeting the carbon
intensity floor for energy generated from waste forms an important part in meeting the EPS.
Performance of the modelled scenarios compared to the EPS (for different years) is depicted
in Figure 10, 11 and 12; each scenario is shown as a single point characterised by carbon
emissions and cost. Scenarios that fall below the red line meet the EPS; conversely those
above the red line fail to meet the EPS.
A total of 1,000 scenarios are presented on the scatter charts in Figure 10, 11, 12 which
present whole system municipal costs (using differing methodologies) and CO2e
performance against the Emissions Performance Standard.
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Figure 10: EPS versus Gross Capex/Opex Costs

Figure 11: EPS versus Net Capex/Opex Costs
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Figure 12: EPS versus Gate Fee Costs

In terms of whole system municipal costs (net annualised Capex and Opex basis), the
majority of scenarios meeting the EPS sit between £500m and £650m, with the largest
proportion of the scenarios between £550m to £650m.
The modelling demonstrates that the more expensive scenarios incorporate pre-treatment
technologies; primarily MBT aerobic with SRF to landfill, MBT aerobic producing a high
biomass SRF, and MHT processes. The primary reasons for higher cost are multiple gates
fees associated with double handling of the waste and higher proportions of waste
consigned to landfill.
In total, 883 of the 1,000 scenarios modelled meet the EPS levels set up until the year 2031
(currently set at -0.24 tCO2e/tMSW). The numbers of scenarios achieving the EPS in each
target year is presented in Table 24; demonstrating that the reduction in EPS level between
target years results in a reduction of scenarios able to meet the EPS level.
Table 24: Scenarios Achieving EPS in Key Target Years

Scenarios achieving EPS
% of scenarios achieving EPS

2015

2020

2031

965

916

883

97%

92%

88%

A breakdown of performance by recycling option is presented in Table 25. The scenarios
modelled indicate that a no change position will result in a decreasing number of scenarios
capable of meeting the EPS as the targets become more stringent. In comparison, the
scenarios with increasing recycling performance are resulting in high proportions of
scenarios meeting the EPS in 2031. Therefore as long as the recycling rate improves from
the No Change position the type of recycling scenario appears to have little influence on
meeting the EPS in 2031.
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Table 25: Scenarios and EPS Performance by Recycling Option
Scenarios achieving EPS in:
NC
lo
mid -d
mid -f
hi
Total

2015

2020

2031

Total number of
scenarios modelled

165
200
200
200
200
965

116
200
200
200
200
916

91
200
200
192
200
883

200
200
200
200
200
1,000

% of scenarios achieving
the 2031 EPS

46%
100%
100%
96%
100%
88%

The number of scenarios achieving the EPS in 2031 by each technology type is presented in
Table 26.
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Table 26: Scenarios by Technology Type Achieving the EPS in 2031
Number of scenarios
achieving the EPS

Total number of
scenarios assessed

% achieving
EPS

MHT 1
MHT 2*
MBT aerobic 1
MBT aerobic 2 (Landfill)
MBT aerobic 3
MBT aerobic 4*
MBT biostab 1
MBT AD 1 (Landfill)
MBT AD 2 (SRF)
Direct to Incineration 1
(electricity only)
Direct to Incineration 2 (low
CHP)
Direct to Incineration 3
(medium CHP)
Direct to Incineration 4 (high
CHP)
Direct to Incineration 5
(medium efficiency electricity)
Direct to Gasification 1
Direct to Gasification 2
Direct to Gasification Gas
Engine 1
Direct to Gasification Gas
Engine 2
Direct to True Pyrolysis 1
Dirty MRF 1

90
116
90
20
90
100
20
20
90

100
125
100
25
100
100
25
25
100

90%
93%
90%
80%
90%
100%
80%
80%
90%

20

25

80%

20

25

80%

20

25

80%

25

25

100%

16
20
16

25
25
25

64%
80%
64%

20

25

80%

20
20
50

25
25
50

80%
80%
100%

Total

883

1,000

88%

Technology type

Notes: * These technologies are capable of producing a high biomass SRF.
SRF generated from Pretreatment technologies (MHT, MBT and Dirty MRF) is treated via a
number of options - incineration (electricity only), cement kiln, gasification (electricity only) or
power station. MHT 1 also includes SRF to gasification (CHP).
Gasification and pyrolysis technologies where MSW is treated directly are assumed to include
a degree of on-site pretreatment.

Table 27 presents the ten lowest performing scenarios that meet the EPS, whilst Table 28
the ten scenarios closest to the EPS target in 2031 (-0.24 tCO2e/t); All scenarios presented
in Table 27 and Table 28 perform below the carbon intensity floor in addition to meeting the
EPS.
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Table 27: Scenarios demonstrating the Lowest EPS performance (scenarios below meet the carbon intensity floor)

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority

46

Table 28: Scenarios closest to the EPS target in 2031
(scenarios below meet the carbon intensity floor)
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It should be noted that the calculations used for determining performance against the EPS
within the current model include waste transport costs but do not account for emissions
associated with the transportation of waste. In SLR’s previous experience, the CO2e impacts
of transportation (when assessing a full MSW solution) are relatively minor in comparison to
the impacts associated with the recycling and residual treatment processes. It is important to
note however that the financial estimates do account for transport costs. The latest EPS
report by Eunomia concludes that the total emissions associated with meeting the EPS for
London in 2031 is -1,029.8 ktCO2e, transportation contributes 43.9 ktCO2e to the total figure,
thus demonstrating a small overall impact relative to the emissions associated with
reprocessing and treatment of materials.
A number of key conclusions relating to the EPS are summarised below:
• The modelling undertaken indicates that the EPS can be achieved by a range of
recycling options and technical scenarios. In total, 88% of the scenarios assessed
are shown to meet the EPS in 2031;
• The majority of scenarios which do not meet the EPS in 2031 are based on No
Change recycling performance;
• The scenarios with higher recycling performance (in particular recyclables with high
embodied carbon content) perform well against the EPS;
• The lowest collection cost per tonne scenarios are those No Change scenarios, as
the cost of collecting dry recyclables and organics is greater than for residual
materials. With respect to disposal costs, the scenarios offering the lowest cost per
tonne (and achieving the carbon intensity floor and EPS) are gasification and
Incineration technologies without pretreatment;
• Technology scenarios with high electrical energy efficiency or operating in CHP
mode also perform well against the EPS.
• Scenarios that include SRF to cement kilns perform well because 100% of the SRF
energy is displacing the conventional fuel (primarily coal);
• The EPS is flexible, in that it can be achieved through a combination of recycling,
food waste, pre-treatment and residual waste management approaches; achieving
high performance is dependent on achieving an optimum balance of all of these
elements;
• The current predicted spend on municipal waste management in London is circa
£580m per annum20. Assessing the NC (no change/do nothing new) scenario using
London s 2009/10 municipal waste management methods, the model generates a
gross annual Capex and Opex cost estimate of £639m in 2031. The gross figures are
presented, as authorities may not see the full benefit of all revenue streams
(recyclate sales and energy generation). The model generates a net annual Capex
and Opex cost estimate of £614m.
In summary, the modelling undertaken indicates that the EPS target in 2031 of -0.24 tCO2e/t
waste can be met or exceeded through a range of waste management scenarios providing
Authorities with the flexibility to adopt waste management approaches that suit their own
particular circumstances.
3.5.3

Further details of Scenarios assessed and performance against the Carbon
Intensity Floor and EPS levels

In total, 600 of the 975 scenarios assessed in the model achieve the EPS in 2031 (-0.24
tCO2e/t or below) and perform at or below the Carbon intensity Floor Level (400

20 Mayor’s Draft Municipal Waste Management Strategy, January 2010.
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gCO2e/kWh). The highest performing treatment technologies by recycling options and
technology type are displayed in Table 29.
In terms of whole system municipal costs (net annualised Capex and Opex basis), the
majority of scenarios meeting the carbon intensity floor and EPS sit between £405m and
£645m, with the largest proportion of the scenarios between £550m to £625m. This
compares to the current predicted spend of circa £580m per annum on municipal waste
management in London21.

21 Mayor’s Draft Municipal Waste Management Strategy, January 2010.
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Table 29: Numbers of Scenarios Achieving the Carbon Intensity Floor and EPS (2031) Requirements
Recycling scenarios >

NC
25%

Lo
25%

mid –d
45%

mid –f
45%

Hi
60%

Total

25

% of total
scenarios
modelled
100%

Collection cost
per tonne
range (£/t)
83-120

Disposal cost
per tonne
range (net£/t)
33-65

Technology scenarios↓
Direct to Incineration 4 (high CHP)

5

5

5

5

5

MBT aerobic 4*

20

19

18

18

17

92

92%

83-120

42-86

MHT 2*

16

25

25

24

23

113

90%

83-120

40-85

MBT AD 2 (SRF)

10

20

20

19

18

87

87%

83-120

36-73

MHT 1

10

19

20

18

17

84

84%

83-120

40-85

Dirty MRF 1

10

9

6

6

5

36

72%

83-120

32-60

Direct to Incineration 3 (medium CHP)

0

5

5

4

3

17

68%

83-120

35-43

MBT biostab 1

0

4

4

4

4

16

64%

83-120

42-51

MBT aerobic 2 (Landfill)

0

4

4

4

4

16

64%

83-120

42-51

MBT AD 1 (Landfill)

0

4

4

2

4

14

56%

83-120

35-43

MBT aerobic 3

10

13

7

10

13

53

53%

83-120

36-71

Direct to Gasification Gas Engine 2

0

4

4

2

2

12

48%

83-120

26-29

Direct to True Pyrolysis 1

0

4

4

2

2

12

48%

83-120

32-36

MBT aerobic 1

7

13

7

9

11

47

47%

83-120

36-71

Direct to Gasification 1

0

4

2

2

2

10

40%

83-120

11-15

Direct to Gasification Gas Engine 1

0

4

2

2

2

10

40%

83-120

30-33

Direct to Incineration 2 (low CHP)

0

2

2

2

2

8

32%

83-120

38-44

Direct to Incineration 1 (electricity
only)
Direct to Gasification 2

0

2

0

0

2

4

16%

83-120

26-28

0

2

0

0

0

2

8%

83-120

37

Direct to Incineration 5 (medium
0
0
0
0
0
0
0%
83-120
efficiency electricity)
Notes: * These technologies are capable of producing a high biomass SRF.
SRF generated from Pretreatment technologies (MHT, MBT and Dirty MRF) is treated via a number of options - incineration (electricity only), cement
kiln, gasification (electricity only) or power station. MHT 1 also includes SRF to gasification (CHP).
Gasification and pyrolysis technologies where MSW is treated directly are assumed to include a degree of on-site pretreatment.
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Output tables presenting the scenarios assessed, the generation efficiencies and calorific
value derived from biomass are presented in Appendices C, D and E. Appendix C presents
all the scenarios sorted by scenario name. Appendix D ranks the scenarios on their
performance against the carbon intensity floor; the scenario with the lowest gCO2e/kWh is
presented first. Appendix E presents the scenarios that achieve the EPS in 2031 and carbon
intensity floor, again ranked on their performance against the carbon intensity floor.
The tables in Appendices C-E include the EPS value, the best EPS year achieved by the
scenario and cost data for each scenario (total £m, £/t collection and £/t disposal based on
the net annualised Capex and Opex approach).
3.5.4

Performance of Energy from Waste Options

The model includes a number of different options for energy generation including
incineration with and without CHP, cement kilns, co-firing in coal fired power stations and
advanced thermal treatment plants with and without CHP.
Consideration has been given to how these technologies perform as illustrated in Table 30.
The figures presented are for a scenario where food waste is treated through Aerobic
Digestion, and thus the carbon intensity floor performance is associated with the residual
treatment only; the mid-f recycling scenario is used as an example.
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Table 30: Performance Comparison of different Energy from Waste Options (untreated
waste to Energy from Waste, or pre-treatment technologies with High Biomass SRF to
Energy from Waste)

Although Table 30 is not a comprehensive list of energy generation options it does illustrate
the benefit of cement kilns against the carbon floor and the EPS; it also shows the benefit of
CHP enabled gasification as compared to electricity only incineration and electricity only
gasification (ATT_generic).
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Performance of Pre-treatment Technologies
Pre-treatment technologies offer the opportunity to recover additional recyclables and to
condition the residual waste prior to energy generation. The choice of pre-treatment
technology, therefore, has a direct impact on performance against the carbon intensity floor
and EPS. The model includes a number of pre-treatment technologies as follows22:
•
•
•
•

MHT – Mechanical Heat Treatment / Autoclaving
MBT aerobic – Mechanical Biological Treatment with biodrying
MBT AD - Mechanical Biological Treatment utilising anaerobic digestion
Dirty MRF – Material Recycling Facility

Performance of the pre-treatment technologies is illustrated in Table 31.
Table 31: Number of Pre-treatment Technologies Meeting the Carbon Intensity Floor
and EPS (2031)

The majority of pre-treatment technologies are shown to deliver a high level of compliance
against the carbon intensity floor and EPS; however certain technologies, for example forms
of mechanical heat treatment or MBT with high levels of recovery, deliver very high
compliance against the carbon intensity floor and EPS with over 90% of scenarios meeting
or exceeding the minimum targets.

22 The list of primary technologies includes MBT biostabilisation – Mechanical Biological Treatment with full

biostabilisation which is not a pre-treatment technology as the outputs are consigned to landfill
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TECHNICAL FEASIBILITY

The analysis undertaken by SLR and others indicates that CHP operation represents an
important factor in determining performance against the carbon intensity floor and EPS.
Whilst the analysis indicates a benefit attributable to CHP it is important to understand the
various factors that can affect whether CHP systems are commercially viable.
Equally, it is important to understand the commercial and technical implications that may
affect production and subsequent utilisation of high biomass fuels derived from municipal
waste.
This section seeks to identify and subsequently analyse the commercial and logistical
implications associated with generation and utilisation of high biomass fuels and the
commercial realisation of CHP enabled schemes. In particular this section considers the
following issues:
•
•
•
•
•

The operational implications for pre-treatment technologies producing high-biomass
waste fuels;
Operational implications of facilities accepting high biomass fuels;
The market appetite for energy generation using high-biomass waste feedstocks;
Commercial opportunities for thermal facilities operating in CHP mode; and,
Opportunities for retrofitting existing facilities

In each case the analysis identifies the key determining factors that influence performance
and probability of success.
The overall conclusion is one of optimism; there are no aspects that prove insurmountable in
developing future CHP infrastructure and creation of high biomass fuels, rather there are
technical issues that need to be taken into consideration to facilitate success.
4.1

4.1.1

Operational implications for pre-treatment technologies producing high-biomass
waste fuel for energy generation from municipal waste
Process Conditions to achieve high biomass fuels

A wet separation stage is usually considered essential, if fuel with a very low inert material
content is required. Wet processing also helps to reduce concentrations of other potential
fuel contaminants such as heavy metals etc.
Maintaining a consistent quality output, in spite of feedstock variability, is a major
consideration. The quantity of high biomass SRF able to be produced is determined by the
properties of the input feed / waste. The consistency (or lack of) of a feedstock will impact on
the consistency of both the fuel quality and quantity produced.
Front-end mixing processes can aid feedstock consistency but only in the very short term i.e.
on an hourly/daily basis. However, longer term consistency on a weekly/monthly/seasonal
basis is unlikely to be achieved. Consistency on a weekly basis may be feasible by
providing a feed bunker with five days storage capacity, as would normally be the case for a
conventional Incineration facility. Variation in quality/quantity of the final process output(s)
will therefore need to be accepted as being the likely norm.
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In almost all cases where a high biomass fuel is created the non-recyclable fossil carbon
components are discarded as a process reject or converted into a low biomass SRF. Waste
stream components that are likely to be dealt with in this manner include plastic films, manmade textiles and various types of rubber.
In summary the production of high biomass fuels is entirely possible providing that suitable
processing equipment is included within the separation train.
4.1.2

Performance of Pre-treatment Technologies

A number of pre-treatment technologies are capable of producing high fibre biomass fuels as
indicated below. Providing that the right technology is chosen there is no reason to assume
that these fuels cannot be produced commercially although the biomass content will vary
considerably between different technologies.
4.1.3

Performance of Pre-treatment Technologies

Autoclaving
Autoclaves can produce fibre with a high biomass content (80 – 90%) although the
technologies are unlikely to achieve true ‘biomass’ status as defined in the Renewable
Obligation Order23.
Orchid
The Orchid process is capable of producing a high biomass fuel with the following
characteristics.
Table 32: Characteristics of High Biomass Fuel from the Orchid process
Trend Values
Unit

Typical
Value

Lower
Quartile

Upper
Quartile

Ash Content

%

14.5

10.5

17

Moisture Content *

%

19

17

22

Gross Calorific Value

MJ/kg ar

14

13

16

Net Calorific Value

MJ/kg ar

12.5

11

13.5

%

80

75

85

Fuel characteristic

Biomass Content by CV

Production of the high biomass system is achieved by use of Orchid’s patented biomass
separator, an air-based separation system. Where the biomass content of the input fuel is
low the high biomass fuel characteristics are achieved by blending with biomass fuels such
as waste wood.

23 “biomass” means fuel used in a generating station where at least 90 per cent of its energy content is derived
from relevant material (that is to say,material which is, or is derived directly or indirectly from, plant matter, animal
matter, fungi or algae
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ART
The ART process is capable of generating a high biomass fuel with net CV in the range 1114MJ/kg and biomass content in excess of 90% by calorific value.
MBT Solutions
MBT technologies based on bio-drying or bio-stabilisation technologies are not generally
capable of achieving biomass contents above 50-60% without substantial implications on the
reject rates of the plant.
Most MBT solutions seek to remove a significant proportion of the dense plastic fraction
(where suitable markets are available); however film plastics are more difficult to remove and
these tend to remain in the SRF contributing to the non-biogenic energy content.
Effectively, it is possible to achieve a high biomass fuel by additional processing; however
this generally occurs at the expense of higher reject rates to landfill or creation of a
secondary SRF stream with low biomass content. Additional processing attracts higher
operating costs which, typically, are not reflected in greater financial value for the fuel.
Other Plants
The revised front-end stage for the DiCom process technology developed by AnaeCo in
Australia, is reported to be able to produce a +85-90% biomass SRF and in combination with
a washing stage, to remove inert materials followed by bio-drying/composting to dry the
product, a RDF/SRF biomass content of +95%.
The Donarbon MBT/IVC plant in Cambridgeshire is understood to produce a +90% bio-fuel
utilising densimetric tables to separate out organic and inert materials. If the biomass content
or CV needs adjustment, waste wood is added.
4.2

Operational implications for energy generation technologies accepting highbiomass feedstocks

The operational implications of combusting high biomass feedstocks are very much
dependent on the form of energy generation technology. The implications for individual
technologies are considered in turn below.
Incineration
For existing incineration technologies the main issue is likely to be the higher calorific value
compared to raw MSW and the implications that this will have on waste throughput and
hence gate fee. These issues are discussed in more detail in section 4.3. In new plant the
acceptance of high biomass feedstocks can be compensated for at design stage and
therefore there are no significant operation implications of accepting high biomass
feedstocks.
Gasification and Pyrolysis
Treatment of biomass feedstocks through gasification and pyrolysis is more technically
proven than for MSW. . For these technologies the biomass content of the input fuel has
minimal operational implications; it is the form of the fuel and the degree of homogeneity that
affects the performance of the plant. Feedstock composition directly affects the quality,
composition and variability of syn-gas quality as well as the level of contaminants, which in
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turn dictates gas cleanup requirements. Consequently, the homogeneous nature of high
biomass feedstocks results in significantly less operational implications than for mixed MSW.
Power Stations
Large coal fired power stations, for example DRAX and Tilbury, are progressing with plans to
introduce co firing of virgin biomass with coal. For power stations the implications of
accepting high biomass feedstocks derived from MSW are twofold; the waste status of the
feedstock and the levels of chemical comtaminants.
In theory co-firing of high biomass SRF in coal fired boilers may be practical across a wide
range of input quantities. Most co-firing systems will look to achieve no greater than 40% of
input calorific value from SRF, due to limitations in the flue gas handling system.
However, co-firing of high biomass SRF would require plant exhaust gas treatment to be
compliant with WID emissions and this may be a barrier to utilisation in certain cases for
existing facilities.
A key issue with any SRF material which may limit its use in coal fired power stations is the
potential contaminant and ash levels.. Typically, concerns relate to the potential for high
concentrations of contamination from chlorine (present both from foodstuffs as salt [NaCl]24
or from PVC film materials), high ash content, and the presence of heavy metals. These
contamination issues, or potential for contamination, are often cited as reasons for utilising
SRF only in plant specifically designed and built to accommodate such contamination
through the use of higher grade materials in construction of key elements of the plant i.e.
possibly corrosion issues etc..
Table 33 indicates typical chemical compositions for a high biomass SRF (fibre fuel),
combusted at the Slough Heat and Power Plant and SRF which was used in testing in 2007.
Details of the testing and the outcomes are given in Figure 13.
Table 33: Typical Chemical Compositions of Fibre Fuel and SRF
Average Values

Fibre Fuel

Test SRF

GCV (MJ/kg)

15.2

18.9

Total Moisture AR (%)

11.8

13

Ash Content AR (%)

15.8

13

Total Sulphur AR (%)

0.14

0.17

Total Chlorine AR (%)

0.11

0.35

Total Nitrogen AR (%)

0.33

1.84

Sulphur to Chlorine ratio

1.3

0.49

25

For co-firing SRF in coal fired power plants, critical parameters requiring control for high
quality SRF are particle size, halogen concentration, and concentration of abrasive inert
materials.

24 Chlorine content is also a major consideration for other SRF consumers. For example cement kilns, the main
consumer of SRF in Europe, accept (baled) SRF with a maximum chlorine content <1%.

25 www.resourcesnotwaste.org/upload/.../3.2.John%20Watson.pdf
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Figure 13: Slough Heat and Power SRF Testing
July – August 2007 – Test Burn
A test burn of SRF was completed at the Slough Heat and Power Energy station
using SRF from an MBT plant. In total 3,500 tonnes of SRF were processed during
the trial. On this basis the trial and outcomes can be considered to be
representative of a fully operating commercial plant.
Issues identified during the trials include:
•

•

•
•
•

Fuel proved not to flow readily through the screw feeders to the bunker
causing cohesive arching and erratic boiler operation. This issue was
resolved through modifications to the feeder screws.
The lower bulk density of the SRF caused high volumes of fuel to be drawn
up into the air stream to the superheaters. As a result higher fuel volumes
than desired were burned in suspension, resulting in a low level fuel bed on
the boiler grate.
Boiler performance was often erratic with both CO2 & HCI spiking.
Increased fly ash production and lime consumption.
Gaseous chlorine attack on tubing leading to cracking, flaking and eventual
failure.

Following the trials the superheaters were deemed beyond normal cleaning and
economical repair, requiring replacement. A third party review of the trials by
Fichtner came up with the following conclusions:
•
•
•
•
•

Increased corrosion rates.
SRF blending should be kept to a maximum of 10% if used at all.
Flue gas entry temperatures to the superheaters should be lowered and
maintained at 650C.
Increased cleaning, both on and off line will be required, impacting on boiler
availability.
Increased fly ash production and lime consumption will lead to increased
operating, transport and disposal costs.

As a result of the trials the following plans were adopted:
•

“Ready to Use” (RTU) fuels would be targeted and sourced from sectors
that are able to source segregate and produce fuels with lower chlorine
levels.

•

Fibre Fuel production will continue in the short term, but will be phased out
as RTU fuels become more readily available.

•

Further investment in the Fibre Fuel front end process will be made to
improve segregation and reduce contamination levels.

•

SSE is proposing a further 25MWe extension to the Slough site, which is
anticipated to be on line by 2012. The new plant will be more tolerant of
chlorine rich fuels and far more “fuel flexible” than Boiler 17. The plant will
have a requirement for approximately 120k tonnes per annum of waste
derived fuels, with SRF featuring strongly in the mix. Once on line the
combined annual requirement for waste derived fuels for these two boilers
will be approximately 250k tonnes.
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Market Appetite for Energy Generation using High-Biomass Waste Feedstock

The market appetite for high biomass feedstocks is presently far from clear. Individual waste
to biomass producers claim to have a good customer base and there is certainly interest
from the cement industry in SRF, although not specifically for high biomass feedstocks.
Furthermore, the market for SRF in the cement industry is subject to high levels of
uncertainty due to a decline in the construction industry and subject to other higher CV fuels
such as tires and liquid fuels.
The market for waste derived biomass such as wood in the UK is very buoyant, with much of
the waste wood from the construction industry thought to be being exported to mainland
Europe for combustion in EfW facilities.
Interest in high biomass waste feedstocks for energy generation is driven by the renewable
energy status of biomass and the enhanced revenue streams available through the
Renewable Obligation Certificates (ROCs) scheme. As reported previously, there is
considerable interest in converting large scale coal fired power stations to enable cofiring of
biomass and coal.
The ROCs scheme also provides significant benefit to gasification and pyrolysis
technologies which receive 2 ROCs for each unit of electricity derived from biomass. For
these technologies high biomass feedstocks offer operational and fiscal benefits and thus
market appetite for high biomass waste feedstocks is likely to be considerable amongst
operators of these forms of energy technology. High biomass waste feedstocks, such as
SRF, are unlikely to be of significant interest to existing incinerator operators unless sources
of untreated waste are not available. Even in these cases the acceptance of biomass and
indeed SRF is likely to be limited to a relative low percentage of overall throughput. The
main reason for this reticence relates to the higher CV and the impact that this will have on
waste throughput and hence gate fee revenue. The situation is shown in the example firing
diagram below for a biomass SRF but the implications also hold true for other SRFs (Figure
14).
Figure 14 indicates that an Incineration plant designed to combust raw MSW and accepting
a higher CV fuel such as SRF could need to reduce throughput by the order of 25% in order
to not exceed the design rating of the boiler. Since the majority of revenue for an
incineration is derived from gate fee a 25% reduction in throughput, with no additional
revenue from energy sales, is likely to have a significant impact on project economics. In
particular, incineration plant, unless defined as Good Quality CHP, will not derive ROCS
income for generated electricity and therefore there is no benefit to be derived from higher
biomass feedstocks.
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Figure 14: Example Firing Diagram for Incineration showing implication of accepting
high CV waste
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Green line represents untreated MSW at CV 9.5MJ/kg
Operational envelope shows that the boiler is capable of operating in the range 7.5 – 12.5 MJ/kg

The example shows the extreme case of the impact from converting 100% untreated MSW
to 100% high biomass SRF. In reality there will be an acceptable position to an existing
plant operator which may be in the order of 10% SRF which would result in a very marginal
increase in CV and in a minor but measurable reduction in throughput and hence gate fee.
At 10% SRF (90% MSW) the combined CV would increase from 9.5 to 9.55 MJ/kg; however
increasing the SRF to 20% of plant throughput would yield a CV of 10.1 MJ/kg which would
have to be compensated for by a commensurate reduction in throughput. Operation under
these circumstances would be technically viable but less commercially attractive.
The scenario analysis indicates that a high recycling scenario with MHT could produce in the
order of 270 ktpa of SRF; applying the suggested 10% factor would require Incineration
capacity in the order of 2.7 million tpa.
On this basis existing incineration plant are not expected to offer a viable long-term solution
for treating high biomass waste feedstocks unless untreated residual waste feedstocks
become unavailable.
In summary, there will be a continued and growing market appetite for high biomass waste
feedstocks which will improve over time as a consequence of market impacts such as
availability of biomass feedstocks and market price for solid fuels.
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Commercial Opportunities for Thermal Facilities operating in CHP mode

To understand the potential commercial opportunities to deliver CHP enabled thermal
facilities it is worth considering the situation in other geographical locations. A brief review of
CHP systems has been undertaken in which waste CHP schemes in the UK and Europe
have been considered. A brief synopsis is set out below with further details given in
Appendix F.
4.4.1

Current Situation

There are at present only a handful of Incineration schemes currently operating in CHP
mode26 as illustrated in Table 34.
Table 34: Details of UK Thermal Facilities operating in CHP Mode
Power
Rating
(MWe)

Heat
Rating
(MWth)

Nottingham

10 MWe

50 MWth

Sheffield

20MWe

32 MWth

Grimsby (industrial)

3 MWe

Scheme

Shetland
Slough Heat and Power

Net Energy
Efficiency (%)

Scheme
introduced

46.6% (max)
34.7% (2007)
35%

1960’s

31%

Circa 2000

--

1998

heat only

3 MWth
15 MWth
(incl. oil)

50MWe

20MWth

40% estimated

1920’s

1980’s

Although the Ilex report was compiled in 2005, the number of CHP enabled energy from
waste schemes has not dramatically changed since then.
Although examples of CHP schemes can be found in the UK there are, at present, no
examples of operating schemes within London. Furthermore, the three largest schemes
Nottingham, Sheffield and Slough Heat & Power have been in operation for at least 30
years; no new large scale schemes have been introduced, despite the construction of a
significant number of Incineration facilities, in the period to date. Actual energy efficiencies of
the existing CHP plants are in the region of 30% - 40%.
The situation in Europe is quite different to the UK; in countries such as Germany, France
and Switzerland heat commands a higher value than electricity and hence most
Incineration’s are operated in CHP mode and some are operated in heat mode only.
However, even in Switzerland where CHP is well established newer plants only deliver heat
to industry and other large consumers due to economic constraints for establishing new CHP
networks.
Despite a lack of Waste CHP facilities in London there is not a total absence of district
heating networks. Two operating examples include the Whitehall and Pimlico district heating
schemes.
The Pimlico scheme has an installed CHP capacity of 3.4MWth and 3.1MWe, supplying over
3,000 residential and 50 commercial customers.

26 Extending ROC Eligibility to Energy from Waste. Ilex Energy Consulting. 2005
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The Whitehall District Heating System provides heat to 23 Government office buildings in
Whitehall, amounting to 270,000m2 of floor space via an underground network of pipes,
totalling 24km in length.
In both cases the input fuel is natural gas with fuel oil backup. A project is in place at
present to interconnect the two schemes to improve the operational efficiency of the existing
CHP plants.
4.4.2

Future Schemes

Opportunities for new CHP schemes are likely to be based around the provision of heat to
industry and other large consumers rather than retrofitting DHN network into existing
conurbations. An example of large scale industrial use is the CHP plant being constructed at
the Ineos Chlor site, Runcorn which will be fuelled by SRF supplied via the Greater
Manchester Waste disposal contract. The capacity of the Energy from Waste CHP plant
upon full completion is expected to be 750,000 tonnes of SRF, which will generate around
100MW of electricity and heat - equivalent to around 20% of Runcorn Site's total energy
demand. Although no efficiency figures are available this would suggest an overall energy
efficiency of between 30 and 40%.
One potential opportunity is to develop a heat network from the SELCHP plant27. As part of
the planning approval for the new waste facility at Old Kent Road in Southwark, Veolia
agreed under a S106 agreement to supply low carbon heat from SELCHP to neighbouring
estates (approximately 2,700 homes) in Southwark. The first phase of work could involve
providing heat to five estates in Southwark. A second phase has the potential to extend the
heat network to Canada Water with further possibilities to expand to the Deptford/New Cross
area in Lewisham.
The identified opportunities in Southwark (phases one and two) have a combined peak
demand which is equivalent to a peak winter heat load of 40 MW. SELCHP is potentially
capable of supplying a continuous heat load up to around 40 MW at the expense of some
loss of electricity generation and inclusion of additional boiler plant to meet the total heat
load peak heat demand.
A further example of community based CHP or District Heating is the planned
redevelopment of the Brent Cross / Cricklewood area in North London. The form of heating
currently proposed for this Development is biomass or SRF based CHP.
The London Heat Map28
The London Heat Map is an online interactive tool that provides spatial intelligence on
decentralised energy, allowing users to identify opportunities for decentralised energy
projects in London. Data on a range of factors is available, including major energy
consumers, fuel consumption, CO2 emissions, energy supply plant, community heating
networks
and
energy
demand
density.
It
is
publicly
accessible
at
www.londonheatmap.org.uk.
The map allows users to upload and share energy data. It can be used and updated to assist
in building detailed energy masterplans and developing decentralised energy policies.

27 Mayor’s draft waste strategy (p37). http://www.london.gov.uk/sites/default/files/GLA001MWSv2.pdf
28 http://www.london.gov.uk/sites/default/files/CCMES_public_consultation_draft_Oct%202010.pdf
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The map will evolve over the next three years alongside the Decentralised Energy
Masterplanning Programme (DEMaP), becoming more sophisticated and more accurate at
higher resolutions and providing a hub for information of use to the decentralised energy
market.
Ten borough heat maps produced under the first phase of DEMaP have already been
incorporated into the London Heat Map and have identified 30 new priority locations for
decentralised energy projects in London.
4.4.3

Analysis

Based on the above analysis it is possible to draw the following conclusions with respect to
commercial opportunities for thermal plants to operate in CHP mode:
•
•
•
•
•

Opportunities to develop CHP have to be justified on economic as well as
environmental benefit;
Opportunities will be greatest where the price of or need for heat are greatest or
where income can be enhanced by green tariffs;
Retrofitting of DH networks into existing towns or cities are unlikely to be viable;
Most significant opportunities are likely to come from industrial or large scale
commercial heat users;
Opportunities do exist within London to develop waste fuelled CHP schemes; such
developments should be encouraged and supported by the GLA.

Providing that heat use opportunities can be secured, and the evidence above suggests that
this can be the case, there are probable opportunities for CHP schemes to be developed in
the future.

4.5

Opportunities to retrofit existing facilities

Theoretically there is no issue in retrofitting Incineration plants to be CHP enabled providing
that space has been allocated for the CHP equipment and that the steam turbines have
been specified so that they can be converted to CHP operation.
There are five Incineration facilities operating in or adjacent to London, as illustrated in Table
35 below and several of these plants could be retrofitted to operate in CHP mode. These
facilities have been designed with turbines capable of operating in CHP mode and sufficient
space has been allocated to accommodate the necessary heat transfer equipment to allow
heat to be exported to a District Heating network although the equipment is not currently
installed.
The cost of installing heat transfer equipment into an existing incineration plant is relatively
minor (less than 2%) in comparison to the capital cost of the DHN network or the energy
from waste facility.
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Table 35: Existing London Thermal Facilities and CHP Potential
Scheme

Edmonton

Situation
Due
to
be
decommissioned as part
of
NLWA’s
waste
procurement contract

SELCHP

20MWe

Riverside Resource
Recovery Facility

Currently electricity only

Lakeside

Slough Heat and Power

Electricity only
CHP enabled with heat
distributed to the adjacent
industrial facility

CHP potential

Not Applicable
CHP enabled but
never
connected.
Subject of a S106
agreement
CHP potential should
a suitable heat user
be found
Possibility of future
integration
Already
integrated

CHP

The main challenge for any CHP scheme will be identifying a suitable heat user to justify
investment in the CHP retrofit.
As Table 35 indicates a number of the Incineration plants are CHP enabled and in theory
retrofit to CHP operation should not be a practical issue but may present financial issues if
the income received for heat does not match that lost from reduced electrical power output.
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APPENDIX A - SCENARIO MODELLING
Glossary of Terms
Term
Generic

Definition
Non specific technology defined by average performance
figures
MHT1
Mechanical Heat Treatment based on batch steam autoclaving
MHT 2
Mechanical Heat Treatment based on continuous heat
treatment processing
MBT aerobic
Mechanical Biological Treatment with aerobic processing of the
organic material. Number identification 1, 2 etc represent
different technology providers or assumed technology
parameters.
MBT aerobic 2 (Landfill)
Mechanical Biological Treatment with aerobic processing, SRF
disposed to landfill.
MBT biostab 1
Mechanical Biological Treatment biostabilisation - A form of
MBT where waste is subjected to enhanced degradation over
extended time periods to produce a biologically stabilised
output. Output is disposed to landfill.
MBT AD 1 (Landfill)
Mechanical Biological Treatment with anaerobic digestion of the
organic material. SRF disposed to landfill.
MBT AD 2 (SRF)
Mechanical Biological Treatment with anaerobic digestion of the
organic material. SRF to energy from waste.
Incineration 1 (electricity Incineration producing electricity, based on high efficiency
only)
modern large Incinerator operating at circa 30% gross electricity
efficiency.
CHP
Combined Heat and Power
Incineration 2 (low CHP)
Incineration Combined Heat and Power with 10% heat
utilisation
Incineration 3 (medium Incineration Combined Heat and Power with 20% heat
CHP)
utilisation
Incineration (high CHP)
Incineration Combined Heat and Power with 40% heat
utilisation
Incineration 5 (medium Medium efficiency Incinerator (existing plants) operating at circa
efficiency electricity)
24% gross electricity efficiency)
EfW
Energy from Waste
Gasification
Representing staged combustion gasification technologies.
Number identification 1, 2 etc represent different technology
providers or assumed technology parameters.
Gasification Gas Engine
Representing a gasification process generating a syngas, with
subsequent combustion in a gas engine. Number identification
1, 2 etc represent different technology providers or assumed
technology parameters.
True Pyrolysis
Representing partial thermal degradation of waste materials to
produce a syngas. Number identification 1, 2 etc represent
different technology providers or assumed technology
parameters.
Dirty MRF 1
Simple pretreatment of residual waste (often recovering
metals/plastics only) prior to energy from waste.
AD
Anaerobic Digestion
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Secondary Recovered Fuel
High biomass SRF
Organic output from composting or anaerobic digestion
technologies
Landfill for residual waste and rejects from pre-treatment
technologies
Recycling of bottom ash from thermal treatment plants
Landfill for air pollution control residues from thermal treatment
plants
Either waste direct to Energy from Waste treatment or
processing via a Pre-treatment technology.

Where waste is pretreated, the SRF outputs from pretreatment
technologies (MHT, MBT, Dirty MRF) are modelled to a number
of energy from waste options – incineration (electricity only),
gasification (electricity only), cement kiln, power station. SRF
from MHT 1 is also modelled via Gasification (CHP).
Incineration_generic
Treatment of SRF from pretreatment technologies via
incineration (electricity generation) based on high efficiency
modern large Incinerator operating at circa 30% gross electricity
efficiency.
cement_kiln
Treatment of SRF from pretreatment technologies via a cement
kiln whereby SRF utilised for heat generation will offset coal.
ATT_generic
Advanced Thermal Treatment of SRF from pretreatment
technologies via gasification (electricity generation).
Power_station_generic
Treatment of SRF from pretreatment technologies via a power
station generating electricity.
Gasification_CHP_generic Treatment of SRF from pretreatment technologies via
gasification with CHP, circa 26% heat recovery.
Methodology
In order to satisfy the requirements of the Brief SLR has set up a Microsoft Excel based
options assessment model to generate and analyse a number of potential scenarios. In
total, over 400 waste management scenarios have been analysed and these cover both
existing practices and future scenarios based on a range of collection, pre-treatment and
energy recovery solutions
Essentially the model builds up scenarios as follows
Step 1 – Mass Balance & Waste Flow
Step 2 – Financial Model
Step 3 – Carbon Model
Step 4 – Scenario Comparison
The structure of the model is shown below.
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Model Structure

Model Description
A brief overview of each worksheet is presented in the table below
Sheet 1 – Current
Arisings
Sheet 2 – Residual
composition

Sheet 3 –
Composition after
Recycling
Sheet 4 –
Technology
Parameters
Sheet 5 – Material
info
Sheet 6 – Energy &
Carbon
Sheet 7 – Scenario
Calculations
Sheet 8 –
Performance
Comparison
Sheet 9 – Scatter
plots

Sets out details of current waste tonnages.
Data provided to SLR on assumed recycling performance and residual
composition.
Output in Tabular format in accordance with GLA specification (Tables 1
and 2). Output will include tonnage and CV of materials removed in
recycling and in residual waste.
Copy of data in Sheet 2 to drive the remainder of the model

Data tables will be prepared for all of the main technology types in Sheets
3a, 3b, 4 and 5 to describe at individual material level the performance of
the technology.
Provides details of carbon content and CV of waste components
Provides details to enable carbon calculations to be undertaken. The
methodology to be used for calculating carbon is discussed in more detail in
Section 4.
Characterises all of the options in terms of significant parameters, in this
case cost and input fuel characteristics including biomass content and CV.
Scenarios will be ranked in terms of biomass CV content and cost (other
parameters can be chosen).
Graph of the key output performance against the carbon intensity floor and
EPS.

Screen shots and further explanations of each of the sheets are provided in the sections
below. It should be noted that the values presented in the tables below are not final figures,
in some instances where information is outstanding the values included are dummy figures
to ensure the model is working correctly.
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Sheet 1 - Current Waste Arisings
Headline data on waste quantities are included in this sheet. The calculations work from
2009/10 data although this will be capable of being updated with waste arisings in future
years.
2007/08
2,209
53%
919
22%
0
0%
925
22%
101
2%
4,154

London
2008/09
1,946
49%
912
23%
0
0%
994
25%
123
3%
3,975

2009/10
1,523
40%
629
16%
0
0%
1,061
28%
613
16%
3,826

Household waste from:
2007/08
Regular household collection
2,013
Other household sources
247
Civic amenity sites
230
Household recycling
851
Total household
3,342
Non household sources (excl. recycling)734

London
2008/09
1,784
236
190
911
3,122
750

2009/10
1,678
252
140
965
3,035
692

Method
Landfill
(percentage)
Incineration with EfW
(percentage)
Incineration without EfW
(percentage)
Recycled/composted
(percentage)
Other
(percentage)
Total

Non household recycling

74

83

95

Total municipal waste

4,149

3,955

3,822
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Sheet 2 - Residual Composition
This sheet includes detailed waste compositions for the 5 scenarios developed in the
previous carbon floor work. Detailed waste compositions have been aggregated to primary
category level as illustrated below. The model includes the capability to include two
additional user-defined compositions.
Key for compositional headings in Appendix A table excerpts:
• 0% i.e. “No change”: Do Nothing New (based on 2008/09 recycling/compositing
compositions and recycling performance of 25%)29;
• Lo:
25% recycling rate, concentrating on dry recyclables only;
• Mid-d: Focus on dry recycling without food waste collections achieving 45%
recycling rate;
• Mid-f: Focus on food collection achieving 45% recycling through a combination of
mixed dry and food collections;
• Hi:
Max GHG abatement achieving 60% recycling rate with particular emphasis
on food waste collection.

Category

0%

Paper/Card
24%
Non-recyclable paper
0%
Dense plastic
6%
Plastic film
4%
Textiles
3%
Misc. Combustible
9%
Misc. Non Combustible
6%
Glass
5%
Ferrous Metal
5%
Non-ferrous metal
1%
Kitchen Organics
22%
Garden Organics
13%
Electrical / electronic equipment 0%
Potentially Hazardous
0%
Fines
2%
Total
100%

lo

mid -d

mid -f

hi

a

b

20%
0%
7%
5%
4%
11%
5%
4%
6%
1%
27%
9%
0%
0%
1%
100.00%

11%
0%
4%
7%
4%
13%
6%
4%
4%
1%
40%
5%
0%
0%
2%
100.00%

16%
0%
8%
7%
4%
13%
6%
5%
5%
1%
29%
6%
0%
0%
2%
100.00%

12%
0%
8%
10%
5%
18%
8%
5%
5%
1%
21%
6%
0%
0%
2%
100%

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

This data is combined with the waste arisings data from sheet 1 to give a tonnage
breakdown of residual waste, additional recyclate removed compared to baseline and total
recyclate removed.

29 Waste tonnages have been updated to 2009/10 tonnages
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Residual Tonnages
0%
Paper/Card
662,561.0
Non-recyclable paper
0.0
Dense plastic
162,879.6
Plastic film
107,666.2
Textiles
91,102.1
Misc. Combustible
259,503.1
Misc. Non Combustible
154,597.6
Glass
149,076.2
Ferrous Metal
149,076.2
Non-ferrous metal
22,085.4
Kitchen Organics
607,347.6
Garden Organics
353,365.9
0.0
Electrical / electronic equipment
Potentially Hazardous
0.0
Fines
41,410.1
Total
2,760,670.9

lo
267,549.5
0.0
96,688.7
64,900.6
51,655.6
140,397.3
60,927.1
58,278.1
83,443.7
11,920.5
352,317.7
117,880.7
0.0
0.0
18,543.0
1,324,502.5

mid -d
149,352.3
0.0
57,340.6
92,011.7
52,006.6
173,355.3
76,009.6
46,672.6
50,673.1
8,001.0
530,734.0
66,675.1
0.0
0.0
30,670.6
1,333,502.5

mid -f
225,168.6
0.0
107,749.4
95,316.8
55,256.1
179,582.3
77,358.5
62,163.1
62,163.1
9,669.8
395,081.1
85,647.0
0.0
0.0
26,246.6
1,381,402.5

hi
115,431.9
0.0
81,598.4
96,524.9
46,769.8
179,118.5
76,622.9
45,774.7
51,745.3
7,960.8
210,961.7
62,691.5
0.0
0.0
19,902.1
995,102.5

lo
395,011.5
0.0
66,190.9
42,765.5
39,446.5
119,105.8
93,670.5
90,798.1
65,632.6
10,164.8
255,029.9
235,485.1
0.0
0.0
22,867.0
1,436,168.4

mid -d
513,208.7
0.0
105,539.0
15,654.5
39,095.5
86,147.7
78,587.9
102,403.6
98,403.1
14,084.4
76,613.6
286,690.7
0.0
0.0
10,739.5
1,427,168.4

mid -f
437,392.4
0.0
55,130.2
12,349.4
35,846.0
79,920.7
77,239.0
86,913.1
86,913.1
12,415.5
212,266.5
267,718.9
0.0
0.0
15,163.4
1,379,268.4

hi
547,129.1
0.0
81,281.2
11,141.2
44,332.3
80,384.6
77,974.7
103,301.5
97,330.9
14,124.5
396,385.9
290,674.4
0.0
0.0
21,508.0
1,765,568.4

lo

mid -d

mid -f

hi

Recyclate removed compared to baseline
0%
Paper/Card
Non-recyclable paper
Dense plastic
Plastic film
Textiles
Misc. Combustible
Misc. Non Combustible
Glass
Ferrous Metal
Non-ferrous metal
Kitchen Organics
Garden Organics
Electrical / electronic equipment
Potentially Hazardous
Fines
Total

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Total Recyclate removed
0%
Paper/Card
391,000.0
Non-recyclable paper
0.0
Dense plastic
35,095.4
Plastic film
0.0
Textiles
12,000.0
Misc. Combustible
73,806.8
Misc. Non Combustible
73,806.8
Glass
125,000.0
Ferrous Metal
62,190.8
Non-ferrous metal
15,031.8
Kitchen Organics
75,000.0
Garden Organics
198,000.0
0.0
Electrical / electronic equipment
Potentially Hazardous
0.0
Fines
0.0
Total
1,060,931.6

786,011.5
0.0
101,286.3
42,765.5
51,446.5
192,912.6
167,477.3
215,798.1
127,823.3
25,196.6
330,029.9
433,485.1
0.0
0.0
22,867.0
2,497,100.0

904,208.7
0.0
140,634.4
15,654.5
51,095.5
159,954.6
152,394.8
227,403.6
160,593.9
29,116.1
151,613.6
484,690.7
0.0
0.0
10,739.5
2,488,100.0

SLR

828,392.4
0.0
90,225.6
12,349.4
47,846.0
153,727.6
151,045.9
211,913.1
149,103.9
27,447.3
287,266.5
465,718.9
0.0
0.0
15,163.4
2,440,200.0

938,129.1
0.0
116,376.6
11,141.2
56,332.3
154,191.5
151,781.5
228,301.5
159,521.7
29,156.3
471,385.9
488,674.4
0.0
0.0
21,508.0
2,826,500.0
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Sheet 4 – Technology parameters
This sets out details of the residual treatment technologies that can be modelled including
variants for management of outputs (e.g. for AD it will be possible to model biogas to
electricity, vehicle fuel and grid injection). Similarly for MHT options for managing the fibre
output include Incineration, cement kiln and advanced thermal treatment.
Secondary Outputs

MHT
MBT aerobic
MBT aerobic landfill
MBT biostab landfill
MBT anaerobic digestate
to land
MBT anaerobic digestate
to SRF
Incineration
Incineration with CHP
Gasification
Gasification with gas
engines
True Pyrolysis
Dirty MRF
Clean MRF (assumed not
to be needed at present)
Organics - AD
Organics - Aerobic

CLO /
digestate
0
0
0
0

1

1
1
0
0

Cement
Kiln
1
1
0
0

0

0

EfW

Transport
Grid
Subtotal
fuel
Injection
0
0
3
0
0
3
0
0
1
0
0
1

ATT

Landfill

Biogas

1
1
0
0

0
0
1
1

0
0
0
0

0

0

0

0

0

1

0

1

1

1

0

0

0

0

3

0
0
0

1
1
0

0
0
0

0
0
1

0
0
0

0
0
0

0
0
0

0
0
0

1
1
1

0

0

0

1

0

0

0

0

1

0
0

0
1

0
0

1
1

0
0

0
0

0
0

0
0

1
2

0

0

0

0

0

0

0

0

0

0
1

0
0

0
0

0
0

0
0

1
0

1
0

1
0

3
1

It is important to offer different options for output management as such choices could have a
significant impact on the overall carbon footprint of a scenario. For example, where biogas
is used to generate electricity the offset will be the marginal electricity mix, whereas for
vehicle fuel the offset would be diesel or petrol. The implications in terms of carbon
emissions are set out below.
Use of Biogas and Offsets Utilised for EPS
kg CO2 per kWh
Fuel
useable energy
kg CO2 per kWh biogas
Diesel
0.32
0.32
Natural gas 0.23
0.23
Electricity
0.4
0.14
The emission factor for biogas to electricity takes into account the conversion efficiency of
the gas engine from biogas to useable energy (nominally 35%). In the case of displacement
of diesel or natural gas there is no significant conversion efficiency as the biogas is used
directly (consequently emission factors are the same in both columns). Based on the biogas
fuel CV input, offset of diesel is approximately twice as effective as offsetting marginal grid
mix electricity.
For each technology type there may also be more than one supplier. Included within this
sheet is an inclusive list of all residual treatment technologies that can be modelled (as
detailed in Section 2.1).
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MHT

MBT aerobic

MBT biostabilisation

MBT AD

1

MHT_generic_para
meters

MBT_aerobic_generic_par
ameters

MBT_aerobic_biostabilis
ation_generic_parameter
s

MBT_anaerobic_digestate_t
o_land_generic_parameters

2

Orchid_SRF_param MBT_aerobic_generic_land
eters
fill_parameters

Generic …

MBT_anaerobic_digestate_t
o_SRF_generic_parameter
s

3

Aerothermal_SRF_
parameters

Shanks_Ecodeco_paramet
ers

4

Graphite_SRF_par
ameters

NewEarthSolutions_param
eters

5
6

Orchid_AD_parame
ters
Aerothermal_AD_p
arameters

Generic

ART_parameters

The mass balance for each treatment technology is characterised at an individual waste
component level indicating how each component of the waste is partitioned across the
outputs as shown below.
Named range Shanks_Ecodeco_parameters

Shanks Ecodeco - Based on (MBT-AEROBIC)

Composition

Recycling

Paper/Card
0%
Non-recyclable paper
0%
Dense plastic
19%
Plastic film
0%
Textiles
0%
Misc. Combustible
0%
Misc. Non Combustible
0%
Glass
0%
Ferrous Metal
89%
Non-ferrous metal
86%
Kitchen Organics
0%
Garden Organics
0%
Electrical / electronic equipment
0%
Potentially Hazardous
0%
Fines
0%
3%
Carbon flows (based on baseline comp)

Fibre
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

SRF
63%
63%
69%
73%
79%
58%
22%
12%
10%
10%
11%
13%
23%
0%
0%
50%

CLO /
digestate
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

Outputs
Active
Inert
landfill
recycling
25%
0%
25%
0%
8%
0%
8%
0%
12%
0%
33%
0%
67%
0%
87%
0%
0%
0%
0%
0%
40%
0%
47%
0%
70%
0%
100%
0%
72%
0%
27%
0%

Hazardous
landfill
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

Biogas
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

Losses
12%
12%
4%
19%
9%
9%
10%
1%
1%
5%
49%
39%
6%
0%
28%
20%

By adopting this compositional approach it is possible to accurately model the impact of
changes in residual waste composition on the performance of the individual technologies.
For thermal technologies the characterisation tables are relatively simple as virtually all
waste and carbon is converted to emissions/losses or ash.
Named range Ethos_total_parameters

Ethos - based on (ATT)
Outputs

Composition
Paper/Card
Non-recyclable paper
Dense plastic
Plastic film
Textiles
Misc. Combustible
Misc. Non Combustible
Glass
Ferrous Metal
Non-ferrous metal
Kitchen Organics
Garden Organics
Electrical / electronic equipment
Potentially Hazardous
Fines
Total

Recycling

Fibre

SRF

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
2%

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0%

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0%

CLO /
digestate
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0%

Active
landfill
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0%

Inert
recycling
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
23%

Hazardous
landfill
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
4%

Biogas

Losses

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0%

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
71%

Characterisation tables are available for all residual treatment technologies.
The
assumptions will be based on mass balance data provided through the data collection stage.

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority

72

402-01183-00003
June 2011

Sheet 5 – Material Info
This sheet contains specific carbon and calorific value data for individual waste components.
Carbon (%)
Paper/Card
Non-recyclable paper
Dense plastic
Plastic film
Textiles
Misc. Combustible
Misc. Non Combustible
Glass
Ferrous Metal
Non-ferrous metal
Kitchen Organics
Garden Organics
Electrical / electronic equipment
Potentially Hazardous
Fines

Moisture (%)

41.53
41.53
71.38
77.40
50.30
45.52
45.40
48.60
37.30

18.20
18.20
7.73
19.10
12.40
32.50
65.40
32.50
41.10

Wet Basis
Carbon (%)
33.97
33.97
65.87
62.62
44.06
30.72
15.71
32.81
21.97

Net CV
(MJ/kg)
10.75
10.75
24.68
21.28
14.33
14.61
2.57
1.41
3.46
4.21
7.06
7.46
3.48

Data is sourced from the WRATE tool and the Engineers Handbook.
Sheet 6 – Energy & Carbon
Details of the methodology for determining carbon impacts are described in Appendix
Sheet 7 – Scenario Calculations
The scenario calculations are performed in an excel spreadsheet with almost 200 columns of
information. The scenarios are set out in a number of steps.

SRF parameter set

Fibre parameter set

SRF destination type

Fibre destination type

Recycling option

Primary treatment parameter set
applied to input composition (C)
or input total (T)

Technology type

Primary technology provider
parameter set

Step 1: Scenario Names are defined

Option name

MHT

0%

MHT_generic

C

EfW

EfW

incineration_ incineration_ 0 recycling, MHT_generic, SRF
generic
generic
to incineration_generic

MHT

lo

MHT_generic

C

EfW

EfW

incineration_ incineration_ lo recycling, MHT_generic, SRF
generic
generic
to incineration_generic
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Step 2: Headline waste arisings are defined

Total municipal waste

Dry recyclables

Food waste

Green waste

Remainind residual

Headline arisings (kt)

0 recycling, MHT_generic, SRF
to incineration_generic

3,822

788

75

198

2,761

lo recycling, MHT_generic, SRF
to incineration_generic

3,822

1,734

330

433

1,325

Option name

Recycling

Fibre

SRF

CLO / digestate

Active landfill

Inert recycling

Hazardous landfill

Biogas

Losses

Outputs from primary residual treatment (kt)

0 recycling, MHT_generic, SRF
to incineration_generic

423

1,527

368

0

442

0

0

0

0

lo recycling, MHT_generic, SRF
to incineration_generic

219

699

205

0

201

0

0

0

0

Option name

Step 3: Utilising technology parameters from Sheet 4 outputs from thermal treatment
of fibre and SRF are recorded

Recycling

Fibre

SRF

CLO / digestate

Active landfill

Inert recycling

Hazardous landfill

Biogas

Losses

Outputs from secondary thermal treatment (kt)

0 recycling, MHT_generic, SRF
to incineration_generic

38

0

0

0

0

440

68

0

1,349

lo recycling, MHT_generic, SRF
to incineration_generic

18

0

0

0

0

210

33

0

644

Option name
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Step 4: Costs are calculated
Collection costs are calculated
Collection costs

Food waste

Green waste

Remaining residual

Dry recyclables

Food waste

Green waste

Remaining residual

Total collection cost

Resultant overall collection costs (£M)

Dry recyclables

Unit rates for collection (£/t)

NC recycling, MHT_generic,
SRF to incineration_generic

94

349

85

71

72

31

16

199

317

lo recycling, MHT_generic, SRF
to incineration_generic

94

349

85

71

162

127

34

96

418

Option name

Treatment costs are calculated either on a gate fee basis

Food waste

Green waste

Primary residual treatment
process

Dry recyclables

Food waste

Green waste

Remaining residual

Total gate fee cost (£M)

Overall gate fee costs (£M/y)

Dry recyclables

Gate fees (£/t)

NC recycling, MHT_generic,
SRF to incineration_generic

4

57

38

75

3

5

7

209

224

lo recycling, MHT_generic, SRF
to incineration_generic

4

57

38

75

8

21

15

101

144

Option name

or as unit Capex/Opex costs (with the option for gross costs or net costs which include
electricity sales and ROCs revenue)
Unit capex+opex (£/t)

Primary residual treatment

Secondary thermal
treatment of fibre

Secondary thermal
treatment of SRF

Dry recyclables

Food waste

Green waste

Primary residual treatment

Secondary thermal
treatment of fibre

Secondary thermal
treatment of SRF

Total CAPEX+OPEX

Secondary
thermal
treatment

Green waste

Treatment of
segregated material

Food waste

Secondary
thermal
treatment

Dry recyclables

Treatment of segregated
material

Combined annual capex+opex (£M)

0 recycling, MHT_generic, SRF
to incineration_generic

42

56

22

61

75

75

33

4

4

169

114

27

352

lo recycling, MHT_generic, SRF
to incineration_generic

42

56

22

61

75

75

72

18

9

81

52

15

249

Option name

Both the gate fee and Capex/Opex approaches account for the sales of recyclate.
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Step 5: Carbon Impacts are calculated

Dry recyclables

Food waste

Green waste

Primary residual
treatment process

Secondary thermal
treatment of primary
process outputs

Total carbon

Carbon emissions (ktCO2e)

0 recycling, MHT_generic, SRF
to incineration_generic

-1177

-31

2

74

26

-1106

lo recycling, MHT_generic, SRF
to incineration_generic

-1766

-47

3

35

12

-1763

Option name

Step 6: Key Performance Factors are compiled and assessed against the carbon floor
and EPS
Standard key perfromance indicators

Net combined energy
recovery

Carbon performance
(energy) (kgCO 2e/kWh) RANDOMISED VALUE AT
PRESENT

Achievement of Carbon
Floor (Y/N)

Carbon perofrmance
(mass) (kgCO2e/tonne)

Achievment of the EPS
(Y/N) -

0 recycling, MHT_generic, SRF
to incineration_generic

352

1,330

1,330

349.54

Y

-0.29

N

lo recycling, MHT_generic, SRF
to incineration_generic

249

535

535

367.03

Y

-0.46

Y

Option name

Net heat output

Net electrical power
output

Carbon Floor & EPS

Total CAPEX+OPEX

Energy outputs (GWh)
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Sheet 8 – Performance Comparison

Fraction of municpal
waste recycled

Fraction of municipal
waste diverted

Total collection cost

Total gate fee cost

Total CAPEX+OPEX

Net electrical power
output

Net heat output

Net combined energy
recovery

Carbon performance
(energy) (kgCO2e/kWh) RANDOMISED VALUE AT
PRESENT

Achievement of Carbon
Floor (Y/N)

Carbon perofrmance
(mass) (kgCO2e/tonne)

Achievment of the EPS
(Y/N) -

Sheet 8 records headline performance for all the scenarios against key performance
indicators.

0 recycling, MHT_generic,
SRF to incineration_generic

51%

87%

282

444

352

1,330

0

1,329.92

349.54

Y

-0.29

N

lo recycling, MHT_generic,
SRF to incineration_generic

77%

94%

349

221

249

535

0

534.78

367.03

Y

-0.46

Y

76%

93%

329

218

249

661

0

660.71

340.65

Y

-0.45

Y

76%

93%

342

230

251

668

0

668.38

401.42

N

-0.45

Y

83%

95%

373

176

223

444

0

443.65

493.61

N

-0.50

Y

Option name

mid -d recycling,
MHT_generic, SRF to
mid -f recycling, MHT_generic,
SRF to incineration_generic
hi recycling, MHT_generic,
SRF to incineration_generic

Sheet 9 – Scatter plots
Scatter plots are created to show the performance of all scenarios against the carbon floor
and the EPS. An example plot is given below which shows the cost and performance of
each scenario relative to the carbon floor.
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APPENDIX B - CARBON ASSESSMENT
Calculating performance against the Carbon Intensity Floor
The table below provides an example of how performance against the carbon intensity floor
will be determined.

Category

Residual
Comp

Paper/Card

Wet Basis
Carbon (%)

Net CV
(MJ/kg)

Biomas
Factors

24%

34.0%

10.75

1

Non-recyclable paper

0%

34.0%

10.75

1

Dense plastic

6%

65.9%

24.68

0

Plastic film

4%

62.6%

21.28

0

Textiles

3%

44.1%

14.33

0.5

Misc. Combustible

9%

30.7%

14.61

0.5

Misc. Non Combustible

6%

0.0%

2.57

0

Glass

5%

0.0%

1.41

0

Ferrous Metal

5%

0.0%

-

0

Non-ferrous metal

1%

0.0%

-

0

Kitchen Organics

22%

15.7%

3.46

1

Garden Organics

13%

32.8%

4.21

1

Electrical / electronic equipment

0%

0.0%

7.06

0

Potentially Hazardous

0%

0.0%

7.46

0

Fines

2%

22.0%

3.48

0.5

26.8%

8.28

Totals
Biogenic C

4.83

Non-Biogenic C

3.46

Electricity
Only

Energy Generation Efficiency

20%

0%

26%

CHP Efficiency
Total Efficiency (%)
Conversion MJ to kWh
Conversion factor (C to CO2)

Outputs

CHP

26%
26%

46%

0.2778

0.2778

3.67

Non biogenic
CO2 (kg)

Energy
(kWh)

0.410

0.598

Totals
Carbon intensity (kg CO2/kWh)

Energy
(kWh)
0.460

0.685

Carbon floor achieved

No

CO2 content determined by CV

Data Inputs to the EPS Calculation
Data for the carbon impacts of recycling is drawn from WRATE.

SLR
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Material list

Reprocessing option list

tCO2e / t

Non-ferrous
Ferrous
Paper

Non-ferrous scrap recycling
-10.72
Ferrous metal recycling
-1.62
Paper recycling mixed European Average-0.30

Card

-0.06
Corrugated cardboard recycling (European
average)

Wood
Textile
Glass - Clear
Glass - Clear
Glass - Clear
Glass - Green
Glass - Green
Glass - Green
Glass - Brown
Glass - Brown
Glass - Brown
Glass - Mixed
Glass - Mixed
Glass - Mixed
Dense Plastic
Dense Plastic
Dense Plastic
Dense Plastic
Film Plastic
C+D
Re-use

Wood chipping recycling
0.00
Textiles Recycling
-4.37
Shot blast
-0.04
Construction aggregate
-0.03
Colour seperated
-0.16
Shot blast
-0.04
Construction aggregate
-0.03
Colour seperated
-0.16
Shot blast
-0.04
Construction aggregate
-0.03
Colour seperated
-0.16
Shot blast
-0.04
Construction aggregate
-0.03
Colour seperated
-0.16
Mixed dense plastics recycling
-0.68
LDPE PVC recycling
-0.70
PET recycling
-1.23
PP, PS recycling
-1.07
LLDPE, plastic film recycling
-0.64
Construction + Demolition (Building rubble-0.01
recycling)
Furniture re-use
0.00

The carbon impacts / burdens for treatment processes will be derived in the manner
described in 4.1. Example data is set out below.
Capital
burdens
Construction
materials
Technology Type ↓ Carbon factor type →
MHT
MBT aerobic
MBT biostabilised
MBT anaerobic
Incineration
Gasification
Gasification (Gas Engines)
True Pyrolysis
Dirty MRF
Landfill

Indirect
burdens
(material)
Operational
material inputs,
maintenance etc

tCO2e per t

tCO2e per t

0.001
0.004
0.007
0.003
0.003
0.003
0.003
0.004
0.001
0.001

0.001
0.010
0.011
0.047
0.024
0.007
0.007
0.032
0.001
0.001

Indirect
burdens
(electricity)

Indirect
Direct
burdens (heat) emissions

Direct release
Electricity inputs Heat inputs to the
from process
to facility
facility
waste
tech dependent
MJ per t
MJ per t
(see below)
1,560.00
0.00
0.044
216.00
0.00
0.447
264.00
0.00
0.421
180.00
0.00
0.359
45.00
0.00
0.000
14.50
0.00
0.000
14.50
0.00
0.000
0.31
0.00
0.000
75.00
0.00
0.044
0.00
0.00
0.289

For those impacts not identified above the following approaches will be used:
Avoided burdens (recyclables)
Avoided burdens (Electricity)

Avoided burdens (heat)

Calculated using carbon factors per tonne of
recyclate from the Recycling Module.
Calculated using energy content of waste/SRF, the
assumed electrical efficiency factor and the carbon
conversion factor from the Energy Module.
Calculated using energy content of waste/SRF, the
assumed heat efficiency factor and the carbon
conversion factor.
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

NC recycling, MHT 1, SRF to Incineration 1 Wet AD with electricity
(electricity only)
generation

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

NC

MHT 1

incineration_generic

30%

0%

-

70%

341.91

-0.21

2020

641.10

83.05

84.71

NC recycling, MHT 1, SRF
to Incineration 1 (electricity
only)

52%

70%

lo recycling, MHT 1, SRF to Incineration 1
(electricity only)

Wet AD with electricity
generation

lo

MHT 1

incineration_generic

30%

0%

-

64%

330.37

-0.35

2031

602.59

109.48

48.20

lo recycling, MHT 1, SRF to
Incineration 1 (electricity
only)

77%

64%

mid -d recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -d

MHT 1

incineration_generic

30%

0%

-

70%

322.82

-0.36

2031

547.78

96.27

47.06

mid -d recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

70%

mid -f recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -f

MHT 1

incineration_generic

30%

0%

-

61%

375.12

-0.33

2031

591.76

105.12

49.73

mid -f recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

61%

hi recycling, MHT 1, SRF to Incineration 1
(electricity only)

Wet AD with electricity
generation

hi

MHT 1

incineration_generic

30%

0%

-

55%

343.48

-0.37

2031

612.17

119.76

40.43

hi recycling, MHT 1, SRF to
Incineration 1 (electricity
only)

84%

55%

NC recycling, MHT 1, SRF to cement_kiln

Wet AD with electricity
generation

NC

MHT 1

cement_kiln

0%

100%

-

70%

94.37

-0.43

2031

641.10

83.05

84.71

NC recycling, MHT 1, SRF
to cement_kiln

41%

70%

lo recycling, MHT 1, SRF to cement_kiln

Wet AD with electricity
generation

lo

MHT 1

cement_kiln

0%

100%

-

64%

107.71

-0.46

2031

602.59

109.48

48.20

lo recycling, MHT 1, SRF to
cement_kiln

72%

64%

mid -d recycling, MHT 1, SRF to
cement_kiln

Wet AD with electricity
generation

mid -d

MHT 1

cement_kiln

0%

100%

-

70%

97.77

-0.45

2031

547.78

96.27

47.06

mid -d recycling, MHT 1,
SRF to cement_kiln

71%

70%

mid -f recycling, MHT 1, SRF to
cement_kiln

Wet AD with electricity
generation

mid -f

MHT 1

cement_kiln

0%

100%

-

61%

118.73

-0.44

2031

591.76

105.12

49.73

mid -f recycling, MHT 1,
SRF to cement_kiln

71%

61%

hi recycling, MHT 1, SRF to cement_kiln

Wet AD with electricity
generation

hi

MHT 1

cement_kiln

0%

100%

-

55%

126.76

-0.44

2031

612.17

119.76

40.43

hi recycling, MHT 1, SRF to
cement_kiln

80%

55%

NC recycling, MHT 1, SRF to Gasification
1

Wet AD with electricity
generation

NC

MHT 1

ATT_generic

30%

0%

-

70%

310.23

-0.23

2020

641.10

83.05

84.71

NC recycling, MHT 1, SRF
to Gasification 1

52%

70%

lo recycling, MHT 1, SRF to Gasification 1

Wet AD with electricity
generation

lo

MHT 1

ATT_generic

30%

0%

-

64%

300.11

-0.36

2031

602.59

109.48

48.20

lo recycling, MHT 1, SRF to
Gasification 1

77%

64%

mid -d recycling, MHT 1, SRF to
Gasification 1

Wet AD with electricity
generation

mid -d

MHT 1

ATT_generic

30%

0%

-

70%

293.12

-0.37

2031

547.78

96.27

47.06

mid -d recycling, MHT 1,
SRF to Gasification 1

76%

70%

mid -f recycling, MHT 1, SRF to
Gasification 1

Wet AD with electricity
generation

mid -f

MHT 1

ATT_generic

30%

0%

-

61%

340.53

-0.34

2031

591.76

105.12

49.73

mid -f recycling, MHT 1,
SRF to Gasification 1

76%

61%

hi recycling, MHT 1, SRF to Gasification 1

Wet AD with electricity
generation

hi

MHT 1

ATT_generic

30%

0%

-

55%

312.16

-0.38

2031

612.17

119.76

40.43

hi recycling, MHT 1, SRF to
Gasification 1

84%

55%

NC recycling, MHT 1, SRF to
power_station_generic

Wet AD with electricity
generation

NC

MHT 1

power_station_generic

36%

0%

-

70%

255.67

-0.41

2031

641.10

83.05

84.71

NC recycling, MHT 1, SRF
to power_station_generic

51%

70%

lo recycling, MHT 1, SRF to
power_station_generic

Wet AD with electricity
generation

lo

MHT 1

power_station_generic

36%

0%

-

64%

257.06

-0.45

2031

602.59

109.48

48.20

lo recycling, MHT 1, SRF to
power_station_generic

76%

64%

mid -d recycling, MHT 1, SRF to
power_station_generic

Wet AD with electricity
generation

mid -d

MHT 1

power_station_generic

36%

0%

-

70%

246.97

-0.44

2031

547.78

96.27

47.06

mid -d recycling, MHT 1,
SRF to
power_station_generic

76%

70%

mid -f recycling, MHT 1, SRF to
power_station_generic

Wet AD with electricity
generation

mid -f

MHT 1

power_station_generic

36%

0%

-

61%

289.82

-0.43

2031

591.76

105.12

49.73

mid -f recycling, MHT 1,
SRF to
power_station_generic

75%

61%

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority

Appendix C
2

402-01183-00003
June 2011

APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

hi recycling, MHT 1, SRF to
power_station_generic

AD option

Wet AD with electricity
generation

NC recycling, MHT 2, SRF to Incineration 1 Wet AD with electricity
(electricity only)
generation

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

hi

MHT 1

power_station_generic

36%

0%

-

55%

274.35

-0.44

2031

612.17

119.76

40.43

hi recycling, MHT 1, SRF to
power_station_generic

83%

55%

NC

MHT 2

incineration_generic

30%

0%

-

70%

296.61

-0.23

2020

641.10

83.05

84.71

NC recycling, MHT 2, SRF
to Incineration 1 (electricity
only)

52%

70%

lo recycling, MHT 2, SRF to Incineration 1
(electricity only)

Wet AD with electricity
generation

lo

MHT 2

incineration_generic

30%

0%

-

64%

294.49

-0.36

2031

602.59

109.48

48.20

lo recycling, MHT 2, SRF to
Incineration 1 (electricity
only)

77%

64%

mid -d recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -d

MHT 2

incineration_generic

30%

0%

-

70%

276.88

-0.37

2031

547.78

96.27

47.06

mid -d recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

70%

mid -f recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -f

MHT 2

incineration_generic

30%

0%

-

61%

332.15

-0.34

2031

591.76

105.12

49.73

mid -f recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

61%

hi recycling, MHT 2, SRF to Incineration 1
(electricity only)

Wet AD with electricity
generation

hi

MHT 2

incineration_generic

30%

0%

-

55%

313.65

-0.38

2031

612.17

119.76

40.43

hi recycling, MHT 2, SRF to
Incineration 1 (electricity
only)

84%

55%

NC recycling, MHT 2, SRF to cement_kiln

Wet AD with electricity
generation

NC

MHT 2

cement_kiln

0%

100%

-

70%

81.57

-0.46

2031

641.10

83.05

84.71

NC recycling, MHT 2, SRF
to cement_kiln

41%

70%

lo recycling, MHT 2, SRF to cement_kiln

Wet AD with electricity
generation

lo

MHT 2

cement_kiln

0%

100%

-

64%

93.88

-0.48

2031

602.59

109.48

48.20

lo recycling, MHT 2, SRF to
cement_kiln

72%

64%

mid -d recycling, MHT 2, SRF to
cement_kiln

Wet AD with electricity
generation

mid -d

MHT 2

cement_kiln

0%

100%

-

70%

82.40

-0.47

2031

547.78

96.27

47.06

mid -d recycling, MHT 2,
SRF to cement_kiln

71%

70%

mid -f recycling, MHT 2, SRF to
cement_kiln

Wet AD with electricity
generation

mid -f

MHT 2

cement_kiln

0%

100%

-

61%

103.06

-0.46

2031

591.76

105.12

49.73

mid -f recycling, MHT 2,
SRF to cement_kiln

71%

61%

hi recycling, MHT 2, SRF to cement_kiln

Wet AD with electricity
generation

hi

MHT 2

cement_kiln

0%

100%

-

55%

112.19

-0.46

2031

612.17

119.76

40.43

hi recycling, MHT 2, SRF to
cement_kiln

80%

55%

NC recycling, MHT 2, SRF to Gasification
1

Wet AD with electricity
generation

NC

MHT 2

ATT_generic

30%

0%

-

70%

269.14

-0.24

2031

641.10

83.05

84.71

NC recycling, MHT 2, SRF
to Gasification 1

52%

70%

lo recycling, MHT 2, SRF to Gasification 1

Wet AD with electricity
generation

lo

MHT 2

ATT_generic

30%

0%

-

64%

267.59

-0.37

2031

602.59

109.48

48.20

lo recycling, MHT 2, SRF to
Gasification 1

77%

64%

mid -d recycling, MHT 2, SRF to
Gasification 1

Wet AD with electricity
generation

mid -d

MHT 2

ATT_generic

30%

0%

-

70%

251.48

-0.38

2031

547.78

96.27

47.06

mid -d recycling, MHT 2,
SRF to Gasification 1

76%

70%

mid -f recycling, MHT 2, SRF to
Gasification 1

Wet AD with electricity
generation

mid -f

MHT 2

ATT_generic

30%

0%

-

61%

301.61

-0.35

2031

591.76

105.12

49.73

mid -f recycling, MHT 2,
SRF to Gasification 1

76%

61%

hi recycling, MHT 2, SRF to Gasification 1

Wet AD with electricity
generation

hi

MHT 2

ATT_generic

30%

0%

-

55%

285.16

-0.38

2031

612.17

119.76

40.43

hi recycling, MHT 2, SRF to
Gasification 1

84%

55%

NC recycling, MHT 2, SRF to
power_station_generic

Wet AD with electricity
generation

NC

MHT 2

power_station_generic

36%

0%

-

70%

221.61

-0.46

2031

641.10

83.05

84.71

NC recycling, MHT 2, SRF
to power_station_generic

51%

70%

lo recycling, MHT 2, SRF to
power_station_generic

Wet AD with electricity
generation

lo

MHT 2

power_station_generic

36%

0%

-

64%

228.07

-0.47

2031

602.59

109.48

48.20

lo recycling, MHT 2, SRF to
power_station_generic

76%

64%

mid -d recycling, MHT 2, SRF to
power_station_generic

Wet AD with electricity
generation

mid -d

MHT 2

power_station_generic

36%

0%

-

70%

211.01

-0.46

2031

547.78

96.27

47.06

mid -d recycling, MHT 2,
SRF to
power_station_generic

76%

70%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -f recycling, MHT 2, SRF to
power_station_generic

Wet AD with electricity
generation

mid -f

MHT 2

power_station_generic

36%

0%

-

61%

255.54

-0.46

2031

591.76

105.12

49.73

mid -f recycling, MHT 2,
SRF to
power_station_generic

75%

61%

hi recycling, MHT 2, SRF to
power_station_generic

Wet AD with electricity
generation

hi

MHT 2

power_station_generic

36%

0%

-

55%

249.04

-0.46

2031

612.17

119.76

40.43

hi recycling, MHT 2, SRF to
power_station_generic

83%

55%

NC recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

NC

MBT aerobic 1

incineration_generic

30%

0%

-

50%

546.55

-0.12

-

587.44

83.05

70.67

NC recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

39%

50%

lo recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

lo

MBT aerobic 1

incineration_generic

30%

0%

-

43%

494.54

-0.31

2031

573.64

109.48

40.62

lo recycling, MBT aerobic 1,
SRF to Incineration 1
(electricity only)

71%

43%

mid -d recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -d

MBT aerobic 1

incineration_generic

30%

0%

-

40%

603.78

-0.31

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

69%

40%

mid -f recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -f

MBT aerobic 1

incineration_generic

30%

0%

-

38%

573.79

-0.28

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

69%

38%

hi recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

hi

MBT aerobic 1

incineration_generic

30%

0%

-

33%

526.04

-0.32

2031

594.56

119.76

35.82

hi recycling, MBT aerobic 1,
SRF to Incineration 1
(electricity only)

78%

33%

NC recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with electricity
generation

NC

MBT aerobic 1

cement_kiln

0%

100%

-

50%

151.21

-0.29

2031

587.44

83.05

70.67

NC recycling, MBT aerobic
1, SRF to cement_kiln

33%

50%

lo recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with electricity
generation

lo

MBT aerobic 1

cement_kiln

0%

100%

-

43%

161.96

-0.39

2031

573.64

109.48

40.62

lo recycling, MBT aerobic 1,
SRF to cement_kiln

68%

43%

mid -d recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with electricity
generation

mid -d

MBT aerobic 1

cement_kiln

0%

100%

-

40%

181.72

-0.38

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with electricity
generation

mid -f

MBT aerobic 1

cement_kiln

0%

100%

-

38%

179.87

-0.38

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

38%

hi recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with electricity
generation

hi

MBT aerobic 1

cement_kiln

0%

100%

-

33%

184.75

-0.40

2031

594.56

119.76

35.82

hi recycling, MBT aerobic 1,
SRF to cement_kiln

75%

33%

NC recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with electricity
generation

NC

MBT aerobic 1

ATT_generic

30%

0%

-

50%

495.79

-0.14

2015

587.44

83.05

70.67

NC recycling, MBT aerobic
1, SRF to Gasification 1

39%

50%

lo recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with electricity
generation

lo

MBT aerobic 1

ATT_generic

30%

0%

-

43%

448.58

-0.32

2031

573.64

109.48

40.62

lo recycling, MBT aerobic 1,
SRF to Gasification 1

71%

43%

mid -d recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with electricity
generation

mid -d

MBT aerobic 1

ATT_generic

30%

0%

-

40%

547.52

-0.32

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

40%

mid -f recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with electricity
generation

mid -f

MBT aerobic 1

ATT_generic

30%

0%

-

38%

520.31

-0.29

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

38%

hi recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with electricity
generation

hi

MBT aerobic 1

ATT_generic

30%

0%

-

33%

477.02

-0.33

2031

594.56

119.76

35.82

hi recycling, MBT aerobic 1,
SRF to Gasification 1

78%

33%

NC recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with electricity
generation

NC

MBT aerobic 1

power_station_generic

36%

0%

-

50%

408.85

-0.31

2031

587.44

83.05

70.67

NC recycling, MBT aerobic
1, SRF to
power_station_generic

38%

50%

lo recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with electricity
generation

lo

MBT aerobic 1

power_station_generic

36%

0%

-

43%

384.71

-0.41

2031

573.64

109.48

40.62

lo recycling, MBT aerobic 1,
SRF to
power_station_generic

70%

43%

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -d recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with electricity
generation

mid -d

MBT aerobic 1

power_station_generic

36%

0%

-

40%

460.75

-0.39

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 1, SRF to
power_station_generic

69%

40%

mid -f recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with electricity
generation

mid -f

MBT aerobic 1

power_station_generic

36%

0%

-

38%

441.95

-0.39

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 1, SRF to
power_station_generic

68%

38%

hi recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with electricity
generation

hi

MBT aerobic 1

power_station_generic

36%

0%

-

33%

415.22

-0.42

2031

594.56

119.76

35.82

hi recycling, MBT aerobic 1,
SRF to
power_station_generic

78%

33%

NC recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

NC

MBT aerobic 3

incineration_generic

30%

0%

-

50%

476.19

-0.14

2015

587.44

83.05

70.67

NC recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

39%

50%

lo recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

lo

MBT aerobic 3

incineration_generic

30%

0%

-

43%

443.17

-0.32

2031

573.64

109.48

40.62

lo recycling, MBT aerobic 3,
SRF to Incineration 1
(electricity only)

71%

43%

mid -d recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -d

MBT aerobic 3

incineration_generic

30%

0%

-

40%

539.45

-0.31

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

69%

40%

69%

38%

mid -f recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -f

MBT aerobic 3

incineration_generic

30%

0%

-

38%

512.89

-0.29

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

hi recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

hi

MBT aerobic 3

incineration_generic

30%

0%

-

33%

482.22

-0.33

2031

594.56

119.76

35.82

hi recycling, MBT aerobic 3,
SRF to Incineration 1
(electricity only)

78%

33%

NC recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with electricity
generation

NC

MBT aerobic 3

cement_kiln

0%

100%

-

50%

131.24

-0.33

2031

587.44

83.05

70.67

NC recycling, MBT aerobic
3, SRF to cement_kiln

33%

50%

lo recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with electricity
generation

lo

MBT aerobic 3

cement_kiln

0%

100%

-

43%

141.96

-0.41

2031

573.64

109.48

40.62

lo recycling, MBT aerobic 3,
SRF to cement_kiln

68%

43%

mid -d recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with electricity
generation

mid -d

MBT aerobic 3

cement_kiln

0%

100%

-

40%

160.33

-0.40

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with electricity
generation

mid -f

MBT aerobic 3

cement_kiln

0%

100%

-

38%

158.01

-0.39

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

38%

hi recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with electricity
generation

hi

MBT aerobic 3

cement_kiln

0%

100%

-

33%

165.19

-0.42

2031

594.56

119.76

35.82

hi recycling, MBT aerobic 3,
SRF to cement_kiln

75%

33%

NC recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with electricity
generation

NC

MBT aerobic 3

ATT_generic

30%

0%

-

50%

431.99

-0.16

2015

587.44

83.05

70.67

NC recycling, MBT aerobic
3, SRF to Gasification 1

39%

50%

lo recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with electricity
generation

lo

MBT aerobic 3

ATT_generic

30%

0%

-

43%

402.11

-0.33

2031

573.64

109.48

40.62

lo recycling, MBT aerobic 3,
SRF to Gasification 1

71%

43%

mid -d recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with electricity
generation

mid -d

MBT aerobic 3

ATT_generic

30%

0%

-

40%

489.28

-0.32

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

40%

mid -f recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with electricity
generation

mid -f

MBT aerobic 3

ATT_generic

30%

0%

-

38%

465.20

-0.30

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

38%

hi recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with electricity
generation

hi

MBT aerobic 3

ATT_generic

30%

0%

-

33%

437.44

-0.34

2031

594.56

119.76

35.82

hi recycling, MBT aerobic 3,
SRF to Gasification 1

78%

33%

NC recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with electricity
generation

NC

MBT aerobic 3

power_station_generic

36%

0%

-

50%

355.89

-0.36

2031

587.44

83.05

70.67

NC recycling, MBT aerobic
3, SRF to
power_station_generic

38%

50%

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

lo recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with electricity
generation

lo

MBT aerobic 3

power_station_generic

36%

0%

-

43%

343.17

-0.43

2031

573.64

109.48

40.62

lo recycling, MBT aerobic 3,
SRF to
power_station_generic

70%

43%

mid -d recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with electricity
generation

mid -d

MBT aerobic 3

power_station_generic

36%

0%

-

40%

410.52

-0.41

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 3, SRF to
power_station_generic

69%

40%

mid -f recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with electricity
generation

mid -f

MBT aerobic 3

power_station_generic

36%

0%

-

38%

393.58

-0.42

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 3, SRF to
power_station_generic

68%

38%

hi recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with electricity
generation

hi

MBT aerobic 3

power_station_generic

36%

0%

-

33%

378.77

-0.44

2031

594.56

119.76

35.82

hi recycling, MBT aerobic 3,
SRF to
power_station_generic

78%

33%

NC recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

NC

MBT aerobic 4

incineration_generic

30%

0%

-

79%

297.22

-0.27

2031

644.33

83.05

85.55

NC recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

46%

79%

lo recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

lo

MBT aerobic 4

incineration_generic

30%

0%

-

73%

261.19

-0.39

2031

602.15

109.48

48.08

lo recycling, MBT aerobic 4,
SRF to Incineration 1
(electricity only)

74%

73%

72%

65%

mid -d recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -d

MBT aerobic 4

incineration_generic

30%

0%

-

65%

372.74

-0.38

2031

551.30

96.27

47.99

mid -d recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

mid -f recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -f

MBT aerobic 4

incineration_generic

30%

0%

-

68%

316.24

-0.37

2031

594.06

105.12

50.33

mid -f recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

73%

68%

hi recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

hi

MBT aerobic 4

incineration_generic

30%

0%

-

60%

283.08

-0.40

2031

619.41

119.76

42.32

hi recycling, MBT aerobic 4,
SRF to Incineration 1
(electricity only)

82%

60%

NC recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with electricity
generation

NC

MBT aerobic 4

cement_kiln

0%

100%

-

79%

83.65

-0.38

2031

644.33

83.05

85.55

NC recycling, MBT aerobic
4, SRF to cement_kiln

41%

79%

lo recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with electricity
generation

lo

MBT aerobic 4

cement_kiln

0%

100%

-

73%

95.67

-0.44

2031

602.15

109.48

48.08

lo recycling, MBT aerobic 4,
SRF to cement_kiln

72%

73%

mid -d recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with electricity
generation

mid -d

MBT aerobic 4

cement_kiln

0%

100%

-

65%

123.14

-0.41

2031

551.30

96.27

47.99

mid -d recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

65%

mid -f recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with electricity
generation

mid -f

MBT aerobic 4

cement_kiln

0%

100%

-

68%

111.45

-0.42

2031

594.06

105.12

50.33

mid -f recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

68%

hi recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with electricity
generation

hi

MBT aerobic 4

cement_kiln

0%

100%

-

60%

121.76

-0.43

2031

619.41

119.76

42.32

hi recycling, MBT aerobic 4,
SRF to cement_kiln

80%

60%

NC recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with electricity
generation

NC

MBT aerobic 4

ATT_generic

30%

0%

-

79%

269.76

-0.28

2031

644.33

83.05

85.55

NC recycling, MBT aerobic
4, SRF to Gasification 1

46%

79%

lo recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with electricity
generation

lo

MBT aerobic 4

ATT_generic

30%

0%

-

73%

237.83

-0.39

2031

602.15

109.48

48.08

lo recycling, MBT aerobic 4,
SRF to Gasification 1

74%

73%

mid -d recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with electricity
generation

mid -d

MBT aerobic 4

ATT_generic

30%

0%

-

65%

338.44

-0.38

2031

551.30

96.27

47.99

mid -d recycling, MBT
aerobic 4, SRF to
Gasification 1

72%

65%

mid -f recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with electricity
generation

mid -f

MBT aerobic 4

ATT_generic

30%

0%

-

68%

287.47

-0.38

2031

594.06

105.12

50.33

mid -f recycling, MBT
aerobic 4, SRF to
Gasification 1

73%

68%

hi recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with electricity
generation

hi

MBT aerobic 4

ATT_generic

30%

0%

-

60%

257.92

-0.40

2031

619.41

119.76

42.32

hi recycling, MBT aerobic 4,
SRF to Gasification 1

82%

60%

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

NC recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with electricity
generation

NC

MBT aerobic 4

power_station_generic

36%

0%

-

79%

223.37

-0.39

2031

644.33

83.05

85.55

NC recycling, MBT aerobic
4, SRF to
power_station_generic

45%

79%

lo recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with electricity
generation

lo

MBT aerobic 4

power_station_generic

36%

0%

-

73%

208.65

-0.44

2031

602.15

109.48

48.08

lo recycling, MBT aerobic 4,
SRF to
power_station_generic

74%

73%

mid -d recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with electricity
generation

mid -d

MBT aerobic 4

power_station_generic

36%

0%

-

65%

290.75

-0.42

2031

551.30

96.27

47.99

mid -d recycling, MBT
aerobic 4, SRF to
power_station_generic

72%

65%

mid -f recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with electricity
generation

mid -f

MBT aerobic 4

power_station_generic

36%

0%

-

68%

250.30

-0.43

2031

594.06

105.12

50.33

mid -f recycling, MBT
aerobic 4, SRF to
power_station_generic

73%

68%

hi recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with electricity
generation

hi

MBT aerobic 4

power_station_generic

36%

0%

-

60%

233.17

-0.44

2031

619.41

119.76

42.32

hi recycling, MBT aerobic 4,
SRF to
power_station_generic

81%

60%

NC recycling, MBT aerobic 2 (landfill)

Wet AD with electricity
generation

NC

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

50.50

-0.10

-

644.86

83.05

85.69

NC recycling, MBT aerobic
2 (landfill)

33%

0%

lo recycling, MBT aerobic 2 (landfill)

Wet AD with electricity
generation

lo

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

50.50

-0.31

2031

601.99

109.48

48.04

lo recycling, MBT aerobic 2
(landfill)

68%

0%

mid -d recycling, MBT aerobic 2 (landfill)

Wet AD with electricity
generation

mid -d

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

50.50

-0.32

2031

541.67

96.27

45.47

mid -d recycling, MBT
aerobic 2 (landfill)

66%

0%

mid -f recycling, MBT aerobic 2 (landfill)

Wet AD with electricity
generation

mid -f

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

50.50

-0.30

2031

592.98

105.12

50.05

mid -f recycling, MBT
aerobic 2 (landfill)

66%

0%

hi recycling, MBT aerobic 2 (landfill)

Wet AD with electricity
generation

hi

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

50.50

-0.35

2031

618.64

119.76

42.12

hi recycling, MBT aerobic 2
(landfill)

75%

0%

NC recycling, MBT biostab 1

Wet AD with electricity
generation

NC

MBT biostab 1

#N/A

0%

0%

-

0%

50.50

-0.11

-

638.82

83.05

84.11

NC recycling, MBT biostab
1

32%

0%

lo recycling, MBT biostab 1

Wet AD with electricity
generation

lo

MBT biostab 1

#N/A

0%

0%

-

0%

50.50

-0.31

2031

598.98

109.48

47.25

lo recycling, MBT biostab 1

67%

0%

mid -d recycling, MBT biostab 1

Wet AD with electricity
generation

mid -d

MBT biostab 1

#N/A

0%

0%

-

0%

50.50

-0.32

2031

538.79

96.27

44.71

mid -d recycling, MBT
biostab 1

66%

0%

mid -f recycling, MBT biostab 1

Wet AD with electricity
generation

mid -f

MBT biostab 1

#N/A

0%

0%

-

0%

50.50

-0.30

2031

590.46

105.12

49.39

mid -f recycling, MBT
biostab 1

65%

0%

hi recycling, MBT biostab 1

Wet AD with electricity
generation

hi

MBT biostab 1

#N/A

0%

0%

-

0%

50.50

-0.35

2031

617.16

119.76

41.73

hi recycling, MBT biostab 1

75%

0%

NC recycling, MBT AD 1 (landfill), SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

NC

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

61%

364.98

-0.18

2015

579.37

83.05

68.56

NC recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

41%

61%

lo recycling, MBT AD 1 (landfill), SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

lo

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

55%

361.72

-0.33

2031

570.68

109.48

39.85

lo recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

72%

55%

mid -d recycling, MBT AD 1 (landfill), SRF
to Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -d

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

56%

385.84

-0.35

2031

514.12

96.27

38.26

mid -d recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

71%

56%

mid -f recycling, MBT AD 1 (landfill), SRF
to Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -f

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

51%

406.11

-0.32

2031

559.00

105.12

41.16

mid -f recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

71%

51%

SLR
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

hi recycling, MBT AD 1 (landfill), SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

hi

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

47%

380.12

-0.36

2031

590.64

119.76

34.79

hi recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

79%

47%

NC recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

NC

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

68%

314.51

-0.19

2020

595.27

83.05

72.72

NC recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

46%

68%

lo recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

lo

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

62%

320.03

-0.34

2031

578.64

109.48

41.93

lo recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

74%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to Wet AD with electricity
Incineration 1 (electricity only)
generation

mid -d

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

66%

316.54

-0.35

2031

524.39

96.27

40.94

mid -d recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

74%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -f

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

58%

359.47

-0.32

2031

567.22

105.12

43.31

mid -f recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

73%

58%

hi recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

hi

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

54%

351.45

-0.36

2031

595.36

119.76

36.03

hi recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

81%

54%

NC recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with electricity
generation

NC

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

68%

94.15

-0.48

2031

595.27

83.05

72.72

NC recycling, MBT AD 2
(SRF), SRF to cement_kiln

32%

68%

lo recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with electricity
generation

lo

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

62%

106.84

-0.48

2031

578.64

109.48

41.93

lo recycling, MBT AD 2
(SRF), SRF to cement_kiln

68%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to Wet AD with electricity
cement_kiln
generation

mid -d

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

66%

100.44

-0.49

2031

524.39

96.27

40.94

mid -d recycling, MBT AD 2
(SRF), SRF to cement_kiln

67%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with electricity
generation

mid -f

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

58%

117.54

-0.47

2031

567.22

105.12

43.31

mid -f recycling, MBT AD 2
(SRF), SRF to cement_kiln

66%

58%

hi recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with electricity
generation

hi

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

54%

127.09

-0.47

2031

595.36

119.76

36.03

hi recycling, MBT AD 2
(SRF), SRF to cement_kiln

76%

54%

NC recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with electricity
generation

NC

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

68%

284.93

-0.21

2020

595.27

83.05

72.72

NC recycling, MBT AD 2
(SRF), SRF to Gasification
1

46%

68%

lo recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with electricity
generation

lo

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

62%

290.25

-0.35

2031

578.64

109.48

41.93

lo recycling, MBT AD 2
(SRF), SRF to Gasification
1

74%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to Wet AD with electricity
Gasification 1
generation

mid -d

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

66%

286.92

-0.36

2031

524.39

96.27

40.94

mid -d recycling, MBT AD 2
(SRF), SRF to Gasification
1

74%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with electricity
generation

mid -f

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

58%

325.84

-0.33

2031

567.22

105.12

43.31

mid -f recycling, MBT AD 2
(SRF), SRF to Gasification
1

73%

58%

hi recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with electricity
generation

hi

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

54%

318.79

-0.37

2031

595.36

119.76

36.03

hi recycling, MBT AD 2
(SRF), SRF to Gasification
1

81%

54%

NC recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with electricity
generation

NC

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

68%

239.52

-0.46

2031

595.27

83.05

72.72

NC recycling, MBT AD 2
(SRF), SRF to
power_station_generic

45%

68%

lo recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with electricity
generation

lo

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

62%

249.97

-0.47

2031

578.64

109.48

41.93

lo recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

62%

mid -d

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

66%

244.39

-0.47

2031

524.39

96.27

40.94

mid -d recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

66%

mid -d recycling, MBT AD 2 (SRF), SRF to Wet AD with electricity
power_station_generic
generation

SLR
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -f recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with electricity
generation

mid -f

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

58%

279.38

-0.46

2031

567.22

105.12

43.31

mid -f recycling, MBT AD 2
(SRF), SRF to
power_station_generic

73%

58%

hi recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with electricity
generation

hi

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

54%

279.12

-0.47

2031

595.36

119.76

36.03

hi recycling, MBT AD 2
(SRF), SRF to
power_station_generic

81%

54%

NC recycling, Incineration 1 (electricity
only)_total

Wet AD with electricity
generation

NC

Incineration 1
(electricity only)_total

#N/A

30%

0%

62%

426.58

-0.12

-

462.63

83.05

38.01

NC recycling, Incineration 1
(electricity only)_total

46%

62%

lo recycling, Incineration 1 (electricity
only)_total

Wet AD with electricity
generation

lo

Incineration 1
(electricity only)_total

#N/A

30%

0%

57%

427.56

-0.29

2031

517.33

109.48

25.89

lo recycling, Incineration 1
(electricity only)_total

74%

57%

mid -d recycling, Incineration 1 (electricity
only)_total

Wet AD with electricity
generation

mid -d

Incineration 1
(electricity only)_total

#N/A

30%

0%

57%

467.15

-0.31

2031

462.76

96.27

24.82

mid -d recycling,
Incineration 1 (electricity
only)_total

74%

57%

mid -f recycling, Incineration 1 (electricity
only)_total

Wet AD with electricity
generation

mid -f

Incineration 1
(electricity only)_total

#N/A

30%

0%

52%

488.88

-0.27

2031

502.60

105.12

26.40

mid -f recycling, Incineration
1 (electricity only)_total

73%

52%

hi recycling, Incineration 1 (electricity
only)_total

Wet AD with electricity
generation

hi

Incineration 1
(electricity only)_total

#N/A

30%

0%

47%

490.19

-0.30

2031

548.75

119.76

23.83

hi recycling, Incineration 1
(electricity only)_total

80%

47%

NC recycling, Incineration 2 (low
CHP)_total

Wet AD with electricity
generation

NC

Incineration 2 (low
CHP)_total

#N/A

22%

10%

62%

403.07

-0.13

-

585.07

83.05

70.05

NC recycling, Incineration 2
(low CHP)_total

46%

62%

lo recycling, Incineration 2 (low CHP)_total

Wet AD with electricity
generation

lo

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

407.08

-0.29

2031

576.54

109.48

41.38

lo recycling, Incineration 2
(low CHP)_total

74%

57%

mid -d recycling, Incineration 2 (low
CHP)_total

Wet AD with electricity
generation

mid -d

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

442.94

-0.32

2031

522.36

96.27

40.41

mid -d recycling,
Incineration 2 (low
CHP)_total

74%

57%

mid -f recycling, Incineration 2 (low
CHP)_total

Wet AD with electricity
generation

mid -f

Incineration 2 (low
CHP)_total

#N/A

22%

10%

52%

464.59

-0.28

2031

564.32

105.12

42.55

mid -f recycling, Incineration
2 (low CHP)_total

73%

52%

hi recycling, Incineration 2 (low CHP)_total

Wet AD with electricity
generation

hi

Incineration 2 (low
CHP)_total

#N/A

22%

10%

47%

468.45

-0.31

2031

593.46

119.76

35.53

hi recycling, Incineration 2
(low CHP)_total

80%

47%

NC recycling, Incineration 3 (medium
CHP)_total

Wet AD with electricity
generation

NC

Incineration 3
(medium CHP)_total

#N/A

20%

20%

62%

323.31

-0.19

2015

579.71

83.05

68.64

NC recycling, Incineration 3
(medium CHP)_total

46%

62%

lo recycling, Incineration 3 (medium
CHP)_total

Wet AD with electricity
generation

lo

Incineration 3
(medium CHP)_total

#N/A

20%

20%

57%

335.20

-0.32

2031

573.94

109.48

40.70

lo recycling, Incineration 3
(medium CHP)_total

74%

57%

mid -d recycling, Incineration 3 (medium
CHP)_total

Wet AD with electricity
generation

mid -d

Incineration 3
(medium CHP)_total

#N/A

20%

20%

57%

359.53

-0.34

2031

519.75

96.27

39.73

mid -d recycling,
Incineration 3 (medium
CHP)_total

74%

57%

mid -f recycling, Incineration 3 (medium
CHP)_total

Wet AD with electricity
generation

mid -f

Incineration 3
(medium CHP)_total

#N/A

20%

20%

52%

380.06

-0.31

2031

561.61

105.12

41.84

mid -f recycling, Incineration
3 (medium CHP)_total

73%

52%

hi recycling, Incineration 3 (medium
CHP)_total

Wet AD with electricity
generation

hi

Incineration 3
(medium CHP)_total

#N/A

20%

20%

47%

390.85

-0.34

2031

591.50

119.76

35.02

hi recycling, Incineration 3
(medium CHP)_total

80%

47%

NC recycling, Incineration 4 (high
CHP)_total

Wet AD with electricity
generation

NC

Incineration 4 (high
CHP)_total

#N/A

16%

40%

62%

231.63

-0.30

2031

564.91

83.05

64.77

NC recycling, Incineration 4
(high CHP)_total

46%

62%

lo recycling, Incineration 4 (high CHP)_total

Wet AD with electricity
generation

lo

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

247.72

-0.38

2031

566.79

109.48

38.83

lo recycling, Incineration 4
(high CHP)_total

74%

57%

SLR
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -d recycling, Incineration 4 (high
CHP)_total

Wet AD with electricity
generation

mid -d

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

261.17

-0.40

2031

512.55

96.27

37.85

mid -d recycling,
Incineration 4 (high
CHP)_total

74%

57%

mid -f recycling, Incineration 4 (high
CHP)_total

Wet AD with electricity
generation

mid -f

Incineration 4 (high
CHP)_total

#N/A

16%

40%

52%

278.65

-0.37

2031

554.16

105.12

39.89

mid -f recycling, Incineration
4 (high CHP)_total

73%

52%

hi recycling, Incineration 4 (high CHP)_total

Wet AD with electricity
generation

hi

Incineration 4 (high
CHP)_total

#N/A

16%

40%

47%

293.58

-0.39

2031

586.10

119.76

33.60

hi recycling, Incineration 4
(high CHP)_total

80%

47%

NC recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with electricity
generation

NC

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

62%

535.09

-0.07

-

523.68

83.05

53.98

NC recycling, Incineration 5
(medium efficiency
electricity)_total

46%

62%

lo recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with electricity
generation

lo

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

518.20

-0.27

2031

546.85

109.48

33.61

lo recycling, Incineration 5
(medium efficiency
electricity)_total

74%

57%

mid -d recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with electricity
generation

mid -d

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

576.74

-0.29

2031

492.48

96.27

32.59

mid -d recycling,
Incineration 5 (medium
efficiency electricity)_total

74%

57%

mid -f recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with electricity
generation

mid -f

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

52%

597.49

-0.24

2031

533.37

105.12

34.45

mid -f recycling, Incineration
5 (medium efficiency
electricity)_total

73%

52%

hi recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with electricity
generation

hi

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

47%

584.50

-0.29

2031

571.04

119.76

29.66

hi recycling, Incineration 5
(medium efficiency
electricity)_total

80%

47%

NC recycling, Gasification 1_total

Wet AD with electricity
generation

NC

Gasification 1_total

#N/A

30%

0%

62%

387.00

-0.15

2015

346.30

83.05

7.57

NC recycling, Gasification
1_total

46%

62%

lo recycling, Gasification 1_total

Wet AD with electricity
generation

lo

Gasification 1_total

#N/A

30%

0%

57%

387.95

-0.30

2031

461.08

109.48

11.17

lo recycling, Gasification
1_total

74%

57%

mid -d recycling, Gasification 1_total

Wet AD with electricity
generation

mid -d

Gasification 1_total

#N/A

30%

0%

57%

423.79

-0.33

2031

406.13

96.27

10.00

mid -d recycling,
Gasification 1_total

74%

57%

mid -f recycling, Gasification 1_total

Wet AD with electricity
generation

mid -f

Gasification 1_total

#N/A

30%

0%

52%

443.48

-0.29

2031

443.97

105.12

11.06

mid -f recycling,
Gasification 1_total

73%

52%

hi recycling, Gasification 1_total

Wet AD with electricity
generation

hi

Gasification 1_total

#N/A

30%

0%

47%

444.65

-0.32

2031

506.28

119.76

12.72

hi recycling, Gasification
1_total

80%

47%

NC recycling, Gasification 2_total

Wet AD with electricity
generation

NC

Gasification 2_total

#N/A

21%

0%

62%

546.44

-0.08

-

538.39

83.05

57.83

NC recycling, Gasification
2_total

46%

62%

lo recycling, Gasification 2_total

Wet AD with electricity
generation

lo

Gasification 2_total

#N/A

21%

0%

57%

518.15

-0.27

2031

553.96

109.48

35.47

lo recycling, Gasification
2_total

74%

57%

mid -d recycling, Gasification 2_total

Wet AD with electricity
generation

mid -d

Gasification 2_total

#N/A

21%

0%

57%

583.11

-0.30

2031

499.64

96.27

34.47

mid -d recycling,
Gasification 2_total

74%

57%

mid -f recycling, Gasification 2_total

Wet AD with electricity
generation

mid -f

Gasification 2_total

#N/A

21%

0%

52%

600.30

-0.25391

2031

540.79

105.12

36.39

mid -f recycling,
Gasification 2_total

73%

52%

hi recycling, Gasification 2_total

Wet AD with electricity
generation

hi

Gasification 2_total

#N/A

21%

0%

47%

578.67

-0.29

2031

576.41

119.76

31.07

hi recycling, Gasification
2_total

80%

47%

NC recycling, Gasification Gas Engine
1_total

Wet AD with electricity
generation

NC

Gasification Gas
Engine 1_total

#N/A

30%

0%

62%

375.97

-0.15

2015

500.87

83.05

48.02

NC recycling, Gasification
Gas Engine 1_total

46%

62%

SLR
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

lo recycling, Gasification Gas Engine
1_total

Wet AD with electricity
generation

lo

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

378.40

-0.31

2031

535.82

109.48

30.73

lo recycling, Gasification
Gas Engine 1_total

74%

57%

mid -d recycling, Gasification Gas Engine
1_total

Wet AD with electricity
generation

mid -d

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

412.47

-0.33

2031

481.38

96.27

29.69

mid -d recycling,
Gasification Gas Engine
1_total

74%

57%

mid -f recycling, Gasification Gas Engine
1_total

Wet AD with electricity
generation

mid -f

Gasification Gas
Engine 1_total

#N/A

30%

0%

52%

432.13

-0.29

2031

521.88

105.12

31.44

mid -f recycling,
Gasification Gas Engine
1_total

73%

52%

hi recycling, Gasification Gas Engine
1_total

Wet AD with electricity
generation

hi

Gasification Gas
Engine 1_total

#N/A

30%

0%

47%

434.53

-0.32

2031

562.71

119.76

27.49

hi recycling, Gasification
Gas Engine 1_total

80%

47%

NC recycling, Gasification Gas Engine
2_total

Wet AD with electricity
generation

NC

Gasification Gas
Engine 2_total

#N/A

32%

0%

62%

354.94

-0.17

2015

472.77

83.05

40.66

NC recycling, Gasification
Gas Engine 2_total

46%

62%

lo recycling, Gasification Gas Engine
2_total

Wet AD with electricity
generation

lo

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

359.96

-0.31

2031

522.23

109.48

27.17

lo recycling, Gasification
Gas Engine 2_total

74%

57%

mid -d recycling, Gasification Gas Engine
2_total

Wet AD with electricity
generation

mid -d

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

390.75

-0.34

2031

467.70

96.27

26.11

mid -d recycling,
Gasification Gas Engine
2_total

74%

57%

mid -f recycling, Gasification Gas Engine
2_total

Wet AD with electricity
generation

mid -f

Gasification Gas
Engine 2_total

#N/A

32%

0%

52%

410.31

-0.30

2031

507.72

105.12

27.74

mid -f recycling,
Gasification Gas Engine
2_total

73%

52%

hi recycling, Gasification Gas Engine
2_total

Wet AD with electricity
generation

hi

Gasification Gas
Engine 2_total

#N/A

32%

0%

47%

414.91

-0.33

2031

552.46

119.76

24.80

hi recycling, Gasification
Gas Engine 2_total

80%

47%

NC recycling, True Pyrolysis 1_total

Wet AD with electricity
generation

NC

True Pyrolysis
1_total

#N/A

32%

0%

62%

357.60

-0.14

2015

527.76

83.05

55.05

NC recycling, True Pyrolysis
1_total

46%

62%

lo recycling, True Pyrolysis 1_total

Wet AD with electricity
generation

lo

True Pyrolysis
1_total

#N/A

32%

0%

57%

362.13

-0.30

2031

548.83

109.48

34.13

lo recycling, True Pyrolysis
1_total

74%

57%

mid -d recycling, True Pyrolysis 1_total

Wet AD with electricity
generation

mid -d

True Pyrolysis
1_total

#N/A

32%

0%

57%

393.41

-0.33

2031

494.47

96.27

33.11

mid -d recycling, True
Pyrolysis 1_total

74%

57%

mid -f recycling, True Pyrolysis 1_total

Wet AD with electricity
generation

mid -f

True Pyrolysis
1_total

#N/A

32%

0%

52%

412.92

-0.29

2031

535.43

105.12

34.99

mid -f recycling, True
Pyrolysis 1_total

73%

52%

hi recycling, True Pyrolysis 1_total

Wet AD with electricity
generation

hi

True Pyrolysis
1_total

#N/A

32%

0%

47%

417.10

-0.32

2031

572.53

119.76

30.05

hi recycling, True Pyrolysis
1_total

80%

47%

NC recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

NC

Dirty MRF 1

incineration_generic

30%

0%

-

69%

363.91

-0.27

2031

544.89

83.05

59.53

NC recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

50%

69%

lo recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

lo

Dirty MRF 1

incineration_generic

30%

0%

-

63%

362.17

-0.37

2031

555.70

109.48

35.93

lo recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

76%

63%

mid -d recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -d

Dirty MRF 1

incineration_generic

30%

0%

-

61%

426.49

-0.36

2031

504.93

96.27

35.85

mid -d recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

75%

61%

mid -f recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -f

Dirty MRF 1

incineration_generic

30%

0%

-

58%

426.71

-0.35

2031

543.92

105.12

37.21

mid -f recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

75%

58%

hi recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

hi

Dirty MRF 1

incineration_generic

30%

0%

-

52%

437.73

-0.37

2031

578.08

119.76

31.51

hi recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

82%

52%

SLR
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

NC recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with electricity
generation

NC

Dirty MRF 1

ATT_generic

30%

0%

-

69%

330.16

-0.28

2031

544.89

83.05

59.53

NC recycling, Dirty MRF 1,
SRF to Gasification 1

50%

69%

lo recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with electricity
generation

lo

Dirty MRF 1

ATT_generic

30%

0%

-

63%

328.77

-0.38

2031

555.70

109.48

35.93

lo recycling, Dirty MRF 1,
SRF to Gasification 1

76%

63%

mid -d recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with electricity
generation

mid -d

Dirty MRF 1

ATT_generic

30%

0%

-

61%

386.95

-0.37

2031

504.93

96.27

35.85

mid -d recycling, Dirty MRF
1, SRF to Gasification 1

75%

61%

mid -f recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with electricity
generation

mid -f

Dirty MRF 1

ATT_generic

30%

0%

-

58%

387.18

-0.36

2031

543.92

105.12

37.21

mid -f recycling, Dirty MRF
1, SRF to Gasification 1

75%

58%

hi recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with electricity
generation

hi

Dirty MRF 1

ATT_generic

30%

0%

-

52%

397.20

-0.38

2031

578.08

119.76

31.51

hi recycling, Dirty MRF 1,
SRF to Gasification 1

82%

52%

NC recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with electricity
generation

NC

MHT 2

Gasification_CHP_generi
c

32%

26%

-

70%

138.20

-0.38

2031

641.10

83.05

84.71

NC recycling, MHT 2, SRF
to
Gasification_CHP_generic

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with electricity
generation

lo

MHT 2

Gasification_CHP_generi
c

32%

26%

-

64%

151.83

-0.44

2031

602.59

109.48

48.20

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

mid -d recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with electricity
generation

mid -d

MHT 2

Gasification_CHP_generi
c

32%

26%

-

70%

136.26

-0.43

2031

547.78

96.27

47.06

mid -d recycling, MHT 2,
SRF to
Gasification_CHP_generic

mid -f recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with electricity
generation

mid -f

MHT 2

Gasification_CHP_generi
c

32%

26%

-

61%

168.14

-0.42

2031

591.76

105.12

49.73

mid -f recycling, MHT 2,
SRF to
Gasification_CHP_generic

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with electricity
generation

hi

MHT 2

Gasification_CHP_generi
c

32%

26%

-

55%

174.38

-0.43

2031

612.17

119.76

40.43

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

NC

MHT 1

incineration_generic

30%

0%

-

70%

344.17

-0.21

2020

642.20

83.05

85.00

NC recycling, MHT 1, SRF
to Incineration 1 (electricity
only)

52%

70%

NC recycling, MHT 1, SRF to Incineration 1 Dry AD with electricity
(electricity only)
generation

lo recycling, MHT 1, SRF to Incineration 1
(electricity only)

Dry AD with electricity
generation

lo

MHT 1

incineration_generic

30%

0%

-

64%

345.16

-0.33

2031

607.14

109.48

49.39

lo recycling, MHT 1, SRF to
Incineration 1 (electricity
only)

77%

64%

mid -d recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -d

MHT 1

incineration_generic

30%

0%

-

70%

332.31

-0.35

2031

549.88

96.27

47.62

mid -d recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

70%

mid -f recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -f

MHT 1

incineration_generic

30%

0%

-

61%

387.85

-0.31

2031

595.57

105.12

50.73

mid -f recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

61%

hi recycling, MHT 1, SRF to Incineration 1
(electricity only)

Dry AD with electricity
generation

hi

MHT 1

incineration_generic

30%

0%

-

55%

366.40

-0.34

2031

618.31

119.76

42.03

hi recycling, MHT 1, SRF to
Incineration 1 (electricity
only)

84%

55%

NC recycling, MHT 1, SRF to cement_kiln

Dry AD with electricity
generation

NC

MHT 1

cement_kiln

0%

100%

-

70%

95.06

-0.42

2031

642.20

83.05

85.00

NC recycling, MHT 1, SRF
to cement_kiln

41%

70%

lo recycling, MHT 1, SRF to cement_kiln

Dry AD with electricity
generation

lo

MHT 1

cement_kiln

0%

100%

-

64%

113.06

-0.44

2031

607.14

109.48

49.39

lo recycling, MHT 1, SRF to
cement_kiln

72%

64%

mid -d recycling, MHT 1, SRF to
cement_kiln

Dry AD with electricity
generation

mid -d

MHT 1

cement_kiln

0%

100%

-

70%

100.97

-0.44

2031

549.88

96.27

47.62

mid -d recycling, MHT 1,
SRF to cement_kiln

71%

70%

mid -f recycling, MHT 1, SRF to
cement_kiln

Dry AD with electricity
generation

mid -f

MHT 1

cement_kiln

0%

100%

-

61%

123.21

-0.42

2031

595.57

105.12

50.73

mid -f recycling, MHT 1,
SRF to cement_kiln

71%

61%

SLR
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

hi recycling, MHT 1, SRF to cement_kiln

Dry AD with electricity
generation

hi

MHT 1

cement_kiln

0%

100%

-

55%

136.14

-0.41

2031

618.31

119.76

42.03

hi recycling, MHT 1, SRF to
cement_kiln

80%

55%

NC recycling, MHT 1, SRF to Gasification
1

Dry AD with electricity
generation

NC

MHT 1

ATT_generic

30%

0%

-

70%

312.51

-0.22

2020

642.20

83.05

85.00

NC recycling, MHT 1, SRF
to Gasification 1

52%

70%

lo recycling, MHT 1, SRF to Gasification 1

Dry AD with electricity
generation

lo

MHT 1

ATT_generic

30%

0%

-

64%

315.03

-0.34

2031

607.14

109.48

49.39

lo recycling, MHT 1, SRF to
Gasification 1

77%

64%

mid -d recycling, MHT 1, SRF to
Gasification 1

Dry AD with electricity
generation

mid -d

MHT 1

ATT_generic

30%

0%

-

70%

302.71

-0.36

2031

549.88

96.27

47.62

mid -d recycling, MHT 1,
SRF to Gasification 1

76%

70%

mid -f recycling, MHT 1, SRF to
Gasification 1

Dry AD with electricity
generation

mid -f

MHT 1

ATT_generic

30%

0%

-

61%

353.39

-0.32

2031

595.57

105.12

50.73

mid -f recycling, MHT 1,
SRF to Gasification 1

76%

61%

hi recycling, MHT 1, SRF to Gasification 1

Dry AD with electricity
generation

hi

MHT 1

ATT_generic

30%

0%

-

55%

335.24

-0.35

2031

618.31

119.76

42.03

hi recycling, MHT 1, SRF to
Gasification 1

84%

55%

NC recycling, MHT 1, SRF to
power_station_generic

Dry AD with electricity
generation

NC

MHT 1

power_station_generic

36%

0%

-

70%

257.56

-0.40

2031

642.20

83.05

85.00

NC recycling, MHT 1, SRF
to power_station_generic

51%

70%

lo recycling, MHT 1, SRF to
power_station_generic

Dry AD with electricity
generation

lo

MHT 1

power_station_generic

36%

0%

-

64%

269.90

-0.43

2031

607.14

109.48

49.39

lo recycling, MHT 1, SRF to
power_station_generic

76%

64%

mid -d recycling, MHT 1, SRF to
power_station_generic

Dry AD with electricity
generation

mid -d

MHT 1

power_station_generic

36%

0%

-

70%

255.09

-0.43

2031

549.88

96.27

47.62

mid -d recycling, MHT 1,
SRF to
power_station_generic

76%

70%

mid -f recycling, MHT 1, SRF to
power_station_generic

Dry AD with electricity
generation

mid -f

MHT 1

power_station_generic

36%

0%

-

61%

300.81

-0.41

2031

595.57

105.12

50.73

mid -f recycling, MHT 1,
SRF to
power_station_generic

75%

61%

hi recycling, MHT 1, SRF to
power_station_generic

Dry AD with electricity
generation

hi

MHT 1

power_station_generic

36%

0%

-

55%

294.73

-0.41

2031

618.31

119.76

42.03

hi recycling, MHT 1, SRF to
power_station_generic

83%

55%

NC

MHT 2

incineration_generic

30%

0%

-

70%

298.57

-0.23

2020

642.20

83.05

85.00

NC recycling, MHT 2, SRF
to Incineration 1 (electricity
only)

52%

70%

NC recycling, MHT 2, SRF to Incineration 1 Dry AD with electricity
(electricity only)
generation

lo recycling, MHT 2, SRF to Incineration 1
(electricity only)

Dry AD with electricity
generation

lo

MHT 2

incineration_generic

30%

0%

-

64%

307.67

-0.34

2031

607.14

109.48

49.39

lo recycling, MHT 2, SRF to
Incineration 1 (electricity
only)

77%

64%

mid -d recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -d

MHT 2

incineration_generic

30%

0%

-

70%

285.01

-0.36

2031

549.88

96.27

47.62

mid -d recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

70%

mid -f recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -f

MHT 2

incineration_generic

30%

0%

-

61%

343.42

-0.32

2031

595.57

105.12

50.73

mid -f recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

61%

hi recycling, MHT 2, SRF to Incineration 1
(electricity only)

Dry AD with electricity
generation

hi

MHT 2

incineration_generic

30%

0%

-

55%

334.57

-0.35

2031

618.31

119.76

42.03

hi recycling, MHT 2, SRF to
Incineration 1 (electricity
only)

84%

55%

NC recycling, MHT 2, SRF to cement_kiln

Dry AD with electricity
generation

NC

MHT 2

cement_kiln

0%

100%

-

70%

82.17

-0.46

2031

642.20

83.05

85.00

NC recycling, MHT 2, SRF
to cement_kiln

41%

70%

lo recycling, MHT 2, SRF to cement_kiln

Dry AD with electricity
generation

lo

MHT 2

cement_kiln

0%

100%

-

64%

98.55

-0.45

2031

607.14

109.48

49.39

lo recycling, MHT 2, SRF to
cement_kiln

72%

64%

mid -d recycling, MHT 2, SRF to
cement_kiln

Dry AD with electricity
generation

mid -d

MHT 2

cement_kiln

0%

100%

-

70%

85.09

-0.46

2031

549.88

96.27

47.62

mid -d recycling, MHT 2,
SRF to cement_kiln

71%

70%

SLR
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -f recycling, MHT 2, SRF to
cement_kiln

Dry AD with electricity
generation

mid -f

MHT 2

cement_kiln

0%

100%

-

61%

106.95

-0.44

2031

595.57

105.12

50.73

mid -f recycling, MHT 2,
SRF to cement_kiln

71%

61%

hi recycling, MHT 2, SRF to cement_kiln

Dry AD with electricity
generation

hi

MHT 2

cement_kiln

0%

100%

-

55%

120.49

-0.43

2031

618.31

119.76

42.03

hi recycling, MHT 2, SRF to
cement_kiln

80%

55%

NC recycling, MHT 2, SRF to Gasification
1

Dry AD with electricity
generation

NC

MHT 2

ATT_generic

30%

0%

-

70%

271.12

-0.24

2020

642.20

83.05

85.00

NC recycling, MHT 2, SRF
to Gasification 1

52%

70%

lo recycling, MHT 2, SRF to Gasification 1

Dry AD with electricity
generation

lo

MHT 2

ATT_generic

30%

0%

-

64%

280.90

-0.35

2031

607.14

109.48

49.39

lo recycling, MHT 2, SRF to
Gasification 1

77%

64%

mid -d recycling, MHT 2, SRF to
Gasification 1

Dry AD with electricity
generation

mid -d

MHT 2

ATT_generic

30%

0%

-

70%

259.70

-0.37

2031

549.88

96.27

47.62

mid -d recycling, MHT 2,
SRF to Gasification 1

76%

70%

mid -f recycling, MHT 2, SRF to
Gasification 1

Dry AD with electricity
generation

mid -f

MHT 2

ATT_generic

30%

0%

-

61%

313.00

-0.33

2031

595.57

105.12

50.73

mid -f recycling, MHT 2,
SRF to Gasification 1

76%

61%

hi recycling, MHT 2, SRF to Gasification 1

Dry AD with electricity
generation

hi

MHT 2

ATT_generic

30%

0%

-

55%

306.25

-0.35

2031

618.31

119.76

42.03

hi recycling, MHT 2, SRF to
Gasification 1

84%

55%

NC recycling, MHT 2, SRF to
power_station_generic

Dry AD with electricity
generation

NC

MHT 2

power_station_generic

36%

0%

-

70%

223.24

-0.45

2031

642.20

83.05

85.00

NC recycling, MHT 2, SRF
to power_station_generic

51%

70%

lo recycling, MHT 2, SRF to
power_station_generic

Dry AD with electricity
generation

lo

MHT 2

power_station_generic

36%

0%

-

64%

239.46

-0.45

2031

607.14

109.48

49.39

lo recycling, MHT 2, SRF to
power_station_generic

76%

64%

mid -d recycling, MHT 2, SRF to
power_station_generic

Dry AD with electricity
generation

mid -d

MHT 2

power_station_generic

36%

0%

-

70%

217.94

-0.45

2031

549.88

96.27

47.62

mid -d recycling, MHT 2,
SRF to
power_station_generic

76%

70%

mid -f recycling, MHT 2, SRF to
power_station_generic

Dry AD with electricity
generation

mid -f

MHT 2

power_station_generic

36%

0%

-

61%

265.23

-0.44

2031

595.57

105.12

50.73

mid -f recycling, MHT 2,
SRF to
power_station_generic

75%

61%

hi recycling, MHT 2, SRF to
power_station_generic

Dry AD with electricity
generation

hi

MHT 2

power_station_generic

36%

0%

-

55%

267.54

-0.43

2031

618.31

119.76

42.03

hi recycling, MHT 2, SRF to
power_station_generic

83%

55%

NC recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

NC

MBT aerobic 1

incineration_generic

30%

0%

-

50%

549.03

-0.12

-

588.54

83.05

70.96

NC recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

39%

50%

lo recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

lo

MBT aerobic 1

incineration_generic

30%

0%

-

43%

509.74

-0.28

2031

578.19

109.48

41.81

lo recycling, MBT aerobic 1,
SRF to Incineration 1
(electricity only)

71%

43%

69%

40%

mid -d recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -d

MBT aerobic 1

incineration_generic

30%

0%

-

40%

612.89

-0.30

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

mid -f recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -f

MBT aerobic 1

incineration_generic

30%

0%

-

38%

585.91

-0.26

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

69%

38%

hi recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

hi

MBT aerobic 1

incineration_generic

30%

0%

-

33%

545.95

-0.29

2031

600.70

119.76

37.43

hi recycling, MBT aerobic 1,
SRF to Incineration 1
(electricity only)

78%

33%

NC recycling, MBT aerobic 1, SRF to
cement_kiln

Dry AD with electricity
generation

NC

MBT aerobic 1

cement_kiln

0%

100%

-

50%

151.97

-0.29

2031

588.54

83.05

70.96

NC recycling, MBT aerobic
1, SRF to cement_kiln

33%

50%

lo recycling, MBT aerobic 1, SRF to
cement_kiln

Dry AD with electricity
generation

lo

MBT aerobic 1

cement_kiln

0%

100%

-

43%

167.50

-0.37

2031

578.19

109.48

41.81

lo recycling, MBT aerobic 1,
SRF to cement_kiln

68%

43%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -d recycling, MBT aerobic 1, SRF to
cement_kiln

Dry AD with electricity
generation

mid -d

MBT aerobic 1

cement_kiln

0%

100%

-

40%

184.78

-0.37

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 1, SRF to
cement_kiln

Dry AD with electricity
generation

mid -f

MBT aerobic 1

cement_kiln

0%

100%

-

38%

184.10

-0.36

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

38%

hi recycling, MBT aerobic 1, SRF to
cement_kiln

Dry AD with electricity
generation

hi

MBT aerobic 1

cement_kiln

0%

100%

-

33%

192.52

-0.37

2031

600.70

119.76

37.43

hi recycling, MBT aerobic 1,
SRF to cement_kiln

75%

33%

NC recycling, MBT aerobic 1, SRF to
Gasification 1

Dry AD with electricity
generation

NC

MBT aerobic 1

ATT_generic

30%

0%

-

50%

498.29

-0.14

2015

588.54

83.05

70.96

NC recycling, MBT aerobic
1, SRF to Gasification 1

39%

50%

lo recycling, MBT aerobic 1, SRF to
Gasification 1

Dry AD with electricity
generation

lo

MBT aerobic 1

ATT_generic

30%

0%

-

43%

463.92

-0.29

2031

578.19

109.48

41.81

lo recycling, MBT aerobic 1,
SRF to Gasification 1

71%

43%

mid -d recycling, MBT aerobic 1, SRF to
Gasification 1

Dry AD with electricity
generation

mid -d

MBT aerobic 1

ATT_generic

30%

0%

-

40%

556.72

-0.31

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

40%

mid -f recycling, MBT aerobic 1, SRF to
Gasification 1

Dry AD with electricity
generation

mid -f

MBT aerobic 1

ATT_generic

30%

0%

-

38%

532.54

-0.27

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

38%

hi recycling, MBT aerobic 1, SRF to
Gasification 1

Dry AD with electricity
generation

hi

MBT aerobic 1

ATT_generic

30%

0%

-

33%

497.10

-0.30

2031

600.70

119.76

37.43

hi recycling, MBT aerobic 1,
SRF to Gasification 1

78%

33%

NC recycling, MBT aerobic 1, SRF to
power_station_generic

Dry AD with electricity
generation

NC

MBT aerobic 1

power_station_generic

36%

0%

-

50%

410.92

-0.31

2031

588.54

83.05

70.96

NC recycling, MBT aerobic
1, SRF to
power_station_generic

38%

50%

lo recycling, MBT aerobic 1, SRF to
power_station_generic

Dry AD with electricity
generation

lo

MBT aerobic 1

power_station_generic

36%

0%

-

43%

397.93

-0.38

2031

578.19

109.48

41.81

lo recycling, MBT aerobic 1,
SRF to
power_station_generic

70%

43%

mid -d recycling, MBT aerobic 1, SRF to
power_station_generic

Dry AD with electricity
generation

mid -d

MBT aerobic 1

power_station_generic

36%

0%

-

40%

468.54

-0.38

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
power_station_generic

69%

40%

mid -f recycling, MBT aerobic 1, SRF to
power_station_generic

Dry AD with electricity
generation

mid -f

MBT aerobic 1

power_station_generic

36%

0%

-

38%

452.39

-0.37

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 1, SRF to
power_station_generic

68%

38%

hi recycling, MBT aerobic 1, SRF to
power_station_generic

Dry AD with electricity
generation

hi

MBT aerobic 1

power_station_generic

36%

0%

-

33%

432.77

-0.39

2031

600.70

119.76

37.43

hi recycling, MBT aerobic 1,
SRF to
power_station_generic

78%

33%

NC recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

NC

MBT aerobic 3

incineration_generic

30%

0%

-

50%

478.34

-0.14

2015

588.54

83.05

70.96

NC recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

39%

50%

lo recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

lo

MBT aerobic 3

incineration_generic

30%

0%

-

43%

456.79

-0.29

2031

578.19

109.48

41.81

lo recycling, MBT aerobic 3,
SRF to Incineration 1
(electricity only)

71%

43%

mid -d recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -d

MBT aerobic 3

incineration_generic

30%

0%

-

40%

547.59

-0.30

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

69%

40%

69%

38%

mid -f recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -f

MBT aerobic 3

incineration_generic

30%

0%

-

38%

523.72

-0.27

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

hi recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

hi

MBT aerobic 3

incineration_generic

30%

0%

-

33%

500.48

-0.30

2031

600.70

119.76

37.43

hi recycling, MBT aerobic 3,
SRF to Incineration 1
(electricity only)

78%

33%

NC recycling, MBT aerobic 3, SRF to
cement_kiln

Dry AD with electricity
generation

NC

MBT aerobic 3

cement_kiln

0%

100%

-

50%

131.90

-0.32

2031

588.54

83.05

70.96

NC recycling, MBT aerobic
3, SRF to cement_kiln

33%

50%

SLR
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

lo recycling, MBT aerobic 3, SRF to
cement_kiln

Dry AD with electricity
generation

lo

MBT aerobic 3

cement_kiln

0%

100%

-

43%

146.81

-0.39

2031

578.19

109.48

41.81

lo recycling, MBT aerobic 3,
SRF to cement_kiln

68%

43%

mid -d recycling, MBT aerobic 3, SRF to
cement_kiln

Dry AD with electricity
generation

mid -d

MBT aerobic 3

cement_kiln

0%

100%

-

40%

163.02

-0.39

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 3, SRF to
cement_kiln

Dry AD with electricity
generation

mid -f

MBT aerobic 3

cement_kiln

0%

100%

-

38%

161.73

-0.38

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

38%

hi recycling, MBT aerobic 3, SRF to
cement_kiln

Dry AD with electricity
generation

hi

MBT aerobic 3

cement_kiln

0%

100%

-

33%

172.14

-0.39

2031

600.70

119.76

37.43

hi recycling, MBT aerobic 3,
SRF to cement_kiln

75%

33%

NC recycling, MBT aerobic 3, SRF to
Gasification 1

Dry AD with electricity
generation

NC

MBT aerobic 3

ATT_generic

30%

0%

-

50%

434.16

-0.15

2015

588.54

83.05

70.96

NC recycling, MBT aerobic
3, SRF to Gasification 1

39%

50%

lo recycling, MBT aerobic 3, SRF to
Gasification 1

Dry AD with electricity
generation

lo

MBT aerobic 3

ATT_generic

30%

0%

-

43%

415.86

-0.30

2031

578.19

109.48

41.81

lo recycling, MBT aerobic 3,
SRF to Gasification 1

71%

43%

mid -d recycling, MBT aerobic 3, SRF to
Gasification 1

Dry AD with electricity
generation

mid -d

MBT aerobic 3

ATT_generic

30%

0%

-

40%

497.51

-0.31

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

40%

mid -f recycling, MBT aerobic 3, SRF to
Gasification 1

Dry AD with electricity
generation

mid -f

MBT aerobic 3

ATT_generic

30%

0%

-

38%

476.14

-0.28

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

38%

hi recycling, MBT aerobic 3, SRF to
Gasification 1

Dry AD with electricity
generation

hi

MBT aerobic 3

ATT_generic

30%

0%

-

33%

455.84

-0.31

2031

600.70

119.76

37.43

hi recycling, MBT aerobic 3,
SRF to Gasification 1

78%

33%

NC recycling, MBT aerobic 3, SRF to
power_station_generic

Dry AD with electricity
generation

NC

MBT aerobic 3

power_station_generic

36%

0%

-

50%

357.70

-0.35

2031

588.54

83.05

70.96

NC recycling, MBT aerobic
3, SRF to
power_station_generic

38%

50%

lo recycling, MBT aerobic 3, SRF to
power_station_generic

Dry AD with electricity
generation

lo

MBT aerobic 3

power_station_generic

36%

0%

-

43%

354.96

-0.41

2031

578.19

109.48

41.81

lo recycling, MBT aerobic 3,
SRF to
power_station_generic

70%

43%

mid -d recycling, MBT aerobic 3, SRF to
power_station_generic

Dry AD with electricity
generation

mid -d

MBT aerobic 3

power_station_generic

36%

0%

-

40%

417.46

-0.40

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
power_station_generic

69%

40%

mid -f recycling, MBT aerobic 3, SRF to
power_station_generic

Dry AD with electricity
generation

mid -f

MBT aerobic 3

power_station_generic

36%

0%

-

38%

402.87

-0.40

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 3, SRF to
power_station_generic

68%

38%

hi recycling, MBT aerobic 3, SRF to
power_station_generic

Dry AD with electricity
generation

hi

MBT aerobic 3

power_station_generic

36%

0%

-

33%

394.78

-0.41

2031

600.70

119.76

37.43

hi recycling, MBT aerobic 3,
SRF to
power_station_generic

78%

33%

NC recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

NC

MBT aerobic 4

incineration_generic

30%

0%

-

79%

301.04

-0.27

2031

645.43

83.05

85.84

NC recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

46%

79%

lo recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

lo

MBT aerobic 4

incineration_generic

30%

0%

-

73%

283.52

-0.37

2031

606.69

109.48

49.27

lo recycling, MBT aerobic 4,
SRF to Incineration 1
(electricity only)

74%

73%

48.54

mid -d recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

72%

65%

73%

68%

82%

60%

mid -d recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -d

MBT aerobic 4

incineration_generic

30%

0%

-

65%

388.48

-0.37

2031

553.40

96.27

mid -f recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -f

MBT aerobic 4

incineration_generic

30%

0%

-

68%

336.21

-0.35

2031

597.87

105.12

51.33

mid -f recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

hi recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

hi

MBT aerobic 4

incineration_generic

30%

0%

-

60%

314.66

-0.37

2031

625.55

119.76

43.93

hi recycling, MBT aerobic 4,
SRF to Incineration 1
(electricity only)
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

NC recycling, MBT aerobic 4, SRF to
cement_kiln

Dry AD with electricity
generation

NC

MBT aerobic 4

cement_kiln

0%

100%

-

79%

84.84

-0.38

2031

645.43

83.05

85.84

NC recycling, MBT aerobic
4, SRF to cement_kiln

41%

79%

lo recycling, MBT aerobic 4, SRF to
cement_kiln

Dry AD with electricity
generation

lo

MBT aerobic 4

cement_kiln

0%

100%

-

73%

104.72

-0.42

2031

606.69

109.48

49.27

lo recycling, MBT aerobic 4,
SRF to cement_kiln

72%

73%

mid -d recycling, MBT aerobic 4, SRF to
cement_kiln

Dry AD with electricity
generation

mid -d

MBT aerobic 4

cement_kiln

0%

100%

-

65%

128.91

-0.40

2031

553.40

96.27

48.54

mid -d recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

65%

mid -f recycling, MBT aerobic 4, SRF to
cement_kiln

Dry AD with electricity
generation

mid -f

MBT aerobic 4

cement_kiln

0%

100%

-

68%

119.26

-0.40

2031

597.87

105.12

51.33

mid -f recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

68%

hi recycling, MBT aerobic 4, SRF to
cement_kiln

Dry AD with electricity
generation

hi

MBT aerobic 4

cement_kiln

0%

100%

-

60%

136.76

-0.40

2031

625.55

119.76

43.93

hi recycling, MBT aerobic 4,
SRF to cement_kiln

80%

60%

NC recycling, MBT aerobic 4, SRF to
Gasification 1

Dry AD with electricity
generation

NC

MBT aerobic 4

ATT_generic

30%

0%

-

79%

273.62

-0.27

2031

645.43

83.05

85.84

NC recycling, MBT aerobic
4, SRF to Gasification 1

46%

79%

lo recycling, MBT aerobic 4, SRF to
Gasification 1

Dry AD with electricity
generation

lo

MBT aerobic 4

ATT_generic

30%

0%

-

73%

260.33

-0.37

2031

606.69

109.48

49.27

lo recycling, MBT aerobic 4,
SRF to Gasification 1

74%

73%

mid -d recycling, MBT aerobic 4, SRF to
Gasification 1

Dry AD with electricity
generation

mid -d

MBT aerobic 4

ATT_generic

30%

0%

-

65%

354.32

-0.37

2031

553.40

96.27

48.54

mid -d recycling, MBT
aerobic 4, SRF to
Gasification 1

72%

65%

mid -f recycling, MBT aerobic 4, SRF to
Gasification 1

Dry AD with electricity
generation

mid -f

MBT aerobic 4

ATT_generic

30%

0%

-

68%

307.61

-0.36

2031

597.87

105.12

51.33

mid -f recycling, MBT
aerobic 4, SRF to
Gasification 1

73%

68%

hi recycling, MBT aerobic 4, SRF to
Gasification 1

Dry AD with electricity
generation

hi

MBT aerobic 4

ATT_generic

30%

0%

-

60%

289.69

-0.37

2031

625.55

119.76

43.93

hi recycling, MBT aerobic 4,
SRF to Gasification 1

82%

60%

NC recycling, MBT aerobic 4, SRF to
power_station_generic

Dry AD with electricity
generation

NC

MBT aerobic 4

power_station_generic

36%

0%

-

79%

226.58

-0.38

2031

645.43

83.05

85.84

NC recycling, MBT aerobic
4, SRF to
power_station_generic

45%

79%

lo recycling, MBT aerobic 4, SRF to
power_station_generic

Dry AD with electricity
generation

lo

MBT aerobic 4

power_station_generic

36%

0%

-

73%

228.47

-0.42

2031

606.69

109.48

49.27

lo recycling, MBT aerobic 4,
SRF to
power_station_generic

74%

73%

mid -d recycling, MBT aerobic 4, SRF to
power_station_generic

Dry AD with electricity
generation

mid -d

MBT aerobic 4

power_station_generic

36%

0%

-

65%

304.45

-0.41

2031

553.40

96.27

48.54

mid -d recycling, MBT
aerobic 4, SRF to
power_station_generic

72%

65%

mid -f recycling, MBT aerobic 4, SRF to
power_station_generic

Dry AD with electricity
generation

mid -f

MBT aerobic 4

power_station_generic

36%

0%

-

68%

267.92

-0.41

2031

597.87

105.12

51.33

mid -f recycling, MBT
aerobic 4, SRF to
power_station_generic

73%

68%

hi recycling, MBT aerobic 4, SRF to
power_station_generic

Dry AD with electricity
generation

hi

MBT aerobic 4

power_station_generic

36%

0%

-

60%

262.01

-0.41

2031

625.55

119.76

43.93

hi recycling, MBT aerobic 4,
SRF to
power_station_generic

81%

60%

NC recycling, MBT aerobic 2 (landfill)

Dry AD with electricity
generation

NC

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

110.46

-0.09

-

645.97

83.05

85.98

NC recycling, MBT aerobic
2 (landfill)

33%

0%

lo recycling, MBT aerobic 2 (landfill)

Dry AD with electricity
generation

lo

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

110.46

-0.29

2031

606.53

109.48

49.23

lo recycling, MBT aerobic 2
(landfill)

68%

0%

mid -d recycling, MBT aerobic 2 (landfill)

Dry AD with electricity
generation

mid -d

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

110.46

-0.31

2031

543.77

96.27

46.02

mid -d recycling, MBT
aerobic 2 (landfill)

66%

0%

mid -f recycling, MBT aerobic 2 (landfill)

Dry AD with electricity
generation

mid -f

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

110.46

-0.28

2031

596.79

105.12

51.05

mid -f recycling, MBT
aerobic 2 (landfill)

66%

0%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

hi recycling, MBT aerobic 2 (landfill)

Dry AD with electricity
generation

hi

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

110.46

-0.32

2031

624.78

119.76

43.73

hi recycling, MBT aerobic 2
(landfill)

75%

0%

NC recycling, MBT biostab 1

Dry AD with electricity
generation

NC

MBT biostab 1

#N/A

0%

0%

-

0%

110.46

-0.10

-

639.92

83.05

84.40

NC recycling, MBT biostab
1

32%

0%

lo recycling, MBT biostab 1

Dry AD with electricity
generation

lo

MBT biostab 1

#N/A

0%

0%

-

0%

110.46

-0.29

2031

603.52

109.48

48.44

lo recycling, MBT biostab 1

67%

0%

mid -d recycling, MBT biostab 1

Dry AD with electricity
generation

mid -d

MBT biostab 1

#N/A

0%

0%

-

0%

110.46

-0.31

2031

540.89

96.27

45.26

mid -d recycling, MBT
biostab 1

66%

0%

mid -f recycling, MBT biostab 1

Dry AD with electricity
generation

mid -f

MBT biostab 1

#N/A

0%

0%

-

0%

110.46

-0.28

2031

594.27

105.12

50.39

mid -f recycling, MBT
biostab 1

65%

0%

hi recycling, MBT biostab 1

Dry AD with electricity
generation

hi

MBT biostab 1

#N/A

0%

0%

-

0%

110.46

-0.32

2031

623.30

119.76

43.34

hi recycling, MBT biostab 1

75%

0%

NC recycling, MBT AD 1 (landfill), SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

NC

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

61%

366.70

-0.18

2015

580.47

83.05

68.84

NC recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

41%

61%

lo recycling, MBT AD 1 (landfill), SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

lo

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

55%

373.44

-0.31

2031

575.22

109.48

41.04

lo recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

72%

55%

mid -d recycling, MBT AD 1 (landfill), SRF
to Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -d

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

56%

393.02

-0.34

2031

516.22

96.27

38.81

mid -d recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

71%

56%

mid -f recycling, MBT AD 1 (landfill), SRF
to Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -f

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

51%

415.70

-0.30

2031

562.81

105.12

42.15

mid -f recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

71%

51%

hi recycling, MBT AD 1 (landfill), SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

hi

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

47%

397.09

-0.33

2031

596.78

119.76

36.40

hi recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

79%

47%

NC recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

NC

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

68%

315.99

-0.19

2015

596.37

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

46%

68%

lo recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

lo

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

62%

330.39

-0.32

2031

583.18

109.48

43.12

lo recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

74%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to Dry AD with electricity
Incineration 1 (electricity only)
generation

mid -d

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

66%

322.44

-0.34

2031

526.49

96.27

41.49

mid -d recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

74%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -f

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

58%

367.96

-0.30

2031

571.03

105.12

44.30

mid -f recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

73%

58%

hi recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

hi

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

54%

367.14

-0.33

2031

601.50

119.76

37.63

hi recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

81%

54%

NC recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Dry AD with electricity
generation

NC

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

68%

94.65

-0.48

2031

596.37

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to cement_kiln

32%

68%

lo recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Dry AD with electricity
generation

lo

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

62%

110.69

-0.46

2031

583.18

109.48

43.12

lo recycling, MBT AD 2
(SRF), SRF to cement_kiln

68%

62%

mid -d

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

66%

102.52

-0.48

2031

526.49

96.27

41.49

mid -d recycling, MBT AD 2
(SRF), SRF to cement_kiln

67%

66%

mid -d recycling, MBT AD 2 (SRF), SRF to Dry AD with electricity
cement_kiln
generation
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -f recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Dry AD with electricity
generation

mid -f

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

58%

120.63

-0.46

2031

571.03

105.12

44.30

mid -f recycling, MBT AD 2
(SRF), SRF to cement_kiln

66%

58%

hi recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Dry AD with electricity
generation

hi

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

54%

133.39

-0.44

2031

601.50

119.76

37.63

hi recycling, MBT AD 2
(SRF), SRF to cement_kiln

76%

54%

NC recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Dry AD with electricity
generation

NC

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

68%

286.43

-0.21

2020

596.37

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to Gasification
1

46%

68%

lo recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Dry AD with electricity
generation

lo

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

62%

300.71

-0.33

2031

583.18

109.48

43.12

lo recycling, MBT AD 2
(SRF), SRF to Gasification
1

74%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to Dry AD with electricity
Gasification 1
generation

mid -d

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

66%

292.86

-0.35

2031

526.49

96.27

41.49

mid -d recycling, MBT AD 2
(SRF), SRF to Gasification
1

74%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Dry AD with electricity
generation

mid -f

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

58%

334.41

-0.32

2031

571.03

105.12

44.30

mid -f recycling, MBT AD 2
(SRF), SRF to Gasification
1

73%

58%

hi recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Dry AD with electricity
generation

hi

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

54%

334.60

-0.34

2031

601.50

119.76

37.63

hi recycling, MBT AD 2
(SRF), SRF to Gasification
1

81%

54%

NC recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Dry AD with electricity
generation

NC

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

68%

240.79

-0.45

2031

596.37

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to
power_station_generic

45%

68%

lo recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Dry AD with electricity
generation

lo

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

62%

259.02

-0.45

2031

583.18

109.48

43.12

lo recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to Dry AD with electricity
power_station_generic
generation

mid -d

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

66%

249.48

-0.46

2031

526.49

96.27

41.49

mid -d recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Dry AD with electricity
generation

mid -f

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

58%

286.76

-0.45

2031

571.03

105.12

44.30

mid -f recycling, MBT AD 2
(SRF), SRF to
power_station_generic

73%

58%

hi recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Dry AD with electricity
generation

hi

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

54%

293.03

-0.44

2031

601.50

119.76

37.63

hi recycling, MBT AD 2
(SRF), SRF to
power_station_generic

81%

54%

NC recycling, Incineration 1 (electricity
only)_total

Dry AD with electricity
generation

NC

Incineration 1
(electricity only)_total

#N/A

30%

0%

62%

427.90

-0.11

-

463.73

83.05

38.30

NC recycling, Incineration 1
(electricity only)_total

46%

62%

lo recycling, Incineration 1 (electricity
only)_total

Dry AD with electricity
generation

lo

Incineration 1
(electricity only)_total

#N/A

30%

0%

57%

436.93

-0.27

2031

521.88

109.48

27.08

lo recycling, Incineration 1
(electricity only)_total

74%

57%

mid -d recycling, Incineration 1 (electricity
only)_total

Dry AD with electricity
generation

mid -d

Incineration 1
(electricity only)_total

#N/A

30%

0%

57%

472.15

-0.30

2031

464.86

96.27

25.37

mid -d recycling,
Incineration 1 (electricity
only)_total

74%

57%

mid -f recycling, Incineration 1 (electricity
only)_total

Dry AD with electricity
generation

mid -f

Incineration 1
(electricity only)_total

#N/A

30%

0%

52%

496.27

-0.25

2031

506.42

105.12

27.40

mid -f recycling, Incineration
1 (electricity only)_total

73%

52%

hi recycling, Incineration 1 (electricity
only)_total

Dry AD with electricity
generation

hi

Incineration 1
(electricity only)_total

#N/A

30%

0%

47%

503.48

-0.28

2031

554.89

119.76

25.44

hi recycling, Incineration 1
(electricity only)_total

80%

47%

NC recycling, Incineration 2 (low
CHP)_total

Dry AD with electricity
generation

NC

Incineration 2 (low
CHP)_total

#N/A

22%

10%

62%

404.32

-0.12

-

586.17

83.05

70.33

NC recycling, Incineration 2
(low CHP)_total

46%

62%

lo recycling, Incineration 2 (low CHP)_total

Dry AD with electricity
generation

lo

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

416.01

-0.27

2031

581.08

109.48

42.57

lo recycling, Incineration 2
(low CHP)_total

74%

57%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -d recycling, Incineration 2 (low
CHP)_total

Dry AD with electricity
generation

mid -d

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

447.68

-0.31

2031

524.46

96.27

40.96

mid -d recycling,
Incineration 2 (low
CHP)_total

74%

57%

mid -f recycling, Incineration 2 (low
CHP)_total

Dry AD with electricity
generation

mid -f

Incineration 2 (low
CHP)_total

#N/A

22%

10%

52%

471.61

-0.26

2031

568.13

105.12

43.55

mid -f recycling, Incineration
2 (low CHP)_total

73%

52%

hi recycling, Incineration 2 (low CHP)_total

Dry AD with electricity
generation

hi

Incineration 2 (low
CHP)_total

#N/A

22%

10%

47%

481.16

-0.28

2031

599.60

119.76

37.14

hi recycling, Incineration 2
(low CHP)_total

80%

47%

NC recycling, Incineration 3 (medium
CHP)_total

Dry AD with electricity
generation

NC

Incineration 3
(medium CHP)_total

#N/A

20%

20%

62%

324.31

-0.18

2015

580.81

83.05

68.93

NC recycling, Incineration 3
(medium CHP)_total

46%

62%

lo recycling, Incineration 3 (medium
CHP)_total

Dry AD with electricity
generation

lo

Incineration 3
(medium CHP)_total

#N/A

20%

20%

57%

342.55

-0.30

2031

578.49

109.48

41.89

lo recycling, Incineration 3
(medium CHP)_total

74%

57%

mid -d recycling, Incineration 3 (medium
CHP)_total

Dry AD with electricity
generation

mid -d

Incineration 3
(medium CHP)_total

#N/A

20%

20%

57%

363.38

-0.33

2031

521.86

96.27

40.28

mid -d recycling,
Incineration 3 (medium
CHP)_total

74%

57%

mid -f recycling, Incineration 3 (medium
CHP)_total

Dry AD with electricity
generation

mid -f

Incineration 3
(medium CHP)_total

#N/A

20%

20%

52%

385.80

-0.29

2031

565.43

105.12

42.84

mid -f recycling, Incineration
3 (medium CHP)_total

73%

52%

hi recycling, Incineration 3 (medium
CHP)_total

Dry AD with electricity
generation

hi

Incineration 3
(medium CHP)_total

#N/A

20%

20%

47%

401.45

-0.31

2031

597.64

119.76

36.62

hi recycling, Incineration 3
(medium CHP)_total

80%

47%

NC recycling, Incineration 4 (high
CHP)_total

Dry AD with electricity
generation

NC

Incineration 4 (high
CHP)_total

#N/A

16%

40%

62%

232.35

-0.29

2031

566.01

83.05

65.06

NC recycling, Incineration 4
(high CHP)_total

46%

62%

lo recycling, Incineration 4 (high CHP)_total

Dry AD with electricity
generation

lo

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

253.15

-0.36

2031

571.33

109.48

40.02

lo recycling, Incineration 4
(high CHP)_total

74%

57%

mid -d recycling, Incineration 4 (high
CHP)_total

Dry AD with electricity
generation

mid -d

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

263.96

-0.39

2031

514.65

96.27

38.40

mid -d recycling,
Incineration 4 (high
CHP)_total

74%

57%

mid -f recycling, Incineration 4 (high
CHP)_total

Dry AD with electricity
generation

mid -f

Incineration 4 (high
CHP)_total

#N/A

16%

40%

52%

282.86

-0.35

2031

557.97

105.12

40.89

mid -f recycling, Incineration
4 (high CHP)_total

73%

52%

hi recycling, Incineration 4 (high CHP)_total

Dry AD with electricity
generation

hi

Incineration 4 (high
CHP)_total

#N/A

16%

40%

47%

301.55

-0.36

2031

592.24

119.76

35.21

hi recycling, Incineration 4
(high CHP)_total

80%

47%

NC recycling, Incineration 5 (medium
efficiency electricity)_total

Dry AD with electricity
generation

NC

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

62%

536.74

-0.07

-

524.78

83.05

54.27

NC recycling, Incineration 5
(medium efficiency
electricity)_total

46%

62%

lo recycling, Incineration 5 (medium
efficiency electricity)_total

Dry AD with electricity
generation

lo

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

529.56

-0.24

2031

551.40

109.48

34.80

lo recycling, Incineration 5
(medium efficiency
electricity)_total

74%

57%

mid -d recycling, Incineration 5 (medium
efficiency electricity)_total

Dry AD with electricity
generation

mid -d

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

582.92

-0.28

2031

494.58

96.27

33.14

mid -d recycling,
Incineration 5 (medium
efficiency electricity)_total

74%

57%

mid -f recycling, Incineration 5 (medium
efficiency electricity)_total

Dry AD with electricity
generation

mid -f

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

52%

606.52

-0.23

2020

537.18

105.12

35.45

mid -f recycling, Incineration
5 (medium efficiency
electricity)_total

73%

52%

hi recycling, Incineration 5 (medium
efficiency electricity)_total

Dry AD with electricity
generation

hi

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

47%

600.35

-0.26

2031

577.18

119.76

31.27

hi recycling, Incineration 5
(medium efficiency
electricity)_total

80%

47%

NC recycling, Gasification 1_total

Dry AD with electricity
generation

NC

Gasification 1_total

#N/A

30%

0%

62%

388.33

-0.14

2015

347.40

83.05

7.86

NC recycling, Gasification
1_total

46%

62%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

lo recycling, Gasification 1_total

Dry AD with electricity
generation

lo

Gasification 1_total

#N/A

30%

0%

57%

397.43

-0.28

2031

465.62

109.48

12.36

lo recycling, Gasification
1_total

74%

57%

mid -d recycling, Gasification 1_total

Dry AD with electricity
generation

mid -d

Gasification 1_total

#N/A

30%

0%

57%

428.85

-0.32

2031

408.23

96.27

10.55

mid -d recycling,
Gasification 1_total

74%

57%

mid -f recycling, Gasification 1_total

Dry AD with electricity
generation

mid -f

Gasification 1_total

#N/A

30%

0%

52%

450.95

-0.27

2031

447.78

105.12

12.05

mid -f recycling,
Gasification 1_total

73%

52%

hi recycling, Gasification 1_total

Dry AD with electricity
generation

hi

Gasification 1_total

#N/A

30%

0%

47%

458.07

-0.29

2031

512.42

119.76

14.32

hi recycling, Gasification
1_total

80%

47%

NC recycling, Gasification 2_total

Dry AD with electricity
generation

NC

Gasification 2_total

#N/A

21%

0%

62%

548.32

-0.08

-

539.49

83.05

58.12

NC recycling, Gasification
2_total

46%

62%

lo recycling, Gasification 2_total

Dry AD with electricity
generation

lo

Gasification 2_total

#N/A

21%

0%

57%

530.80

-0.25

2031

558.51

109.48

36.66

lo recycling, Gasification
2_total

74%

57%

mid -d recycling, Gasification 2_total

Dry AD with electricity
generation

mid -d

Gasification 2_total

#N/A

21%

0%

57%

590.08

-0.29

2031

501.74

96.27

35.02

mid -d recycling,
Gasification 2_total

74%

57%

mid -f recycling, Gasification 2_total

Dry AD with electricity
generation

mid -f

Gasification 2_total

#N/A

21%

0%

52%

610.41

-0.23567

2020

544.60

105.12

37.39

mid -f recycling,
Gasification 2_total

73%

52%

hi recycling, Gasification 2_total

Dry AD with electricity
generation

hi

Gasification 2_total

#N/A

21%

0%

47%

596.14

-0.26

2031

582.55

119.76

32.68

hi recycling, Gasification
2_total

80%

47%

NC recycling, Gasification Gas Engine
1_total

Dry AD with electricity
generation

NC

Gasification Gas
Engine 1_total

#N/A

30%

0%

62%

377.26

-0.15

2015

501.97

83.05

48.30

NC recycling, Gasification
Gas Engine 1_total

46%

62%

lo recycling, Gasification Gas Engine
1_total

Dry AD with electricity
generation

lo

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

387.64

-0.29

2031

540.37

109.48

31.92

lo recycling, Gasification
Gas Engine 1_total

74%

57%

mid -d recycling, Gasification Gas Engine
1_total

Dry AD with electricity
generation

mid -d

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

417.39

-0.32

2031

483.48

96.27

30.24

mid -d recycling,
Gasification Gas Engine
1_total

74%

57%

mid -f recycling, Gasification Gas Engine
1_total

Dry AD with electricity
generation

mid -f

Gasification Gas
Engine 1_total

#N/A

30%

0%

52%

439.41

-0.27

2031

525.69

105.12

32.44

mid -f recycling,
Gasification Gas Engine
1_total

73%

52%

hi recycling, Gasification Gas Engine
1_total

Dry AD with electricity
generation

hi

Gasification Gas
Engine 1_total

#N/A

30%

0%

47%

447.65

-0.29

2031

568.85

119.76

29.09

hi recycling, Gasification
Gas Engine 1_total

80%

47%

NC recycling, Gasification Gas Engine
2_total

Dry AD with electricity
generation

NC

Gasification Gas
Engine 2_total

#N/A

32%

0%

62%

356.16

-0.16

2015

473.88

83.05

40.95

NC recycling, Gasification
Gas Engine 2_total

46%

62%

lo recycling, Gasification Gas Engine
2_total

Dry AD with electricity
generation

lo

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

368.75

-0.29

2031

526.78

109.48

28.36

lo recycling, Gasification
Gas Engine 2_total

74%

57%

mid -d recycling, Gasification Gas Engine
2_total

Dry AD with electricity
generation

mid -d

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

395.41

-0.33

2031

469.80

96.27

26.66

mid -d recycling,
Gasification Gas Engine
2_total

74%

57%

mid -f recycling, Gasification Gas Engine
2_total

Dry AD with electricity
generation

mid -f

Gasification Gas
Engine 2_total

#N/A

32%

0%

52%

417.22

-0.28

2031

511.53

105.12

28.73

mid -f recycling,
Gasification Gas Engine
2_total

73%

52%

hi recycling, Gasification Gas Engine
2_total

Dry AD with electricity
generation

hi

Gasification Gas
Engine 2_total

#N/A

32%

0%

47%

427.43

-0.30

2031

558.59

119.76

26.41

hi recycling, Gasification
Gas Engine 2_total

80%

47%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

NC recycling, True Pyrolysis 1_total

Dry AD with electricity
generation

NC

True Pyrolysis
1_total

#N/A

32%

0%

62%

358.83

-0.14

2015

528.86

83.05

55.34

NC recycling, True Pyrolysis
1_total

46%

62%

lo recycling, True Pyrolysis 1_total

Dry AD with electricity
generation

lo

True Pyrolysis
1_total

#N/A

32%

0%

57%

371.01

-0.28

2031

553.37

109.48

35.32

lo recycling, True Pyrolysis
1_total

74%

57%

mid -d recycling, True Pyrolysis 1_total

Dry AD with electricity
generation

mid -d

True Pyrolysis
1_total

#N/A

32%

0%

57%

398.13

-0.32

2031

496.57

96.27

33.66

mid -d recycling, True
Pyrolysis 1_total

74%

57%

mid -f recycling, True Pyrolysis 1_total

Dry AD with electricity
generation

mid -f

True Pyrolysis
1_total

#N/A

32%

0%

52%

419.91

-0.27

2031

539.24

105.12

35.99

mid -f recycling, True
Pyrolysis 1_total

73%

52%

hi recycling, True Pyrolysis 1_total

Dry AD with electricity
generation

hi

True Pyrolysis
1_total

#N/A

32%

0%

47%

429.75

-0.29

2031

578.67

119.76

31.66

hi recycling, True Pyrolysis
1_total

80%

47%

NC recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

NC

Dirty MRF 1

incineration_generic

30%

0%

-

69%

365.36

-0.26

2031

545.99

83.05

59.82

NC recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

50%

69%

lo recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

lo

Dirty MRF 1

incineration_generic

30%

0%

-

63%

372.59

-0.35

2031

560.24

109.48

37.12

lo recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

76%

63%

mid -d recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -d

Dirty MRF 1

incineration_generic

30%

0%

-

61%

431.88

-0.35

2031

507.03

96.27

36.40

mid -d recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

75%

61%

mid -f recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -f

Dirty MRF 1

incineration_generic

30%

0%

-

58%

434.97

-0.33

2031

547.73

105.12

38.21

mid -f recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

75%

58%

hi recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

hi

Dirty MRF 1

incineration_generic

30%

0%

-

52%

452.33

-0.34

2031

584.22

119.76

33.11

hi recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

82%

52%

NC recycling, Dirty MRF 1, SRF to
Gasification 1

Dry AD with electricity
generation

NC

Dirty MRF 1

ATT_generic

30%

0%

-

69%

331.63

-0.28

2031

545.99

83.05

59.82

NC recycling, Dirty MRF 1,
SRF to Gasification 1

50%

69%

lo recycling, Dirty MRF 1, SRF to
Gasification 1

Dry AD with electricity
generation

lo

Dirty MRF 1

ATT_generic

30%

0%

-

63%

339.29

-0.36

2031

560.24

109.48

37.12

lo recycling, Dirty MRF 1,
SRF to Gasification 1

76%

63%

mid -d recycling, Dirty MRF 1, SRF to
Gasification 1

Dry AD with electricity
generation

mid -d

Dirty MRF 1

ATT_generic

30%

0%

-

61%

392.40

-0.36

2031

507.03

96.27

36.40

mid -d recycling, Dirty MRF
1, SRF to Gasification 1

75%

61%

mid -f recycling, Dirty MRF 1, SRF to
Gasification 1

Dry AD with electricity
generation

mid -f

Dirty MRF 1

ATT_generic

30%

0%

-

58%

395.52

-0.34

2031

547.73

105.12

38.21

mid -f recycling, Dirty MRF
1, SRF to Gasification 1

75%

58%

hi recycling, Dirty MRF 1, SRF to
Gasification 1

Dry AD with electricity
generation

hi

Dirty MRF 1

ATT_generic

30%

0%

-

52%

411.94

-0.35

2031

584.22

119.76

33.11

hi recycling, Dirty MRF 1,
SRF to Gasification 1

82%

52%

NC recycling, MHT 2, SRF to
Gasification_CHP_generic

Dry AD with electricity
generation

NC

MHT 2

Gasification_CHP_generi
c

32%

26%

-

70%

139.21

-0.38

2031

642.20

83.05

85.00

NC recycling, MHT 2, SRF
to
Gasification_CHP_generic

52%

70%

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

Dry AD with electricity
generation

lo

MHT 2

Gasification_CHP_generi
c

32%

26%

-

64%

159.38

-0.41

2031

607.14

109.48

49.39

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

77%

64%

mid -d recycling, MHT 2, SRF to
Gasification_CHP_generic

Dry AD with electricity
generation

mid -d

MHT 2

Gasification_CHP_generi
c

32%

26%

-

70%

140.72

-0.42

2031

549.88

96.27

47.62

mid -d recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

70%

mid -f recycling, MHT 2, SRF to
Gasification_CHP_generic

Dry AD with electricity
generation

mid -f

MHT 2

Gasification_CHP_generi
c

32%

26%

-

61%

174.49

-0.40

2031

595.57

105.12

50.73

mid -f recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

61%

SLR
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

AD option

Dry AD with electricity
generation

NC recycling, MHT 1, SRF to Incineration 1 Wet AD with biogas to
(electricity only)
transport fuel

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

hi

MHT 2

Gasification_CHP_generi
c

32%

26%

-

55%

187.28

-0.40

2031

618.31

119.76

42.03

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

84%

55%

NC

MHT 1

incineration_generic

30%

0%

-

70%

323.64

-0.21

2020

642.63

83.05

85.11

NC recycling, MHT 1, SRF
to Incineration 1 (electricity
only)

52%

70%

lo recycling, MHT 1, SRF to Incineration 1
(electricity only)

Wet AD with biogas to
transport fuel

lo

MHT 1

incineration_generic

30%

0%

-

64%

241.17

-0.33

2031

608.92

109.48

49.85

lo recycling, MHT 1, SRF to
Incineration 1 (electricity
only)

77%

64%

mid -d recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -d

MHT 1

incineration_generic

30%

0%

-

70%

260.91

-0.35

2031

550.71

96.27

47.83

mid -d recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

70%

mid -f recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -f

MHT 1

incineration_generic

30%

0%

-

61%

284.50

-0.31

2031

597.07

105.12

51.12

mid -f recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

61%

hi recycling, MHT 1, SRF to Incineration 1
(electricity only)

Wet AD with biogas to
transport fuel

hi

MHT 1

incineration_generic

30%

0%

-

55%

218.34

-0.34

2031

620.72

119.76

42.66

hi recycling, MHT 1, SRF to
Incineration 1 (electricity
only)

84%

55%

NC recycling, MHT 1, SRF to cement_kiln

Wet AD with biogas to
transport fuel

NC

MHT 1

cement_kiln

0%

100%

-

70%

92.76

-0.42

2031

642.63

83.05

85.11

NC recycling, MHT 1, SRF
to cement_kiln

41%

70%

lo recycling, MHT 1, SRF to cement_kiln

Wet AD with biogas to
transport fuel

lo

MHT 1

cement_kiln

0%

100%

-

64%

94.98

-0.44

2031

608.92

109.48

49.85

lo recycling, MHT 1, SRF to
cement_kiln

72%

64%

mid -d recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -d

MHT 1

cement_kiln

0%

100%

-

70%

90.53

-0.44

2031

550.71

96.27

47.83

mid -d recycling, MHT 1,
SRF to cement_kiln

71%

70%

mid -f recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -f

MHT 1

cement_kiln

0%

100%

-

61%

106.76

-0.42

2031

597.07

105.12

51.12

mid -f recycling, MHT 1,
SRF to cement_kiln

71%

61%

hi recycling, MHT 1, SRF to cement_kiln

Wet AD with biogas to
transport fuel

hi

MHT 1

cement_kiln

0%

100%

-

55%

102.68

-0.41

2031

620.72

119.76

42.66

hi recycling, MHT 1, SRF to
cement_kiln

80%

55%

NC recycling, MHT 1, SRF to Gasification
1

Wet AD with biogas to
transport fuel

NC

MHT 1

ATT_generic

30%

0%

-

70%

293.47

-0.22

2020

642.63

83.05

85.11

NC recycling, MHT 1, SRF
to Gasification 1

52%

70%

lo recycling, MHT 1, SRF to Gasification 1

Wet AD with biogas to
transport fuel

lo

MHT 1

ATT_generic

30%

0%

-

64%

218.53

-0.34

2031

608.92

109.48

49.85

lo recycling, MHT 1, SRF to
Gasification 1

77%

64%

mid -d recycling, MHT 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -d

MHT 1

ATT_generic

30%

0%

-

70%

236.44

-0.36

2031

550.71

96.27

47.83

mid -d recycling, MHT 1,
SRF to Gasification 1

76%

70%

mid -f recycling, MHT 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -f

MHT 1

ATT_generic

30%

0%

-

61%

257.67

-0.32

2031

597.07

105.12

51.12

mid -f recycling, MHT 1,
SRF to Gasification 1

76%

61%

hi recycling, MHT 1, SRF to Gasification 1

Wet AD with biogas to
transport fuel

hi

MHT 1

ATT_generic

30%

0%

-

55%

197.88

-0.35

2031

620.72

119.76

42.66

hi recycling, MHT 1, SRF to
Gasification 1

84%

55%

NC recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MHT 1

power_station_generic

36%

0%

-

70%

244.12

-0.40

2031

642.63

83.05

85.11

NC recycling, MHT 1, SRF
to power_station_generic

51%

70%

lo recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MHT 1

power_station_generic

36%

0%

-

64%

194.57

-0.43

2031

608.92

109.48

49.85

lo recycling, MHT 1, SRF to
power_station_generic

76%

64%

mid -d recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -d

MHT 1

power_station_generic

36%

0%

-

70%

205.31

-0.43

2031

550.71

96.27

47.83

mid -d recycling, MHT 1,
SRF to
power_station_generic

76%

70%

SLR
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -f recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -f

MHT 1

power_station_generic

36%

0%

-

61%

227.32

-0.41

2031

597.07

105.12

51.12

mid -f recycling, MHT 1,
SRF to
power_station_generic

75%

61%

hi recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MHT 1

power_station_generic

36%

0%

-

55%

181.72

-0.41

2031

620.72

119.76

42.66

hi recycling, MHT 1, SRF to
power_station_generic

83%

55%

NC

MHT 2

incineration_generic

30%

0%

-

70%

282.76

-0.23

2020

642.63

83.05

85.11

NC recycling, MHT 2, SRF
to Incineration 1 (electricity
only)

52%

70%

NC recycling, MHT 2, SRF to Incineration 1 Wet AD with biogas to
(electricity only)
transport fuel

lo recycling, MHT 2, SRF to Incineration 1
(electricity only)

Wet AD with biogas to
transport fuel

lo

MHT 2

incineration_generic

30%

0%

-

64%

221.47

-0.34

2031

608.92

109.48

49.85

lo recycling, MHT 2, SRF to
Incineration 1 (electricity
only)

77%

64%

mid -d recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -d

MHT 2

incineration_generic

30%

0%

-

70%

230.06

-0.36

2031

550.71

96.27

47.83

mid -d recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

70%

mid -f recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -f

MHT 2

incineration_generic

30%

0%

-

61%

259.08

-0.32

2031

597.07

105.12

51.12

mid -f recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

61%

hi recycling, MHT 2, SRF to Incineration 1
(electricity only)

Wet AD with biogas to
transport fuel

hi

MHT 2

incineration_generic

30%

0%

-

55%

205.89

-0.35

2031

620.72

119.76

42.66

hi recycling, MHT 2, SRF to
Incineration 1 (electricity
only)

84%

55%

NC recycling, MHT 2, SRF to cement_kiln

Wet AD with biogas to
transport fuel

NC

MHT 2

cement_kiln

0%

100%

-

70%

80.36

-0.46

2031

642.63

83.05

85.11

NC recycling, MHT 2, SRF
to cement_kiln

41%

70%

lo recycling, MHT 2, SRF to cement_kiln

Wet AD with biogas to
transport fuel

lo

MHT 2

cement_kiln

0%

100%

-

64%

84.06

-0.45

2031

608.92

109.48

49.85

lo recycling, MHT 2, SRF to
cement_kiln

72%

64%

mid -d recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -d

MHT 2

cement_kiln

0%

100%

-

70%

77.20

-0.46

2031

550.71

96.27

47.83

mid -d recycling, MHT 2,
SRF to cement_kiln

71%

70%

mid -f recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -f

MHT 2

cement_kiln

0%

100%

-

61%

93.92

-0.44

2031

597.07

105.12

51.12

mid -f recycling, MHT 2,
SRF to cement_kiln

71%

61%

hi recycling, MHT 2, SRF to cement_kiln

Wet AD with biogas to
transport fuel

hi

MHT 2

cement_kiln

0%

100%

-

55%

92.91

-0.43

2031

620.72

119.76

42.66

hi recycling, MHT 2, SRF to
cement_kiln

80%

55%

NC recycling, MHT 2, SRF to Gasification
1

Wet AD with biogas to
transport fuel

NC

MHT 2

ATT_generic

30%

0%

-

70%

256.43

-0.24

2020

642.63

83.05

85.11

NC recycling, MHT 2, SRF
to Gasification 1

52%

70%

lo recycling, MHT 2, SRF to Gasification 1

Wet AD with biogas to
transport fuel

lo

MHT 2

ATT_generic

30%

0%

-

64%

200.77

-0.35

2031

608.92

109.48

49.85

lo recycling, MHT 2, SRF to
Gasification 1

77%

64%

mid -d recycling, MHT 2, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -d

MHT 2

ATT_generic

30%

0%

-

70%

208.58

-0.37

2031

550.71

96.27

47.83

mid -d recycling, MHT 2,
SRF to Gasification 1

76%

70%

mid -f recycling, MHT 2, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -f

MHT 2

ATT_generic

30%

0%

-

61%

234.75

-0.33

2031

597.07

105.12

51.12

mid -f recycling, MHT 2,
SRF to Gasification 1

76%

61%

hi recycling, MHT 2, SRF to Gasification 1

Wet AD with biogas to
transport fuel

hi

MHT 2

ATT_generic

30%

0%

-

55%

186.68

-0.35

2031

620.72

119.76

42.66

hi recycling, MHT 2, SRF to
Gasification 1

84%

55%

NC recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MHT 2

power_station_generic

36%

0%

-

70%

212.88

-0.45

2031

642.63

83.05

85.11

NC recycling, MHT 2, SRF
to power_station_generic

51%

70%

lo recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MHT 2

power_station_generic

36%

0%

-

64%

177.49

-0.45

2031

608.92

109.48

49.85

lo recycling, MHT 2, SRF to
power_station_generic

76%

64%

SLR
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Greater London Authority

Appendix C
24

402-01183-00003
June 2011

APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -d recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -d

MHT 2

power_station_generic

36%

0%

-

70%

179.83

-0.45

2031

550.71

96.27

47.83

mid -d recycling, MHT 2,
SRF to
power_station_generic

76%

70%

mid -f recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -f

MHT 2

power_station_generic

36%

0%

-

61%

205.68

-0.44

2031

597.07

105.12

51.12

mid -f recycling, MHT 2,
SRF to
power_station_generic

75%

61%

hi recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MHT 2

power_station_generic

36%

0%

-

55%

170.26

-0.43

2031

620.72

119.76

42.66

hi recycling, MHT 2, SRF to
power_station_generic

83%

55%

NC recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

NC

MBT aerobic 1

incineration_generic

30%

0%

-

50%

514.74

-0.12

-

588.97

83.05

71.07

NC recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

39%

50%

lo recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

MBT aerobic 1

incineration_generic

30%

0%

-

43%

358.28

-0.28

2031

579.97

109.48

42.28

lo recycling, MBT aerobic 1,
SRF to Incineration 1
(electricity only)

71%

43%

mid -d recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -d

MBT aerobic 1

incineration_generic

30%

0%

-

40%

491.70

-0.30

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

69%

40%

69%

38%

mid -f recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -f

MBT aerobic 1

incineration_generic

30%

0%

-

38%

440.31

-0.26

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

hi recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

MBT aerobic 1

incineration_generic

30%

0%

-

33%

351.16

-0.29

2031

603.11

119.76

38.06

hi recycling, MBT aerobic 1,
SRF to Incineration 1
(electricity only)

78%

33%

NC recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

NC

MBT aerobic 1

cement_kiln

0%

100%

-

50%

148.38

-0.29

2031

588.97

83.05

71.07

NC recycling, MBT aerobic
1, SRF to cement_kiln

33%

50%

lo recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

lo

MBT aerobic 1

cement_kiln

0%

100%

-

43%

142.25

-0.37

2031

579.97

109.48

42.28

lo recycling, MBT aerobic 1,
SRF to cement_kiln

68%

43%

mid -d recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -d

MBT aerobic 1

cement_kiln

0%

100%

-

40%

168.82

-0.37

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -f

MBT aerobic 1

cement_kiln

0%

100%

-

38%

162.65

-0.36

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

38%

hi recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

hi

MBT aerobic 1

cement_kiln

0%

100%

-

33%

154.67

-0.37

2031

603.11

119.76

38.06

hi recycling, MBT aerobic 1,
SRF to cement_kiln

75%

33%

NC recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

NC

MBT aerobic 1

ATT_generic

30%

0%

-

50%

466.61

-0.14

2015

588.97

83.05

71.07

NC recycling, MBT aerobic
1, SRF to Gasification 1

39%

50%

lo recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

lo

MBT aerobic 1

ATT_generic

30%

0%

-

43%

324.16

-0.29

2031

579.97

109.48

42.28

lo recycling, MBT aerobic 1,
SRF to Gasification 1

71%

43%

mid -d recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -d

MBT aerobic 1

ATT_generic

30%

0%

-

40%

445.02

-0.31

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

40%

mid -f recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -f

MBT aerobic 1

ATT_generic

30%

0%

-

38%

398.36

-0.27

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

38%

hi recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

hi

MBT aerobic 1

ATT_generic

30%

0%

-

33%

317.57

-0.30

2031

603.11

119.76

38.06

hi recycling, MBT aerobic 1,
SRF to Gasification 1

78%

33%

NC recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MBT aerobic 1

power_station_generic

36%

0%

-

50%

388.71

-0.31

2031

588.97

83.05

71.07

NC recycling, MBT aerobic
1, SRF to
power_station_generic

38%

50%

SLR
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

lo recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MBT aerobic 1

power_station_generic

36%

0%

-

43%

289.12

-0.38

2031

579.97

109.48

42.28

lo recycling, MBT aerobic 1,
SRF to
power_station_generic

70%

43%

mid -d recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -d

MBT aerobic 1

power_station_generic

36%

0%

-

40%

385.67

-0.38

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 1, SRF to
power_station_generic

69%

40%

mid -f recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -f

MBT aerobic 1

power_station_generic

36%

0%

-

38%

350.42

-0.37

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 1, SRF to
power_station_generic

68%

38%

hi recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MBT aerobic 1

power_station_generic

36%

0%

-

33%

288.55

-0.39

2031

603.11

119.76

38.06

hi recycling, MBT aerobic 1,
SRF to
power_station_generic

78%

33%

NC recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

NC

MBT aerobic 3

incineration_generic

30%

0%

-

50%

451.85

-0.14

2015

588.97

83.05

71.07

NC recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

39%

50%

lo recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

MBT aerobic 3

incineration_generic

30%

0%

-

43%

330.52

-0.29

2031

579.97

109.48

42.28

lo recycling, MBT aerobic 3,
SRF to Incineration 1
(electricity only)

71%

43%

69%

40%

mid -d recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -d

MBT aerobic 3

incineration_generic

30%

0%

-

40%

448.18

-0.30

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

mid -f recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -f

MBT aerobic 3

incineration_generic

30%

0%

-

38%

403.54

-0.27

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

69%

38%

hi recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

MBT aerobic 3

incineration_generic

30%

0%

-

33%

331.08

-0.30

2031

603.11

119.76

38.06

hi recycling, MBT aerobic 3,
SRF to Incineration 1
(electricity only)

78%

33%

NC recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

NC

MBT aerobic 3

cement_kiln

0%

100%

-

50%

129.10

-0.32

2031

588.97

83.05

71.07

NC recycling, MBT aerobic
3, SRF to cement_kiln

33%

50%

lo recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

lo

MBT aerobic 3

cement_kiln

0%

100%

-

43%

126.58

-0.39

2031

579.97

109.48

42.28

lo recycling, MBT aerobic 3,
SRF to cement_kiln

68%

43%

mid -d recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -d

MBT aerobic 3

cement_kiln

0%

100%

-

40%

150.20

-0.39

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -f

MBT aerobic 3

cement_kiln

0%

100%

-

38%

144.57

-0.38

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

38%

hi recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

hi

MBT aerobic 3

cement_kiln

0%

100%

-

33%

140.72

-0.39

2031

603.11

119.76

38.06

hi recycling, MBT aerobic 3,
SRF to cement_kiln

75%

33%

NC recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

NC

MBT aerobic 3

ATT_generic

30%

0%

-

50%

409.66

-0.15

2015

588.97

83.05

71.07

NC recycling, MBT aerobic
3, SRF to Gasification 1

39%

50%

lo recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

lo

MBT aerobic 3

ATT_generic

30%

0%

-

43%

299.18

-0.30

2031

579.97

109.48

42.28

lo recycling, MBT aerobic 3,
SRF to Gasification 1

71%

43%

mid -d recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -d

MBT aerobic 3

ATT_generic

30%

0%

-

40%

405.77

-0.31

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

40%

mid -f recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -f

MBT aerobic 3

ATT_generic

30%

0%

-

38%

365.24

-0.28

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

38%

hi recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

hi

MBT aerobic 3

ATT_generic

30%

0%

-

33%

299.52

-0.31

2031

603.11

119.76

38.06

hi recycling, MBT aerobic 3,
SRF to Gasification 1

78%

33%

SLR
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

NC recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MBT aerobic 3

power_station_generic

36%

0%

-

50%

340.54

-0.35

2031

588.97

83.05

71.07

NC recycling, MBT aerobic
3, SRF to
power_station_generic

38%

50%

lo recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MBT aerobic 3

power_station_generic

36%

0%

-

43%

265.01

-0.41

2031

579.97

109.48

42.28

lo recycling, MBT aerobic 3,
SRF to
power_station_generic

70%

43%

mid -d recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -d

MBT aerobic 3

power_station_generic

36%

0%

-

40%

349.84

-0.40

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 3, SRF to
power_station_generic

69%

40%

mid -f recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -f

MBT aerobic 3

power_station_generic

36%

0%

-

38%

319.30

-0.40

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 3, SRF to
power_station_generic

68%

38%

hi recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MBT aerobic 3

power_station_generic

36%

0%

-

33%

270.46

-0.41

2031

603.11

119.76

38.06

hi recycling, MBT aerobic 3,
SRF to
power_station_generic

78%

33%

NC recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

NC

MBT aerobic 4

incineration_generic

30%

0%

-

79%

271.32

-0.27

2031

645.86

83.05

85.96

NC recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

46%

79%

lo recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

MBT aerobic 4

incineration_generic

30%

0%

-

73%

167.59

-0.37

2031

608.48

109.48

49.74

lo recycling, MBT aerobic 4,
SRF to Incineration 1
(electricity only)

74%

73%

mid -d recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -d

MBT aerobic 4

incineration_generic

30%

0%

-

65%

267.48

-0.37

2031

554.23

96.27

48.75

mid -d recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

72%

65%

mid -f recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -f

MBT aerobic 4

incineration_generic

30%

0%

-

68%

210.87

-0.35

2031

599.37

105.12

51.72

mid -f recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

73%

68%

hi recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

MBT aerobic 4

incineration_generic

30%

0%

-

60%

158.14

-0.37

2031

627.96

119.76

44.56

hi recycling, MBT aerobic 4,
SRF to Incineration 1
(electricity only)

82%

60%

NC recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

NC

MBT aerobic 4

cement_kiln

0%

100%

-

79%

81.22

-0.38

2031

645.86

83.05

85.96

NC recycling, MBT aerobic
4, SRF to cement_kiln

41%

79%

lo recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

lo

MBT aerobic 4

cement_kiln

0%

100%

-

73%

78.01

-0.42

2031

608.48

109.48

49.74

lo recycling, MBT aerobic 4,
SRF to cement_kiln

72%

73%

mid -d recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -d

MBT aerobic 4

cement_kiln

0%

100%

-

65%

107.59

-0.40

2031

554.23

96.27

48.75

mid -d recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

65%

mid -f recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -f

MBT aerobic 4

cement_kiln

0%

100%

-

68%

93.24

-0.40

2031

599.37

105.12

51.72

mid -f recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

68%

hi recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

hi

MBT aerobic 4

cement_kiln

0%

100%

-

60%

88.55

-0.40

2031

627.96

119.76

44.56

hi recycling, MBT aerobic 4,
SRF to cement_kiln

80%

60%

NC recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

NC

MBT aerobic 4

ATT_generic

30%

0%

-

79%

246.01

-0.27

2031

645.86

83.05

85.96

NC recycling, MBT aerobic
4, SRF to Gasification 1

46%

79%

lo recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

lo

MBT aerobic 4

ATT_generic

30%

0%

-

73%

152.19

-0.37

2031

608.48

109.48

49.74

lo recycling, MBT aerobic 4,
SRF to Gasification 1

74%

73%

mid -d recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -d

MBT aerobic 4

ATT_generic

30%

0%

-

65%

242.24

-0.37

2031

554.23

96.27

48.75

mid -d recycling, MBT
aerobic 4, SRF to
Gasification 1

72%

65%

mid -f recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -f

MBT aerobic 4

ATT_generic

30%

0%

-

68%

191.17

-0.36

2031

599.37

105.12

51.72

mid -f recycling, MBT
aerobic 4, SRF to
Gasification 1

73%

68%

SLR
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

hi recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

hi

MBT aerobic 4

ATT_generic

30%

0%

-

60%

143.72

-0.37

2031

627.96

119.76

44.56

hi recycling, MBT aerobic 4,
SRF to Gasification 1

82%

60%

NC recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MBT aerobic 4

power_station_generic

36%

0%

-

79%

206.76

-0.38

2031

645.86

83.05

85.96

NC recycling, MBT aerobic
4, SRF to
power_station_generic

45%

79%

lo recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MBT aerobic 4

power_station_generic

36%

0%

-

73%

139.49

-0.42

2031

608.48

109.48

49.74

lo recycling, MBT aerobic 4,
SRF to
power_station_generic

74%

73%

mid -d recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -d

MBT aerobic 4

power_station_generic

36%

0%

-

65%

216.55

-0.41

2031

554.23

96.27

48.75

mid -d recycling, MBT
aerobic 4, SRF to
power_station_generic

72%

65%

mid -f recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -f

MBT aerobic 4

power_station_generic

36%

0%

-

68%

173.76

-0.41

2031

599.37

105.12

51.72

mid -f recycling, MBT
aerobic 4, SRF to
power_station_generic

73%

68%

hi recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MBT aerobic 4

power_station_generic

36%

0%

-

60%

135.46

-0.41

2031

627.96

119.76

44.56

hi recycling, MBT aerobic 4,
SRF to
power_station_generic

81%

60%

NC recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
transport fuel

NC

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.09

-

646.40

83.05

86.10

NC recycling, MBT aerobic
2 (landfill)

33%

0%

lo recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
transport fuel

lo

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.29

2031

608.32

109.48

49.70

lo recycling, MBT aerobic 2
(landfill)

68%

0%

mid -d recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
transport fuel

mid -d

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.31

2031

544.60

96.27

46.23

mid -d recycling, MBT
aerobic 2 (landfill)

66%

0%

mid -f recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
transport fuel

mid -f

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.28

2031

598.29

105.12

51.44

mid -f recycling, MBT
aerobic 2 (landfill)

66%

0%

hi recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
transport fuel

hi

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.32

2031

627.19

119.76

44.36

hi recycling, MBT aerobic 2
(landfill)

75%

0%

NC recycling, MBT biostab 1

Wet AD with biogas to
transport fuel

NC

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.10

-

640.35

83.05

84.51

NC recycling, MBT biostab
1

32%

0%

lo recycling, MBT biostab 1

Wet AD with biogas to
transport fuel

lo

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.29

2031

605.31

109.48

48.91

lo recycling, MBT biostab 1

67%

0%

mid -d recycling, MBT biostab 1

Wet AD with biogas to
transport fuel

mid -d

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.31

2031

541.72

96.27

45.48

mid -d recycling, MBT
biostab 1

66%

0%

mid -f recycling, MBT biostab 1

Wet AD with biogas to
transport fuel

mid -f

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.28

2031

595.76

105.12

50.78

mid -f recycling, MBT
biostab 1

65%

0%

hi recycling, MBT biostab 1

Wet AD with biogas to
transport fuel

hi

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.32

2031

625.71

119.76

43.97

hi recycling, MBT biostab 1

75%

0%

NC recycling, MBT AD 1 (landfill), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

NC

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

61%

349.91

-0.18

2015

580.90

83.05

68.96

NC recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

41%

61%

lo recycling, MBT AD 1 (landfill), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

55%

279.71

-0.31

2031

577.01

109.48

41.50

lo recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

72%

55%

mid -d recycling, MBT AD 1 (landfill), SRF
to Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -d

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

56%

327.08

-0.34

2031

517.04

96.27

39.02

mid -d recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

71%

56%

SLR
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -f recycling, MBT AD 1 (landfill), SRF
to Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -f

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

51%

327.53

-0.30

2031

564.30

105.12

42.54

mid -f recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

71%

51%

hi recycling, MBT AD 1 (landfill), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

47%

266.83

-0.33

2031

599.19

119.76

37.03

hi recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

79%

47%

NC recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

NC

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

68%

303.25

-0.19

2015

596.80

83.05

73.12

NC recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

46%

68%

lo recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

62%

254.11

-0.32

2031

584.97

109.48

43.59

lo recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

74%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
Incineration 1 (electricity only)
transport fuel

mid -d

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

66%

275.88

-0.34

2031

527.31

96.27

41.71

mid -d recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

74%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -f

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

58%

296.50

-0.30

2031

572.52

105.12

44.70

mid -f recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

73%

58%

hi recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

54%

252.38

-0.33

2031

603.91

119.76

38.26

hi recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

81%

54%

NC recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
transport fuel

NC

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

68%

93.00

-0.48

2031

596.80

83.05

73.12

NC recycling, MBT AD 2
(SRF), SRF to cement_kiln

32%

68%

lo recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
transport fuel

lo

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

62%

97.46

-0.46

2031

584.97

109.48

43.59

lo recycling, MBT AD 2
(SRF), SRF to cement_kiln

68%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
cement_kiln
transport fuel

mid -d

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

66%

95.46

-0.48

2031

527.31

96.27

41.71

mid -d recycling, MBT AD 2
(SRF), SRF to cement_kiln

67%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -f

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

58%

109.11

-0.46

2031

572.52

105.12

44.70

mid -f recycling, MBT AD 2
(SRF), SRF to cement_kiln

66%

58%

hi recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
transport fuel

hi

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

54%

109.77

-0.44

2031

603.91

119.76

38.26

hi recycling, MBT AD 2
(SRF), SRF to cement_kiln

76%

54%

NC recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
transport fuel

NC

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

68%

274.63

-0.21

2020

596.80

83.05

73.12

NC recycling, MBT AD 2
(SRF), SRF to Gasification
1

46%

68%

lo recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
transport fuel

lo

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

62%

230.05

-0.33

2031

584.97

109.48

43.59

lo recycling, MBT AD 2
(SRF), SRF to Gasification
1

74%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
Gasification 1
transport fuel

mid -d

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

66%

249.75

-0.35

2031

527.31

96.27

41.71

mid -d recycling, MBT AD 2
(SRF), SRF to Gasification
1

74%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -f

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

58%

268.33

-0.32

2031

572.52

105.12

44.70

mid -f recycling, MBT AD 2
(SRF), SRF to Gasification
1

73%

58%

hi recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
transport fuel

hi

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

54%

228.42

-0.34

2031

603.91

119.76

38.26

hi recycling, MBT AD 2
(SRF), SRF to Gasification
1

81%

54%

NC recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

68%

232.17

-0.45

2031

596.80

83.05

73.12

NC recycling, MBT AD 2
(SRF), SRF to
power_station_generic

45%

68%

lo recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

62%

203.82

-0.45

2031

584.97

109.48

43.59

lo recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

62%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -d recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
power_station_generic
transport fuel

mid -d

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

66%

216.78

-0.46

2031

527.31

96.27

41.71

mid -d recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -f

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

58%

235.85

-0.45

2031

572.52

105.12

44.70

mid -f recycling, MBT AD 2
(SRF), SRF to
power_station_generic

73%

58%

hi recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

54%

207.08

-0.44

2031

603.91

119.76

38.26

hi recycling, MBT AD 2
(SRF), SRF to
power_station_generic

81%

54%

NC recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
transport fuel

NC

Incineration 1
(electricity only)_total

#N/A

30%

0%

62%

413.01

-0.11

-

464.16

83.05

38.41

NC recycling, Incineration 1
(electricity only)_total

46%

62%

lo recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
transport fuel

lo

Incineration 1
(electricity only)_total

#N/A

30%

0%

57%

346.34

-0.27

2031

523.66

109.48

27.54

lo recycling, Incineration 1
(electricity only)_total

74%

57%

mid -d recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
transport fuel

mid -d

Incineration 1
(electricity only)_total

#N/A

30%

0%

57%

415.19

-0.30

2031

465.69

96.27

25.58

mid -d recycling,
Incineration 1 (electricity
only)_total

74%

57%

mid -f recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
transport fuel

mid -f

Incineration 1
(electricity only)_total

#N/A

30%

0%

52%

412.61

-0.25

2031

507.91

105.12

27.79

mid -f recycling, Incineration
1 (electricity only)_total

73%

52%

hi recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
transport fuel

hi

Incineration 1
(electricity only)_total

#N/A

30%

0%

47%

367.84

-0.28

2031

557.30

119.76

26.07

hi recycling, Incineration 1
(electricity only)_total

80%

47%

NC recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
transport fuel

NC

Incineration 2 (low
CHP)_total

#N/A

22%

10%

62%

390.93

-0.12

-

586.60

83.05

70.45

NC recycling, Incineration 2
(low CHP)_total

46%

62%

lo recycling, Incineration 2 (low CHP)_total

Wet AD with biogas to
transport fuel

lo

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

332.78

-0.27

2031

582.87

109.48

43.04

lo recycling, Incineration 2
(low CHP)_total

74%

57%

mid -d recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
transport fuel

mid -d

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

395.96

-0.31

2031

525.29

96.27

41.18

mid -d recycling,
Incineration 2 (low
CHP)_total

74%

57%

mid -f recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
transport fuel

mid -f

Incineration 2 (low
CHP)_total

#N/A

22%

10%

52%

395.17

-0.26

2031

569.62

105.12

43.94

mid -f recycling, Incineration
2 (low CHP)_total

73%

52%

hi recycling, Incineration 2 (low CHP)_total

Wet AD with biogas to
transport fuel

hi

Incineration 2 (low
CHP)_total

#N/A

22%

10%

47%

355.46

-0.28

2031

602.00

119.76

37.77

hi recycling, Incineration 2
(low CHP)_total

80%

47%

NC recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
transport fuel

NC

Incineration 3
(medium CHP)_total

#N/A

20%

20%

62%

315.45

-0.18

2015

581.24

83.05

69.05

NC recycling, Incineration 3
(medium CHP)_total

46%

62%

lo recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
transport fuel

lo

Incineration 3
(medium CHP)_total

#N/A

20%

20%

57%

283.15

-0.30

2031

580.27

109.48

42.36

lo recycling, Incineration 3
(medium CHP)_total

74%

57%

mid -d recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
transport fuel

mid -d

Incineration 3
(medium CHP)_total

#N/A

20%

20%

57%

327.94

-0.33

2031

522.68

96.27

40.50

mid -d recycling,
Incineration 3 (medium
CHP)_total

74%

57%

mid -f recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
transport fuel

mid -f

Incineration 3
(medium CHP)_total

#N/A

20%

20%

52%

332.30

-0.29

2031

566.92

105.12

43.23

mid -f recycling, Incineration
3 (medium CHP)_total

73%

52%

hi recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
transport fuel

hi

Incineration 3
(medium CHP)_total

#N/A

20%

20%

47%

308.92

-0.31

2031

600.05

119.76

37.25

hi recycling, Incineration 3
(medium CHP)_total

80%

47%

NC recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
transport fuel

NC

Incineration 4 (high
CHP)_total

#N/A

16%

40%

62%

227.57

-0.29

2031

566.44

83.05

65.17

NC recycling, Incineration 4
(high CHP)_total

46%

62%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

lo recycling, Incineration 4 (high CHP)_total

Wet AD with biogas to
transport fuel

lo

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

218.09

-0.36

2031

573.12

109.48

40.49

lo recycling, Incineration 4
(high CHP)_total

74%

57%

mid -d recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
transport fuel

mid -d

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

244.09

-0.39

2031

515.48

96.27

38.61

mid -d recycling,
Incineration 4 (high
CHP)_total

74%

57%

mid -f recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
transport fuel

mid -f

Incineration 4 (high
CHP)_total

#N/A

16%

40%

52%

252.09

-0.35

2031

559.46

105.12

41.28

mid -f recycling, Incineration
4 (high CHP)_total

73%

52%

hi recycling, Incineration 4 (high CHP)_total

Wet AD with biogas to
transport fuel

hi

Incineration 4 (high
CHP)_total

#N/A

16%

40%

47%

244.81

-0.36

2031

594.64

119.76

35.84

hi recycling, Incineration 4
(high CHP)_total

80%

47%

NC recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
transport fuel

NC

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

62%

513.90

-0.07

-

525.21

83.05

54.38

NC recycling, Incineration 5
(medium efficiency
electricity)_total

46%

62%

lo recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
transport fuel

lo

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

403.52

-0.24

2031

553.18

109.48

35.27

lo recycling, Incineration 5
(medium efficiency
electricity)_total

74%

57%

mid -d recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
transport fuel

mid -d

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

499.56

-0.28

2031

495.40

96.27

33.36

mid -d recycling,
Incineration 5 (medium
efficiency electricity)_total

74%

57%

mid -f recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
transport fuel

mid -f

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

52%

487.38

-0.23

2020

538.68

105.12

35.84

mid -f recycling, Incineration
5 (medium efficiency
electricity)_total

73%

52%

hi recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
transport fuel

hi

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

47%

418.51

-0.26

2031

579.59

119.76

31.90

hi recycling, Incineration 5
(medium efficiency
electricity)_total

80%

47%

NC recycling, Gasification 1_total

Wet AD with biogas to
transport fuel

NC

Gasification 1_total

#N/A

30%

0%

62%

374.54

-0.14

2015

347.84

83.05

7.97

NC recycling, Gasification
1_total

46%

62%

lo recycling, Gasification 1_total

Wet AD with biogas to
transport fuel

lo

Gasification 1_total

#N/A

30%

0%

57%

313.64

-0.28

2031

467.41

109.48

12.82

lo recycling, Gasification
1_total

74%

57%

mid -d recycling, Gasification 1_total

Wet AD with biogas to
transport fuel

mid -d

Gasification 1_total

#N/A

30%

0%

57%

376.18

-0.32

2031

409.06

96.27

10.76

mid -d recycling,
Gasification 1_total

74%

57%

mid -f recycling, Gasification 1_total

Wet AD with biogas to
transport fuel

mid -f

Gasification 1_total

#N/A

30%

0%

52%

373.66

-0.27

2031

449.28

105.12

12.45

mid -f recycling,
Gasification 1_total

73%

52%

hi recycling, Gasification 1_total

Wet AD with biogas to
transport fuel

hi

Gasification 1_total

#N/A

30%

0%

47%

332.87

-0.29

2031

514.83

119.76

14.95

hi recycling, Gasification
1_total

80%

47%

NC recycling, Gasification 2_total

Wet AD with biogas to
transport fuel

NC

Gasification 2_total

#N/A

21%

0%

62%

521.93

-0.08

-

539.92

83.05

58.23

NC recycling, Gasification
2_total

46%

62%

lo recycling, Gasification 2_total

Wet AD with biogas to
transport fuel

lo

Gasification 2_total

#N/A

21%

0%

57%

393.60

-0.25

2031

560.29

109.48

37.13

lo recycling, Gasification
2_total

74%

57%

mid -d recycling, Gasification 2_total

Wet AD with biogas to
transport fuel

mid -d

Gasification 2_total

#N/A

21%

0%

57%

496.63

-0.29

2031

502.57

96.27

35.23

mid -d recycling,
Gasification 2_total

74%

57%

mid -f recycling, Gasification 2_total

Wet AD with biogas to
transport fuel

mid -f

Gasification 2_total

#N/A

21%

0%

52%

479.12

-0.23569

2020

546.10

105.12

37.78

mid -f recycling,
Gasification 2_total

73%

52%

hi recycling, Gasification 2_total

Wet AD with biogas to
transport fuel

hi

Gasification 2_total

#N/A

21%

0%

47%

402.69

-0.26

2031

584.96

119.76

33.31

hi recycling, Gasification
2_total

80%

47%

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority

Appendix C
31

402-01183-00003
June 2011

APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

NC recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
transport fuel

NC

Gasification Gas
Engine 1_total

#N/A

30%

0%

62%

364.20

-0.15

2015

502.41

83.05

48.42

NC recycling, Gasification
Gas Engine 1_total

46%

62%

lo recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
transport fuel

lo

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

307.37

-0.29

2031

542.15

109.48

32.38

lo recycling, Gasification
Gas Engine 1_total

74%

57%

mid -d recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
transport fuel

mid -d

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

367.23

-0.32

2031

484.30

96.27

30.45

mid -d recycling,
Gasification Gas Engine
1_total

74%

57%

mid -f recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
transport fuel

mid -f

Gasification Gas
Engine 1_total

#N/A

30%

0%

52%

365.58

-0.27

2031

527.19

105.12

32.83

mid -f recycling,
Gasification Gas Engine
1_total

73%

52%

hi recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
transport fuel

hi

Gasification Gas
Engine 1_total

#N/A

30%

0%

47%

327.17

-0.29

2031

571.26

119.76

29.72

hi recycling, Gasification
Gas Engine 1_total

80%

47%

NC recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
transport fuel

NC

Gasification Gas
Engine 2_total

#N/A

32%

0%

62%

344.43

-0.16

2015

474.31

83.05

41.06

NC recycling, Gasification
Gas Engine 2_total

46%

62%

lo recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
transport fuel

lo

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

295.09

-0.29

2031

528.56

109.48

28.83

lo recycling, Gasification
Gas Engine 2_total

74%

57%

mid -d recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
transport fuel

mid -d

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

349.92

-0.33

2031

470.62

96.27

26.88

mid -d recycling,
Gasification Gas Engine
2_total

74%

57%

mid -f recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
transport fuel

mid -f

Gasification Gas
Engine 2_total

#N/A

32%

0%

52%

349.83

-0.28

2031

513.02

105.12

29.13

mid -f recycling,
Gasification Gas Engine
2_total

73%

52%

hi recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
transport fuel

hi

Gasification Gas
Engine 2_total

#N/A

32%

0%

47%

315.92

-0.30

2031

561.00

119.76

27.04

hi recycling, Gasification
Gas Engine 2_total

80%

47%

NC recycling, True Pyrolysis 1_total

Wet AD with biogas to
transport fuel

NC

True Pyrolysis
1_total

#N/A

32%

0%

62%

346.89

-0.14

2015

529.30

83.05

55.45

NC recycling, True Pyrolysis
1_total

46%

62%

lo recycling, True Pyrolysis 1_total

Wet AD with biogas to
transport fuel

lo

True Pyrolysis
1_total

#N/A

32%

0%

57%

296.32

-0.28

2031

555.16

109.48

35.79

lo recycling, True Pyrolysis
1_total

74%

57%

mid -d recycling, True Pyrolysis 1_total

Wet AD with biogas to
transport fuel

mid -d

True Pyrolysis
1_total

#N/A

32%

0%

57%

351.89

-0.32

2031

497.39

96.27

33.88

mid -d recycling, True
Pyrolysis 1_total

74%

57%

mid -f recycling, True Pyrolysis 1_total

Wet AD with biogas to
transport fuel

mid -f

True Pyrolysis
1_total

#N/A

32%

0%

52%

351.51

-0.27

2031

540.74

105.12

36.38

mid -f recycling, True
Pyrolysis 1_total

73%

52%

hi recycling, True Pyrolysis 1_total

Wet AD with biogas to
transport fuel

hi

True Pyrolysis
1_total

#N/A

32%

0%

47%

316.87

-0.29

2031

581.08

119.76

32.29

hi recycling, True Pyrolysis
1_total

80%

47%

NC recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

NC

Dirty MRF 1

incineration_generic

30%

0%

-

69%

351.11

-0.26

2031

546.42

83.05

59.93

NC recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

50%

69%

lo recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

Dirty MRF 1

incineration_generic

30%

0%

-

63%

287.31

-0.35

2031

562.03

109.48

37.58

lo recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

76%

63%

mid -d recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -d

Dirty MRF 1

incineration_generic

30%

0%

-

61%

375.82

-0.35

2031

507.85

96.27

36.62

mid -d recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

75%

61%

mid -f recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -f

Dirty MRF 1

incineration_generic

30%

0%

-

58%

353.69

-0.33

2031

549.22

105.12

38.60

mid -f recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

75%

58%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

hi recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

Dirty MRF 1

incineration_generic

30%

0%

-

52%

320.62

-0.34

2031

586.63

119.76

33.74

hi recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

82%

52%

NC recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

NC

Dirty MRF 1

ATT_generic

30%

0%

-

69%

318.41

-0.28

2031

546.42

83.05

59.93

NC recycling, Dirty MRF 1,
SRF to Gasification 1

50%

69%

lo recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

lo

Dirty MRF 1

ATT_generic

30%

0%

-

63%

260.27

-0.36

2031

562.03

109.48

37.58

lo recycling, Dirty MRF 1,
SRF to Gasification 1

76%

63%

mid -d recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -d

Dirty MRF 1

ATT_generic

30%

0%

-

61%

340.52

-0.36

2031

507.85

96.27

36.62

mid -d recycling, Dirty MRF
1, SRF to Gasification 1

75%

61%

mid -f recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -f

Dirty MRF 1

ATT_generic

30%

0%

-

58%

320.34

-0.34

2031

549.22

105.12

38.60

mid -f recycling, Dirty MRF
1, SRF to Gasification 1

75%

58%

hi recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

hi

Dirty MRF 1

ATT_generic

30%

0%

-

52%

290.21

-0.35

2031

586.63

119.76

33.74

hi recycling, Dirty MRF 1,
SRF to Gasification 1

82%

52%

NC recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
transport fuel

NC

MHT 2

Gasification_CHP_generi
c

32%

26%

-

70%

134.77

-0.38

2031

642.63

83.05

85.11

NC recycling, MHT 2, SRF
to
Gasification_CHP_generic

52%

70%

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
transport fuel

lo

MHT 2

Gasification_CHP_generi
c

32%

26%

-

64%

127.71

-0.41

2031

608.92

109.48

49.85

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

77%

64%

mid -d recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
transport fuel

mid -d

MHT 2

Gasification_CHP_generi
c

32%

26%

-

70%

122.60

-0.42

2031

550.71

96.27

47.83

mid -d recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

70%

mid -f recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
transport fuel

mid -f

MHT 2

Gasification_CHP_generi
c

32%

26%

-

61%

145.10

-0.40

2031

597.07

105.12

51.12

mid -f recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

61%

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
transport fuel

hi

MHT 2

Gasification_CHP_generi
c

32%

26%

-

55%

131.85

-0.40

2031

620.72

119.76

42.66

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

84%

55%

NC

MHT 1

incineration_generic

30%

0%

-

70%

323.64

-0.21

2020

642.46

83.05

85.07

NC recycling, MHT 1, SRF
to Incineration 1 (electricity
only)

52%

70%

NC recycling, MHT 1, SRF to Incineration 1 Wet AD with biogas to
(electricity only)
grid injection

lo recycling, MHT 1, SRF to Incineration 1
(electricity only)

Wet AD with biogas to
grid injection

lo

MHT 1

incineration_generic

30%

0%

-

64%

241.17

-0.33

2031

608.23

109.48

49.67

lo recycling, MHT 1, SRF to
Incineration 1 (electricity
only)

77%

64%

mid -d recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -d

MHT 1

incineration_generic

30%

0%

-

70%

260.91

-0.35

2031

550.39

96.27

47.75

mid -d recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

70%

mid -f recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -f

MHT 1

incineration_generic

30%

0%

-

61%

284.50

-0.31

2031

596.48

105.12

50.97

mid -f recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

61%

hi recycling, MHT 1, SRF to Incineration 1
(electricity only)

Wet AD with biogas to
grid injection

hi

MHT 1

incineration_generic

30%

0%

-

55%

218.34

-0.34

2031

619.78

119.76

42.42

hi recycling, MHT 1, SRF to
Incineration 1 (electricity
only)

84%

55%

NC recycling, MHT 1, SRF to cement_kiln

Wet AD with biogas to
grid injection

NC

MHT 1

cement_kiln

0%

100%

-

70%

92.76

-0.42

2031

642.46

83.05

85.07

NC recycling, MHT 1, SRF
to cement_kiln

41%

70%

lo recycling, MHT 1, SRF to cement_kiln

Wet AD with biogas to
grid injection

lo

MHT 1

cement_kiln

0%

100%

-

64%

94.98

-0.44

2031

608.23

109.48

49.67

lo recycling, MHT 1, SRF to
cement_kiln

72%

64%

mid -d recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -d

MHT 1

cement_kiln

0%

100%

-

70%

90.53

-0.44

2031

550.39

96.27

47.75

mid -d recycling, MHT 1,
SRF to cement_kiln

71%

70%
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -f recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -f

MHT 1

cement_kiln

0%

100%

-

61%

106.76

-0.42

2031

596.48

105.12

50.97

mid -f recycling, MHT 1,
SRF to cement_kiln

71%

61%

hi recycling, MHT 1, SRF to cement_kiln

Wet AD with biogas to
grid injection

hi

MHT 1

cement_kiln

0%

100%

-

55%

102.68

-0.41

2031

619.78

119.76

42.42

hi recycling, MHT 1, SRF to
cement_kiln

80%

55%

NC recycling, MHT 1, SRF to Gasification
1

Wet AD with biogas to
grid injection

NC

MHT 1

ATT_generic

30%

0%

-

70%

293.47

-0.22

2020

642.46

83.05

85.07

NC recycling, MHT 1, SRF
to Gasification 1

52%

70%

lo recycling, MHT 1, SRF to Gasification 1

Wet AD with biogas to
grid injection

lo

MHT 1

ATT_generic

30%

0%

-

64%

218.53

-0.34

2031

608.23

109.48

49.67

lo recycling, MHT 1, SRF to
Gasification 1

77%

64%

mid -d recycling, MHT 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -d

MHT 1

ATT_generic

30%

0%

-

70%

236.44

-0.36

2031

550.39

96.27

47.75

mid -d recycling, MHT 1,
SRF to Gasification 1

76%

70%

mid -f recycling, MHT 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -f

MHT 1

ATT_generic

30%

0%

-

61%

257.67

-0.32

2031

596.48

105.12

50.97

mid -f recycling, MHT 1,
SRF to Gasification 1

76%

61%

hi recycling, MHT 1, SRF to Gasification 1

Wet AD with biogas to
grid injection

hi

MHT 1

ATT_generic

30%

0%

-

55%

197.88

-0.35

2031

619.78

119.76

42.42

hi recycling, MHT 1, SRF to
Gasification 1

84%

55%

NC recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MHT 1

power_station_generic

36%

0%

-

70%

244.12

-0.40

2031

642.46

83.05

85.07

NC recycling, MHT 1, SRF
to power_station_generic

51%

70%

lo recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MHT 1

power_station_generic

36%

0%

-

64%

194.57

-0.43

2031

608.23

109.48

49.67

lo recycling, MHT 1, SRF to
power_station_generic

76%

64%

mid -d recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -d

MHT 1

power_station_generic

36%

0%

-

70%

205.31

-0.43

2031

550.39

96.27

47.75

mid -d recycling, MHT 1,
SRF to
power_station_generic

76%

70%

mid -f recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -f

MHT 1

power_station_generic

36%

0%

-

61%

227.32

-0.41

2031

596.48

105.12

50.97

mid -f recycling, MHT 1,
SRF to
power_station_generic

75%

61%

hi recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MHT 1

power_station_generic

36%

0%

-

55%

181.72

-0.41

2031

619.78

119.76

42.42

hi recycling, MHT 1, SRF to
power_station_generic

83%

55%

NC

MHT 2

incineration_generic

30%

0%

-

70%

282.76

-0.23

2020

642.46

83.05

85.07

NC recycling, MHT 2, SRF
to Incineration 1 (electricity
only)

52%

70%

NC recycling, MHT 2, SRF to Incineration 1 Wet AD with biogas to
(electricity only)
grid injection

lo recycling, MHT 2, SRF to Incineration 1
(electricity only)

Wet AD with biogas to
grid injection

lo

MHT 2

incineration_generic

30%

0%

-

64%

221.47

-0.34

2031

608.23

109.48

49.67

lo recycling, MHT 2, SRF to
Incineration 1 (electricity
only)

77%

64%

mid -d recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -d

MHT 2

incineration_generic

30%

0%

-

70%

230.06

-0.36

2031

550.39

96.27

47.75

mid -d recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

70%

mid -f recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -f

MHT 2

incineration_generic

30%

0%

-

61%

259.08

-0.32

2031

596.48

105.12

50.97

mid -f recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

61%

hi recycling, MHT 2, SRF to Incineration 1
(electricity only)

Wet AD with biogas to
grid injection

hi

MHT 2

incineration_generic

30%

0%

-

55%

205.89

-0.35

2031

619.78

119.76

42.42

hi recycling, MHT 2, SRF to
Incineration 1 (electricity
only)

84%

55%

NC recycling, MHT 2, SRF to cement_kiln

Wet AD with biogas to
grid injection

NC

MHT 2

cement_kiln

0%

100%

-

70%

80.36

-0.46

2031

642.46

83.05

85.07

NC recycling, MHT 2, SRF
to cement_kiln

41%

70%

lo recycling, MHT 2, SRF to cement_kiln

Wet AD with biogas to
grid injection

lo

MHT 2

cement_kiln

0%

100%

-

64%

84.06

-0.45

2031

608.23

109.48

49.67

lo recycling, MHT 2, SRF to
cement_kiln

72%

64%

SLR
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -d recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -d

MHT 2

cement_kiln

0%

100%

-

70%

77.20

-0.46

2031

550.39

96.27

47.75

mid -d recycling, MHT 2,
SRF to cement_kiln

71%

70%

mid -f recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -f

MHT 2

cement_kiln

0%

100%

-

61%

93.92

-0.44

2031

596.48

105.12

50.97

mid -f recycling, MHT 2,
SRF to cement_kiln

71%

61%

hi recycling, MHT 2, SRF to cement_kiln

Wet AD with biogas to
grid injection

hi

MHT 2

cement_kiln

0%

100%

-

55%

92.91

-0.43

2031

619.78

119.76

42.42

hi recycling, MHT 2, SRF to
cement_kiln

80%

55%

NC recycling, MHT 2, SRF to Gasification
1

Wet AD with biogas to
grid injection

NC

MHT 2

ATT_generic

30%

0%

-

70%

256.43

-0.24

2020

642.46

83.05

85.07

NC recycling, MHT 2, SRF
to Gasification 1

52%

70%

lo recycling, MHT 2, SRF to Gasification 1

Wet AD with biogas to
grid injection

lo

MHT 2

ATT_generic

30%

0%

-

64%

200.77

-0.35

2031

608.23

109.48

49.67

lo recycling, MHT 2, SRF to
Gasification 1

77%

64%

mid -d recycling, MHT 2, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -d

MHT 2

ATT_generic

30%

0%

-

70%

208.58

-0.37

2031

550.39

96.27

47.75

mid -d recycling, MHT 2,
SRF to Gasification 1

76%

70%

mid -f recycling, MHT 2, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -f

MHT 2

ATT_generic

30%

0%

-

61%

234.75

-0.33

2031

596.48

105.12

50.97

mid -f recycling, MHT 2,
SRF to Gasification 1

76%

61%

hi recycling, MHT 2, SRF to Gasification 1

Wet AD with biogas to
grid injection

hi

MHT 2

ATT_generic

30%

0%

-

55%

186.68

-0.35

2031

619.78

119.76

42.42

hi recycling, MHT 2, SRF to
Gasification 1

84%

55%

NC recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MHT 2

power_station_generic

36%

0%

-

70%

212.88

-0.45

2031

642.46

83.05

85.07

NC recycling, MHT 2, SRF
to power_station_generic

51%

70%

lo recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MHT 2

power_station_generic

36%

0%

-

64%

177.49

-0.45

2031

608.23

109.48

49.67

lo recycling, MHT 2, SRF to
power_station_generic

76%

64%

mid -d recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -d

MHT 2

power_station_generic

36%

0%

-

70%

179.83

-0.45

2031

550.39

96.27

47.75

mid -d recycling, MHT 2,
SRF to
power_station_generic

76%

70%

mid -f recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -f

MHT 2

power_station_generic

36%

0%

-

61%

205.68

-0.44

2031

596.48

105.12

50.97

mid -f recycling, MHT 2,
SRF to
power_station_generic

75%

61%

hi recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MHT 2

power_station_generic

36%

0%

-

55%

170.26

-0.43

2031

619.78

119.76

42.42

hi recycling, MHT 2, SRF to
power_station_generic

83%

55%

NC recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

NC

MBT aerobic 1

incineration_generic

30%

0%

-

50%

514.74

-0.12

-

588.80

83.05

71.02

NC recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

39%

50%

lo recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

MBT aerobic 1

incineration_generic

30%

0%

-

43%

358.28

-0.28

2031

579.28

109.48

42.10

lo recycling, MBT aerobic 1,
SRF to Incineration 1
(electricity only)

71%

43%

mid -d recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -d

MBT aerobic 1

incineration_generic

30%

0%

-

40%

491.70

-0.30

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

69%

40%

69%

38%

mid -f recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -f

MBT aerobic 1

incineration_generic

30%

0%

-

38%

440.31

-0.26

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

hi recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

MBT aerobic 1

incineration_generic

30%

0%

-

33%

351.16

-0.29

2031

602.17

119.76

37.81

hi recycling, MBT aerobic 1,
SRF to Incineration 1
(electricity only)

78%

33%

NC recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

NC

MBT aerobic 1

cement_kiln

0%

100%

-

50%

148.38

-0.29

2031

588.80

83.05

71.02

NC recycling, MBT aerobic
1, SRF to cement_kiln

33%

50%
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

lo recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

lo

MBT aerobic 1

cement_kiln

0%

100%

-

43%

142.25

-0.37

2031

579.28

109.48

42.10

lo recycling, MBT aerobic 1,
SRF to cement_kiln

68%

43%

mid -d recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -d

MBT aerobic 1

cement_kiln

0%

100%

-

40%

168.82

-0.37

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -f

MBT aerobic 1

cement_kiln

0%

100%

-

38%

162.65

-0.36

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

38%

hi recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

hi

MBT aerobic 1

cement_kiln

0%

100%

-

33%

154.67

-0.37

2031

602.17

119.76

37.81

hi recycling, MBT aerobic 1,
SRF to cement_kiln

75%

33%

NC recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

NC

MBT aerobic 1

ATT_generic

30%

0%

-

50%

466.61

-0.14

2015

588.80

83.05

71.02

NC recycling, MBT aerobic
1, SRF to Gasification 1

39%

50%

lo recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

lo

MBT aerobic 1

ATT_generic

30%

0%

-

43%

324.16

-0.29

2031

579.28

109.48

42.10

lo recycling, MBT aerobic 1,
SRF to Gasification 1

71%

43%

mid -d recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -d

MBT aerobic 1

ATT_generic

30%

0%

-

40%

445.02

-0.31

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

40%

mid -f recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -f

MBT aerobic 1

ATT_generic

30%

0%

-

38%

398.36

-0.27

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

38%

hi recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

hi

MBT aerobic 1

ATT_generic

30%

0%

-

33%

317.57

-0.30

2031

602.17

119.76

37.81

hi recycling, MBT aerobic 1,
SRF to Gasification 1

78%

33%

NC recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MBT aerobic 1

power_station_generic

36%

0%

-

50%

388.71

-0.31

2031

588.80

83.05

71.02

NC recycling, MBT aerobic
1, SRF to
power_station_generic

38%

50%

lo recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MBT aerobic 1

power_station_generic

36%

0%

-

43%

289.12

-0.38

2031

579.28

109.48

42.10

lo recycling, MBT aerobic 1,
SRF to
power_station_generic

70%

43%

mid -d recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -d

MBT aerobic 1

power_station_generic

36%

0%

-

40%

385.67

-0.38

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 1, SRF to
power_station_generic

69%

40%

mid -f recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -f

MBT aerobic 1

power_station_generic

36%

0%

-

38%

350.42

-0.37

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 1, SRF to
power_station_generic

68%

38%

hi recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MBT aerobic 1

power_station_generic

36%

0%

-

33%

288.55

-0.39

2031

602.17

119.76

37.81

hi recycling, MBT aerobic 1,
SRF to
power_station_generic

78%

33%

NC recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

NC

MBT aerobic 3

incineration_generic

30%

0%

-

50%

451.85

-0.14

2015

588.80

83.05

71.02

NC recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

39%

50%

lo recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

MBT aerobic 3

incineration_generic

30%

0%

-

43%

330.52

-0.29

2031

579.28

109.48

42.10

lo recycling, MBT aerobic 3,
SRF to Incineration 1
(electricity only)

71%

43%

39.69

mid -d recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

69%

40%

69%

38%

78%

33%

mid -d recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -d

MBT aerobic 3

incineration_generic

30%

0%

-

40%

448.18

-0.30

2031

519.59

96.27

mid -f recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -f

MBT aerobic 3

incineration_generic

30%

0%

-

38%

403.54

-0.27

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

hi recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

MBT aerobic 3

incineration_generic

30%

0%

-

33%

331.08

-0.30

2031

602.17

119.76

37.81

hi recycling, MBT aerobic 3,
SRF to Incineration 1
(electricity only)
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

NC recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
grid injection

NC

MBT aerobic 3

cement_kiln

0%

100%

-

50%

129.10

-0.32

2031

588.80

83.05

71.02

NC recycling, MBT aerobic
3, SRF to cement_kiln

33%

50%

lo recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
grid injection

lo

MBT aerobic 3

cement_kiln

0%

100%

-

43%

126.58

-0.39

2031

579.28

109.48

42.10

lo recycling, MBT aerobic 3,
SRF to cement_kiln

68%

43%

mid -d recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -d

MBT aerobic 3

cement_kiln

0%

100%

-

40%

150.20

-0.39

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -f

MBT aerobic 3

cement_kiln

0%

100%

-

38%

144.57

-0.38

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

38%

hi recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
grid injection

hi

MBT aerobic 3

cement_kiln

0%

100%

-

33%

140.72

-0.39

2031

602.17

119.76

37.81

hi recycling, MBT aerobic 3,
SRF to cement_kiln

75%

33%

NC recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
grid injection

NC

MBT aerobic 3

ATT_generic

30%

0%

-

50%

409.66

-0.15

2015

588.80

83.05

71.02

NC recycling, MBT aerobic
3, SRF to Gasification 1

39%

50%

lo recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
grid injection

lo

MBT aerobic 3

ATT_generic

30%

0%

-

43%

299.18

-0.30

2031

579.28

109.48

42.10

lo recycling, MBT aerobic 3,
SRF to Gasification 1

71%

43%

mid -d recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -d

MBT aerobic 3

ATT_generic

30%

0%

-

40%

405.77

-0.31

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

40%

mid -f recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -f

MBT aerobic 3

ATT_generic

30%

0%

-

38%

365.24

-0.28

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

38%

hi recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
grid injection

hi

MBT aerobic 3

ATT_generic

30%

0%

-

33%

299.52

-0.31

2031

602.17

119.76

37.81

hi recycling, MBT aerobic 3,
SRF to Gasification 1

78%

33%

NC recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MBT aerobic 3

power_station_generic

36%

0%

-

50%

340.54

-0.35

2031

588.80

83.05

71.02

NC recycling, MBT aerobic
3, SRF to
power_station_generic

38%

50%

lo recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MBT aerobic 3

power_station_generic

36%

0%

-

43%

265.01

-0.41

2031

579.28

109.48

42.10

lo recycling, MBT aerobic 3,
SRF to
power_station_generic

70%

43%

mid -d recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -d

MBT aerobic 3

power_station_generic

36%

0%

-

40%

349.84

-0.40

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 3, SRF to
power_station_generic

69%

40%

mid -f recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -f

MBT aerobic 3

power_station_generic

36%

0%

-

38%

319.30

-0.40

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 3, SRF to
power_station_generic

68%

38%

hi recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MBT aerobic 3

power_station_generic

36%

0%

-

33%

270.46

-0.41

2031

602.17

119.76

37.81

hi recycling, MBT aerobic 3,
SRF to
power_station_generic

78%

33%

NC recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

NC

MBT aerobic 4

incineration_generic

30%

0%

-

79%

271.32

-0.27

2031

645.69

83.05

85.91

NC recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

46%

79%

lo recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

MBT aerobic 4

incineration_generic

30%

0%

-

73%

167.59

-0.37

2031

607.78

109.48

49.56

lo recycling, MBT aerobic 4,
SRF to Incineration 1
(electricity only)

74%

73%

72%

65%

73%

68%

mid -d recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -d

MBT aerobic 4

incineration_generic

30%

0%

-

65%

267.48

-0.37

2031

553.91

96.27

48.67

mid -d recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

mid -f recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -f

MBT aerobic 4

incineration_generic

30%

0%

-

68%

210.87

-0.35

2031

598.79

105.12

51.57

mid -f recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

hi recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

MBT aerobic 4

incineration_generic

30%

0%

-

60%

158.14

-0.37

2031

627.02

119.76

44.31

hi recycling, MBT aerobic 4,
SRF to Incineration 1
(electricity only)

82%

60%

NC recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
grid injection

NC

MBT aerobic 4

cement_kiln

0%

100%

-

79%

81.22

-0.38

2031

645.69

83.05

85.91

NC recycling, MBT aerobic
4, SRF to cement_kiln

41%

79%

lo recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
grid injection

lo

MBT aerobic 4

cement_kiln

0%

100%

-

73%

78.01

-0.42

2031

607.78

109.48

49.56

lo recycling, MBT aerobic 4,
SRF to cement_kiln

72%

73%

mid -d recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -d

MBT aerobic 4

cement_kiln

0%

100%

-

65%

107.59

-0.40

2031

553.91

96.27

48.67

mid -d recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

65%

mid -f recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -f

MBT aerobic 4

cement_kiln

0%

100%

-

68%

93.24

-0.40

2031

598.79

105.12

51.57

mid -f recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

68%

hi recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
grid injection

hi

MBT aerobic 4

cement_kiln

0%

100%

-

60%

88.55

-0.40

2031

627.02

119.76

44.31

hi recycling, MBT aerobic 4,
SRF to cement_kiln

80%

60%

NC recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
grid injection

NC

MBT aerobic 4

ATT_generic

30%

0%

-

79%

246.01

-0.27

2031

645.69

83.05

85.91

NC recycling, MBT aerobic
4, SRF to Gasification 1

46%

79%

lo recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
grid injection

lo

MBT aerobic 4

ATT_generic

30%

0%

-

73%

152.19

-0.37

2031

607.78

109.48

49.56

lo recycling, MBT aerobic 4,
SRF to Gasification 1

74%

73%

mid -d recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -d

MBT aerobic 4

ATT_generic

30%

0%

-

65%

242.24

-0.37

2031

553.91

96.27

48.67

mid -d recycling, MBT
aerobic 4, SRF to
Gasification 1

72%

65%

mid -f recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -f

MBT aerobic 4

ATT_generic

30%

0%

-

68%

191.17

-0.36

2031

598.79

105.12

51.57

mid -f recycling, MBT
aerobic 4, SRF to
Gasification 1

73%

68%

hi recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
grid injection

hi

MBT aerobic 4

ATT_generic

30%

0%

-

60%

143.72

-0.37

2031

627.02

119.76

44.31

hi recycling, MBT aerobic 4,
SRF to Gasification 1

82%

60%

NC recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MBT aerobic 4

power_station_generic

36%

0%

-

79%

206.76

-0.38

2031

645.69

83.05

85.91

NC recycling, MBT aerobic
4, SRF to
power_station_generic

45%

79%

lo recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MBT aerobic 4

power_station_generic

36%

0%

-

73%

139.49

-0.42

2031

607.78

109.48

49.56

lo recycling, MBT aerobic 4,
SRF to
power_station_generic

74%

73%

mid -d recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -d

MBT aerobic 4

power_station_generic

36%

0%

-

65%

216.55

-0.41

2031

553.91

96.27

48.67

mid -d recycling, MBT
aerobic 4, SRF to
power_station_generic

72%

65%

mid -f recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -f

MBT aerobic 4

power_station_generic

36%

0%

-

68%

173.76

-0.41

2031

598.79

105.12

51.57

mid -f recycling, MBT
aerobic 4, SRF to
power_station_generic

73%

68%

hi recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MBT aerobic 4

power_station_generic

36%

0%

-

60%

135.46

-0.41

2031

627.02

119.76

44.31

hi recycling, MBT aerobic 4,
SRF to
power_station_generic

81%

60%

NC recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
grid injection

NC

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.09

-

646.23

83.05

86.05

NC recycling, MBT aerobic
2 (landfill)

33%

0%

lo recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
grid injection

lo

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.29

2031

607.62

109.48

49.51

lo recycling, MBT aerobic 2
(landfill)

68%

0%

mid -d recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
grid injection

mid -d

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.31

2031

544.28

96.27

46.15

mid -d recycling, MBT
aerobic 2 (landfill)

66%

0%
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -f recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
grid injection

mid -f

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.28

2031

597.71

105.12

51.29

mid -f recycling, MBT
aerobic 2 (landfill)

66%

0%

hi recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
grid injection

hi

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.32

2031

626.25

119.76

44.11

hi recycling, MBT aerobic 2
(landfill)

75%

0%

NC recycling, MBT biostab 1

Wet AD with biogas to
grid injection

NC

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.10

-

640.18

83.05

84.47

NC recycling, MBT biostab
1

32%

0%

lo recycling, MBT biostab 1

Wet AD with biogas to
grid injection

lo

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.29

2031

604.61

109.48

48.73

lo recycling, MBT biostab 1

67%

0%

mid -d recycling, MBT biostab 1

Wet AD with biogas to
grid injection

mid -d

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.31

2031

541.40

96.27

45.39

mid -d recycling, MBT
biostab 1

66%

0%

mid -f recycling, MBT biostab 1

Wet AD with biogas to
grid injection

mid -f

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.28

2031

595.18

105.12

50.62

mid -f recycling, MBT
biostab 1

65%

0%

hi recycling, MBT biostab 1

Wet AD with biogas to
grid injection

hi

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.32

2031

624.77

119.76

43.72

hi recycling, MBT biostab 1

75%

0%

NC recycling, MBT AD 1 (landfill), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

NC

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

61%

349.91

-0.18

2015

580.73

83.05

68.91

NC recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

41%

61%

lo recycling, MBT AD 1 (landfill), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

55%

279.71

-0.31

2031

576.31

109.48

41.32

lo recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

72%

55%

mid -d recycling, MBT AD 1 (landfill), SRF
to Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -d

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

56%

327.08

-0.34

2031

516.72

96.27

38.94

mid -d recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

71%

56%

mid -f recycling, MBT AD 1 (landfill), SRF
to Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -f

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

51%

327.53

-0.30

2031

563.72

105.12

42.39

mid -f recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

71%

51%

hi recycling, MBT AD 1 (landfill), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

47%

266.83

-0.33

2031

598.25

119.76

36.78

hi recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

79%

47%

NC recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

NC

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

68%

303.25

-0.19

2015

596.63

83.05

73.07

NC recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

46%

68%

lo recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

62%

254.11

-0.32

2031

584.27

109.48

43.40

lo recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

74%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
Incineration 1 (electricity only)
grid injection

mid -d

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

66%

275.88

-0.34

2031

526.99

96.27

41.62

mid -d recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

74%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -f

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

58%

296.50

-0.30

2031

571.94

105.12

44.54

mid -f recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

73%

58%

hi recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

54%

252.38

-0.33

2031

602.97

119.76

38.02

hi recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

81%

54%

NC recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
grid injection

NC

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

68%

93.00

-0.48

2031

596.63

83.05

73.07

NC recycling, MBT AD 2
(SRF), SRF to cement_kiln

32%

68%

lo recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
grid injection

lo

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

62%

97.46

-0.46

2031

584.27

109.48

43.40

lo recycling, MBT AD 2
(SRF), SRF to cement_kiln

68%

62%
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -d recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
cement_kiln
grid injection

mid -d

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

66%

95.46

-0.48

2031

526.99

96.27

41.62

mid -d recycling, MBT AD 2
(SRF), SRF to cement_kiln

67%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -f

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

58%

109.11

-0.46

2031

571.94

105.12

44.54

mid -f recycling, MBT AD 2
(SRF), SRF to cement_kiln

66%

58%

hi recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
grid injection

hi

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

54%

109.77

-0.44

2031

602.97

119.76

38.02

hi recycling, MBT AD 2
(SRF), SRF to cement_kiln

76%

54%

NC recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
grid injection

NC

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

68%

274.63

-0.21

2020

596.63

83.05

73.07

NC recycling, MBT AD 2
(SRF), SRF to Gasification
1

46%

68%

lo recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
grid injection

lo

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

62%

230.05

-0.33

2031

584.27

109.48

43.40

lo recycling, MBT AD 2
(SRF), SRF to Gasification
1

74%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
Gasification 1
grid injection

mid -d

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

66%

249.75

-0.35

2031

526.99

96.27

41.62

mid -d recycling, MBT AD 2
(SRF), SRF to Gasification
1

74%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -f

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

58%

268.33

-0.32

2031

571.94

105.12

44.54

mid -f recycling, MBT AD 2
(SRF), SRF to Gasification
1

73%

58%

hi recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
grid injection

hi

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

54%

228.42

-0.34

2031

602.97

119.76

38.02

hi recycling, MBT AD 2
(SRF), SRF to Gasification
1

81%

54%

NC recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

68%

232.17

-0.45

2031

596.63

83.05

73.07

NC recycling, MBT AD 2
(SRF), SRF to
power_station_generic

45%

68%

lo recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

62%

203.82

-0.45

2031

584.27

109.48

43.40

lo recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
power_station_generic
grid injection

mid -d

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

66%

216.78

-0.46

2031

526.99

96.27

41.62

mid -d recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -f

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

58%

235.85

-0.45

2031

571.94

105.12

44.54

mid -f recycling, MBT AD 2
(SRF), SRF to
power_station_generic

73%

58%

hi recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

54%

207.08

-0.44

2031

602.97

119.76

38.02

hi recycling, MBT AD 2
(SRF), SRF to
power_station_generic

81%

54%

NC recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
grid injection

NC

Incineration 1
(electricity only)_total

#N/A

30%

0%

62%

413.01

-0.11

-

464.00

83.05

38.37

NC recycling, Incineration 1
(electricity only)_total

46%

62%

lo recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
grid injection

lo

Incineration 1
(electricity only)_total

#N/A

30%

0%

57%

346.34

-0.27

2031

522.97

109.48

27.36

lo recycling, Incineration 1
(electricity only)_total

74%

57%

mid -d recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
grid injection

mid -d

Incineration 1
(electricity only)_total

#N/A

30%

0%

57%

415.19

-0.30

2031

465.37

96.27

25.50

mid -d recycling,
Incineration 1 (electricity
only)_total

74%

57%

mid -f recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
grid injection

mid -f

Incineration 1
(electricity only)_total

#N/A

30%

0%

52%

412.61

-0.25

2031

507.33

105.12

27.64

mid -f recycling, Incineration
1 (electricity only)_total

73%

52%

hi recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
grid injection

hi

Incineration 1
(electricity only)_total

#N/A

30%

0%

47%

367.84

-0.28

2031

556.36

119.76

25.82

hi recycling, Incineration 1
(electricity only)_total

80%

47%

NC recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
grid injection

NC

Incineration 2 (low
CHP)_total

#N/A

22%

10%

62%

390.93

-0.12

-

586.43

83.05

70.40

NC recycling, Incineration 2
(low CHP)_total

46%

62%
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

lo recycling, Incineration 2 (low CHP)_total

Wet AD with biogas to
grid injection

lo

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

332.78

-0.27

2031

582.17

109.48

42.85

lo recycling, Incineration 2
(low CHP)_total

74%

57%

mid -d recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
grid injection

mid -d

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

395.96

-0.31

2031

524.97

96.27

41.10

mid -d recycling,
Incineration 2 (low
CHP)_total

74%

57%

mid -f recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
grid injection

mid -f

Incineration 2 (low
CHP)_total

#N/A

22%

10%

52%

395.17

-0.26

2031

569.04

105.12

43.78

mid -f recycling, Incineration
2 (low CHP)_total

73%

52%

hi recycling, Incineration 2 (low CHP)_total

Wet AD with biogas to
grid injection

hi

Incineration 2 (low
CHP)_total

#N/A

22%

10%

47%

355.46

-0.28

2031

601.07

119.76

37.52

hi recycling, Incineration 2
(low CHP)_total

80%

47%

NC recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
grid injection

NC

Incineration 3
(medium CHP)_total

#N/A

20%

20%

62%

315.45

-0.18

2015

581.07

83.05

69.00

NC recycling, Incineration 3
(medium CHP)_total

46%

62%

lo recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
grid injection

lo

Incineration 3
(medium CHP)_total

#N/A

20%

20%

57%

283.15

-0.30

2031

579.58

109.48

42.18

lo recycling, Incineration 3
(medium CHP)_total

74%

57%

mid -d recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
grid injection

mid -d

Incineration 3
(medium CHP)_total

#N/A

20%

20%

57%

327.94

-0.33

2031

522.36

96.27

40.41

mid -d recycling,
Incineration 3 (medium
CHP)_total

74%

57%

mid -f recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
grid injection

mid -f

Incineration 3
(medium CHP)_total

#N/A

20%

20%

52%

332.30

-0.29

2031

566.34

105.12

43.08

mid -f recycling, Incineration
3 (medium CHP)_total

73%

52%

hi recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
grid injection

hi

Incineration 3
(medium CHP)_total

#N/A

20%

20%

47%

308.92

-0.31

2031

599.11

119.76

37.01

hi recycling, Incineration 3
(medium CHP)_total

80%

47%

NC recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
grid injection

NC

Incineration 4 (high
CHP)_total

#N/A

16%

40%

62%

227.57

-0.29

2031

566.27

83.05

65.13

NC recycling, Incineration 4
(high CHP)_total

46%

62%

lo recycling, Incineration 4 (high CHP)_total

Wet AD with biogas to
grid injection

lo

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

218.09

-0.36

2031

572.42

109.48

40.30

lo recycling, Incineration 4
(high CHP)_total

74%

57%

mid -d recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
grid injection

mid -d

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

244.09

-0.39

2031

515.16

96.27

38.53

mid -d recycling,
Incineration 4 (high
CHP)_total

74%

57%

mid -f recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
grid injection

mid -f

Incineration 4 (high
CHP)_total

#N/A

16%

40%

52%

252.09

-0.35

2031

558.88

105.12

41.13

mid -f recycling, Incineration
4 (high CHP)_total

73%

52%

hi recycling, Incineration 4 (high CHP)_total

Wet AD with biogas to
grid injection

hi

Incineration 4 (high
CHP)_total

#N/A

16%

40%

47%

244.81

-0.36

2031

593.71

119.76

35.60

hi recycling, Incineration 4
(high CHP)_total

80%

47%

NC recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
grid injection

NC

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

62%

513.90

-0.07

-

525.04

83.05

54.34

NC recycling, Incineration 5
(medium efficiency
electricity)_total

46%

62%

lo recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
grid injection

lo

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

403.52

-0.24

2031

552.49

109.48

35.09

lo recycling, Incineration 5
(medium efficiency
electricity)_total

74%

57%

mid -d recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
grid injection

mid -d

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

499.56

-0.28

2031

495.08

96.27

33.28

mid -d recycling,
Incineration 5 (medium
efficiency electricity)_total

74%

57%

mid -f recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
grid injection

mid -f

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

52%

487.38

-0.23

2020

538.10

105.12

35.69

mid -f recycling, Incineration
5 (medium efficiency
electricity)_total

73%

52%

hi recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
grid injection

hi

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

47%

418.51

-0.26

2031

578.65

119.76

31.66

hi recycling, Incineration 5
(medium efficiency
electricity)_total

80%

47%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

NC recycling, Gasification 1_total

Wet AD with biogas to
grid injection

NC

Gasification 1_total

#N/A

30%

0%

62%

374.54

-0.14

2015

347.67

83.05

7.93

NC recycling, Gasification
1_total

46%

62%

lo recycling, Gasification 1_total

Wet AD with biogas to
grid injection

lo

Gasification 1_total

#N/A

30%

0%

57%

313.64

-0.28

2031

466.71

109.48

12.64

lo recycling, Gasification
1_total

74%

57%

mid -d recycling, Gasification 1_total

Wet AD with biogas to
grid injection

mid -d

Gasification 1_total

#N/A

30%

0%

57%

376.18

-0.32

2031

408.74

96.27

10.68

mid -d recycling,
Gasification 1_total

74%

57%

mid -f recycling, Gasification 1_total

Wet AD with biogas to
grid injection

mid -f

Gasification 1_total

#N/A

30%

0%

52%

373.66

-0.27

2031

448.70

105.12

12.29

mid -f recycling,
Gasification 1_total

73%

52%

hi recycling, Gasification 1_total

Wet AD with biogas to
grid injection

hi

Gasification 1_total

#N/A

30%

0%

47%

332.87

-0.29

2031

513.89

119.76

14.71

hi recycling, Gasification
1_total

80%

47%

NC recycling, Gasification 2_total

Wet AD with biogas to
grid injection

NC

Gasification 2_total

#N/A

21%

0%

62%

521.93

-0.08

-

539.75

83.05

58.19

NC recycling, Gasification
2_total

46%

62%

lo recycling, Gasification 2_total

Wet AD with biogas to
grid injection

lo

Gasification 2_total

#N/A

21%

0%

57%

393.60

-0.25

2031

559.60

109.48

36.95

lo recycling, Gasification
2_total

74%

57%

mid -d recycling, Gasification 2_total

Wet AD with biogas to
grid injection

mid -d

Gasification 2_total

#N/A

21%

0%

57%

496.63

-0.29

2031

502.25

96.27

35.15

mid -d recycling,
Gasification 2_total

74%

57%

mid -f recycling, Gasification 2_total

Wet AD with biogas to
grid injection

mid -f

Gasification 2_total

#N/A

21%

0%

52%

479.12

-0.23568

2020

545.51

105.12

37.63

mid -f recycling,
Gasification 2_total

73%

52%

hi recycling, Gasification 2_total

Wet AD with biogas to
grid injection

hi

Gasification 2_total

#N/A

21%

0%

47%

402.69

-0.26

2031

584.02

119.76

33.06

hi recycling, Gasification
2_total

80%

47%

NC recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
grid injection

NC

Gasification Gas
Engine 1_total

#N/A

30%

0%

62%

364.20

-0.15

2015

502.24

83.05

48.37

NC recycling, Gasification
Gas Engine 1_total

46%

62%

lo recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
grid injection

lo

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

307.37

-0.29

2031

541.46

109.48

32.20

lo recycling, Gasification
Gas Engine 1_total

74%

57%

mid -d recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
grid injection

mid -d

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

367.23

-0.32

2031

483.98

96.27

30.37

mid -d recycling,
Gasification Gas Engine
1_total

74%

57%

mid -f recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
grid injection

mid -f

Gasification Gas
Engine 1_total

#N/A

30%

0%

52%

365.58

-0.27

2031

526.60

105.12

32.68

mid -f recycling,
Gasification Gas Engine
1_total

73%

52%

hi recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
grid injection

hi

Gasification Gas
Engine 1_total

#N/A

30%

0%

47%

327.17

-0.29

2031

570.33

119.76

29.48

hi recycling, Gasification
Gas Engine 1_total

80%

47%

NC recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
grid injection

NC

Gasification Gas
Engine 2_total

#N/A

32%

0%

62%

344.43

-0.16

2015

474.14

83.05

41.02

NC recycling, Gasification
Gas Engine 2_total

46%

62%

lo recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
grid injection

lo

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

295.09

-0.29

2031

527.87

109.48

28.65

lo recycling, Gasification
Gas Engine 2_total

74%

57%

mid -d recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
grid injection

mid -d

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

349.92

-0.33

2031

470.30

96.27

26.79

mid -d recycling,
Gasification Gas Engine
2_total

74%

57%

mid -f recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
grid injection

mid -f

Gasification Gas
Engine 2_total

#N/A

32%

0%

52%

349.83

-0.28

2031

512.44

105.12

28.97

mid -f recycling,
Gasification Gas Engine
2_total

73%

52%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

hi recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
grid injection

hi

Gasification Gas
Engine 2_total

#N/A

32%

0%

47%

315.92

-0.30

2031

560.07

119.76

26.79

hi recycling, Gasification
Gas Engine 2_total

80%

47%

NC recycling, True Pyrolysis 1_total

Wet AD with biogas to
grid injection

NC

True Pyrolysis
1_total

#N/A

32%

0%

62%

346.89

-0.14

2015

529.13

83.05

55.41

NC recycling, True Pyrolysis
1_total

46%

62%

lo recycling, True Pyrolysis 1_total

Wet AD with biogas to
grid injection

lo

True Pyrolysis
1_total

#N/A

32%

0%

57%

296.32

-0.28

2031

554.46

109.48

35.60

lo recycling, True Pyrolysis
1_total

74%

57%

mid -d recycling, True Pyrolysis 1_total

Wet AD with biogas to
grid injection

mid -d

True Pyrolysis
1_total

#N/A

32%

0%

57%

351.89

-0.32

2031

497.07

96.27

33.80

mid -d recycling, True
Pyrolysis 1_total

74%

57%

mid -f recycling, True Pyrolysis 1_total

Wet AD with biogas to
grid injection

mid -f

True Pyrolysis
1_total

#N/A

32%

0%

52%

351.51

-0.27

2031

540.16

105.12

36.23

mid -f recycling, True
Pyrolysis 1_total

73%

52%

hi recycling, True Pyrolysis 1_total

Wet AD with biogas to
grid injection

hi

True Pyrolysis
1_total

#N/A

32%

0%

47%

316.87

-0.29

2031

580.14

119.76

32.05

hi recycling, True Pyrolysis
1_total

80%

47%

NC recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

NC

Dirty MRF 1

incineration_generic

30%

0%

-

69%

351.11

-0.26

2031

546.25

83.05

59.89

NC recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

50%

69%

lo recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

Dirty MRF 1

incineration_generic

30%

0%

-

63%

287.31

-0.35

2031

561.33

109.48

37.40

lo recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

76%

63%

mid -d recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -d

Dirty MRF 1

incineration_generic

30%

0%

-

61%

375.82

-0.35

2031

507.53

96.27

36.53

mid -d recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

75%

61%

mid -f recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -f

Dirty MRF 1

incineration_generic

30%

0%

-

58%

353.69

-0.33

2031

548.64

105.12

38.45

mid -f recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

75%

58%

hi recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

Dirty MRF 1

incineration_generic

30%

0%

-

52%

320.62

-0.34

2031

585.69

119.76

33.50

hi recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

82%

52%

NC recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

NC

Dirty MRF 1

ATT_generic

30%

0%

-

69%

318.41

-0.28

2031

546.25

83.05

59.89

NC recycling, Dirty MRF 1,
SRF to Gasification 1

50%

69%

lo recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

lo

Dirty MRF 1

ATT_generic

30%

0%

-

63%

260.27

-0.36

2031

561.33

109.48

37.40

lo recycling, Dirty MRF 1,
SRF to Gasification 1

76%

63%

mid -d recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -d

Dirty MRF 1

ATT_generic

30%

0%

-

61%

340.52

-0.36

2031

507.53

96.27

36.53

mid -d recycling, Dirty MRF
1, SRF to Gasification 1

75%

61%

mid -f recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -f

Dirty MRF 1

ATT_generic

30%

0%

-

58%

320.34

-0.34

2031

548.64

105.12

38.45

mid -f recycling, Dirty MRF
1, SRF to Gasification 1

75%

58%

hi recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

hi

Dirty MRF 1

ATT_generic

30%

0%

-

52%

290.21

-0.35

2031

585.69

119.76

33.50

hi recycling, Dirty MRF 1,
SRF to Gasification 1

82%

52%

NC recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
grid injection

NC

MHT 2

Gasification_CHP_generi
c

32%

26%

-

70%

134.77

-0.38

2031

642.46

83.05

85.07

NC recycling, MHT 2, SRF
to
Gasification_CHP_generic

52%

70%

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
grid injection

lo

MHT 2

Gasification_CHP_generi
c

32%

26%

-

64%

127.71

-0.41

2031

608.23

109.48

49.67

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

77%

64%

mid -d recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
grid injection

mid -d

MHT 2

Gasification_CHP_generi
c

32%

26%

-

70%

122.60

-0.42

2031

550.39

96.27

47.75

mid -d recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

70%
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -f recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
grid injection

mid -f

MHT 2

Gasification_CHP_generi
c

32%

26%

-

61%

145.10

-0.40

2031

596.48

105.12

50.97

mid -f recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

61%

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
grid injection

hi

MHT 2

Gasification_CHP_generi
c

32%

26%

-

55%

131.85

-0.40

2031

619.78

119.76

42.42

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

84%

55%

NC

MHT 1

incineration_generic

30%

0%

-

70%

354.62

-0.21

2020

642.19

83.05

85.00

NC recycling, MHT 1, SRF
to Incineration 1 (electricity
only)

52%

70%

NC recycling, MHT 1, SRF to Incineration 1
Aerobic Digestion
(electricity only)

lo recycling, MHT 1, SRF to Incineration 1
(electricity only)

Aerobic Digestion

lo

MHT 1

incineration_generic

30%

0%

-

64%

432.94

-0.33

2031

607.11

109.48

49.38

lo recycling, MHT 1, SRF to
Incineration 1 (electricity
only)

77%

64%

mid -d recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -d

MHT 1

incineration_generic

30%

0%

-

70%

380.30

-0.35

2031

549.87

96.27

47.61

mid -d recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

70%

mid -f recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -f

MHT 1

incineration_generic

30%

0%

-

61%

471.66

-0.31

2031

595.55

105.12

50.72

mid -f recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

61%

hi recycling, MHT 1, SRF to Incineration 1
(electricity only)

Aerobic Digestion

hi

MHT 1

incineration_generic

30%

0%

-

55%

545.38

-0.34

2031

618.27

119.76

42.02

hi recycling, MHT 1, SRF to
Incineration 1 (electricity
only)

84%

55%

NC recycling, MHT 1, SRF to cement_kiln

Aerobic Digestion

NC

MHT 1

cement_kiln

0%

100%

-

70%

95.27

-0.42

2031

642.19

83.05

85.00

NC recycling, MHT 1, SRF
to cement_kiln

41%

70%

lo recycling, MHT 1, SRF to cement_kiln

Aerobic Digestion

lo

MHT 1

cement_kiln

0%

100%

-

64%

116.61

-0.44

2031

607.11

109.48

49.38

lo recycling, MHT 1, SRF to
cement_kiln

72%

64%

mid -d recycling, MHT 1, SRF to
cement_kiln

Aerobic Digestion

mid -d

MHT 1

cement_kiln

0%

100%

-

70%

102.32

-0.44

2031

549.87

96.27

47.61

mid -d recycling, MHT 1,
SRF to cement_kiln

71%

70%

mid -f recycling, MHT 1, SRF to
cement_kiln

Aerobic Digestion

mid -f

MHT 1

cement_kiln

0%

100%

-

61%

126.95

-0.42

2031

595.55

105.12

50.72

mid -f recycling, MHT 1,
SRF to cement_kiln

71%

61%

hi recycling, MHT 1, SRF to cement_kiln

Aerobic Digestion

hi

MHT 1

cement_kiln

0%

100%

-

55%

147.11

-0.41

2031

618.27

119.76

42.02

hi recycling, MHT 1, SRF to
cement_kiln

80%

55%

NC recycling, MHT 1, SRF to Gasification
1

Aerobic Digestion

NC

MHT 1

ATT_generic

30%

0%

-

70%

321.84

-0.22

2020

642.19

83.05

85.00

NC recycling, MHT 1, SRF
to Gasification 1

52%

70%

lo recycling, MHT 1, SRF to Gasification 1

Aerobic Digestion

lo

MHT 1

ATT_generic

30%

0%

-

64%

393.91

-0.34

2031

607.11

109.48

49.38

lo recycling, MHT 1, SRF to
Gasification 1

77%

64%

mid -d recycling, MHT 1, SRF to
Gasification 1

Aerobic Digestion

mid -d

MHT 1

ATT_generic

30%

0%

-

70%

345.66

-0.36

2031

549.87

96.27

47.61

mid -d recycling, MHT 1,
SRF to Gasification 1

76%

70%

mid -f recycling, MHT 1, SRF to
Gasification 1

Aerobic Digestion

mid -f

MHT 1

ATT_generic

30%

0%

-

61%

428.83

-0.32

2031

595.55

105.12

50.72

mid -f recycling, MHT 1,
SRF to Gasification 1

76%

61%

hi recycling, MHT 1, SRF to Gasification 1

Aerobic Digestion

hi

MHT 1

ATT_generic

30%

0%

-

55%

496.94

-0.35

2031

618.27

119.76

42.02

hi recycling, MHT 1, SRF to
Gasification 1

84%

55%

NC recycling, MHT 1, SRF to
power_station_generic

Aerobic Digestion

NC

MHT 1

power_station_generic

36%

0%

-

70%

263.44

-0.40

2031

642.19

83.05

85.00

NC recycling, MHT 1, SRF
to power_station_generic

51%

70%

lo recycling, MHT 1, SRF to
power_station_generic

Aerobic Digestion

lo

MHT 1

power_station_generic

36%

0%

-

64%

322.46

-0.43

2031

607.11

109.48

49.38

lo recycling, MHT 1, SRF to
power_station_generic

76%

64%
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -d recycling, MHT 1, SRF to
power_station_generic

Aerobic Digestion

mid -d

MHT 1

power_station_generic

36%

0%

-

70%

282.95

-0.43

2031

549.87

96.27

47.61

mid -d recycling, MHT 1,
SRF to
power_station_generic

76%

70%

mid -f recycling, MHT 1, SRF to
power_station_generic

Aerobic Digestion

mid -f

MHT 1

power_station_generic

36%

0%

-

61%

351.04

-0.41

2031

595.55

105.12

50.72

mid -f recycling, MHT 1,
SRF to
power_station_generic

75%

61%

hi recycling, MHT 1, SRF to
power_station_generic

Aerobic Digestion

hi

MHT 1

power_station_generic

36%

0%

-

55%

406.84

-0.41

2031

618.27

119.76

42.02

hi recycling, MHT 1, SRF to
power_station_generic

83%

55%

NC

MHT 2

incineration_generic

30%

0%

-

70%

306.05

-0.23

2020

642.19

83.05

85.00

NC recycling, MHT 2, SRF
to Incineration 1 (electricity
only)

52%

70%

NC recycling, MHT 2, SRF to Incineration 1
Aerobic Digestion
(electricity only)

lo recycling, MHT 2, SRF to Incineration 1
(electricity only)

Aerobic Digestion

lo

MHT 2

incineration_generic

30%

0%

-

64%

372.66

-0.34

2031

607.11

109.48

49.38

lo recycling, MHT 2, SRF to
Incineration 1 (electricity
only)

77%

64%

mid -d recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -d

MHT 2

incineration_generic

30%

0%

-

70%

317.68

-0.36

2031

549.87

96.27

47.61

mid -d recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

70%

mid -f recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -f

MHT 2

incineration_generic

30%

0%

-

61%

405.12

-0.32

2031

595.55

105.12

50.72

mid -f recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

61%

hi recycling, MHT 2, SRF to Incineration 1
(electricity only)

Aerobic Digestion

hi

MHT 2

incineration_generic

30%

0%

-

55%

472.63

-0.35

2031

618.27

119.76

42.02

hi recycling, MHT 2, SRF to
Incineration 1 (electricity
only)

84%

55%

NC recycling, MHT 2, SRF to cement_kiln

Aerobic Digestion

NC

MHT 2

cement_kiln

0%

100%

-

70%

82.22

-0.46

2031

642.19

83.05

85.00

NC recycling, MHT 2, SRF
to cement_kiln

41%

70%

lo recycling, MHT 2, SRF to cement_kiln

Aerobic Digestion

lo

MHT 2

cement_kiln

0%

100%

-

64%

100.37

-0.45

2031

607.11

109.48

49.38

lo recycling, MHT 2, SRF to
cement_kiln

72%

64%

mid -d recycling, MHT 2, SRF to
cement_kiln

Aerobic Digestion

mid -d

MHT 2

cement_kiln

0%

100%

-

70%

85.48

-0.46

2031

549.87

96.27

47.61

mid -d recycling, MHT 2,
SRF to cement_kiln

71%

70%

mid -f recycling, MHT 2, SRF to
cement_kiln

Aerobic Digestion

mid -f

MHT 2

cement_kiln

0%

100%

-

61%

109.04

-0.44

2031

595.55

105.12

50.72

mid -f recycling, MHT 2,
SRF to cement_kiln

71%

61%

hi recycling, MHT 2, SRF to cement_kiln

Aerobic Digestion

hi

MHT 2

cement_kiln

0%

100%

-

55%

127.48

-0.43

2031

618.27

119.76

42.02

hi recycling, MHT 2, SRF to
cement_kiln

80%

55%

NC recycling, MHT 2, SRF to Gasification
1

Aerobic Digestion

NC

MHT 2

ATT_generic

30%

0%

-

70%

277.76

-0.24

2020

642.19

83.05

85.00

NC recycling, MHT 2, SRF
to Gasification 1

52%

70%

lo recycling, MHT 2, SRF to Gasification 1

Aerobic Digestion

lo

MHT 2

ATT_generic

30%

0%

-

64%

339.07

-0.35

2031

607.11

109.48

49.38

lo recycling, MHT 2, SRF to
Gasification 1

77%

64%

mid -d recycling, MHT 2, SRF to
Gasification 1

Aerobic Digestion

mid -d

MHT 2

ATT_generic

30%

0%

-

70%

288.74

-0.37

2031

549.87

96.27

47.61

mid -d recycling, MHT 2,
SRF to Gasification 1

76%

70%

mid -f recycling, MHT 2, SRF to
Gasification 1

Aerobic Digestion

mid -f

MHT 2

ATT_generic

30%

0%

-

61%

368.33

-0.33

2031

595.55

105.12

50.72

mid -f recycling, MHT 2,
SRF to Gasification 1

76%

61%

hi recycling, MHT 2, SRF to Gasification 1

Aerobic Digestion

hi

MHT 2

ATT_generic

30%

0%

-

55%

430.65

-0.35

2031

618.27

119.76

42.02

hi recycling, MHT 2, SRF to
Gasification 1

84%

55%

NC recycling, MHT 2, SRF to
power_station_generic

Aerobic Digestion

NC

MHT 2

power_station_generic

36%

0%

-

70%

227.35

-0.45

2031

642.19

83.05

85.00

NC recycling, MHT 2, SRF
to power_station_generic

51%

70%

SLR
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

lo recycling, MHT 2, SRF to
power_station_generic

Aerobic Digestion

lo

MHT 2

power_station_generic

36%

0%

-

64%

277.57

-0.45

2031

607.11

109.48

49.38

lo recycling, MHT 2, SRF to
power_station_generic

76%

64%

mid -d recycling, MHT 2, SRF to
power_station_generic

Aerobic Digestion

mid -d

MHT 2

power_station_generic

36%

0%

-

70%

236.36

-0.45

2031

549.87

96.27

47.61

mid -d recycling, MHT 2,
SRF to
power_station_generic

76%

70%

mid -f recycling, MHT 2, SRF to
power_station_generic

Aerobic Digestion

mid -f

MHT 2

power_station_generic

36%

0%

-

61%

301.52

-0.44

2031

595.55

105.12

50.72

mid -f recycling, MHT 2,
SRF to
power_station_generic

75%

61%

hi recycling, MHT 2, SRF to
power_station_generic

Aerobic Digestion

hi

MHT 2

power_station_generic

36%

0%

-

55%

352.57

-0.43

2031

618.27

119.76

42.02

hi recycling, MHT 2, SRF to
power_station_generic

83%

55%

NC recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

NC

MBT aerobic 1

incineration_generic

30%

0%

-

50%

569.31

-0.12

-

588.53

83.05

70.95

NC recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

39%

50%

lo recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

lo

MBT aerobic 1

incineration_generic

30%

0%

-

43%

656.74

-0.28

2031

578.16

109.48

41.80

lo recycling, MBT aerobic 1,
SRF to Incineration 1
(electricity only)

71%

43%

69%

40%

mid -d recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -d

MBT aerobic 1

incineration_generic

30%

0%

-

40%

708.92

-0.30

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

mid -f recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -f

MBT aerobic 1

incineration_generic

30%

0%

-

38%

714.82

-0.26

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

69%

38%

hi recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

hi

MBT aerobic 1

incineration_generic

30%

0%

-

33%

779.07

-0.29

2031

600.66

119.76

37.42

hi recycling, MBT aerobic 1,
SRF to Incineration 1
(electricity only)

78%

33%

NC recycling, MBT aerobic 1, SRF to
cement_kiln

Aerobic Digestion

NC

MBT aerobic 1

cement_kiln

0%

100%

-

50%

152.93

-0.29

2031

588.53

83.05

70.95

NC recycling, MBT aerobic
1, SRF to cement_kiln

33%

50%

lo recycling, MBT aerobic 1, SRF to
cement_kiln

Aerobic Digestion

lo

MBT aerobic 1

cement_kiln

0%

100%

-

43%

176.72

-0.37

2031

578.16

109.48

41.80

lo recycling, MBT aerobic 1,
SRF to cement_kiln

68%

43%

mid -d recycling, MBT aerobic 1, SRF to
cement_kiln

Aerobic Digestion

mid -d

MBT aerobic 1

cement_kiln

0%

100%

-

40%

190.57

-0.37

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 1, SRF to
cement_kiln

Aerobic Digestion

mid -f

MBT aerobic 1

cement_kiln

0%

100%

-

38%

192.23

-0.36

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

38%

hi recycling, MBT aerobic 1, SRF to
cement_kiln

Aerobic Digestion

hi

MBT aerobic 1

cement_kiln

0%

100%

-

33%

209.74

-0.37

2031

600.66

119.76

37.42

hi recycling, MBT aerobic 1,
SRF to cement_kiln

75%

33%

NC recycling, MBT aerobic 1, SRF to
Gasification 1

Aerobic Digestion

NC

MBT aerobic 1

ATT_generic

30%

0%

-

50%

516.62

-0.14

2015

588.53

83.05

70.95

NC recycling, MBT aerobic
1, SRF to Gasification 1

39%

50%

lo recycling, MBT aerobic 1, SRF to
Gasification 1

Aerobic Digestion

lo

MBT aerobic 1

ATT_generic

30%

0%

-

43%

596.98

-0.29

2031

578.16

109.48

41.80

lo recycling, MBT aerobic 1,
SRF to Gasification 1

71%

43%

mid -d recycling, MBT aerobic 1, SRF to
Gasification 1

Aerobic Digestion

mid -d

MBT aerobic 1

ATT_generic

30%

0%

-

40%

643.75

-0.31

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

40%

mid -f recycling, MBT aerobic 1, SRF to
Gasification 1

Aerobic Digestion

mid -f

MBT aerobic 1

ATT_generic

30%

0%

-

38%

649.37

-0.27

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

38%

hi recycling, MBT aerobic 1, SRF to
Gasification 1

Aerobic Digestion

hi

MBT aerobic 1

ATT_generic

30%

0%

-

33%

708.51

-0.30

2031

600.66

119.76

37.42

hi recycling, MBT aerobic 1,
SRF to Gasification 1

78%

33%

SLR
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

NC recycling, MBT aerobic 1, SRF to
power_station_generic

Aerobic Digestion

NC

MBT aerobic 1

power_station_generic

36%

0%

-

50%

422.87

-0.31

2031

588.53

83.05

70.95

NC recycling, MBT aerobic
1, SRF to
power_station_generic

38%

50%

lo recycling, MBT aerobic 1, SRF to
power_station_generic

Aerobic Digestion

lo

MBT aerobic 1

power_station_generic

36%

0%

-

43%

488.69

-0.38

2031

578.16

109.48

41.80

lo recycling, MBT aerobic 1,
SRF to
power_station_generic

70%

43%

mid -d recycling, MBT aerobic 1, SRF to
power_station_generic

Aerobic Digestion

mid -d

MBT aerobic 1

power_station_generic

36%

0%

-

40%

526.95

-0.38

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
power_station_generic

69%

40%

mid -f recycling, MBT aerobic 1, SRF to
power_station_generic

Aerobic Digestion

mid -f

MBT aerobic 1

power_station_generic

36%

0%

-

38%

531.55

-0.37

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 1, SRF to
power_station_generic

68%

38%

hi recycling, MBT aerobic 1, SRF to
power_station_generic

Aerobic Digestion

hi

MBT aerobic 1

power_station_generic

36%

0%

-

33%

579.99

-0.39

2031

600.66

119.76

37.42

hi recycling, MBT aerobic 1,
SRF to
power_station_generic

78%

33%

NC recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

NC

MBT aerobic 3

incineration_generic

30%

0%

-

50%

493.29

-0.14

2015

588.53

83.05

70.95

NC recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

39%

50%

lo recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

lo

MBT aerobic 3

incineration_generic

30%

0%

-

43%

568.47

-0.29

2031

578.16

109.48

41.80

lo recycling, MBT aerobic 3,
SRF to Incineration 1
(electricity only)

71%

43%

mid -d recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -d

MBT aerobic 3

incineration_generic

30%

0%

-

40%

621.53

-0.30

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

69%

40%

mid -f recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -f

MBT aerobic 3

incineration_generic

30%

0%

-

38%

622.22

-0.27

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

69%

38%

hi recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

hi

MBT aerobic 3

incineration_generic

30%

0%

-

33%

685.78

-0.30

2031

600.66

119.76

37.42

hi recycling, MBT aerobic 3,
SRF to Incineration 1
(electricity only)

78%

33%

NC recycling, MBT aerobic 3, SRF to
cement_kiln

Aerobic Digestion

NC

MBT aerobic 3

cement_kiln

0%

100%

-

50%

132.51

-0.32

2031

588.53

83.05

70.95

NC recycling, MBT aerobic
3, SRF to cement_kiln

33%

50%

lo recycling, MBT aerobic 3, SRF to
cement_kiln

Aerobic Digestion

lo

MBT aerobic 3

cement_kiln

0%

100%

-

43%

152.97

-0.39

2031

578.16

109.48

41.80

lo recycling, MBT aerobic 3,
SRF to cement_kiln

68%

43%

mid -d recycling, MBT aerobic 3, SRF to
cement_kiln

Aerobic Digestion

mid -d

MBT aerobic 3

cement_kiln

0%

100%

-

40%

167.08

-0.39

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 3, SRF to
cement_kiln

Aerobic Digestion

mid -f

MBT aerobic 3

cement_kiln

0%

100%

-

38%

167.33

-0.38

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

38%

hi recycling, MBT aerobic 3, SRF to
cement_kiln

Aerobic Digestion

hi

MBT aerobic 3

cement_kiln

0%

100%

-

33%

184.62

-0.39

2031

600.66

119.76

37.42

hi recycling, MBT aerobic 3,
SRF to cement_kiln

75%

33%

NC recycling, MBT aerobic 3, SRF to
Gasification 1

Aerobic Digestion

NC

MBT aerobic 3

ATT_generic

30%

0%

-

50%

447.63

-0.15

2015

588.53

83.05

70.95

NC recycling, MBT aerobic
3, SRF to Gasification 1

39%

50%

lo recycling, MBT aerobic 3, SRF to
Gasification 1

Aerobic Digestion

lo

MBT aerobic 3

ATT_generic

30%

0%

-

43%

516.74

-0.30

2031

578.16

109.48

41.80

lo recycling, MBT aerobic 3,
SRF to Gasification 1

71%

43%

mid -d recycling, MBT aerobic 3, SRF to
Gasification 1

Aerobic Digestion

mid -d

MBT aerobic 3

ATT_generic

30%

0%

-

40%

564.39

-0.31

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

40%

mid -f recycling, MBT aerobic 3, SRF to
Gasification 1

Aerobic Digestion

mid -f

MBT aerobic 3

ATT_generic

30%

0%

-

38%

565.24

-0.28

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

38%

SLR
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Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

hi recycling, MBT aerobic 3, SRF to
Gasification 1

Aerobic Digestion

hi

MBT aerobic 3

ATT_generic

30%

0%

-

33%

623.67

-0.31

2031

600.66

119.76

37.42

hi recycling, MBT aerobic 3,
SRF to Gasification 1

78%

33%

NC recycling, MBT aerobic 3, SRF to
power_station_generic

Aerobic Digestion

NC

MBT aerobic 3

power_station_generic

36%

0%

-

50%

366.40

-0.35

2031

588.53

83.05

70.95

NC recycling, MBT aerobic
3, SRF to
power_station_generic

38%

50%

lo recycling, MBT aerobic 3, SRF to
power_station_generic

Aerobic Digestion

lo

MBT aerobic 3

power_station_generic

36%

0%

-

43%

423.00

-0.41

2031

578.16

109.48

41.80

lo recycling, MBT aerobic 3,
SRF to
power_station_generic

70%

43%

mid -d recycling, MBT aerobic 3, SRF to
power_station_generic

Aerobic Digestion

mid -d

MBT aerobic 3

power_station_generic

36%

0%

-

40%

461.99

-0.40

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
power_station_generic

69%

40%

mid -f recycling, MBT aerobic 3, SRF to
power_station_generic

Aerobic Digestion

mid -f

MBT aerobic 3

power_station_generic

36%

0%

-

38%

462.69

-0.40

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 3, SRF to
power_station_generic

68%

38%

hi recycling, MBT aerobic 3, SRF to
power_station_generic

Aerobic Digestion

hi

MBT aerobic 3

power_station_generic

36%

0%

-

33%

510.54

-0.41

2031

600.66

119.76

37.42

hi recycling, MBT aerobic 3,
SRF to
power_station_generic

78%

33%

NC recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

NC

MBT aerobic 4

incineration_generic

30%

0%

-

79%

316.27

-0.27

2031

645.42

83.05

85.84

NC recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

46%

79%

lo recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

lo

MBT aerobic 4

incineration_generic

30%

0%

-

73%

406.05

-0.37

2031

606.67

109.48

49.26

lo recycling, MBT aerobic 4,
SRF to Incineration 1
(electricity only)

74%

73%

mid -d recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -d

MBT aerobic 4

incineration_generic

30%

0%

-

65%

499.29

-0.37

2031

553.39

96.27

48.53

mid -d recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

72%

65%

73%

68%

mid -f recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -f

MBT aerobic 4

incineration_generic

30%

0%

-

68%

465.72

-0.35

2031

597.85

105.12

51.32

mid -f recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

hi recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

hi

MBT aerobic 4

incineration_generic

30%

0%

-

60%

579.23

-0.37

2031

625.51

119.76

43.92

hi recycling, MBT aerobic 4,
SRF to Incineration 1
(electricity only)

82%

60%

NC recycling, MBT aerobic 4, SRF to
cement_kiln

Aerobic Digestion

NC

MBT aerobic 4

cement_kiln

0%

100%

-

79%

85.01

-0.38

2031

645.42

83.05

85.84

NC recycling, MBT aerobic
4, SRF to cement_kiln

41%

79%

lo recycling, MBT aerobic 4, SRF to
cement_kiln

Aerobic Digestion

lo

MBT aerobic 4

cement_kiln

0%

100%

-

73%

109.66

-0.42

2031

606.67

109.48

49.26

lo recycling, MBT aerobic 4,
SRF to cement_kiln

72%

73%

mid -d recycling, MBT aerobic 4, SRF to
cement_kiln

Aerobic Digestion

mid -d

MBT aerobic 4

cement_kiln

0%

100%

-

65%

134.46

-0.40

2031

553.39

96.27

48.53

mid -d recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

65%

mid -f recycling, MBT aerobic 4, SRF to
cement_kiln

Aerobic Digestion

mid -f

MBT aerobic 4

cement_kiln

0%

100%

-

68%

125.59

-0.40

2031

597.85

105.12

51.32

mid -f recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

68%

hi recycling, MBT aerobic 4, SRF to
cement_kiln

Aerobic Digestion

hi

MBT aerobic 4

cement_kiln

0%

100%

-

60%

156.71

-0.40

2031

625.51

119.76

43.92

hi recycling, MBT aerobic 4,
SRF to cement_kiln

80%

60%

NC recycling, MBT aerobic 4, SRF to
Gasification 1

Aerobic Digestion

NC

MBT aerobic 4

ATT_generic

30%

0%

-

79%

287.15

-0.27

2031

645.42

83.05

85.84

NC recycling, MBT aerobic
4, SRF to Gasification 1

46%

79%

lo recycling, MBT aerobic 4, SRF to
Gasification 1

Aerobic Digestion

lo

MBT aerobic 4

ATT_generic

30%

0%

-

73%

370.45

-0.37

2031

606.67

109.48

49.26

lo recycling, MBT aerobic 4,
SRF to Gasification 1

74%

73%

mid -d recycling, MBT aerobic 4, SRF to
Gasification 1

Aerobic Digestion

mid -d

MBT aerobic 4

ATT_generic

30%

0%

-

65%

454.20

-0.37

2031

553.39

96.27

48.53

mid -d recycling, MBT
aerobic 4, SRF to
Gasification 1

72%

65%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -f recycling, MBT aerobic 4, SRF to
Gasification 1

Aerobic Digestion

mid -f

MBT aerobic 4

ATT_generic

30%

0%

-

68%

424.25

-0.36

2031

597.85

105.12

51.32

mid -f recycling, MBT
aerobic 4, SRF to
Gasification 1

73%

68%

hi recycling, MBT aerobic 4, SRF to
Gasification 1

Aerobic Digestion

hi

MBT aerobic 4

ATT_generic

30%

0%

-

60%

529.39

-0.37

2031

625.51

119.76

43.92

hi recycling, MBT aerobic 4,
SRF to Gasification 1

82%

60%

NC recycling, MBT aerobic 4, SRF to
power_station_generic

Aerobic Digestion

NC

MBT aerobic 4

power_station_generic

36%

0%

-

79%

235.05

-0.38

2031

645.42

83.05

85.84

NC recycling, MBT aerobic
4, SRF to
power_station_generic

45%

79%

lo recycling, MBT aerobic 4, SRF to
power_station_generic

Aerobic Digestion

lo

MBT aerobic 4

power_station_generic

36%

0%

-

73%

303.30

-0.42

2031

606.67

109.48

49.26

lo recycling, MBT aerobic 4,
SRF to
power_station_generic

74%

73%

mid -d recycling, MBT aerobic 4, SRF to
power_station_generic

Aerobic Digestion

mid -d

MBT aerobic 4

power_station_generic

36%

0%

-

65%

371.82

-0.41

2031

553.39

96.27

48.53

mid -d recycling, MBT
aerobic 4, SRF to
power_station_generic

72%

65%

mid -f recycling, MBT aerobic 4, SRF to
power_station_generic

Aerobic Digestion

mid -f

MBT aerobic 4

power_station_generic

36%

0%

-

68%

347.32

-0.41

2031

597.85

105.12

51.32

mid -f recycling, MBT
aerobic 4, SRF to
power_station_generic

73%

68%

hi recycling, MBT aerobic 4, SRF to
power_station_generic

Aerobic Digestion

hi

MBT aerobic 4

power_station_generic

36%

0%

-

60%

433.46

-0.41

2031

625.51

119.76

43.92

hi recycling, MBT aerobic 4,
SRF to
power_station_generic

81%

60%

NC recycling, MBT aerobic 2 (landfill)

Aerobic Digestion

NC

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

0.00

-0.09

-

645.96

83.05

85.98

NC recycling, MBT aerobic
2 (landfill)

33%

0%

lo recycling, MBT aerobic 2 (landfill)

Aerobic Digestion

lo

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

0.00

-0.29

2031

606.51

109.48

49.22

lo recycling, MBT aerobic 2
(landfill)

68%

0%

mid -d recycling, MBT aerobic 2 (landfill)

Aerobic Digestion

mid -d

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

0.00

-0.31

2031

543.76

96.27

46.01

mid -d recycling, MBT
aerobic 2 (landfill)

66%

0%

mid -f recycling, MBT aerobic 2 (landfill)

Aerobic Digestion

mid -f

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

0.00

-0.28

2031

596.77

105.12

51.04

mid -f recycling, MBT
aerobic 2 (landfill)

66%

0%

hi recycling, MBT aerobic 2 (landfill)

Aerobic Digestion

hi

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

0.00

-0.32

2031

624.74

119.76

43.72

hi recycling, MBT aerobic 2
(landfill)

75%

0%

NC recycling, MBT biostab 1

Aerobic Digestion

NC

MBT biostab 1

#N/A

0%

0%

-

0%

0.00

-0.10

-

639.91

83.05

84.40

NC recycling, MBT biostab
1

32%

0%

lo recycling, MBT biostab 1

Aerobic Digestion

lo

MBT biostab 1

#N/A

0%

0%

-

0%

0.00

-0.29

2031

603.49

109.48

48.43

lo recycling, MBT biostab 1

67%

0%

mid -d recycling, MBT biostab 1

Aerobic Digestion

mid -d

MBT biostab 1

#N/A

0%

0%

-

0%

0.00

-0.31

2031

540.88

96.27

45.26

mid -d recycling, MBT
biostab 1

66%

0%

mid -f recycling, MBT biostab 1

Aerobic Digestion

mid -f

MBT biostab 1

#N/A

0%

0%

-

0%

0.00

-0.28

2031

594.24

105.12

50.38

mid -f recycling, MBT
biostab 1

65%

0%

hi recycling, MBT biostab 1

Aerobic Digestion

hi

MBT biostab 1

#N/A

0%

0%

-

0%

0.00

-0.32

2031

623.26

119.76

43.33

hi recycling, MBT biostab 1

75%

0%

NC recycling, MBT AD 1 (landfill), SRF to
Incineration 1 (electricity only)

Aerobic Digestion

NC

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

61%

375.27

-0.18

2015

580.46

83.05

68.84

NC recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

41%

61%

lo recycling, MBT AD 1 (landfill), SRF to
Incineration 1 (electricity only)

Aerobic Digestion

lo

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

55%

445.47

-0.31

2031

575.20

109.48

41.03

lo recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

72%

55%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -d recycling, MBT AD 1 (landfill), SRF
to Incineration 1 (electricity only)

Aerobic Digestion

mid -d

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

56%

436.04

-0.34

2031

516.20

96.27

38.80

mid -d recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

71%

56%

mid -f recycling, MBT AD 1 (landfill), SRF
to Incineration 1 (electricity only)

Aerobic Digestion

mid -f

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

51%

480.19

-0.30

2031

562.78

105.12

42.15

mid -f recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

71%

51%

hi recycling, MBT AD 1 (landfill), SRF to
Incineration 1 (electricity only)

Aerobic Digestion

hi

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

47%

523.49

-0.33

2031

596.74

119.76

36.39

hi recycling, MBT AD 1
(landfill), SRF to Incineration
1 (electricity only)

79%

47%

NC recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Aerobic Digestion

NC

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

68%

322.06

-0.19

2015

596.36

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

46%

68%

lo recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Aerobic Digestion

lo

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

62%

383.39

-0.32

2031

583.15

109.48

43.11

lo recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

74%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to
Aerobic Digestion
Incineration 1 (electricity only)

mid -d

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

66%

349.19

-0.34

2031

526.48

96.27

41.49

mid -d recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

74%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -f

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

58%

415.95

-0.30

2031

571.00

105.12

44.30

mid -f recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

73%

58%

hi recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Aerobic Digestion

hi

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

54%

470.01

-0.33

2031

601.46

119.76

37.62

hi recycling, MBT AD 2
(SRF), SRF to Incineration
1 (electricity only)

81%

54%

NC recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Aerobic Digestion

NC

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

68%

94.80

-0.48

2031

596.36

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to cement_kiln

32%

68%

lo recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Aerobic Digestion

lo

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

62%

113.01

-0.46

2031

583.15

109.48

43.11

lo recycling, MBT AD 2
(SRF), SRF to cement_kiln

68%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to
Aerobic Digestion
cement_kiln

mid -d

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

66%

103.44

-0.48

2031

526.48

96.27

41.49

mid -d recycling, MBT AD 2
(SRF), SRF to cement_kiln

67%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Aerobic Digestion

mid -f

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

58%

123.01

-0.46

2031

571.00

105.12

44.30

mid -f recycling, MBT AD 2
(SRF), SRF to cement_kiln

66%

58%

hi recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Aerobic Digestion

hi

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

54%

140.02

-0.44

2031

601.46

119.76

37.62

hi recycling, MBT AD 2
(SRF), SRF to cement_kiln

76%

54%

NC recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Aerobic Digestion

NC

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

68%

291.80

-0.21

2020

596.36

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to Gasification
1

46%

68%

lo recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Aerobic Digestion

lo

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

62%

348.01

-0.33

2031

583.15

109.48

43.11

lo recycling, MBT AD 2
(SRF), SRF to Gasification
1

74%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to
Aerobic Digestion
Gasification 1

mid -d

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

66%

316.65

-0.35

2031

526.48

96.27

41.49

mid -d recycling, MBT AD 2
(SRF), SRF to Gasification
1

74%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Aerobic Digestion

mid -f

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

58%

377.32

-0.32

2031

571.00

105.12

44.30

mid -f recycling, MBT AD 2
(SRF), SRF to Gasification
1

73%

58%

hi recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Aerobic Digestion

hi

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

54%

426.91

-0.34

2031

601.46

119.76

37.62

hi recycling, MBT AD 2
(SRF), SRF to Gasification
1

81%

54%

NC recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Aerobic Digestion

NC

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

68%

244.32

-0.45

2031

596.36

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to
power_station_generic

45%

68%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

lo

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

62%

291.38

-0.45

2031

583.15

109.48

43.11

lo recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

62%

mid -d recycling, MBT AD 2 (SRF), SRF to
Aerobic Digestion
power_station_generic

mid -d

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

66%

265.48

-0.46

2031

526.48

96.27

41.49

mid -d recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

66%

mid -f recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Aerobic Digestion

mid -f

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

58%

316.21

-0.45

2031

571.00

105.12

44.30

mid -f recycling, MBT AD 2
(SRF), SRF to
power_station_generic

73%

58%

hi recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Aerobic Digestion

hi

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

54%

358.29

-0.44

2031

601.46

119.76

37.62

hi recycling, MBT AD 2
(SRF), SRF to
power_station_generic

81%

54%

NC recycling, Incineration 1 (electricity
only)_total

Aerobic Digestion

NC

Incineration 1
(electricity only)_total

#N/A

30%

0%

62%

435.76

-0.11

-

463.72

83.05

38.30

NC recycling, Incineration 1
(electricity only)_total

46%

62%

lo recycling, Incineration 1 (electricity
only)_total

Aerobic Digestion

lo

Incineration 1
(electricity only)_total

#N/A

30%

0%

57%

503.64

-0.27

2031

521.85

109.48

27.07

lo recycling, Incineration 1
(electricity only)_total

74%

57%

mid -d recycling, Incineration 1 (electricity
only)_total

Aerobic Digestion

mid -d

Incineration 1
(electricity only)_total

#N/A

30%

0%

57%

508.12

-0.30

2031

464.85

96.27

25.36

mid -d recycling,
Incineration 1 (electricity
only)_total

74%

57%

mid -f recycling, Incineration 1 (electricity
only)_total

Aerobic Digestion

mid -f

Incineration 1
(electricity only)_total

#N/A

30%

0%

52%

555.21

-0.25

2031

506.39

105.12

27.39

mid -f recycling, Incineration
1 (electricity only)_total

73%

52%

hi recycling, Incineration 1 (electricity
only)_total

Aerobic Digestion

hi

Incineration 1
(electricity only)_total

#N/A

30%

0%

47%

625.02

-0.28

2031

554.85

119.76

25.43

hi recycling, Incineration 1
(electricity only)_total

80%

47%

NC recycling, Incineration 2 (low
CHP)_total

Aerobic Digestion

NC

Incineration 2 (low
CHP)_total

#N/A

22%

10%

62%

411.24

-0.12

-

586.16

83.05

70.33

NC recycling, Incineration 2
(low CHP)_total

46%

62%

lo

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

475.30

-0.27

2031

581.05

109.48

42.56

lo recycling, Incineration 2
(low CHP)_total

74%

57%

lo recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Aerobic Digestion

lo recycling, Incineration 2 (low CHP)_total Aerobic Digestion

mid -d recycling, Incineration 2 (low
CHP)_total

Aerobic Digestion

mid -d

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

479.53

-0.31

2031

524.45

96.27

40.96

mid -d recycling,
Incineration 2 (low
CHP)_total

74%

57%

mid -f recycling, Incineration 2 (low
CHP)_total

Aerobic Digestion

mid -f

Incineration 2 (low
CHP)_total

#N/A

22%

10%

52%

523.96

-0.26

2031

568.10

105.12

43.54

mid -f recycling, Incineration
2 (low CHP)_total

73%

52%

hi

Incineration 2 (low
CHP)_total

#N/A

22%

10%

47%

589.85

-0.28

2031

599.56

119.76

37.13

hi recycling, Incineration 2
(low CHP)_total

80%

47%

hi recycling, Incineration 2 (low CHP)_total Aerobic Digestion

NC recycling, Incineration 3 (medium
CHP)_total

Aerobic Digestion

NC

Incineration 3
(medium CHP)_total

#N/A

20%

20%

62%

328.48

-0.18

2015

580.80

83.05

68.93

NC recycling, Incineration 3
(medium CHP)_total

46%

62%

lo recycling, Incineration 3 (medium
CHP)_total

Aerobic Digestion

lo

Incineration 3
(medium CHP)_total

#N/A

20%

20%

57%

379.65

-0.30

2031

578.46

109.48

41.88

lo recycling, Incineration 3
(medium CHP)_total

74%

57%

mid -d recycling, Incineration 3 (medium
CHP)_total

Aerobic Digestion

mid -d

Incineration 3
(medium CHP)_total

#N/A

20%

20%

57%

383.03

-0.33

2031

521.84

96.27

40.28

mid -d recycling,
Incineration 3 (medium
CHP)_total

74%

57%

mid -f recycling, Incineration 3 (medium
CHP)_total

Aerobic Digestion

mid -f

Incineration 3
(medium CHP)_total

#N/A

20%

20%

52%

418.53

-0.29

2031

565.40

105.12

42.83

mid -f recycling, Incineration
3 (medium CHP)_total

73%

52%

hi recycling, Incineration 3 (medium
CHP)_total

Aerobic Digestion

hi

Incineration 3
(medium CHP)_total

#N/A

20%

20%

47%

471.15

-0.31

2031

597.60

119.76

36.61

hi recycling, Incineration 3
(medium CHP)_total

80%

47%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

NC recycling, Incineration 4 (high
CHP)_total

AD option

Aerobic Digestion

lo recycling, Incineration 4 (high CHP)_total Aerobic Digestion

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

NC

Incineration 4 (high
CHP)_total

#N/A

16%

40%

62%

234.22

-0.29

2031

566.00

83.05

65.06

NC recycling, Incineration 4
(high CHP)_total

46%

62%

lo

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

270.70

-0.36

2031

571.31

109.48

40.01

lo recycling, Incineration 4
(high CHP)_total

74%

57%

mid -d recycling, Incineration 4 (high
CHP)_total

Aerobic Digestion

mid -d

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

273.11

-0.39

2031

514.64

96.27

38.39

mid -d recycling,
Incineration 4 (high
CHP)_total

74%

57%

mid -f recycling, Incineration 4 (high
CHP)_total

Aerobic Digestion

mid -f

Incineration 4 (high
CHP)_total

#N/A

16%

40%

52%

298.42

-0.35

2031

557.94

105.12

40.88

mid -f recycling, Incineration
4 (high CHP)_total

73%

52%

hi

Incineration 4 (high
CHP)_total

#N/A

16%

40%

47%

335.95

-0.36

2031

592.20

119.76

35.20

hi recycling, Incineration 4
(high CHP)_total

80%

47%

hi recycling, Incineration 4 (high CHP)_total Aerobic Digestion

NC recycling, Incineration 5 (medium
efficiency electricity)_total

Aerobic Digestion

NC

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

62%

549.73

-0.07

-

524.77

83.05

54.27

NC recycling, Incineration 5
(medium efficiency
electricity)_total

46%

62%

lo recycling, Incineration 5 (medium
efficiency electricity)_total

Aerobic Digestion

lo

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

635.37

-0.24

2031

551.37

109.48

34.79

lo recycling, Incineration 5
(medium efficiency
electricity)_total

74%

57%

mid -d recycling, Incineration 5 (medium
efficiency electricity)_total

Aerobic Digestion

mid -d

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

641.02

-0.28

2031

494.57

96.27

33.14

mid -d recycling,
Incineration 5 (medium
efficiency electricity)_total

74%

57%

mid -f recycling, Incineration 5 (medium
efficiency electricity)_total

Aerobic Digestion

mid -f

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

52%

700.42

-0.23

2020

537.16

105.12

35.44

mid -f recycling, Incineration
5 (medium efficiency
electricity)_total

73%

52%

hi recycling, Incineration 5 (medium
efficiency electricity)_total

Aerobic Digestion

hi

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

47%

788.49

-0.26

2031

577.14

119.76

31.26

hi recycling, Incineration 5
(medium efficiency
electricity)_total

80%

47%

NC recycling, Gasification 1_total

Aerobic Digestion

NC

Gasification 1_total

#N/A

30%

0%

62%

395.39

-0.14

2015

347.40

83.05

7.86

NC recycling, Gasification
1_total

46%

62%

lo recycling, Gasification 1_total

Aerobic Digestion

lo

Gasification 1_total

#N/A

30%

0%

57%

457.54

-0.28

2031

465.59

109.48

12.35

lo recycling, Gasification
1_total

74%

57%

mid -d recycling, Gasification 1_total

Aerobic Digestion

mid -d

Gasification 1_total

#N/A

30%

0%

57%

461.28

-0.32

2031

408.22

96.27

10.55

mid -d recycling,
Gasification 1_total

74%

57%

mid -f recycling, Gasification 1_total

Aerobic Digestion

mid -f

Gasification 1_total

#N/A

30%

0%

52%

504.17

-0.27

2031

447.76

105.12

12.05

mid -f recycling,
Gasification 1_total

73%

52%

hi recycling, Gasification 1_total

Aerobic Digestion

hi

Gasification 1_total

#N/A

30%

0%

47%

568.01

-0.29

2031

512.38

119.76

14.31

hi recycling, Gasification
1_total

80%

47%

NC recycling, Gasification 2_total

Aerobic Digestion

NC

Gasification 2_total

#N/A

21%

0%

62%

563.56

-0.08

-

539.48

83.05

58.12

NC recycling, Gasification
2_total

46%

62%

lo recycling, Gasification 2_total

Aerobic Digestion

lo

Gasification 2_total

#N/A

21%

0%

57%

652.15

-0.25

2031

558.48

109.48

36.66

lo recycling, Gasification
2_total

74%

57%

mid -d recycling, Gasification 2_total

Aerobic Digestion

mid -d

Gasification 2_total

#N/A

21%

0%

57%

657.47

-0.29

2031

501.73

96.27

35.01

mid -d recycling,
Gasification 2_total

74%

57%

mid -f recycling, Gasification 2_total

Aerobic Digestion

mid -f

Gasification 2_total

#N/A

21%

0%

52%

718.60

-0.23566

2020

544.58

105.12

37.38

mid -f recycling,
Gasification 2_total

73%

52%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

hi recycling, Gasification 2_total

Aerobic Digestion

hi

Gasification 2_total

#N/A

21%

0%

47%

809.59

-0.26

2031

582.51

119.76

32.67

hi recycling, Gasification
2_total

80%

47%

NC recycling, Gasification Gas Engine
1_total

Aerobic Digestion

NC

Gasification Gas
Engine 1_total

#N/A

30%

0%

62%

383.88

-0.15

2015

501.97

83.05

48.30

NC recycling, Gasification
Gas Engine 1_total

46%

62%

lo recycling, Gasification Gas Engine
1_total

Aerobic Digestion

lo

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

444.22

-0.29

2031

540.34

109.48

31.91

lo recycling, Gasification
Gas Engine 1_total

74%

57%

mid -d recycling, Gasification Gas Engine
1_total

Aerobic Digestion

mid -d

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

447.85

-0.32

2031

483.46

96.27

30.24

mid -d recycling,
Gasification Gas Engine
1_total

74%

57%

mid -f recycling, Gasification Gas Engine
1_total

Aerobic Digestion

mid -f

Gasification Gas
Engine 1_total

#N/A

30%

0%

52%

489.49

-0.27

2031

525.67

105.12

32.43

mid -f recycling,
Gasification Gas Engine
1_total

73%

52%

hi recycling, Gasification Gas Engine
1_total

Aerobic Digestion

hi

Gasification Gas
Engine 1_total

#N/A

30%

0%

47%

551.47

-0.29

2031

568.81

119.76

29.08

hi recycling, Gasification
Gas Engine 1_total

80%

47%

NC recycling, Gasification Gas Engine
2_total

Aerobic Digestion

NC

Gasification Gas
Engine 2_total

#N/A

32%

0%

62%

361.96

-0.16

2015

473.87

83.05

40.95

NC recycling, Gasification
Gas Engine 2_total

46%

62%

lo recycling, Gasification Gas Engine
2_total

Aerobic Digestion

lo

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

418.86

-0.29

2031

526.75

109.48

28.35

lo recycling, Gasification
Gas Engine 2_total

74%

57%

mid -d recycling, Gasification Gas Engine
2_total

Aerobic Digestion

mid -d

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

422.28

-0.33

2031

469.79

96.27

26.66

mid -d recycling,
Gasification Gas Engine
2_total

74%

57%

mid -f recycling, Gasification Gas Engine
2_total

Aerobic Digestion

mid -f

Gasification Gas
Engine 2_total

#N/A

32%

0%

52%

461.54

-0.28

2031

511.50

105.12

28.73

mid -f recycling,
Gasification Gas Engine
2_total

73%

52%

hi recycling, Gasification Gas Engine
2_total

Aerobic Digestion

hi

Gasification Gas
Engine 2_total

#N/A

32%

0%

47%

519.98

-0.30

2031

558.55

119.76

26.40

hi recycling, Gasification
Gas Engine 2_total

80%

47%

NC recycling, True Pyrolysis 1_total

Aerobic Digestion

NC

True Pyrolysis
1_total

#N/A

32%

0%

62%

364.76

-0.14

2015

528.86

83.05

55.34

NC recycling, True Pyrolysis
1_total

46%

62%

lo recycling, True Pyrolysis 1_total

Aerobic Digestion

lo

True Pyrolysis
1_total

#N/A

32%

0%

57%

422.12

-0.28

2031

553.34

109.48

35.31

lo recycling, True Pyrolysis
1_total

74%

57%

mid -d recycling, True Pyrolysis 1_total

Aerobic Digestion

mid -d

True Pyrolysis
1_total

#N/A

32%

0%

57%

425.55

-0.32

2031

496.56

96.27

33.66

mid -d recycling, True
Pyrolysis 1_total

74%

57%

mid -f recycling, True Pyrolysis 1_total

Aerobic Digestion

mid -f

True Pyrolysis
1_total

#N/A

32%

0%

52%

465.12

-0.27

2031

539.22

105.12

35.98

mid -f recycling, True
Pyrolysis 1_total

73%

52%

hi recycling, True Pyrolysis 1_total

Aerobic Digestion

hi

True Pyrolysis
1_total

#N/A

32%

0%

47%

524.04

-0.29

2031

578.63

119.76

31.65

hi recycling, True Pyrolysis
1_total

80%

47%

NC recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

NC

Dirty MRF 1

incineration_generic

30%

0%

-

69%

372.55

-0.26

2031

545.98

83.05

59.82

NC recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

50%

69%

lo recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

lo

Dirty MRF 1

incineration_generic

30%

0%

-

63%

434.74

-0.35

2031

560.21

109.48

37.11

lo recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

76%

63%

mid -d recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -d

Dirty MRF 1

incineration_generic

30%

0%

-

61%

466.94

-0.35

2031

507.02

96.27

36.40

mid -d recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

75%

61%
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APPENDIX C – SCENARIO OUTPUTS – ALL SCENARIOS

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams
Assumed gross generation efficiency
(% )

Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (% )

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Total
Performance
CAPEX+OP
Treated
EPS (mass)
EPS level
(energy)
EX (inc
waste (SRF)
(tCO2e/tonne) achieved up to
(gCO2e/kWh)
collection
costs) (£M)

Costs
Option name
Collection
(£/t)

Disposal (£/t)

CV from
Fraction of municipal
biomass of
waste recycled (including
residual waste
residual treatment outputs)
(% )

mid -f recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -f

Dirty MRF 1

incineration_generic

30%

0%

-

58%

492.11

-0.33

2031

547.70

105.12

38.20

mid -f recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

75%

58%

hi recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

hi

Dirty MRF 1

incineration_generic

30%

0%

-

52%

573.17

-0.34

2031

584.18

119.76

33.10

hi recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

82%

52%

NC recycling, Dirty MRF 1, SRF to
Gasification 1

Aerobic Digestion

NC

Dirty MRF 1

ATT_generic

30%

0%

-

69%

338.05

-0.28

2031

545.98

83.05

59.82

NC recycling, Dirty MRF 1,
SRF to Gasification 1

50%

69%

lo recycling, Dirty MRF 1, SRF to
Gasification 1

Aerobic Digestion

lo

Dirty MRF 1

ATT_generic

30%

0%

-

63%

395.13

-0.36

2031

560.21

109.48

37.11

lo recycling, Dirty MRF 1,
SRF to Gasification 1

76%

63%

mid -d recycling, Dirty MRF 1, SRF to
Gasification 1

Aerobic Digestion

mid -d

Dirty MRF 1

ATT_generic

30%

0%

-

61%

423.94

-0.36

2031

507.02

96.27

36.40

mid -d recycling, Dirty MRF
1, SRF to Gasification 1

75%

61%

mid -f recycling, Dirty MRF 1, SRF to
Gasification 1

Aerobic Digestion

mid -f

Dirty MRF 1

ATT_generic

30%

0%

-

58%

446.99

-0.34

2031

547.70

105.12

38.20

mid -f recycling, Dirty MRF
1, SRF to Gasification 1

75%

58%

hi recycling, Dirty MRF 1, SRF to
Gasification 1

Aerobic Digestion

hi

Dirty MRF 1

ATT_generic

30%

0%

-

52%

521.11

-0.35

2031

584.18

119.76

33.10

hi recycling, Dirty MRF 1,
SRF to Gasification 1

82%

52%

NC recycling, MHT 2, SRF to
Gasification_CHP_generic

Aerobic Digestion

NC

MHT 2

Gasification_CHP_generi
c

32%

26%

-

70%

140.29

-0.38

2031

642.19

83.05

85.00

NC recycling, MHT 2, SRF
to
Gasification_CHP_generic

52%

70%

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

Aerobic Digestion

lo

MHT 2

Gasification_CHP_generi
c

32%

26%

-

64%

171.25

-0.41

2031

607.11

109.48

49.38

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

77%

64%

mid -d recycling, MHT 2, SRF to
Gasification_CHP_generic

Aerobic Digestion

mid -d

MHT 2

Gasification_CHP_generi
c

32%

26%

-

70%

145.84

-0.42

2031

549.87

96.27

47.61

mid -d recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

70%

mid -f recycling, MHT 2, SRF to
Gasification_CHP_generic

Aerobic Digestion

mid -f

MHT 2

Gasification_CHP_generi
c

32%

26%

-

61%

186.04

-0.40

2031

595.55

105.12

50.72

mid -f recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

61%

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

Aerobic Digestion

hi

MHT 2

Gasification_CHP_generi
c

32%

26%

-

55%

217.51

-0.40

2031

618.27

119.76

42.02

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

84%

55%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

NC recycling, MBT aerobic 2 (landfill)

Aerobic Digestion

NC

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

0.00

-0.09

-

645.96

83.05

85.98

NC recycling, MBT
aerobic 2 (landfill)

33%

0%

lo recycling, MBT aerobic 2 (landfill)

Aerobic Digestion

lo

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

0.00

-0.29

2031

606.51

109.48

49.22

lo recycling, MBT aerobic
2 (landfill)

68%

0%

mid -d recycling, MBT aerobic 2 (landfill) Aerobic Digestion

mid -d

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

0.00

-0.31

2031

543.76

96.27

46.01

mid -d recycling, MBT
aerobic 2 (landfill)

66%

0%

mid -f recycling, MBT aerobic 2 (landfill) Aerobic Digestion

mid -f

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

0.00

-0.28

2031

596.77

105.12

51.04

mid -f recycling, MBT
aerobic 2 (landfill)

66%

0%

hi recycling, MBT aerobic 2 (landfill)

Aerobic Digestion

hi

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

0.00

-0.32

2031

624.74

119.76

43.72

hi recycling, MBT aerobic
2 (landfill)

75%

0%

NC recycling, MBT biostab 1

Aerobic Digestion

NC

MBT biostab 1

#N/A

0%

0%

-

0%

0.00

-0.10

-

639.91

83.05

84.40

NC recycling, MBT
biostab 1

32%

0%

lo recycling, MBT biostab 1

Aerobic Digestion

lo

MBT biostab 1

#N/A

0%

0%

-

0%

0.00

-0.29

2031

603.49

109.48

48.43

lo recycling, MBT biostab
1

67%

0%

mid -d recycling, MBT biostab 1

Aerobic Digestion

mid -d

MBT biostab 1

#N/A

0%

0%

-

0%

0.00

-0.31

2031

540.88

96.27

45.26

mid -d recycling, MBT
biostab 1

66%

0%

mid -f recycling, MBT biostab 1

Aerobic Digestion

mid -f

MBT biostab 1

#N/A

0%

0%

-

0%

0.00

-0.28

2031

594.24

105.12

50.38

mid -f recycling, MBT
biostab 1

65%

0%

hi recycling, MBT biostab 1

Aerobic Digestion

hi

MBT biostab 1

#N/A

0%

0%

-

0%

0.00

-0.32

2031

623.26

119.76

43.33

hi recycling, MBT biostab
1

75%

0%

NC recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
transport fuel

NC

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.09

-

646.40

83.05

86.10

NC recycling, MBT
aerobic 2 (landfill)

33%

0%

lo recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
transport fuel

lo

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.29

2031

608.32

109.48

49.70

lo recycling, MBT aerobic
2 (landfill)

68%

0%

mid -f recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
transport fuel

mid -f

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.28

2031

598.29

105.12

51.44

mid -f recycling, MBT
aerobic 2 (landfill)

66%

0%

hi recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
transport fuel

hi

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.32

2031

627.19

119.76

44.36

hi recycling, MBT aerobic
2 (landfill)

75%

0%

NC recycling, MBT biostab 1

Wet AD with biogas to
transport fuel

NC

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.10

-

640.35

83.05

84.51

NC recycling, MBT
biostab 1

32%

0%

lo recycling, MBT biostab 1

Wet AD with biogas to
transport fuel

lo

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.29

2031

605.31

109.48

48.91

lo recycling, MBT biostab
1

67%

0%

mid -f recycling, MBT biostab 1

Wet AD with biogas to
transport fuel

mid -f

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.28

2031

595.76

105.12

50.78

mid -f recycling, MBT
biostab 1

65%

0%

hi recycling, MBT biostab 1

Wet AD with biogas to
transport fuel

hi

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.32

2031

625.71

119.76

43.97

hi recycling, MBT biostab
1

75%

0%

NC recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
grid injection

NC

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.09

-

646.23

83.05

86.05

NC recycling, MBT
aerobic 2 (landfill)

33%

0%

lo recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
grid injection

lo

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.29

2031

607.62

109.48

49.51

lo recycling, MBT aerobic
2 (landfill)

68%

0%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -f recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
grid injection

mid -f

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.28

2031

597.71

105.12

51.29

mid -f recycling, MBT
aerobic 2 (landfill)

66%

0%

hi recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
grid injection

hi

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.32

2031

626.25

119.76

44.11

hi recycling, MBT aerobic
2 (landfill)

75%

0%

NC recycling, MBT biostab 1

Wet AD with biogas to
grid injection

NC

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.10

-

640.18

83.05

84.47

NC recycling, MBT
biostab 1

32%

0%

lo recycling, MBT biostab 1

Wet AD with biogas to
grid injection

lo

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.29

2031

604.61

109.48

48.73

lo recycling, MBT biostab
1

67%

0%

mid -f recycling, MBT biostab 1

Wet AD with biogas to
grid injection

mid -f

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.28

2031

595.18

105.12

50.62

mid -f recycling, MBT
biostab 1

65%

0%

hi recycling, MBT biostab 1

Wet AD with biogas to
grid injection

hi

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.32

2031

624.77

119.76

43.72

hi recycling, MBT biostab
1

75%

0%

mid -d recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
transport fuel

mid -d

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.31

2031

544.60

96.27

46.23

mid -d recycling, MBT
aerobic 2 (landfill)

66%

0%

mid -d recycling, MBT biostab 1

Wet AD with biogas to
transport fuel

mid -d

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.31

2031

541.72

96.27

45.48

mid -d recycling, MBT
biostab 1

66%

0%

mid -d recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
grid injection

mid -d

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.31

2031

544.28

96.27

46.15

mid -d recycling, MBT
aerobic 2 (landfill)

66%

0%

mid -d recycling, MBT biostab 1

Wet AD with biogas to
grid injection

mid -d

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.31

2031

541.40

96.27

45.39

mid -d recycling, MBT
biostab 1

66%

0%

hi recycling, MBT aerobic 2 (landfill)

Wet AD with electricity
generation

hi

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

50.50

-0.35

2031

618.64

119.76

42.12

hi recycling, MBT aerobic
2 (landfill)

75%

0%

hi recycling, MBT biostab 1

Wet AD with electricity
generation

hi

MBT biostab 1

#N/A

0%

0%

-

0%

50.50

-0.35

2031

617.16

119.76

41.73

hi recycling, MBT biostab
1

75%

0%

NC recycling, MBT aerobic 2 (landfill)

Wet AD with electricity
generation

NC

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

50.50

-0.10

-

644.86

83.05

85.69

NC recycling, MBT
aerobic 2 (landfill)

33%

0%

lo recycling, MBT aerobic 2 (landfill)

Wet AD with electricity
generation

lo

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

50.50

-0.31

2031

601.99

109.48

48.04

lo recycling, MBT aerobic
2 (landfill)

68%

0%

mid -f recycling, MBT aerobic 2 (landfill)

Wet AD with electricity
generation

mid -f

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

50.50

-0.30

2031

592.98

105.12

50.05

mid -f recycling, MBT
aerobic 2 (landfill)

66%

0%

NC recycling, MBT biostab 1

Wet AD with electricity
generation

NC

MBT biostab 1

#N/A

0%

0%

-

0%

50.50

-0.11

-

638.82

83.05

84.11

NC recycling, MBT
biostab 1

32%

0%

lo recycling, MBT biostab 1

Wet AD with electricity
generation

lo

MBT biostab 1

#N/A

0%

0%

-

0%

50.50

-0.31

2031

598.98

109.48

47.25

lo recycling, MBT biostab
1

67%

0%

mid -f recycling, MBT biostab 1

Wet AD with electricity
generation

mid -f

MBT biostab 1

#N/A

0%

0%

-

0%

50.50

-0.30

2031

590.46

105.12

49.39

mid -f recycling, MBT
biostab 1

65%

0%

mid -d recycling, MBT aerobic 2 (landfill)

Wet AD with electricity
generation

mid -d

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

50.50

-0.32

2031

541.67

96.27

45.47

mid -d recycling, MBT
aerobic 2 (landfill)

66%

0%

mid -d recycling, MBT biostab 1

Wet AD with electricity
generation

mid -d

MBT biostab 1

#N/A

0%

0%

-

0%

50.50

-0.32

2031

538.79

96.27

44.71

mid -d recycling, MBT
biostab 1

66%

0%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -d recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -d

MHT 2

cement_kiln

0%

100%

-

70%

77.20

-0.46

2031

550.71

96.27

47.83

mid -d recycling, MHT 2,
SRF to cement_kiln

71%

70%

mid -d recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -d

MHT 2

cement_kiln

0%

100%

-

70%

77.20

-0.46

2031

550.39

96.27

47.75

mid -d recycling, MHT 2,
SRF to cement_kiln

71%

70%

lo recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

lo

MBT aerobic 4

cement_kiln

0%

100%

-

73%

78.01

-0.42

2031

608.48

109.48

49.74

lo recycling, MBT aerobic
4, SRF to cement_kiln

72%

73%

lo recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
grid injection

lo

MBT aerobic 4

cement_kiln

0%

100%

-

73%

78.01

-0.42

2031

607.78

109.48

49.56

lo recycling, MBT aerobic
4, SRF to cement_kiln

72%

73%

NC recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

NC

MHT 2

cement_kiln

0%

100%

-

70%

80.36

-0.46

2031

642.63

83.05

85.11

NC recycling, MHT 2, SRF
to cement_kiln

41%

70%

NC recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
grid injection

NC

MHT 2

cement_kiln

0%

100%

-

70%

80.36

-0.46

2031

642.46

83.05

85.07

NC recycling, MHT 2, SRF
to cement_kiln

41%

70%

NC recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

NC

MBT aerobic 4

cement_kiln

0%

100%

-

79%

81.22

-0.38

2031

645.86

83.05

85.96

NC recycling, MBT
aerobic 4, SRF to
cement_kiln

41%

79%

NC recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
grid injection

NC

MBT aerobic 4

cement_kiln

0%

100%

-

79%

81.22

-0.38

2031

645.69

83.05

85.91

NC recycling, MBT
aerobic 4, SRF to
cement_kiln

41%

79%

NC recycling, MHT 2, SRF to
cement_kiln

Wet AD with electricity
generation

NC

MHT 2

cement_kiln

0%

100%

-

70%

81.57

-0.46

2031

641.10

83.05

84.71

NC recycling, MHT 2, SRF
to cement_kiln

41%

70%

NC recycling, MHT 2, SRF to
cement_kiln

Dry AD with electricity
generation

NC

MHT 2

cement_kiln

0%

100%

-

70%

82.17

-0.46

2031

642.20

83.05

85.00

NC recycling, MHT 2, SRF
to cement_kiln

41%

70%

NC recycling, MHT 2, SRF to
cement_kiln

Aerobic Digestion

NC

MHT 2

cement_kiln

0%

100%

-

70%

82.22

-0.46

2031

642.19

83.05

85.00

NC recycling, MHT 2, SRF
to cement_kiln

41%

70%

mid -d recycling, MHT 2, SRF to
cement_kiln

Wet AD with electricity
generation

mid -d

MHT 2

cement_kiln

0%

100%

-

70%

82.40

-0.47

2031

547.78

96.27

47.06

mid -d recycling, MHT 2,
SRF to cement_kiln

71%

70%

NC recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with electricity
generation

NC

MBT aerobic 4

cement_kiln

0%

100%

-

79%

83.65

-0.38

2031

644.33

83.05

85.55

NC recycling, MBT
aerobic 4, SRF to
cement_kiln

41%

79%

lo recycling, MHT 2, SRF to cement_kiln

Wet AD with biogas to
transport fuel

lo

MHT 2

cement_kiln

0%

100%

-

64%

84.06

-0.45

2031

608.92

109.48

49.85

lo recycling, MHT 2, SRF
to cement_kiln

72%

64%

lo recycling, MHT 2, SRF to cement_kiln

Wet AD with biogas to
grid injection

lo

MHT 2

cement_kiln

0%

100%

-

64%

84.06

-0.45

2031

608.23

109.48

49.67

lo recycling, MHT 2, SRF
to cement_kiln

72%

64%

NC recycling, MBT aerobic 4, SRF to
cement_kiln

Dry AD with electricity
generation

NC

MBT aerobic 4

cement_kiln

0%

100%

-

79%

84.84

-0.38

2031

645.43

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
cement_kiln

41%

79%

NC recycling, MBT aerobic 4, SRF to
cement_kiln

Aerobic Digestion

NC

MBT aerobic 4

cement_kiln

0%

100%

-

79%

85.01

-0.38

2031

645.42

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
cement_kiln

41%

79%

mid -d recycling, MHT 2, SRF to
cement_kiln

Dry AD with electricity
generation

mid -d

MHT 2

cement_kiln

0%

100%

-

70%

85.09

-0.46

2031

549.88

96.27

47.62

mid -d recycling, MHT 2,
SRF to cement_kiln

71%

70%

mid -d recycling, MHT 2, SRF to
cement_kiln

Aerobic Digestion

mid -d

MHT 2

cement_kiln

0%

100%

-

70%

85.48

-0.46

2031

549.87

96.27

47.61

mid -d recycling, MHT 2,
SRF to cement_kiln

71%

70%

hi recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

hi

MBT aerobic 4

cement_kiln

0%

100%

-

60%

88.55

-0.40

2031

627.96

119.76

44.56

hi recycling, MBT aerobic
4, SRF to cement_kiln

80%

60%

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

hi recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
grid injection

hi

MBT aerobic 4

cement_kiln

0%

100%

-

60%

88.55

-0.40

2031

627.02

119.76

44.31

hi recycling, MBT aerobic
4, SRF to cement_kiln

80%

60%

mid -d recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -d

MHT 1

cement_kiln

0%

100%

-

70%

90.53

-0.44

2031

550.71

96.27

47.83

mid -d recycling, MHT 1,
SRF to cement_kiln

71%

70%

mid -d recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -d

MHT 1

cement_kiln

0%

100%

-

70%

90.53

-0.44

2031

550.39

96.27

47.75

mid -d recycling, MHT 1,
SRF to cement_kiln

71%

70%

NC recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

NC

MHT 1

cement_kiln

0%

100%

-

70%

92.76

-0.42

2031

642.63

83.05

85.11

NC recycling, MHT 1, SRF
to cement_kiln

41%

70%

NC recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

NC

MHT 1

cement_kiln

0%

100%

-

70%

92.76

-0.42

2031

642.46

83.05

85.07

NC recycling, MHT 1, SRF
to cement_kiln

41%

70%

hi recycling, MHT 2, SRF to cement_kiln

Wet AD with biogas to
transport fuel

hi

MHT 2

cement_kiln

0%

100%

-

55%

92.91

-0.43

2031

620.72

119.76

42.66

hi recycling, MHT 2, SRF
to cement_kiln

80%

55%

hi recycling, MHT 2, SRF to cement_kiln

Wet AD with biogas to
grid injection

hi

MHT 2

cement_kiln

0%

100%

-

55%

92.91

-0.43

2031

619.78

119.76

42.42

hi recycling, MHT 2, SRF
to cement_kiln

80%

55%

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
cement_kiln
transport fuel

NC

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

68%

93.00

-0.48

2031

596.80

83.05

73.12

NC recycling, MBT AD 2
(SRF), SRF to
cement_kiln

32%

68%

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
cement_kiln
grid injection

NC

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

68%

93.00

-0.48

2031

596.63

83.05

73.07

NC recycling, MBT AD 2
(SRF), SRF to
cement_kiln

32%

68%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
cement_kiln
transport fuel

mid -f

MBT aerobic 4

cement_kiln

0%

100%

-

68%

93.24

-0.40

2031

599.37

105.12

51.72

mid -f recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

68%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
cement_kiln
grid injection

mid -f

MBT aerobic 4

cement_kiln

0%

100%

-

68%

93.24

-0.40

2031

598.79

105.12

51.57

mid -f recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

68%

lo recycling, MHT 2, SRF to cement_kiln

Wet AD with electricity
generation

lo

MHT 2

cement_kiln

0%

100%

-

64%

93.88

-0.48

2031

602.59

109.48

48.20

lo recycling, MHT 2, SRF
to cement_kiln

72%

64%

mid -f recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -f

MHT 2

cement_kiln

0%

100%

-

61%

93.92

-0.44

2031

597.07

105.12

51.12

mid -f recycling, MHT 2,
SRF to cement_kiln

71%

61%

mid -f recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -f

MHT 2

cement_kiln

0%

100%

-

61%

93.92

-0.44

2031

596.48

105.12

50.97

mid -f recycling, MHT 2,
SRF to cement_kiln

71%

61%

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with electricity
cement_kiln
generation

NC

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

68%

94.15

-0.48

2031

595.27

83.05

72.72

NC recycling, MBT AD 2
(SRF), SRF to
cement_kiln

32%

68%

NC recycling, MHT 1, SRF to
cement_kiln

Wet AD with electricity
generation

NC

MHT 1

cement_kiln

0%

100%

-

70%

94.37

-0.43

2031

641.10

83.05

84.71

NC recycling, MHT 1, SRF
to cement_kiln

41%

70%

NC recycling, MBT AD 2 (SRF), SRF to Dry AD with electricity
cement_kiln
generation

NC

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

68%

94.65

-0.48

2031

596.37

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to
cement_kiln

32%

68%

NC recycling, MBT AD 2 (SRF), SRF to
Aerobic Digestion
cement_kiln

NC

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

68%

94.80

-0.48

2031

596.36

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to
cement_kiln

32%

68%

lo recycling, MHT 1, SRF to cement_kiln

Wet AD with biogas to
transport fuel

lo

MHT 1

cement_kiln

0%

100%

-

64%

94.98

-0.44

2031

608.92

109.48

49.85

lo recycling, MHT 1, SRF
to cement_kiln

72%

64%

lo recycling, MHT 1, SRF to cement_kiln

Wet AD with biogas to
grid injection

lo

MHT 1

cement_kiln

0%

100%

-

64%

94.98

-0.44

2031

608.23

109.48

49.67

lo recycling, MHT 1, SRF
to cement_kiln

72%

64%

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

NC recycling, MHT 1, SRF to
cement_kiln

Dry AD with electricity
generation

NC

MHT 1

cement_kiln

0%

100%

-

70%

95.06

-0.42

2031

642.20

83.05

85.00

NC recycling, MHT 1, SRF
to cement_kiln

41%

70%

NC recycling, MHT 1, SRF to
cement_kiln

Aerobic Digestion

NC

MHT 1

cement_kiln

0%

100%

-

70%

95.27

-0.42

2031

642.19

83.05

85.00

NC recycling, MHT 1, SRF
to cement_kiln

41%

70%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to cement_kiln
transport fuel

mid -d

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

66%

95.46

-0.48

2031

527.31

96.27

41.71

mid -d recycling, MBT AD
2 (SRF), SRF to
cement_kiln

67%

66%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to cement_kiln
grid injection

mid -d

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

66%

95.46

-0.48

2031

526.99

96.27

41.62

mid -d recycling, MBT AD
2 (SRF), SRF to
cement_kiln

67%

66%

lo recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with electricity
generation

lo

MBT aerobic 4

cement_kiln

0%

100%

-

73%

95.67

-0.44

2031

602.15

109.48

48.08

lo recycling, MBT aerobic
4, SRF to cement_kiln

72%

73%

lo recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
transport fuel

lo

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

62%

97.46

-0.46

2031

584.97

109.48

43.59

lo recycling, MBT AD 2
(SRF), SRF to
cement_kiln

68%

62%

lo recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
grid injection

lo

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

62%

97.46

-0.46

2031

584.27

109.48

43.40

lo recycling, MBT AD 2
(SRF), SRF to
cement_kiln

68%

62%

mid -d recycling, MHT 1, SRF to
cement_kiln

Wet AD with electricity
generation

mid -d

MHT 1

cement_kiln

0%

100%

-

70%

97.77

-0.45

2031

547.78

96.27

47.06

mid -d recycling, MHT 1,
SRF to cement_kiln

71%

70%

lo recycling, MHT 2, SRF to cement_kiln

Dry AD with electricity
generation

lo

MHT 2

cement_kiln

0%

100%

-

64%

98.55

-0.45

2031

607.14

109.48

49.39

lo recycling, MHT 2, SRF
to cement_kiln

72%

64%

lo

MHT 2

cement_kiln

0%

100%

-

64%

100.37

-0.45

2031

607.11

109.48

49.38

lo recycling, MHT 2, SRF
to cement_kiln

72%

64%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to cement_kiln
generation

mid -d

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

66%

100.44

-0.49

2031

524.39

96.27

40.94

mid -d recycling, MBT AD
2 (SRF), SRF to
cement_kiln

67%

66%

mid -d recycling, MHT 1, SRF to
cement_kiln

Dry AD with electricity
generation

mid -d

MHT 1

cement_kiln

0%

100%

-

70%

100.97

-0.44

2031

549.88

96.27

47.62

mid -d recycling, MHT 1,
SRF to cement_kiln

71%

70%

mid -d recycling, MHT 1, SRF to
cement_kiln

Aerobic Digestion

mid -d

MHT 1

cement_kiln

0%

100%

-

70%

102.32

-0.44

2031

549.87

96.27

47.61

mid -d recycling, MHT 1,
SRF to cement_kiln

71%

70%

mid -d

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

66%

102.52

-0.48

2031

526.49

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
cement_kiln

67%

66%

lo recycling, MHT 2, SRF to cement_kiln Aerobic Digestion

mid -d recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to cement_kiln
generation

hi recycling, MHT 1, SRF to cement_kiln

Wet AD with biogas to
transport fuel

hi

MHT 1

cement_kiln

0%

100%

-

55%

102.68

-0.41

2031

620.72

119.76

42.66

hi recycling, MHT 1, SRF
to cement_kiln

80%

55%

hi recycling, MHT 1, SRF to cement_kiln

Wet AD with biogas to
grid injection

hi

MHT 1

cement_kiln

0%

100%

-

55%

102.68

-0.41

2031

619.78

119.76

42.42

hi recycling, MHT 1, SRF
to cement_kiln

80%

55%

mid -f recycling, MHT 2, SRF to
cement_kiln

Wet AD with electricity
generation

mid -f

MHT 2

cement_kiln

0%

100%

-

61%

103.06

-0.46

2031

591.76

105.12

49.73

mid -f recycling, MHT 2,
SRF to cement_kiln

71%

61%

mid -d

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

66%

103.44

-0.48

2031

526.48

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
cement_kiln

67%

66%

mid -d recycling, MBT AD 2 (SRF), SRF
Aerobic Digestion
to cement_kiln

lo recycling, MBT aerobic 4, SRF to
cement_kiln

Dry AD with electricity
generation

lo

MBT aerobic 4

cement_kiln

0%

100%

-

73%

104.72

-0.42

2031

606.69

109.48

49.27

lo recycling, MBT aerobic
4, SRF to cement_kiln

72%

73%

mid -f recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -f

MHT 1

cement_kiln

0%

100%

-

61%

106.76

-0.42

2031

597.07

105.12

51.12

mid -f recycling, MHT 1,
SRF to cement_kiln

71%

61%

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -f recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -f

MHT 1

cement_kiln

0%

100%

-

61%

106.76

-0.42

2031

596.48

105.12

50.97

mid -f recycling, MHT 1,
SRF to cement_kiln

71%

61%

lo recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with electricity
generation

lo

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

62%

106.84

-0.48

2031

578.64

109.48

41.93

lo recycling, MBT AD 2
(SRF), SRF to
cement_kiln

68%

62%

mid -f recycling, MHT 2, SRF to
cement_kiln

Dry AD with electricity
generation

mid -f

MHT 2

cement_kiln

0%

100%

-

61%

106.95

-0.44

2031

595.57

105.12

50.73

mid -f recycling, MHT 2,
SRF to cement_kiln

71%

61%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
cement_kiln
transport fuel

mid -d

MBT aerobic 4

cement_kiln

0%

100%

-

65%

107.59

-0.40

2031

554.23

96.27

48.75

mid -d recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

65%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
cement_kiln
grid injection

mid -d

MBT aerobic 4

cement_kiln

0%

100%

-

65%

107.59

-0.40

2031

553.91

96.27

48.67

mid -d recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

65%

lo

MHT 1

cement_kiln

0%

100%

-

64%

107.71

-0.46

2031

602.59

109.48

48.20

lo recycling, MHT 1, SRF
to cement_kiln

72%

64%

mid -f

MHT 2

cement_kiln

0%

100%

-

61%

109.04

-0.44

2031

595.55

105.12

50.72

mid -f recycling, MHT 2,
SRF to cement_kiln

71%

61%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to cement_kiln
transport fuel

mid -f

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

58%

109.11

-0.46

2031

572.52

105.12

44.70

mid -f recycling, MBT AD
2 (SRF), SRF to
cement_kiln

66%

58%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to cement_kiln
grid injection

mid -f

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

58%

109.11

-0.46

2031

571.94

105.12

44.54

mid -f recycling, MBT AD
2 (SRF), SRF to
cement_kiln

66%

58%

lo recycling, MHT 1, SRF to cement_kiln

Wet AD with electricity
generation

mid -f recycling, MHT 2, SRF to
cement_kiln

Aerobic Digestion

lo recycling, MBT aerobic 4, SRF to
cement_kiln

Aerobic Digestion

lo

MBT aerobic 4

cement_kiln

0%

100%

-

73%

109.66

-0.42

2031

606.67

109.48

49.26

lo recycling, MBT aerobic
4, SRF to cement_kiln

72%

73%

hi recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
transport fuel

hi

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

54%

109.77

-0.44

2031

603.91

119.76

38.26

hi recycling, MBT AD 2
(SRF), SRF to
cement_kiln

76%

54%

hi recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
grid injection

hi

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

54%

109.77

-0.44

2031

602.97

119.76

38.02

hi recycling, MBT AD 2
(SRF), SRF to
cement_kiln

76%

54%

lo recycling, MBT aerobic 2 (landfill)

Dry AD with electricity
generation

lo

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

110.46

-0.29

2031

606.53

109.48

49.23

lo recycling, MBT aerobic
2 (landfill)

68%

0%

mid -f recycling, MBT aerobic 2 (landfill)

Dry AD with electricity
generation

mid -f

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

110.46

-0.28

2031

596.79

105.12

51.05

mid -f recycling, MBT
aerobic 2 (landfill)

66%

0%

lo recycling, MBT biostab 1

Dry AD with electricity
generation

lo

MBT biostab 1

#N/A

0%

0%

-

0%

110.46

-0.29

2031

603.52

109.48

48.44

lo recycling, MBT biostab
1

67%

0%

mid -f recycling, MBT biostab 1

Dry AD with electricity
generation

mid -f

MBT biostab 1

#N/A

0%

0%

-

0%

110.46

-0.28

2031

594.27

105.12

50.39

mid -f recycling, MBT
biostab 1

65%

0%

NC recycling, MBT aerobic 2 (landfill)

Dry AD with electricity
generation

NC

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

110.46

-0.09

-

645.97

83.05

85.98

NC recycling, MBT
aerobic 2 (landfill)

33%

0%

hi recycling, MBT aerobic 2 (landfill)

Dry AD with electricity
generation

hi

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

110.46

-0.32

2031

624.78

119.76

43.73

hi recycling, MBT aerobic
2 (landfill)

75%

0%

NC recycling, MBT biostab 1

Dry AD with electricity
generation

NC

MBT biostab 1

#N/A

0%

0%

-

0%

110.46

-0.10

-

639.92

83.05

84.40

NC recycling, MBT
biostab 1

32%

0%

hi recycling, MBT biostab 1

Dry AD with electricity
generation

hi

MBT biostab 1

#N/A

0%

0%

-

0%

110.46

-0.32

2031

623.30

119.76

43.34

hi recycling, MBT biostab
1

75%

0%

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -d recycling, MBT aerobic 2 (landfill)

Dry AD with electricity
generation

mid -d

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

110.46

-0.31

2031

543.77

96.27

46.02

mid -d recycling, MBT
aerobic 2 (landfill)

66%

0%

mid -d recycling, MBT biostab 1

Dry AD with electricity
generation

mid -d

MBT biostab 1

#N/A

0%

0%

-

0%

110.46

-0.31

2031

540.89

96.27

45.26

mid -d recycling, MBT
biostab 1

66%

0%

lo recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Dry AD with electricity
generation

lo

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

62%

110.69

-0.46

2031

583.18

109.48

43.12

lo recycling, MBT AD 2
(SRF), SRF to
cement_kiln

68%

62%

mid -f

MBT aerobic 4

cement_kiln

0%

100%

-

68%

111.45

-0.42

2031

594.06

105.12

50.33

mid -f recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

68%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with electricity
cement_kiln
generation

hi recycling, MHT 2, SRF to cement_kiln

Wet AD with electricity
generation

hi

MHT 2

cement_kiln

0%

100%

-

55%

112.19

-0.46

2031

612.17

119.76

40.43

hi recycling, MHT 2, SRF
to cement_kiln

80%

55%

lo recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Aerobic Digestion

lo

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

62%

113.01

-0.46

2031

583.15

109.48

43.11

lo recycling, MBT AD 2
(SRF), SRF to
cement_kiln

68%

62%

lo recycling, MHT 1, SRF to cement_kiln

Dry AD with electricity
generation

lo

MHT 1

cement_kiln

0%

100%

-

64%

113.06

-0.44

2031

607.14

109.48

49.39

lo recycling, MHT 1, SRF
to cement_kiln

72%

64%

lo

MHT 1

cement_kiln

0%

100%

-

64%

116.61

-0.44

2031

607.11

109.48

49.38

lo recycling, MHT 1, SRF
to cement_kiln

72%

64%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to cement_kiln
generation

mid -f

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

58%

117.54

-0.47

2031

567.22

105.12

43.31

mid -f recycling, MBT AD
2 (SRF), SRF to
cement_kiln

66%

58%

mid -f recycling, MHT 1, SRF to
cement_kiln

Wet AD with electricity
generation

mid -f

MHT 1

cement_kiln

0%

100%

-

61%

118.73

-0.44

2031

591.76

105.12

49.73

mid -f recycling, MHT 1,
SRF to cement_kiln

71%

61%

mid -f recycling, MBT aerobic 4, SRF to Dry AD with electricity
cement_kiln
generation

mid -f

MBT aerobic 4

cement_kiln

0%

100%

-

68%

119.26

-0.40

2031

597.87

105.12

51.33

mid -f recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

68%

hi

MHT 2

cement_kiln

0%

100%

-

55%

120.49

-0.43

2031

618.31

119.76

42.03

hi recycling, MHT 2, SRF
to cement_kiln

80%

55%

mid -f

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

58%

120.63

-0.46

2031

571.03

105.12

44.30

mid -f recycling, MBT AD
2 (SRF), SRF to
cement_kiln

66%

58%

lo recycling, MHT 1, SRF to cement_kiln Aerobic Digestion

hi recycling, MHT 2, SRF to cement_kiln

Dry AD with electricity
generation

mid -f recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to cement_kiln
generation

hi recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with electricity
generation

hi

MBT aerobic 4

cement_kiln

0%

100%

-

60%

121.76

-0.43

2031

619.41

119.76

42.32

hi recycling, MBT aerobic
4, SRF to cement_kiln

80%

60%

mid -d recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
transport fuel

mid -d

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

122.60

-0.42

2031

550.71

96.27

47.83

mid -d recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

70%

mid -d recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
grid injection

mid -d

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

122.60

-0.42

2031

550.39

96.27

47.75

mid -d recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

70%

mid -f recycling, MBT AD 2 (SRF), SRF
Aerobic Digestion
to cement_kiln

mid -f

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

58%

123.01

-0.46

2031

571.00

105.12

44.30

mid -f recycling, MBT AD
2 (SRF), SRF to
cement_kiln

66%

58%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with electricity
cement_kiln
generation

mid -d

MBT aerobic 4

cement_kiln

0%

100%

-

65%

123.14

-0.41

2031

551.30

96.27

47.99

mid -d recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

65%

mid -f recycling, MHT 1, SRF to
cement_kiln

mid -f

MHT 1

cement_kiln

0%

100%

-

61%

123.21

-0.42

2031

595.57

105.12

50.73

mid -f recycling, MHT 1,
SRF to cement_kiln

71%

61%

mid -f

MBT aerobic 4

cement_kiln

0%

100%

-

68%

125.59

-0.40

2031

597.85

105.12

51.32

mid -f recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

68%

Dry AD with electricity
generation

mid -f recycling, MBT aerobic 4, SRF to
Aerobic Digestion
cement_kiln

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

lo

MBT aerobic 3

cement_kiln

0%

100%

-

43%

126.58

-0.39

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
3, SRF to cement_kiln

68%

43%

lo recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
grid injection

lo

MBT aerobic 3

cement_kiln

0%

100%

-

43%

126.58

-0.39

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
3, SRF to cement_kiln

68%

43%

hi recycling, MHT 1, SRF to cement_kiln

Wet AD with electricity
generation

hi

MHT 1

cement_kiln

0%

100%

-

55%

126.76

-0.44

2031

612.17

119.76

40.43

hi recycling, MHT 1, SRF
to cement_kiln

80%

55%

mid -f recycling, MHT 1, SRF to
cement_kiln

Aerobic Digestion

mid -f

MHT 1

cement_kiln

0%

100%

-

61%

126.95

-0.42

2031

595.55

105.12

50.72

mid -f recycling, MHT 1,
SRF to cement_kiln

71%

61%

hi recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with electricity
generation

hi

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

54%

127.09

-0.47

2031

595.36

119.76

36.03

hi recycling, MBT AD 2
(SRF), SRF to
cement_kiln

76%

54%

hi recycling, MHT 2, SRF to cement_kiln Aerobic Digestion

hi

MHT 2

cement_kiln

0%

100%

-

55%

127.48

-0.43

2031

618.27

119.76

42.02

hi recycling, MHT 2, SRF
to cement_kiln

80%

55%

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
transport fuel

lo

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

64%

127.71

-0.41

2031

608.92

109.48

49.85

lo recycling, MHT 2, SRF
to
Gasification_CHP_generic

77%

64%

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
grid injection

lo

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

64%

127.71

-0.41

2031

608.23

109.48

49.67

lo recycling, MHT 2, SRF
to
Gasification_CHP_generic

77%

64%

mid -d

MBT aerobic 4

cement_kiln

0%

100%

-

65%

128.91

-0.40

2031

553.40

96.27

48.54

mid -d recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

65%

mid -d recycling, MBT aerobic 4, SRF to Dry AD with electricity
cement_kiln
generation

NC recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

NC

MBT aerobic 3

cement_kiln

0%

100%

-

50%

129.10

-0.32

2031

588.97

83.05

71.07

NC recycling, MBT
aerobic 3, SRF to
cement_kiln

33%

50%

NC recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
grid injection

NC

MBT aerobic 3

cement_kiln

0%

100%

-

50%

129.10

-0.32

2031

588.80

83.05

71.02

NC recycling, MBT
aerobic 3, SRF to
cement_kiln

33%

50%

NC recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with electricity
generation

NC

MBT aerobic 3

cement_kiln

0%

100%

-

50%

131.24

-0.33

2031

587.44

83.05

70.67

NC recycling, MBT
aerobic 3, SRF to
cement_kiln

33%

50%

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
transport fuel

hi

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

55%

131.85

-0.40

2031

620.72

119.76

42.66

hi recycling, MHT 2, SRF
to
Gasification_CHP_generic

84%

55%

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
grid injection

hi

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

55%

131.85

-0.40

2031

619.78

119.76

42.42

hi recycling, MHT 2, SRF
to
Gasification_CHP_generic

84%

55%

NC recycling, MBT aerobic 3, SRF to
cement_kiln

Dry AD with electricity
generation

NC

MBT aerobic 3

cement_kiln

0%

100%

-

50%

131.90

-0.32

2031

588.54

83.05

70.96

NC recycling, MBT
aerobic 3, SRF to
cement_kiln

33%

50%

NC recycling, MBT aerobic 3, SRF to
cement_kiln

Aerobic Digestion

NC

MBT aerobic 3

cement_kiln

0%

100%

-

50%

132.51

-0.32

2031

588.53

83.05

70.95

NC recycling, MBT
aerobic 3, SRF to
cement_kiln

33%

50%

hi recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Dry AD with electricity
generation

hi

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

54%

133.39

-0.44

2031

601.50

119.76

37.63

hi recycling, MBT AD 2
(SRF), SRF to
cement_kiln

76%

54%

mid -d

MBT aerobic 4

cement_kiln

0%

100%

-

65%

134.46

-0.40

2031

553.39

96.27

48.53

mid -d recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

65%

mid -d recycling, MBT aerobic 4, SRF to
Aerobic Digestion
cement_kiln

NC recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
transport fuel

NC

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

134.77

-0.38

2031

642.63

83.05

85.11

NC recycling, MHT 2, SRF
to
Gasification_CHP_generic

52%

70%

NC recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
grid injection

NC

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

134.77

-0.38

2031

642.46

83.05

85.07

NC recycling, MHT 2, SRF
to
Gasification_CHP_generic

52%

70%

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

hi recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MBT aerobic 4

power_station_generic

36%

0%

-

60%

135.46

-0.41

2031

627.96

119.76

44.56

hi recycling, MBT aerobic
4, SRF to
power_station_generic

81%

60%

hi recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MBT aerobic 4

power_station_generic

36%

0%

-

60%

135.46

-0.41

2031

627.02

119.76

44.31

hi recycling, MBT aerobic
4, SRF to
power_station_generic

81%

60%

hi recycling, MHT 1, SRF to cement_kiln

Dry AD with electricity
generation

hi

MHT 1

cement_kiln

0%

100%

-

55%

136.14

-0.41

2031

618.31

119.76

42.03

hi recycling, MHT 1, SRF
to cement_kiln

80%

55%

mid -d recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with electricity
generation

mid -d

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

136.26

-0.43

2031

547.78

96.27

47.06

mid -d recycling, MHT 2,
SRF to
Gasification_CHP_generic

hi recycling, MBT aerobic 4, SRF to
cement_kiln

Dry AD with electricity
generation

hi

MBT aerobic 4

cement_kiln

0%

100%

-

60%

136.76

-0.40

2031

625.55

119.76

43.93

hi recycling, MBT aerobic
4, SRF to cement_kiln

80%

60%

NC recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with electricity
generation

NC

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

138.20

-0.38

2031

641.10

83.05

84.71

NC recycling, MHT 2, SRF
to
Gasification_CHP_generic

NC recycling, MHT 2, SRF to
Gasification_CHP_generic

Dry AD with electricity
generation

NC

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

139.21

-0.38

2031

642.20

83.05

85.00

NC recycling, MHT 2, SRF
to
Gasification_CHP_generic

52%

70%

lo recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MBT aerobic 4

power_station_generic

36%

0%

-

73%

139.49

-0.42

2031

608.48

109.48

49.74

lo recycling, MBT aerobic
4, SRF to
power_station_generic

74%

73%

lo recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MBT aerobic 4

power_station_generic

36%

0%

-

73%

139.49

-0.42

2031

607.78

109.48

49.56

lo recycling, MBT aerobic
4, SRF to
power_station_generic

74%

73%

hi recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Aerobic Digestion

hi

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

54%

140.02

-0.44

2031

601.46

119.76

37.62

hi recycling, MBT AD 2
(SRF), SRF to
cement_kiln

76%

54%

NC recycling, MHT 2, SRF to
Gasification_CHP_generic

Aerobic Digestion

NC

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

140.29

-0.38

2031

642.19

83.05

85.00

NC recycling, MHT 2, SRF
to
Gasification_CHP_generic

52%

70%

mid -d recycling, MHT 2, SRF to
Gasification_CHP_generic

Dry AD with electricity
generation

mid -d

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

140.72

-0.42

2031

549.88

96.27

47.62

mid -d recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

70%

hi recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

hi

MBT aerobic 3

cement_kiln

0%

100%

-

33%

140.72

-0.39

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
3, SRF to cement_kiln

75%

33%

hi recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
grid injection

hi

MBT aerobic 3

cement_kiln

0%

100%

-

33%

140.72

-0.39

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
3, SRF to cement_kiln

75%

33%

lo recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with electricity
generation

lo

MBT aerobic 3

cement_kiln

0%

100%

-

43%

141.96

-0.41

2031

573.64

109.48

40.62

lo recycling, MBT aerobic
3, SRF to cement_kiln

68%

43%

lo recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

lo

MBT aerobic 1

cement_kiln

0%

100%

-

43%

142.25

-0.37

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
1, SRF to cement_kiln

68%

43%

lo recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

lo

MBT aerobic 1

cement_kiln

0%

100%

-

43%

142.25

-0.37

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
1, SRF to cement_kiln

68%

43%

hi recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

hi

MBT aerobic 4

ATT_generic

30%

0%

-

60%

143.72

-0.37

2031

627.96

119.76

44.56

hi recycling, MBT aerobic
4, SRF to Gasification 1

82%

60%

hi recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
grid injection

hi

MBT aerobic 4

ATT_generic

30%

0%

-

60%

143.72

-0.37

2031

627.02

119.76

44.31

hi recycling, MBT aerobic
4, SRF to Gasification 1

82%

60%

mid -f

MBT aerobic 3

cement_kiln

0%

100%

-

38%

144.57

-0.38

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

38%

mid -f recycling, MBT aerobic 3, SRF to Wet AD with biogas to
cement_kiln
transport fuel

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -f recycling, MBT aerobic 3, SRF to Wet AD with biogas to
cement_kiln
grid injection

mid -f

MBT aerobic 3

cement_kiln

0%

100%

-

38%

144.57

-0.38

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

38%

mid -f recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
transport fuel

mid -f

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

61%

145.10

-0.40

2031

597.07

105.12

51.12

mid -f recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

61%

mid -f recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
grid injection

mid -f

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

61%

145.10

-0.40

2031

596.48

105.12

50.97

mid -f recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

61%

mid -d recycling, MHT 2, SRF to
Gasification_CHP_generic

Aerobic Digestion

mid -d

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

145.84

-0.42

2031

549.87

96.27

47.61

mid -d recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

70%

lo recycling, MBT aerobic 3, SRF to
cement_kiln

Dry AD with electricity
generation

lo

MBT aerobic 3

cement_kiln

0%

100%

-

43%

146.81

-0.39

2031

578.19

109.48

41.81

lo recycling, MBT aerobic
3, SRF to cement_kiln

68%

43%

hi recycling, MHT 1, SRF to cement_kiln Aerobic Digestion

hi

MHT 1

cement_kiln

0%

100%

-

55%

147.11

-0.41

2031

618.27

119.76

42.02

hi recycling, MHT 1, SRF
to cement_kiln

80%

55%

NC recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

NC

MBT aerobic 1

cement_kiln

0%

100%

-

50%

148.38

-0.29

2031

588.97

83.05

71.07

NC recycling, MBT
aerobic 1, SRF to
cement_kiln

33%

50%

NC recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

NC

MBT aerobic 1

cement_kiln

0%

100%

-

50%

148.38

-0.29

2031

588.80

83.05

71.02

NC recycling, MBT
aerobic 1, SRF to
cement_kiln

33%

50%

mid -d recycling, MBT aerobic 3, SRF to Wet AD with biogas to
cement_kiln
transport fuel

mid -d

MBT aerobic 3

cement_kiln

0%

100%

-

40%

150.20

-0.39

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

40%

mid -d recycling, MBT aerobic 3, SRF to Wet AD with biogas to
cement_kiln
grid injection

mid -d

MBT aerobic 3

cement_kiln

0%

100%

-

40%

150.20

-0.39

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

40%

33%

50%

NC recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with electricity
generation

NC

MBT aerobic 1

cement_kiln

0%

100%

-

50%

151.21

-0.29

2031

587.44

83.05

70.67

NC recycling, MBT
aerobic 1, SRF to
cement_kiln

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with electricity
generation

lo

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

64%

151.83

-0.44

2031

602.59

109.48

48.20

lo recycling, MHT 2, SRF
to
Gasification_CHP_generic

NC recycling, MBT aerobic 1, SRF to
cement_kiln

Dry AD with electricity
generation

NC

MBT aerobic 1

cement_kiln

0%

100%

-

50%

151.97

-0.29

2031

588.54

83.05

70.96

NC recycling, MBT
aerobic 1, SRF to
cement_kiln

33%

50%

lo recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

lo

MBT aerobic 4

ATT_generic

30%

0%

-

73%

152.19

-0.37

2031

608.48

109.48

49.74

lo recycling, MBT aerobic
4, SRF to Gasification 1

74%

73%

lo recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
grid injection

lo

MBT aerobic 4

ATT_generic

30%

0%

-

73%

152.19

-0.37

2031

607.78

109.48

49.56

lo recycling, MBT aerobic
4, SRF to Gasification 1

74%

73%

NC recycling, MBT aerobic 1, SRF to
cement_kiln

Aerobic Digestion

NC

MBT aerobic 1

cement_kiln

0%

100%

-

50%

152.93

-0.29

2031

588.53

83.05

70.95

NC recycling, MBT
aerobic 1, SRF to
cement_kiln

33%

50%

lo recycling, MBT aerobic 3, SRF to
cement_kiln

Aerobic Digestion

lo

MBT aerobic 3

cement_kiln

0%

100%

-

43%

152.97

-0.39

2031

578.16

109.48

41.80

lo recycling, MBT aerobic
3, SRF to cement_kiln

68%

43%

hi recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

hi

MBT aerobic 1

cement_kiln

0%

100%

-

33%

154.67

-0.37

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
1, SRF to cement_kiln

75%

33%

hi recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

hi

MBT aerobic 1

cement_kiln

0%

100%

-

33%

154.67

-0.37

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
1, SRF to cement_kiln

75%

33%

hi recycling, MBT aerobic 4, SRF to
cement_kiln

Aerobic Digestion

hi

MBT aerobic 4

cement_kiln

0%

100%

-

60%

156.71

-0.40

2031

625.51

119.76

43.92

hi recycling, MBT aerobic
4, SRF to cement_kiln

80%

60%

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

mid -f recycling, MBT aerobic 3, SRF to Wet AD with electricity
cement_kiln
generation

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -f

MBT aerobic 3

cement_kiln

0%

100%

-

38%

158.01

-0.39

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

38%

hi recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

MBT aerobic 4

incineration_generic

30%

0%

-

60%

158.14

-0.37

2031

627.96

119.76

44.56

hi recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

82%

60%

hi recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

MBT aerobic 4

incineration_generic

30%

0%

-

60%

158.14

-0.37

2031

627.02

119.76

44.31

hi recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

82%

60%

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

Dry AD with electricity
generation

lo

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

64%

159.38

-0.41

2031

607.14

109.48

49.39

lo recycling, MHT 2, SRF
to
Gasification_CHP_generic

77%

64%

mid -d recycling, MBT aerobic 3, SRF to Wet AD with electricity
cement_kiln
generation

mid -d

MBT aerobic 3

cement_kiln

0%

100%

-

40%

160.33

-0.40

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 3, SRF to Dry AD with electricity
cement_kiln
generation

mid -f

MBT aerobic 3

cement_kiln

0%

100%

-

38%

161.73

-0.38

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

38%

lo

MBT aerobic 1

cement_kiln

0%

100%

-

43%

161.96

-0.39

2031

573.64

109.48

40.62

lo recycling, MBT aerobic
1, SRF to cement_kiln

68%

43%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with biogas to
cement_kiln
transport fuel

mid -f

MBT aerobic 1

cement_kiln

0%

100%

-

38%

162.65

-0.36

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

38%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with biogas to
cement_kiln
grid injection

mid -f

MBT aerobic 1

cement_kiln

0%

100%

-

38%

162.65

-0.36

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

38%

mid -d recycling, MBT aerobic 3, SRF to Dry AD with electricity
cement_kiln
generation

mid -d

MBT aerobic 3

cement_kiln

0%

100%

-

40%

163.02

-0.39

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

40%

hi

MBT aerobic 3

cement_kiln

0%

100%

-

33%

165.19

-0.42

2031

594.56

119.76

35.82

hi recycling, MBT aerobic
3, SRF to cement_kiln

75%

33%

mid -d recycling, MBT aerobic 3, SRF to
Aerobic Digestion
cement_kiln

mid -d

MBT aerobic 3

cement_kiln

0%

100%

-

40%

167.08

-0.39

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 3, SRF to
Aerobic Digestion
cement_kiln

mid -f

MBT aerobic 3

cement_kiln

0%

100%

-

38%

167.33

-0.38

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

38%

lo recycling, MBT aerobic 1, SRF to
cement_kiln

hi recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with electricity
generation

Wet AD with electricity
generation

lo recycling, MBT aerobic 1, SRF to
cement_kiln

Dry AD with electricity
generation

lo

MBT aerobic 1

cement_kiln

0%

100%

-

43%

167.50

-0.37

2031

578.19

109.48

41.81

lo recycling, MBT aerobic
1, SRF to cement_kiln

68%

43%

lo recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

MBT aerobic 4

incineration_generic

30%

0%

-

73%

167.59

-0.37

2031

608.48

109.48

49.74

lo recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

74%

73%

lo recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

MBT aerobic 4

incineration_generic

30%

0%

-

73%

167.59

-0.37

2031

607.78

109.48

49.56

lo recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

74%

73%

mid -f recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with electricity
generation

mid -f

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

61%

168.14

-0.42

2031

591.76

105.12

49.73

mid -f recycling, MHT 2,
SRF to
Gasification_CHP_generic

mid -d recycling, MBT aerobic 1, SRF to Wet AD with biogas to
cement_kiln
transport fuel

mid -d

MBT aerobic 1

cement_kiln

0%

100%

-

40%

168.82

-0.37

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

40%

mid -d recycling, MBT aerobic 1, SRF to Wet AD with biogas to
cement_kiln
grid injection

mid -d

MBT aerobic 1

cement_kiln

0%

100%

-

40%

168.82

-0.37

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

40%

hi

MHT 2

power_station_generic

36%

0%

-

55%

170.26

-0.43

2031

620.72

119.76

42.66

hi recycling, MHT 2, SRF
to power_station_generic

83%

55%

hi recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

hi recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MHT 2

power_station_generic

36%

0%

-

55%

170.26

-0.43

2031

619.78

119.76

42.42

hi recycling, MHT 2, SRF
to power_station_generic

83%

55%

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

Aerobic Digestion

lo

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

64%

171.25

-0.41

2031

607.11

109.48

49.38

lo recycling, MHT 2, SRF
to
Gasification_CHP_generic

77%

64%

hi recycling, MBT aerobic 3, SRF to
cement_kiln

Dry AD with electricity
generation

hi

MBT aerobic 3

cement_kiln

0%

100%

-

33%

172.14

-0.39

2031

600.70

119.76

37.43

hi recycling, MBT aerobic
3, SRF to cement_kiln

75%

33%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
power_station_generic
transport fuel

mid -f

MBT aerobic 4

power_station_generic

36%

0%

-

68%

173.76

-0.41

2031

599.37

105.12

51.72

mid -f recycling, MBT
aerobic 4, SRF to
power_station_generic

73%

68%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
power_station_generic
grid injection

mid -f

MBT aerobic 4

power_station_generic

36%

0%

-

68%

173.76

-0.41

2031

598.79

105.12

51.57

mid -f recycling, MBT
aerobic 4, SRF to
power_station_generic

73%

68%

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with electricity
generation

hi

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

55%

174.38

-0.43

2031

612.17

119.76

40.43

hi recycling, MHT 2, SRF
to
Gasification_CHP_generic

mid -f recycling, MHT 2, SRF to
Gasification_CHP_generic

Dry AD with electricity
generation

mid -f

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

61%

174.49

-0.40

2031

595.57

105.12

50.73

mid -f recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

61%

lo recycling, MBT aerobic 1, SRF to
cement_kiln

Aerobic Digestion

lo

MBT aerobic 1

cement_kiln

0%

100%

-

43%

176.72

-0.37

2031

578.16

109.48

41.80

lo recycling, MBT aerobic
1, SRF to cement_kiln

68%

43%

lo recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MHT 2

power_station_generic

36%

0%

-

64%

177.49

-0.45

2031

608.92

109.48

49.85

lo recycling, MHT 2, SRF
to power_station_generic

76%

64%

lo recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MHT 2

power_station_generic

36%

0%

-

64%

177.49

-0.45

2031

608.23

109.48

49.67

lo recycling, MHT 2, SRF
to power_station_generic

76%

64%

mid -d recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -d

MHT 2

power_station_generic

36%

0%

-

70%

179.83

-0.45

2031

550.71

96.27

47.83

mid -d recycling, MHT 2,
SRF to
power_station_generic

76%

70%

mid -d recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -d

MHT 2

power_station_generic

36%

0%

-

70%

179.83

-0.45

2031

550.39

96.27

47.75

mid -d recycling, MHT 2,
SRF to
power_station_generic

76%

70%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with electricity
cement_kiln
generation

mid -f

MBT aerobic 1

cement_kiln

0%

100%

-

38%

179.87

-0.38

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

38%

hi recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MHT 1

power_station_generic

36%

0%

-

55%

181.72

-0.41

2031

620.72

119.76

42.66

hi recycling, MHT 1, SRF
to power_station_generic

83%

55%

hi recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MHT 1

power_station_generic

36%

0%

-

55%

181.72

-0.41

2031

619.78

119.76

42.42

hi recycling, MHT 1, SRF
to power_station_generic

83%

55%

mid -d recycling, MBT aerobic 1, SRF to Wet AD with electricity
cement_kiln
generation

mid -d

MBT aerobic 1

cement_kiln

0%

100%

-

40%

181.72

-0.38

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 1, SRF to Dry AD with electricity
cement_kiln
generation

mid -f

MBT aerobic 1

cement_kiln

0%

100%

-

38%

184.10

-0.36

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

38%

hi recycling, MBT aerobic 3, SRF to
cement_kiln

Aerobic Digestion

hi

MBT aerobic 3

cement_kiln

0%

100%

-

33%

184.62

-0.39

2031

600.66

119.76

37.42

hi recycling, MBT aerobic
3, SRF to cement_kiln

75%

33%

hi recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with electricity
generation

hi

MBT aerobic 1

cement_kiln

0%

100%

-

33%

184.75

-0.40

2031

594.56

119.76

35.82

hi recycling, MBT aerobic
1, SRF to cement_kiln

75%

33%

mid -d

MBT aerobic 1

cement_kiln

0%

100%

-

40%

184.78

-0.37

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

40%

mid -d recycling, MBT aerobic 1, SRF to Dry AD with electricity
cement_kiln
generation
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -f

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

61%

186.04

-0.40

2031

595.55

105.12

50.72

mid -f recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

61%

hi recycling, MHT 2, SRF to Gasification Wet AD with biogas to
1
transport fuel

hi

MHT 2

ATT_generic

30%

0%

-

55%

186.68

-0.35

2031

620.72

119.76

42.66

hi recycling, MHT 2, SRF
to Gasification 1

84%

55%

hi recycling, MHT 2, SRF to Gasification Wet AD with biogas to
1
grid injection

hi

MHT 2

ATT_generic

30%

0%

-

55%

186.68

-0.35

2031

619.78

119.76

42.42

hi recycling, MHT 2, SRF
to Gasification 1

84%

55%

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

hi

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

55%

187.28

-0.40

2031

618.31

119.76

42.03

hi recycling, MHT 2, SRF
to
Gasification_CHP_generic

84%

55%

mid -d recycling, MBT aerobic 1, SRF to
Aerobic Digestion
cement_kiln

mid -d

MBT aerobic 1

cement_kiln

0%

100%

-

40%

190.57

-0.37

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Gasification 1
transport fuel

mid -f

MBT aerobic 4

ATT_generic

30%

0%

-

68%

191.17

-0.36

2031

599.37

105.12

51.72

mid -f recycling, MBT
aerobic 4, SRF to
Gasification 1

73%

68%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Gasification 1
grid injection

mid -f

MBT aerobic 4

ATT_generic

30%

0%

-

68%

191.17

-0.36

2031

598.79

105.12

51.57

mid -f recycling, MBT
aerobic 4, SRF to
Gasification 1

73%

68%

mid -f recycling, MBT aerobic 1, SRF to
Aerobic Digestion
cement_kiln

mid -f

MBT aerobic 1

cement_kiln

0%

100%

-

38%

192.23

-0.36

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

38%

mid -f recycling, MHT 2, SRF to
Gasification_CHP_generic

Aerobic Digestion

Dry AD with electricity
generation

hi recycling, MBT aerobic 1, SRF to
cement_kiln

Dry AD with electricity
generation

hi

MBT aerobic 1

cement_kiln

0%

100%

-

33%

192.52

-0.37

2031

600.70

119.76

37.43

hi recycling, MBT aerobic
1, SRF to cement_kiln

75%

33%

lo recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MHT 1

power_station_generic

36%

0%

-

64%

194.57

-0.43

2031

608.92

109.48

49.85

lo recycling, MHT 1, SRF
to power_station_generic

76%

64%

lo recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MHT 1

power_station_generic

36%

0%

-

64%

194.57

-0.43

2031

608.23

109.48

49.67

lo recycling, MHT 1, SRF
to power_station_generic

76%

64%

hi recycling, MHT 1, SRF to Gasification Wet AD with biogas to
1
transport fuel

hi

MHT 1

ATT_generic

30%

0%

-

55%

197.88

-0.35

2031

620.72

119.76

42.66

hi recycling, MHT 1, SRF
to Gasification 1

84%

55%

hi recycling, MHT 1, SRF to Gasification Wet AD with biogas to
1
grid injection

hi

MHT 1

ATT_generic

30%

0%

-

55%

197.88

-0.35

2031

619.78

119.76

42.42

hi recycling, MHT 1, SRF
to Gasification 1

84%

55%

lo recycling, MHT 2, SRF to Gasification Wet AD with biogas to
1
transport fuel

lo

MHT 2

ATT_generic

30%

0%

-

64%

200.77

-0.35

2031

608.92

109.48

49.85

lo recycling, MHT 2, SRF
to Gasification 1

77%

64%

lo recycling, MHT 2, SRF to Gasification Wet AD with biogas to
1
grid injection

lo

MHT 2

ATT_generic

30%

0%

-

64%

200.77

-0.35

2031

608.23

109.48

49.67

lo recycling, MHT 2, SRF
to Gasification 1

77%

64%

lo recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

62%

203.82

-0.45

2031

584.97

109.48

43.59

lo recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

62%

lo recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

62%

203.82

-0.45

2031

584.27

109.48

43.40

lo recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

62%

mid -d recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -d

MHT 1

power_station_generic

36%

0%

-

70%

205.31

-0.43

2031

550.71

96.27

47.83

mid -d recycling, MHT 1,
SRF to
power_station_generic

76%

70%

mid -d recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -d

MHT 1

power_station_generic

36%

0%

-

70%

205.31

-0.43

2031

550.39

96.27

47.75

mid -d recycling, MHT 1,
SRF to
power_station_generic

76%

70%

mid -f recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -f

MHT 2

power_station_generic

36%

0%

-

61%

205.68

-0.44

2031

597.07

105.12

51.12

mid -f recycling, MHT 2,
SRF to
power_station_generic

75%

61%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -f

MHT 2

power_station_generic

36%

0%

-

61%

205.68

-0.44

2031

596.48

105.12

50.97

mid -f recycling, MHT 2,
SRF to
power_station_generic

75%

61%

hi recycling, MHT 2, SRF to Incineration Wet AD with biogas to
1 (electricity only)
transport fuel

hi

MHT 2

incineration_generic

30%

0%

-

55%

205.89

-0.35

2031

620.72

119.76

42.66

hi recycling, MHT 2, SRF
to Incineration 1
(electricity only)

84%

55%

hi recycling, MHT 2, SRF to Incineration Wet AD with biogas to
1 (electricity only)
grid injection

hi

MHT 2

incineration_generic

30%

0%

-

55%

205.89

-0.35

2031

619.78

119.76

42.42

hi recycling, MHT 2, SRF
to Incineration 1
(electricity only)

84%

55%

NC recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MBT aerobic 4

power_station_generic

36%

0%

-

79%

206.76

-0.38

2031

645.86

83.05

85.96

NC recycling, MBT
aerobic 4, SRF to
power_station_generic

45%

79%

NC recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MBT aerobic 4

power_station_generic

36%

0%

-

79%

206.76

-0.38

2031

645.69

83.05

85.91

NC recycling, MBT
aerobic 4, SRF to
power_station_generic

45%

79%

hi recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

54%

207.08

-0.44

2031

603.91

119.76

38.26

hi recycling, MBT AD 2
(SRF), SRF to
power_station_generic

81%

54%

hi recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

54%

207.08

-0.44

2031

602.97

119.76

38.02

hi recycling, MBT AD 2
(SRF), SRF to
power_station_generic

81%

54%

mid -d recycling, MHT 2, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -d

MHT 2

ATT_generic

30%

0%

-

70%

208.58

-0.37

2031

550.71

96.27

47.83

mid -d recycling, MHT 2,
SRF to Gasification 1

76%

70%

mid -d recycling, MHT 2, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -d

MHT 2

ATT_generic

30%

0%

-

70%

208.58

-0.37

2031

550.39

96.27

47.75

mid -d recycling, MHT 2,
SRF to Gasification 1

76%

70%

lo recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with electricity
generation

lo

MBT aerobic 4

power_station_generic

36%

0%

-

73%

208.65

-0.44

2031

602.15

109.48

48.08

lo recycling, MBT aerobic
4, SRF to
power_station_generic

74%

73%

hi recycling, MBT aerobic 1, SRF to
cement_kiln

Aerobic Digestion

hi

MBT aerobic 1

cement_kiln

0%

100%

-

33%

209.74

-0.37

2031

600.66

119.76

37.42

hi recycling, MBT aerobic
1, SRF to cement_kiln

75%

33%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
transport fuel

mid -f

MBT aerobic 4

incineration_generic

30%

0%

-

68%

210.87

-0.35

2031

599.37

105.12

51.72

mid -f recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

73%

68%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
grid injection

mid -f

MBT aerobic 4

incineration_generic

30%

0%

-

68%

210.87

-0.35

2031

598.79

105.12

51.57

mid -f recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

73%

68%

mid -d recycling, MHT 2, SRF to
power_station_generic

Wet AD with electricity
generation

mid -d

MHT 2

power_station_generic

36%

0%

-

70%

211.01

-0.46

2031

547.78

96.27

47.06

mid -d recycling, MHT 2,
SRF to
power_station_generic

76%

70%

NC recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MHT 2

power_station_generic

36%

0%

-

70%

212.88

-0.45

2031

642.63

83.05

85.11

NC recycling, MHT 2, SRF
to power_station_generic

51%

70%

NC recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MHT 2

power_station_generic

36%

0%

-

70%

212.88

-0.45

2031

642.46

83.05

85.07

NC recycling, MHT 2, SRF
to power_station_generic

51%

70%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
power_station_generic
transport fuel

mid -d

MBT aerobic 4

power_station_generic

36%

0%

-

65%

216.55

-0.41

2031

554.23

96.27

48.75

mid -d recycling, MBT
aerobic 4, SRF to
power_station_generic

72%

65%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
power_station_generic
grid injection

mid -d

MBT aerobic 4

power_station_generic

36%

0%

-

65%

216.55

-0.41

2031

553.91

96.27

48.67

mid -d recycling, MBT
aerobic 4, SRF to
power_station_generic

72%

65%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to power_station_generic
transport fuel

mid -d

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

66%

216.78

-0.46

2031

527.31

96.27

41.71

mid -d recycling, MBT AD
2 (SRF), SRF to
power_station_generic

74%

66%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to power_station_generic
grid injection

mid -d

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

66%

216.78

-0.46

2031

526.99

96.27

41.62

mid -d recycling, MBT AD
2 (SRF), SRF to
power_station_generic

74%

66%

mid -f recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
grid injection
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

hi

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

55%

217.51

-0.40

2031

618.27

119.76

42.02

hi recycling, MHT 2, SRF
to
Gasification_CHP_generic

84%

55%

Dry AD with electricity
generation

mid -d

MHT 2

power_station_generic

36%

0%

-

70%

217.94

-0.45

2031

549.88

96.27

47.62

mid -d recycling, MHT 2,
SRF to
power_station_generic

76%

70%

lo recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
transport fuel

lo

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

218.09

-0.36

2031

573.12

109.48

40.49

lo recycling, Incineration 4
(high CHP)_total

74%

57%

lo recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
grid injection

lo

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

218.09

-0.36

2031

572.42

109.48

40.30

lo recycling, Incineration 4
(high CHP)_total

74%

57%

hi recycling, MHT 1, SRF to Incineration Wet AD with biogas to
1 (electricity only)
transport fuel

hi

MHT 1

incineration_generic

30%

0%

-

55%

218.34

-0.34

2031

620.72

119.76

42.66

hi recycling, MHT 1, SRF
to Incineration 1
(electricity only)

84%

55%

hi recycling, MHT 1, SRF to Incineration Wet AD with biogas to
1 (electricity only)
grid injection

hi

MHT 1

incineration_generic

30%

0%

-

55%

218.34

-0.34

2031

619.78

119.76

42.42

hi recycling, MHT 1, SRF
to Incineration 1
(electricity only)

84%

55%

lo recycling, MHT 1, SRF to Gasification Wet AD with biogas to
1
transport fuel

lo

MHT 1

ATT_generic

30%

0%

-

64%

218.53

-0.34

2031

608.92

109.48

49.85

lo recycling, MHT 1, SRF
to Gasification 1

77%

64%

lo recycling, MHT 1, SRF to Gasification Wet AD with biogas to
1
grid injection

lo

MHT 1

ATT_generic

30%

0%

-

64%

218.53

-0.34

2031

608.23

109.48

49.67

lo recycling, MHT 1, SRF
to Gasification 1

77%

64%

lo recycling, MHT 2, SRF to Incineration Wet AD with biogas to
1 (electricity only)
transport fuel

lo

MHT 2

incineration_generic

30%

0%

-

64%

221.47

-0.34

2031

608.92

109.48

49.85

lo recycling, MHT 2, SRF
to Incineration 1
(electricity only)

77%

64%

lo recycling, MHT 2, SRF to Incineration Wet AD with biogas to
1 (electricity only)
grid injection

lo

MHT 2

incineration_generic

30%

0%

-

64%

221.47

-0.34

2031

608.23

109.48

49.67

lo recycling, MHT 2, SRF
to Incineration 1
(electricity only)

77%

64%

NC recycling, MHT 2, SRF to
power_station_generic

Wet AD with electricity
generation

NC

MHT 2

power_station_generic

36%

0%

-

70%

221.61

-0.46

2031

641.10

83.05

84.71

NC recycling, MHT 2, SRF
to power_station_generic

51%

70%

NC recycling, MHT 2, SRF to
power_station_generic

Dry AD with electricity
generation

NC

MHT 2

power_station_generic

36%

0%

-

70%

223.24

-0.45

2031

642.20

83.05

85.00

NC recycling, MHT 2, SRF
to power_station_generic

51%

70%

NC recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with electricity
generation

NC

MBT aerobic 4

power_station_generic

36%

0%

-

79%

223.37

-0.39

2031

644.33

83.05

85.55

NC recycling, MBT
aerobic 4, SRF to
power_station_generic

45%

79%

NC recycling, MBT aerobic 4, SRF to
power_station_generic

Dry AD with electricity
generation

NC

MBT aerobic 4

power_station_generic

36%

0%

-

79%

226.58

-0.38

2031

645.43

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
power_station_generic

45%

79%

mid -f recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -f

MHT 1

power_station_generic

36%

0%

-

61%

227.32

-0.41

2031

597.07

105.12

51.12

mid -f recycling, MHT 1,
SRF to
power_station_generic

75%

61%

mid -f recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -f

MHT 1

power_station_generic

36%

0%

-

61%

227.32

-0.41

2031

596.48

105.12

50.97

mid -f recycling, MHT 1,
SRF to
power_station_generic

75%

61%

NC recycling, MHT 2, SRF to
power_station_generic

Aerobic Digestion

NC

MHT 2

power_station_generic

36%

0%

-

70%

227.35

-0.45

2031

642.19

83.05

85.00

NC recycling, MHT 2, SRF
to power_station_generic

51%

70%

NC recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
transport fuel

NC

Incineration 4 (high
CHP)_total

#N/A

16%

40%

62%

227.57

-0.29

2031

566.44

83.05

65.17

NC recycling, Incineration
4 (high CHP)_total

46%

62%

NC recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
grid injection

NC

Incineration 4 (high
CHP)_total

#N/A

16%

40%

62%

227.57

-0.29

2031

566.27

83.05

65.13

NC recycling, Incineration
4 (high CHP)_total

46%

62%

lo recycling, MHT 2, SRF to
power_station_generic

Wet AD with electricity
generation

lo

MHT 2

power_station_generic

36%

0%

-

228.07

-0.47

2031

602.59

109.48

48.20

lo recycling, MHT 2, SRF
to power_station_generic

76%

64%

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

Aerobic Digestion

mid -d recycling, MHT 2, SRF to
power_station_generic

64%

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority

Appendix D
16

402-01183-00003
June 2011

APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

hi recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
transport fuel

hi

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

54%

228.42

-0.34

2031

603.91

119.76

38.26

hi recycling, MBT AD 2
(SRF), SRF to
Gasification 1

81%

54%

hi recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
grid injection

hi

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

54%

228.42

-0.34

2031

602.97

119.76

38.02

hi recycling, MBT AD 2
(SRF), SRF to
Gasification 1

81%

54%

lo recycling, MBT aerobic 4, SRF to
power_station_generic

Dry AD with electricity
generation

lo

MBT aerobic 4

power_station_generic

36%

0%

-

73%

228.47

-0.42

2031

606.69

109.48

49.27

lo recycling, MBT aerobic
4, SRF to
power_station_generic

74%

73%

lo recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
transport fuel

lo

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

62%

230.05

-0.33

2031

584.97

109.48

43.59

lo recycling, MBT AD 2
(SRF), SRF to
Gasification 1

74%

62%

lo recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
grid injection

lo

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

62%

230.05

-0.33

2031

584.27

109.48

43.40

lo recycling, MBT AD 2
(SRF), SRF to
Gasification 1

74%

62%

mid -d recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -d

MHT 2

incineration_generic

30%

0%

-

70%

230.06

-0.36

2031

550.71

96.27

47.83

mid -d recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

70%

mid -d recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -d

MHT 2

incineration_generic

30%

0%

-

70%

230.06

-0.36

2031

550.39

96.27

47.75

mid -d recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

70%

NC recycling, Incineration 4 (high
CHP)_total

Wet AD with electricity
generation

NC

Incineration 4 (high
CHP)_total

#N/A

16%

40%

62%

231.63

-0.30

2031

564.91

83.05

64.77

NC recycling, Incineration
4 (high CHP)_total

46%

62%

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
power_station_generic
transport fuel

NC

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

68%

232.17

-0.45

2031

596.80

83.05

73.12

NC recycling, MBT AD 2
(SRF), SRF to
power_station_generic

45%

68%

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
power_station_generic
grid injection

NC

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

68%

232.17

-0.45

2031

596.63

83.05

73.07

NC recycling, MBT AD 2
(SRF), SRF to
power_station_generic

45%

68%

NC recycling, Incineration 4 (high
CHP)_total

Dry AD with electricity
generation

NC

Incineration 4 (high
CHP)_total

#N/A

16%

40%

62%

232.35

-0.29

2031

566.01

83.05

65.06

NC recycling, Incineration
4 (high CHP)_total

46%

62%

hi recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with electricity
generation

hi

MBT aerobic 4

power_station_generic

36%

0%

-

233.17

-0.44

2031

619.41

119.76

42.32

hi recycling, MBT aerobic
4, SRF to
power_station_generic

81%

60%

NC recycling, Incineration 4 (high
CHP)_total

Aerobic Digestion

NC

Incineration 4 (high
CHP)_total

#N/A

16%

40%

62%

234.22

-0.29

2031

566.00

83.05

65.06

NC recycling, Incineration
4 (high CHP)_total

46%

62%

mid -f recycling, MHT 2, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -f

MHT 2

ATT_generic

30%

0%

-

61%

234.75

-0.33

2031

597.07

105.12

51.12

mid -f recycling, MHT 2,
SRF to Gasification 1

76%

61%

mid -f recycling, MHT 2, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -f

MHT 2

ATT_generic

30%

0%

-

61%

234.75

-0.33

2031

596.48

105.12

50.97

mid -f recycling, MHT 2,
SRF to Gasification 1

76%

61%

NC recycling, MBT aerobic 4, SRF to
power_station_generic

Aerobic Digestion

NC

MBT aerobic 4

power_station_generic

36%

0%

-

79%

235.05

-0.38

2031

645.42

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
power_station_generic

45%

79%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to power_station_generic
transport fuel

mid -f

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

58%

235.85

-0.45

2031

572.52

105.12

44.70

mid -f recycling, MBT AD
2 (SRF), SRF to
power_station_generic

73%

58%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to power_station_generic
grid injection

mid -f

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

58%

235.85

-0.45

2031

571.94

105.12

44.54

mid -f recycling, MBT AD
2 (SRF), SRF to
power_station_generic

73%

58%

mid -d recycling, MHT 2, SRF to
power_station_generic

Aerobic Digestion

mid -d

MHT 2

power_station_generic

36%

0%

-

70%

236.36

-0.45

2031

549.87

96.27

47.61

mid -d recycling, MHT 2,
SRF to
power_station_generic

76%

70%

mid -d recycling, MHT 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -d

MHT 1

ATT_generic

30%

0%

-

70%

236.44

-0.36

2031

550.71

96.27

47.83

mid -d recycling, MHT 1,
SRF to Gasification 1

76%

70%

60%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -d recycling, MHT 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -d

MHT 1

ATT_generic

30%

0%

-

70%

236.44

-0.36

2031

550.39

96.27

47.75

mid -d recycling, MHT 1,
SRF to Gasification 1

76%

70%

lo recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with electricity
generation

lo

MBT aerobic 4

ATT_generic

30%

0%

-

73%

237.83

-0.39

2031

602.15

109.48

48.08

lo recycling, MBT aerobic
4, SRF to Gasification 1

74%

73%

lo recycling, MHT 2, SRF to
power_station_generic

Dry AD with electricity
generation

lo

MHT 2

power_station_generic

36%

0%

-

64%

239.46

-0.45

2031

607.14

109.48

49.39

lo recycling, MHT 2, SRF
to power_station_generic

76%

64%

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with electricity
power_station_generic
generation

NC

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

68%

239.52

-0.46

2031

595.27

83.05

72.72

NC recycling, MBT AD 2
(SRF), SRF to
power_station_generic

45%

68%

NC recycling, MBT AD 2 (SRF), SRF to Dry AD with electricity
power_station_generic
generation

NC

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

68%

240.79

-0.45

2031

596.37

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to
power_station_generic

45%

68%

lo recycling, MHT 1, SRF to Incineration Wet AD with biogas to
1 (electricity only)
transport fuel

lo

MHT 1

incineration_generic

30%

0%

-

64%

241.17

-0.33

2031

608.92

109.48

49.85

lo recycling, MHT 1, SRF
to Incineration 1
(electricity only)

77%

64%

lo recycling, MHT 1, SRF to Incineration Wet AD with biogas to
1 (electricity only)
grid injection

lo

MHT 1

incineration_generic

30%

0%

-

64%

241.17

-0.33

2031

608.23

109.48

49.67

lo recycling, MHT 1, SRF
to Incineration 1
(electricity only)

77%

64%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Gasification 1
transport fuel

mid -d

MBT aerobic 4

ATT_generic

30%

0%

-

65%

242.24

-0.37

2031

554.23

96.27

48.75

mid -d recycling, MBT
aerobic 4, SRF to
Gasification 1

72%

65%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Gasification 1
grid injection

mid -d

MBT aerobic 4

ATT_generic

30%

0%

-

65%

242.24

-0.37

2031

553.91

96.27

48.67

mid -d recycling, MBT
aerobic 4, SRF to
Gasification 1

72%

65%

mid -d recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
transport fuel

mid -d

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

244.09

-0.39

2031

515.48

96.27

38.61

mid -d recycling,
Incineration 4 (high
CHP)_total

74%

57%

mid -d recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
grid injection

mid -d

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

244.09

-0.39

2031

515.16

96.27

38.53

mid -d recycling,
Incineration 4 (high
CHP)_total

74%

57%

NC recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MHT 1

power_station_generic

36%

0%

-

70%

244.12

-0.40

2031

642.63

83.05

85.11

NC recycling, MHT 1, SRF
to power_station_generic

51%

70%

NC recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MHT 1

power_station_generic

36%

0%

-

70%

244.12

-0.40

2031

642.46

83.05

85.07

NC recycling, MHT 1, SRF
to power_station_generic

51%

70%

NC

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

68%

244.32

-0.45

2031

596.36

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to
power_station_generic

45%

68%

mid -d

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

66%

244.39

-0.47

2031

524.39

96.27

40.94

mid -d recycling, MBT AD
2 (SRF), SRF to
power_station_generic

74%

66%

NC recycling, MBT AD 2 (SRF), SRF to
Aerobic Digestion
power_station_generic

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to power_station_generic
generation

hi recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
transport fuel

hi

Incineration 4 (high
CHP)_total

#N/A

16%

40%

47%

244.81

-0.36

2031

594.64

119.76

35.84

hi recycling, Incineration
4 (high CHP)_total

80%

47%

hi recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
grid injection

hi

Incineration 4 (high
CHP)_total

#N/A

16%

40%

47%

244.81

-0.36

2031

593.71

119.76

35.60

hi recycling, Incineration
4 (high CHP)_total

80%

47%

NC recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

NC

MBT aerobic 4

ATT_generic

30%

0%

-

79%

246.01

-0.27

2031

645.86

83.05

85.96

NC recycling, MBT
aerobic 4, SRF to
Gasification 1

46%

79%

NC recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
grid injection

NC

MBT aerobic 4

ATT_generic

30%

0%

-

79%

246.01

-0.27

2031

645.69

83.05

85.91

NC recycling, MBT
aerobic 4, SRF to
Gasification 1

46%

79%

mid -d recycling, MHT 1, SRF to
power_station_generic

Wet AD with electricity
generation

mid -d

MHT 1

power_station_generic

36%

0%

-

70%

246.97

-0.44

2031

547.78

96.27

47.06

mid -d recycling, MHT 1,
SRF to
power_station_generic

76%

70%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

lo recycling, Incineration 4 (high
CHP)_total

Wet AD with electricity
generation

lo

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

hi recycling, MHT 2, SRF to
power_station_generic

Wet AD with electricity
generation

hi

MHT 2

power_station_generic

36%

0%

-

mid -d recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to power_station_generic
generation

mid -d

MBT AD 2 (SRF)

power_station_generic

36%

0%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Gasification 1
transport fuel

mid -d

MBT AD 2 (SRF)

ATT_generic

30%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Gasification 1
grid injection

mid -d

MBT AD 2 (SRF)

ATT_generic

lo

MBT AD 2 (SRF)

mid -f recycling, MBT aerobic 4, SRF to Wet AD with electricity
power_station_generic
generation

mid -f

mid -d recycling, MHT 2, SRF to
Gasification 1

Wet AD with electricity
generation

mid -f recycling, Incineration 4 (high
CHP)_total

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

247.72

-0.38

2031

566.79

109.48

38.83

lo recycling, Incineration 4
(high CHP)_total

74%

57%

55%

249.04

-0.46

2031

612.17

119.76

40.43

hi recycling, MHT 2, SRF
to power_station_generic

83%

55%

-

66%

249.48

-0.46

2031

526.49

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
power_station_generic

74%

66%

0%

-

66%

249.75

-0.35

2031

527.31

96.27

41.71

mid -d recycling, MBT AD
2 (SRF), SRF to
Gasification 1

74%

66%

30%

0%

-

66%

249.75

-0.35

2031

526.99

96.27

41.62

mid -d recycling, MBT AD
2 (SRF), SRF to
Gasification 1

74%

66%

power_station_generic

36%

0%

-

62%

249.97

-0.47

2031

578.64

109.48

41.93

lo recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

62%

MBT aerobic 4

power_station_generic

36%

0%

-

68%

250.30

-0.43

2031

594.06

105.12

50.33

mid -f recycling, MBT
aerobic 4, SRF to
power_station_generic

73%

68%

mid -d

MHT 2

ATT_generic

30%

0%

-

70%

251.48

-0.38

2031

547.78

96.27

47.06

mid -d recycling, MHT 2,
SRF to Gasification 1

76%

70%

Wet AD with biogas to
transport fuel

mid -f

Incineration 4 (high
CHP)_total

#N/A

16%

40%

52%

252.09

-0.35

2031

559.46

105.12

41.28

mid -f recycling,
Incineration 4 (high
CHP)_total

73%

52%

mid -f recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
grid injection

mid -f

Incineration 4 (high
CHP)_total

#N/A

16%

40%

52%

252.09

-0.35

2031

558.88

105.12

41.13

mid -f recycling,
Incineration 4 (high
CHP)_total

73%

52%

hi recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

54%

252.38

-0.33

2031

603.91

119.76

38.26

hi recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

81%

54%

hi recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

54%

252.38

-0.33

2031

602.97

119.76

38.02

hi recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

81%

54%

lo recycling, Incineration 4 (high
CHP)_total

Dry AD with electricity
generation

lo

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

253.15

-0.36

2031

571.33

109.48

40.02

lo recycling, Incineration 4
(high CHP)_total

74%

57%

lo recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

62%

254.11

-0.32

2031

584.97

109.48

43.59

lo recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

74%

62%

lo recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

62%

254.11

-0.32

2031

584.27

109.48

43.40

lo recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

74%

62%

mid -d recycling, MHT 1, SRF to
power_station_generic

Dry AD with electricity
generation

mid -d

MHT 1

power_station_generic

36%

0%

-

70%

255.09

-0.43

2031

549.88

96.27

47.62

mid -d recycling, MHT 1,
SRF to
power_station_generic

76%

70%

mid -f recycling, MHT 2, SRF to
power_station_generic

Wet AD with electricity
generation

mid -f

MHT 2

power_station_generic

36%

0%

-

61%

255.54

-0.46

2031

591.76

105.12

49.73

mid -f recycling, MHT 2,
SRF to
power_station_generic

75%

61%

NC recycling, MHT 1, SRF to
power_station_generic

Wet AD with electricity
generation

NC

MHT 1

power_station_generic

36%

0%

-

70%

255.67

-0.41

2031

641.10

83.05

84.71

NC recycling, MHT 1, SRF
to power_station_generic

51%

70%

NC recycling, MHT 2, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

NC

MHT 2

ATT_generic

30%

0%

-

70%

256.43

-0.24

2020

642.63

83.05

85.11

NC recycling, MHT 2, SRF
to Gasification 1

52%

70%

NC recycling, MHT 2, SRF to
Gasification 1

Wet AD with biogas to
grid injection

NC

MHT 2

ATT_generic

30%

0%

-

70%

256.43

-0.24

2020

642.46

83.05

85.07

NC recycling, MHT 2, SRF
to Gasification 1

52%

70%

lo recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with electricity
generation

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo recycling, MHT 1, SRF to
power_station_generic

Wet AD with electricity
generation

lo

MHT 1

power_station_generic

36%

0%

-

64%

257.06

-0.45

2031

602.59

109.48

48.20

lo recycling, MHT 1, SRF
to power_station_generic

76%

64%

NC recycling, MHT 1, SRF to
power_station_generic

Dry AD with electricity
generation

NC

MHT 1

power_station_generic

36%

0%

-

70%

257.56

-0.40

2031

642.20

83.05

85.00

NC recycling, MHT 1, SRF
to power_station_generic

51%

70%

mid -f recycling, MHT 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -f

MHT 1

ATT_generic

30%

0%

-

61%

257.67

-0.32

2031

597.07

105.12

51.12

mid -f recycling, MHT 1,
SRF to Gasification 1

76%

61%

mid -f recycling, MHT 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -f

MHT 1

ATT_generic

30%

0%

-

61%

257.67

-0.32

2031

596.48

105.12

50.97

mid -f recycling, MHT 1,
SRF to Gasification 1

76%

61%

hi recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with electricity
generation

hi

MBT aerobic 4

ATT_generic

30%

0%

-

60%

257.92

-0.40

2031

619.41

119.76

42.32

hi recycling, MBT aerobic
4, SRF to Gasification 1

82%

60%

lo recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Dry AD with electricity
generation

lo

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

62%

259.02

-0.45

2031

583.18

109.48

43.12

lo recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

62%

mid -f recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -f

MHT 2

incineration_generic

30%

0%

-

61%

259.08

-0.32

2031

597.07

105.12

51.12

mid -f recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

61%

mid -f recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -f

MHT 2

incineration_generic

30%

0%

-

61%

259.08

-0.32

2031

596.48

105.12

50.97

mid -f recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

61%

mid -d recycling, MHT 2, SRF to
Gasification 1

Dry AD with electricity
generation

mid -d

MHT 2

ATT_generic

30%

0%

-

70%

259.70

-0.37

2031

549.88

96.27

47.62

mid -d recycling, MHT 2,
SRF to Gasification 1

76%

70%

lo recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

lo

Dirty MRF 1

ATT_generic

30%

0%

-

63%

260.27

-0.36

2031

562.03

109.48

37.58

lo recycling, Dirty MRF 1,
SRF to Gasification 1

76%

63%

lo recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

lo

Dirty MRF 1

ATT_generic

30%

0%

-

63%

260.27

-0.36

2031

561.33

109.48

37.40

lo recycling, Dirty MRF 1,
SRF to Gasification 1

76%

63%

lo recycling, MBT aerobic 4, SRF to
Gasification 1

Dry AD with electricity
generation

lo

MBT aerobic 4

ATT_generic

30%

0%

-

73%

260.33

-0.37

2031

606.69

109.48

49.27

lo recycling, MBT aerobic
4, SRF to Gasification 1

74%

73%

mid -d recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -d

MHT 1

incineration_generic

30%

0%

-

70%

260.91

-0.35

2031

550.71

96.27

47.83

mid -d recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

70%

mid -d recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -d

MHT 1

incineration_generic

30%

0%

-

70%

260.91

-0.35

2031

550.39

96.27

47.75

mid -d recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

70%

mid -d recycling, Incineration 4 (high
CHP)_total

Wet AD with electricity
generation

mid -d

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

261.17

-0.40

2031

512.55

96.27

37.85

mid -d recycling,
Incineration 4 (high
CHP)_total

74%

57%

lo recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

lo

MBT aerobic 4

incineration_generic

30%

0%

-

73%

261.19

-0.39

2031

602.15

109.48

48.08

lo recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

74%

73%

hi recycling, MBT aerobic 4, SRF to
power_station_generic

Dry AD with electricity
generation

hi

MBT aerobic 4

power_station_generic

36%

0%

-

60%

262.01

-0.41

2031

625.55

119.76

43.93

hi recycling, MBT aerobic
4, SRF to
power_station_generic

81%

60%

NC recycling, MHT 1, SRF to
power_station_generic

Aerobic Digestion

NC

MHT 1

power_station_generic

36%

0%

-

70%

263.44

-0.40

2031

642.19

83.05

85.00

NC recycling, MHT 1, SRF
to power_station_generic

51%

70%

mid -d recycling, Incineration 4 (high
CHP)_total

Dry AD with electricity
generation

mid -d

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

263.96

-0.39

2031

514.65

96.27

38.40

mid -d recycling,
Incineration 4 (high
CHP)_total

74%

57%

lo recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MBT aerobic 3

power_station_generic

36%

0%

-

265.01

-0.41

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
3, SRF to
power_station_generic

70%

43%

43%

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MBT aerobic 3

power_station_generic

36%

0%

-

43%

265.01

-0.41

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
3, SRF to
power_station_generic

70%

43%

mid -f recycling, MHT 2, SRF to
power_station_generic

Dry AD with electricity
generation

mid -f

MHT 2

power_station_generic

36%

0%

-

61%

265.23

-0.44

2031

595.57

105.12

50.73

mid -f recycling, MHT 2,
SRF to
power_station_generic

75%

61%

mid -d

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

66%

265.48

-0.46

2031

526.48

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
power_station_generic

74%

66%

hi

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

47%

266.83

-0.33

2031

599.19

119.76

37.03

hi recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

79%

47%

79%

47%

mid -d recycling, MBT AD 2 (SRF), SRF
Aerobic Digestion
to power_station_generic

hi recycling, MBT AD 1 (landfill), SRF to Wet AD with biogas to
Incineration 1 (electricity only)
transport fuel

hi recycling, MBT AD 1 (landfill), SRF to Wet AD with biogas to
Incineration 1 (electricity only)
grid injection

hi

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

47%

266.83

-0.33

2031

598.25

119.76

36.78

hi recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
transport fuel

mid -d

MBT aerobic 4

incineration_generic

30%

0%

-

65%

267.48

-0.37

2031

554.23

96.27

48.75

mid -d recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

72%

65%

72%

65%

mid -d

MBT aerobic 4

incineration_generic

30%

0%

-

65%

267.48

-0.37

2031

553.91

96.27

48.67

mid -d recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

Dry AD with electricity
generation

hi

MHT 2

power_station_generic

36%

0%

-

55%

267.54

-0.43

2031

618.31

119.76

42.03

hi recycling, MHT 2, SRF
to power_station_generic

83%

55%

lo recycling, MHT 2, SRF to Gasification Wet AD with electricity
1
generation

lo

MHT 2

ATT_generic

30%

0%

-

64%

267.59

-0.37

2031

602.59

109.48

48.20

lo recycling, MHT 2, SRF
to Gasification 1

77%

64%

mid -f recycling, MBT aerobic 4, SRF to Dry AD with electricity
power_station_generic
generation

mid -f

MBT aerobic 4

power_station_generic

36%

0%

-

68%

267.92

-0.41

2031

597.87

105.12

51.33

mid -f recycling, MBT
aerobic 4, SRF to
power_station_generic

73%

68%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Gasification 1
transport fuel

mid -f

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

58%

268.33

-0.32

2031

572.52

105.12

44.70

mid -f recycling, MBT AD
2 (SRF), SRF to
Gasification 1

73%

58%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Gasification 1
grid injection

mid -f

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

58%

268.33

-0.32

2031

571.94

105.12

44.54

mid -f recycling, MBT AD
2 (SRF), SRF to
Gasification 1

73%

58%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
grid injection

hi recycling, MHT 2, SRF to
power_station_generic

NC recycling, MHT 2, SRF to
Gasification 1

Wet AD with electricity
generation

NC

MHT 2

ATT_generic

30%

0%

-

70%

269.14

-0.24

2031

641.10

83.05

84.71

NC recycling, MHT 2, SRF
to Gasification 1

52%

70%

NC recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with electricity
generation

NC

MBT aerobic 4

ATT_generic

30%

0%

-

79%

269.76

-0.28

2031

644.33

83.05

85.55

NC recycling, MBT
aerobic 4, SRF to
Gasification 1

46%

79%

lo recycling, MHT 1, SRF to
power_station_generic

Dry AD with electricity
generation

lo

MHT 1

power_station_generic

36%

0%

-

64%

269.90

-0.43

2031

607.14

109.48

49.39

lo recycling, MHT 1, SRF
to power_station_generic

76%

64%

hi recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MBT aerobic 3

power_station_generic

36%

0%

-

33%

270.46

-0.41

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
3, SRF to
power_station_generic

78%

33%

hi recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MBT aerobic 3

power_station_generic

36%

0%

-

33%

270.46

-0.41

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
3, SRF to
power_station_generic

78%

33%

lo recycling, Incineration 4 (high
CHP)_total

Aerobic Digestion

lo

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

270.70

-0.36

2031

571.31

109.48

40.01

lo recycling, Incineration 4
(high CHP)_total

74%

57%

NC recycling, MHT 2, SRF to
Gasification 1

Dry AD with electricity
generation

NC

MHT 2

ATT_generic

30%

0%

-

271.12

-0.24

2020

642.20

83.05

85.00

NC recycling, MHT 2, SRF
to Gasification 1

52%

70%

85.96

NC recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

46%

79%

NC recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

NC

MBT aerobic 4

incineration_generic

30%

0%

-

70%

79%

SLR

271.32

-0.27

2031

645.86

83.05
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

NC recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -d recycling, Incineration 4 (high
CHP)_total

Aerobic Digestion

NC recycling, MBT aerobic 4, SRF to
Gasification 1

hi recycling, MHT 1, SRF to
power_station_generic

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

271.32

-0.27

2031

645.69

83.05

85.91

NC recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

46%

79%

273.11

-0.39

2031

514.64

96.27

38.39

mid -d recycling,
Incineration 4 (high
CHP)_total

74%

57%

79%

273.62

-0.27

2031

645.43

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
Gasification 1

46%

79%

-

55%

274.35

-0.44

2031

612.17

119.76

40.43

hi recycling, MHT 1, SRF
to power_station_generic

83%

55%

0%

-

68%

274.63

-0.21

2020

596.80

83.05

73.12

NC recycling, MBT AD 2
(SRF), SRF to
Gasification 1

46%

68%

0%

-

68%

274.63

-0.21

2020

596.63

83.05

73.07

NC recycling, MBT AD 2
(SRF), SRF to
Gasification 1

46%

68%

74%

66%

NC

MBT aerobic 4

incineration_generic

30%

0%

-

mid -d

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

Dry AD with electricity
generation

NC

MBT aerobic 4

ATT_generic

30%

0%

-

Wet AD with electricity
generation

hi

MHT 1

power_station_generic

36%

0%

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
Gasification 1
transport fuel

NC

MBT AD 2 (SRF)

ATT_generic

30%

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
Gasification 1
grid injection

NC

MBT AD 2 (SRF)

ATT_generic

30%

79%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Incineration 1 (electricity only)
transport fuel

mid -d

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

66%

275.88

-0.34

2031

527.31

96.27

41.71

mid -d recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Incineration 1 (electricity only)
grid injection

mid -d

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

66%

275.88

-0.34

2031

526.99

96.27

41.62

mid -d recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

74%

66%

mid -d recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -d

MHT 2

incineration_generic

30%

0%

-

70%

276.88

-0.37

2031

547.78

96.27

47.06

mid -d recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

70%

lo recycling, MHT 2, SRF to
power_station_generic

Aerobic Digestion

lo

MHT 2

power_station_generic

36%

0%

-

64%

277.57

-0.45

2031

607.11

109.48

49.38

lo recycling, MHT 2, SRF
to power_station_generic

76%

64%

NC recycling, MHT 2, SRF to
Gasification 1

Aerobic Digestion

NC

MHT 2

ATT_generic

30%

0%

-

70%

277.76

-0.24

2020

642.19

83.05

85.00

NC recycling, MHT 2, SRF
to Gasification 1

52%

70%

mid -f recycling, Incineration 4 (high
CHP)_total

Wet AD with electricity
generation

mid -f

Incineration 4 (high
CHP)_total

#N/A

16%

40%

52%

278.65

-0.37

2031

554.16

105.12

39.89

mid -f recycling,
Incineration 4 (high
CHP)_total

73%

52%

hi recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with electricity
generation

hi

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

54%

279.12

-0.47

2031

595.36

119.76

36.03

hi recycling, MBT AD 2
(SRF), SRF to
power_station_generic

81%

54%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to power_station_generic
generation

mid -f

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

58%

279.38

-0.46

2031

567.22

105.12

43.31

mid -f recycling, MBT AD
2 (SRF), SRF to
power_station_generic

73%

58%

lo recycling, MBT AD 1 (landfill), SRF to Wet AD with biogas to
Incineration 1 (electricity only)
transport fuel

lo

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

55%

279.71

-0.31

2031

577.01

109.48

41.50

lo recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

72%

55%

lo recycling, MBT AD 1 (landfill), SRF to Wet AD with biogas to
Incineration 1 (electricity only)
grid injection

lo

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

55%

279.71

-0.31

2031

576.31

109.48

41.32

lo recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

72%

55%

lo recycling, MHT 2, SRF to Gasification Dry AD with electricity
1
generation

lo

MHT 2

ATT_generic

30%

0%

-

64%

280.90

-0.35

2031

607.14

109.48

49.39

lo recycling, MHT 2, SRF
to Gasification 1

77%

64%

NC recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

NC

MHT 2

incineration_generic

30%

0%

-

70%

282.76

-0.23

2020

642.63

83.05

85.11

NC recycling, MHT 2, SRF
to Incineration 1
(electricity only)

52%

70%

NC recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

NC

MHT 2

incineration_generic

30%

0%

-

70%

282.76

-0.23

2020

642.46

83.05

85.07

NC recycling, MHT 2, SRF
to Incineration 1
(electricity only)

52%

70%

mid -f recycling, Incineration 4 (high
CHP)_total

Dry AD with electricity
generation

mid -f

Incineration 4 (high
CHP)_total

#N/A

16%

40%

52%

282.86

-0.35

2031

557.97

105.12

40.89

mid -f recycling,
Incineration 4 (high
CHP)_total

73%

52%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -d

MHT 1

power_station_generic

36%

0%

-

70%

282.95

-0.43

2031

549.87

96.27

47.61

mid -d recycling, MHT 1,
SRF to
power_station_generic

76%

70%

Wet AD with electricity
generation

hi

MBT aerobic 4

incineration_generic

30%

0%

-

60%

283.08

-0.40

2031

619.41

119.76

42.32

hi recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

82%

60%

lo recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
transport fuel

lo

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

283.15

-0.30

2031

580.27

109.48

42.36

lo recycling, Incineration 3
(medium CHP)_total

74%

57%

lo recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
grid injection

lo

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

283.15

-0.30

2031

579.58

109.48

42.18

lo recycling, Incineration 3
(medium CHP)_total

74%

57%

lo recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

lo

MBT aerobic 4

incineration_generic

30%

0%

-

73%

283.52

-0.37

2031

606.69

109.48

49.27

lo recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

74%

73%

mid -f recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -f

MHT 1

incineration_generic

30%

0%

-

61%

284.50

-0.31

2031

597.07

105.12

51.12

mid -f recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

61%

mid -f recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -f

MHT 1

incineration_generic

30%

0%

-

61%

284.50

-0.31

2031

596.48

105.12

50.97

mid -f recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

61%

NC

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

68%

284.93

-0.21

2020

595.27

83.05

72.72

NC recycling, MBT AD 2
(SRF), SRF to
Gasification 1

46%

68%

mid -d

MHT 2

incineration_generic

30%

0%

-

70%

285.01

-0.36

2031

549.88

96.27

47.62

mid -d recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

70%

hi recycling, MHT 2, SRF to Gasification Wet AD with electricity
1
generation

hi

MHT 2

ATT_generic

30%

0%

-

55%

285.16

-0.38

2031

612.17

119.76

40.43

hi recycling, MHT 2, SRF
to Gasification 1

84%

55%

NC recycling, MBT AD 2 (SRF), SRF to Dry AD with electricity
Gasification 1
generation

NC

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

68%

286.43

-0.21

2020

596.37

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to
Gasification 1

46%

68%

mid -f recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to power_station_generic
generation

mid -f

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

58%

286.76

-0.45

2031

571.03

105.12

44.30

mid -f recycling, MBT AD
2 (SRF), SRF to
power_station_generic

73%

58%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to Gasification 1
generation

mid -d

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

66%

286.92

-0.36

2031

524.39

96.27

40.94

mid -d recycling, MBT AD
2 (SRF), SRF to
Gasification 1

74%

66%

mid -d recycling, MHT 1, SRF to
power_station_generic

Aerobic Digestion

hi recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with electricity
Gasification 1
generation

mid -d recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

NC recycling, MBT aerobic 4, SRF to
Gasification 1

Aerobic Digestion

NC

MBT aerobic 4

ATT_generic

30%

0%

-

79%

287.15

-0.27

2031

645.42

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
Gasification 1

46%

79%

lo recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

Dirty MRF 1

incineration_generic

30%

0%

-

63%

287.31

-0.35

2031

562.03

109.48

37.58

lo recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

76%

63%

lo recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

Dirty MRF 1

incineration_generic

30%

0%

-

63%

287.31

-0.35

2031

561.33

109.48

37.40

lo recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

76%

63%

mid -f

MBT aerobic 4

ATT_generic

30%

0%

-

68%

287.47

-0.38

2031

594.06

105.12

50.33

mid -f recycling, MBT
aerobic 4, SRF to
Gasification 1

73%

68%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with electricity
Gasification 1
generation

hi recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MBT aerobic 1

power_station_generic

36%

0%

-

33%

288.55

-0.39

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
1, SRF to
power_station_generic

78%

33%

hi recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MBT aerobic 1

power_station_generic

36%

0%

-

33%

288.55

-0.39

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
1, SRF to
power_station_generic

78%

33%

mid -d recycling, MHT 2, SRF to
Gasification 1

Aerobic Digestion

mid -d

MHT 2

ATT_generic

30%

0%

-

70%

288.74

-0.37

2031

549.87

96.27

47.61

mid -d recycling, MHT 2,
SRF to Gasification 1

76%

70%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MBT aerobic 1

power_station_generic

36%

0%

-

43%

289.12

-0.38

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
1, SRF to
power_station_generic

70%

43%

lo recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MBT aerobic 1

power_station_generic

36%

0%

-

43%

289.12

-0.38

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
1, SRF to
power_station_generic

70%

43%

hi recycling, MBT aerobic 4, SRF to
Gasification 1

Dry AD with electricity
generation

hi

MBT aerobic 4

ATT_generic

30%

0%

-

60%

289.69

-0.37

2031

625.55

119.76

43.93

hi recycling, MBT aerobic
4, SRF to Gasification 1

82%

60%

mid -f recycling, MHT 1, SRF to
power_station_generic

Wet AD with electricity
generation

mid -f

MHT 1

power_station_generic

36%

0%

-

61%

289.82

-0.43

2031

591.76

105.12

49.73

mid -f recycling, MHT 1,
SRF to
power_station_generic

75%

61%

hi recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

hi

Dirty MRF 1

ATT_generic

30%

0%

-

52%

290.21

-0.35

2031

586.63

119.76

33.74

hi recycling, Dirty MRF 1,
SRF to Gasification 1

82%

52%

hi recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

hi

Dirty MRF 1

ATT_generic

30%

0%

-

52%

290.21

-0.35

2031

585.69

119.76

33.50

hi recycling, Dirty MRF 1,
SRF to Gasification 1

82%

52%

lo recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with electricity
generation

lo

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

62%

290.25

-0.35

2031

578.64

109.48

41.93

lo recycling, MBT AD 2
(SRF), SRF to
Gasification 1

74%

62%

mid -d

MBT aerobic 4

power_station_generic

36%

0%

-

65%

290.75

-0.42

2031

551.30

96.27

47.99

mid -d recycling, MBT
aerobic 4, SRF to
power_station_generic

72%

65%

lo

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

62%

291.38

-0.45

2031

583.15

109.48

43.11

lo recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

62%

NC

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

68%

291.80

-0.21

2020

596.36

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to
Gasification 1

46%

68%

mid -d

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

66%

292.86

-0.35

2031

526.49

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
Gasification 1

74%

66%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with electricity
power_station_generic
generation

lo recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Aerobic Digestion

NC recycling, MBT AD 2 (SRF), SRF to
Aerobic Digestion
Gasification 1

mid -d recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to Gasification 1
generation

hi recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Dry AD with electricity
generation

hi

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

54%

293.03

-0.44

2031

601.50

119.76

37.63

hi recycling, MBT AD 2
(SRF), SRF to
power_station_generic

81%

54%

mid -d recycling, MHT 1, SRF to
Gasification 1

Wet AD with electricity
generation

mid -d

MHT 1

ATT_generic

30%

0%

-

70%

293.12

-0.37

2031

547.78

96.27

47.06

mid -d recycling, MHT 1,
SRF to Gasification 1

76%

70%

NC recycling, MHT 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

NC

MHT 1

ATT_generic

30%

0%

-

70%

293.47

-0.22

2020

642.63

83.05

85.11

NC recycling, MHT 1, SRF
to Gasification 1

52%

70%

NC recycling, MHT 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

NC

MHT 1

ATT_generic

30%

0%

-

70%

293.47

-0.22

2020

642.46

83.05

85.07

NC recycling, MHT 1, SRF
to Gasification 1

52%

70%

hi recycling, Incineration 4 (high
CHP)_total

Wet AD with electricity
generation

hi

Incineration 4 (high
CHP)_total

#N/A

16%

40%

47%

293.58

-0.39

2031

586.10

119.76

33.60

hi recycling, Incineration
4 (high CHP)_total

80%

47%

lo recycling, MHT 2, SRF to Incineration Wet AD with electricity
1 (electricity only)
generation

lo

MHT 2

incineration_generic

30%

0%

-

64%

294.49

-0.36

2031

602.59

109.48

48.20

lo recycling, MHT 2, SRF
to Incineration 1
(electricity only)

77%

64%

hi recycling, MHT 1, SRF to
power_station_generic

Dry AD with electricity
generation

hi

MHT 1

power_station_generic

36%

0%

-

55%

294.73

-0.41

2031

618.31

119.76

42.03

hi recycling, MHT 1, SRF
to power_station_generic

83%

55%

lo recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
transport fuel

lo

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

295.09

-0.29

2031

528.56

109.48

28.83

lo recycling, Gasification
Gas Engine 2_total

74%

57%

lo recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
grid injection

lo

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

295.09

-0.29

2031

527.87

109.48

28.65

lo recycling, Gasification
Gas Engine 2_total

74%

57%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo recycling, True Pyrolysis 1_total

Wet AD with biogas to
transport fuel

lo

True Pyrolysis
1_total

#N/A

32%

0%

57%

296.32

-0.28

2031

555.16

109.48

35.79

lo recycling, True
Pyrolysis 1_total

74%

57%

lo recycling, True Pyrolysis 1_total

Wet AD with biogas to
grid injection

lo

True Pyrolysis
1_total

#N/A

32%

0%

57%

296.32

-0.28

2031

554.46

109.48

35.60

lo recycling, True
Pyrolysis 1_total

74%

57%

73%

58%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Incineration 1 (electricity only)
transport fuel

mid -f

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

58%

296.50

-0.30

2031

572.52

105.12

44.70

mid -f recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Incineration 1 (electricity only)
grid injection

mid -f

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

58%

296.50

-0.30

2031

571.94

105.12

44.54

mid -f recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

73%

58%

NC recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

NC

MHT 2

incineration_generic

30%

0%

-

70%

296.61

-0.23

2020

641.10

83.05

84.71

NC recycling, MHT 2, SRF
to Incineration 1
(electricity only)

52%

70%

NC recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

NC

MBT aerobic 4

incineration_generic

30%

0%

-

79%

297.22

-0.27

2031

644.33

83.05

85.55

NC recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

46%

79%

mid -f recycling, Incineration 4 (high
CHP)_total

Aerobic Digestion

mid -f

Incineration 4 (high
CHP)_total

#N/A

16%

40%

52%

298.42

-0.35

2031

557.94

105.12

40.88

mid -f recycling,
Incineration 4 (high
CHP)_total

73%

52%

NC recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

NC

MHT 2

incineration_generic

30%

0%

-

70%

298.57

-0.23

2020

642.20

83.05

85.00

NC recycling, MHT 2, SRF
to Incineration 1
(electricity only)

52%

70%

lo recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

lo

MBT aerobic 3

ATT_generic

30%

0%

-

43%

299.18

-0.30

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
3, SRF to Gasification 1

71%

43%

lo recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
grid injection

lo

MBT aerobic 3

ATT_generic

30%

0%

-

43%

299.18

-0.30

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
3, SRF to Gasification 1

71%

43%

hi recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

hi

MBT aerobic 3

ATT_generic

30%

0%

-

33%

299.52

-0.31

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
3, SRF to Gasification 1

78%

33%

hi recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
grid injection

hi

MBT aerobic 3

ATT_generic

30%

0%

-

33%

299.52

-0.31

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
3, SRF to Gasification 1

78%

33%

lo recycling, MHT 1, SRF to Gasification Wet AD with electricity
1
generation

lo

MHT 1

ATT_generic

30%

0%

-

64%

300.11

-0.36

2031

602.59

109.48

48.20

lo recycling, MHT 1, SRF
to Gasification 1

77%

64%

lo recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Dry AD with electricity
generation

lo

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

62%

300.71

-0.33

2031

583.18

109.48

43.12

lo recycling, MBT AD 2
(SRF), SRF to
Gasification 1

74%

62%

mid -f recycling, MHT 1, SRF to
power_station_generic

Dry AD with electricity
generation

mid -f

MHT 1

power_station_generic

36%

0%

-

61%

300.81

-0.41

2031

595.57

105.12

50.73

mid -f recycling, MHT 1,
SRF to
power_station_generic

75%

61%

NC recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

NC

MBT aerobic 4

incineration_generic

30%

0%

-

79%

301.04

-0.27

2031

645.43

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

46%

79%

mid -f recycling, MHT 2, SRF to
power_station_generic

Aerobic Digestion

mid -f

MHT 2

power_station_generic

36%

0%

-

61%

301.52

-0.44

2031

595.55

105.12

50.72

mid -f recycling, MHT 2,
SRF to
power_station_generic

75%

61%

hi recycling, Incineration 4 (high
CHP)_total

Dry AD with electricity
generation

hi

Incineration 4 (high
CHP)_total

#N/A

16%

40%

47%

301.55

-0.36

2031

592.24

119.76

35.21

hi recycling, Incineration
4 (high CHP)_total

80%

47%

mid -f recycling, MHT 2, SRF to
Gasification 1

Wet AD with electricity
generation

mid -f

MHT 2

ATT_generic

30%

0%

-

61%

301.61

-0.35

2031

591.76

105.12

49.73

mid -f recycling, MHT 2,
SRF to Gasification 1

76%

61%

mid -d recycling, MHT 1, SRF to
Gasification 1

Dry AD with electricity
generation

mid -d

MHT 1

ATT_generic

30%

0%

-

70%

302.71

-0.36

2031

549.88

96.27

47.62

mid -d recycling, MHT 1,
SRF to Gasification 1

76%

70%

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
Incineration 1 (electricity only)
transport fuel

NC

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

68%

303.25

-0.19

2015

596.80

83.05

73.12

NC recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

46%

68%

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
Incineration 1 (electricity only)
grid injection

NC

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

68%

303.25

-0.19

2015

596.63

83.05

73.07

NC recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

46%

68%

lo recycling, MBT aerobic 4, SRF to
power_station_generic

lo

MBT aerobic 4

power_station_generic

36%

0%

-

73%

303.30

-0.42

2031

606.67

109.48

49.26

lo recycling, MBT aerobic
4, SRF to
power_station_generic

74%

73%

mid -d

MBT aerobic 4

power_station_generic

36%

0%

-

65%

304.45

-0.41

2031

553.40

96.27

48.54

mid -d recycling, MBT
aerobic 4, SRF to
power_station_generic

72%

65%

NC

MHT 2

incineration_generic

30%

0%

-

70%

306.05

-0.23

2020

642.19

83.05

85.00

NC recycling, MHT 2, SRF
to Incineration 1
(electricity only)

52%

70%

hi recycling, MHT 2, SRF to Gasification Dry AD with electricity
1
generation

hi

MHT 2

ATT_generic

30%

0%

-

55%

306.25

-0.35

2031

618.31

119.76

42.03

hi recycling, MHT 2, SRF
to Gasification 1

84%

55%

lo recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
transport fuel

lo

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

307.37

-0.29

2031

542.15

109.48

32.38

lo recycling, Gasification
Gas Engine 1_total

74%

57%

lo recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
grid injection

lo

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

307.37

-0.29

2031

541.46

109.48

32.20

lo recycling, Gasification
Gas Engine 1_total

74%

57%

mid -f recycling, MBT aerobic 4, SRF to Dry AD with electricity
Gasification 1
generation

mid -f

MBT aerobic 4

ATT_generic

30%

0%

-

68%

307.61

-0.36

2031

597.87

105.12

51.33

mid -f recycling, MBT
aerobic 4, SRF to
Gasification 1

73%

68%

lo recycling, MHT 2, SRF to Incineration Dry AD with electricity
1 (electricity only)
generation

lo

MHT 2

incineration_generic

30%

0%

-

64%

307.67

-0.34

2031

607.14

109.48

49.39

lo recycling, MHT 2, SRF
to Incineration 1
(electricity only)

77%

64%

hi recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
transport fuel

hi

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

47%

308.92

-0.31

2031

600.05

119.76

37.25

hi recycling, Incineration
3 (medium CHP)_total

80%

47%

hi recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
grid injection

hi

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

47%

308.92

-0.31

2031

599.11

119.76

37.01

hi recycling, Incineration
3 (medium CHP)_total

80%

47%

NC recycling, MHT 1, SRF to
Gasification 1

Wet AD with electricity
generation

NC

MHT 1

ATT_generic

30%

0%

-

70%

310.23

-0.23

2020

641.10

83.05

84.71

NC recycling, MHT 1, SRF
to Gasification 1

52%

70%

hi recycling, MHT 1, SRF to Gasification Wet AD with electricity
1
generation

hi

MHT 1

ATT_generic

30%

0%

-

55%

312.16

-0.38

2031

612.17

119.76

40.43

hi recycling, MHT 1, SRF
to Gasification 1

84%

55%

NC recycling, MHT 1, SRF to
Gasification 1

Dry AD with electricity
generation

NC

MHT 1

ATT_generic

30%

0%

-

70%

312.51

-0.22

2020

642.20

83.05

85.00

NC recycling, MHT 1, SRF
to Gasification 1

52%

70%

mid -f recycling, MHT 2, SRF to
Gasification 1

Dry AD with electricity
generation

mid -f

MHT 2

ATT_generic

30%

0%

-

61%

313.00

-0.33

2031

595.57

105.12

50.73

mid -f recycling, MHT 2,
SRF to Gasification 1

76%

61%

lo recycling, Gasification 1_total

Wet AD with biogas to
transport fuel

lo

Gasification 1_total

#N/A

30%

0%

57%

313.64

-0.28

2031

467.41

109.48

12.82

lo recycling, Gasification
1_total

74%

57%

lo recycling, Gasification 1_total

Wet AD with biogas to
grid injection

lo

Gasification 1_total

#N/A

30%

0%

57%

313.64

-0.28

2031

466.71

109.48

12.64

lo recycling, Gasification
1_total

74%

57%

hi recycling, MHT 2, SRF to Incineration Wet AD with electricity
1 (electricity only)
generation

hi

MHT 2

incineration_generic

30%

0%

-

313.65

-0.38

2031

612.17

119.76

40.43

hi recycling, MHT 2, SRF
to Incineration 1
(electricity only)

84%

55%

72.72

NC recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

46%

68%

Aerobic Digestion

mid -d recycling, MBT aerobic 4, SRF to Dry AD with electricity
power_station_generic
generation

NC recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with electricity
Incineration 1 (electricity only)
generation

NC

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

55%

68%

SLR

314.51

-0.19

2020

595.27

83.05
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

Dry AD with electricity
generation

hi

MBT aerobic 4

incineration_generic

30%

0%

-

60%

314.66

-0.37

2031

625.55

119.76

43.93

hi recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

82%

60%

lo recycling, MHT 1, SRF to Gasification Dry AD with electricity
1
generation

lo

MHT 1

ATT_generic

30%

0%

-

64%

315.03

-0.34

2031

607.14

109.48

49.39

lo recycling, MHT 1, SRF
to Gasification 1

77%

64%

NC recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
transport fuel

NC

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

62%

315.45

-0.18

2015

581.24

83.05

69.05

NC recycling, Incineration
3 (medium CHP)_total

46%

62%

NC recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
grid injection

NC

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

62%

315.45

-0.18

2015

581.07

83.05

69.00

NC recycling, Incineration
3 (medium CHP)_total

46%

62%

hi recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
transport fuel

hi

Gasification Gas
Engine 2_total

#N/A

32%

0%

47%

315.92

-0.30

2031

561.00

119.76

27.04

hi recycling, Gasification
Gas Engine 2_total

80%

47%

hi recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
grid injection

hi

Gasification Gas
Engine 2_total

#N/A

32%

0%

47%

315.92

-0.30

2031

560.07

119.76

26.79

hi recycling, Gasification
Gas Engine 2_total

80%

47%

46%

68%

hi recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

NC recycling, MBT AD 2 (SRF), SRF to Dry AD with electricity
Incineration 1 (electricity only)
generation

mid -f recycling, MBT AD 2 (SRF), SRF
Aerobic Digestion
to power_station_generic

NC

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

68%

315.99

-0.19

2015

596.37

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

mid -f

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

58%

316.21

-0.45

2031

571.00

105.12

44.30

mid -f recycling, MBT AD
2 (SRF), SRF to
power_station_generic

73%

58%

73%

68%

mid -f

MBT aerobic 4

incineration_generic

30%

0%

-

68%

316.24

-0.37

2031

594.06

105.12

50.33

mid -f recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

NC

MBT aerobic 4

incineration_generic

30%

0%

-

79%

316.27

-0.27

2031

645.42

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

46%

79%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to Incineration 1 (electricity only)
generation

mid -d

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

66%

316.54

-0.35

2031

524.39

96.27

40.94

mid -d recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

74%

66%

mid -d recycling, MBT AD 2 (SRF), SRF
Aerobic Digestion
to Gasification 1

mid -d

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

66%

316.65

-0.35

2031

526.48

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
Gasification 1

74%

66%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with electricity
Incineration 1 (electricity only)
generation

NC recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

hi recycling, True Pyrolysis 1_total

Wet AD with biogas to
transport fuel

hi

True Pyrolysis
1_total

#N/A

32%

0%

47%

316.87

-0.29

2031

581.08

119.76

32.29

hi recycling, True
Pyrolysis 1_total

80%

47%

hi recycling, True Pyrolysis 1_total

Wet AD with biogas to
grid injection

hi

True Pyrolysis
1_total

#N/A

32%

0%

47%

316.87

-0.29

2031

580.14

119.76

32.05

hi recycling, True
Pyrolysis 1_total

80%

47%

hi recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

hi

MBT aerobic 1

ATT_generic

30%

0%

-

33%

317.57

-0.30

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
1, SRF to Gasification 1

78%

33%

hi recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

hi

MBT aerobic 1

ATT_generic

30%

0%

-

33%

317.57

-0.30

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
1, SRF to Gasification 1

78%

33%

mid -d recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -d

MHT 2

incineration_generic

30%

0%

-

70%

317.68

-0.36

2031

549.87

96.27

47.61

mid -d recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

70%

NC recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

NC

Dirty MRF 1

ATT_generic

30%

0%

-

69%

318.41

-0.28

2031

546.42

83.05

59.93

NC recycling, Dirty MRF
1, SRF to Gasification 1

50%

69%

NC recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

NC

Dirty MRF 1

ATT_generic

30%

0%

-

69%

318.41

-0.28

2031

546.25

83.05

59.89

NC recycling, Dirty MRF
1, SRF to Gasification 1

50%

69%

hi recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with electricity
generation

hi

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

54%

318.79

-0.37

2031

595.36

119.76

36.03

hi recycling, MBT AD 2
(SRF), SRF to
Gasification 1

81%

54%

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -f recycling, MBT aerobic 3, SRF to Wet AD with biogas to
power_station_generic
transport fuel

mid -f

MBT aerobic 3

power_station_generic

36%

0%

-

38%

319.30

-0.40

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 3, SRF to
power_station_generic

68%

38%

mid -f recycling, MBT aerobic 3, SRF to Wet AD with biogas to
power_station_generic
grid injection

mid -f

MBT aerobic 3

power_station_generic

36%

0%

-

38%

319.30

-0.40

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 3, SRF to
power_station_generic

68%

38%

74%

62%

lo recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

lo

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

62%

320.03

-0.34

2031

578.64

109.48

41.93

lo recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

mid -f recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -f

Dirty MRF 1

ATT_generic

30%

0%

-

58%

320.34

-0.34

2031

549.22

105.12

38.60

mid -f recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

58%

mid -f recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -f

Dirty MRF 1

ATT_generic

30%

0%

-

58%

320.34

-0.34

2031

548.64

105.12

38.45

mid -f recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

58%

hi recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

Dirty MRF 1

incineration_generic

30%

0%

-

52%

320.62

-0.34

2031

586.63

119.76

33.74

hi recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

82%

52%

hi recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

Dirty MRF 1

incineration_generic

30%

0%

-

52%

320.62

-0.34

2031

585.69

119.76

33.50

hi recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

82%

52%

NC recycling, MHT 1, SRF to
Gasification 1

Aerobic Digestion

NC

MHT 1

ATT_generic

30%

0%

-

70%

321.84

-0.22

2020

642.19

83.05

85.00

NC recycling, MHT 1, SRF
to Gasification 1

52%

70%

46%

68%

NC recycling, MBT AD 2 (SRF), SRF to
Aerobic Digestion
Incineration 1 (electricity only)

mid -d recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to Incineration 1 (electricity only)
generation

NC

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

68%

322.06

-0.19

2015

596.36

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

mid -d

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

66%

322.44

-0.34

2031

526.49

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

74%

66%

lo

MHT 1

power_station_generic

36%

0%

-

64%

322.46

-0.43

2031

607.11

109.48

49.38

lo recycling, MHT 1, SRF
to power_station_generic

76%

64%

70%

322.82

-0.36

2031

547.78

96.27

47.06

mid -d recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

70%

323.31

-0.19

2015

579.71

83.05

68.64

NC recycling, Incineration
3 (medium CHP)_total

46%

62%

lo recycling, MHT 1, SRF to
power_station_generic

Aerobic Digestion

mid -d recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -d

MHT 1

incineration_generic

30%

0%

-

NC recycling, Incineration 3 (medium
CHP)_total

Wet AD with electricity
generation

NC

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

62%

NC recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

NC

MHT 1

incineration_generic

30%

0%

-

70%

323.64

-0.21

2020

642.63

83.05

85.11

NC recycling, MHT 1, SRF
to Incineration 1
(electricity only)

52%

70%

NC recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

NC

MHT 1

incineration_generic

30%

0%

-

70%

323.64

-0.21

2020

642.46

83.05

85.07

NC recycling, MHT 1, SRF
to Incineration 1
(electricity only)

52%

70%

lo recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

lo

MBT aerobic 1

ATT_generic

30%

0%

-

43%

324.16

-0.29

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
1, SRF to Gasification 1

71%

43%

lo recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

lo

MBT aerobic 1

ATT_generic

30%

0%

-

43%

324.16

-0.29

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
1, SRF to Gasification 1

71%

43%

NC recycling, Incineration 3 (medium
CHP)_total

Dry AD with electricity
generation

NC

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

62%

324.31

-0.18

2015

580.81

83.05

68.93

NC recycling, Incineration
3 (medium CHP)_total

46%

62%

mid -f

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

325.84

-0.33

2031

567.22

105.12

43.31

mid -f recycling, MBT AD
2 (SRF), SRF to
Gasification 1

73%

58%

39.02

mid -d recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

71%

56%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to Gasification 1
generation

mid -d recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -d

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

58%

56%

SLR

327.08

-0.34

2031

517.04
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

327.08

-0.34

2031

516.72

96.27

38.94

mid -d recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

71%

56%

47%

327.17

-0.29

2031

571.26

119.76

29.72

hi recycling, Gasification
Gas Engine 1_total

80%

47%

0%

47%

327.17

-0.29

2031

570.33

119.76

29.48

hi recycling, Gasification
Gas Engine 1_total

80%

47%

0%

-

327.53

-0.30

2031

564.30

105.12

42.54

mid -f recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

71%

51%

71%

51%

mid -d recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -d

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

hi recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
transport fuel

hi

Gasification Gas
Engine 1_total

#N/A

30%

0%

hi recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
grid injection

hi

Gasification Gas
Engine 1_total

#N/A

30%

mid -f recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -f

MBT AD 1 (landfill)

incineration_generic

30%

mid -f recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

56%

51%

327.53

-0.30

2031

563.72

105.12

42.39

mid -f recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

57%

327.94

-0.33

2031

522.68

96.27

40.50

mid -d recycling,
Incineration 3 (medium
CHP)_total

74%

57%

20%

57%

327.94

-0.33

2031

522.36

96.27

40.41

mid -d recycling,
Incineration 3 (medium
CHP)_total

74%

57%

328.48

-0.18

2015

580.80

83.05

68.93

NC recycling, Incineration
3 (medium CHP)_total

46%

62%

Wet AD with biogas to
grid injection

mid -f

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

mid -d recycling, Incineration 3 (medium Wet AD with biogas to
CHP)_total
transport fuel

mid -d

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

mid -d recycling, Incineration 3 (medium Wet AD with biogas to
CHP)_total
grid injection

mid -d

Incineration 3
(medium
CHP)_total

#N/A

20%

51%

NC recycling, Incineration 3 (medium
CHP)_total

Aerobic Digestion

NC

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

62%

lo recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with electricity
generation

lo

Dirty MRF 1

ATT_generic

30%

0%

-

63%

328.77

-0.38

2031

555.70

109.48

35.93

lo recycling, Dirty MRF 1,
SRF to Gasification 1

76%

63%

NC recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with electricity
generation

NC

Dirty MRF 1

ATT_generic

30%

0%

-

69%

330.16

-0.28

2031

544.89

83.05

59.53

NC recycling, Dirty MRF
1, SRF to Gasification 1

50%

69%

lo recycling, MHT 1, SRF to Incineration Wet AD with electricity
1 (electricity only)
generation

lo

MHT 1

incineration_generic

30%

0%

-

64%

330.37

-0.35

2031

602.59

109.48

48.20

lo recycling, MHT 1, SRF
to Incineration 1
(electricity only)

77%

64%

lo recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

lo

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

62%

330.39

-0.32

2031

583.18

109.48

43.12

lo recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

74%

62%

lo recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

MBT aerobic 3

incineration_generic

30%

0%

-

43%

330.52

-0.29

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

71%

43%

lo recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

MBT aerobic 3

incineration_generic

30%

0%

-

43%

330.52

-0.29

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

71%

43%

hi recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

MBT aerobic 3

incineration_generic

30%

0%

-

33%

331.08

-0.30

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

78%

33%

hi recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

MBT aerobic 3

incineration_generic

30%

0%

-

33%

331.08

-0.30

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

78%

33%

NC recycling, Dirty MRF 1, SRF to
Gasification 1

Dry AD with electricity
generation

NC

Dirty MRF 1

ATT_generic

30%

0%

-

69%

331.63

-0.28

2031

545.99

83.05

59.82

NC recycling, Dirty MRF
1, SRF to Gasification 1

50%

69%

mid -f recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -f

MHT 2

incineration_generic

30%

0%

-

61%

332.15

-0.34

2031

591.76

105.12

49.73

mid -f recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

61%

mid -f recycling, Incineration 3 (medium Wet AD with biogas to
CHP)_total
transport fuel

mid -f

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

52%

332.30

-0.29

2031

566.92

105.12

43.23

mid -f recycling,
Incineration 3 (medium
CHP)_total

73%

52%

mid -f recycling, Incineration 3 (medium Wet AD with biogas to
CHP)_total
grid injection

mid -f

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

52%

332.30

-0.29

2031

566.34

105.12

43.08

mid -f recycling,
Incineration 3 (medium
CHP)_total

73%

52%

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

332.31

-0.35

2031

549.88

96.27

47.62

mid -d recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

70%

57%

332.78

-0.27

2031

582.87

109.48

43.04

lo recycling, Incineration 2
(low CHP)_total

74%

57%

10%

57%

332.78

-0.27

2031

582.17

109.48

42.85

lo recycling, Incineration 2
(low CHP)_total

74%

57%

30%

0%

47%

332.87

-0.29

2031

514.83

119.76

14.95

hi recycling, Gasification
1_total

80%

47%

#N/A

30%

0%

47%

332.87

-0.29

2031

513.89

119.76

14.71

hi recycling, Gasification
1_total

80%

47%

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

58%

334.41

-0.32

2031

571.03

105.12

44.30

mid -f recycling, MBT AD
2 (SRF), SRF to
Gasification 1

73%

58%

hi

MHT 2

incineration_generic

30%

0%

-

55%

334.57

-0.35

2031

618.31

119.76

42.03

hi recycling, MHT 2, SRF
to Incineration 1
(electricity only)

84%

55%

Dry AD with electricity
generation

hi

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

54%

334.60

-0.34

2031

601.50

119.76

37.63

hi recycling, MBT AD 2
(SRF), SRF to
Gasification 1

81%

54%

Wet AD with electricity
generation

lo

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

335.20

-0.32

2031

573.94

109.48

40.70

lo recycling, Incineration 3
(medium CHP)_total

74%

57%

hi recycling, MHT 1, SRF to Gasification Dry AD with electricity
1
generation

hi

MHT 1

ATT_generic

30%

0%

-

335.24

-0.35

2031

618.31

119.76

42.03

hi recycling, MHT 1, SRF
to Gasification 1

84%

55%

hi recycling, Incineration 4 (high
CHP)_total

hi

Incineration 4 (high
CHP)_total

#N/A

16%

40%

47%

335.95

-0.36

2031

592.20

119.76

35.20

hi recycling, Incineration
4 (high CHP)_total

80%

47%

mid -f

MBT aerobic 4

incineration_generic

30%

0%

-

68%

336.21

-0.35

2031

597.87

105.12

51.33

mid -f recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

73%

68%

NC

Dirty MRF 1

ATT_generic

30%

0%

-

69%

338.05

-0.28

2031

545.98

83.05

59.82

NC recycling, Dirty MRF
1, SRF to Gasification 1

50%

69%

mid -d

MBT aerobic 4

ATT_generic

30%

0%

-

65%

338.44

-0.38

2031

551.30

96.27

47.99

mid -d recycling, MBT
aerobic 4, SRF to
Gasification 1

72%

65%

lo recycling, MHT 2, SRF to Gasification
Aerobic Digestion
1

lo

MHT 2

ATT_generic

30%

0%

-

64%

339.07

-0.35

2031

607.11

109.48

49.38

lo recycling, MHT 2, SRF
to Gasification 1

77%

64%

lo recycling, Dirty MRF 1, SRF to
Gasification 1

Dry AD with electricity
generation

lo

Dirty MRF 1

ATT_generic

30%

0%

-

63%

339.29

-0.36

2031

560.24

109.48

37.12

lo recycling, Dirty MRF 1,
SRF to Gasification 1

76%

63%

mid -d recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -d

Dirty MRF 1

ATT_generic

30%

0%

-

61%

340.52

-0.36

2031

507.85

96.27

36.62

mid -d recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

61%

mid -d recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -d

Dirty MRF 1

ATT_generic

30%

0%

-

61%

340.52

-0.36

2031

507.53

96.27

36.53

mid -d recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

61%

mid -f recycling, MHT 1, SRF to
Gasification 1

Wet AD with electricity
generation

mid -f

MHT 1

ATT_generic

30%

0%

-

61%

340.53

-0.34

2031

591.76

105.12

49.73

mid -f recycling, MHT 1,
SRF to Gasification 1

76%

61%

NC recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MBT aerobic 3

power_station_generic

36%

0%

-

50%

340.54

-0.35

2031

588.97

83.05

71.07

NC recycling, MBT
aerobic 3, SRF to
power_station_generic

38%

50%

mid -d recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -d

MHT 1

incineration_generic

30%

0%

-

lo recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
transport fuel

lo

Incineration 2 (low
CHP)_total

#N/A

22%

10%

lo recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
grid injection

lo

Incineration 2 (low
CHP)_total

#N/A

22%

hi recycling, Gasification 1_total

Wet AD with biogas to
transport fuel

hi

Gasification 1_total

#N/A

hi recycling, Gasification 1_total

Wet AD with biogas to
grid injection

hi

Gasification 1_total

mid -f recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to Gasification 1
generation

mid -f

hi recycling, MHT 2, SRF to Incineration Dry AD with electricity
1 (electricity only)
generation

hi recycling, MBT AD 2 (SRF), SRF to
Gasification 1

lo recycling, Incineration 3 (medium
CHP)_total

Aerobic Digestion

mid -f recycling, MBT aerobic 4, SRF to Dry AD with electricity
Incineration 1 (electricity only)
generation

NC recycling, Dirty MRF 1, SRF to
Gasification 1

Aerobic Digestion

mid -d recycling, MBT aerobic 4, SRF to Wet AD with electricity
Gasification 1
generation

70%

55%

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

NC recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MBT aerobic 3

power_station_generic

36%

0%

-

50%

340.54

-0.35

2031

588.80

83.05

71.02

NC recycling, MBT
aerobic 3, SRF to
power_station_generic

38%

50%

NC recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

NC

MHT 1

incineration_generic

30%

0%

-

70%

341.91

-0.21

2020

641.10

83.05

84.71

NC recycling, MHT 1, SRF
to Incineration 1
(electricity only)

52%

70%

lo recycling, Incineration 3 (medium
CHP)_total

Dry AD with electricity
generation

lo

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

342.55

-0.30

2031

578.49

109.48

41.89

lo recycling, Incineration 3
(medium CHP)_total

74%

57%

lo recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with electricity
generation

lo

MBT aerobic 3

power_station_generic

36%

0%

-

43%

343.17

-0.43

2031

573.64

109.48

40.62

lo recycling, MBT aerobic
3, SRF to
power_station_generic

70%

43%

mid -f recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -f

MHT 2

incineration_generic

30%

0%

-

61%

343.42

-0.32

2031

595.57

105.12

50.73

mid -f recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

61%

hi recycling, MHT 1, SRF to Incineration Wet AD with electricity
1 (electricity only)
generation

hi

MHT 1

incineration_generic

30%

0%

-

55%

343.48

-0.37

2031

612.17

119.76

40.43

hi recycling, MHT 1, SRF
to Incineration 1
(electricity only)

84%

55%

NC recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

NC

MHT 1

incineration_generic

30%

0%

-

70%

344.17

-0.21

2020

642.20

83.05

85.00

NC recycling, MHT 1, SRF
to Incineration 1
(electricity only)

52%

70%

NC recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
transport fuel

NC

Gasification Gas
Engine 2_total

#N/A

32%

0%

62%

344.43

-0.16

2015

474.31

83.05

41.06

NC recycling, Gasification
Gas Engine 2_total

46%

62%

NC recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
grid injection

NC

Gasification Gas
Engine 2_total

#N/A

32%

0%

62%

344.43

-0.16

2015

474.14

83.05

41.02

NC recycling, Gasification
Gas Engine 2_total

46%

62%

lo

MHT 1

incineration_generic

30%

0%

-

64%

345.16

-0.33

2031

607.14

109.48

49.39

lo recycling, MHT 1, SRF
to Incineration 1
(electricity only)

77%

64%

mid -d

MHT 1

ATT_generic

30%

0%

-

70%

345.66

-0.36

2031

549.87

96.27

47.61

mid -d recycling, MHT 1,
SRF to Gasification 1

76%

70%

lo recycling, MHT 1, SRF to Incineration Dry AD with electricity
1 (electricity only)
generation

mid -d recycling, MHT 1, SRF to
Gasification 1

Aerobic Digestion

lo recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
transport fuel

lo

Incineration 1
(electricity
only)_total

#N/A

30%

0%

57%

346.34

-0.27

2031

523.66

109.48

27.54

lo recycling, Incineration 1
(electricity only)_total

74%

57%

lo recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
grid injection

lo

Incineration 1
(electricity
only)_total

#N/A

30%

0%

57%

346.34

-0.27

2031

522.97

109.48

27.36

lo recycling, Incineration 1
(electricity only)_total

74%

57%

NC recycling, True Pyrolysis 1_total

Wet AD with biogas to
transport fuel

NC

True Pyrolysis
1_total

#N/A

32%

0%

62%

346.89

-0.14

2015

529.30

83.05

55.45

NC recycling, True
Pyrolysis 1_total

46%

62%

NC recycling, True Pyrolysis 1_total

Wet AD with biogas to
grid injection

NC

True Pyrolysis
1_total

#N/A

32%

0%

62%

346.89

-0.14

2015

529.13

83.05

55.41

NC recycling, True
Pyrolysis 1_total

46%

62%

mid -f

MBT aerobic 4

power_station_generic

36%

0%

-

68%

347.32

-0.41

2031

597.85

105.12

51.32

mid -f recycling, MBT
aerobic 4, SRF to
power_station_generic

73%

68%

lo

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

62%

348.01

-0.33

2031

583.15

109.48

43.11

lo recycling, MBT AD 2
(SRF), SRF to
Gasification 1

74%

62%

mid -d recycling, MBT AD 2 (SRF), SRF
Aerobic Digestion
to Incineration 1 (electricity only)

mid -d

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

66%

349.19

-0.34

2031

526.48

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

74%

66%

mid -f recycling, Gasification Gas
Engine 2_total

Wet AD with biogas to
transport fuel

mid -f

Gasification Gas
Engine 2_total

#N/A

32%

0%

52%

349.83

-0.28

2031

513.02

105.12

29.13

mid -f recycling,
Gasification Gas Engine
2_total

73%

52%

mid -f recycling, Gasification Gas
Engine 2_total

Wet AD with biogas to
grid injection

mid -f

Gasification Gas
Engine 2_total

#N/A

32%

0%

52%

349.83

-0.28

2031

512.44

105.12

28.97

mid -f recycling,
Gasification Gas Engine
2_total

73%

52%

mid -f recycling, MBT aerobic 4, SRF to
Aerobic Digestion
power_station_generic

lo recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Aerobic Digestion

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -d recycling, MBT aerobic 3, SRF to Wet AD with biogas to
power_station_generic
transport fuel

mid -d

MBT aerobic 3

power_station_generic

36%

0%

-

40%

349.84

-0.40

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 3, SRF to
power_station_generic

69%

40%

mid -d recycling, MBT aerobic 3, SRF to Wet AD with biogas to
power_station_generic
grid injection

mid -d

MBT aerobic 3

power_station_generic

36%

0%

-

40%

349.84

-0.40

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 3, SRF to
power_station_generic

69%

40%

41%

61%

NC recycling, MBT AD 1 (landfill), SRF
to Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

NC

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

61%

349.91

-0.18

2015

580.90

83.05

68.96

NC recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

NC recycling, MBT AD 1 (landfill), SRF
to Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

NC

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

61%

349.91

-0.18

2015

580.73

83.05

68.91

NC recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

41%

61%

mid -d recycling, Gasification Gas
Engine 2_total

Wet AD with biogas to
transport fuel

mid -d

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

349.92

-0.33

2031

470.62

96.27

26.88

mid -d recycling,
Gasification Gas Engine
2_total

74%

57%

mid -d recycling, Gasification Gas
Engine 2_total

Wet AD with biogas to
grid injection

mid -d

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

349.92

-0.33

2031

470.30

96.27

26.79

mid -d recycling,
Gasification Gas Engine
2_total

74%

57%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with biogas to
power_station_generic
transport fuel

mid -f

MBT aerobic 1

power_station_generic

36%

0%

-

38%

350.42

-0.37

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 1, SRF to
power_station_generic

68%

38%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with biogas to
power_station_generic
grid injection

mid -f

MBT aerobic 1

power_station_generic

36%

0%

-

38%

350.42

-0.37

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 1, SRF to
power_station_generic

68%

38%

mid -f recycling, MHT 1, SRF to
power_station_generic

Aerobic Digestion

mid -f

MHT 1

power_station_generic

36%

0%

-

61%

351.04

-0.41

2031

595.55

105.12

50.72

mid -f recycling, MHT 1,
SRF to
power_station_generic

75%

61%

NC recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

NC

Dirty MRF 1

incineration_generic

30%

0%

-

69%

351.11

-0.26

2031

546.42

83.05

59.93

NC recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

50%

69%

NC recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

NC

Dirty MRF 1

incineration_generic

30%

0%

-

69%

351.11

-0.26

2031

546.25

83.05

59.89

NC recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

50%

69%

hi recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

MBT aerobic 1

incineration_generic

30%

0%

-

33%

351.16

-0.29

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

78%

33%

hi recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

MBT aerobic 1

incineration_generic

30%

0%

-

33%

351.16

-0.29

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

78%

33%

hi recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

hi

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

54%

351.45

-0.36

2031

595.36

119.76

36.03

hi recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

81%

54%

mid -f recycling, True Pyrolysis 1_total

Wet AD with biogas to
transport fuel

mid -f

True Pyrolysis
1_total

#N/A

32%

0%

52%

351.51

-0.27

2031

540.74

105.12

36.38

mid -f recycling, True
Pyrolysis 1_total

73%

52%

mid -f recycling, True Pyrolysis 1_total

Wet AD with biogas to
grid injection

mid -f

True Pyrolysis
1_total

#N/A

32%

0%

52%

351.51

-0.27

2031

540.16

105.12

36.23

mid -f recycling, True
Pyrolysis 1_total

73%

52%

mid -d recycling, True Pyrolysis 1_total

Wet AD with biogas to
transport fuel

mid -d

True Pyrolysis
1_total

#N/A

32%

0%

57%

351.89

-0.32

2031

497.39

96.27

33.88

mid -d recycling, True
Pyrolysis 1_total

74%

57%

mid -d recycling, True Pyrolysis 1_total

Wet AD with biogas to
grid injection

mid -d

True Pyrolysis
1_total

#N/A

32%

0%

57%

351.89

-0.32

2031

497.07

96.27

33.80

mid -d recycling, True
Pyrolysis 1_total

74%

57%

hi recycling, MHT 2, SRF to
power_station_generic

Aerobic Digestion

hi

MHT 2

power_station_generic

36%

0%

-

55%

352.57

-0.43

2031

618.27

119.76

42.02

hi recycling, MHT 2, SRF
to power_station_generic

83%

55%

mid -f recycling, MHT 1, SRF to
Gasification 1

Dry AD with electricity
generation

mid -f

MHT 1

ATT_generic

30%

0%

-

61%

353.39

-0.32

2031

595.57

105.12

50.73

mid -f recycling, MHT 1,
SRF to Gasification 1

76%

61%

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -f recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -f

Dirty MRF 1

incineration_generic

30%

0%

-

58%

353.69

-0.33

2031

549.22

105.12

38.60

mid -f recycling, Dirty
MRF 1, SRF to
Incineration 1 (electricity
only)

75%

58%

mid -f recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -f

Dirty MRF 1

incineration_generic

30%

0%

-

58%

353.69

-0.33

2031

548.64

105.12

38.45

mid -f recycling, Dirty
MRF 1, SRF to
Incineration 1 (electricity
only)

75%

58%

mid -d recycling, MBT aerobic 4, SRF to Dry AD with electricity
Gasification 1
generation

mid -d

MBT aerobic 4

ATT_generic

30%

0%

-

65%

354.32

-0.37

2031

553.40

96.27

48.54

mid -d recycling, MBT
aerobic 4, SRF to
Gasification 1

72%

65%

70%

354.62

-0.21

2020

642.19

83.05

85.00

NC recycling, MHT 1, SRF
to Incineration 1
(electricity only)

52%

70%

354.94

-0.17

2015

472.77

83.05

40.66

NC recycling, Gasification
Gas Engine 2_total

46%

62%

354.96

-0.41

2031

578.19

109.48

41.81

lo recycling, MBT aerobic
3, SRF to
power_station_generic

70%

43%

NC recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

NC

MHT 1

incineration_generic

30%

0%

-

NC recycling, Gasification Gas Engine
2_total

Wet AD with electricity
generation

NC

Gasification Gas
Engine 2_total

#N/A

32%

0%

62%

lo recycling, MBT aerobic 3, SRF to
power_station_generic

Dry AD with electricity
generation

lo

MBT aerobic 3

power_station_generic

36%

0%

-

hi recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
transport fuel

hi

Incineration 2 (low
CHP)_total

#N/A

22%

10%

47%

355.46

-0.28

2031

602.00

119.76

37.77

hi recycling, Incineration
2 (low CHP)_total

80%

47%

hi recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
grid injection

hi

Incineration 2 (low
CHP)_total

#N/A

22%

10%

47%

355.46

-0.28

2031

601.07

119.76

37.52

hi recycling, Incineration
2 (low CHP)_total

80%

47%

NC recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with electricity
generation

NC

MBT aerobic 3

power_station_generic

36%

0%

-

355.89

-0.36

2031

587.44

83.05

70.67

NC recycling, MBT
aerobic 3, SRF to
power_station_generic

38%

50%

NC recycling, Gasification Gas Engine
2_total

Dry AD with electricity
generation

NC

Gasification Gas
Engine 2_total

#N/A

32%

0%

62%

356.16

-0.16

2015

473.88

83.05

40.95

NC recycling, Gasification
Gas Engine 2_total

46%

62%

NC recycling, True Pyrolysis 1_total

Wet AD with electricity
generation

NC

True Pyrolysis
1_total

#N/A

32%

0%

62%

357.60

-0.14

2015

527.76

83.05

55.05

NC recycling, True
Pyrolysis 1_total

46%

62%

NC recycling, MBT aerobic 3, SRF to
power_station_generic

Dry AD with electricity
generation

NC

MBT aerobic 3

power_station_generic

36%

0%

-

50%

357.70

-0.35

2031

588.54

83.05

70.96

NC recycling, MBT
aerobic 3, SRF to
power_station_generic

38%

50%

lo recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

MBT aerobic 1

incineration_generic

30%

0%

-

43%

358.28

-0.28

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

71%

43%

lo recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

MBT aerobic 1

incineration_generic

30%

0%

-

43%

358.28

-0.28

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

71%

43%

hi recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Aerobic Digestion

hi

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

54%

358.29

-0.44

2031

601.46

119.76

37.62

hi recycling, MBT AD 2
(SRF), SRF to
power_station_generic

81%

54%

NC recycling, True Pyrolysis 1_total

Dry AD with electricity
generation

NC

True Pyrolysis
1_total

#N/A

32%

0%

62%

358.83

-0.14

2015

528.86

83.05

55.34

NC recycling, True
Pyrolysis 1_total

46%

62%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to Incineration 1 (electricity only)
generation

mid -f

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

359.47

-0.32

2031

567.22

105.12

43.31

mid -f recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

73%

58%

mid -d recycling, Incineration 3 (medium Wet AD with electricity
CHP)_total
generation

mid -d

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

359.53

-0.34

2031

519.75

96.27

39.73

mid -d recycling,
Incineration 3 (medium
CHP)_total

74%

57%

lo

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

359.96

-0.31

2031

522.23

109.48

27.17

lo recycling, Gasification
Gas Engine 2_total

74%

57%

39.85

lo recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

72%

55%

lo recycling, Gasification Gas Engine
2_total

Wet AD with electricity
generation

lo recycling, MBT AD 1 (landfill), SRF to Wet AD with electricity
Incineration 1 (electricity only)
generation

lo

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

43%

50%

58%

55%

SLR

361.72

-0.33

2031

570.68

109.48
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

NC recycling, Gasification Gas Engine
2_total

Aerobic Digestion

NC

Gasification Gas
Engine 2_total

#N/A

32%

0%

62%

361.96

-0.16

2015

473.87

83.05

40.95

NC recycling, Gasification
Gas Engine 2_total

46%

62%

lo recycling, True Pyrolysis 1_total

Wet AD with electricity
generation

lo

True Pyrolysis
1_total

#N/A

32%

0%

57%

362.13

-0.30

2031

548.83

109.48

34.13

lo recycling, True
Pyrolysis 1_total

74%

57%

lo recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

lo

Dirty MRF 1

incineration_generic

30%

0%

-

362.17

-0.37

2031

555.70

109.48

35.93

lo recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

76%

63%

mid -d

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

363.38

-0.33

2031

521.86

96.27

40.28

mid -d recycling,
Incineration 3 (medium
CHP)_total

74%

57%

363.91

-0.27

2031

544.89

83.05

59.53

NC recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

50%

69%

mid -d recycling, Incineration 3 (medium Dry AD with electricity
CHP)_total
generation

63%

NC recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

NC

Dirty MRF 1

incineration_generic

30%

0%

-

NC recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
transport fuel

NC

Gasification Gas
Engine 1_total

#N/A

30%

0%

62%

364.20

-0.15

2015

502.41

83.05

48.42

NC recycling, Gasification
Gas Engine 1_total

46%

62%

NC recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
grid injection

NC

Gasification Gas
Engine 1_total

#N/A

30%

0%

62%

364.20

-0.15

2015

502.24

83.05

48.37

NC recycling, Gasification
Gas Engine 1_total

46%

62%

NC recycling, True Pyrolysis 1_total

Aerobic Digestion

NC

True Pyrolysis
1_total

#N/A

32%

0%

62%

364.76

-0.14

2015

528.86

83.05

55.34

NC recycling, True
Pyrolysis 1_total

46%

62%

41%

61%

69%

NC

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

61%

364.98

-0.18

2015

579.37

83.05

68.56

NC recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

mid -f recycling, MBT aerobic 3, SRF to Wet AD with biogas to
Gasification 1
transport fuel

mid -f

MBT aerobic 3

ATT_generic

30%

0%

-

38%

365.24

-0.28

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

38%

mid -f recycling, MBT aerobic 3, SRF to Wet AD with biogas to
Gasification 1
grid injection

mid -f

MBT aerobic 3

ATT_generic

30%

0%

-

38%

365.24

-0.28

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

38%

69%

365.36

-0.26

2031

545.99

83.05

59.82

NC recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

50%

69%

NC recycling, MBT AD 1 (landfill), SRF
to Incineration 1 (electricity only)

Wet AD with electricity
generation

NC recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

NC

Dirty MRF 1

incineration_generic

30%

0%

-

mid -f recycling, Gasification Gas
Engine 1_total

Wet AD with biogas to
transport fuel

mid -f

Gasification Gas
Engine 1_total

#N/A

30%

0%

52%

365.58

-0.27

2031

527.19

105.12

32.83

mid -f recycling,
Gasification Gas Engine
1_total

73%

52%

mid -f recycling, Gasification Gas
Engine 1_total

Wet AD with biogas to
grid injection

mid -f

Gasification Gas
Engine 1_total

#N/A

30%

0%

52%

365.58

-0.27

2031

526.60

105.12

32.68

mid -f recycling,
Gasification Gas Engine
1_total

73%

52%

hi recycling, MHT 1, SRF to Incineration Dry AD with electricity
1 (electricity only)
generation

hi

MHT 1

incineration_generic

30%

0%

-

55%

366.40

-0.34

2031

618.31

119.76

42.03

hi recycling, MHT 1, SRF
to Incineration 1
(electricity only)

84%

55%

NC recycling, MBT aerobic 3, SRF to
power_station_generic

Aerobic Digestion

NC

MBT aerobic 3

power_station_generic

36%

0%

-

50%

366.40

-0.35

2031

588.53

83.05

70.95

NC recycling, MBT
aerobic 3, SRF to
power_station_generic

38%

50%

NC recycling, MBT AD 1 (landfill), SRF
to Incineration 1 (electricity only)

Dry AD with electricity
generation

NC

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

61%

366.70

-0.18

2015

580.47

83.05

68.84

NC recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

41%

61%

hi recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

hi

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

54%

367.14

-0.33

2031

601.50

119.76

37.63

hi recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

81%

54%

mid -d recycling, Gasification Gas
Engine 1_total

Wet AD with biogas to
transport fuel

mid -d

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

367.23

-0.32

2031

484.30

96.27

30.45

mid -d recycling,
Gasification Gas Engine
1_total

74%

57%

mid -d recycling, Gasification Gas
Engine 1_total

Wet AD with biogas to
grid injection

mid -d

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

367.23

-0.32

2031

483.98

96.27

30.37

mid -d recycling,
Gasification Gas Engine
1_total

74%

57%

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

hi recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
transport fuel

hi

Incineration 1
(electricity
only)_total

#N/A

30%

0%

47%

367.84

-0.28

2031

557.30

119.76

26.07

hi recycling, Incineration
1 (electricity only)_total

80%

47%

hi recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
grid injection

hi

Incineration 1
(electricity
only)_total

#N/A

30%

0%

47%

367.84

-0.28

2031

556.36

119.76

25.82

hi recycling, Incineration
1 (electricity only)_total

80%

47%

73%

58%

mid -f recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to Incineration 1 (electricity only)
generation

mid -f

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

58%

367.96

-0.30

2031

571.03

105.12

44.30

mid -f recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

mid -f recycling, MHT 2, SRF to
Gasification 1

Aerobic Digestion

mid -f

MHT 2

ATT_generic

30%

0%

-

61%

368.33

-0.33

2031

595.55

105.12

50.72

mid -f recycling, MHT 2,
SRF to Gasification 1

76%

61%

lo recycling, Gasification Gas Engine
2_total

Dry AD with electricity
generation

lo

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

368.75

-0.29

2031

526.78

109.48

28.36

lo recycling, Gasification
Gas Engine 2_total

74%

57%

lo recycling, MBT aerobic 4, SRF to
Gasification 1

Aerobic Digestion

lo

MBT aerobic 4

ATT_generic

30%

0%

-

370.45

-0.37

2031

606.67

109.48

49.26

lo recycling, MBT aerobic
4, SRF to Gasification 1

74%

73%

lo recycling, True Pyrolysis 1_total

Dry AD with electricity
generation

lo

True Pyrolysis
1_total

#N/A

32%

0%

57%

371.01

-0.28

2031

553.37

109.48

35.32

lo recycling, True
Pyrolysis 1_total

74%

57%

mid -d

MBT aerobic 4

power_station_generic

36%

0%

-

65%

371.82

-0.41

2031

553.39

96.27

48.53

mid -d recycling, MBT
aerobic 4, SRF to
power_station_generic

72%

65%

mid -d recycling, MBT aerobic 4, SRF to
Aerobic Digestion
power_station_generic

73%

NC recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

NC

Dirty MRF 1

incineration_generic

30%

0%

-

69%

372.55

-0.26

2031

545.98

83.05

59.82

NC recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

50%

69%

lo recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

lo

Dirty MRF 1

incineration_generic

30%

0%

-

63%

372.59

-0.35

2031

560.24

109.48

37.12

lo recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

76%

63%

lo

MHT 2

incineration_generic

30%

0%

-

64%

372.66

-0.34

2031

607.11

109.48

49.38

lo recycling, MHT 2, SRF
to Incineration 1
(electricity only)

77%

64%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with electricity
Incineration 1 (electricity only)
generation

mid -d

MBT aerobic 4

incineration_generic

30%

0%

-

65%

372.74

-0.38

2031

551.30

96.27

47.99

mid -d recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

72%

65%

lo recycling, MBT AD 1 (landfill), SRF to Dry AD with electricity
Incineration 1 (electricity only)
generation

lo

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

55%

373.44

-0.31

2031

575.22

109.48

41.04

lo recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

72%

55%

lo recycling, MHT 2, SRF to Incineration
Aerobic Digestion
1 (electricity only)

mid -f recycling, Gasification 1_total

Wet AD with biogas to
transport fuel

mid -f

Gasification 1_total

#N/A

30%

0%

52%

373.66

-0.27

2031

449.28

105.12

12.45

mid -f recycling,
Gasification 1_total

73%

52%

mid -f recycling, Gasification 1_total

Wet AD with biogas to
grid injection

mid -f

Gasification 1_total

#N/A

30%

0%

52%

373.66

-0.27

2031

448.70

105.12

12.29

mid -f recycling,
Gasification 1_total

73%

52%

NC recycling, Gasification 1_total

Wet AD with biogas to
transport fuel

NC

Gasification 1_total

#N/A

30%

0%

62%

374.54

-0.14

2015

347.84

83.05

7.97

NC recycling, Gasification
1_total

46%

62%

NC recycling, Gasification 1_total

Wet AD with biogas to
grid injection

NC

Gasification 1_total

#N/A

30%

0%

62%

374.54

-0.14

2015

347.67

83.05

7.93

NC recycling, Gasification
1_total

46%

62%

mid -f recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -f

MHT 1

incineration_generic

30%

0%

-

61%

375.12

-0.33

2031

591.76

105.12

49.73

mid -f recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

61%

NC recycling, MBT AD 1 (landfill), SRF
to Incineration 1 (electricity only)

Aerobic Digestion

NC

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

61%

375.27

-0.18

2015

580.46

83.05

68.84

NC recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

41%

61%

36.62

mid -d recycling, Dirty
MRF 1, SRF to
Incineration 1 (electricity
only)

75%

61%

mid -d recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -d

Dirty MRF 1

incineration_generic

30%

0%

-

61%

SLR

375.82

-0.35

2031

507.85

96.27
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

375.82

-0.35

2031

507.53

96.27

36.53

mid -d recycling, Dirty
MRF 1, SRF to
Incineration 1 (electricity
only)

75%

61%

62%

375.97

-0.15

2015

500.87

83.05

48.02

NC recycling, Gasification
Gas Engine 1_total

46%

62%

0%

57%

376.18

-0.32

2031

409.06

96.27

10.76

mid -d recycling,
Gasification 1_total

74%

57%

30%

0%

57%

376.18

-0.32

2031

408.74

96.27

10.68

mid -d recycling,
Gasification 1_total

74%

57%

#N/A

30%

0%

62%

377.26

-0.15

2015

501.97

83.05

48.30

NC recycling, Gasification
Gas Engine 1_total

46%

62%

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

377.32

-0.32

2031

571.00

105.12

44.30

mid -f recycling, MBT AD
2 (SRF), SRF to
Gasification 1

73%

58%

378.40

-0.31

2031

535.82

109.48

30.73

lo recycling, Gasification
Gas Engine 1_total

74%

57%

378.77

-0.44

2031

594.56

119.76

35.82

hi recycling, MBT aerobic
3, SRF to
power_station_generic

78%

33%

mid -d recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -d

Dirty MRF 1

incineration_generic

30%

0%

-

NC recycling, Gasification Gas Engine
1_total

Wet AD with electricity
generation

NC

Gasification Gas
Engine 1_total

#N/A

30%

0%

mid -d recycling, Gasification 1_total

Wet AD with biogas to
transport fuel

mid -d

Gasification 1_total

#N/A

30%

mid -d recycling, Gasification 1_total

Wet AD with biogas to
grid injection

mid -d

Gasification 1_total

#N/A

NC recycling, Gasification Gas Engine
1_total

Dry AD with electricity
generation

NC

Gasification Gas
Engine 1_total

mid -f

mid -f recycling, MBT AD 2 (SRF), SRF
Aerobic Digestion
to Gasification 1

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

61%

58%

lo recycling, Gasification Gas Engine
1_total

Wet AD with electricity
generation

lo

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

hi recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with electricity
generation

hi

MBT aerobic 3

power_station_generic

36%

0%

-

lo recycling, Incineration 3 (medium
CHP)_total

Aerobic Digestion

lo

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

379.65

-0.30

2031

578.46

109.48

41.88

lo recycling, Incineration 3
(medium CHP)_total

74%

57%

mid -f recycling, Incineration 3 (medium Wet AD with electricity
CHP)_total
generation

mid -f

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

52%

380.06

-0.31

2031

561.61

105.12

41.84

mid -f recycling,
Incineration 3 (medium
CHP)_total

73%

52%

hi recycling, MBT AD 1 (landfill), SRF to Wet AD with electricity
Incineration 1 (electricity only)
generation

hi

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

47%

380.12

-0.36

2031

590.64

119.76

34.79

hi recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

79%

47%

Aerobic Digestion

mid -d

MHT 1

incineration_generic

30%

0%

-

70%

380.30

-0.35

2031

549.87

96.27

47.61

mid -d recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

70%

mid -d recycling, Incineration 3 (medium
Aerobic Digestion
CHP)_total

mid -d

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

383.03

-0.33

2031

521.84

96.27

40.28

mid -d recycling,
Incineration 3 (medium
CHP)_total

74%

57%

383.39

-0.32

2031

583.15

109.48

43.11

lo recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

74%

62%

383.88

-0.15

2015

501.97

83.05

48.30

NC recycling, Gasification
Gas Engine 1_total

46%

62%

mid -d recycling, MHT 1, SRF to
Incineration 1 (electricity only)

33%

lo recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Aerobic Digestion

lo

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

NC recycling, Gasification Gas Engine
1_total

Aerobic Digestion

NC

Gasification Gas
Engine 1_total

#N/A

30%

0%

62%

lo recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with electricity
generation

lo

MBT aerobic 1

power_station_generic

36%

0%

-

43%

384.71

-0.41

2031

573.64

109.48

40.62

lo recycling, MBT aerobic
1, SRF to
power_station_generic

70%

43%

mid -d recycling, MBT aerobic 1, SRF to Wet AD with biogas to
power_station_generic
transport fuel

mid -d

MBT aerobic 1

power_station_generic

36%

0%

-

40%

385.67

-0.38

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 1, SRF to
power_station_generic

69%

40%

mid -d recycling, MBT aerobic 1, SRF to Wet AD with biogas to
power_station_generic
grid injection

mid -d

MBT aerobic 1

power_station_generic

36%

0%

-

40%

385.67

-0.38

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 1, SRF to
power_station_generic

69%

40%

mid -f recycling, Incineration 3 (medium Dry AD with electricity
CHP)_total
generation

mid -f

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

52%

385.80

-0.29

2031

565.43

105.12

42.84

mid -f recycling,
Incineration 3 (medium
CHP)_total

73%

52%

38.26

mid -d recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

71%

56%

mid -d recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -d

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

62%

56%

SLR

385.84

-0.35

2031

514.12

96.27
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

386.95

-0.37

2031

504.93

96.27

35.85

mid -d recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

61%

387.00

-0.15

2015

346.30

83.05

7.57

NC recycling, Gasification
1_total

46%

62%

387.18

-0.36

2031

543.92

105.12

37.21

mid -f recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

58%

387.64

-0.29

2031

540.37

109.48

31.92

lo recycling, Gasification
Gas Engine 1_total

74%

57%

387.85

-0.31

2031

595.57

105.12

50.73

mid -f recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

61%

57%

387.95

-0.30

2031

461.08

109.48

11.17

lo recycling, Gasification
1_total

74%

57%

0%

62%

388.33

-0.14

2015

347.40

83.05

7.86

NC recycling, Gasification
1_total

46%

62%

30%

0%

-

65%

388.48

-0.37

2031

553.40

96.27

48.54

mid -d recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

72%

65%

mid -d recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with electricity
generation

mid -d

Dirty MRF 1

ATT_generic

30%

0%

-

NC recycling, Gasification 1_total

Wet AD with electricity
generation

NC

Gasification 1_total

#N/A

30%

0%

62%

mid -f recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with electricity
generation

mid -f

Dirty MRF 1

ATT_generic

30%

0%

-

lo recycling, Gasification Gas Engine
1_total

Dry AD with electricity
generation

lo

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

mid -f recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -f

MHT 1

incineration_generic

30%

0%

-

lo recycling, Gasification 1_total

Wet AD with electricity
generation

lo

Gasification 1_total

#N/A

30%

0%

NC recycling, Gasification 1_total

Dry AD with electricity
generation

NC

Gasification 1_total

#N/A

30%

mid -d

MBT aerobic 4

incineration_generic

mid -d recycling, MBT aerobic 4, SRF to Dry AD with electricity
Incineration 1 (electricity only)
generation

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

61%

58%

61%

NC recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MBT aerobic 1

power_station_generic

36%

0%

-

50%

388.71

-0.31

2031

588.97

83.05

71.07

NC recycling, MBT
aerobic 1, SRF to
power_station_generic

38%

50%

NC recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MBT aerobic 1

power_station_generic

36%

0%

-

50%

388.71

-0.31

2031

588.80

83.05

71.02

NC recycling, MBT
aerobic 1, SRF to
power_station_generic

38%

50%

mid -d recycling, Gasification Gas
Engine 2_total

Wet AD with electricity
generation

mid -d

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

390.75

-0.34

2031

467.70

96.27

26.11

mid -d recycling,
Gasification Gas Engine
2_total

74%

57%

hi recycling, Incineration 3 (medium
CHP)_total

Wet AD with electricity
generation

hi

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

47%

390.85

-0.34

2031

591.50

119.76

35.02

hi recycling, Incineration
3 (medium CHP)_total

80%

47%

NC recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
transport fuel

NC

Incineration 2 (low
CHP)_total

#N/A

22%

10%

62%

390.93

-0.12

-

586.60

83.05

70.45

NC recycling, Incineration
2 (low CHP)_total

46%

62%

NC recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
grid injection

NC

Incineration 2 (low
CHP)_total

#N/A

22%

10%

62%

390.93

-0.12

-

586.43

83.05

70.40

NC recycling, Incineration
2 (low CHP)_total

46%

62%

mid -d recycling, Dirty MRF 1, SRF to
Gasification 1

Dry AD with electricity
generation

mid -d

Dirty MRF 1

ATT_generic

30%

0%

-

61%

392.40

-0.36

2031

507.03

96.27

36.40

mid -d recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

61%

mid -d recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -d

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

56%

393.02

-0.34

2031

516.22

96.27

38.81

mid -d recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

71%

56%

mid -d recycling, True Pyrolysis 1_total

Wet AD with electricity
generation

mid -d

True Pyrolysis
1_total

#N/A

32%

0%

57%

393.41

-0.33

2031

494.47

96.27

33.11

mid -d recycling, True
Pyrolysis 1_total

74%

57%

mid -f recycling, MBT aerobic 3, SRF to Wet AD with electricity
power_station_generic
generation

mid -f

MBT aerobic 3

power_station_generic

36%

0%

-

393.58

-0.42

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 3, SRF to
power_station_generic

68%

38%

38%

lo recycling, Gasification 2_total

Wet AD with biogas to
transport fuel

lo

Gasification 2_total

#N/A

21%

0%

57%

393.60

-0.25

2031

560.29

109.48

37.13

lo recycling, Gasification
2_total

74%

57%

lo recycling, Gasification 2_total

Wet AD with biogas to
grid injection

lo

Gasification 2_total

#N/A

21%

0%

57%

393.60

-0.25

2031

559.60

109.48

36.95

lo recycling, Gasification
2_total

74%

57%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo recycling, MHT 1, SRF to Gasification
Aerobic Digestion
1

lo

MHT 1

ATT_generic

30%

0%

-

64%

393.91

-0.34

2031

607.11

109.48

49.38

lo recycling, MHT 1, SRF
to Gasification 1

77%

64%

hi recycling, MBT aerobic 3, SRF to
power_station_generic

Dry AD with electricity
generation

hi

MBT aerobic 3

power_station_generic

36%

0%

-

33%

394.78

-0.41

2031

600.70

119.76

37.43

hi recycling, MBT aerobic
3, SRF to
power_station_generic

78%

33%

lo recycling, Dirty MRF 1, SRF to
Gasification 1

Aerobic Digestion

lo

Dirty MRF 1

ATT_generic

30%

0%

-

63%

395.13

-0.36

2031

560.21

109.48

37.11

lo recycling, Dirty MRF 1,
SRF to Gasification 1

76%

63%

mid -f recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
transport fuel

mid -f

Incineration 2 (low
CHP)_total

#N/A

22%

10%

52%

395.17

-0.26

2031

569.62

105.12

43.94

mid -f recycling,
Incineration 2 (low
CHP)_total

73%

52%

mid -f recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
grid injection

mid -f

Incineration 2 (low
CHP)_total

#N/A

22%

10%

52%

395.17

-0.26

2031

569.04

105.12

43.78

mid -f recycling,
Incineration 2 (low
CHP)_total

73%

52%

NC recycling, Gasification 1_total

Aerobic Digestion

NC

Gasification 1_total

#N/A

30%

0%

62%

395.39

-0.14

2015

347.40

83.05

7.86

NC recycling, Gasification
1_total

46%

62%

mid -d recycling, Gasification Gas
Engine 2_total

Dry AD with electricity
generation

mid -d

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

395.41

-0.33

2031

469.80

96.27

26.66

mid -d recycling,
Gasification Gas Engine
2_total

74%

57%

mid -f recycling, Dirty MRF 1, SRF to
Gasification 1

Dry AD with electricity
generation

mid -f

Dirty MRF 1

ATT_generic

30%

0%

-

395.52

-0.34

2031

547.73

105.12

38.21

mid -f recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

58%

mid -d recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
transport fuel

mid -d

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

395.96

-0.31

2031

525.29

96.27

41.18

mid -d recycling,
Incineration 2 (low
CHP)_total

74%

57%

mid -d recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
grid injection

mid -d

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

395.96

-0.31

2031

524.97

96.27

41.10

mid -d recycling,
Incineration 2 (low
CHP)_total

74%

57%

hi recycling, MBT AD 1 (landfill), SRF to Dry AD with electricity
Incineration 1 (electricity only)
generation

hi

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

47%

397.09

-0.33

2031

596.78

119.76

36.40

hi recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

79%

47%

hi recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with electricity
generation

hi

Dirty MRF 1

ATT_generic

30%

0%

-

52%

397.20

-0.38

2031

578.08

119.76

31.51

hi recycling, Dirty MRF 1,
SRF to Gasification 1

82%

52%

lo recycling, Gasification 1_total

Dry AD with electricity
generation

lo

Gasification 1_total

#N/A

30%

0%

57%

397.43

-0.28

2031

465.62

109.48

12.36

lo recycling, Gasification
1_total

74%

57%

lo recycling, MBT aerobic 1, SRF to
power_station_generic

Dry AD with electricity
generation

lo

MBT aerobic 1

power_station_generic

36%

0%

-

397.93

-0.38

2031

578.19

109.48

41.81

lo recycling, MBT aerobic
1, SRF to
power_station_generic

70%

43%

mid -d recycling, True Pyrolysis 1_total

Dry AD with electricity
generation

mid -d

True Pyrolysis
1_total

#N/A

32%

0%

57%

398.13

-0.32

2031

496.57

96.27

33.66

mid -d recycling, True
Pyrolysis 1_total

74%

57%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with biogas to
Gasification 1
transport fuel

mid -f

MBT aerobic 1

ATT_generic

30%

0%

-

38%

398.36

-0.27

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

38%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with biogas to
Gasification 1
grid injection

mid -f

MBT aerobic 1

ATT_generic

30%

0%

-

38%

398.36

-0.27

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

38%

401.45

-0.31

2031

597.64

119.76

36.62

hi recycling, Incineration
3 (medium CHP)_total

80%

47%

402.11

-0.33

2031

573.64

109.48

40.62

lo recycling, MBT aerobic
3, SRF to Gasification 1

71%

43%

402.69

-0.26

2031

584.96

119.76

33.31

hi recycling, Gasification
2_total

80%

47%

hi recycling, Incineration 3 (medium
CHP)_total

Dry AD with electricity
generation

hi

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

47%

lo recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with electricity
generation

lo

MBT aerobic 3

ATT_generic

30%

0%

-

hi recycling, Gasification 2_total

Wet AD with biogas to
transport fuel

hi

Gasification 2_total

#N/A

21%

0%

47%

58%

43%

43%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

hi recycling, Gasification 2_total

AD option

Wet AD with biogas to
grid injection

mid -f recycling, MBT aerobic 3, SRF to Dry AD with electricity
power_station_generic
generation

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

hi

Gasification 2_total

#N/A

21%

0%

47%

mid -f

MBT aerobic 3

power_station_generic

36%

0%

-

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

38%

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

402.69

-0.26

2031

584.02

119.76

33.06

hi recycling, Gasification
2_total

80%

47%

402.87

-0.40

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 3, SRF to
power_station_generic

68%

38%

NC recycling, Incineration 2 (low
CHP)_total

Wet AD with electricity
generation

NC

Incineration 2 (low
CHP)_total

#N/A

22%

10%

62%

403.07

-0.13

-

585.07

83.05

70.05

NC recycling, Incineration
2 (low CHP)_total

46%

62%

lo recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
transport fuel

lo

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

403.52

-0.24

2031

553.18

109.48

35.27

lo recycling, Incineration 5
(medium efficiency
electricity)_total

74%

57%

lo recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
grid injection

lo

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

403.52

-0.24

2031

552.49

109.48

35.09

lo recycling, Incineration 5
(medium efficiency
electricity)_total

74%

57%

mid -f

MBT aerobic 3

incineration_generic

30%

0%

-

403.54

-0.27

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

69%

38%

69%

38%

mid -f recycling, MBT aerobic 3, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
transport fuel

mid -f recycling, MBT aerobic 3, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
grid injection

403.54

-0.27

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

404.32

-0.12

-

586.17

83.05

70.33

NC recycling, Incineration
2 (low CHP)_total

46%

62%

61%

405.12

-0.32

2031

595.55

105.12

50.72

mid -f recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

61%

-

40%

405.77

-0.31

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

40%

0%

-

40%

405.77

-0.31

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

40%

30%

0%

-

73%

406.05

-0.37

2031

606.67

109.48

49.26

lo recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

74%

73%

incineration_generic

30%

0%

-

51%

406.11

-0.32

2031

559.00

105.12

41.16

mid -f recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

71%

51%

55%

406.84

-0.41

2031

618.27

119.76

42.02

hi recycling, MHT 1, SRF
to power_station_generic

83%

55%

407.08

-0.29

2031

576.54

109.48

41.38

lo recycling, Incineration 2
(low CHP)_total

74%

57%

mid -f

MBT aerobic 3

incineration_generic

30%

0%

-

NC

Incineration 2 (low
CHP)_total

#N/A

22%

10%

62%

mid -f

MHT 2

incineration_generic

30%

0%

-

mid -d recycling, MBT aerobic 3, SRF to Wet AD with biogas to
Gasification 1
transport fuel

mid -d

MBT aerobic 3

ATT_generic

30%

0%

mid -d recycling, MBT aerobic 3, SRF to Wet AD with biogas to
Gasification 1
grid injection

mid -d

MBT aerobic 3

ATT_generic

30%

lo

MBT aerobic 4

incineration_generic

mid -f

MBT AD 1 (landfill)

NC recycling, Incineration 2 (low
CHP)_total

Dry AD with electricity
generation

mid -f recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

38%

38%

lo recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -f recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

Wet AD with electricity
generation

hi recycling, MHT 1, SRF to
power_station_generic

Aerobic Digestion

hi

MHT 1

power_station_generic

36%

0%

-

lo recycling, Incineration 2 (low
CHP)_total

Wet AD with electricity
generation

lo

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

NC recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with electricity
generation

NC

MBT aerobic 1

power_station_generic

36%

0%

-

50%

408.85

-0.31

2031

587.44

83.05

70.67

NC recycling, MBT
aerobic 1, SRF to
power_station_generic

38%

50%

NC recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

NC

MBT aerobic 3

ATT_generic

30%

0%

-

50%

409.66

-0.15

2015

588.97

83.05

71.07

NC recycling, MBT
aerobic 3, SRF to
Gasification 1

39%

50%

NC recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
grid injection

NC

MBT aerobic 3

ATT_generic

30%

0%

-

50%

409.66

-0.15

2015

588.80

83.05

71.02

NC recycling, MBT
aerobic 3, SRF to
Gasification 1

39%

50%

mid -f recycling, Gasification Gas
Engine 2_total

Wet AD with electricity
generation

mid -f

Gasification Gas
Engine 2_total

#N/A

32%

0%

52%

410.31

-0.30

2031

507.72

105.12

27.74

mid -f recycling,
Gasification Gas Engine
2_total

73%

52%

mid -d recycling, MBT aerobic 3, SRF to Wet AD with electricity
power_station_generic
generation

mid -d

MBT aerobic 3

power_station_generic

36%

0%

-

410.52

-0.41

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 3, SRF to
power_station_generic

69%

40%

40%

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority

Appendix D
39

402-01183-00003
June 2011

APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

410.92

-0.31

2031

588.54

83.05

70.96

NC recycling, MBT
aerobic 1, SRF to
power_station_generic

38%

50%

411.24

-0.12

-

586.16

83.05

70.33

NC recycling, Incineration
2 (low CHP)_total

46%

62%

411.94

-0.35

2031

584.22

119.76

33.11

hi recycling, Dirty MRF 1,
SRF to Gasification 1

82%

52%

57%

412.47

-0.33

2031

481.38

96.27

29.69

mid -d recycling,
Gasification Gas Engine
1_total

74%

57%

0%

52%

412.61

-0.25

2031

507.91

105.12

27.79

mid -f recycling,
Incineration 1 (electricity
only)_total

73%

52%

30%

0%

52%

412.61

-0.25

2031

507.33

105.12

27.64

mid -f recycling,
Incineration 1 (electricity
only)_total

73%

52%

#N/A

32%

0%

52%

412.92

-0.29

2031

535.43

105.12

34.99

mid -f recycling, True
Pyrolysis 1_total

73%

52%

Incineration 1
(electricity
only)_total

#N/A

30%

0%

62%

413.01

-0.11

-

464.16

83.05

38.41

NC recycling, Incineration
1 (electricity only)_total

46%

62%

NC

Incineration 1
(electricity
only)_total

#N/A

30%

0%

62%

413.01

-0.11

-

464.00

83.05

38.37

NC recycling, Incineration
1 (electricity only)_total

46%

62%

Wet AD with electricity
generation

hi

Gasification Gas
Engine 2_total

#N/A

32%

0%

47%

414.91

-0.33

2031

552.46

119.76

24.80

hi recycling, Gasification
Gas Engine 2_total

80%

47%

mid -d recycling, Incineration 1
(electricity only)_total

Wet AD with biogas to
transport fuel

mid -d

Incineration 1
(electricity
only)_total

#N/A

30%

0%

57%

415.19

-0.30

2031

465.69

96.27

25.58

mid -d recycling,
Incineration 1 (electricity
only)_total

74%

57%

mid -d recycling, Incineration 1
(electricity only)_total

Wet AD with biogas to
grid injection

mid -d

Incineration 1
(electricity
only)_total

#N/A

30%

0%

57%

415.19

-0.30

2031

465.37

96.27

25.50

mid -d recycling,
Incineration 1 (electricity
only)_total

74%

57%

hi recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with electricity
generation

hi

MBT aerobic 1

power_station_generic

36%

0%

-

33%

415.22

-0.42

2031

594.56

119.76

35.82

hi recycling, MBT aerobic
1, SRF to
power_station_generic

78%

33%

mid -f recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -f

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

51%

415.70

-0.30

2031

562.81

105.12

42.15

mid -f recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

71%

51%

lo recycling, MBT aerobic 3, SRF to
Gasification 1

Dry AD with electricity
generation

lo

MBT aerobic 3

ATT_generic

30%

0%

-

43%

415.86

-0.30

2031

578.19

109.48

41.81

lo recycling, MBT aerobic
3, SRF to Gasification 1

71%

43%

mid -f

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

58%

415.95

-0.30

2031

571.00

105.12

44.30

mid -f recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

73%

58%

NC recycling, MBT aerobic 1, SRF to
power_station_generic

Dry AD with electricity
generation

NC

MBT aerobic 1

power_station_generic

36%

0%

-

NC recycling, Incineration 2 (low
CHP)_total

Aerobic Digestion

NC

Incineration 2 (low
CHP)_total

#N/A

22%

10%

62%

hi recycling, Dirty MRF 1, SRF to
Gasification 1

Dry AD with electricity
generation

hi

Dirty MRF 1

ATT_generic

30%

0%

-

mid -d recycling, Gasification Gas
Engine 1_total

Wet AD with electricity
generation

mid -d

Gasification Gas
Engine 1_total

#N/A

30%

0%

mid -f recycling, Incineration 1
(electricity only)_total

Wet AD with biogas to
transport fuel

mid -f

Incineration 1
(electricity
only)_total

#N/A

30%

mid -f recycling, Incineration 1
(electricity only)_total

Wet AD with biogas to
grid injection

mid -f

Incineration 1
(electricity
only)_total

#N/A

mid -f recycling, True Pyrolysis 1_total

Wet AD with electricity
generation

mid -f

True Pyrolysis
1_total

NC recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
transport fuel

NC

NC recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
grid injection

hi recycling, Gasification Gas Engine
2_total

mid -f recycling, MBT AD 2 (SRF), SRF
Aerobic Digestion
to Incineration 1 (electricity only)

50%

52%

lo recycling, Incineration 2 (low
CHP)_total

Dry AD with electricity
generation

lo

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

416.01

-0.27

2031

581.08

109.48

42.57

lo recycling, Incineration 2
(low CHP)_total

74%

57%

hi recycling, True Pyrolysis 1_total

Wet AD with electricity
generation

hi

True Pyrolysis
1_total

#N/A

32%

0%

47%

417.10

-0.32

2031

572.53

119.76

30.05

hi recycling, True
Pyrolysis 1_total

80%

47%

mid -f recycling, Gasification Gas
Engine 2_total

Dry AD with electricity
generation

mid -f

Gasification Gas
Engine 2_total

#N/A

32%

0%

52%

417.22

-0.28

2031

511.53

105.12

28.73

mid -f recycling,
Gasification Gas Engine
2_total

73%

52%

mid -d recycling, Gasification Gas
Engine 1_total

Dry AD with electricity
generation

mid -d

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

417.39

-0.32

2031

483.48

96.27

30.24

mid -d recycling,
Gasification Gas Engine
1_total

74%

57%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

mid -d recycling, MBT aerobic 3, SRF to Dry AD with electricity
power_station_generic
generation

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

mid -d

MBT aerobic 3

power_station_generic

36%

0%

-

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

40%

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

417.46

-0.40

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
power_station_generic

69%

40%

hi recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
transport fuel

hi

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

47%

418.51

-0.26

2031

579.59

119.76

31.90

hi recycling, Incineration
5 (medium efficiency
electricity)_total

80%

47%

hi recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
grid injection

hi

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

47%

418.51

-0.26

2031

578.65

119.76

31.66

hi recycling, Incineration
5 (medium efficiency
electricity)_total

80%

47%

mid -f

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

52%

418.53

-0.29

2031

565.40

105.12

42.83

mid -f recycling,
Incineration 3 (medium
CHP)_total

73%

52%

lo

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

418.86

-0.29

2031

526.75

109.48

28.35

lo recycling, Gasification
Gas Engine 2_total

74%

57%

mid -f

True Pyrolysis
1_total

#N/A

32%

0%

52%

419.91

-0.27

2031

539.24

105.12

35.99

mid -f recycling, True
Pyrolysis 1_total

73%

52%

mid -f recycling, Incineration 3 (medium
Aerobic Digestion
CHP)_total

lo recycling, Gasification Gas Engine
2_total

Aerobic Digestion

mid -f recycling, True Pyrolysis 1_total

Dry AD with electricity
generation

lo recycling, True Pyrolysis 1_total

Aerobic Digestion

lo

True Pyrolysis
1_total

#N/A

32%

0%

57%

422.12

-0.28

2031

553.34

109.48

35.31

lo recycling, True
Pyrolysis 1_total

74%

57%

mid -d recycling, Gasification Gas
Engine 2_total

Aerobic Digestion

mid -d

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

422.28

-0.33

2031

469.79

96.27

26.66

mid -d recycling,
Gasification Gas Engine
2_total

74%

57%

NC recycling, MBT aerobic 1, SRF to
power_station_generic

Aerobic Digestion

NC

MBT aerobic 1

power_station_generic

36%

0%

-

50%

422.87

-0.31

2031

588.53

83.05

70.95

NC recycling, MBT
aerobic 1, SRF to
power_station_generic

38%

50%

lo recycling, MBT aerobic 3, SRF to
power_station_generic

Aerobic Digestion

lo

MBT aerobic 3

power_station_generic

36%

0%

-

43%

423.00

-0.41

2031

578.16

109.48

41.80

lo recycling, MBT aerobic
3, SRF to
power_station_generic

70%

43%

mid -d recycling, Gasification 1_total

Wet AD with electricity
generation

mid -d

Gasification 1_total

#N/A

30%

0%

57%

423.79

-0.33

2031

406.13

96.27

10.00

mid -d recycling,
Gasification 1_total

74%

57%

mid -d recycling, Dirty MRF 1, SRF to
Gasification 1

Aerobic Digestion

mid -d

Dirty MRF 1

ATT_generic

30%

0%

-

61%

423.94

-0.36

2031

507.02

96.27

36.40

mid -d recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

61%

mid -f recycling, MBT aerobic 4, SRF to
Aerobic Digestion
Gasification 1

mid -f

MBT aerobic 4

ATT_generic

30%

0%

-

68%

424.25

-0.36

2031

597.85

105.12

51.32

mid -f recycling, MBT
aerobic 4, SRF to
Gasification 1

73%

68%

mid -d recycling, True Pyrolysis 1_total

Aerobic Digestion

mid -d

True Pyrolysis
1_total

#N/A

32%

0%

57%

425.55

-0.32

2031

496.56

96.27

33.66

mid -d recycling, True
Pyrolysis 1_total

74%

57%

mid -d recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -d

Dirty MRF 1

incineration_generic

30%

0%

-

426.49

-0.36

2031

504.93

96.27

35.85

mid -d recycling, Dirty
MRF 1, SRF to
Incineration 1 (electricity
only)

75%

61%

NC recycling, Incineration 1 (electricity
only)_total

Wet AD with electricity
generation

NC

Incineration 1
(electricity
only)_total

#N/A

30%

0%

62%

426.58

-0.12

-

462.63

83.05

38.01

NC recycling, Incineration
1 (electricity only)_total

46%

62%

mid -f recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -f

Dirty MRF 1

incineration_generic

30%

0%

-

58%

426.71

-0.35

2031

543.92

105.12

37.21

mid -f recycling, Dirty
MRF 1, SRF to
Incineration 1 (electricity
only)

75%

58%

hi recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Aerobic Digestion

hi

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

54%

426.91

-0.34

2031

601.46

119.76

37.62

hi recycling, MBT AD 2
(SRF), SRF to
Gasification 1

81%

54%

hi recycling, Gasification Gas Engine
2_total

Dry AD with electricity
generation

hi

Gasification Gas
Engine 2_total

#N/A

32%

0%

47%

427.43

-0.30

2031

558.59

119.76

26.41

hi recycling, Gasification
Gas Engine 2_total

80%

47%

lo recycling, Incineration 1 (electricity
only)_total

Wet AD with electricity
generation

lo

Incineration 1
(electricity
only)_total

#N/A

30%

0%

57%

427.56

-0.29

2031

517.33

109.48

25.89

lo recycling, Incineration 1
(electricity only)_total

74%

57%

61%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

NC

Incineration 1
(electricity
only)_total

#N/A

30%

0%

62%

Aerobic Digestion

mid -f

MHT 1

ATT_generic

30%

0%

-

mid -d recycling, Gasification 1_total

Dry AD with electricity
generation

mid -d

Gasification 1_total

#N/A

30%

0%

hi recycling, True Pyrolysis 1_total

Dry AD with electricity
generation

hi

True Pyrolysis
1_total

#N/A

32%

hi

MHT 2

ATT_generic

NC recycling, Incineration 1 (electricity
only)_total

Dry AD with electricity
generation

mid -f recycling, MHT 1, SRF to
Gasification 1

hi recycling, MHT 2, SRF to Gasification
Aerobic Digestion
1

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

427.90

-0.11

-

463.73

83.05

38.30

NC recycling, Incineration
1 (electricity only)_total

46%

62%

428.83

-0.32

2031

595.55

105.12

50.72

mid -f recycling, MHT 1,
SRF to Gasification 1

76%

61%

57%

428.85

-0.32

2031

408.23

96.27

10.55

mid -d recycling,
Gasification 1_total

74%

57%

0%

47%

429.75

-0.29

2031

578.67

119.76

31.66

hi recycling, True
Pyrolysis 1_total

80%

47%

30%

0%

-

55%

430.65

-0.35

2031

618.27

119.76

42.02

hi recycling, MHT 2, SRF
to Gasification 1

84%

55%

61%

mid -d recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -d

Dirty MRF 1

incineration_generic

30%

0%

-

61%

431.88

-0.35

2031

507.03

96.27

36.40

mid -d recycling, Dirty
MRF 1, SRF to
Incineration 1 (electricity
only)

75%

61%

NC recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with electricity
generation

NC

MBT aerobic 3

ATT_generic

30%

0%

-

50%

431.99

-0.16

2015

587.44

83.05

70.67

NC recycling, MBT
aerobic 3, SRF to
Gasification 1

39%

50%

mid -f recycling, Gasification Gas
Engine 1_total

Wet AD with electricity
generation

mid -f

Gasification Gas
Engine 1_total

#N/A

30%

0%

52%

432.13

-0.29

2031

521.88

105.12

31.44

mid -f recycling,
Gasification Gas Engine
1_total

73%

52%

hi recycling, MBT aerobic 1, SRF to
power_station_generic

Dry AD with electricity
generation

hi

MBT aerobic 1

power_station_generic

36%

0%

-

33%

432.77

-0.39

2031

600.70

119.76

37.43

hi recycling, MBT aerobic
1, SRF to
power_station_generic

78%

33%

lo recycling, MHT 1, SRF to Incineration
Aerobic Digestion
1 (electricity only)

lo

MHT 1

incineration_generic

30%

0%

-

64%

432.94

-0.33

2031

607.11

109.48

49.38

lo recycling, MHT 1, SRF
to Incineration 1
(electricity only)

77%

64%

hi recycling, MBT aerobic 4, SRF to
power_station_generic

Aerobic Digestion

hi

MBT aerobic 4

power_station_generic

36%

0%

-

60%

433.46

-0.41

2031

625.51

119.76

43.92

hi recycling, MBT aerobic
4, SRF to
power_station_generic

81%

60%

NC recycling, MBT aerobic 3, SRF to
Gasification 1

Dry AD with electricity
generation

NC

MBT aerobic 3

ATT_generic

30%

0%

-

50%

434.16

-0.15

2015

588.54

83.05

70.96

NC recycling, MBT
aerobic 3, SRF to
Gasification 1

39%

50%

hi recycling, Gasification Gas Engine
1_total

Wet AD with electricity
generation

hi

Gasification Gas
Engine 1_total

#N/A

30%

0%

47%

434.53

-0.32

2031

562.71

119.76

27.49

hi recycling, Gasification
Gas Engine 1_total

80%

47%

lo recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

lo

Dirty MRF 1

incineration_generic

30%

0%

-

63%

434.74

-0.35

2031

560.21

109.48

37.11

lo recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

76%

63%

mid -f recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -f

Dirty MRF 1

incineration_generic

30%

0%

-

58%

434.97

-0.33

2031

547.73

105.12

38.21

mid -f recycling, Dirty
MRF 1, SRF to
Incineration 1 (electricity
only)

75%

58%

NC recycling, Incineration 1 (electricity
only)_total

Aerobic Digestion

NC

Incineration 1
(electricity
only)_total

#N/A

30%

0%

62%

435.76

-0.11

-

463.72

83.05

38.30

NC recycling, Incineration
1 (electricity only)_total

46%

62%

mid -d recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

Aerobic Digestion

mid -d

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

436.04

-0.34

2031

516.20

96.27

38.80

mid -d recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

71%

56%

lo recycling, Incineration 1 (electricity
only)_total

Dry AD with electricity
generation

lo

Incineration 1
(electricity
only)_total

#N/A

30%

0%

57%

436.93

-0.27

2031

521.88

109.48

27.08

lo recycling, Incineration 1
(electricity only)_total

74%

57%

hi recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with electricity
generation

hi

MBT aerobic 3

ATT_generic

30%

0%

-

33%

437.44

-0.34

2031

594.56

119.76

35.82

hi recycling, MBT aerobic
3, SRF to Gasification 1

78%

33%

hi recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

hi

Dirty MRF 1

incineration_generic

30%

0%

-

52%

437.73

-0.37

2031

578.08

119.76

31.51

hi recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

82%

52%

56%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

mid -f recycling, Gasification Gas
Engine 1_total

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

Dry AD with electricity
generation

mid -f

Gasification Gas
Engine 1_total

#N/A

30%

0%

52%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
transport fuel

mid -f

MBT aerobic 1

incineration_generic

30%

0%

-

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

38%

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

439.41

-0.27

2031

525.69

105.12

32.44

mid -f recycling,
Gasification Gas Engine
1_total

73%

52%

440.31

-0.26

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

69%

38%

69%

38%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
grid injection

mid -f

MBT aerobic 1

incineration_generic

30%

0%

-

38%

440.31

-0.26

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

mid -f recycling, MBT aerobic 1, SRF to Wet AD with electricity
power_station_generic
generation

mid -f

MBT aerobic 1

power_station_generic

36%

0%

-

38%

441.95

-0.39

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 1, SRF to
power_station_generic

68%

38%

mid -d recycling, Incineration 2 (low
CHP)_total

Wet AD with electricity
generation

mid -d

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

442.94

-0.32

2031

522.36

96.27

40.41

mid -d recycling,
Incineration 2 (low
CHP)_total

74%

57%

lo recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

lo

MBT aerobic 3

incineration_generic

30%

0%

-

443.17

-0.32

2031

573.64

109.48

40.62

lo recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

71%

43%

mid -f recycling, Gasification 1_total

Wet AD with electricity
generation

mid -f

Gasification 1_total

#N/A

30%

0%

52%

443.48

-0.29

2031

443.97

105.12

11.06

mid -f recycling,
Gasification 1_total

73%

52%

lo recycling, Gasification Gas Engine
1_total

Aerobic Digestion

lo

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

444.22

-0.29

2031

540.34

109.48

31.91

lo recycling, Gasification
Gas Engine 1_total

74%

57%

hi recycling, Gasification 1_total

Wet AD with electricity
generation

hi

Gasification 1_total

#N/A

30%

0%

47%

444.65

-0.32

2031

506.28

119.76

12.72

hi recycling, Gasification
1_total

80%

47%

mid -d recycling, MBT aerobic 1, SRF to Wet AD with biogas to
Gasification 1
transport fuel

mid -d

MBT aerobic 1

ATT_generic

30%

0%

-

40%

445.02

-0.31

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

40%

mid -d recycling, MBT aerobic 1, SRF to Wet AD with biogas to
Gasification 1
grid injection

mid -d

MBT aerobic 1

ATT_generic

30%

0%

-

40%

445.02

-0.31

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

40%

lo

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

55%

445.47

-0.31

2031

575.20

109.48

41.03

lo recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

72%

55%

lo recycling, MBT AD 1 (landfill), SRF to
Aerobic Digestion
Incineration 1 (electricity only)

43%

mid -f recycling, Dirty MRF 1, SRF to
Gasification 1

Aerobic Digestion

mid -f

Dirty MRF 1

ATT_generic

30%

0%

-

58%

446.99

-0.34

2031

547.70

105.12

38.20

mid -f recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

58%

NC recycling, MBT aerobic 3, SRF to
Gasification 1

Aerobic Digestion

NC

MBT aerobic 3

ATT_generic

30%

0%

-

50%

447.63

-0.15

2015

588.53

83.05

70.95

NC recycling, MBT
aerobic 3, SRF to
Gasification 1

39%

50%

hi recycling, Gasification Gas Engine
1_total

Dry AD with electricity
generation

hi

Gasification Gas
Engine 1_total

#N/A

30%

0%

47%

447.65

-0.29

2031

568.85

119.76

29.09

hi recycling, Gasification
Gas Engine 1_total

80%

47%

mid -d recycling, Incineration 2 (low
CHP)_total

Dry AD with electricity
generation

mid -d

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

447.68

-0.31

2031

524.46

96.27

40.96

mid -d recycling,
Incineration 2 (low
CHP)_total

74%

57%

mid -d recycling, Gasification Gas
Engine 1_total

Aerobic Digestion

mid -d

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

447.85

-0.32

2031

483.46

96.27

30.24

mid -d recycling,
Gasification Gas Engine
1_total

74%

57%

mid -d recycling, MBT aerobic 3, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
transport fuel

mid -d

MBT aerobic 3

incineration_generic

30%

0%

-

40%

448.18

-0.30

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

69%

40%

mid -d recycling, MBT aerobic 3, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
grid injection

mid -d

MBT aerobic 3

incineration_generic

30%

0%

-

40%

448.18

-0.30

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

69%

40%

lo

MBT aerobic 1

ATT_generic

30%

0%

-

43%

448.58

-0.32

2031

573.64

109.48

40.62

lo recycling, MBT aerobic
1, SRF to Gasification 1

71%

43%

lo recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with electricity
generation

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

mid -f recycling, Gasification 1_total

Dry AD with electricity
generation

mid -f

Gasification 1_total

#N/A

30%

0%

52%

NC recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

NC

MBT aerobic 3

incineration_generic

30%

0%

-

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

50%

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

450.95

-0.27

2031

447.78

105.12

12.05

mid -f recycling,
Gasification 1_total

73%

52%

451.85

-0.14

2015

588.97

83.05

71.07

NC recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

39%

50%

39%

50%

NC recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

NC

MBT aerobic 3

incineration_generic

30%

0%

-

50%

451.85

-0.14

2015

588.80

83.05

71.02

NC recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

hi recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

hi

Dirty MRF 1

incineration_generic

30%

0%

-

52%

452.33

-0.34

2031

584.22

119.76

33.11

hi recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

82%

52%

mid -f recycling, MBT aerobic 1, SRF to Dry AD with electricity
power_station_generic
generation

mid -f

MBT aerobic 1

power_station_generic

36%

0%

-

38%

452.39

-0.37

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 1, SRF to
power_station_generic

68%

38%

mid -d recycling, MBT aerobic 4, SRF to
Aerobic Digestion
Gasification 1

mid -d

MBT aerobic 4

ATT_generic

30%

0%

-

65%

454.20

-0.37

2031

553.39

96.27

48.53

mid -d recycling, MBT
aerobic 4, SRF to
Gasification 1

72%

65%

hi recycling, MBT aerobic 3, SRF to
Gasification 1

Dry AD with electricity
generation

hi

MBT aerobic 3

ATT_generic

30%

0%

-

33%

455.84

-0.31

2031

600.70

119.76

37.43

hi recycling, MBT aerobic
3, SRF to Gasification 1

78%

33%

lo recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

lo

MBT aerobic 3

incineration_generic

30%

0%

-

43%

456.79

-0.29

2031

578.19

109.48

41.81

lo recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

71%

43%

lo recycling, Gasification 1_total

Aerobic Digestion

lo

Gasification 1_total

#N/A

30%

0%

57%

457.54

-0.28

2031

465.59

109.48

12.35

lo recycling, Gasification
1_total

74%

57%

hi recycling, Gasification 1_total

Dry AD with electricity
generation

hi

Gasification 1_total

#N/A

30%

0%

47%

458.07

-0.29

2031

512.42

119.76

14.32

hi recycling, Gasification
1_total

80%

47%

mid -d recycling, MBT aerobic 1, SRF to Wet AD with electricity
power_station_generic
generation

mid -d

MBT aerobic 1

power_station_generic

36%

0%

-

460.75

-0.39

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 1, SRF to
power_station_generic

69%

40%

mid -d recycling, Gasification 1_total

Aerobic Digestion

mid -d

Gasification 1_total

#N/A

30%

0%

57%

461.28

-0.32

2031

408.22

96.27

10.55

mid -d recycling,
Gasification 1_total

74%

57%

mid -f recycling, Gasification Gas
Engine 2_total

Aerobic Digestion

mid -f

Gasification Gas
Engine 2_total

#N/A

32%

0%

52%

461.54

-0.28

2031

511.50

105.12

28.73

mid -f recycling,
Gasification Gas Engine
2_total

73%

52%

mid -d recycling, MBT aerobic 3, SRF to
Aerobic Digestion
power_station_generic

mid -d

MBT aerobic 3

power_station_generic

36%

0%

-

40%

461.99

-0.40

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
power_station_generic

69%

40%

mid -f recycling, MBT aerobic 3, SRF to
Aerobic Digestion
power_station_generic

mid -f

MBT aerobic 3

power_station_generic

36%

0%

-

38%

462.69

-0.40

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 3, SRF to
power_station_generic

68%

38%

43%

463.92

-0.29

2031

578.19

109.48

41.81

lo recycling, MBT aerobic
1, SRF to Gasification 1

71%

43%

40%

lo recycling, MBT aerobic 1, SRF to
Gasification 1

Dry AD with electricity
generation

lo

MBT aerobic 1

ATT_generic

30%

0%

-

mid -f recycling, Incineration 2 (low
CHP)_total

Wet AD with electricity
generation

mid -f

Incineration 2 (low
CHP)_total

#N/A

22%

10%

52%

464.59

-0.28

2031

564.32

105.12

42.55

mid -f recycling,
Incineration 2 (low
CHP)_total

73%

52%

mid -f recycling, True Pyrolysis 1_total

Aerobic Digestion

mid -f

True Pyrolysis
1_total

#N/A

32%

0%

52%

465.12

-0.27

2031

539.22

105.12

35.98

mid -f recycling, True
Pyrolysis 1_total

73%

52%

mid -f

MBT aerobic 3

ATT_generic

30%

0%

-

465.20

-0.30

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

38%

51.32

mid -f recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

73%

68%

mid -f recycling, MBT aerobic 3, SRF to Wet AD with electricity
Gasification 1
generation

mid -f recycling, MBT aerobic 4, SRF to
Aerobic Digestion
Incineration 1 (electricity only)

mid -f

MBT aerobic 4

incineration_generic

30%

0%

-

38%

68%

SLR

465.72

-0.35

2031

597.85

105.12
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

NC recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

NC

MBT aerobic 1

ATT_generic

30%

0%

-

50%

466.61

-0.14

2015

588.97

83.05

71.07

NC recycling, MBT
aerobic 1, SRF to
Gasification 1

39%

50%

NC recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

NC

MBT aerobic 1

ATT_generic

30%

0%

-

50%

466.61

-0.14

2015

588.80

83.05

71.02

NC recycling, MBT
aerobic 1, SRF to
Gasification 1

39%

50%

75%

61%

466.94

-0.35

2031

507.02

96.27

36.40

mid -d recycling, Dirty
MRF 1, SRF to
Incineration 1 (electricity
only)

57%

467.15

-0.31

2031

462.76

96.27

24.82

mid -d recycling,
Incineration 1 (electricity
only)_total

74%

57%

10%

47%

468.45

-0.31

2031

593.46

119.76

35.53

hi recycling, Incineration
2 (low CHP)_total

80%

47%

0%

-

468.54

-0.38

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
power_station_generic

69%

40%

81%

54%

mid -d recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -d

Dirty MRF 1

incineration_generic

30%

0%

-

mid -d recycling, Incineration 1
(electricity only)_total

Wet AD with electricity
generation

mid -d

Incineration 1
(electricity
only)_total

#N/A

30%

0%

hi recycling, Incineration 2 (low
CHP)_total

Wet AD with electricity
generation

hi

Incineration 2 (low
CHP)_total

#N/A

22%

mid -d

MBT aerobic 1

power_station_generic

36%

mid -d recycling, MBT aerobic 1, SRF to Dry AD with electricity
power_station_generic
generation

470.01

-0.33

2031

601.46

119.76

37.62

47%

471.15

-0.31

2031

597.60

119.76

36.61

hi recycling, Incineration
3 (medium CHP)_total

80%

47%

10%

52%

471.61

-0.26

2031

568.13

105.12

43.55

mid -f recycling,
Incineration 2 (low
CHP)_total

73%

52%

30%

0%

-

471.66

-0.31

2031

595.55

105.12

50.72

mid -f recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

61%

#N/A

30%

0%

57%

472.15

-0.30

2031

464.86

96.27

25.37

mid -d recycling,
Incineration 1 (electricity
only)_total

74%

57%

MHT 2

incineration_generic

30%

0%

-

472.63

-0.35

2031

618.27

119.76

42.02

hi recycling, MHT 2, SRF
to Incineration 1
(electricity only)

84%

55%

lo

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

475.30

-0.27

2031

581.05

109.48

42.56

lo recycling, Incineration 2
(low CHP)_total

74%

57%

mid -f

MBT aerobic 3

ATT_generic

30%

0%

-

38%

476.14

-0.28

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

38%

Aerobic Digestion

hi

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

hi recycling, Incineration 3 (medium
CHP)_total

Aerobic Digestion

hi

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

mid -f recycling, Incineration 2 (low
CHP)_total

Dry AD with electricity
generation

mid -f

Incineration 2 (low
CHP)_total

#N/A

22%

mid -f recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -f

MHT 1

incineration_generic

mid -d recycling, Incineration 1
(electricity only)_total

Dry AD with electricity
generation

mid -d

Incineration 1
(electricity
only)_total

hi recycling, MHT 2, SRF to Incineration
Aerobic Digestion
1 (electricity only)

hi

lo recycling, Incineration 2 (low
CHP)_total

mid -f recycling, MBT aerobic 3, SRF to Dry AD with electricity
Gasification 1
generation

40%

hi recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

hi recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Aerobic Digestion

61%

54%

61%

55%

NC recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

NC

MBT aerobic 3

incineration_generic

30%

0%

-

50%

476.19

-0.14

2015

587.44

83.05

70.67

NC recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

39%

50%

hi recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with electricity
generation

hi

MBT aerobic 1

ATT_generic

30%

0%

-

33%

477.02

-0.33

2031

594.56

119.76

35.82

hi recycling, MBT aerobic
1, SRF to Gasification 1

78%

33%

NC recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

NC

MBT aerobic 3

incineration_generic

30%

0%

-

50%

478.34

-0.14

2015

588.54

83.05

70.96

NC recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

39%

50%

mid -f recycling, Gasification 2_total

Wet AD with biogas to
transport fuel

mid -f

Gasification 2_total

#N/A

21%

0%

52%

479.12

-0.23569

2020

546.10

105.12

37.78

mid -f recycling,
Gasification 2_total

73%

52%

mid -f recycling, Gasification 2_total

Wet AD with biogas to
grid injection

mid -f

Gasification 2_total

#N/A

21%

0%

52%

479.12

-0.23568

2020

545.51

105.12

37.63

mid -f recycling,
Gasification 2_total

73%

52%

mid -d recycling, Incineration 2 (low
CHP)_total

Aerobic Digestion

mid -d

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

479.53

-0.31

2031

524.45

96.27

40.96

mid -d recycling,
Incineration 2 (low
CHP)_total

74%

57%

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

mid -f recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

Aerobic Digestion

hi recycling, Incineration 2 (low
CHP)_total

hi recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

480.19

-0.30

2031

562.78

105.12

42.15

mid -f recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

71%

51%

481.16

-0.28

2031

599.60

119.76

37.14

hi recycling, Incineration
2 (low CHP)_total

80%

47%

482.22

-0.33

2031

594.56

119.76

35.82

hi recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

78%

33%

52%

487.38

-0.23

2020

538.68

105.12

35.84

mid -f recycling,
Incineration 5 (medium
efficiency electricity)_total

73%

52%

0%

52%

487.38

-0.23

2020

538.10

105.12

35.69

mid -f recycling,
Incineration 5 (medium
efficiency electricity)_total

73%

52%

36%

0%

-

488.69

-0.38

2031

578.16

109.48

41.80

lo recycling, MBT aerobic
1, SRF to
power_station_generic

70%

43%

488.88

-0.27

2031

502.60

105.12

26.40

mid -f recycling,
Incineration 1 (electricity
only)_total

73%

52%

489.28

-0.32

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

40%

mid -f

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

Dry AD with electricity
generation

hi

Incineration 2 (low
CHP)_total

#N/A

22%

10%

47%

Wet AD with electricity
generation

hi

MBT aerobic 3

incineration_generic

30%

0%

-

mid -f recycling, Incineration 5 (medium Wet AD with biogas to
efficiency electricity)_total
transport fuel

mid -f

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

mid -f recycling, Incineration 5 (medium Wet AD with biogas to
efficiency electricity)_total
grid injection

mid -f

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

lo

MBT aerobic 1

power_station_generic

51%

33%

lo recycling, MBT aerobic 1, SRF to
power_station_generic

Aerobic Digestion

mid -f recycling, Incineration 1
(electricity only)_total

Wet AD with electricity
generation

mid -f

Incineration 1
(electricity
only)_total

#N/A

30%

0%

52%

mid -d recycling, MBT aerobic 3, SRF to Wet AD with electricity
Gasification 1
generation

mid -d

MBT aerobic 3

ATT_generic

30%

0%

-

mid -f recycling, Gasification Gas
Engine 1_total

Aerobic Digestion

mid -f

Gasification Gas
Engine 1_total

#N/A

30%

0%

52%

489.49

-0.27

2031

525.67

105.12

32.43

mid -f recycling,
Gasification Gas Engine
1_total

73%

52%

hi recycling, Incineration 1 (electricity
only)_total

Wet AD with electricity
generation

hi

Incineration 1
(electricity
only)_total

#N/A

30%

0%

47%

490.19

-0.30

2031

548.75

119.76

23.83

hi recycling, Incineration
1 (electricity only)_total

80%

47%

mid -d recycling, MBT aerobic 1, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
transport fuel

mid -d

MBT aerobic 1

incineration_generic

30%

0%

-

40%

491.70

-0.30

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

69%

40%

mid -d recycling, MBT aerobic 1, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
grid injection

mid -d

MBT aerobic 1

incineration_generic

30%

0%

-

40%

491.70

-0.30

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

69%

40%

mid -f recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -f

Dirty MRF 1

incineration_generic

30%

0%

-

58%

492.11

-0.33

2031

547.70

105.12

38.20

mid -f recycling, Dirty
MRF 1, SRF to
Incineration 1 (electricity
only)

75%

58%

NC recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

NC

MBT aerobic 3

incineration_generic

30%

0%

-

50%

493.29

-0.14

2015

588.53

83.05

70.95

NC recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

39%

50%

lo recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

lo

MBT aerobic 1

incineration_generic

30%

0%

-

43%

494.54

-0.31

2031

573.64

109.48

40.62

lo recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

71%

43%

NC recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with electricity
generation

NC

MBT aerobic 1

ATT_generic

30%

0%

-

50%

495.79

-0.14

2015

587.44

83.05

70.67

NC recycling, MBT
aerobic 1, SRF to
Gasification 1

39%

50%

mid -f recycling, Incineration 1
(electricity only)_total

Dry AD with electricity
generation

mid -f

Incineration 1
(electricity
only)_total

#N/A

30%

0%

52%

496.27

-0.25

2031

506.42

105.12

27.40

mid -f recycling,
Incineration 1 (electricity
only)_total

73%

52%

mid -d recycling, Gasification 2_total

Wet AD with biogas to
transport fuel

mid -d

Gasification 2_total

#N/A

21%

0%

57%

496.63

-0.29

2031

502.57

96.27

35.23

mid -d recycling,
Gasification 2_total

74%

57%

mid -d recycling, Gasification 2_total

Wet AD with biogas to
grid injection

mid -d

Gasification 2_total

#N/A

21%

0%

57%

496.63

-0.29

2031

502.25

96.27

35.15

mid -d recycling,
Gasification 2_total

74%

57%

hi

MHT 1

ATT_generic

30%

0%

-

496.94

-0.35

2031

618.27

119.76

42.02

hi recycling, MHT 1, SRF
to Gasification 1

84%

55%

hi recycling, MHT 1, SRF to Gasification
Aerobic Digestion
1

43%

40%

55%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

hi recycling, MBT aerobic 1, SRF to
Gasification 1

AD option

Dry AD with electricity
generation

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

hi

MBT aerobic 1

ATT_generic

30%

0%

-

33%

497.10

-0.30

2031

600.70

119.76

37.43

hi recycling, MBT aerobic
1, SRF to Gasification 1

78%

33%

mid -d

MBT aerobic 3

ATT_generic

30%

0%

-

40%

497.51

-0.31

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

40%

NC

MBT aerobic 1

ATT_generic

30%

0%

-

50%

498.29

-0.14

2015

588.54

83.05

70.96

NC recycling, MBT
aerobic 1, SRF to
Gasification 1

39%

50%

mid -d recycling, MBT aerobic 4, SRF to
Aerobic Digestion
Incineration 1 (electricity only)

mid -d

MBT aerobic 4

incineration_generic

30%

0%

-

65%

499.29

-0.37

2031

553.39

96.27

48.53

mid -d recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

72%

65%

mid -d recycling, Incineration 5 (medium Wet AD with biogas to
efficiency electricity)_total
transport fuel

mid -d

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

499.56

-0.28

2031

495.40

96.27

33.36

mid -d recycling,
Incineration 5 (medium
efficiency electricity)_total

74%

57%

mid -d recycling, Incineration 5 (medium Wet AD with biogas to
efficiency electricity)_total
grid injection

mid -d

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

499.56

-0.28

2031

495.08

96.27

33.28

mid -d recycling,
Incineration 5 (medium
efficiency electricity)_total

74%

57%

500.48

-0.30

2031

600.70

119.76

37.43

hi recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

78%

33%

mid -d recycling, MBT aerobic 3, SRF to Dry AD with electricity
Gasification 1
generation

NC recycling, MBT aerobic 1, SRF to
Gasification 1

Dry AD with electricity
generation

hi recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

hi

MBT aerobic 3

incineration_generic

30%

0%

-

hi recycling, Incineration 1 (electricity
only)_total

Dry AD with electricity
generation

hi

Incineration 1
(electricity
only)_total

#N/A

30%

0%

47%

503.48

-0.28

2031

554.89

119.76

25.44

hi recycling, Incineration
1 (electricity only)_total

80%

47%

lo recycling, Incineration 1 (electricity
only)_total

Aerobic Digestion

lo

Incineration 1
(electricity
only)_total

#N/A

30%

0%

57%

503.64

-0.27

2031

521.85

109.48

27.07

lo recycling, Incineration 1
(electricity only)_total

74%

57%

mid -f recycling, Gasification 1_total

Aerobic Digestion

mid -f

Gasification 1_total

#N/A

30%

0%

52%

504.17

-0.27

2031

447.76

105.12

12.05

mid -f recycling,
Gasification 1_total

73%

52%

mid -d recycling, Incineration 1
(electricity only)_total

Aerobic Digestion

mid -d

Incineration 1
(electricity
only)_total

#N/A

30%

0%

57%

508.12

-0.30

2031

464.85

96.27

25.36

mid -d recycling,
Incineration 1 (electricity
only)_total

74%

57%

lo recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

lo

MBT aerobic 1

incineration_generic

30%

0%

-

43%

509.74

-0.28

2031

578.19

109.48

41.81

lo recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

71%

43%

hi recycling, MBT aerobic 3, SRF to
power_station_generic

Aerobic Digestion

hi

MBT aerobic 3

power_station_generic

36%

0%

-

33%

510.54

-0.41

2031

600.66

119.76

37.42

hi recycling, MBT aerobic
3, SRF to
power_station_generic

78%

33%

mid -f

MBT aerobic 3

incineration_generic

30%

0%

-

38%

512.89

-0.29

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

69%

38%

mid -f recycling, MBT aerobic 3, SRF to Wet AD with electricity
Incineration 1 (electricity only)
generation

33%

NC recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
transport fuel

NC

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

62%

513.90

-0.07

-

525.21

83.05

54.38

NC recycling, Incineration
5 (medium efficiency
electricity)_total

46%

62%

NC recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with biogas to
grid injection

NC

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

62%

513.90

-0.07

-

525.04

83.05

54.34

NC recycling, Incineration
5 (medium efficiency
electricity)_total

46%

62%

NC recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

NC

MBT aerobic 1

incineration_generic

30%

0%

-

50%

514.74

-0.12

-

588.97

83.05

71.07

NC recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

39%

50%

NC recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

NC

MBT aerobic 1

incineration_generic

30%

0%

-

50%

514.74

-0.12

-

588.80

83.05

71.02

NC recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

39%

50%

NC recycling, MBT aerobic 1, SRF to
Gasification 1

Aerobic Digestion

NC

MBT aerobic 1

ATT_generic

30%

0%

-

50%

516.62

-0.14

2015

588.53

83.05

70.95

NC recycling, MBT
aerobic 1, SRF to
Gasification 1

39%

50%

lo recycling, MBT aerobic 3, SRF to
Gasification 1

Aerobic Digestion

lo

MBT aerobic 3

ATT_generic

30%

0%

-

43%

516.74

-0.30

2031

578.16

109.48

41.80

lo recycling, MBT aerobic
3, SRF to Gasification 1

71%

43%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo recycling, Gasification 2_total

Wet AD with electricity
generation

lo

Gasification 2_total

#N/A

21%

0%

57%

518.15

-0.27

2031

553.96

109.48

35.47

lo recycling, Gasification
2_total

74%

57%

lo recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with electricity
generation

lo

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

518.20

-0.27

2031

546.85

109.48

33.61

lo recycling, Incineration 5
(medium efficiency
electricity)_total

74%

57%

hi recycling, Gasification Gas Engine
2_total

Aerobic Digestion

hi

Gasification Gas
Engine 2_total

#N/A

32%

0%

47%

519.98

-0.30

2031

558.55

119.76

26.40

hi recycling, Gasification
Gas Engine 2_total

80%

47%

mid -f

MBT aerobic 1

ATT_generic

30%

0%

-

38%

520.31

-0.29

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

38%

52%

521.11

-0.35

2031

584.18

119.76

33.10

hi recycling, Dirty MRF 1,
SRF to Gasification 1

82%

52%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with electricity
Gasification 1
generation

hi recycling, Dirty MRF 1, SRF to
Gasification 1

Aerobic Digestion

hi

Dirty MRF 1

ATT_generic

30%

0%

-

NC recycling, Gasification 2_total

Wet AD with biogas to
transport fuel

NC

Gasification 2_total

#N/A

21%

0%

62%

521.93

-0.08

-

539.92

83.05

58.23

NC recycling, Gasification
2_total

46%

62%

NC recycling, Gasification 2_total

Wet AD with biogas to
grid injection

NC

Gasification 2_total

#N/A

21%

0%

62%

521.93

-0.08

-

539.75

83.05

58.19

NC recycling, Gasification
2_total

46%

62%

hi

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

523.49

-0.33

2031

596.74

119.76

36.39

hi recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

79%

47%

69%

38%

hi recycling, MBT AD 1 (landfill), SRF to
Aerobic Digestion
Incineration 1 (electricity only)

523.72

-0.27

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

52%

523.96

-0.26

2031

568.10

105.12

43.54

mid -f recycling,
Incineration 2 (low
CHP)_total

73%

52%

0%

47%

524.04

-0.29

2031

578.63

119.76

31.65

hi recycling, True
Pyrolysis 1_total

80%

47%

30%

0%

-

33%

526.04

-0.32

2031

594.56

119.76

35.82

hi recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

78%

33%

power_station_generic

36%

0%

-

40%

526.95

-0.38

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
power_station_generic

69%

40%

60%

529.39

-0.37

2031

625.51

119.76

43.92

hi recycling, MBT aerobic
4, SRF to Gasification 1

82%

60%

mid -f recycling, MBT aerobic 3, SRF to Dry AD with electricity
Incineration 1 (electricity only)
generation

mid -f

MBT aerobic 3

incineration_generic

30%

0%

-

mid -f recycling, Incineration 2 (low
CHP)_total

Aerobic Digestion

mid -f

Incineration 2 (low
CHP)_total

#N/A

22%

10%

hi recycling, True Pyrolysis 1_total

Aerobic Digestion

hi

True Pyrolysis
1_total

#N/A

32%

hi recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

hi

MBT aerobic 1

incineration_generic

mid -d

MBT aerobic 1

mid -d recycling, MBT aerobic 1, SRF to
Aerobic Digestion
power_station_generic

47%

38%

hi recycling, MBT aerobic 4, SRF to
Gasification 1

Aerobic Digestion

hi

MBT aerobic 4

ATT_generic

30%

0%

-

lo recycling, Incineration 5 (medium
efficiency electricity)_total

Dry AD with electricity
generation

lo

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

529.56

-0.24

2031

551.40

109.48

34.80

lo recycling, Incineration 5
(medium efficiency
electricity)_total

74%

57%

lo recycling, Gasification 2_total

Dry AD with electricity
generation

lo

Gasification 2_total

#N/A

21%

0%

57%

530.80

-0.25

2031

558.51

109.48

36.66

lo recycling, Gasification
2_total

74%

57%

mid -f recycling, MBT aerobic 1, SRF to
Aerobic Digestion
power_station_generic

mid -f

MBT aerobic 1

power_station_generic

36%

0%

-

38%

531.55

-0.37

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 1, SRF to
power_station_generic

68%

38%

mid -f recycling, MBT aerobic 1, SRF to Dry AD with electricity
Gasification 1
generation

mid -f

MBT aerobic 1

ATT_generic

30%

0%

-

38%

532.54

-0.27

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

38%

NC recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with electricity
generation

NC

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

62%

535.09

-0.07

-

523.68

83.05

53.98

NC recycling, Incineration
5 (medium efficiency
electricity)_total

46%

62%

NC recycling, Incineration 5 (medium
efficiency electricity)_total

Dry AD with electricity
generation

NC

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

62%

536.74

-0.07

-

524.78

83.05

54.27

NC recycling, Incineration
5 (medium efficiency
electricity)_total

46%

62%
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -d

MBT aerobic 3

incineration_generic

30%

0%

-

40%

539.45

-0.31

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

69%

40%

hi recycling, MHT 1, SRF to Incineration
Aerobic Digestion
1 (electricity only)

hi

MHT 1

incineration_generic

30%

0%

-

55%

545.38

-0.34

2031

618.27

119.76

42.02

hi recycling, MHT 1, SRF
to Incineration 1
(electricity only)

84%

55%

hi recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

hi

MBT aerobic 1

incineration_generic

30%

0%

-

33%

545.95

-0.29

2031

600.70

119.76

37.43

hi recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

78%

33%

NC recycling, Gasification 2_total

Wet AD with electricity
generation

NC

Gasification 2_total

#N/A

21%

0%

62%

546.44

-0.08

-

538.39

83.05

57.83

NC recycling, Gasification
2_total

46%

62%

39%

50%

mid -d recycling, MBT aerobic 3, SRF to Wet AD with electricity
Incineration 1 (electricity only)
generation

NC recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -d recycling, MBT aerobic 1, SRF to Wet AD with electricity
Gasification 1
generation

mid -d recycling, MBT aerobic 3, SRF to Dry AD with electricity
Incineration 1 (electricity only)
generation

NC recycling, Gasification 2_total

Dry AD with electricity
generation

NC

MBT aerobic 1

incineration_generic

30%

0%

-

50%

546.55

-0.12

-

587.44

83.05

70.67

NC recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

mid -d

MBT aerobic 1

ATT_generic

30%

0%

-

40%

547.52

-0.32

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

40%

69%

40%

mid -d

MBT aerobic 3

incineration_generic

30%

0%

-

NC

Gasification 2_total

#N/A

21%

0%

62%

2031

519.08

96.27

39.55

548.32

-0.08

-

539.49

83.05

58.12

NC recycling, Gasification
2_total

46%

62%

39%

50%

-0.12

-

588.54

83.05

70.96

62%

549.73

-0.07

-

524.77

83.05

54.27

NC recycling, Incineration
5 (medium efficiency
electricity)_total

46%

62%

0%

47%

551.47

-0.29

2031

568.81

119.76

29.08

hi recycling, Gasification
Gas Engine 1_total

80%

47%

30%

0%

52%

555.21

-0.25

2031

506.39

105.12

27.39

mid -f recycling,
Incineration 1 (electricity
only)_total

73%

52%

ATT_generic

30%

0%

-

556.72

-0.31

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

40%

Gasification 2_total

#N/A

21%

0%

62%

563.56

-0.08

-

539.48

83.05

58.12

NC recycling, Gasification
2_total

46%

62%

mid -d

MBT aerobic 3

ATT_generic

30%

0%

-

40%

564.39

-0.31

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

40%

mid -f

MBT aerobic 3

ATT_generic

30%

0%

-

38%

565.24

-0.28

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

38%

568.01

-0.29

2031

512.38

119.76

14.31

hi recycling, Gasification
1_total

80%

47%

NC

MBT aerobic 1

incineration_generic

30%

0%

-

NC recycling, Incineration 5 (medium
efficiency electricity)_total

Aerobic Digestion

NC

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

hi recycling, Gasification Gas Engine
1_total

Aerobic Digestion

hi

Gasification Gas
Engine 1_total

#N/A

30%

mid -f recycling, Incineration 1
(electricity only)_total

Aerobic Digestion

mid -f

Incineration 1
(electricity
only)_total

#N/A

mid -d

MBT aerobic 1

NC

mid -d recycling, MBT aerobic 3, SRF to
Aerobic Digestion
Gasification 1

mid -f recycling, MBT aerobic 3, SRF to
Aerobic Digestion
Gasification 1

Aerobic Digestion

-0.30

549.03

Dry AD with electricity
generation

NC recycling, Gasification 2_total

547.59

NC recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

NC recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

mid -d recycling, MBT aerobic 1, SRF to Dry AD with electricity
Gasification 1
generation

40%

mid -d recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

50%

40%

hi recycling, Gasification 1_total

Aerobic Digestion

hi

Gasification 1_total

#N/A

30%

0%

47%

lo recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

lo

MBT aerobic 3

incineration_generic

30%

0%

-

43%

568.47

-0.29

2031

578.16

109.48

41.80

lo recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

71%

43%

NC recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

NC

MBT aerobic 1

incineration_generic

30%

0%

-

50%

569.31

-0.12

-

588.53

83.05

70.95

NC recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

39%

50%

hi recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

hi

Dirty MRF 1

incineration_generic

30%

0%

-

52%

573.17

-0.34

2031

584.18

119.76

33.10

hi recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

82%

52%

SLR
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

573.79

-0.28

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

69%

38%

57%

576.74

-0.29

2031

492.48

96.27

32.59

mid -d recycling,
Incineration 5 (medium
efficiency electricity)_total

74%

57%

578.67

-0.29

2031

576.41

119.76

31.07

hi recycling, Gasification
2_total

80%

47%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with electricity
Incineration 1 (electricity only)
generation

mid -f

MBT aerobic 1

incineration_generic

30%

0%

-

mid -d recycling, Incineration 5 (medium Wet AD with electricity
efficiency electricity)_total
generation

mid -d

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

38%

hi recycling, Gasification 2_total

Wet AD with electricity
generation

hi

Gasification 2_total

#N/A

21%

0%

47%

hi recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

hi

MBT aerobic 4

incineration_generic

30%

0%

-

60%

579.23

-0.37

2031

625.51

119.76

43.92

hi recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

82%

60%

hi recycling, MBT aerobic 1, SRF to
power_station_generic

Aerobic Digestion

hi

MBT aerobic 1

power_station_generic

36%

0%

-

33%

579.99

-0.39

2031

600.66

119.76

37.42

hi recycling, MBT aerobic
1, SRF to
power_station_generic

78%

33%

mid -d recycling, Incineration 5 (medium Dry AD with electricity
efficiency electricity)_total
generation

mid -d

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

582.92

-0.28

2031

494.58

96.27

33.14

mid -d recycling,
Incineration 5 (medium
efficiency electricity)_total

74%

57%

mid -d recycling, Gasification 2_total

Wet AD with electricity
generation

mid -d

Gasification 2_total

#N/A

21%

0%

57%

583.11

-0.30

2031

499.64

96.27

34.47

mid -d recycling,
Gasification 2_total

74%

57%

hi recycling, Incineration 5 (medium
efficiency electricity)_total

Wet AD with electricity
generation

hi

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

47%

584.50

-0.29

2031

571.04

119.76

29.66

hi recycling, Incineration
5 (medium efficiency
electricity)_total

80%

47%

69%

38%

mid -f recycling, MBT aerobic 1, SRF to Dry AD with electricity
Incineration 1 (electricity only)
generation

585.91

-0.26

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

47%

589.85

-0.28

2031

599.56

119.76

37.13

hi recycling, Incineration
2 (low CHP)_total

80%

47%

mid -f

MBT aerobic 1

incineration_generic

30%

0%

-

hi

Incineration 2 (low
CHP)_total

#N/A

22%

10%

38%

hi recycling, Incineration 2 (low
CHP)_total

Aerobic Digestion

mid -d recycling, Gasification 2_total

Dry AD with electricity
generation

mid -d

Gasification 2_total

#N/A

21%

0%

57%

590.08

-0.29

2031

501.74

96.27

35.02

mid -d recycling,
Gasification 2_total

74%

57%

hi recycling, Gasification 2_total

Dry AD with electricity
generation

hi

Gasification 2_total

#N/A

21%

0%

47%

596.14

-0.26

2031

582.55

119.76

32.68

hi recycling, Gasification
2_total

80%

47%

lo recycling, MBT aerobic 1, SRF to
Gasification 1

Aerobic Digestion

lo

MBT aerobic 1

ATT_generic

30%

0%

-

596.98

-0.29

2031

578.16

109.48

41.80

lo recycling, MBT aerobic
1, SRF to Gasification 1

71%

43%

mid -f recycling, Incineration 5 (medium Wet AD with electricity
efficiency electricity)_total
generation

mid -f

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

52%

597.49

-0.24

2031

533.37

105.12

34.45

mid -f recycling,
Incineration 5 (medium
efficiency electricity)_total

73%

52%

mid -f recycling, Gasification 2_total

Wet AD with electricity
generation

mid -f

Gasification 2_total

#N/A

21%

0%

52%

600.30

-0.25391

2031

540.79

105.12

36.39

mid -f recycling,
Gasification 2_total

73%

52%

hi recycling, Incineration 5 (medium
efficiency electricity)_total

Dry AD with electricity
generation

hi

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

47%

600.35

-0.26

2031

577.18

119.76

31.27

hi recycling, Incineration
5 (medium efficiency
electricity)_total

80%

47%

mid -d recycling, MBT aerobic 1, SRF to Wet AD with electricity
Incineration 1 (electricity only)
generation

mid -d

MBT aerobic 1

incineration_generic

30%

0%

-

603.78

-0.31

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

69%

40%

mid -f recycling, Incineration 5 (medium Dry AD with electricity
efficiency electricity)_total
generation

mid -f

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

52%

606.52

-0.23

2020

537.18

105.12

35.45

mid -f recycling,
Incineration 5 (medium
efficiency electricity)_total

73%

52%

Dry AD with electricity
generation

mid -f

Gasification 2_total

#N/A

21%

0%

52%

610.41

-0.23567

2020

544.60

105.12

37.39

mid -f recycling,
Gasification 2_total

73%

52%

39.55

mid -d recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

69%

40%

mid -f recycling, Gasification 2_total

mid -d recycling, MBT aerobic 1, SRF to Dry AD with electricity
Incineration 1 (electricity only)
generation

mid -d

MBT aerobic 1

incineration_generic

30%

0%

-

43%

40%

40%

SLR

612.89

-0.30

2031

519.08

96.27
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APPENDIX D – SCENARIO OUTPUTS – ALL SCENARIOS RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -d recycling, MBT aerobic 3, SRF to
Aerobic Digestion
Incineration 1 (electricity only)

mid -d

MBT aerobic 3

incineration_generic

30%

0%

-

40%

621.53

-0.30

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

69%

40%

mid -f recycling, MBT aerobic 3, SRF to
Aerobic Digestion
Incineration 1 (electricity only)

mid -f

MBT aerobic 3

incineration_generic

30%

0%

-

38%

622.22

-0.27

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 3, SRF to
Incineration 1 (electricity
only)

69%

38%

33%

623.67

-0.31

2031

600.66

119.76

37.42

hi recycling, MBT aerobic
3, SRF to Gasification 1

78%

33%

hi recycling, MBT aerobic 3, SRF to
Gasification 1

Aerobic Digestion

hi

MBT aerobic 3

ATT_generic

30%

0%

-

hi recycling, Incineration 1 (electricity
only)_total

Aerobic Digestion

hi

Incineration 1
(electricity
only)_total

#N/A

30%

0%

47%

625.02

-0.28

2031

554.85

119.76

25.43

hi recycling, Incineration
1 (electricity only)_total

80%

47%

lo recycling, Incineration 5 (medium
efficiency electricity)_total

Aerobic Digestion

lo

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

635.37

-0.24

2031

551.37

109.48

34.79

lo recycling, Incineration 5
(medium efficiency
electricity)_total

74%

57%

mid -d recycling, Incineration 5 (medium
Aerobic Digestion
efficiency electricity)_total

mid -d

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

57%

641.02

-0.28

2031

494.57

96.27

33.14

mid -d recycling,
Incineration 5 (medium
efficiency electricity)_total

74%

57%

mid -d recycling, MBT aerobic 1, SRF to
Aerobic Digestion
Gasification 1

mid -d

MBT aerobic 1

ATT_generic

30%

0%

-

40%

643.75

-0.31

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

40%

mid -f recycling, MBT aerobic 1, SRF to
Aerobic Digestion
Gasification 1

mid -f

MBT aerobic 1

ATT_generic

30%

0%

-

38%

649.37

-0.27

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

38%

652.15

-0.25

2031

558.48

109.48

36.66

lo recycling, Gasification
2_total

74%

57%

656.74

-0.28

2031

578.16

109.48

41.80

lo recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

71%

43%

657.47

-0.29

2031

501.73

96.27

35.01

mid -d recycling,
Gasification 2_total

74%

57%

685.78

-0.30

2031

600.66

119.76

37.42

hi recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

78%

33%

700.42

-0.23

2020

537.16

105.12

35.44

mid -f recycling,
Incineration 5 (medium
efficiency electricity)_total

73%

52%

lo recycling, Gasification 2_total

Aerobic Digestion

lo

Gasification 2_total

#N/A

21%

0%

57%

lo recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

lo

MBT aerobic 1

incineration_generic

30%

0%

-

mid -d recycling, Gasification 2_total

Aerobic Digestion

mid -d

Gasification 2_total

#N/A

21%

0%

57%

hi recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

hi

MBT aerobic 3

incineration_generic

30%

0%

-

mid -f

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

52%

hi

MBT aerobic 1

ATT_generic

30%

0%

-

33%

708.51

-0.30

2031

600.66

119.76

37.42

hi recycling, MBT aerobic
1, SRF to Gasification 1

78%

33%

mid -d recycling, MBT aerobic 1, SRF to
Aerobic Digestion
Incineration 1 (electricity only)

mid -d

MBT aerobic 1

incineration_generic

30%

0%

-

40%

708.92

-0.30

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

69%

40%

mid -f recycling, MBT aerobic 1, SRF to
Aerobic Digestion
Incineration 1 (electricity only)

mid -f

MBT aerobic 1

incineration_generic

30%

0%

-

38%

714.82

-0.26

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 1, SRF to
Incineration 1 (electricity
only)

69%

38%

mid -f recycling, Gasification 2_total

Aerobic Digestion

mid -f

Gasification 2_total

#N/A

21%

0%

52%

718.60

-0.23566

2020

544.58

105.12

37.38

mid -f recycling,
Gasification 2_total

73%

52%

hi recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

hi

MBT aerobic 1

incineration_generic

30%

0%

-

779.07

-0.29

2031

600.66

119.76

37.42

hi recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

78%

33%

hi recycling, Incineration 5 (medium
efficiency electricity)_total

Aerobic Digestion

hi

Incineration 5
(medium efficiency
electricity)_total

#N/A

24%

0%

47%

788.49

-0.26

2031

577.14

119.76

31.26

hi recycling, Incineration
5 (medium efficiency
electricity)_total

80%

47%

hi recycling, Gasification 2_total

Aerobic Digestion

hi

Gasification 2_total

#N/A

21%

0%

47%

809.59

-0.26

2031

582.51

119.76

32.67

hi recycling, Gasification
2_total

80%

47%

mid -f recycling, Incineration 5 (medium
Aerobic Digestion
efficiency electricity)_total

hi recycling, MBT aerobic 1, SRF to
Gasification 1

Aerobic Digestion

43%

33%

33%

SLR
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APPENDIX E – SCENARIO OUTPUTS – SCENARIOS MEETING THE EPS LEVEL IN
2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
transport fuel

lo

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.29

2031

608.32

109.48

49.70

lo recycling, MBT aerobic
2 (landfill)

68%

0%

mid -f recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
transport fuel

mid -f

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.28

2031

598.29

105.12

51.44

mid -f recycling, MBT
aerobic 2 (landfill)

66%

0%

hi recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
transport fuel

hi

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.32

2031

627.19

119.76

44.36

hi recycling, MBT aerobic
2 (landfill)

75%

0%

lo recycling, MBT biostab 1

Wet AD with biogas to
transport fuel

lo

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.29

2031

605.31

109.48

48.91

lo recycling, MBT biostab
1

67%

0%

mid -f recycling, MBT biostab 1

Wet AD with biogas to
transport fuel

mid -f

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.28

2031

595.76

105.12

50.78

mid -f recycling, MBT
biostab 1

65%

0%

hi recycling, MBT biostab 1

Wet AD with biogas to
transport fuel

hi

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.32

2031

625.71

119.76

43.97

hi recycling, MBT biostab
1

75%

0%

lo recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
grid injection

lo

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.29

2031

607.62

109.48

49.51

lo recycling, MBT aerobic
2 (landfill)

68%

0%

mid -f recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
grid injection

mid -f

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.28

2031

597.71

105.12

51.29

mid -f recycling, MBT
aerobic 2 (landfill)

66%

0%

hi recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
grid injection

hi

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.32

2031

626.25

119.76

44.11

hi recycling, MBT aerobic
2 (landfill)

75%

0%

lo recycling, MBT biostab 1

Wet AD with biogas to
grid injection

lo

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.29

2031

604.61

109.48

48.73

lo recycling, MBT biostab
1

67%

0%

mid -f recycling, MBT biostab 1

Wet AD with biogas to
grid injection

mid -f

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.28

2031

595.18

105.12

50.62

mid -f recycling, MBT
biostab 1

65%

0%

hi recycling, MBT biostab 1

Wet AD with biogas to
grid injection

hi

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.32

2031

624.77

119.76

43.72

hi recycling, MBT biostab
1

75%

0%

mid -d recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
transport fuel

mid -d

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.31

2031

544.60

96.27

46.23

mid -d recycling, MBT
aerobic 2 (landfill)

66%

0%

mid -d recycling, MBT biostab 1

Wet AD with biogas to
transport fuel

mid -d

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.31

2031

541.72

96.27

45.48

mid -d recycling, MBT
biostab 1

66%

0%

mid -d recycling, MBT aerobic 2 (landfill)

Wet AD with biogas to
grid injection

mid -d

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

20.20

-0.31

2031

544.28

96.27

46.15

mid -d recycling, MBT
aerobic 2 (landfill)

66%

0%

mid -d recycling, MBT biostab 1

Wet AD with biogas to
grid injection

mid -d

MBT biostab 1

#N/A

0%

0%

-

0%

20.20

-0.31

2031

541.40

96.27

45.39

mid -d recycling, MBT
biostab 1

66%

0%

hi recycling, MBT aerobic 2 (landfill)

Wet AD with electricity
generation

hi

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

50.50

-0.35

2031

618.64

119.76

42.12

hi recycling, MBT aerobic
2 (landfill)

75%

0%

hi recycling, MBT biostab 1

Wet AD with electricity
generation

hi

MBT biostab 1

#N/A

0%

0%

-

0%

50.50

-0.35

2031

617.16

119.76

41.73

hi recycling, MBT biostab
1

75%

0%

lo recycling, MBT aerobic 2 (landfill)

Wet AD with electricity
generation

lo

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

50.50

-0.31

2031

601.99

109.48

48.04

lo recycling, MBT aerobic
2 (landfill)

68%

0%

mid -f recycling, MBT aerobic 2 (landfill)

Wet AD with electricity
generation

mid -f

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

50.50

-0.30

2031

592.98

105.12

50.05

mid -f recycling, MBT
aerobic 2 (landfill)

66%

0%

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo recycling, MBT biostab 1

Wet AD with electricity
generation

lo

MBT biostab 1

#N/A

0%

0%

-

0%

50.50

-0.31

2031

598.98

109.48

47.25

lo recycling, MBT biostab
1

67%

0%

mid -f recycling, MBT biostab 1

Wet AD with electricity
generation

mid -f

MBT biostab 1

#N/A

0%

0%

-

0%

50.50

-0.30

2031

590.46

105.12

49.39

mid -f recycling, MBT
biostab 1

65%

0%

mid -d recycling, MBT aerobic 2 (landfill)

Wet AD with electricity
generation

mid -d

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

50.50

-0.32

2031

541.67

96.27

45.47

mid -d recycling, MBT
aerobic 2 (landfill)

66%

0%

mid -d recycling, MBT biostab 1

Wet AD with electricity
generation

mid -d

MBT biostab 1

#N/A

0%

0%

-

0%

50.50

-0.32

2031

538.79

96.27

44.71

mid -d recycling, MBT
biostab 1

66%

0%

mid -d recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -d

MHT 2

cement_kiln

0%

100%

-

70%

77.20

-0.46

2031

550.71

96.27

47.83

mid -d recycling, MHT 2,
SRF to cement_kiln

71%

70%

mid -d recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -d

MHT 2

cement_kiln

0%

100%

-

70%

77.20

-0.46

2031

550.39

96.27

47.75

mid -d recycling, MHT 2,
SRF to cement_kiln

71%

70%

lo recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

lo

MBT aerobic 4

cement_kiln

0%

100%

-

73%

78.01

-0.42

2031

608.48

109.48

49.74

lo recycling, MBT aerobic
4, SRF to cement_kiln

72%

73%

lo recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
grid injection

lo

MBT aerobic 4

cement_kiln

0%

100%

-

73%

78.01

-0.42

2031

607.78

109.48

49.56

lo recycling, MBT aerobic
4, SRF to cement_kiln

72%

73%

NC recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

NC

MHT 2

cement_kiln

0%

100%

-

70%

80.36

-0.46

2031

642.63

83.05

85.11

NC recycling, MHT 2, SRF
to cement_kiln

41%

70%

NC recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
grid injection

NC

MHT 2

cement_kiln

0%

100%

-

70%

80.36

-0.46

2031

642.46

83.05

85.07

NC recycling, MHT 2, SRF
to cement_kiln

41%

70%

NC recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

NC

MBT aerobic 4

cement_kiln

0%

100%

-

79%

81.22

-0.38

2031

645.86

83.05

85.96

NC recycling, MBT
aerobic 4, SRF to
cement_kiln

41%

79%

NC recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
grid injection

NC

MBT aerobic 4

cement_kiln

0%

100%

-

79%

81.22

-0.38

2031

645.69

83.05

85.91

NC recycling, MBT
aerobic 4, SRF to
cement_kiln

41%

79%

NC recycling, MHT 2, SRF to
cement_kiln

Wet AD with electricity
generation

NC

MHT 2

cement_kiln

0%

100%

-

70%

81.57

-0.46

2031

641.10

83.05

84.71

NC recycling, MHT 2, SRF
to cement_kiln

41%

70%

NC recycling, MHT 2, SRF to
cement_kiln

Dry AD with electricity
generation

NC

MHT 2

cement_kiln

0%

100%

-

70%

82.17

-0.46

2031

642.20

83.05

85.00

NC recycling, MHT 2, SRF
to cement_kiln

41%

70%

NC recycling, MHT 2, SRF to
cement_kiln

Aerobic Digestion

NC

MHT 2

cement_kiln

0%

100%

-

70%

82.22

-0.46

2031

642.19

83.05

85.00

NC recycling, MHT 2, SRF
to cement_kiln

41%

70%

mid -d recycling, MHT 2, SRF to
cement_kiln

Wet AD with electricity
generation

mid -d

MHT 2

cement_kiln

0%

100%

-

70%

82.40

-0.47

2031

547.78

96.27

47.06

mid -d recycling, MHT 2,
SRF to cement_kiln

71%

70%

NC recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with electricity
generation

NC

MBT aerobic 4

cement_kiln

0%

100%

-

79%

83.65

-0.38

2031

644.33

83.05

85.55

NC recycling, MBT
aerobic 4, SRF to
cement_kiln

41%

79%

lo recycling, MHT 2, SRF to cement_kiln

Wet AD with biogas to
transport fuel

lo

MHT 2

cement_kiln

0%

100%

-

64%

84.06

-0.45

2031

608.92

109.48

49.85

lo recycling, MHT 2, SRF
to cement_kiln

72%

64%

lo recycling, MHT 2, SRF to cement_kiln

Wet AD with biogas to
grid injection

lo

MHT 2

cement_kiln

0%

100%

-

64%

84.06

-0.45

2031

608.23

109.48

49.67

lo recycling, MHT 2, SRF
to cement_kiln

72%

64%

NC recycling, MBT aerobic 4, SRF to
cement_kiln

Dry AD with electricity
generation

NC

MBT aerobic 4

cement_kiln

0%

100%

-

79%

84.84

-0.38

2031

645.43

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
cement_kiln

41%

79%

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

NC

MBT aerobic 4

cement_kiln

0%

100%

-

79%

85.01

-0.38

2031

645.42

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
cement_kiln

41%

79%

Dry AD with electricity
generation

mid -d

MHT 2

cement_kiln

0%

100%

-

70%

85.09

-0.46

2031

549.88

96.27

47.62

mid -d recycling, MHT 2,
SRF to cement_kiln

71%

70%

mid -d recycling, MHT 2, SRF to
cement_kiln

Aerobic Digestion

mid -d

MHT 2

cement_kiln

0%

100%

-

70%

85.48

-0.46

2031

549.87

96.27

47.61

mid -d recycling, MHT 2,
SRF to cement_kiln

71%

70%

hi recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

hi

MBT aerobic 4

cement_kiln

0%

100%

-

60%

88.55

-0.40

2031

627.96

119.76

44.56

hi recycling, MBT aerobic
4, SRF to cement_kiln

80%

60%

hi recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with biogas to
grid injection

hi

MBT aerobic 4

cement_kiln

0%

100%

-

60%

88.55

-0.40

2031

627.02

119.76

44.31

hi recycling, MBT aerobic
4, SRF to cement_kiln

80%

60%

mid -d recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -d

MHT 1

cement_kiln

0%

100%

-

70%

90.53

-0.44

2031

550.71

96.27

47.83

mid -d recycling, MHT 1,
SRF to cement_kiln

71%

70%

mid -d recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -d

MHT 1

cement_kiln

0%

100%

-

70%

90.53

-0.44

2031

550.39

96.27

47.75

mid -d recycling, MHT 1,
SRF to cement_kiln

71%

70%

NC recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

NC

MHT 1

cement_kiln

0%

100%

-

70%

92.76

-0.42

2031

642.63

83.05

85.11

NC recycling, MHT 1, SRF
to cement_kiln

41%

70%

NC recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

NC

MHT 1

cement_kiln

0%

100%

-

70%

92.76

-0.42

2031

642.46

83.05

85.07

NC recycling, MHT 1, SRF
to cement_kiln

41%

70%

hi recycling, MHT 2, SRF to cement_kiln

Wet AD with biogas to
transport fuel

hi

MHT 2

cement_kiln

0%

100%

-

55%

92.91

-0.43

2031

620.72

119.76

42.66

hi recycling, MHT 2, SRF
to cement_kiln

80%

55%

hi recycling, MHT 2, SRF to cement_kiln

Wet AD with biogas to
grid injection

hi

MHT 2

cement_kiln

0%

100%

-

55%

92.91

-0.43

2031

619.78

119.76

42.42

hi recycling, MHT 2, SRF
to cement_kiln

80%

55%

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
cement_kiln
transport fuel

NC

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

68%

93.00

-0.48

2031

596.80

83.05

73.12

NC recycling, MBT AD 2
(SRF), SRF to
cement_kiln

32%

68%

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
cement_kiln
grid injection

NC

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

68%

93.00

-0.48

2031

596.63

83.05

73.07

NC recycling, MBT AD 2
(SRF), SRF to
cement_kiln

32%

68%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
cement_kiln
transport fuel

mid -f

MBT aerobic 4

cement_kiln

0%

100%

-

68%

93.24

-0.40

2031

599.37

105.12

51.72

mid -f recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

68%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
cement_kiln
grid injection

mid -f

MBT aerobic 4

cement_kiln

0%

100%

-

68%

93.24

-0.40

2031

598.79

105.12

51.57

mid -f recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

68%

NC recycling, MBT aerobic 4, SRF to
cement_kiln

Aerobic Digestion

mid -d recycling, MHT 2, SRF to
cement_kiln

lo recycling, MHT 2, SRF to cement_kiln

Wet AD with electricity
generation

lo

MHT 2

cement_kiln

0%

100%

-

64%

93.88

-0.48

2031

602.59

109.48

48.20

lo recycling, MHT 2, SRF
to cement_kiln

72%

64%

mid -f recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -f

MHT 2

cement_kiln

0%

100%

-

61%

93.92

-0.44

2031

597.07

105.12

51.12

mid -f recycling, MHT 2,
SRF to cement_kiln

71%

61%

mid -f recycling, MHT 2, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -f

MHT 2

cement_kiln

0%

100%

-

61%

93.92

-0.44

2031

596.48

105.12

50.97

mid -f recycling, MHT 2,
SRF to cement_kiln

71%

61%

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with electricity
cement_kiln
generation

NC

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

68%

94.15

-0.48

2031

595.27

83.05

72.72

NC recycling, MBT AD 2
(SRF), SRF to
cement_kiln

32%

68%

NC recycling, MHT 1, SRF to
cement_kiln

NC

MHT 1

cement_kiln

0%

100%

-

70%

94.37

-0.43

2031

641.10

83.05

84.71

NC recycling, MHT 1, SRF
to cement_kiln

41%

70%

Wet AD with electricity
generation

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

NC recycling, MBT AD 2 (SRF), SRF to Dry AD with electricity
cement_kiln
generation

NC

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

68%

94.65

-0.48

2031

596.37

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to
cement_kiln

32%

68%

NC recycling, MBT AD 2 (SRF), SRF to
Aerobic Digestion
cement_kiln

NC

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

68%

94.80

-0.48

2031

596.36

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to
cement_kiln

32%

68%

lo recycling, MHT 1, SRF to cement_kiln

Wet AD with biogas to
transport fuel

lo

MHT 1

cement_kiln

0%

100%

-

64%

94.98

-0.44

2031

608.92

109.48

49.85

lo recycling, MHT 1, SRF
to cement_kiln

72%

64%

lo recycling, MHT 1, SRF to cement_kiln

Wet AD with biogas to
grid injection

lo

MHT 1

cement_kiln

0%

100%

-

64%

94.98

-0.44

2031

608.23

109.48

49.67

lo recycling, MHT 1, SRF
to cement_kiln

72%

64%

NC recycling, MHT 1, SRF to
cement_kiln

Dry AD with electricity
generation

NC

MHT 1

cement_kiln

0%

100%

-

70%

95.06

-0.42

2031

642.20

83.05

85.00

NC recycling, MHT 1, SRF
to cement_kiln

41%

70%

NC recycling, MHT 1, SRF to
cement_kiln

Aerobic Digestion

NC

MHT 1

cement_kiln

0%

100%

-

70%

95.27

-0.42

2031

642.19

83.05

85.00

NC recycling, MHT 1, SRF
to cement_kiln

41%

70%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to cement_kiln
transport fuel

mid -d

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

66%

95.46

-0.48

2031

527.31

96.27

41.71

mid -d recycling, MBT AD
2 (SRF), SRF to
cement_kiln

67%

66%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to cement_kiln
grid injection

mid -d

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

66%

95.46

-0.48

2031

526.99

96.27

41.62

mid -d recycling, MBT AD
2 (SRF), SRF to
cement_kiln

67%

66%

lo recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with electricity
generation

lo

MBT aerobic 4

cement_kiln

0%

100%

-

73%

95.67

-0.44

2031

602.15

109.48

48.08

lo recycling, MBT aerobic
4, SRF to cement_kiln

72%

73%

lo recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
transport fuel

lo

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

62%

97.46

-0.46

2031

584.97

109.48

43.59

lo recycling, MBT AD 2
(SRF), SRF to
cement_kiln

68%

62%

lo recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
grid injection

lo

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

62%

97.46

-0.46

2031

584.27

109.48

43.40

lo recycling, MBT AD 2
(SRF), SRF to
cement_kiln

68%

62%

mid -d recycling, MHT 1, SRF to
cement_kiln

Wet AD with electricity
generation

mid -d

MHT 1

cement_kiln

0%

100%

-

70%

97.77

-0.45

2031

547.78

96.27

47.06

mid -d recycling, MHT 1,
SRF to cement_kiln

71%

70%

lo recycling, MHT 2, SRF to cement_kiln

Dry AD with electricity
generation

lo

MHT 2

cement_kiln

0%

100%

-

64%

98.55

-0.45

2031

607.14

109.48

49.39

lo recycling, MHT 2, SRF
to cement_kiln

72%

64%

lo

MHT 2

cement_kiln

0%

100%

-

64%

100.37

-0.45

2031

607.11

109.48

49.38

lo recycling, MHT 2, SRF
to cement_kiln

72%

64%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to cement_kiln
generation

mid -d

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

66%

100.44

-0.49

2031

524.39

96.27

40.94

mid -d recycling, MBT AD
2 (SRF), SRF to
cement_kiln

67%

66%

mid -d recycling, MHT 1, SRF to
cement_kiln

Dry AD with electricity
generation

mid -d

MHT 1

cement_kiln

0%

100%

-

70%

100.97

-0.44

2031

549.88

96.27

47.62

mid -d recycling, MHT 1,
SRF to cement_kiln

71%

70%

mid -d recycling, MHT 1, SRF to
cement_kiln

Aerobic Digestion

mid -d

MHT 1

cement_kiln

0%

100%

-

70%

102.32

-0.44

2031

549.87

96.27

47.61

mid -d recycling, MHT 1,
SRF to cement_kiln

71%

70%

mid -d

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

66%

102.52

-0.48

2031

526.49

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
cement_kiln

67%

66%

lo recycling, MHT 2, SRF to cement_kiln Aerobic Digestion

mid -d recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to cement_kiln
generation

hi recycling, MHT 1, SRF to cement_kiln

Wet AD with biogas to
transport fuel

hi

MHT 1

cement_kiln

0%

100%

-

55%

102.68

-0.41

2031

620.72

119.76

42.66

hi recycling, MHT 1, SRF
to cement_kiln

80%

55%

hi recycling, MHT 1, SRF to cement_kiln

Wet AD with biogas to
grid injection

hi

MHT 1

cement_kiln

0%

100%

-

55%

102.68

-0.41

2031

619.78

119.76

42.42

hi recycling, MHT 1, SRF
to cement_kiln

80%

55%

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

mid -f recycling, MHT 2, SRF to
cement_kiln

AD option

Wet AD with electricity
generation

mid -d recycling, MBT AD 2 (SRF), SRF
Aerobic Digestion
to cement_kiln

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -f

MHT 2

cement_kiln

0%

100%

-

61%

103.06

-0.46

2031

591.76

105.12

49.73

mid -f recycling, MHT 2,
SRF to cement_kiln

71%

61%

mid -d

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

66%

103.44

-0.48

2031

526.48

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
cement_kiln

67%

66%

lo recycling, MBT aerobic 4, SRF to
cement_kiln

Dry AD with electricity
generation

lo

MBT aerobic 4

cement_kiln

0%

100%

-

73%

104.72

-0.42

2031

606.69

109.48

49.27

lo recycling, MBT aerobic
4, SRF to cement_kiln

72%

73%

mid -f recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

mid -f

MHT 1

cement_kiln

0%

100%

-

61%

106.76

-0.42

2031

597.07

105.12

51.12

mid -f recycling, MHT 1,
SRF to cement_kiln

71%

61%

mid -f recycling, MHT 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

mid -f

MHT 1

cement_kiln

0%

100%

-

61%

106.76

-0.42

2031

596.48

105.12

50.97

mid -f recycling, MHT 1,
SRF to cement_kiln

71%

61%

lo recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with electricity
generation

lo

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

62%

106.84

-0.48

2031

578.64

109.48

41.93

lo recycling, MBT AD 2
(SRF), SRF to
cement_kiln

68%

62%

mid -f recycling, MHT 2, SRF to
cement_kiln

Dry AD with electricity
generation

mid -f

MHT 2

cement_kiln

0%

100%

-

61%

106.95

-0.44

2031

595.57

105.12

50.73

mid -f recycling, MHT 2,
SRF to cement_kiln

71%

61%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
cement_kiln
transport fuel

mid -d

MBT aerobic 4

cement_kiln

0%

100%

-

65%

107.59

-0.40

2031

554.23

96.27

48.75

mid -d recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

65%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
cement_kiln
grid injection

mid -d

MBT aerobic 4

cement_kiln

0%

100%

-

65%

107.59

-0.40

2031

553.91

96.27

48.67

mid -d recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

65%

lo

MHT 1

cement_kiln

0%

100%

-

64%

107.71

-0.46

2031

602.59

109.48

48.20

lo recycling, MHT 1, SRF
to cement_kiln

72%

64%

mid -f

MHT 2

cement_kiln

0%

100%

-

61%

109.04

-0.44

2031

595.55

105.12

50.72

mid -f recycling, MHT 2,
SRF to cement_kiln

71%

61%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to cement_kiln
transport fuel

mid -f

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

58%

109.11

-0.46

2031

572.52

105.12

44.70

mid -f recycling, MBT AD
2 (SRF), SRF to
cement_kiln

66%

58%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to cement_kiln
grid injection

mid -f

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

58%

109.11

-0.46

2031

571.94

105.12

44.54

mid -f recycling, MBT AD
2 (SRF), SRF to
cement_kiln

66%

58%

lo recycling, MHT 1, SRF to cement_kiln

Wet AD with electricity
generation

mid -f recycling, MHT 2, SRF to
cement_kiln

Aerobic Digestion

lo recycling, MBT aerobic 4, SRF to
cement_kiln

Aerobic Digestion

lo

MBT aerobic 4

cement_kiln

0%

100%

-

73%

109.66

-0.42

2031

606.67

109.48

49.26

lo recycling, MBT aerobic
4, SRF to cement_kiln

72%

73%

hi recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
transport fuel

hi

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

54%

109.77

-0.44

2031

603.91

119.76

38.26

hi recycling, MBT AD 2
(SRF), SRF to
cement_kiln

76%

54%

hi recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with biogas to
grid injection

hi

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

54%

109.77

-0.44

2031

602.97

119.76

38.02

hi recycling, MBT AD 2
(SRF), SRF to
cement_kiln

76%

54%

lo recycling, MBT aerobic 2 (landfill)

Dry AD with electricity
generation

lo

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

110.46

-0.29

2031

606.53

109.48

49.23

lo recycling, MBT aerobic
2 (landfill)

68%

0%

mid -f recycling, MBT aerobic 2 (landfill)

Dry AD with electricity
generation

mid -f

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

110.46

-0.28

2031

596.79

105.12

51.05

mid -f recycling, MBT
aerobic 2 (landfill)

66%

0%

lo recycling, MBT biostab 1

Dry AD with electricity
generation

lo

MBT biostab 1

#N/A

0%

0%

-

0%

110.46

-0.29

2031

603.52

109.48

48.44

lo recycling, MBT biostab
1

67%

0%

mid -f recycling, MBT biostab 1

Dry AD with electricity
generation

mid -f

MBT biostab 1

#N/A

0%

0%

-

0%

110.46

-0.28

2031

594.27

105.12

50.39

mid -f recycling, MBT
biostab 1

65%

0%

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

hi recycling, MBT aerobic 2 (landfill)

Dry AD with electricity
generation

hi

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

110.46

-0.32

2031

624.78

119.76

43.73

hi recycling, MBT aerobic
2 (landfill)

75%

0%

hi recycling, MBT biostab 1

Dry AD with electricity
generation

hi

MBT biostab 1

#N/A

0%

0%

-

0%

110.46

-0.32

2031

623.30

119.76

43.34

hi recycling, MBT biostab
1

75%

0%

mid -d recycling, MBT aerobic 2 (landfill)

Dry AD with electricity
generation

mid -d

MBT aerobic 2
(landfill)

#N/A

0%

0%

-

0%

110.46

-0.31

2031

543.77

96.27

46.02

mid -d recycling, MBT
aerobic 2 (landfill)

66%

0%

mid -d recycling, MBT biostab 1

Dry AD with electricity
generation

mid -d

MBT biostab 1

#N/A

0%

0%

-

0%

110.46

-0.31

2031

540.89

96.27

45.26

mid -d recycling, MBT
biostab 1

66%

0%

lo recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Dry AD with electricity
generation

lo

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

62%

110.69

-0.46

2031

583.18

109.48

43.12

lo recycling, MBT AD 2
(SRF), SRF to
cement_kiln

68%

62%

mid -f

MBT aerobic 4

cement_kiln

0%

100%

-

68%

111.45

-0.42

2031

594.06

105.12

50.33

mid -f recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

68%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with electricity
cement_kiln
generation

hi recycling, MHT 2, SRF to cement_kiln

Wet AD with electricity
generation

hi

MHT 2

cement_kiln

0%

100%

-

55%

112.19

-0.46

2031

612.17

119.76

40.43

hi recycling, MHT 2, SRF
to cement_kiln

80%

55%

lo recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Aerobic Digestion

lo

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

62%

113.01

-0.46

2031

583.15

109.48

43.11

lo recycling, MBT AD 2
(SRF), SRF to
cement_kiln

68%

62%

lo recycling, MHT 1, SRF to cement_kiln

Dry AD with electricity
generation

lo

MHT 1

cement_kiln

0%

100%

-

64%

113.06

-0.44

2031

607.14

109.48

49.39

lo recycling, MHT 1, SRF
to cement_kiln

72%

64%

lo

MHT 1

cement_kiln

0%

100%

-

64%

116.61

-0.44

2031

607.11

109.48

49.38

lo recycling, MHT 1, SRF
to cement_kiln

72%

64%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to cement_kiln
generation

mid -f

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

58%

117.54

-0.47

2031

567.22

105.12

43.31

mid -f recycling, MBT AD
2 (SRF), SRF to
cement_kiln

66%

58%

mid -f recycling, MHT 1, SRF to
cement_kiln

Wet AD with electricity
generation

mid -f

MHT 1

cement_kiln

0%

100%

-

61%

118.73

-0.44

2031

591.76

105.12

49.73

mid -f recycling, MHT 1,
SRF to cement_kiln

71%

61%

mid -f recycling, MBT aerobic 4, SRF to Dry AD with electricity
cement_kiln
generation

mid -f

MBT aerobic 4

cement_kiln

0%

100%

-

68%

119.26

-0.40

2031

597.87

105.12

51.33

mid -f recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

68%

hi

MHT 2

cement_kiln

0%

100%

-

55%

120.49

-0.43

2031

618.31

119.76

42.03

hi recycling, MHT 2, SRF
to cement_kiln

80%

55%

mid -f

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

58%

120.63

-0.46

2031

571.03

105.12

44.30

mid -f recycling, MBT AD
2 (SRF), SRF to
cement_kiln

66%

58%

lo recycling, MHT 1, SRF to cement_kiln Aerobic Digestion

hi recycling, MHT 2, SRF to cement_kiln

Dry AD with electricity
generation

mid -f recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to cement_kiln
generation

hi recycling, MBT aerobic 4, SRF to
cement_kiln

Wet AD with electricity
generation

hi

MBT aerobic 4

cement_kiln

0%

100%

-

60%

121.76

-0.43

2031

619.41

119.76

42.32

hi recycling, MBT aerobic
4, SRF to cement_kiln

80%

60%

mid -d recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
transport fuel

mid -d

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

122.60

-0.42

2031

550.71

96.27

47.83

mid -d recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

70%

mid -d recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
grid injection

mid -d

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

122.60

-0.42

2031

550.39

96.27

47.75

mid -d recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

70%

mid -f recycling, MBT AD 2 (SRF), SRF
Aerobic Digestion
to cement_kiln

mid -f

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

58%

123.01

-0.46

2031

571.00

105.12

44.30

mid -f recycling, MBT AD
2 (SRF), SRF to
cement_kiln

66%

58%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with electricity
cement_kiln
generation

mid -d

MBT aerobic 4

cement_kiln

0%

100%

-

65%

123.14

-0.41

2031

551.30

96.27

47.99

mid -d recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

65%

SLR

Greenhouse Gas Modelling for Municipal Waste
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

mid -f recycling, MHT 1, SRF to
cement_kiln

AD option

Dry AD with electricity
generation

mid -f recycling, MBT aerobic 4, SRF to
Aerobic Digestion
cement_kiln

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -f

MHT 1

cement_kiln

0%

100%

-

61%

123.21

-0.42

2031

595.57

105.12

50.73

mid -f recycling, MHT 1,
SRF to cement_kiln

71%

61%

mid -f

MBT aerobic 4

cement_kiln

0%

100%

-

68%

125.59

-0.40

2031

597.85

105.12

51.32

mid -f recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

68%

lo recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

lo

MBT aerobic 3

cement_kiln

0%

100%

-

43%

126.58

-0.39

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
3, SRF to cement_kiln

68%

43%

lo recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
grid injection

lo

MBT aerobic 3

cement_kiln

0%

100%

-

43%

126.58

-0.39

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
3, SRF to cement_kiln

68%

43%

hi recycling, MHT 1, SRF to cement_kiln

Wet AD with electricity
generation

hi

MHT 1

cement_kiln

0%

100%

-

55%

126.76

-0.44

2031

612.17

119.76

40.43

hi recycling, MHT 1, SRF
to cement_kiln

80%

55%

mid -f recycling, MHT 1, SRF to
cement_kiln

Aerobic Digestion

mid -f

MHT 1

cement_kiln

0%

100%

-

61%

126.95

-0.42

2031

595.55

105.12

50.72

mid -f recycling, MHT 1,
SRF to cement_kiln

71%

61%

hi recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Wet AD with electricity
generation

hi

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

54%

127.09

-0.47

2031

595.36

119.76

36.03

hi recycling, MBT AD 2
(SRF), SRF to
cement_kiln

76%

54%

hi recycling, MHT 2, SRF to cement_kiln Aerobic Digestion

hi

MHT 2

cement_kiln

0%

100%

-

55%

127.48

-0.43

2031

618.27

119.76

42.02

hi recycling, MHT 2, SRF
to cement_kiln

80%

55%

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
transport fuel

lo

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

64%

127.71

-0.41

2031

608.92

109.48

49.85

lo recycling, MHT 2, SRF
to
Gasification_CHP_generic

77%

64%

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
grid injection

lo

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

64%

127.71

-0.41

2031

608.23

109.48

49.67

lo recycling, MHT 2, SRF
to
Gasification_CHP_generic

77%

64%

mid -d

MBT aerobic 4

cement_kiln

0%

100%

-

65%

128.91

-0.40

2031

553.40

96.27

48.54

mid -d recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

65%

mid -d recycling, MBT aerobic 4, SRF to Dry AD with electricity
cement_kiln
generation

NC recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

NC

MBT aerobic 3

cement_kiln

0%

100%

-

50%

129.10

-0.32

2031

588.97

83.05

71.07

NC recycling, MBT
aerobic 3, SRF to
cement_kiln

33%

50%

NC recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
grid injection

NC

MBT aerobic 3

cement_kiln

0%

100%

-

50%

129.10

-0.32

2031

588.80

83.05

71.02

NC recycling, MBT
aerobic 3, SRF to
cement_kiln

33%

50%

NC recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with electricity
generation

NC

MBT aerobic 3

cement_kiln

0%

100%

-

50%

131.24

-0.33

2031

587.44

83.05

70.67

NC recycling, MBT
aerobic 3, SRF to
cement_kiln

33%

50%

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
transport fuel

hi

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

55%

131.85

-0.40

2031

620.72

119.76

42.66

hi recycling, MHT 2, SRF
to
Gasification_CHP_generic

84%

55%

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
grid injection

hi

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

55%

131.85

-0.40

2031

619.78

119.76

42.42

hi recycling, MHT 2, SRF
to
Gasification_CHP_generic

84%

55%

NC recycling, MBT aerobic 3, SRF to
cement_kiln

Dry AD with electricity
generation

NC

MBT aerobic 3

cement_kiln

0%

100%

-

50%

131.90

-0.32

2031

588.54

83.05

70.96

NC recycling, MBT
aerobic 3, SRF to
cement_kiln

33%

50%

NC recycling, MBT aerobic 3, SRF to
cement_kiln

Aerobic Digestion

NC

MBT aerobic 3

cement_kiln

0%

100%

-

50%

132.51

-0.32

2031

588.53

83.05

70.95

NC recycling, MBT
aerobic 3, SRF to
cement_kiln

33%

50%

hi recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Dry AD with electricity
generation

hi

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

54%

133.39

-0.44

2031

601.50

119.76

37.63

hi recycling, MBT AD 2
(SRF), SRF to
cement_kiln

76%

54%

mid -d

MBT aerobic 4

cement_kiln

0%

100%

-

65%

134.46

-0.40

2031

553.39

96.27

48.53

mid -d recycling, MBT
aerobic 4, SRF to
cement_kiln

71%

65%

mid -d recycling, MBT aerobic 4, SRF to
Aerobic Digestion
cement_kiln

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

NC recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
transport fuel

NC

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

134.77

-0.38

2031

642.63

83.05

85.11

NC recycling, MHT 2, SRF
to
Gasification_CHP_generic

52%

70%

NC recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
grid injection

NC

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

134.77

-0.38

2031

642.46

83.05

85.07

NC recycling, MHT 2, SRF
to
Gasification_CHP_generic

52%

70%

hi recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MBT aerobic 4

power_station_generic

36%

0%

-

60%

135.46

-0.41

2031

627.96

119.76

44.56

hi recycling, MBT aerobic
4, SRF to
power_station_generic

81%

60%

hi recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MBT aerobic 4

power_station_generic

36%

0%

-

60%

135.46

-0.41

2031

627.02

119.76

44.31

hi recycling, MBT aerobic
4, SRF to
power_station_generic

81%

60%

hi recycling, MHT 1, SRF to cement_kiln

Dry AD with electricity
generation

hi

MHT 1

cement_kiln

0%

100%

-

55%

136.14

-0.41

2031

618.31

119.76

42.03

hi recycling, MHT 1, SRF
to cement_kiln

80%

55%

mid -d recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with electricity
generation

mid -d

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

136.26

-0.43

2031

547.78

96.27

47.06

mid -d recycling, MHT 2,
SRF to
Gasification_CHP_generic

hi recycling, MBT aerobic 4, SRF to
cement_kiln

Dry AD with electricity
generation

hi

MBT aerobic 4

cement_kiln

0%

100%

-

60%

136.76

-0.40

2031

625.55

119.76

43.93

hi recycling, MBT aerobic
4, SRF to cement_kiln

80%

60%

NC recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with electricity
generation

NC

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

138.20

-0.38

2031

641.10

83.05

84.71

NC recycling, MHT 2, SRF
to
Gasification_CHP_generic

NC recycling, MHT 2, SRF to
Gasification_CHP_generic

Dry AD with electricity
generation

NC

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

139.21

-0.38

2031

642.20

83.05

85.00

NC recycling, MHT 2, SRF
to
Gasification_CHP_generic

52%

70%

lo recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MBT aerobic 4

power_station_generic

36%

0%

-

73%

139.49

-0.42

2031

608.48

109.48

49.74

lo recycling, MBT aerobic
4, SRF to
power_station_generic

74%

73%

lo recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MBT aerobic 4

power_station_generic

36%

0%

-

73%

139.49

-0.42

2031

607.78

109.48

49.56

lo recycling, MBT aerobic
4, SRF to
power_station_generic

74%

73%

hi recycling, MBT AD 2 (SRF), SRF to
cement_kiln

Aerobic Digestion

hi

MBT AD 2 (SRF)

cement_kiln

0%

100%

-

54%

140.02

-0.44

2031

601.46

119.76

37.62

hi recycling, MBT AD 2
(SRF), SRF to
cement_kiln

76%

54%

NC recycling, MHT 2, SRF to
Gasification_CHP_generic

Aerobic Digestion

NC

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

140.29

-0.38

2031

642.19

83.05

85.00

NC recycling, MHT 2, SRF
to
Gasification_CHP_generic

52%

70%

mid -d recycling, MHT 2, SRF to
Gasification_CHP_generic

Dry AD with electricity
generation

mid -d

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

140.72

-0.42

2031

549.88

96.27

47.62

mid -d recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

70%

hi recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

hi

MBT aerobic 3

cement_kiln

0%

100%

-

33%

140.72

-0.39

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
3, SRF to cement_kiln

75%

33%

hi recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with biogas to
grid injection

hi

MBT aerobic 3

cement_kiln

0%

100%

-

33%

140.72

-0.39

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
3, SRF to cement_kiln

75%

33%

lo recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with electricity
generation

lo

MBT aerobic 3

cement_kiln

0%

100%

-

43%

141.96

-0.41

2031

573.64

109.48

40.62

lo recycling, MBT aerobic
3, SRF to cement_kiln

68%

43%

lo recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

lo

MBT aerobic 1

cement_kiln

0%

100%

-

43%

142.25

-0.37

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
1, SRF to cement_kiln

68%

43%

lo recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

lo

MBT aerobic 1

cement_kiln

0%

100%

-

43%

142.25

-0.37

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
1, SRF to cement_kiln

68%

43%

hi recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

hi

MBT aerobic 4

ATT_generic

30%

0%

-

60%

143.72

-0.37

2031

627.96

119.76

44.56

hi recycling, MBT aerobic
4, SRF to Gasification 1

82%

60%

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

hi recycling, MBT aerobic 4, SRF to
Gasification 1

AD option

Wet AD with biogas to
grid injection

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

hi

MBT aerobic 4

ATT_generic

30%

0%

-

60%

143.72

-0.37

2031

627.02

119.76

44.31

hi recycling, MBT aerobic
4, SRF to Gasification 1

82%

60%

mid -f recycling, MBT aerobic 3, SRF to Wet AD with biogas to
cement_kiln
transport fuel

mid -f

MBT aerobic 3

cement_kiln

0%

100%

-

38%

144.57

-0.38

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

38%

mid -f recycling, MBT aerobic 3, SRF to Wet AD with biogas to
cement_kiln
grid injection

mid -f

MBT aerobic 3

cement_kiln

0%

100%

-

38%

144.57

-0.38

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

38%

mid -f recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
transport fuel

mid -f

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

61%

145.10

-0.40

2031

597.07

105.12

51.12

mid -f recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

61%

mid -f recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with biogas to
grid injection

mid -f

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

61%

145.10

-0.40

2031

596.48

105.12

50.97

mid -f recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

61%

mid -d recycling, MHT 2, SRF to
Gasification_CHP_generic

Aerobic Digestion

mid -d

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

70%

145.84

-0.42

2031

549.87

96.27

47.61

mid -d recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

70%

lo recycling, MBT aerobic 3, SRF to
cement_kiln

Dry AD with electricity
generation

lo

MBT aerobic 3

cement_kiln

0%

100%

-

43%

146.81

-0.39

2031

578.19

109.48

41.81

lo recycling, MBT aerobic
3, SRF to cement_kiln

68%

43%

hi recycling, MHT 1, SRF to cement_kiln Aerobic Digestion

hi

MHT 1

cement_kiln

0%

100%

-

55%

147.11

-0.41

2031

618.27

119.76

42.02

hi recycling, MHT 1, SRF
to cement_kiln

80%

55%

NC recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

NC

MBT aerobic 1

cement_kiln

0%

100%

-

50%

148.38

-0.29

2031

588.97

83.05

71.07

NC recycling, MBT
aerobic 1, SRF to
cement_kiln

33%

50%

NC recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

NC

MBT aerobic 1

cement_kiln

0%

100%

-

50%

148.38

-0.29

2031

588.80

83.05

71.02

NC recycling, MBT
aerobic 1, SRF to
cement_kiln

33%

50%

mid -d recycling, MBT aerobic 3, SRF to Wet AD with biogas to
cement_kiln
transport fuel

mid -d

MBT aerobic 3

cement_kiln

0%

100%

-

40%

150.20

-0.39

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

40%

mid -d recycling, MBT aerobic 3, SRF to Wet AD with biogas to
cement_kiln
grid injection

mid -d

MBT aerobic 3

cement_kiln

0%

100%

-

40%

150.20

-0.39

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

40%

33%

50%

NC recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with electricity
generation

NC

MBT aerobic 1

cement_kiln

0%

100%

-

50%

151.21

-0.29

2031

587.44

83.05

70.67

NC recycling, MBT
aerobic 1, SRF to
cement_kiln

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with electricity
generation

lo

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

64%

151.83

-0.44

2031

602.59

109.48

48.20

lo recycling, MHT 2, SRF
to
Gasification_CHP_generic

NC recycling, MBT aerobic 1, SRF to
cement_kiln

Dry AD with electricity
generation

NC

MBT aerobic 1

cement_kiln

0%

100%

-

50%

151.97

-0.29

2031

588.54

83.05

70.96

NC recycling, MBT
aerobic 1, SRF to
cement_kiln

33%

50%

lo recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

lo

MBT aerobic 4

ATT_generic

30%

0%

-

73%

152.19

-0.37

2031

608.48

109.48

49.74

lo recycling, MBT aerobic
4, SRF to Gasification 1

74%

73%

lo recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
grid injection

lo

MBT aerobic 4

ATT_generic

30%

0%

-

73%

152.19

-0.37

2031

607.78

109.48

49.56

lo recycling, MBT aerobic
4, SRF to Gasification 1

74%

73%

NC recycling, MBT aerobic 1, SRF to
cement_kiln

Aerobic Digestion

NC

MBT aerobic 1

cement_kiln

0%

100%

-

50%

152.93

-0.29

2031

588.53

83.05

70.95

NC recycling, MBT
aerobic 1, SRF to
cement_kiln

33%

50%

lo recycling, MBT aerobic 3, SRF to
cement_kiln

Aerobic Digestion

lo

MBT aerobic 3

cement_kiln

0%

100%

-

43%

152.97

-0.39

2031

578.16

109.48

41.80

lo recycling, MBT aerobic
3, SRF to cement_kiln

68%

43%

hi recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
transport fuel

hi

MBT aerobic 1

cement_kiln

0%

100%

-

33%

154.67

-0.37

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
1, SRF to cement_kiln

75%

33%

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

hi recycling, MBT aerobic 1, SRF to
cement_kiln

Wet AD with biogas to
grid injection

hi

MBT aerobic 1

cement_kiln

0%

100%

-

33%

154.67

-0.37

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
1, SRF to cement_kiln

75%

33%

hi recycling, MBT aerobic 4, SRF to
cement_kiln

Aerobic Digestion

hi

MBT aerobic 4

cement_kiln

0%

100%

-

60%

156.71

-0.40

2031

625.51

119.76

43.92

hi recycling, MBT aerobic
4, SRF to cement_kiln

80%

60%

mid -f

MBT aerobic 3

cement_kiln

0%

100%

-

38%

158.01

-0.39

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

38%

mid -f recycling, MBT aerobic 3, SRF to Wet AD with electricity
cement_kiln
generation

hi recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

MBT aerobic 4

incineration_generic

30%

0%

-

60%

158.14

-0.37

2031

627.96

119.76

44.56

hi recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

82%

60%

hi recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

MBT aerobic 4

incineration_generic

30%

0%

-

60%

158.14

-0.37

2031

627.02

119.76

44.31

hi recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

82%

60%

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

Dry AD with electricity
generation

lo

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

64%

159.38

-0.41

2031

607.14

109.48

49.39

lo recycling, MHT 2, SRF
to
Gasification_CHP_generic

77%

64%

mid -d recycling, MBT aerobic 3, SRF to Wet AD with electricity
cement_kiln
generation

mid -d

MBT aerobic 3

cement_kiln

0%

100%

-

40%

160.33

-0.40

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 3, SRF to Dry AD with electricity
cement_kiln
generation

mid -f

MBT aerobic 3

cement_kiln

0%

100%

-

38%

161.73

-0.38

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

38%

lo

MBT aerobic 1

cement_kiln

0%

100%

-

43%

161.96

-0.39

2031

573.64

109.48

40.62

lo recycling, MBT aerobic
1, SRF to cement_kiln

68%

43%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with biogas to
cement_kiln
transport fuel

mid -f

MBT aerobic 1

cement_kiln

0%

100%

-

38%

162.65

-0.36

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

38%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with biogas to
cement_kiln
grid injection

mid -f

MBT aerobic 1

cement_kiln

0%

100%

-

38%

162.65

-0.36

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

38%

mid -d recycling, MBT aerobic 3, SRF to Dry AD with electricity
cement_kiln
generation

mid -d

MBT aerobic 3

cement_kiln

0%

100%

-

40%

163.02

-0.39

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

40%

hi

MBT aerobic 3

cement_kiln

0%

100%

-

33%

165.19

-0.42

2031

594.56

119.76

35.82

hi recycling, MBT aerobic
3, SRF to cement_kiln

75%

33%

mid -d recycling, MBT aerobic 3, SRF to
Aerobic Digestion
cement_kiln

mid -d

MBT aerobic 3

cement_kiln

0%

100%

-

40%

167.08

-0.39

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 3, SRF to
Aerobic Digestion
cement_kiln

mid -f

MBT aerobic 3

cement_kiln

0%

100%

-

38%

167.33

-0.38

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 3, SRF to
cement_kiln

66%

38%

lo recycling, MBT aerobic 1, SRF to
cement_kiln

hi recycling, MBT aerobic 3, SRF to
cement_kiln

Wet AD with electricity
generation

Wet AD with electricity
generation

lo recycling, MBT aerobic 1, SRF to
cement_kiln

Dry AD with electricity
generation

lo

MBT aerobic 1

cement_kiln

0%

100%

-

43%

167.50

-0.37

2031

578.19

109.48

41.81

lo recycling, MBT aerobic
1, SRF to cement_kiln

68%

43%

lo recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

MBT aerobic 4

incineration_generic

30%

0%

-

73%

167.59

-0.37

2031

608.48

109.48

49.74

lo recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

74%

73%

lo recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

MBT aerobic 4

incineration_generic

30%

0%

-

73%

167.59

-0.37

2031

607.78

109.48

49.56

lo recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

74%

73%

mid -f recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with electricity
generation

mid -f

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

61%

168.14

-0.42

2031

591.76

105.12

49.73

mid -f recycling, MHT 2,
SRF to
Gasification_CHP_generic

mid -d recycling, MBT aerobic 1, SRF to Wet AD with biogas to
cement_kiln
transport fuel

mid -d

MBT aerobic 1

cement_kiln

0%

100%

-

40%

168.82

-0.37

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

40%

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

mid -d recycling, MBT aerobic 1, SRF to Wet AD with biogas to
cement_kiln
grid injection

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -d

MBT aerobic 1

cement_kiln

0%

100%

-

40%

168.82

-0.37

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

40%

hi recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MHT 2

power_station_generic

36%

0%

-

55%

170.26

-0.43

2031

620.72

119.76

42.66

hi recycling, MHT 2, SRF
to power_station_generic

83%

55%

hi recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MHT 2

power_station_generic

36%

0%

-

55%

170.26

-0.43

2031

619.78

119.76

42.42

hi recycling, MHT 2, SRF
to power_station_generic

83%

55%

lo recycling, MHT 2, SRF to
Gasification_CHP_generic

Aerobic Digestion

lo

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

64%

171.25

-0.41

2031

607.11

109.48

49.38

lo recycling, MHT 2, SRF
to
Gasification_CHP_generic

77%

64%

hi recycling, MBT aerobic 3, SRF to
cement_kiln

Dry AD with electricity
generation

hi

MBT aerobic 3

cement_kiln

0%

100%

-

33%

172.14

-0.39

2031

600.70

119.76

37.43

hi recycling, MBT aerobic
3, SRF to cement_kiln

75%

33%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
power_station_generic
transport fuel

mid -f

MBT aerobic 4

power_station_generic

36%

0%

-

68%

173.76

-0.41

2031

599.37

105.12

51.72

mid -f recycling, MBT
aerobic 4, SRF to
power_station_generic

73%

68%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
power_station_generic
grid injection

mid -f

MBT aerobic 4

power_station_generic

36%

0%

-

68%

173.76

-0.41

2031

598.79

105.12

51.57

mid -f recycling, MBT
aerobic 4, SRF to
power_station_generic

73%

68%

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

Wet AD with electricity
generation

hi

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

55%

174.38

-0.43

2031

612.17

119.76

40.43

hi recycling, MHT 2, SRF
to
Gasification_CHP_generic

mid -f recycling, MHT 2, SRF to
Gasification_CHP_generic

Dry AD with electricity
generation

mid -f

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

61%

174.49

-0.40

2031

595.57

105.12

50.73

mid -f recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

61%

lo recycling, MBT aerobic 1, SRF to
cement_kiln

Aerobic Digestion

lo

MBT aerobic 1

cement_kiln

0%

100%

-

43%

176.72

-0.37

2031

578.16

109.48

41.80

lo recycling, MBT aerobic
1, SRF to cement_kiln

68%

43%

lo recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MHT 2

power_station_generic

36%

0%

-

64%

177.49

-0.45

2031

608.92

109.48

49.85

lo recycling, MHT 2, SRF
to power_station_generic

76%

64%

lo recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MHT 2

power_station_generic

36%

0%

-

64%

177.49

-0.45

2031

608.23

109.48

49.67

lo recycling, MHT 2, SRF
to power_station_generic

76%

64%

mid -d recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -d

MHT 2

power_station_generic

36%

0%

-

70%

179.83

-0.45

2031

550.71

96.27

47.83

mid -d recycling, MHT 2,
SRF to
power_station_generic

76%

70%

mid -d recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -d

MHT 2

power_station_generic

36%

0%

-

70%

179.83

-0.45

2031

550.39

96.27

47.75

mid -d recycling, MHT 2,
SRF to
power_station_generic

76%

70%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with electricity
cement_kiln
generation

mid -f

MBT aerobic 1

cement_kiln

0%

100%

-

38%

179.87

-0.38

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

38%

hi recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MHT 1

power_station_generic

36%

0%

-

55%

181.72

-0.41

2031

620.72

119.76

42.66

hi recycling, MHT 1, SRF
to power_station_generic

83%

55%

hi recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MHT 1

power_station_generic

36%

0%

-

55%

181.72

-0.41

2031

619.78

119.76

42.42

hi recycling, MHT 1, SRF
to power_station_generic

83%

55%

mid -d recycling, MBT aerobic 1, SRF to Wet AD with electricity
cement_kiln
generation

mid -d

MBT aerobic 1

cement_kiln

0%

100%

-

40%

181.72

-0.38

2031

516.98

96.27

39.00

mid -d recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 1, SRF to Dry AD with electricity
cement_kiln
generation

mid -f

MBT aerobic 1

cement_kiln

0%

100%

-

38%

184.10

-0.36

2031

566.26

105.12

43.06

mid -f recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

38%

hi

MBT aerobic 3

cement_kiln

0%

100%

-

33%

184.62

-0.39

2031

600.66

119.76

37.42

hi recycling, MBT aerobic
3, SRF to cement_kiln

75%

33%

hi recycling, MBT aerobic 3, SRF to
cement_kiln

Aerobic Digestion

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

hi recycling, MBT aerobic 1, SRF to
cement_kiln

AD option

Wet AD with electricity
generation

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

hi

MBT aerobic 1

cement_kiln

0%

100%

-

33%

184.75

-0.40

2031

594.56

119.76

35.82

hi recycling, MBT aerobic
1, SRF to cement_kiln

75%

33%

mid -d recycling, MBT aerobic 1, SRF to Dry AD with electricity
cement_kiln
generation

mid -d

MBT aerobic 1

cement_kiln

0%

100%

-

40%

184.78

-0.37

2031

519.08

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

40%

mid -f recycling, MHT 2, SRF to
Gasification_CHP_generic

mid -f

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

61%

186.04

-0.40

2031

595.55

105.12

50.72

mid -f recycling, MHT 2,
SRF to
Gasification_CHP_generic

76%

61%

hi recycling, MHT 2, SRF to Gasification Wet AD with biogas to
1
transport fuel

hi

MHT 2

ATT_generic

30%

0%

-

55%

186.68

-0.35

2031

620.72

119.76

42.66

hi recycling, MHT 2, SRF
to Gasification 1

84%

55%

hi recycling, MHT 2, SRF to Gasification Wet AD with biogas to
1
grid injection

hi

MHT 2

ATT_generic

30%

0%

-

55%

186.68

-0.35

2031

619.78

119.76

42.42

hi recycling, MHT 2, SRF
to Gasification 1

84%

55%

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

hi

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

55%

187.28

-0.40

2031

618.31

119.76

42.03

hi recycling, MHT 2, SRF
to
Gasification_CHP_generic

84%

55%

mid -d recycling, MBT aerobic 1, SRF to
Aerobic Digestion
cement_kiln

mid -d

MBT aerobic 1

cement_kiln

0%

100%

-

40%

190.57

-0.37

2031

519.07

96.27

39.55

mid -d recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

40%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Gasification 1
transport fuel

mid -f

MBT aerobic 4

ATT_generic

30%

0%

-

68%

191.17

-0.36

2031

599.37

105.12

51.72

mid -f recycling, MBT
aerobic 4, SRF to
Gasification 1

73%

68%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Gasification 1
grid injection

mid -f

MBT aerobic 4

ATT_generic

30%

0%

-

68%

191.17

-0.36

2031

598.79

105.12

51.57

mid -f recycling, MBT
aerobic 4, SRF to
Gasification 1

73%

68%

mid -f recycling, MBT aerobic 1, SRF to
Aerobic Digestion
cement_kiln

mid -f

MBT aerobic 1

cement_kiln

0%

100%

-

38%

192.23

-0.36

2031

566.24

105.12

43.05

mid -f recycling, MBT
aerobic 1, SRF to
cement_kiln

66%

38%

Aerobic Digestion

Dry AD with electricity
generation

hi recycling, MBT aerobic 1, SRF to
cement_kiln

Dry AD with electricity
generation

hi

MBT aerobic 1

cement_kiln

0%

100%

-

33%

192.52

-0.37

2031

600.70

119.76

37.43

hi recycling, MBT aerobic
1, SRF to cement_kiln

75%

33%

lo recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MHT 1

power_station_generic

36%

0%

-

64%

194.57

-0.43

2031

608.92

109.48

49.85

lo recycling, MHT 1, SRF
to power_station_generic

76%

64%

lo recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MHT 1

power_station_generic

36%

0%

-

64%

194.57

-0.43

2031

608.23

109.48

49.67

lo recycling, MHT 1, SRF
to power_station_generic

76%

64%

hi recycling, MHT 1, SRF to Gasification Wet AD with biogas to
1
transport fuel

hi

MHT 1

ATT_generic

30%

0%

-

55%

197.88

-0.35

2031

620.72

119.76

42.66

hi recycling, MHT 1, SRF
to Gasification 1

84%

55%

hi recycling, MHT 1, SRF to Gasification Wet AD with biogas to
1
grid injection

hi

MHT 1

ATT_generic

30%

0%

-

55%

197.88

-0.35

2031

619.78

119.76

42.42

hi recycling, MHT 1, SRF
to Gasification 1

84%

55%

lo recycling, MHT 2, SRF to Gasification Wet AD with biogas to
1
transport fuel

lo

MHT 2

ATT_generic

30%

0%

-

64%

200.77

-0.35

2031

608.92

109.48

49.85

lo recycling, MHT 2, SRF
to Gasification 1

77%

64%

lo recycling, MHT 2, SRF to Gasification Wet AD with biogas to
1
grid injection

lo

MHT 2

ATT_generic

30%

0%

-

64%

200.77

-0.35

2031

608.23

109.48

49.67

lo recycling, MHT 2, SRF
to Gasification 1

77%

64%

lo recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

62%

203.82

-0.45

2031

584.97

109.48

43.59

lo recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

62%

lo recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

62%

203.82

-0.45

2031

584.27

109.48

43.40

lo recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

62%

mid -d recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -d

MHT 1

power_station_generic

36%

0%

-

70%

205.31

-0.43

2031

550.71

96.27

47.83

mid -d recycling, MHT 1,
SRF to
power_station_generic

76%

70%

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -d recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -d

MHT 1

power_station_generic

36%

0%

-

70%

205.31

-0.43

2031

550.39

96.27

47.75

mid -d recycling, MHT 1,
SRF to
power_station_generic

76%

70%

mid -f recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -f

MHT 2

power_station_generic

36%

0%

-

61%

205.68

-0.44

2031

597.07

105.12

51.12

mid -f recycling, MHT 2,
SRF to
power_station_generic

75%

61%

mid -f recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -f

MHT 2

power_station_generic

36%

0%

-

61%

205.68

-0.44

2031

596.48

105.12

50.97

mid -f recycling, MHT 2,
SRF to
power_station_generic

75%

61%

hi recycling, MHT 2, SRF to Incineration Wet AD with biogas to
1 (electricity only)
transport fuel

hi

MHT 2

incineration_generic

30%

0%

-

55%

205.89

-0.35

2031

620.72

119.76

42.66

hi recycling, MHT 2, SRF
to Incineration 1
(electricity only)

84%

55%

hi recycling, MHT 2, SRF to Incineration Wet AD with biogas to
1 (electricity only)
grid injection

hi

MHT 2

incineration_generic

30%

0%

-

55%

205.89

-0.35

2031

619.78

119.76

42.42

hi recycling, MHT 2, SRF
to Incineration 1
(electricity only)

84%

55%

NC recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MBT aerobic 4

power_station_generic

36%

0%

-

79%

206.76

-0.38

2031

645.86

83.05

85.96

NC recycling, MBT
aerobic 4, SRF to
power_station_generic

45%

79%

NC recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MBT aerobic 4

power_station_generic

36%

0%

-

79%

206.76

-0.38

2031

645.69

83.05

85.91

NC recycling, MBT
aerobic 4, SRF to
power_station_generic

45%

79%

hi recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

54%

207.08

-0.44

2031

603.91

119.76

38.26

hi recycling, MBT AD 2
(SRF), SRF to
power_station_generic

81%

54%

hi recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

54%

207.08

-0.44

2031

602.97

119.76

38.02

hi recycling, MBT AD 2
(SRF), SRF to
power_station_generic

81%

54%

mid -d recycling, MHT 2, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -d

MHT 2

ATT_generic

30%

0%

-

70%

208.58

-0.37

2031

550.71

96.27

47.83

mid -d recycling, MHT 2,
SRF to Gasification 1

76%

70%

mid -d recycling, MHT 2, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -d

MHT 2

ATT_generic

30%

0%

-

70%

208.58

-0.37

2031

550.39

96.27

47.75

mid -d recycling, MHT 2,
SRF to Gasification 1

76%

70%

lo recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with electricity
generation

lo

MBT aerobic 4

power_station_generic

36%

0%

-

73%

208.65

-0.44

2031

602.15

109.48

48.08

lo recycling, MBT aerobic
4, SRF to
power_station_generic

74%

73%

hi recycling, MBT aerobic 1, SRF to
cement_kiln

Aerobic Digestion

hi

MBT aerobic 1

cement_kiln

0%

100%

-

33%

209.74

-0.37

2031

600.66

119.76

37.42

hi recycling, MBT aerobic
1, SRF to cement_kiln

75%

33%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
transport fuel

mid -f

MBT aerobic 4

incineration_generic

30%

0%

-

68%

210.87

-0.35

2031

599.37

105.12

51.72

mid -f recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

73%

68%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
grid injection

mid -f

MBT aerobic 4

incineration_generic

30%

0%

-

68%

210.87

-0.35

2031

598.79

105.12

51.57

mid -f recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

73%

68%

mid -d recycling, MHT 2, SRF to
power_station_generic

Wet AD with electricity
generation

mid -d

MHT 2

power_station_generic

36%

0%

-

70%

211.01

-0.46

2031

547.78

96.27

47.06

mid -d recycling, MHT 2,
SRF to
power_station_generic

76%

70%

NC recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MHT 2

power_station_generic

36%

0%

-

70%

212.88

-0.45

2031

642.63

83.05

85.11

NC recycling, MHT 2, SRF
to power_station_generic

51%

70%

NC recycling, MHT 2, SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MHT 2

power_station_generic

36%

0%

-

70%

212.88

-0.45

2031

642.46

83.05

85.07

NC recycling, MHT 2, SRF
to power_station_generic

51%

70%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
power_station_generic
transport fuel

mid -d

MBT aerobic 4

power_station_generic

36%

0%

-

65%

216.55

-0.41

2031

554.23

96.27

48.75

mid -d recycling, MBT
aerobic 4, SRF to
power_station_generic

72%

65%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
power_station_generic
grid injection

mid -d

MBT aerobic 4

power_station_generic

36%

0%

-

65%

216.55

-0.41

2031

553.91

96.27

48.67

mid -d recycling, MBT
aerobic 4, SRF to
power_station_generic

72%

65%

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to power_station_generic
transport fuel

mid -d

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

66%

216.78

-0.46

2031

527.31

96.27

41.71

mid -d recycling, MBT AD
2 (SRF), SRF to
power_station_generic

74%

66%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to power_station_generic
grid injection

mid -d

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

66%

216.78

-0.46

2031

526.99

96.27

41.62

mid -d recycling, MBT AD
2 (SRF), SRF to
power_station_generic

74%

66%

hi

MHT 2

Gasification_CHP_gener
ic

32%

26%

-

55%

217.51

-0.40

2031

618.27

119.76

42.02

hi recycling, MHT 2, SRF
to
Gasification_CHP_generic

84%

55%

70%

217.94

-0.45

2031

549.88

96.27

47.62

mid -d recycling, MHT 2,
SRF to
power_station_generic

76%

70%

hi recycling, MHT 2, SRF to
Gasification_CHP_generic

Aerobic Digestion

mid -d recycling, MHT 2, SRF to
power_station_generic

Dry AD with electricity
generation

mid -d

MHT 2

power_station_generic

36%

0%

-

lo recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
transport fuel

lo

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

218.09

-0.36

2031

573.12

109.48

40.49

lo recycling, Incineration 4
(high CHP)_total

74%

57%

lo recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
grid injection

lo

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

218.09

-0.36

2031

572.42

109.48

40.30

lo recycling, Incineration 4
(high CHP)_total

74%

57%

hi recycling, MHT 1, SRF to Incineration Wet AD with biogas to
1 (electricity only)
transport fuel

hi

MHT 1

incineration_generic

30%

0%

-

55%

218.34

-0.34

2031

620.72

119.76

42.66

hi recycling, MHT 1, SRF
to Incineration 1
(electricity only)

84%

55%

hi recycling, MHT 1, SRF to Incineration Wet AD with biogas to
1 (electricity only)
grid injection

hi

MHT 1

incineration_generic

30%

0%

-

55%

218.34

-0.34

2031

619.78

119.76

42.42

hi recycling, MHT 1, SRF
to Incineration 1
(electricity only)

84%

55%

lo recycling, MHT 1, SRF to Gasification Wet AD with biogas to
1
transport fuel

lo

MHT 1

ATT_generic

30%

0%

-

64%

218.53

-0.34

2031

608.92

109.48

49.85

lo recycling, MHT 1, SRF
to Gasification 1

77%

64%

lo recycling, MHT 1, SRF to Gasification Wet AD with biogas to
1
grid injection

lo

MHT 1

ATT_generic

30%

0%

-

64%

218.53

-0.34

2031

608.23

109.48

49.67

lo recycling, MHT 1, SRF
to Gasification 1

77%

64%

lo recycling, MHT 2, SRF to Incineration Wet AD with biogas to
1 (electricity only)
transport fuel

lo

MHT 2

incineration_generic

30%

0%

-

64%

221.47

-0.34

2031

608.92

109.48

49.85

lo recycling, MHT 2, SRF
to Incineration 1
(electricity only)

77%

64%

lo recycling, MHT 2, SRF to Incineration Wet AD with biogas to
1 (electricity only)
grid injection

lo

MHT 2

incineration_generic

30%

0%

-

64%

221.47

-0.34

2031

608.23

109.48

49.67

lo recycling, MHT 2, SRF
to Incineration 1
(electricity only)

77%

64%

NC recycling, MHT 2, SRF to
power_station_generic

Wet AD with electricity
generation

NC

MHT 2

power_station_generic

36%

0%

-

70%

221.61

-0.46

2031

641.10

83.05

84.71

NC recycling, MHT 2, SRF
to power_station_generic

51%

70%

NC recycling, MHT 2, SRF to
power_station_generic

Dry AD with electricity
generation

NC

MHT 2

power_station_generic

36%

0%

-

70%

223.24

-0.45

2031

642.20

83.05

85.00

NC recycling, MHT 2, SRF
to power_station_generic

51%

70%

NC recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with electricity
generation

NC

MBT aerobic 4

power_station_generic

36%

0%

-

79%

223.37

-0.39

2031

644.33

83.05

85.55

NC recycling, MBT
aerobic 4, SRF to
power_station_generic

45%

79%

NC recycling, MBT aerobic 4, SRF to
power_station_generic

Dry AD with electricity
generation

NC

MBT aerobic 4

power_station_generic

36%

0%

-

79%

226.58

-0.38

2031

645.43

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
power_station_generic

45%

79%

mid -f recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

mid -f

MHT 1

power_station_generic

36%

0%

-

61%

227.32

-0.41

2031

597.07

105.12

51.12

mid -f recycling, MHT 1,
SRF to
power_station_generic

75%

61%

mid -f recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

mid -f

MHT 1

power_station_generic

36%

0%

-

61%

227.32

-0.41

2031

596.48

105.12

50.97

mid -f recycling, MHT 1,
SRF to
power_station_generic

75%

61%

NC recycling, MHT 2, SRF to
power_station_generic

Aerobic Digestion

NC

MHT 2

power_station_generic

36%

0%

-

70%

227.35

-0.45

2031

642.19

83.05

85.00

NC recycling, MHT 2, SRF
to power_station_generic

51%

70%

NC recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
transport fuel

NC

Incineration 4 (high
CHP)_total

#N/A

16%

40%

62%

227.57

-0.29

2031

566.44

83.05

65.17

NC recycling, Incineration
4 (high CHP)_total

46%

62%

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

NC recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
grid injection

NC

Incineration 4 (high
CHP)_total

#N/A

16%

40%

62%

lo recycling, MHT 2, SRF to
power_station_generic

Wet AD with electricity
generation

lo

MHT 2

power_station_generic

36%

0%

-

hi recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
transport fuel

hi

MBT AD 2 (SRF)

ATT_generic

30%

0%

hi recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
grid injection

hi

MBT AD 2 (SRF)

ATT_generic

30%

lo recycling, MBT aerobic 4, SRF to
power_station_generic

Dry AD with electricity
generation

lo

MBT aerobic 4

power_station_generic

lo recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
transport fuel

lo

MBT AD 2 (SRF)

lo recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with biogas to
grid injection

lo

mid -d recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -d recycling, MHT 2, SRF to
Incineration 1 (electricity only)

NC recycling, Incineration 4 (high
CHP)_total

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

227.57

-0.29

2031

566.27

83.05

65.13

NC recycling, Incineration
4 (high CHP)_total

46%

62%

64%

228.07

-0.47

2031

602.59

109.48

48.20

lo recycling, MHT 2, SRF
to power_station_generic

76%

64%

-

54%

228.42

-0.34

2031

603.91

119.76

38.26

hi recycling, MBT AD 2
(SRF), SRF to
Gasification 1

81%

54%

0%

-

54%

228.42

-0.34

2031

602.97

119.76

38.02

hi recycling, MBT AD 2
(SRF), SRF to
Gasification 1

81%

54%

36%

0%

-

73%

228.47

-0.42

2031

606.69

109.48

49.27

lo recycling, MBT aerobic
4, SRF to
power_station_generic

74%

73%

ATT_generic

30%

0%

-

62%

230.05

-0.33

2031

584.97

109.48

43.59

lo recycling, MBT AD 2
(SRF), SRF to
Gasification 1

74%

62%

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

62%

230.05

-0.33

2031

584.27

109.48

43.40

lo recycling, MBT AD 2
(SRF), SRF to
Gasification 1

74%

62%

mid -d

MHT 2

incineration_generic

30%

0%

-

70%

230.06

-0.36

2031

550.71

96.27

47.83

mid -d recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

70%

Wet AD with biogas to
grid injection

mid -d

MHT 2

incineration_generic

30%

0%

-

70%

230.06

-0.36

2031

550.39

96.27

47.75

mid -d recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

70%

Wet AD with electricity
generation

NC

Incineration 4 (high
CHP)_total

#N/A

16%

40%

62%

231.63

-0.30

2031

564.91

83.05

64.77

NC recycling, Incineration
4 (high CHP)_total

46%

62%

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
power_station_generic
transport fuel

NC

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

68%

232.17

-0.45

2031

596.80

83.05

73.12

NC recycling, MBT AD 2
(SRF), SRF to
power_station_generic

45%

68%

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with biogas to
power_station_generic
grid injection

NC

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

68%

232.17

-0.45

2031

596.63

83.05

73.07

NC recycling, MBT AD 2
(SRF), SRF to
power_station_generic

45%

68%

NC recycling, Incineration 4 (high
CHP)_total

Dry AD with electricity
generation

NC

Incineration 4 (high
CHP)_total

#N/A

16%

40%

62%

232.35

-0.29

2031

566.01

83.05

65.06

NC recycling, Incineration
4 (high CHP)_total

46%

62%

hi recycling, MBT aerobic 4, SRF to
power_station_generic

Wet AD with electricity
generation

hi

MBT aerobic 4

power_station_generic

36%

0%

-

233.17

-0.44

2031

619.41

119.76

42.32

hi recycling, MBT aerobic
4, SRF to
power_station_generic

81%

60%

NC recycling, Incineration 4 (high
CHP)_total

Aerobic Digestion

NC

Incineration 4 (high
CHP)_total

#N/A

16%

40%

62%

234.22

-0.29

2031

566.00

83.05

65.06

NC recycling, Incineration
4 (high CHP)_total

46%

62%

mid -f recycling, MHT 2, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -f

MHT 2

ATT_generic

30%

0%

-

61%

234.75

-0.33

2031

597.07

105.12

51.12

mid -f recycling, MHT 2,
SRF to Gasification 1

76%

61%

mid -f recycling, MHT 2, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -f

MHT 2

ATT_generic

30%

0%

-

61%

234.75

-0.33

2031

596.48

105.12

50.97

mid -f recycling, MHT 2,
SRF to Gasification 1

76%

61%

NC recycling, MBT aerobic 4, SRF to
power_station_generic

Aerobic Digestion

NC

MBT aerobic 4

power_station_generic

36%

0%

-

79%

235.05

-0.38

2031

645.42

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
power_station_generic

45%

79%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to power_station_generic
transport fuel

mid -f

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

58%

235.85

-0.45

2031

572.52

105.12

44.70

mid -f recycling, MBT AD
2 (SRF), SRF to
power_station_generic

73%

58%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to power_station_generic
grid injection

mid -f

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

58%

235.85

-0.45

2031

571.94

105.12

44.54

mid -f recycling, MBT AD
2 (SRF), SRF to
power_station_generic

73%

58%

60%

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -d recycling, MHT 2, SRF to
power_station_generic

Aerobic Digestion

mid -d

MHT 2

power_station_generic

36%

0%

-

70%

236.36

-0.45

2031

549.87

96.27

47.61

mid -d recycling, MHT 2,
SRF to
power_station_generic

76%

70%

mid -d recycling, MHT 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -d

MHT 1

ATT_generic

30%

0%

-

70%

236.44

-0.36

2031

550.71

96.27

47.83

mid -d recycling, MHT 1,
SRF to Gasification 1

76%

70%

mid -d recycling, MHT 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -d

MHT 1

ATT_generic

30%

0%

-

70%

236.44

-0.36

2031

550.39

96.27

47.75

mid -d recycling, MHT 1,
SRF to Gasification 1

76%

70%

lo recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with electricity
generation

lo

MBT aerobic 4

ATT_generic

30%

0%

-

73%

237.83

-0.39

2031

602.15

109.48

48.08

lo recycling, MBT aerobic
4, SRF to Gasification 1

74%

73%

lo recycling, MHT 2, SRF to
power_station_generic

Dry AD with electricity
generation

lo

MHT 2

power_station_generic

36%

0%

-

64%

239.46

-0.45

2031

607.14

109.48

49.39

lo recycling, MHT 2, SRF
to power_station_generic

76%

64%

NC recycling, MBT AD 2 (SRF), SRF to Wet AD with electricity
power_station_generic
generation

NC

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

68%

239.52

-0.46

2031

595.27

83.05

72.72

NC recycling, MBT AD 2
(SRF), SRF to
power_station_generic

45%

68%

NC recycling, MBT AD 2 (SRF), SRF to Dry AD with electricity
power_station_generic
generation

NC

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

68%

240.79

-0.45

2031

596.37

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to
power_station_generic

45%

68%

lo recycling, MHT 1, SRF to Incineration Wet AD with biogas to
1 (electricity only)
transport fuel

lo

MHT 1

incineration_generic

30%

0%

-

64%

241.17

-0.33

2031

608.92

109.48

49.85

lo recycling, MHT 1, SRF
to Incineration 1
(electricity only)

77%

64%

lo recycling, MHT 1, SRF to Incineration Wet AD with biogas to
1 (electricity only)
grid injection

lo

MHT 1

incineration_generic

30%

0%

-

64%

241.17

-0.33

2031

608.23

109.48

49.67

lo recycling, MHT 1, SRF
to Incineration 1
(electricity only)

77%

64%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Gasification 1
transport fuel

mid -d

MBT aerobic 4

ATT_generic

30%

0%

-

65%

242.24

-0.37

2031

554.23

96.27

48.75

mid -d recycling, MBT
aerobic 4, SRF to
Gasification 1

72%

65%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Gasification 1
grid injection

mid -d

MBT aerobic 4

ATT_generic

30%

0%

-

65%

242.24

-0.37

2031

553.91

96.27

48.67

mid -d recycling, MBT
aerobic 4, SRF to
Gasification 1

72%

65%

mid -d recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
transport fuel

mid -d

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

244.09

-0.39

2031

515.48

96.27

38.61

mid -d recycling,
Incineration 4 (high
CHP)_total

74%

57%

mid -d recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
grid injection

mid -d

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

244.09

-0.39

2031

515.16

96.27

38.53

mid -d recycling,
Incineration 4 (high
CHP)_total

74%

57%

NC recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MHT 1

power_station_generic

36%

0%

-

70%

244.12

-0.40

2031

642.63

83.05

85.11

NC recycling, MHT 1, SRF
to power_station_generic

51%

70%

NC recycling, MHT 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MHT 1

power_station_generic

36%

0%

-

70%

244.12

-0.40

2031

642.46

83.05

85.07

NC recycling, MHT 1, SRF
to power_station_generic

51%

70%

NC

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

68%

244.32

-0.45

2031

596.36

83.05

73.00

NC recycling, MBT AD 2
(SRF), SRF to
power_station_generic

45%

68%

mid -d

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

66%

244.39

-0.47

2031

524.39

96.27

40.94

mid -d recycling, MBT AD
2 (SRF), SRF to
power_station_generic

74%

66%

NC recycling, MBT AD 2 (SRF), SRF to
Aerobic Digestion
power_station_generic

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to power_station_generic
generation

hi recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
transport fuel

hi

Incineration 4 (high
CHP)_total

#N/A

16%

40%

47%

244.81

-0.36

2031

594.64

119.76

35.84

hi recycling, Incineration
4 (high CHP)_total

80%

47%

hi recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
grid injection

hi

Incineration 4 (high
CHP)_total

#N/A

16%

40%

47%

244.81

-0.36

2031

593.71

119.76

35.60

hi recycling, Incineration
4 (high CHP)_total

80%

47%

NC recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

NC

MBT aerobic 4

ATT_generic

30%

0%

-

246.01

-0.27

2031

645.86

83.05

85.96

NC recycling, MBT
aerobic 4, SRF to
Gasification 1

46%

79%

79%
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

NC recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with biogas to
grid injection

NC

MBT aerobic 4

ATT_generic

30%

0%

-

79%

246.01

-0.27

2031

645.69

83.05

85.91

NC recycling, MBT
aerobic 4, SRF to
Gasification 1

46%

79%

mid -d recycling, MHT 1, SRF to
power_station_generic

Wet AD with electricity
generation

mid -d

MHT 1

power_station_generic

36%

0%

-

70%

246.97

-0.44

2031

547.78

96.27

47.06

mid -d recycling, MHT 1,
SRF to
power_station_generic

76%

70%

lo recycling, Incineration 4 (high
CHP)_total

Wet AD with electricity
generation

lo

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

247.72

-0.38

2031

566.79

109.48

38.83

lo recycling, Incineration 4
(high CHP)_total

74%

57%

hi recycling, MHT 2, SRF to
power_station_generic

Wet AD with electricity
generation

hi

MHT 2

power_station_generic

36%

0%

-

55%

249.04

-0.46

2031

612.17

119.76

40.43

hi recycling, MHT 2, SRF
to power_station_generic

83%

55%

mid -d recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to power_station_generic
generation

mid -d

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

66%

249.48

-0.46

2031

526.49

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
power_station_generic

74%

66%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Gasification 1
transport fuel

mid -d

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

66%

249.75

-0.35

2031

527.31

96.27

41.71

mid -d recycling, MBT AD
2 (SRF), SRF to
Gasification 1

74%

66%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Gasification 1
grid injection

mid -d

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

66%

249.75

-0.35

2031

526.99

96.27

41.62

mid -d recycling, MBT AD
2 (SRF), SRF to
Gasification 1

74%

66%

lo

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

62%

249.97

-0.47

2031

578.64

109.48

41.93

lo recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

62%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with electricity
power_station_generic
generation

mid -f

MBT aerobic 4

power_station_generic

36%

0%

-

68%

250.30

-0.43

2031

594.06

105.12

50.33

mid -f recycling, MBT
aerobic 4, SRF to
power_station_generic

73%

68%

mid -d recycling, MHT 2, SRF to
Gasification 1

Wet AD with electricity
generation

mid -d

MHT 2

ATT_generic

30%

0%

-

70%

251.48

-0.38

2031

547.78

96.27

47.06

mid -d recycling, MHT 2,
SRF to Gasification 1

76%

70%

mid -f recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
transport fuel

mid -f

Incineration 4 (high
CHP)_total

#N/A

16%

40%

52%

252.09

-0.35

2031

559.46

105.12

41.28

mid -f recycling,
Incineration 4 (high
CHP)_total

73%

52%

mid -f recycling, Incineration 4 (high
CHP)_total

Wet AD with biogas to
grid injection

mid -f

Incineration 4 (high
CHP)_total

#N/A

16%

40%

52%

252.09

-0.35

2031

558.88

105.12

41.13

mid -f recycling,
Incineration 4 (high
CHP)_total

73%

52%

hi recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

54%

252.38

-0.33

2031

603.91

119.76

38.26

hi recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

81%

54%

hi recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

54%

252.38

-0.33

2031

602.97

119.76

38.02

hi recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

81%

54%

lo recycling, Incineration 4 (high
CHP)_total

Dry AD with electricity
generation

lo

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

253.15

-0.36

2031

571.33

109.48

40.02

lo recycling, Incineration 4
(high CHP)_total

74%

57%

lo recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

62%

254.11

-0.32

2031

584.97

109.48

43.59

lo recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

74%

62%

lo recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

62%

254.11

-0.32

2031

584.27

109.48

43.40

lo recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

74%

62%

mid -d recycling, MHT 1, SRF to
power_station_generic

Dry AD with electricity
generation

mid -d

MHT 1

power_station_generic

36%

0%

-

70%

255.09

-0.43

2031

549.88

96.27

47.62

mid -d recycling, MHT 1,
SRF to
power_station_generic

76%

70%

mid -f recycling, MHT 2, SRF to
power_station_generic

Wet AD with electricity
generation

mid -f

MHT 2

power_station_generic

36%

0%

-

61%

255.54

-0.46

2031

591.76

105.12

49.73

mid -f recycling, MHT 2,
SRF to
power_station_generic

75%

61%

NC recycling, MHT 1, SRF to
power_station_generic

Wet AD with electricity
generation

NC

MHT 1

power_station_generic

36%

0%

-

70%

255.67

-0.41

2031

641.10

83.05

84.71

NC recycling, MHT 1, SRF
to power_station_generic

51%

70%

lo recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with electricity
generation

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo recycling, MHT 1, SRF to
power_station_generic

Wet AD with electricity
generation

lo

MHT 1

power_station_generic

36%

0%

-

64%

257.06

-0.45

2031

602.59

109.48

48.20

lo recycling, MHT 1, SRF
to power_station_generic

76%

64%

NC recycling, MHT 1, SRF to
power_station_generic

Dry AD with electricity
generation

NC

MHT 1

power_station_generic

36%

0%

-

70%

257.56

-0.40

2031

642.20

83.05

85.00

NC recycling, MHT 1, SRF
to power_station_generic

51%

70%

mid -f recycling, MHT 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -f

MHT 1

ATT_generic

30%

0%

-

61%

257.67

-0.32

2031

597.07

105.12

51.12

mid -f recycling, MHT 1,
SRF to Gasification 1

76%

61%

mid -f recycling, MHT 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -f

MHT 1

ATT_generic

30%

0%

-

61%

257.67

-0.32

2031

596.48

105.12

50.97

mid -f recycling, MHT 1,
SRF to Gasification 1

76%

61%

hi recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with electricity
generation

hi

MBT aerobic 4

ATT_generic

30%

0%

-

60%

257.92

-0.40

2031

619.41

119.76

42.32

hi recycling, MBT aerobic
4, SRF to Gasification 1

82%

60%

lo recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Dry AD with electricity
generation

lo

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

62%

259.02

-0.45

2031

583.18

109.48

43.12

lo recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

62%

mid -f recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -f

MHT 2

incineration_generic

30%

0%

-

61%

259.08

-0.32

2031

597.07

105.12

51.12

mid -f recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

61%

mid -f recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -f

MHT 2

incineration_generic

30%

0%

-

61%

259.08

-0.32

2031

596.48

105.12

50.97

mid -f recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

61%

mid -d recycling, MHT 2, SRF to
Gasification 1

Dry AD with electricity
generation

mid -d

MHT 2

ATT_generic

30%

0%

-

70%

259.70

-0.37

2031

549.88

96.27

47.62

mid -d recycling, MHT 2,
SRF to Gasification 1

76%

70%

lo recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

lo

Dirty MRF 1

ATT_generic

30%

0%

-

63%

260.27

-0.36

2031

562.03

109.48

37.58

lo recycling, Dirty MRF 1,
SRF to Gasification 1

76%

63%

lo recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

lo

Dirty MRF 1

ATT_generic

30%

0%

-

63%

260.27

-0.36

2031

561.33

109.48

37.40

lo recycling, Dirty MRF 1,
SRF to Gasification 1

76%

63%

lo recycling, MBT aerobic 4, SRF to
Gasification 1

Dry AD with electricity
generation

lo

MBT aerobic 4

ATT_generic

30%

0%

-

73%

260.33

-0.37

2031

606.69

109.48

49.27

lo recycling, MBT aerobic
4, SRF to Gasification 1

74%

73%

mid -d recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -d

MHT 1

incineration_generic

30%

0%

-

70%

260.91

-0.35

2031

550.71

96.27

47.83

mid -d recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

70%

mid -d recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -d

MHT 1

incineration_generic

30%

0%

-

70%

260.91

-0.35

2031

550.39

96.27

47.75

mid -d recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

70%

mid -d recycling, Incineration 4 (high
CHP)_total

Wet AD with electricity
generation

mid -d

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

261.17

-0.40

2031

512.55

96.27

37.85

mid -d recycling,
Incineration 4 (high
CHP)_total

74%

57%

lo recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

lo

MBT aerobic 4

incineration_generic

30%

0%

-

73%

261.19

-0.39

2031

602.15

109.48

48.08

lo recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

74%

73%

hi recycling, MBT aerobic 4, SRF to
power_station_generic

Dry AD with electricity
generation

hi

MBT aerobic 4

power_station_generic

36%

0%

-

60%

262.01

-0.41

2031

625.55

119.76

43.93

hi recycling, MBT aerobic
4, SRF to
power_station_generic

81%

60%

NC recycling, MHT 1, SRF to
power_station_generic

Aerobic Digestion

NC

MHT 1

power_station_generic

36%

0%

-

70%

263.44

-0.40

2031

642.19

83.05

85.00

NC recycling, MHT 1, SRF
to power_station_generic

51%

70%

mid -d recycling, Incineration 4 (high
CHP)_total

Dry AD with electricity
generation

mid -d

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

263.96

-0.39

2031

514.65

96.27

38.40

mid -d recycling,
Incineration 4 (high
CHP)_total

74%

57%

lo recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MBT aerobic 3

power_station_generic

36%

0%

-

265.01

-0.41

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
3, SRF to
power_station_generic

70%

43%

43%

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MBT aerobic 3

power_station_generic

36%

0%

-

43%

265.01

-0.41

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
3, SRF to
power_station_generic

70%

43%

mid -f recycling, MHT 2, SRF to
power_station_generic

Dry AD with electricity
generation

mid -f

MHT 2

power_station_generic

36%

0%

-

61%

265.23

-0.44

2031

595.57

105.12

50.73

mid -f recycling, MHT 2,
SRF to
power_station_generic

75%

61%

mid -d

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

66%

265.48

-0.46

2031

526.48

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
power_station_generic

74%

66%

hi

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

47%

266.83

-0.33

2031

599.19

119.76

37.03

hi recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

79%

47%

79%

47%

mid -d recycling, MBT AD 2 (SRF), SRF
Aerobic Digestion
to power_station_generic

hi recycling, MBT AD 1 (landfill), SRF to Wet AD with biogas to
Incineration 1 (electricity only)
transport fuel

hi recycling, MBT AD 1 (landfill), SRF to Wet AD with biogas to
Incineration 1 (electricity only)
grid injection

hi

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

47%

266.83

-0.33

2031

598.25

119.76

36.78

hi recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
transport fuel

mid -d

MBT aerobic 4

incineration_generic

30%

0%

-

65%

267.48

-0.37

2031

554.23

96.27

48.75

mid -d recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

72%

65%

72%

65%

mid -d

MBT aerobic 4

incineration_generic

30%

0%

-

65%

267.48

-0.37

2031

553.91

96.27

48.67

mid -d recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

Dry AD with electricity
generation

hi

MHT 2

power_station_generic

36%

0%

-

55%

267.54

-0.43

2031

618.31

119.76

42.03

hi recycling, MHT 2, SRF
to power_station_generic

83%

55%

lo recycling, MHT 2, SRF to Gasification Wet AD with electricity
1
generation

lo

MHT 2

ATT_generic

30%

0%

-

64%

267.59

-0.37

2031

602.59

109.48

48.20

lo recycling, MHT 2, SRF
to Gasification 1

77%

64%

mid -f recycling, MBT aerobic 4, SRF to Dry AD with electricity
power_station_generic
generation

mid -f

MBT aerobic 4

power_station_generic

36%

0%

-

68%

267.92

-0.41

2031

597.87

105.12

51.33

mid -f recycling, MBT
aerobic 4, SRF to
power_station_generic

73%

68%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Gasification 1
transport fuel

mid -f

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

58%

268.33

-0.32

2031

572.52

105.12

44.70

mid -f recycling, MBT AD
2 (SRF), SRF to
Gasification 1

73%

58%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Gasification 1
grid injection

mid -f

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

58%

268.33

-0.32

2031

571.94

105.12

44.54

mid -f recycling, MBT AD
2 (SRF), SRF to
Gasification 1

73%

58%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with biogas to
Incineration 1 (electricity only)
grid injection

hi recycling, MHT 2, SRF to
power_station_generic

NC recycling, MHT 2, SRF to
Gasification 1

Wet AD with electricity
generation

NC

MHT 2

ATT_generic

30%

0%

-

70%

269.14

-0.24

2031

641.10

83.05

84.71

NC recycling, MHT 2, SRF
to Gasification 1

52%

70%

NC recycling, MBT aerobic 4, SRF to
Gasification 1

Wet AD with electricity
generation

NC

MBT aerobic 4

ATT_generic

30%

0%

-

79%

269.76

-0.28

2031

644.33

83.05

85.55

NC recycling, MBT
aerobic 4, SRF to
Gasification 1

46%

79%

lo recycling, MHT 1, SRF to
power_station_generic

Dry AD with electricity
generation

lo

MHT 1

power_station_generic

36%

0%

-

64%

269.90

-0.43

2031

607.14

109.48

49.39

lo recycling, MHT 1, SRF
to power_station_generic

76%

64%

hi recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MBT aerobic 3

power_station_generic

36%

0%

-

33%

270.46

-0.41

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
3, SRF to
power_station_generic

78%

33%

hi recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MBT aerobic 3

power_station_generic

36%

0%

-

33%

270.46

-0.41

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
3, SRF to
power_station_generic

78%

33%

lo recycling, Incineration 4 (high
CHP)_total

Aerobic Digestion

lo

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

270.70

-0.36

2031

571.31

109.48

40.01

lo recycling, Incineration 4
(high CHP)_total

74%

57%

NC recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

NC

MBT aerobic 4

incineration_generic

30%

0%

-

271.32

-0.27

2031

645.86

83.05

85.96

NC recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

46%

79%

85.91

NC recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

46%

79%

NC recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

NC

MBT aerobic 4

incineration_generic

30%

0%

-

79%

79%

SLR

271.32

-0.27

2031

645.69

83.05
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

mid -d recycling, Incineration 4 (high
CHP)_total

Aerobic Digestion

NC recycling, MBT aerobic 4, SRF to
Gasification 1

hi recycling, MHT 1, SRF to
power_station_generic

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

273.11

-0.39

2031

514.64

96.27

38.39

mid -d recycling,
Incineration 4 (high
CHP)_total

74%

57%

79%

273.62

-0.27

2031

645.43

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
Gasification 1

46%

79%

-

55%

274.35

-0.44

2031

612.17

119.76

40.43

hi recycling, MHT 1, SRF
to power_station_generic

83%

55%

-

66%

275.88

-0.34

2031

527.31

96.27

41.71

mid -d recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

74%

66%

74%

66%

mid -d

Incineration 4 (high
CHP)_total

#N/A

16%

40%

57%

Dry AD with electricity
generation

NC

MBT aerobic 4

ATT_generic

30%

0%

-

Wet AD with electricity
generation

hi

MHT 1

power_station_generic

36%

0%

mid -d

MBT AD 2 (SRF)

incineration_generic

30%

0%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Incineration 1 (electricity only)
transport fuel

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Incineration 1 (electricity only)
grid injection

mid -d

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

66%

275.88

-0.34

2031

526.99

96.27

41.62

mid -d recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

mid -d recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -d

MHT 2

incineration_generic

30%

0%

-

70%

276.88

-0.37

2031

547.78

96.27

47.06

mid -d recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

70%

lo recycling, MHT 2, SRF to
power_station_generic

Aerobic Digestion

lo

MHT 2

power_station_generic

36%

0%

-

64%

277.57

-0.45

2031

607.11

109.48

49.38

lo recycling, MHT 2, SRF
to power_station_generic

76%

64%

mid -f recycling, Incineration 4 (high
CHP)_total

Wet AD with electricity
generation

mid -f

Incineration 4 (high
CHP)_total

#N/A

16%

40%

52%

278.65

-0.37

2031

554.16

105.12

39.89

mid -f recycling,
Incineration 4 (high
CHP)_total

73%

52%

hi recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Wet AD with electricity
generation

hi

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

54%

279.12

-0.47

2031

595.36

119.76

36.03

hi recycling, MBT AD 2
(SRF), SRF to
power_station_generic

81%

54%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to power_station_generic
generation

mid -f

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

58%

279.38

-0.46

2031

567.22

105.12

43.31

mid -f recycling, MBT AD
2 (SRF), SRF to
power_station_generic

73%

58%

lo recycling, MBT AD 1 (landfill), SRF to Wet AD with biogas to
Incineration 1 (electricity only)
transport fuel

lo

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

55%

279.71

-0.31

2031

577.01

109.48

41.50

lo recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

72%

55%

lo recycling, MBT AD 1 (landfill), SRF to Wet AD with biogas to
Incineration 1 (electricity only)
grid injection

lo

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

55%

279.71

-0.31

2031

576.31

109.48

41.32

lo recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

72%

55%

lo recycling, MHT 2, SRF to Gasification Dry AD with electricity
1
generation

lo

MHT 2

ATT_generic

30%

0%

-

64%

280.90

-0.35

2031

607.14

109.48

49.39

lo recycling, MHT 2, SRF
to Gasification 1

77%

64%

282.86

-0.35

2031

557.97

105.12

40.89

mid -f recycling,
Incineration 4 (high
CHP)_total

73%

52%

mid -f recycling, Incineration 4 (high
CHP)_total

Dry AD with electricity
generation

mid -f

Incineration 4 (high
CHP)_total

#N/A

16%

40%

52%

mid -d recycling, MHT 1, SRF to
power_station_generic

Aerobic Digestion

mid -d

MHT 1

power_station_generic

36%

0%

-

70%

282.95

-0.43

2031

549.87

96.27

47.61

mid -d recycling, MHT 1,
SRF to
power_station_generic

76%

70%

hi recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

hi

MBT aerobic 4

incineration_generic

30%

0%

-

60%

283.08

-0.40

2031

619.41

119.76

42.32

hi recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

82%

60%

lo recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
transport fuel

lo

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

283.15

-0.30

2031

580.27

109.48

42.36

lo recycling, Incineration 3
(medium CHP)_total

74%

57%

lo recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
grid injection

lo

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

283.15

-0.30

2031

579.58

109.48

42.18

lo recycling, Incineration 3
(medium CHP)_total

74%

57%

lo recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

lo

MBT aerobic 4

incineration_generic

30%

0%

-

73%

283.52

-0.37

2031

606.69

109.48

49.27

lo recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

74%

73%

mid -f recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -f

MHT 1

incineration_generic

30%

0%

-

61%

284.50

-0.31

2031

597.07

105.12

51.12

mid -f recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

61%

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -f recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -f

MHT 1

incineration_generic

30%

0%

-

61%

284.50

-0.31

2031

596.48

105.12

50.97

mid -f recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

61%

mid -d recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -d

MHT 2

incineration_generic

30%

0%

-

70%

285.01

-0.36

2031

549.88

96.27

47.62

mid -d recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

70%

hi recycling, MHT 2, SRF to Gasification Wet AD with electricity
1
generation

hi

MHT 2

ATT_generic

30%

0%

-

55%

285.16

-0.38

2031

612.17

119.76

40.43

hi recycling, MHT 2, SRF
to Gasification 1

84%

55%

mid -f recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to power_station_generic
generation

mid -f

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

58%

286.76

-0.45

2031

571.03

105.12

44.30

mid -f recycling, MBT AD
2 (SRF), SRF to
power_station_generic

73%

58%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to Gasification 1
generation

mid -d

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

66%

286.92

-0.36

2031

524.39

96.27

40.94

mid -d recycling, MBT AD
2 (SRF), SRF to
Gasification 1

74%

66%

NC recycling, MBT aerobic 4, SRF to
Gasification 1

Aerobic Digestion

NC

MBT aerobic 4

ATT_generic

30%

0%

-

79%

287.15

-0.27

2031

645.42

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
Gasification 1

46%

79%

lo recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

Dirty MRF 1

incineration_generic

30%

0%

-

63%

287.31

-0.35

2031

562.03

109.48

37.58

lo recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

76%

63%

lo recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

Dirty MRF 1

incineration_generic

30%

0%

-

63%

287.31

-0.35

2031

561.33

109.48

37.40

lo recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

76%

63%

mid -f

MBT aerobic 4

ATT_generic

30%

0%

-

68%

287.47

-0.38

2031

594.06

105.12

50.33

mid -f recycling, MBT
aerobic 4, SRF to
Gasification 1

73%

68%

mid -f recycling, MBT aerobic 4, SRF to Wet AD with electricity
Gasification 1
generation

hi recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

hi

MBT aerobic 1

power_station_generic

36%

0%

-

33%

288.55

-0.39

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
1, SRF to
power_station_generic

78%

33%

hi recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

hi

MBT aerobic 1

power_station_generic

36%

0%

-

33%

288.55

-0.39

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
1, SRF to
power_station_generic

78%

33%

mid -d recycling, MHT 2, SRF to
Gasification 1

Aerobic Digestion

mid -d

MHT 2

ATT_generic

30%

0%

-

70%

288.74

-0.37

2031

549.87

96.27

47.61

mid -d recycling, MHT 2,
SRF to Gasification 1

76%

70%

lo recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

lo

MBT aerobic 1

power_station_generic

36%

0%

-

43%

289.12

-0.38

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
1, SRF to
power_station_generic

70%

43%

lo recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

lo

MBT aerobic 1

power_station_generic

36%

0%

-

43%

289.12

-0.38

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
1, SRF to
power_station_generic

70%

43%

hi recycling, MBT aerobic 4, SRF to
Gasification 1

Dry AD with electricity
generation

hi

MBT aerobic 4

ATT_generic

30%

0%

-

60%

289.69

-0.37

2031

625.55

119.76

43.93

hi recycling, MBT aerobic
4, SRF to Gasification 1

82%

60%

mid -f recycling, MHT 1, SRF to
power_station_generic

Wet AD with electricity
generation

mid -f

MHT 1

power_station_generic

36%

0%

-

61%

289.82

-0.43

2031

591.76

105.12

49.73

mid -f recycling, MHT 1,
SRF to
power_station_generic

75%

61%

hi recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

hi

Dirty MRF 1

ATT_generic

30%

0%

-

52%

290.21

-0.35

2031

586.63

119.76

33.74

hi recycling, Dirty MRF 1,
SRF to Gasification 1

82%

52%

hi recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

hi

Dirty MRF 1

ATT_generic

30%

0%

-

52%

290.21

-0.35

2031

585.69

119.76

33.50

hi recycling, Dirty MRF 1,
SRF to Gasification 1

82%

52%

lo recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with electricity
generation

lo

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

62%

290.25

-0.35

2031

578.64

109.48

41.93

lo recycling, MBT AD 2
(SRF), SRF to
Gasification 1

74%

62%

mid -d

MBT aerobic 4

power_station_generic

36%

0%

-

65%

290.75

-0.42

2031

551.30

96.27

47.99

mid -d recycling, MBT
aerobic 4, SRF to
power_station_generic

72%

65%

mid -d recycling, MBT aerobic 4, SRF to Wet AD with electricity
power_station_generic
generation
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

lo recycling, MBT AD 2 (SRF), SRF to
power_station_generic

AD option

Aerobic Digestion

mid -d recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to Gasification 1
generation

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

62%

291.38

-0.45

2031

583.15

109.48

43.11

lo recycling, MBT AD 2
(SRF), SRF to
power_station_generic

74%

62%

mid -d

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

66%

292.86

-0.35

2031

526.49

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
Gasification 1

74%

66%

hi recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Dry AD with electricity
generation

hi

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

54%

293.03

-0.44

2031

601.50

119.76

37.63

hi recycling, MBT AD 2
(SRF), SRF to
power_station_generic

81%

54%

mid -d recycling, MHT 1, SRF to
Gasification 1

Wet AD with electricity
generation

mid -d

MHT 1

ATT_generic

30%

0%

-

70%

293.12

-0.37

2031

547.78

96.27

47.06

mid -d recycling, MHT 1,
SRF to Gasification 1

76%

70%

hi recycling, Incineration 4 (high
CHP)_total

Wet AD with electricity
generation

hi

Incineration 4 (high
CHP)_total

#N/A

16%

40%

47%

293.58

-0.39

2031

586.10

119.76

33.60

hi recycling, Incineration
4 (high CHP)_total

80%

47%

lo recycling, MHT 2, SRF to Incineration Wet AD with electricity
1 (electricity only)
generation

lo

MHT 2

incineration_generic

30%

0%

-

64%

294.49

-0.36

2031

602.59

109.48

48.20

lo recycling, MHT 2, SRF
to Incineration 1
(electricity only)

77%

64%

hi recycling, MHT 1, SRF to
power_station_generic

Dry AD with electricity
generation

hi

MHT 1

power_station_generic

36%

0%

-

55%

294.73

-0.41

2031

618.31

119.76

42.03

hi recycling, MHT 1, SRF
to power_station_generic

83%

55%

lo recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
transport fuel

lo

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

295.09

-0.29

2031

528.56

109.48

28.83

lo recycling, Gasification
Gas Engine 2_total

74%

57%

lo recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
grid injection

lo

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

295.09

-0.29

2031

527.87

109.48

28.65

lo recycling, Gasification
Gas Engine 2_total

74%

57%

lo recycling, True Pyrolysis 1_total

Wet AD with biogas to
transport fuel

lo

True Pyrolysis
1_total

#N/A

32%

0%

57%

296.32

-0.28

2031

555.16

109.48

35.79

lo recycling, True
Pyrolysis 1_total

74%

57%

lo recycling, True Pyrolysis 1_total

Wet AD with biogas to
grid injection

lo

True Pyrolysis
1_total

#N/A

32%

0%

57%

296.32

-0.28

2031

554.46

109.48

35.60

lo recycling, True
Pyrolysis 1_total

74%

57%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Incineration 1 (electricity only)
transport fuel

mid -f

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

58%

296.50

-0.30

2031

572.52

105.12

44.70

mid -f recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

73%

58%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with biogas to
to Incineration 1 (electricity only)
grid injection

mid -f

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

58%

296.50

-0.30

2031

571.94

105.12

44.54

mid -f recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

73%

58%

NC

MBT aerobic 4

incineration_generic

30%

0%

-

79%

297.22

-0.27

2031

644.33

83.05

85.55

NC recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

46%

79%

mid -f

Incineration 4 (high
CHP)_total

#N/A

16%

40%

52%

298.42

-0.35

2031

557.94

105.12

40.88

mid -f recycling,
Incineration 4 (high
CHP)_total

73%

52%

NC recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -f recycling, Incineration 4 (high
CHP)_total

Aerobic Digestion

lo recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

lo

MBT aerobic 3

ATT_generic

30%

0%

-

43%

299.18

-0.30

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
3, SRF to Gasification 1

71%

43%

lo recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
grid injection

lo

MBT aerobic 3

ATT_generic

30%

0%

-

43%

299.18

-0.30

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
3, SRF to Gasification 1

71%

43%

hi recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

hi

MBT aerobic 3

ATT_generic

30%

0%

-

33%

299.52

-0.31

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
3, SRF to Gasification 1

78%

33%

hi recycling, MBT aerobic 3, SRF to
Gasification 1

Wet AD with biogas to
grid injection

hi

MBT aerobic 3

ATT_generic

30%

0%

-

33%

299.52

-0.31

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
3, SRF to Gasification 1

78%

33%

lo recycling, MHT 1, SRF to Gasification Wet AD with electricity
1
generation

lo

MHT 1

ATT_generic

30%

0%

-

64%

300.11

-0.36

2031

602.59

109.48

48.20

lo recycling, MHT 1, SRF
to Gasification 1

77%

64%
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Dry AD with electricity
generation

lo

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

62%

300.71

-0.33

2031

583.18

109.48

43.12

lo recycling, MBT AD 2
(SRF), SRF to
Gasification 1

74%

62%

mid -f recycling, MHT 1, SRF to
power_station_generic

Dry AD with electricity
generation

mid -f

MHT 1

power_station_generic

36%

0%

-

61%

300.81

-0.41

2031

595.57

105.12

50.73

mid -f recycling, MHT 1,
SRF to
power_station_generic

75%

61%

46%

79%

NC

MBT aerobic 4

incineration_generic

30%

0%

-

79%

301.04

-0.27

2031

645.43

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

mid -f

MHT 2

power_station_generic

36%

0%

-

61%

301.52

-0.44

2031

595.55

105.12

50.72

mid -f recycling, MHT 2,
SRF to
power_station_generic

75%

61%

Dry AD with electricity
generation

hi

Incineration 4 (high
CHP)_total

#N/A

16%

40%

47%

301.55

-0.36

2031

592.24

119.76

35.21

hi recycling, Incineration
4 (high CHP)_total

80%

47%

mid -f recycling, MHT 2, SRF to
Gasification 1

Wet AD with electricity
generation

mid -f

MHT 2

ATT_generic

30%

0%

-

61%

301.61

-0.35

2031

591.76

105.12

49.73

mid -f recycling, MHT 2,
SRF to Gasification 1

76%

61%

mid -d recycling, MHT 1, SRF to
Gasification 1

Dry AD with electricity
generation

mid -d

MHT 1

ATT_generic

30%

0%

-

70%

302.71

-0.36

2031

549.88

96.27

47.62

mid -d recycling, MHT 1,
SRF to Gasification 1

76%

70%

lo recycling, MBT aerobic 4, SRF to
power_station_generic

Aerobic Digestion

lo

MBT aerobic 4

power_station_generic

36%

0%

-

73%

303.30

-0.42

2031

606.67

109.48

49.26

lo recycling, MBT aerobic
4, SRF to
power_station_generic

74%

73%

mid -d recycling, MBT aerobic 4, SRF to Dry AD with electricity
power_station_generic
generation

mid -d

MBT aerobic 4

power_station_generic

36%

0%

-

65%

304.45

-0.41

2031

553.40

96.27

48.54

mid -d recycling, MBT
aerobic 4, SRF to
power_station_generic

72%

65%

hi recycling, MHT 2, SRF to Gasification Dry AD with electricity
1
generation

hi

MHT 2

ATT_generic

30%

0%

-

55%

306.25

-0.35

2031

618.31

119.76

42.03

hi recycling, MHT 2, SRF
to Gasification 1

84%

55%

lo recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
transport fuel

lo

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

307.37

-0.29

2031

542.15

109.48

32.38

lo recycling, Gasification
Gas Engine 1_total

74%

57%

lo recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
grid injection

lo

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

307.37

-0.29

2031

541.46

109.48

32.20

lo recycling, Gasification
Gas Engine 1_total

74%

57%

mid -f recycling, MBT aerobic 4, SRF to Dry AD with electricity
Gasification 1
generation

mid -f

MBT aerobic 4

ATT_generic

30%

0%

-

68%

307.61

-0.36

2031

597.87

105.12

51.33

mid -f recycling, MBT
aerobic 4, SRF to
Gasification 1

73%

68%

lo recycling, MHT 2, SRF to Incineration Dry AD with electricity
1 (electricity only)
generation

lo

MHT 2

incineration_generic

30%

0%

-

64%

307.67

-0.34

2031

607.14

109.48

49.39

lo recycling, MHT 2, SRF
to Incineration 1
(electricity only)

77%

64%

hi recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
transport fuel

hi

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

47%

308.92

-0.31

2031

600.05

119.76

37.25

hi recycling, Incineration
3 (medium CHP)_total

80%

47%

hi recycling, Incineration 3 (medium
CHP)_total

Wet AD with biogas to
grid injection

hi

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

47%

308.92

-0.31

2031

599.11

119.76

37.01

hi recycling, Incineration
3 (medium CHP)_total

80%

47%

hi recycling, MHT 1, SRF to Gasification Wet AD with electricity
1
generation

hi

MHT 1

ATT_generic

30%

0%

-

55%

312.16

-0.38

2031

612.17

119.76

40.43

hi recycling, MHT 1, SRF
to Gasification 1

84%

55%

61%

313.00

-0.33

2031

595.57

105.12

50.73

mid -f recycling, MHT 2,
SRF to Gasification 1

76%

61%

NC recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -f recycling, MHT 2, SRF to
power_station_generic

Aerobic Digestion

hi recycling, Incineration 4 (high
CHP)_total

mid -f recycling, MHT 2, SRF to
Gasification 1

Dry AD with electricity
generation

mid -f

MHT 2

ATT_generic

30%

0%

-

lo recycling, Gasification 1_total

Wet AD with biogas to
transport fuel

lo

Gasification 1_total

#N/A

30%

0%

57%

313.64

-0.28

2031

467.41

109.48

12.82

lo recycling, Gasification
1_total

74%

57%

lo recycling, Gasification 1_total

Wet AD with biogas to
grid injection

lo

Gasification 1_total

#N/A

30%

0%

57%

313.64

-0.28

2031

466.71

109.48

12.64

lo recycling, Gasification
1_total

74%

57%
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

hi recycling, MHT 2, SRF to Incineration Wet AD with electricity
1 (electricity only)
generation

hi

MHT 2

incineration_generic

30%

0%

-

55%

313.65

-0.38

2031

612.17

119.76

40.43

hi recycling, MHT 2, SRF
to Incineration 1
(electricity only)

84%

55%

hi recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

hi

MBT aerobic 4

incineration_generic

30%

0%

-

60%

314.66

-0.37

2031

625.55

119.76

43.93

hi recycling, MBT aerobic
4, SRF to Incineration 1
(electricity only)

82%

60%

lo recycling, MHT 1, SRF to Gasification Dry AD with electricity
1
generation

lo

MHT 1

ATT_generic

30%

0%

-

64%

315.03

-0.34

2031

607.14

109.48

49.39

lo recycling, MHT 1, SRF
to Gasification 1

77%

64%

hi recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
transport fuel

hi

Gasification Gas
Engine 2_total

#N/A

32%

0%

47%

315.92

-0.30

2031

561.00

119.76

27.04

hi recycling, Gasification
Gas Engine 2_total

80%

47%

hi recycling, Gasification Gas Engine
2_total

Wet AD with biogas to
grid injection

hi

Gasification Gas
Engine 2_total

#N/A

32%

0%

47%

315.92

-0.30

2031

560.07

119.76

26.79

hi recycling, Gasification
Gas Engine 2_total

80%

47%

mid -f

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

316.21

-0.45

2031

571.00

105.12

44.30

mid -f recycling, MBT AD
2 (SRF), SRF to
power_station_generic

73%

58%

73%

68%

mid -f recycling, MBT AD 2 (SRF), SRF
Aerobic Digestion
to power_station_generic

mid -f recycling, MBT aerobic 4, SRF to Wet AD with electricity
Incineration 1 (electricity only)
generation

NC recycling, MBT aerobic 4, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

58%

mid -f

MBT aerobic 4

incineration_generic

30%

0%

-

68%

316.24

-0.37

2031

594.06

105.12

50.33

mid -f recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

NC

MBT aerobic 4

incineration_generic

30%

0%

-

79%

316.27

-0.27

2031

645.42

83.05

85.84

NC recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

46%

79%

74%

66%

mid -d recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to Incineration 1 (electricity only)
generation

mid -d

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

66%

316.54

-0.35

2031

524.39

96.27

40.94

mid -d recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

mid -d recycling, MBT AD 2 (SRF), SRF
Aerobic Digestion
to Gasification 1

mid -d

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

66%

316.65

-0.35

2031

526.48

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
Gasification 1

74%

66%

hi recycling, True Pyrolysis 1_total

Wet AD with biogas to
transport fuel

hi

True Pyrolysis
1_total

#N/A

32%

0%

47%

316.87

-0.29

2031

581.08

119.76

32.29

hi recycling, True
Pyrolysis 1_total

80%

47%

hi recycling, True Pyrolysis 1_total

Wet AD with biogas to
grid injection

hi

True Pyrolysis
1_total

#N/A

32%

0%

47%

316.87

-0.29

2031

580.14

119.76

32.05

hi recycling, True
Pyrolysis 1_total

80%

47%

hi recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

hi

MBT aerobic 1

ATT_generic

30%

0%

-

33%

317.57

-0.30

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
1, SRF to Gasification 1

78%

33%

hi recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

hi

MBT aerobic 1

ATT_generic

30%

0%

-

33%

317.57

-0.30

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
1, SRF to Gasification 1

78%

33%

mid -d recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

mid -d

MHT 2

incineration_generic

30%

0%

-

70%

317.68

-0.36

2031

549.87

96.27

47.61

mid -d recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

70%

NC recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

NC

Dirty MRF 1

ATT_generic

30%

0%

-

69%

318.41

-0.28

2031

546.42

83.05

59.93

NC recycling, Dirty MRF
1, SRF to Gasification 1

50%

69%

NC recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

NC

Dirty MRF 1

ATT_generic

30%

0%

-

69%

318.41

-0.28

2031

546.25

83.05

59.89

NC recycling, Dirty MRF
1, SRF to Gasification 1

50%

69%

hi recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Wet AD with electricity
generation

hi

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

54%

318.79

-0.37

2031

595.36

119.76

36.03

hi recycling, MBT AD 2
(SRF), SRF to
Gasification 1

81%

54%

mid -f recycling, MBT aerobic 3, SRF to Wet AD with biogas to
power_station_generic
transport fuel

mid -f

MBT aerobic 3

power_station_generic

36%

0%

-

38%

319.30

-0.40

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 3, SRF to
power_station_generic

68%

38%

mid -f recycling, MBT aerobic 3, SRF to Wet AD with biogas to
power_station_generic
grid injection

mid -f

MBT aerobic 3

power_station_generic

36%

0%

-

38%

319.30

-0.40

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 3, SRF to
power_station_generic

68%

38%
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

lo

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

62%

320.03

-0.34

2031

578.64

109.48

41.93

lo recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

74%

62%

mid -f recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -f

Dirty MRF 1

ATT_generic

30%

0%

-

58%

320.34

-0.34

2031

549.22

105.12

38.60

mid -f recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

58%

mid -f recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -f

Dirty MRF 1

ATT_generic

30%

0%

-

58%

320.34

-0.34

2031

548.64

105.12

38.45

mid -f recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

58%

hi recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

Dirty MRF 1

incineration_generic

30%

0%

-

52%

320.62

-0.34

2031

586.63

119.76

33.74

hi recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

82%

52%

hi recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

Dirty MRF 1

incineration_generic

30%

0%

-

52%

320.62

-0.34

2031

585.69

119.76

33.50

hi recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

82%

52%

mid -d

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

66%

322.44

-0.34

2031

526.49

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

74%

66%

lo

MHT 1

power_station_generic

36%

0%

-

64%

322.46

-0.43

2031

607.11

109.48

49.38

lo recycling, MHT 1, SRF
to power_station_generic

76%

64%

mid -d recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to Incineration 1 (electricity only)
generation

lo recycling, MHT 1, SRF to
power_station_generic

Aerobic Digestion

mid -d recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -d

MHT 1

incineration_generic

30%

0%

-

70%

322.82

-0.36

2031

547.78

96.27

47.06

mid -d recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

70%

lo recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

lo

MBT aerobic 1

ATT_generic

30%

0%

-

43%

324.16

-0.29

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
1, SRF to Gasification 1

71%

43%

lo recycling, MBT aerobic 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

lo

MBT aerobic 1

ATT_generic

30%

0%

-

43%

324.16

-0.29

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
1, SRF to Gasification 1

71%

43%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to Gasification 1
generation

mid -f

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

58%

325.84

-0.33

2031

567.22

105.12

43.31

mid -f recycling, MBT AD
2 (SRF), SRF to
Gasification 1

73%

58%

mid -d recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -d

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

56%

327.08

-0.34

2031

517.04

96.27

39.02

mid -d recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

71%

56%

mid -d recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -d

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

56%

327.08

-0.34

2031

516.72

96.27

38.94

mid -d recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

71%

56%

hi recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
transport fuel

hi

Gasification Gas
Engine 1_total

#N/A

30%

0%

47%

327.17

-0.29

2031

571.26

119.76

29.72

hi recycling, Gasification
Gas Engine 1_total

80%

47%

hi recycling, Gasification Gas Engine
1_total

Wet AD with biogas to
grid injection

hi

Gasification Gas
Engine 1_total

#N/A

30%

0%

47%

327.17

-0.29

2031

570.33

119.76

29.48

hi recycling, Gasification
Gas Engine 1_total

80%

47%

mid -f recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -f

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

51%

327.53

-0.30

2031

564.30

105.12

42.54

mid -f recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

71%

51%

mid -f recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -f

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

51%

327.53

-0.30

2031

563.72

105.12

42.39

mid -f recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

71%

51%

mid -d recycling, Incineration 3 (medium Wet AD with biogas to
CHP)_total
transport fuel

mid -d

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

327.94

-0.33

2031

522.68

96.27

40.50

mid -d recycling,
Incineration 3 (medium
CHP)_total

74%

57%

mid -d recycling, Incineration 3 (medium Wet AD with biogas to
CHP)_total
grid injection

mid -d

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

327.94

-0.33

2031

522.36

96.27

40.41

mid -d recycling,
Incineration 3 (medium
CHP)_total

74%

57%

lo

Dirty MRF 1

ATT_generic

30%

0%

-

328.77

-0.38

2031

555.70

109.48

35.93

lo recycling, Dirty MRF 1,
SRF to Gasification 1

76%

63%

lo recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with electricity
generation

63%

SLR
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

NC recycling, Dirty MRF 1, SRF to
Gasification 1

AD option

Wet AD with electricity
generation

lo recycling, MHT 1, SRF to Incineration Wet AD with electricity
1 (electricity only)
generation

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

NC

Dirty MRF 1

ATT_generic

30%

0%

-

69%

330.16

-0.28

2031

544.89

83.05

59.53

NC recycling, Dirty MRF
1, SRF to Gasification 1

50%

69%

lo

MHT 1

incineration_generic

30%

0%

-

64%

330.37

-0.35

2031

602.59

109.48

48.20

lo recycling, MHT 1, SRF
to Incineration 1
(electricity only)

77%

64%

74%

62%

lo recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

lo

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

62%

330.39

-0.32

2031

583.18

109.48

43.12

lo recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

lo recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

MBT aerobic 3

incineration_generic

30%

0%

-

43%

330.52

-0.29

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

71%

43%

lo recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

MBT aerobic 3

incineration_generic

30%

0%

-

43%

330.52

-0.29

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

71%

43%

hi recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

MBT aerobic 3

incineration_generic

30%

0%

-

33%

331.08

-0.30

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

78%

33%

hi recycling, MBT aerobic 3, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

MBT aerobic 3

incineration_generic

30%

0%

-

33%

331.08

-0.30

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
3, SRF to Incineration 1
(electricity only)

78%

33%

NC recycling, Dirty MRF 1, SRF to
Gasification 1

Dry AD with electricity
generation

NC

Dirty MRF 1

ATT_generic

30%

0%

-

69%

331.63

-0.28

2031

545.99

83.05

59.82

NC recycling, Dirty MRF
1, SRF to Gasification 1

50%

69%

mid -f recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -f

MHT 2

incineration_generic

30%

0%

-

61%

332.15

-0.34

2031

591.76

105.12

49.73

mid -f recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

61%

mid -f recycling, Incineration 3 (medium Wet AD with biogas to
CHP)_total
transport fuel

mid -f

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

52%

332.30

-0.29

2031

566.92

105.12

43.23

mid -f recycling,
Incineration 3 (medium
CHP)_total

73%

52%

mid -f recycling, Incineration 3 (medium Wet AD with biogas to
CHP)_total
grid injection

mid -f

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

52%

332.30

-0.29

2031

566.34

105.12

43.08

mid -f recycling,
Incineration 3 (medium
CHP)_total

73%

52%

mid -d recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -d

MHT 1

incineration_generic

30%

0%

-

332.31

-0.35

2031

549.88

96.27

47.62

mid -d recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

70%

lo recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
transport fuel

lo

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

332.78

-0.27

2031

582.87

109.48

43.04

lo recycling, Incineration 2
(low CHP)_total

74%

57%

lo recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
grid injection

lo

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

332.78

-0.27

2031

582.17

109.48

42.85

lo recycling, Incineration 2
(low CHP)_total

74%

57%

hi recycling, Gasification 1_total

Wet AD with biogas to
transport fuel

hi

Gasification 1_total

#N/A

30%

0%

47%

332.87

-0.29

2031

514.83

119.76

14.95

hi recycling, Gasification
1_total

80%

47%

hi recycling, Gasification 1_total

Wet AD with biogas to
grid injection

hi

Gasification 1_total

#N/A

30%

0%

47%

332.87

-0.29

2031

513.89

119.76

14.71

hi recycling, Gasification
1_total

80%

47%

mid -f recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to Gasification 1
generation

mid -f

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

58%

334.41

-0.32

2031

571.03

105.12

44.30

mid -f recycling, MBT AD
2 (SRF), SRF to
Gasification 1

73%

58%

hi recycling, MHT 2, SRF to Incineration Dry AD with electricity
1 (electricity only)
generation

hi

MHT 2

incineration_generic

30%

0%

-

55%

334.57

-0.35

2031

618.31

119.76

42.03

hi recycling, MHT 2, SRF
to Incineration 1
(electricity only)

84%

55%

hi recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Dry AD with electricity
generation

hi

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

54%

334.60

-0.34

2031

601.50

119.76

37.63

hi recycling, MBT AD 2
(SRF), SRF to
Gasification 1

81%

54%

lo recycling, Incineration 3 (medium
CHP)_total

Wet AD with electricity
generation

lo

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

335.20

-0.32

2031

573.94

109.48

40.70

lo recycling, Incineration 3
(medium CHP)_total

74%

57%

70%
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

hi recycling, MHT 1, SRF to Gasification Dry AD with electricity
1
generation

hi

MHT 1

ATT_generic

30%

0%

-

hi recycling, Incineration 4 (high
CHP)_total

hi

Incineration 4 (high
CHP)_total

#N/A

16%

40%

47%

Aerobic Digestion

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

55%

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

335.24

-0.35

2031

618.31

119.76

42.03

hi recycling, MHT 1, SRF
to Gasification 1

84%

55%

335.95

-0.36

2031

592.20

119.76

35.20

hi recycling, Incineration
4 (high CHP)_total

80%

47%

73%

68%

mid -f

MBT aerobic 4

incineration_generic

30%

0%

-

68%

336.21

-0.35

2031

597.87

105.12

51.33

mid -f recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

NC

Dirty MRF 1

ATT_generic

30%

0%

-

69%

338.05

-0.28

2031

545.98

83.05

59.82

NC recycling, Dirty MRF
1, SRF to Gasification 1

50%

69%

mid -d

MBT aerobic 4

ATT_generic

30%

0%

-

65%

338.44

-0.38

2031

551.30

96.27

47.99

mid -d recycling, MBT
aerobic 4, SRF to
Gasification 1

72%

65%

lo recycling, MHT 2, SRF to Gasification
Aerobic Digestion
1

lo

MHT 2

ATT_generic

30%

0%

-

64%

339.07

-0.35

2031

607.11

109.48

49.38

lo recycling, MHT 2, SRF
to Gasification 1

77%

64%

lo recycling, Dirty MRF 1, SRF to
Gasification 1

Dry AD with electricity
generation

lo

Dirty MRF 1

ATT_generic

30%

0%

-

63%

339.29

-0.36

2031

560.24

109.48

37.12

lo recycling, Dirty MRF 1,
SRF to Gasification 1

76%

63%

mid -d recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
transport fuel

mid -d

Dirty MRF 1

ATT_generic

30%

0%

-

61%

340.52

-0.36

2031

507.85

96.27

36.62

mid -d recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

61%

mid -d recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with biogas to
grid injection

mid -d

Dirty MRF 1

ATT_generic

30%

0%

-

61%

340.52

-0.36

2031

507.53

96.27

36.53

mid -d recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

61%

mid -f recycling, MHT 1, SRF to
Gasification 1

Wet AD with electricity
generation

mid -f

MHT 1

ATT_generic

30%

0%

-

61%

340.53

-0.34

2031

591.76

105.12

49.73

mid -f recycling, MHT 1,
SRF to Gasification 1

76%

61%

NC recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MBT aerobic 3

power_station_generic

36%

0%

-

50%

340.54

-0.35

2031

588.97

83.05

71.07

NC recycling, MBT
aerobic 3, SRF to
power_station_generic

38%

50%

NC recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MBT aerobic 3

power_station_generic

36%

0%

-

50%

340.54

-0.35

2031

588.80

83.05

71.02

NC recycling, MBT
aerobic 3, SRF to
power_station_generic

38%

50%

lo recycling, Incineration 3 (medium
CHP)_total

Dry AD with electricity
generation

lo

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

342.55

-0.30

2031

578.49

109.48

41.89

lo recycling, Incineration 3
(medium CHP)_total

74%

57%

lo recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with electricity
generation

lo

MBT aerobic 3

power_station_generic

36%

0%

-

43%

343.17

-0.43

2031

573.64

109.48

40.62

lo recycling, MBT aerobic
3, SRF to
power_station_generic

70%

43%

mid -f recycling, MHT 2, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -f

MHT 2

incineration_generic

30%

0%

-

61%

343.42

-0.32

2031

595.57

105.12

50.73

mid -f recycling, MHT 2,
SRF to Incineration 1
(electricity only)

76%

61%

hi recycling, MHT 1, SRF to Incineration Wet AD with electricity
1 (electricity only)
generation

hi

MHT 1

incineration_generic

30%

0%

-

55%

343.48

-0.37

2031

612.17

119.76

40.43

hi recycling, MHT 1, SRF
to Incineration 1
(electricity only)

84%

55%

lo recycling, MHT 1, SRF to Incineration Dry AD with electricity
1 (electricity only)
generation

lo

MHT 1

incineration_generic

30%

0%

-

64%

345.16

-0.33

2031

607.14

109.48

49.39

lo recycling, MHT 1, SRF
to Incineration 1
(electricity only)

77%

64%

mid -d

MHT 1

ATT_generic

30%

0%

-

70%

345.66

-0.36

2031

549.87

96.27

47.61

mid -d recycling, MHT 1,
SRF to Gasification 1

76%

70%

mid -f recycling, MBT aerobic 4, SRF to Dry AD with electricity
Incineration 1 (electricity only)
generation

NC recycling, Dirty MRF 1, SRF to
Gasification 1

Aerobic Digestion

mid -d recycling, MBT aerobic 4, SRF to Wet AD with electricity
Gasification 1
generation

mid -d recycling, MHT 1, SRF to
Gasification 1

Aerobic Digestion

lo recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
transport fuel

lo

Incineration 1
(electricity
only)_total

#N/A

30%

0%

57%

346.34

-0.27

2031

523.66

109.48

27.54

lo recycling, Incineration 1
(electricity only)_total

74%

57%

lo recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
grid injection

lo

Incineration 1
(electricity
only)_total

#N/A

30%

0%

57%

346.34

-0.27

2031

522.97

109.48

27.36

lo recycling, Incineration 1
(electricity only)_total

74%

57%
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

mid -f recycling, MBT aerobic 4, SRF to
Aerobic Digestion
power_station_generic

lo recycling, MBT AD 2 (SRF), SRF to
Gasification 1

Aerobic Digestion

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

mid -f

MBT aerobic 4

power_station_generic

36%

0%

-

68%

347.32

-0.41

2031

597.85

105.12

51.32

mid -f recycling, MBT
aerobic 4, SRF to
power_station_generic

73%

68%

lo

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

62%

348.01

-0.33

2031

583.15

109.48

43.11

lo recycling, MBT AD 2
(SRF), SRF to
Gasification 1

74%

62%

74%

66%

349.19

-0.34

2031

526.48

96.27

41.49

mid -d recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

52%

349.83

-0.28

2031

513.02

105.12

29.13

mid -f recycling,
Gasification Gas Engine
2_total

73%

52%

0%

52%

349.83

-0.28

2031

512.44

105.12

28.97

mid -f recycling,
Gasification Gas Engine
2_total

73%

52%

36%

0%

-

40%

349.84

-0.40

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 3, SRF to
power_station_generic

69%

40%

power_station_generic

36%

0%

-

40%

349.84

-0.40

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 3, SRF to
power_station_generic

69%

40%

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

349.92

-0.33

2031

470.62

96.27

26.88

mid -d recycling,
Gasification Gas Engine
2_total

74%

57%

mid -d

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

349.92

-0.33

2031

470.30

96.27

26.79

mid -d recycling,
Gasification Gas Engine
2_total

74%

57%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with biogas to
power_station_generic
transport fuel

mid -f

MBT aerobic 1

power_station_generic

36%

0%

-

38%

350.42

-0.37

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 1, SRF to
power_station_generic

68%

38%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with biogas to
power_station_generic
grid injection

mid -f

MBT aerobic 1

power_station_generic

36%

0%

-

38%

350.42

-0.37

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 1, SRF to
power_station_generic

68%

38%

mid -f recycling, MHT 1, SRF to
power_station_generic

Aerobic Digestion

mid -f

MHT 1

power_station_generic

36%

0%

-

61%

351.04

-0.41

2031

595.55

105.12

50.72

mid -f recycling, MHT 1,
SRF to
power_station_generic

75%

61%

NC recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

NC

Dirty MRF 1

incineration_generic

30%

0%

-

69%

351.11

-0.26

2031

546.42

83.05

59.93

NC recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

50%

69%

NC recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

NC

Dirty MRF 1

incineration_generic

30%

0%

-

69%

351.11

-0.26

2031

546.25

83.05

59.89

NC recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

50%

69%

hi recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

hi

MBT aerobic 1

incineration_generic

30%

0%

-

33%

351.16

-0.29

2031

603.11

119.76

38.06

hi recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

78%

33%

hi recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

hi

MBT aerobic 1

incineration_generic

30%

0%

-

33%

351.16

-0.29

2031

602.17

119.76

37.81

hi recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

78%

33%

hi recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

hi

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

54%

351.45

-0.36

2031

595.36

119.76

36.03

hi recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

81%

54%

mid -f recycling, True Pyrolysis 1_total

Wet AD with biogas to
transport fuel

mid -f

True Pyrolysis
1_total

#N/A

32%

0%

52%

351.51

-0.27

2031

540.74

105.12

36.38

mid -f recycling, True
Pyrolysis 1_total

73%

52%

mid -f recycling, True Pyrolysis 1_total

Wet AD with biogas to
grid injection

mid -f

True Pyrolysis
1_total

#N/A

32%

0%

52%

351.51

-0.27

2031

540.16

105.12

36.23

mid -f recycling, True
Pyrolysis 1_total

73%

52%

mid -d recycling, True Pyrolysis 1_total

Wet AD with biogas to
transport fuel

mid -d

True Pyrolysis
1_total

#N/A

32%

0%

57%

351.89

-0.32

2031

497.39

96.27

33.88

mid -d recycling, True
Pyrolysis 1_total

74%

57%

mid -d recycling, MBT AD 2 (SRF), SRF
Aerobic Digestion
to Incineration 1 (electricity only)

mid -d

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

mid -f recycling, Gasification Gas
Engine 2_total

Wet AD with biogas to
transport fuel

mid -f

Gasification Gas
Engine 2_total

#N/A

32%

0%

mid -f recycling, Gasification Gas
Engine 2_total

Wet AD with biogas to
grid injection

mid -f

Gasification Gas
Engine 2_total

#N/A

32%

mid -d recycling, MBT aerobic 3, SRF to Wet AD with biogas to
power_station_generic
transport fuel

mid -d

MBT aerobic 3

power_station_generic

mid -d recycling, MBT aerobic 3, SRF to Wet AD with biogas to
power_station_generic
grid injection

mid -d

MBT aerobic 3

mid -d recycling, Gasification Gas
Engine 2_total

Wet AD with biogas to
transport fuel

mid -d

mid -d recycling, Gasification Gas
Engine 2_total

Wet AD with biogas to
grid injection

66%

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority

Appendix E
29

402-01183-00003
June 2011

APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

mid -d recycling, True Pyrolysis 1_total

Wet AD with biogas to
grid injection

hi recycling, MHT 2, SRF to
power_station_generic

Aerobic Digestion

mid -f recycling, MHT 1, SRF to
Gasification 1

mid -f recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

mid -d

True Pyrolysis
1_total

#N/A

32%

0%

57%

hi

MHT 2

power_station_generic

36%

0%

-

Dry AD with electricity
generation

mid -f

MHT 1

ATT_generic

30%

0%

Wet AD with biogas to
transport fuel

mid -f

Dirty MRF 1

incineration_generic

30%

0%

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

351.89

-0.32

2031

497.07

96.27

33.80

mid -d recycling, True
Pyrolysis 1_total

74%

57%

55%

352.57

-0.43

2031

618.27

119.76

42.02

hi recycling, MHT 2, SRF
to power_station_generic

83%

55%

-

61%

353.39

-0.32

2031

595.57

105.12

50.73

mid -f recycling, MHT 1,
SRF to Gasification 1

76%

61%

-

58%

353.69

-0.33

2031

549.22

105.12

38.60

mid -f recycling, Dirty
MRF 1, SRF to
Incineration 1 (electricity
only)

75%

58%

75%

58%

Wet AD with biogas to
grid injection

mid -f

Dirty MRF 1

incineration_generic

30%

0%

-

58%

353.69

-0.33

2031

548.64

105.12

38.45

mid -f recycling, Dirty
MRF 1, SRF to
Incineration 1 (electricity
only)

mid -d recycling, MBT aerobic 4, SRF to Dry AD with electricity
Gasification 1
generation

mid -d

MBT aerobic 4

ATT_generic

30%

0%

-

65%

354.32

-0.37

2031

553.40

96.27

48.54

mid -d recycling, MBT
aerobic 4, SRF to
Gasification 1

72%

65%

43%

354.96

-0.41

2031

578.19

109.48

41.81

lo recycling, MBT aerobic
3, SRF to
power_station_generic

70%

43%

mid -f recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

lo recycling, MBT aerobic 3, SRF to
power_station_generic

Dry AD with electricity
generation

lo

MBT aerobic 3

power_station_generic

36%

0%

-

hi recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
transport fuel

hi

Incineration 2 (low
CHP)_total

#N/A

22%

10%

47%

355.46

-0.28

2031

602.00

119.76

37.77

hi recycling, Incineration
2 (low CHP)_total

80%

47%

hi recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
grid injection

hi

Incineration 2 (low
CHP)_total

#N/A

22%

10%

47%

355.46

-0.28

2031

601.07

119.76

37.52

hi recycling, Incineration
2 (low CHP)_total

80%

47%

NC recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with electricity
generation

NC

MBT aerobic 3

power_station_generic

36%

0%

-

50%

355.89

-0.36

2031

587.44

83.05

70.67

NC recycling, MBT
aerobic 3, SRF to
power_station_generic

38%

50%

NC recycling, MBT aerobic 3, SRF to
power_station_generic

Dry AD with electricity
generation

NC

MBT aerobic 3

power_station_generic

36%

0%

-

50%

357.70

-0.35

2031

588.54

83.05

70.96

NC recycling, MBT
aerobic 3, SRF to
power_station_generic

38%

50%

lo recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

lo

MBT aerobic 1

incineration_generic

30%

0%

-

43%

358.28

-0.28

2031

579.97

109.48

42.28

lo recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

71%

43%

lo recycling, MBT aerobic 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

lo

MBT aerobic 1

incineration_generic

30%

0%

-

43%

358.28

-0.28

2031

579.28

109.48

42.10

lo recycling, MBT aerobic
1, SRF to Incineration 1
(electricity only)

71%

43%

hi recycling, MBT AD 2 (SRF), SRF to
power_station_generic

Aerobic Digestion

hi

MBT AD 2 (SRF)

power_station_generic

36%

0%

-

54%

358.29

-0.44

2031

601.46

119.76

37.62

hi recycling, MBT AD 2
(SRF), SRF to
power_station_generic

81%

54%

mid -f recycling, MBT AD 2 (SRF), SRF Wet AD with electricity
to Incineration 1 (electricity only)
generation

mid -f

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

58%

359.47

-0.32

2031

567.22

105.12

43.31

mid -f recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

73%

58%

mid -d recycling, Incineration 3 (medium Wet AD with electricity
CHP)_total
generation

mid -d

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

359.53

-0.34

2031

519.75

96.27

39.73

mid -d recycling,
Incineration 3 (medium
CHP)_total

74%

57%

Wet AD with electricity
generation

lo

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

359.96

-0.31

2031

522.23

109.48

27.17

lo recycling, Gasification
Gas Engine 2_total

74%

57%

lo recycling, MBT AD 1 (landfill), SRF to Wet AD with electricity
Incineration 1 (electricity only)
generation

lo

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

361.72

-0.33

2031

570.68

109.48

39.85

lo recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

72%

55%

lo recycling, True Pyrolysis 1_total

Wet AD with electricity
generation

lo

True Pyrolysis
1_total

#N/A

32%

0%

57%

362.13

-0.30

2031

548.83

109.48

34.13

lo recycling, True
Pyrolysis 1_total

74%

57%

lo recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

lo

Dirty MRF 1

incineration_generic

30%

0%

-

362.17

-0.37

2031

555.70

109.48

35.93

lo recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

76%

63%

lo recycling, Gasification Gas Engine
2_total

55%

63%
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

mid -d

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

NC

Dirty MRF 1

incineration_generic

30%

0%

-

mid -f recycling, MBT aerobic 3, SRF to Wet AD with biogas to
Gasification 1
transport fuel

mid -f

MBT aerobic 3

ATT_generic

30%

0%

mid -f recycling, MBT aerobic 3, SRF to Wet AD with biogas to
Gasification 1
grid injection

mid -f

MBT aerobic 3

ATT_generic

30%

mid -d recycling, Incineration 3 (medium Dry AD with electricity
CHP)_total
generation

NC recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

363.38

-0.33

2031

521.86

96.27

40.28

mid -d recycling,
Incineration 3 (medium
CHP)_total

74%

57%

69%

363.91

-0.27

2031

544.89

83.05

59.53

NC recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

50%

69%

-

38%

365.24

-0.28

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

38%

0%

-

38%

365.24

-0.28

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 3, SRF to
Gasification 1

69%

38%

69%

365.36

-0.26

2031

545.99

83.05

59.82

NC recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

50%

69%

NC recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

NC

Dirty MRF 1

incineration_generic

30%

0%

-

mid -f recycling, Gasification Gas
Engine 1_total

Wet AD with biogas to
transport fuel

mid -f

Gasification Gas
Engine 1_total

#N/A

30%

0%

52%

365.58

-0.27

2031

527.19

105.12

32.83

mid -f recycling,
Gasification Gas Engine
1_total

73%

52%

mid -f recycling, Gasification Gas
Engine 1_total

Wet AD with biogas to
grid injection

mid -f

Gasification Gas
Engine 1_total

#N/A

30%

0%

52%

365.58

-0.27

2031

526.60

105.12

32.68

mid -f recycling,
Gasification Gas Engine
1_total

73%

52%

hi recycling, MHT 1, SRF to Incineration Dry AD with electricity
1 (electricity only)
generation

hi

MHT 1

incineration_generic

30%

0%

-

55%

366.40

-0.34

2031

618.31

119.76

42.03

hi recycling, MHT 1, SRF
to Incineration 1
(electricity only)

84%

55%

NC recycling, MBT aerobic 3, SRF to
power_station_generic

Aerobic Digestion

NC

MBT aerobic 3

power_station_generic

36%

0%

-

50%

366.40

-0.35

2031

588.53

83.05

70.95

NC recycling, MBT
aerobic 3, SRF to
power_station_generic

38%

50%

hi recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

hi

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

54%

367.14

-0.33

2031

601.50

119.76

37.63

hi recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

81%

54%

mid -d recycling, Gasification Gas
Engine 1_total

Wet AD with biogas to
transport fuel

mid -d

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

367.23

-0.32

2031

484.30

96.27

30.45

mid -d recycling,
Gasification Gas Engine
1_total

74%

57%

mid -d recycling, Gasification Gas
Engine 1_total

Wet AD with biogas to
grid injection

mid -d

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

367.23

-0.32

2031

483.98

96.27

30.37

mid -d recycling,
Gasification Gas Engine
1_total

74%

57%

hi recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
transport fuel

hi

Incineration 1
(electricity
only)_total

#N/A

30%

0%

47%

367.84

-0.28

2031

557.30

119.76

26.07

hi recycling, Incineration
1 (electricity only)_total

80%

47%

hi recycling, Incineration 1 (electricity
only)_total

Wet AD with biogas to
grid injection

hi

Incineration 1
(electricity
only)_total

#N/A

30%

0%

47%

367.84

-0.28

2031

556.36

119.76

25.82

hi recycling, Incineration
1 (electricity only)_total

80%

47%

mid -f recycling, MBT AD 2 (SRF), SRF Dry AD with electricity
to Incineration 1 (electricity only)
generation

mid -f

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

58%

367.96

-0.30

2031

571.03

105.12

44.30

mid -f recycling, MBT AD
2 (SRF), SRF to
Incineration 1 (electricity
only)

73%

58%

mid -f recycling, MHT 2, SRF to
Gasification 1

Aerobic Digestion

mid -f

MHT 2

ATT_generic

30%

0%

-

61%

368.33

-0.33

2031

595.55

105.12

50.72

mid -f recycling, MHT 2,
SRF to Gasification 1

76%

61%

lo recycling, Gasification Gas Engine
2_total

Dry AD with electricity
generation

lo

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

368.75

-0.29

2031

526.78

109.48

28.36

lo recycling, Gasification
Gas Engine 2_total

74%

57%

lo recycling, MBT aerobic 4, SRF to
Gasification 1

Aerobic Digestion

lo

MBT aerobic 4

ATT_generic

30%

0%

-

370.45

-0.37

2031

606.67

109.48

49.26

lo recycling, MBT aerobic
4, SRF to Gasification 1

74%

73%

lo recycling, True Pyrolysis 1_total

Dry AD with electricity
generation

lo

True Pyrolysis
1_total

#N/A

32%

0%

57%

371.01

-0.28

2031

553.37

109.48

35.32

lo recycling, True
Pyrolysis 1_total

74%

57%

mid -d

MBT aerobic 4

power_station_generic

36%

0%

-

371.82

-0.41

2031

553.39

96.27

48.53

mid -d recycling, MBT
aerobic 4, SRF to
power_station_generic

72%

65%

mid -d recycling, MBT aerobic 4, SRF to
Aerobic Digestion
power_station_generic

73%

65%
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

NC recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Aerobic Digestion

NC

Dirty MRF 1

incineration_generic

30%

0%

-

69%

372.55

-0.26

2031

545.98

83.05

59.82

NC recycling, Dirty MRF
1, SRF to Incineration 1
(electricity only)

50%

69%

lo recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

lo

Dirty MRF 1

incineration_generic

30%

0%

-

63%

372.59

-0.35

2031

560.24

109.48

37.12

lo recycling, Dirty MRF 1,
SRF to Incineration 1
(electricity only)

76%

63%

lo

MHT 2

incineration_generic

30%

0%

-

64%

372.66

-0.34

2031

607.11

109.48

49.38

lo recycling, MHT 2, SRF
to Incineration 1
(electricity only)

77%

64%

mid -d

MBT aerobic 4

incineration_generic

30%

0%

-

65%

372.74

-0.38

2031

551.30

96.27

47.99

mid -d recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

72%

65%

72%

55%

lo recycling, MHT 2, SRF to Incineration
Aerobic Digestion
1 (electricity only)

mid -d recycling, MBT aerobic 4, SRF to Wet AD with electricity
Incineration 1 (electricity only)
generation

lo recycling, MBT AD 1 (landfill), SRF to Dry AD with electricity
Incineration 1 (electricity only)
generation

lo

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

55%

373.44

-0.31

2031

575.22

109.48

41.04

lo recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

mid -f recycling, Gasification 1_total

Wet AD with biogas to
transport fuel

mid -f

Gasification 1_total

#N/A

30%

0%

52%

373.66

-0.27

2031

449.28

105.12

12.45

mid -f recycling,
Gasification 1_total

73%

52%

mid -f recycling, Gasification 1_total

Wet AD with biogas to
grid injection

mid -f

Gasification 1_total

#N/A

30%

0%

52%

373.66

-0.27

2031

448.70

105.12

12.29

mid -f recycling,
Gasification 1_total

73%

52%

mid -f recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -f

MHT 1

incineration_generic

30%

0%

-

375.12

-0.33

2031

591.76

105.12

49.73

mid -f recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

61%

75%

61%

61%

mid -d recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
transport fuel

mid -d

Dirty MRF 1

incineration_generic

30%

0%

-

61%

375.82

-0.35

2031

507.85

96.27

36.62

mid -d recycling, Dirty
MRF 1, SRF to
Incineration 1 (electricity
only)

mid -d recycling, Dirty MRF 1, SRF to
Incineration 1 (electricity only)

Wet AD with biogas to
grid injection

mid -d

Dirty MRF 1

incineration_generic

30%

0%

-

61%

375.82

-0.35

2031

507.53

96.27

36.53

mid -d recycling, Dirty
MRF 1, SRF to
Incineration 1 (electricity
only)

75%

61%

mid -d recycling, Gasification 1_total

Wet AD with biogas to
transport fuel

mid -d

Gasification 1_total

#N/A

30%

0%

57%

376.18

-0.32

2031

409.06

96.27

10.76

mid -d recycling,
Gasification 1_total

74%

57%

mid -d recycling, Gasification 1_total

Wet AD with biogas to
grid injection

mid -d

Gasification 1_total

#N/A

30%

0%

57%

376.18

-0.32

2031

408.74

96.27

10.68

mid -d recycling,
Gasification 1_total

74%

57%

mid -f

MBT AD 2 (SRF)

ATT_generic

30%

0%

-

377.32

-0.32

2031

571.00

105.12

44.30

mid -f recycling, MBT AD
2 (SRF), SRF to
Gasification 1

73%

58%

378.40

-0.31

2031

535.82

109.48

30.73

lo recycling, Gasification
Gas Engine 1_total

74%

57%

378.77

-0.44

2031

594.56

119.76

35.82

hi recycling, MBT aerobic
3, SRF to
power_station_generic

78%

33%

mid -f recycling, MBT AD 2 (SRF), SRF
Aerobic Digestion
to Gasification 1

58%

lo recycling, Gasification Gas Engine
1_total

Wet AD with electricity
generation

lo

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

hi recycling, MBT aerobic 3, SRF to
power_station_generic

Wet AD with electricity
generation

hi

MBT aerobic 3

power_station_generic

36%

0%

-

lo recycling, Incineration 3 (medium
CHP)_total

Aerobic Digestion

lo

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

379.65

-0.30

2031

578.46

109.48

41.88

lo recycling, Incineration 3
(medium CHP)_total

74%

57%

mid -f recycling, Incineration 3 (medium Wet AD with electricity
CHP)_total
generation

mid -f

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

52%

380.06

-0.31

2031

561.61

105.12

41.84

mid -f recycling,
Incineration 3 (medium
CHP)_total

73%

52%

hi recycling, MBT AD 1 (landfill), SRF to Wet AD with electricity
Incineration 1 (electricity only)
generation

hi

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

47%

380.12

-0.36

2031

590.64

119.76

34.79

hi recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

79%

47%

Aerobic Digestion

mid -d

MHT 1

incineration_generic

30%

0%

-

70%

380.30

-0.35

2031

549.87

96.27

47.61

mid -d recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

70%

mid -d recycling, Incineration 3 (medium
Aerobic Digestion
CHP)_total

mid -d

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

57%

383.03

-0.33

2031

521.84

96.27

40.28

mid -d recycling,
Incineration 3 (medium
CHP)_total

74%

57%

mid -d recycling, MHT 1, SRF to
Incineration 1 (electricity only)

33%
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo recycling, MBT AD 2 (SRF), SRF to
Incineration 1 (electricity only)

Aerobic Digestion

lo

MBT AD 2 (SRF)

incineration_generic

30%

0%

-

62%

383.39

-0.32

2031

583.15

109.48

43.11

lo recycling, MBT AD 2
(SRF), SRF to
Incineration 1 (electricity
only)

74%

62%

lo recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with electricity
generation

lo

MBT aerobic 1

power_station_generic

36%

0%

-

43%

384.71

-0.41

2031

573.64

109.48

40.62

lo recycling, MBT aerobic
1, SRF to
power_station_generic

70%

43%

mid -d recycling, MBT aerobic 1, SRF to Wet AD with biogas to
power_station_generic
transport fuel

mid -d

MBT aerobic 1

power_station_generic

36%

0%

-

40%

385.67

-0.38

2031

519.91

96.27

39.77

mid -d recycling, MBT
aerobic 1, SRF to
power_station_generic

69%

40%

mid -d recycling, MBT aerobic 1, SRF to Wet AD with biogas to
power_station_generic
grid injection

mid -d

MBT aerobic 1

power_station_generic

36%

0%

-

40%

385.67

-0.38

2031

519.59

96.27

39.69

mid -d recycling, MBT
aerobic 1, SRF to
power_station_generic

69%

40%

mid -f recycling, Incineration 3 (medium Dry AD with electricity
CHP)_total
generation

mid -f

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

52%

385.80

-0.29

2031

565.43

105.12

42.84

mid -f recycling,
Incineration 3 (medium
CHP)_total

73%

52%

mid -d recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

Wet AD with electricity
generation

mid -d

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

56%

385.84

-0.35

2031

514.12

96.27

38.26

mid -d recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

71%

56%

mid -d recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with electricity
generation

mid -d

Dirty MRF 1

ATT_generic

30%

0%

-

61%

386.95

-0.37

2031

504.93

96.27

35.85

mid -d recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

61%

mid -f recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with electricity
generation

mid -f

Dirty MRF 1

ATT_generic

30%

0%

-

58%

387.18

-0.36

2031

543.92

105.12

37.21

mid -f recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

58%

lo recycling, Gasification Gas Engine
1_total

Dry AD with electricity
generation

lo

Gasification Gas
Engine 1_total

#N/A

30%

0%

57%

387.64

-0.29

2031

540.37

109.48

31.92

lo recycling, Gasification
Gas Engine 1_total

74%

57%

mid -f recycling, MHT 1, SRF to
Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -f

MHT 1

incineration_generic

30%

0%

-

387.85

-0.31

2031

595.57

105.12

50.73

mid -f recycling, MHT 1,
SRF to Incineration 1
(electricity only)

76%

61%

lo recycling, Gasification 1_total

Wet AD with electricity
generation

lo

Gasification 1_total

#N/A

30%

0%

57%

387.95

-0.30

2031

461.08

109.48

11.17

lo recycling, Gasification
1_total

74%

57%

mid -d

MBT aerobic 4

incineration_generic

30%

0%

-

65%

388.48

-0.37

2031

553.40

96.27

48.54

mid -d recycling, MBT
aerobic 4, SRF to
Incineration 1 (electricity
only)

72%

65%

mid -d recycling, MBT aerobic 4, SRF to Dry AD with electricity
Incineration 1 (electricity only)
generation

61%

NC recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
transport fuel

NC

MBT aerobic 1

power_station_generic

36%

0%

-

50%

388.71

-0.31

2031

588.97

83.05

71.07

NC recycling, MBT
aerobic 1, SRF to
power_station_generic

38%

50%

NC recycling, MBT aerobic 1, SRF to
power_station_generic

Wet AD with biogas to
grid injection

NC

MBT aerobic 1

power_station_generic

36%

0%

-

50%

388.71

-0.31

2031

588.80

83.05

71.02

NC recycling, MBT
aerobic 1, SRF to
power_station_generic

38%

50%

mid -d recycling, Gasification Gas
Engine 2_total

Wet AD with electricity
generation

mid -d

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

390.75

-0.34

2031

467.70

96.27

26.11

mid -d recycling,
Gasification Gas Engine
2_total

74%

57%

hi recycling, Incineration 3 (medium
CHP)_total

Wet AD with electricity
generation

hi

Incineration 3
(medium
CHP)_total

#N/A

20%

20%

47%

390.85

-0.34

2031

591.50

119.76

35.02

hi recycling, Incineration
3 (medium CHP)_total

80%

47%

mid -d recycling, Dirty MRF 1, SRF to
Gasification 1

Dry AD with electricity
generation

mid -d

Dirty MRF 1

ATT_generic

30%

0%

-

61%

392.40

-0.36

2031

507.03

96.27

36.40

mid -d recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

61%

mid -d recycling, MBT AD 1 (landfill),
SRF to Incineration 1 (electricity only)

Dry AD with electricity
generation

mid -d

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

56%

393.02

-0.34

2031

516.22

96.27

38.81

mid -d recycling, MBT AD
1 (landfill), SRF to
Incineration 1 (electricity
only)

71%

56%

mid -d recycling, True Pyrolysis 1_total

Wet AD with electricity
generation

mid -d

True Pyrolysis
1_total

#N/A

32%

0%

57%

393.41

-0.33

2031

494.47

96.27

33.11

mid -d recycling, True
Pyrolysis 1_total

74%

57%

mid -f recycling, MBT aerobic 3, SRF to Wet AD with electricity
power_station_generic
generation

mid -f

MBT aerobic 3

power_station_generic

36%

0%

-

393.58

-0.42

2031

562.45

105.12

42.06

mid -f recycling, MBT
aerobic 3, SRF to
power_station_generic

68%

38%

38%
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APPENDIX E – SCENARIO OUTPUTS - SCENARIOS MEETING THE EPS LEVEL IN 2031 AND THE CARBON INTENSITY FLOOR, RANKED BY CARBON INTENSITY FLOOR PERFORMANCE

Table 1: Carbon Intensity 'Floor' Requirements Data

Table 2: Biomass within Residual Waste Streams

Assumed gross generation efficiency
(%)
Option

AD option

Recycling
option

Primary
Technology

Secondary (Thermal)
Treatment

Calorific Value (CV) from
biomass (%)

Electricity

Heat

Untreated
waste

EPS
Carbon Intensity
Floor
Performance
EPS level
Treated
EPS (mass)
(energy)
achieved up
waste (SRF) (gCO2e/kWh) (tCO2e/tonne)
to

Costs
Total
CAPEX+OP
EX (inc
collection
costs) (£M)

Collection
(£/t)

Disposal (£/t)

Option name

Fraction of municipal
CV from
waste recycled (including
biomass of
residual treatment
residual waste
outputs)
(%)

lo recycling, Gasification 2_total

Wet AD with biogas to
transport fuel

lo

Gasification 2_total

#N/A

21%

0%

57%

393.60

-0.25

2031

560.29

109.48

37.13

lo recycling, Gasification
2_total

74%

57%

lo recycling, Gasification 2_total

Wet AD with biogas to
grid injection

lo

Gasification 2_total

#N/A

21%

0%

57%

393.60

-0.25

2031

559.60

109.48

36.95

lo recycling, Gasification
2_total

74%

57%

lo recycling, MHT 1, SRF to Gasification
Aerobic Digestion
1

lo

MHT 1

ATT_generic

30%

0%

-

64%

393.91

-0.34

2031

607.11

109.48

49.38

lo recycling, MHT 1, SRF
to Gasification 1

77%

64%

hi recycling, MBT aerobic 3, SRF to
power_station_generic

Dry AD with electricity
generation

hi

MBT aerobic 3

power_station_generic

36%

0%

-

33%

394.78

-0.41

2031

600.70

119.76

37.43

hi recycling, MBT aerobic
3, SRF to
power_station_generic

78%

33%

lo recycling, Dirty MRF 1, SRF to
Gasification 1

Aerobic Digestion

lo

Dirty MRF 1

ATT_generic

30%

0%

-

63%

395.13

-0.36

2031

560.21

109.48

37.11

lo recycling, Dirty MRF 1,
SRF to Gasification 1

76%

63%

mid -f recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
transport fuel

mid -f

Incineration 2 (low
CHP)_total

#N/A

22%

10%

52%

395.17

-0.26

2031

569.62

105.12

43.94

mid -f recycling,
Incineration 2 (low
CHP)_total

73%

52%

mid -f recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
grid injection

mid -f

Incineration 2 (low
CHP)_total

#N/A

22%

10%

52%

395.17

-0.26

2031

569.04

105.12

43.78

mid -f recycling,
Incineration 2 (low
CHP)_total

73%

52%

mid -d recycling, Gasification Gas
Engine 2_total

Dry AD with electricity
generation

mid -d

Gasification Gas
Engine 2_total

#N/A

32%

0%

57%

395.41

-0.33

2031

469.80

96.27

26.66

mid -d recycling,
Gasification Gas Engine
2_total

74%

57%

mid -f recycling, Dirty MRF 1, SRF to
Gasification 1

Dry AD with electricity
generation

mid -f

Dirty MRF 1

ATT_generic

30%

0%

-

395.52

-0.34

2031

547.73

105.12

38.21

mid -f recycling, Dirty
MRF 1, SRF to
Gasification 1

75%

58%

mid -d recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
transport fuel

mid -d

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

395.96

-0.31

2031

525.29

96.27

41.18

mid -d recycling,
Incineration 2 (low
CHP)_total

74%

57%

mid -d recycling, Incineration 2 (low
CHP)_total

Wet AD with biogas to
grid injection

mid -d

Incineration 2 (low
CHP)_total

#N/A

22%

10%

57%

395.96

-0.31

2031

524.97

96.27

41.10

mid -d recycling,
Incineration 2 (low
CHP)_total

74%

57%

hi recycling, MBT AD 1 (landfill), SRF to Dry AD with electricity
Incineration 1 (electricity only)
generation

hi

MBT AD 1 (landfill)

incineration_generic

30%

0%

-

47%

397.09

-0.33

2031

596.78

119.76

36.40

hi recycling, MBT AD 1
(landfill), SRF to
Incineration 1 (electricity
only)

79%

47%

hi recycling, Dirty MRF 1, SRF to
Gasification 1

Wet AD with electricity
generation

hi

Dirty MRF 1

ATT_generic

30%

0%

-

52%

397.20

-0.38

2031

578.08

119.76

31.51

hi recycling, Dirty MRF 1,
SRF to Gasification 1

82%

52%

lo recycling, Gasification 1_total

Dry AD with electricity
generation

lo

Gasification 1_total

#N/A

30%

0%

57%

397.43

-0.28

2031

465.62

109.48

12.36

lo recycling, Gasification
1_total

74%

57%

lo recycling, MBT aerobic 1, SRF to
power_station_generic

Dry AD with electricity
generation

lo

MBT aerobic 1

power_station_generic

36%

0%

-

397.93

-0.38

2031

578.19

109.48

41.81

lo recycling, MBT aerobic
1, SRF to
power_station_generic

70%

43%

mid -d recycling, True Pyrolysis 1_total

Dry AD with electricity
generation

mid -d

True Pyrolysis
1_total

#N/A

32%

0%

57%

398.13

-0.32

2031

496.57

96.27

33.66

mid -d recycling, True
Pyrolysis 1_total

74%

57%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with biogas to
Gasification 1
transport fuel

mid -f

MBT aerobic 1

ATT_generic

30%

0%

-

38%

398.36

-0.27

2031

567.76

105.12

43.45

mid -f recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

38%

mid -f recycling, MBT aerobic 1, SRF to Wet AD with biogas to
Gasification 1
grid injection

mid -f

MBT aerobic 1

ATT_generic

30%

0%

-

38%

398.36

-0.27

2031

567.18

105.12

43.30

mid -f recycling, MBT
aerobic 1, SRF to
Gasification 1

69%

38%

58%

43%
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APPENDIX F – EXAMPLE CHP SCHEMES
F1: UK Schemes
Nottingham
Nottingham’s community heating system was first established during the 1960’s and serves
houses, flats, offices, two major city centre shopping developments, a leisure centre and
other industrial and commercial premises. The two main heat sources for the scheme are:
•
•

fossil fuelled power station with a steam turbine generator, and
Incineration facility consuming some 147kt/a of domestic waste.

The development of the community heating scheme is a cooperative arrangement between
public and private sector organisations. The scheme is operated by EnviroEnergy
(Nottingham) Limited through a local government and private sector partnership between
Nottingham City Council and Dalkia Energy plc. The scheme can generate up to 10MWe of
electricity and supply up to 50MW th of heat is supplied to commercial customers including
Nottingham Trent University, the Victoria Centre shopping centre and the Inland Revenue
building.
Energy efficiency figures submitted by WRG as part of a planning application indicate the
following energy efficiencies30
Efficiency
Waste Throughput (tpa)
Waste typical CV (MJ/kg)
Total heat supply (GWh)
Gross power generation
(GWh)
Net power exported (GWh)
Available
Heat
export
(GWh)
Net plant efficiency (max)
Actual heat export in 2007
(GWh)
Net plant efficiency (actual)

154,069
9.5
406.5
65.2

16%

46.4
143.3

11.4%
35.2%

189.7
94.845

46.6%
23.3%

141.2

34.7%

Sheffield
During the 1980’s, Sheffield City Council decided to explore a city-wide community heating
scheme and formed an independent company (Sheffield Heat and Power – SHP) to own,
operate and finance the CH network. The primary heat source for the CH system was the
city’s Incineration plant.
The CHP plant was replaced with a new plant with a MSW capacity of 225kt/yr,
20MWe/32MWth plant at the end of 2005.
Over 3,500 homes have now been connected to the heating system, designed to heat all
habitable rooms to 21oC. Tenants pay a weekly standing charge with their rent to cover part

30 http://nottfoe.gn.apc.org/wrg10.pdf
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of the costs of heat, with the remainder being paid for on the basis of usage, via prepayment
cards inserted into a heat meter (metering based on actual use rather than apportioning
meters). These cards are bought from local outlets such as shops and post offices. In
addition all of the largest commercial and institutional consumers of heat in the city centre
have also been connected onto the scheme.
Grimsby31
Located near Grimsby, at Stallingborough in North East Lincolnshire, the site is operated by
Newlincs Developments Lid, a subsidiary of Cyclerval-UK which is a wholly owned
subsidiary of the French-based Tiru Group.
Operated on a 25-year contract for North East Lincolnshire Council, the facility has been
designed to process around 56k/a household waste from the local community, providing
3MW electricity and 3MW hot water to an adjacent industrial facility.
The overall energy use equates to a system energy efficiency of 31%.
Shetland
Shetland Heat Energy and Power Ltd32 has been serving district heating to both domestic
and non domestic properties in Lerwick since 1998. The heat used in the scheme is
generated at a Energy from waste Incinerator located on the outskirts of Lerwick with heat
distributed through a network of pre-insulated pipes stretching over 30km and supplying in
the region of 1,000 customers.
In addition to the Energy from waste Plant, the Lerwick scheme has an oil-fired Peak Load
Boiler Station to assist with meeting instantaneous peak demands, typically in the morning
and tea-time, and also to maintain the supply during periods of downtime for maintenance
and servicing of the WTE. The boiler station has 3 oil-fired boilers, providing a back-up of 15
MW in order to maintain and provide security of supply during periods of WTE downtime.
This down time period is limited to 40days/a, spread across a two main shutdowns in the
Spring and Autumn.
System tariffs for domestic properties are as follows (effective 01 October 2011)
•
•

•

Basic Charge: 5p per kWh;
Annual Standing Charge: £100;
Connection Fee: £605.

SELCHP
South East London Combined Heat and Power (SELCHP) is a 31MWe (net) Incineration
plant located in South East London. Originally planned to provide heat for local community
heating schemes, the community heating arrangements were never realised. The plant
remains a power-only scheme processing 420kt/a municipal waste.
The steam turbine has tapping arrangements to allow retrofit of community heating heat
exchangers. However to date the economics have failed to justify an investment in
community heating infrastructure.

31 http://www.newlincs.com/b_news_010805.htm
32 http://www.sheap-ltd.co.uk/

SLR

Greenhouse Gas Modelling for Municipal Waste
Greater London Authority

84

402-01183-00003
June 2011

Slough Heat and Power
Slough Heat and Power is a 50MWe/20MWth CHP power station based on Slough Trading
Estate that utilises biomass fuel in the form of woodchips to generate electricity which is
distributed to the National Grid and heat which is utilised on the Trading Estate via a steam
and hot water distribution network. The power station dates back to the 1920’s and operated
on coal until 2000.
Since 2002 the plant has had the capability of processing biomass wastes through its two
fluidised bed boilers. The plant also accepts a product called “fibre fuel” (100,000 tpa)
produced from non-recyclable card and paper.
With a 50MWe generation capacity the plant processes upwards of 500ktpa of waste derived
fuels. An input of 500 ktpa is equivalent to 173 MWth suggesting an energy efficiency in the
region of 40% (50MWe + 20MWth/173 MWth)
F2: European Examples
The situation in Europe is that a vast majority of plants are CHP enabled and in many
countries heat is the major form of energy use as depicted in Figure F1.
Figure F1: Energy recovery from waste incineration as a percentage of the heat
content of the input

33

Germany
The majority of the 67 Incineration plants in Germany operate as CHP, providing heat to
existing large municipal heating networks.

33 IEA Bioenergy Accomplishments from IEA Bioenergy. Task 36: Integrating Energy Recovery into Solid Waste
Management Systems (2007-2009) End of Task Summary Report
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Recently constructed Incineration plants have tended to be installed as heat-only facilities,
as power generation is less attractive, due to the price regulation of direct supply and poor
off-take prices being offered by the larger power companies.
Switzerland
There are 28 Incineration plants in Switzerland, of which 22 are CHP plants. Those without
heat off-take tend to be in rural regions where population density is low and there is an
absence of large heat consumers.
CHP in conjunction with Incineration in Switzerland is well established. As in Germany, the
older plants tend to be located in cities where they are connected to large community
heating networks that have an extensive heat demand. The cities (Basel, Bern, Zurich,
Lausanne, Geneva, Winterthur) have large distribution networks that supply both industrial
and household customers. Most of the networks pre-date the Incineration plants.
Newer plants only deliver heat to industry and other large consumers due to economic
constraints for establishing new CH networks.
All Incineration plants in Switzerland are owned and operated either by state owned
companies or the municipalities with the majority of community heating systems connected
to Incineration plants being owned and operated by the same authority.
F3: Examples of Non-Waste CHP
Whitehall District Heating System
The Whitehall District Heating System provides heat to 23 Government office buildings in
Whitehall, amounting to 270,000m2 of floor space via an underground network of pipes,
totalling 24km in length. Electricity is generated by a gas turbine based unit producing
4.7MW electricity and 9MW heat. Normal fuel is natural gas, with the ability to run on oil
during supply interruptions. The building uses only 400kW of the electricity generated; the
4.3MW balance is exported to the local electricity supplier London Energy.
Pimlico and Whitehall Decentralised Energy project34
The Pimlico and Whitehall Decentralised Energy project will interconnect and improve two
existing district heating systems allowing for further expansion of low-carbon heat networks
in Westminster. The project involves installing district heating pipe work between the
Whitehall and Pimlico district heating schemes in order to improve the operational efficiency
of the existing CHP plants.
The Pimlico scheme has an installed CHP capacity of 3.4MWth and 3.1MWe, supplying over
3,000 residential and 50 commercial customers.

34 http://www.lda.gov.uk/projects/pimlico-whitehall-decentralised-energy/index.aspx
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A.1.0 Emissions from Transport of Waste
A.1.1

Determination of System Boundaries

It is first important to determine relevant system boundaries for the inclusion of
emissions from transport of waste. The principle for determination of these
boundaries is set out in the latest version (at the time of writing) of the London Plan.1
Paragraph 5.73 of this states that for the purposes of meeting self-sufficiency, waste
is deemed to be ‘managed’ in London if:
1. It is used in London for energy recovery (including incineration, gasification and
AD,);
2. It is sorted or bulked in London material recycling facilities for reprocessing,
composting or AD either in London or elsewhere; and
3. It is solid recovered fuel (SRF) produced in London.2
As a result, the following transport movements which take place after these waste
streams have effectively been ‘managed’ within London, have been excluded from
the calculation of transport emissions within the EPS:
 Bottom ash from incineration or slag from gasification facilities, which is sent
to landfill;
 Recyclable materials from thermal treatment and MBT facilities, which are
sent for reprocessing;
 SRF produced at MBT facilities within London (which meets Renewable
Obligation (RO) criteria);
 Bulked recyclable materials from either a MRF or transfer station, which are
sent for reprocessing (even if this takes place overseas); and
 Bulked food and garden waste from a transfer station, which is sent to AD or
composting facilities.

A.1.2

Approach to Determining Transport Distances

The peer review of this study, undertaken by Ove Arup & Partners (Arup) on behalf of
the GLA, recommends that the modelling of transport emissions should follow the
approach taken within the Scottish Carbon Metric (SCM).3 The SCM does not,
however, clearly split collection (from the kerbside) from onward transport of waste,

1 Mayor of London (2011) The London Plan: Spatial Development Strategy for Greater London –
Consultation Draft Replacement Plan, October 2009
2

Provided the SRF is a ‘biomass fuel’ as defined in the current Renewable Obligation (RO) Order

3

Zero Waste Scotland (2011) The Scottish Carbon Metric, March 2011
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i.e. from a transfer station to a thermal treatment facility or landfill. In London,
however, there is a significant split between these two transport activities, i.e. specific
collection vehicles pick up both residual waste and source-separated materials from
the kerbside whilst larger vehicles, usually Heavy Goods Vehicles (HGVs), are used for
onward transfer of bulked loads. As the emissions associated with these different
vehicles is significantly different, it is therefore sensible to adopt an approach which
takes into consideration this split. Assumptions for collection rounds are therefore
detailed in Section A.1.3, whilst those for onward transport are provided in Section
A.1.4.

A.1.3

Distances Modelled for Kerbside Collection of Waste

For collection of waste from the kerbside, based on our knowledge of collection
rounds in London, we have modelled an average distance of 29km, rather than the
25km assumed for Scotland. For recyclable materials, we have assumed that 80%
are collected as co-mingled and sent to a MRF, and 20% as source separated, which
are sent to a transfer station.
Table 1: Assumed Transport Distances for Kerbside Collection (prior to Bulking)
Road Transport
Vehicle

Material
Residual Waste

Dry Recyclables

Organics (Green
and Food wastes)

Payload
(tonnes)

Destination

Average
Distance of
Round (km)

26 tonne RCV

12 Transfer Station

29

Kerbside Spilt
Body RCV1

11 Transfer Station

29

26 tonne RCV

12 MRF

29

26 tonne RCV

12 Transfer Station

29

Notes:
1.

A.1.4

WRATE has very similar fuel consumptions for a wide range of waste collection vehicles
irrespective of payload, and as such the environmental impact reported is not a true reflection
of a vehicle’s emissions. Our experience of actual fuel consumption of kerbside-sort vehicles
suggests that, of those included in WRATE, the chosen vehicle is the closest match to the true
impact from such a vehicle

Distances Modelled for Onward Transport of Wastes

In contrast to the very ‘raw’ approach used in the Scottish Carbon Metric, we have
determined the distances associated with the onward transport of waste via analysis
of WasteDataFlow (WDF), which records the final destination of all collected residual
waste. Using basic GIS, we have determined the distances (from a central point)
within each London Borough and WA to each corresponding waste management
facility, i.e. landfill or incinerator. This process was undertaken for each mode of
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transport, i.e. road, rail and water. A weighted average for each mode of transport was
then determined by modelling the distances alongside the tonnes of waste involved in
each route. The results of this process are summarised in Table 2.
Table 2: Summary of Assumed Transport Distances for Onward Transport
Proportion
(%)

Average
Round Trip
Distance (km)

Road (HGV) Landfill

27%

72

Road (HGV) Thermal
Plant

28%

Transport
Method

Material1

Residual Waste

Destination

Road (HGV) MBT

18

9%

32
166

Rail

Landfill

20%

Water
(Barge)

Landfill

16%

Rejects or Stabilised Waste
from Pre-treatment (i.e.
Road (HGV) Landfill
autoclave or MBT)
Facilities

n/a

72

Solid Recovered Fuel
(which does not meet RO
criteria)

n/a

100

Road (HGV)

Thermal
Plant

38

Notes:
1. As detailed in Section A.1.4, all onward transport of materials for reprocessing and food and
green waste for composting or AD is outside the system boundaries of the EPS

A.1.5

Emissions Factors for Transportation Activities

All emissions factors for different vehicle types (both for collection and onward
transport) have been taken directly from WRATE. These are summarised in Table 3
both in terms of emissions per ‘tonne.km’ and total emissions, i.e. unit emissions
multiplied by distance.
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Table 3: Emissions Factors used for Transportation Activities

Material / Journey

Kerbside
collection of
Residual Waste

Road Transport
Vehicle

Destination

Emissions
(kgCO2/
tonne.km)

Total
Emissions
(kgCO2/tonne
per round-trip)

26 tonne Refuse
Bulking
Collection Vehicle

0.27

7.83

Kerbside Spilt
Body RCV

0.36

10.44

26 tonne Refuse
MRF
Collection Vehicle

0.27

7.83

26 tonne Refuse
Bulking
Collection Vehicle

0.27

7.83

Road (HGV)

Landfill

0.22

15.84

Road (HGV)

Thermal
Plant

0.22

3.83

Road (HGV)

MBT

0.22

7.04

Rail

Landfill

0.02

3.34

Water (Barge)

Landfill

0.03

1.15

Rejects or
Stabilised Waste
from Pretreatment (i.e.
autoclave or MBT)
Facilities

Road (HGV)

Landfill

0.22

15.84

Solid Recovered
Fuel (which does
not meet RO
criteria)

Road (HGV)

Landfill

0.22

22

Kerbside
collection of Dry
Recyclables
Kerbside
collection of
Organics (Green
and Food wastes)

Onward transport
of Residual Waste

Bulking
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A.2.0 Capture Rates for Alternative Scenarios
All assumptions relating to capture rates for the core scenarios modelled both for this
study and the associated economics report undertaken by Eunomia on behalf of the
GLA have been developed using data published by WRAP.4 The peer review
undertaken by Arup highlights that these capture rates, although being the most
current at the time at which Eunomia developed the EPS, have now been updated by
WRAP to include information from Wales and Scotland. Arup does not recommend,
however, that the EPS is immediately updated to take these into consideration.
In addition to the core scenarios, as described in Section 3.3.1 of the Main Report, we
have modelled two alternative scenarios to demonstrate the impact on performance
against the EPS of focusing either on ‘higher’ or ‘lower’ impact materials. Table 4
summarises the capture rates assumed, which are based on schemes being operated
in the UK and Europe. These captures are achievable, albeit ambitious, but serve to
illustrate the impact on the EPS of the combination of material collected.
Table 4: Capture Rates for Alternative Scenarios (2015)
Material

Focus on ‘Higher CO2
Impact’ Materials

Focus on ‘Lower CO2
Impact’ Materials

Paper / Card

32%

59%

Glass

20%

80%

Metals (ferrous)

90%

50%

Metals (non-ferrous)

90%

85%

Plastics

90%

14%

Textiles

90%

11%

Wood

16%

50%

Organics (food and garden)

25%

77%

4 WRAP (2009) Analysis of kerbside dry recycling performance in England 2007/08, available at:
http://www.wrap.org.uk/local_authorities/research_guidance/collections_recycling/benchmarking.ht
ml
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A.3.0 Indicative Residual Waste Compositions
Table 5 provides a summary of the residual waste compositions used in the
modelling for the EPS, following 25%, 45%, 50% and 60% levels of recycling or
composting. It should be noted that the percentage of some materials increases
along with the level of recycling. This is because their concentration increases
relative to other materials, a greater amount of which might be collected to
achieve a particular level of recycling.
It should also be noted that the compositions provided in Table 5 are indicative
only, and that such levels of recycling may result in many other compositions,
depending upon which materials are collected for recycling or composting.
Table 5: Composition of Residual Waste at Different Levels of Recycling
Recycling / composting rate
25%

45%

50%

60%

Net CV
(MJ/kg)1

Paper / Card

20%

11%

13%

12%

11.35

Plastic Film

5%

7%

8%

10%

21.28

Dense Plastic

7%

4%

8%

8%

23.07

Textiles

4%

4%

4%

5%

14.30

Disposable Nappies

4%

5%

6%

7%

5.53

Wood

3%

2%

3%

3%

16.84

Misc. Combustible

4%

5%

6%

7%

14.06

Misc. Non-Combustible

5%

6%

6%

8%

2.57

Glass

4%

4%

5%

5%

1.50

36%

45%

34%

28%

3.52

Ferrous

6%

4%

5%

5%

0

Non-Ferrous

1%

1%

1%

1%

0

Fines

2%

2%

2%

2%

3.47

Putrescibles

Notes:
1. WRATE default values
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A.4.0 Calculating the Carbon Intensity ‘Floor’
A.4.1

Using WRATE Outputs within a Bespoke Model

WRATE is a life-cycle assessment (LCA) tool which considers the environmental
impact of waste management processes against a set of assessment criteria such
as ‘Global Warming Potential’ (GWP). The type and amount of energy generated
by a waste management technology has an important influence upon the results
of such assessments. However, ‘energy generation’ cannot in isolation be
considered as a ‘lifecycle method’. WRATE therefore presents only a relatively
limited amount of information with regard to the energy generation associated
with the different elements of waste management processes.
In addition, the calculation of the carbon intensity ‘floor’ (CIF) requires a more
detailed consideration of energy impacts over much narrower system boundaries
than those used within the life cycle approach taken by WRATE. Thus, whilst
WRATE considers impacts associated with treating one tonne of waste across the
entire treatment process, the carbon intensity ‘floor’ requires a consideration of
impacts associated with energy generation in isolation from the rest of the waste
treatment process.
WRATE presents information associated with the environmental impacts of waste
treatment systems in two ways:
1. Headline Results: This includes some information on key
environmental aspects beyond that provided within the results of the
LCA, such as energy generation and the land-take of facilities. Impacts
are aggregated across the whole of the waste system. The headline
results associated with a particular MBT process, for example,
therefore will include impacts associated with pre-treatment,
combustion and landfill; and
2. Detailed Results: This gives a breakdown of results with regard to each
of the LCA criteria. Here, some information is provided for the different
elements of the waste system, such as, for example, the pre-treatment
and landfill elements associated with treatment of waste via MBT.
Information with regard to energy generation is only provided in the Headline
Results section of WRATE, which presents the total energy generation associated
with each waste management system, expressed in MegaJoules (MJ). There are
several difficulties associated with this approach as follows:
 Where combined heat and power (CHP) is generated, the reporting of
electricity and heat generation is combined;
 Whilst the breakdown of results produced as part of the GWP assessment
makes it possible to determine energy generation impacts associated with
the landfill and incineration stages of an MBT process, WRATE neither
separately identifies the GHG emissions offsets associated with electricity
and heat impacts for CHP facilities nor does it directly present
assumptions for carbon intensity of either heat or electricity;
 For mechanical-biological treatment (MBT) scenarios, it is not possible to
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separately identify the electricity generation that occurs through the
combustion or gasification of solid recovered fuel (SRF) produced by the
facility, as distinct from that which occurs at the landfill (via gas engines to
processing captured methane) where the stabilised residues are sent; and
 Whilst the efficiency of generation is presented for incineration, this is not
the case for gasification facilities, albeit these can be deduced from
information contained within the process model.
It is therefore not possible to calculate performance against the carbon intensity
‘floor’ directly within WRATE as currently designed. As a result, for the purposes of
this study, Eunomia developed a separate, bespoke model using the data and
assumptions contained within WRATE using the following approach:
 Waste characteristics data contained within WRATE was used to calculate
the calorific value (CV) of the input waste (whether untreated or treated),
the carbon content and the proportion of the calorific value that is from
biomass;5
 Characteristics data was combined with the efficiencies of generation to
calculate the quantities of energy generated;
 Assumptions within WRATE regarding the carbon intensity of the avoided
electricity and heat generation from combined cycle gas turbine plant (as
the assumed ‘marginal’ source of energy) were deduced from the calorific
value of the feedstock and the avoided emissions given in the ‘energy
output’ column in WRATE within the GWP assessment;6 and
 The CIF includes impacts associated with fossil CO2 emissions from the
energy generation process, emissions associated with energy use at the
incinerator or gasifier (the ‘parasitic load’), and any avoided emissions
associated with heat generation.7 These impacts are expressed in terms of
g CO2 equivalent per kilowatt hour (gCO2/KWh) of electricity generated.

A.4.2

Methodology for Inclusion of Heat

The potential use of heat use is included in modeling of performance against the
CIF according to the following rationale:
 The starting point is to determine the nature of the heat that any heat
generation by waste facilities would be displacing, i.e. what type of heat, in
terms of temperatures and pressures, needs to be generated? For the

5 WRATE attributes the same characteristics (expressed in terms of the dry matter content of the
material) to both the SRF from MBT facilities and the fibre produced from autoclave plant.
6

The energy output column in WRATE gives the total CO2 emissions avoided through energy
generation at the plant.
7 WRATE also includes impacts associated with the construction and operation of the energy
generation facility. As detailed in the Main Report, these are considered outside the system
boundaries of the carbon intensity ‘floor’ for energy generation. These impacts are, however,
included within the whole system EPS
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calculations used in Tables 4-1 and 4-2 in the Main Report, we have
assumed that household space heat is displaced. For each MWh provided,
therefore, we have assumed the displacement of domestic gas boilers
(which we have modelled have a carbon intensity of 240 gCO2/KWh
thermal);
 The impact of this heat provision on electrical output / efficiency depends
upon how well the relevant generation turbines are designed and the level
of integration between heat and electrical provision. To provide household
heat, we have assumed that when heat demand is 100% of the design
basis, electrical efficiency (of incineration in CHP mode) is reduced to 15%;
 However, we have assumed that heat demand is only present 60% of the
time (or put another way, that the system has been designed to be
‘available’ to provide heat 60% of the time), which is based upon 14.5
hours/day ‘availability’ for 365 days/annum). Therefore, at times when
heat is not ‘available’, we have assumed that steam can be diverted back
into electricity generation (albeit this is unlikely to be the case for older
plant), which we have assumed gives 19% overall electrical efficiency;
 In the example in Table 3-1 in the EPS report, heat ‘efficiency’ for
incineration is expressed as 30%. This is effectively stating that 30% of the
total energy (CV) input to the plant is used to generate heat.

A.4.3

Step-by-Step Guide to Calculating Performance against
the CIF

To calculate performance against the CIF, the following steps should be taken:
1. Using an estimated residual composition for London, the starting point is to
take the following chemical analysis data from WRATE for each of the 16
composition categories (i.e. paper, plastic film, organic, etc):
o Net CV;
o Carbon content; and
o Proportion of total carbon which is ‘biogenic’.
2. Direct emissions from the process are calculated by multiplying the quantity
(i.e. weight) of each element within the composition by the fossil carbon
content (derived from total carbon content minus the biogenic content) for
each composition element;
3. The energy content of the input composition is calculated by multiplying the
WRATE data on Net CV by the composition data which is then converted to
kWh. This is then multiplied by the efficiency of generation to get the
amount of electricity generated (electrical generation efficiencies are gross
figures). This is then multiplied by the assumed electricity source which is
displaced, which in the revised EPS Study is 400 gCO2/kWh;
4. Emissions from energy use at the energy generating plant are drawn from
WRATE, albeit the default values have been amended for greater accuracy.
As detailed within Section 3.1.2 of the Main Report, it should be noted that
emissions calculations for the CIF include only direct emissions from the
thermal treatment process and those associated with energy use (fuel oil
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and electricity) in the process due to the narrower system boundaries set
for this standard, i.e. emissions from pre-treatment processes are
excluded);
5. Any heat generation (and use) is included in the final EPS calculation as an
‘offset’ as described in Section A.4.2;
6. The Final Calculation can therefore be summarised as:
[Direct Emissions + Energy Use Emissions – Heat Offset] \ [Electricity Generated]
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A.5.0 Considerations Associated with WRATE
A.5.1

Limitations of WRATE

Wherever possible, WRATE considers the environmental impacts of facilities
based on actual data obtained from facilities currently operating in the UK. Many
of the process models with WRATE, however, contain both information
extrapolated from operating facilities and theoretical values supplied by literature
sources to fill the gaps that exist.
The tool offers the user some flexibility in the modelling process. Those holding an
‘expert’ license for the software - Eunomia is one such holder - can modify much
of the data contained within the models of individual treatment processes
through the creation of so-called ‘user defined’ processes (UDPs). In many cases
it is also possible to create new bespoke models of processes not already
included within WRATE. Thus, although the existing ‘standard’ version of the
software does not include process models of some advanced energy generation
technologies, such as the use of syngas in a gas engine and the upgrading of
biogas (such as would be required prior to its use as a vehicle fuel), the user
defined aspects of WRATE allow the standard models to be modified to a
significant extent. For example, modifications can be made to generation
efficiencies and the choice of energy offsets. This effectively allows for the
creation of UDPs that more closely reflect the performance of the advanced
treatment technologies.
It is not, however, possible to make changes to the landfill module with WRATE –
this forms a part of the background database, and modification of this data is not
possible even for ‘expert’ license holders. Eunomia believes that this presents
some limitations to the tool as WRATE currently significantly underestimates the
amount of methane emissions that result from the degradation of most wastes
sent to landfill; for example, the emission of methane assumed to occur over 150
years from landfilled food waste and paper is about half of what we would expect
even given the same landfill gas capture rate (currently fixed at 75% in WRATE).
Further issues occur in the tool’s treatment of the ‘stabilised’ output from MBT
facilities. The model assumes that a proportion of the carbon is degraded within
the biological part of the MBT process. However, when this stabilised material is
subsequently landfilled, the methane emission is assumed to be exactly the same
as that of untreated wastes - WRATE only accounts for the reduction in mass
which occurs in material which is biologically pre-treated (occurring as a result of
moisture loss). The model, therefore, significantly underestimates the extent to
which the biological component of the MBT process reduces the biological activity
of material subsequently sent to landfill.
These limitations in the model’s current datasets have been acknowledged by the
Environment Agency, and a programme of updates – updating both in terms of
the functionality of the model along with some of the data contained with it –
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commenced in 2009. Although the first phase of updates was originally intended
for release during 2009, these did not reach the user community until 2010.8
Improvements to the front end of the tool have provided the focus for much of the
initial updates incorporated into the revised version of WRATE, with the aim being
to provide standard users with more control over the models of treatment
processes. Substantial revisions have been made to the incineration (energy from
waste) module in this regard. The updated model also includes a number of new
MBT and gasification processes, although no revisions were made with respect to
the autoclave model.9 The new version of WRATE also includes data from the
latest version of the Swiss life cycle database ecoinvent.
The second set of updates currently scheduled for release later during 2011 will
include a new ‘build your own’ MBT process, which will give standard users of the
tool the ability to modify some of the assumptions associated with the MBT
models, such as the capture rates of materials recovered for recycling. This
additional series of updates will also allow users to modify assumptions with
regard to landfill gas capture. No other amendments to the landfill module are
scheduled at present.

A.5.2

Accounting for Limitations in the Landfill Module

As discussed in Section A.5.1, ‘expert’ WRATE license holders can modify much of
the data contained within the models of individual waste treatment processes,
with the exception of the landfill module. It is within this module that the greatest
differences exist with regard to the outputs generated in WRATE, and those
produced using Eunomia’s proprietary model, Atropos.
Atropos calculates the impact of sending one tonne of residual waste to landfill to
be 3 - 4 times greater than that of WRATE, depending on the composition of waste
being landfilled. WRATE also applies an ‘efficiency factor’ when calculating the
anticipated impacts associated with landfilling larger quantities of waste. The
‘efficiency factor’ further increases the difference in results between WRATE and
Atropos when larger amounts of waste are modelled. Furthermore, in WRATE, the
greater the amount of waste landfilled, the larger the ‘efficiency factor’. The
‘efficiency factor’ is such that the CO2 emissions associated with landfilling 1.8
million tonnes of residual waste (the amount landfilled in London during 2008)
are 5.4 times greater in Atropos than in WRATE.
Unfortunately, following related questions from Eunomia, at the time of writing, no
details of assumptions behind the derivation and calculation of this ‘efficiency
factor’ have been provided by the Environment Agency. It is acknowledged that it
would have been helpful to establish some kind of ‘adjustment mechanism’
(external to WRATE) that would allow for the results generated in WRATE to be

8

This was confirmed in presentations by the Environment Agency at the first WRATE user
conference held in Birmingham on the 18th November 2009

9 We understand that this is because the technology suppliers did not want to provide the
Environment Agency with data to be included within the updated tool
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modified to reflect the differences between the two models. However, the lack of
transparency with regard to this ‘efficiency factor’ is such that it is not currently
possible to determine an appropriate ‘adjustment mechanism’ to account for
these discrepancies.
The model that underpins WRATE with regard to the behaviour of waste in landfill
is GasSim.10 This model produces similar results to another model which is used
to prepare the UK’s greenhouse gas inventory submitted to the IPCC. Eunomia
recently commenced a study undertaken on behalf of Defra which aims to review
this existing model.11 The project includes an extensive review of the literature
surrounding the calculation of landfill impacts, and aims to identify errors
contained within the existing models.
The Environment Agency has confirmed that any changes made to the Defra
model as a result of the aforementioned project for Defra will ultimately be
incorporated into GasSim and hence into WRATE, although the timescale
associated with such an update process remains uncertain.12 Eunomia’s Atropos
model will also be updated with any relevant data identified as a result of this
project on behalf of Defra. It is anticipated that these changes will reduce the
extent of the discrepancy between the two models, thus hopefully removing any
need for the external ‘adjustment mechanism’ mentioned above.

10

Originally developed by Golder Associates

11

This model uses a similar basis for the calculation of landfill impacts to that of the landfill
module contained within WRATE
12

Personal Communication, Terry Coleman, Environment Agency, July 2010
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A.6.0 Modelled Waste Flows
A.6.1

Roll out of Scenarios from 2008 to 2015

As discussed in the Main Report, the modelling undertaken for this study is based
upon a related study undertaken by Eunomia on behalf of the GLA with regard to
the economics of waste management.13 The principle behind the modelling for
this related study was to focus upon the most cost effective roll-out sequence for
new services to meet the recycling / composting targets stated in the Mayor’s
draft MWMS. As a result, to meet the recycling targets for 2015, 2020 and 2031,
the performance of the ‘focus on food’ and ‘focus on dry’ scenarios is very similar,
as there is a need to collect dry and food wastes to meet these targets without
excessive cost.
The difference between these scenarios, therefore, is best expressed between
2008 and 2015. This is to demonstrate the differences between these scenarios,
which appear relatively similar in the waste flows expressed within Sections A.6.2
and Section A.6.3. Figure 1 and Figure 2 show that under both ‘focus on dry’
scenarios (Scenario 1 and Scenario 2), dry recycling services are rolled out first,
followed by food and green waste collections to reach the 45% recycling /
composting target in 2015. The reverse is the case for the two ‘focus on food’
scenarios (Scenario 3 and Scenario 4), whereby food waste services are rolled out
first.
The abbreviations used along the x-axis in both Figure 1 and Figure 2 are set out
in Table 6.
Table 6: Abbreviations for Collection Systems
Abbreviation

Collection System

DS Dry

Dry recyclables from properties with doorstep collection services

Com Dry

Dry recyclables from ‘communal’ systems (i.e. for flats)

Garden

Garden waste from properties with doorstep collection services

DS Food

Food waste from properties with doorstep collection services

DS Food (Co.)

Food waste, comingled with green waste from properties with
doorstep collection services

Com Food

Food waste from ‘communal’ systems (i.e. for flats)

13 Eunomia (2010) Economic Modelling for the Mayor’s Municipal Waste Management Strategy,
on behalf of the GLA, August 2010
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Figure 1: Roll out Scenarios 3 and 4 with ‘Focus on Dry’ (2008 – 2015)’
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Figure 2: Roll out Scenarios 3 and 4 with ‘Focus on Food’ (2008 – 2015)’
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A.6.2

Flows Expressed in Percentages

Table 7 to Table 12 summarise the waste flows for each of the six scenarios modelled
for development of the Emissions Performance Standard (EPS). Waste flows are
expressed in each of the recycling target years (2015, 2020 and 2031) expressed in
the Mayor’s Municipal Waste Management Strategy (MWMS) and the baseline year
(2008). In Section A.6.3, the same waste flows are expressed in tonnes per annum.
It should be noted that since the modelling was undertaken for this study, the GLA
has since reduced its target for reuse to 1% (or 50,000 tonnes) from 2015 through to
2031. As described on Page 8 of the Main Report, however, reuse is not currently
included within the scope of setting the EPS, so this change does not have any impact
on this study. The figures listed for reuse in Table 7 to Table 12 have not been
updated to reflect this change.
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Table 7: Scenario 1: ‘Focus on Dry + Low Biomass New Technologies’
Management Method

2008

2015

2020

2031

25%

46%

51%

61%

1%

3%

4%

5%

Source Segregated Collections

22%

23%

24%

23%

Comingled Collections (i.e. MRF
Input)1

31%

31%

31%

29%

Direct Delivered

19%

12%

11%

11%

Composting (Windrow and IVC)

26%

24%

24%

24%

0%

7%

8%

8%

75%

54%

49%

39%

28%

61%

68%

49%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

26%

25%

51%

0%

2%

2%

3%

22%

26%

26%

27%

% SRF to Incineration

100%

77%

70%

42%

% SRF to Gasification

0%

23%

30%

58%

Landfilled Rejects

36%

34%

35%

34%

Mass Loss (Water)

41%

37%

38%

36%

62%

14%

8%

0%

4%

11%

11%

19%

Total Reuse, Recycling and Composting
Reuse

Reuse /
Recycling/
Composting

Dry
Recyclables

Source Seg.
Organics

Anaerobic Digestion (AD)

Total Residual Treatment
Input
Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill
Input - Rejects2
Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‘Total Residual Treatment’.
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Table 8: Scenario 2: ‘Focus on Dry + High Biomass New Technologies’
Management Method

2008

2015

2020

2031

25%

46%

51%

61%

1%

3%

4%

5%

Source Segregated Collections

22%

23%

24%

23%

Comingled Collections (i.e. MRF
Input)1

31%

31%

31%

29%

Direct Delivered

19%

12%

11%

11%

Composting (Windrow and IVC)

26%

24%

24%

24%

0%

7%

8%

8%

75%

54%

49%

39%

28%

60%

67%

48%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

26%

26%

52%

0%

5%

4%

7%

22%

21%

21%

21%

% SRF to Incineration

100%

80%

75%

49%

% SRF to Gasification

0%

20%

25%

51%

Landfilled Rejects

36%

34%

35%

34%

Mass Loss (Water)

41%

39%

40%

39%

62%

14%

8%

0%

4%

11%

11%

19%

Total Reuse, Recycling and Composting
Reuse

Reuse /
Recycling/
Composting

Dry
Recyclables

Source Seg.
Organics

Anaerobic Digestion (AD)

Total Residual Treatment
Input
Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill
Input - Rejects2
Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‘Total Residual Treatment’.
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Table 9: Scenario 3: ‘Focus on Food + Low Biomass New Technologies’
Management Method

2008

2015

2020

2031

25%

46%

51%

61%

1%

3%

4%

5%

Source Segregated Collections

22%

23%

24%

23%

Comingled Collections (i.e. MRF
Input)1

31%

31%

31%

29%

Direct Delivered

19%

12%

11%

11%

Composting (Windrow and IVC)

26%

24%

24%

24%

0%

7%

8%

8%

75%

54%

49%

39%

28%

61%

68%

49%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

26%

25%

51%

0%

2%

2%

3%

22%

26%

26%

27%

% SRF to Incineration

100%

77%

70%

42%

% SRF to Gasification

0%

23%

30%

58%

Landfilled Rejects

36%

34%

35%

34%

Mass Loss (Water)

41%

37%

38%

36%

62%

14%

8%

0%

4%

11%

11%

19%

Total Reuse, Recycling and Composting
Reuse

Reuse /
Recycling/
Composting

Dry
Recyclables

Source Seg.
Organics

Anaerobic Digestion (AD)

Total Residual Treatment
Input
Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill
Input - Rejects2
Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‘Total Residual Treatment’.
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Table 10: Scenario 4: ‘Focus on Food + High Biomass New Technologies’
Management Method

2008

2015

2020

2031

25%

46%

51%

61%

1%

3%

4%

5%

Source Segregated Collections

22%

23%

24%

23%

Comingled Collections (i.e. MRF
Input)1

31%

31%

31%

29%

Direct Delivered

19%

12%

11%

11%

Composting (Windrow and IVC)

26%

24%

24%

24%

0%

7%

8%

8%

75%

54%

49%

39%

28%

60%

67%

48%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

26%

25%

52%

0%

5%

4%

7%

22%

21%

21%

21%

% SRF to Incineration

100%

80%

75%

49%

% SRF to Gasification

0%

20%

25%

51%

Landfilled Rejects

36%

34%

35%

34%

Mass Loss (Water)

41%

39%

40%

39%

62%

14%

8%

0%

4%

11%

11%

19%

Total Reuse, Recycling and Composting
Reuse

Reuse /
Recycling/
Composting

Dry
Recyclables

Source Seg.
Organics

Anaerobic Digestion (AD)

Total Residual Treatment
Input
Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill
Input - Rejects2
Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‘Total Residual Treatment’.
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Table 11: Scenario 5: ‘Doorstep Only + High Biomass New Technologies’
Management Method

2008

2015

2020

2031

25%

44%

49%

59%

1%

3%

4%

5%

Source Segregated Collections

22%

23%

24%

23%

Comingled Collections (i.e. MRF
Input)1

31%

32%

32%

30%

Direct Delivered

19%

12%

11%

11%

Composting (Windrow and IVC)

26%

23%

23%

24%

0%

6%

6%

7%

75%

56%

51%

41%

28%

59%

64%

46%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

28%

29%

54%

0%

6%

5%

7%

22%

21%

21%

21%

% SRF to Incineration

100%

79%

70%

46%

% SRF to Gasification

0%

21%

30%

54%

Landfilled Rejects

36%

34%

34%

34%

Mass Loss (Water)

41%

39%

39%

39%

62%

13%

7%

0%

4%

12%

12%

20%

Total Reuse, Recycling and Composting
Reuse

Reuse /
Recycling/
Composting

Dry
Recyclables

Source Seg.
Organics

Anaerobic Digestion (AD)

Total Residual Treatment
Input
Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill
Input - Rejects2
Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‘Total Residual Treatment’.
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Table 12: Scenario 6: ‘Max Greenhouse Gas Abatement’
Management Method

2008

2015

2020

2031

25%

46%

59%

69%

1%

3%

3%

4%

Source Segregated Collections

22%

24%

24%

24%

Comingled Collections (i.e. MRF
Input)1

31%

32%

31%

31%

Direct Delivered

19%

13%

11%

10%

Composting (Windrow and IVC)

26%

19%

16%

16%

0%

10%

15%

15%

75%

54%

41%

31%

28%

60%

79%

60%

3%

3%

3%

3%

Recycled Bottom Ash

24%

24%

24%

24%

Landfilled Bottom Ash

3%

3%

3%

3%

70%

70%

70%

70%

9%

26%

17%

40%

0%

5%

0%

5%

22%

21%

22%

21%

% SRF to Incineration

100%

80%

100%

66%

% SRF to Gasification

0%

20%

0%

34%

Landfilled Rejects

36%

34%

36%

35%

Mass Loss (Water)

41%

39%

41%

40%

62%

14%

4%

0%

4%

11%

9%

16%

Total Reuse, Recycling and Composting
Reuse

Reuse /
Recycling/
Composting

Dry
Recyclables

Source Seg.
Organics

Anaerobic Digestion (AD)

Total Residual Treatment
Input
Metals Recycling
Direct to
Incineration

Mass Loss (Combustion)
Input
Residual
Treatment

Recycling
SRF
MBT / MHT

Input - Direct to Landfill
Landfill
Input - Rejects2
Notes:
1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‘Total Residual Treatment’.
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A.6.3

Flows Expressed in Tonnes

As mentioned above, Table 13 to Table 18 express the information set out in Section
A.6.2 in terms of tonnes of waste per annum (rather than percentages) managed by
each specific route.
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Table 13: Scenario 1: ‘Focus on Dry + Low Biomass New Technologies’
Management Method

2008

2015

2020

2031

1,007.9

1,869.5

2,071.1

2,525.4

10.2

52.6

73.7

120.0

Source Segregated Collections

222.7

436.6

490.7

589.8

Comingled Collections (i.e.
MRF Input)1

312.3

580.8

636.9

741.6

Direct Delivered

191.4

219.9

221.4

265.7

Composting (Windrow and IVC)

267.0

456.7

493.7

604.5

4.4

122.9

154.6

203.7

2,947.2

2,166.6

1,958.7

1,595.9

837.7

1,317.7

1,317.7

777.7

22.4

35.3

35.3

20.8

Recycled Bottom Ash

203.4

319.9

319.9

188.8

Landfilled Bottom Ash

28.9

45.4

45.4

26.8

278.4

548.2

490.3

817.5

0.0

11.0

8.6

22.0

Recycling

62.2

143.1

125.8

223.9

SRF

62.2

110.7

87.6

94.5

% SRF to Incineration

0.0

32.4

38.1

129.4

% SRF to Gasification

101.0

188.3

169.6

275.4

Landfilled Rejects

115.2

205.8

186.3

296.2

Mass Loss (Water)

1,961.1

534.4

365.7

302.9

1,831.2

300.7

150.7

0.7

129.9

233.7

215.0

302.2

Total Reuse, Recycling and Composting
Reuse

Reuse /
Recycling/
Composting

Dry
Recyclables

Source
Seg.
Organics

Anaerobic Digestion (AD)

Total Residual Treatment
Input
Metals Recycling
Direct to
Incineration

Mass Loss
(Combustion)
Input
Residual
Treatment

MBT / MHT

Input - Direct to Landfill
Landfill
Input – Rejects2
Notes:

1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‘Total Residual Treatment’.
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Table 14: Scenario 2: ‘Focus on Dry + High Biomass New Technologies’
Management Method

2008

2015

2020

2031

1,007.9

1,842.0

2,062.1

2,497.1

10.2

52.6

73.7

120.0

Source Segregated Collections

222.7

436.6

490.9

589.9

Comingled Collections (i.e.
MRF Input)1

312.3

580.8

636.9

741.6

Direct Delivered

191.4

219.9

222.5

266.1

Composting (Windrow and IVC)

267.0

442.9

489.1

587.3

4.4

109.2

149.1

192.2

2,947.2

2,194.1

1,984.1

1,629.7

837.7

1,317.7

1,317.7

777.7

22.4

35.3

35.3

20.8

Recycled Bottom Ash

203.4

319.9

319.9

188.8

Landfilled Bottom Ash

28.9

45.4

45.4

26.8

278.4

575.7

515.8

851.3

0.0

29.7

23.7

57.3

Recycling

62.2

121.6

109.7

176.8

SRF

62.2

97.9

81.2

85.1

% SRF to Incineration

0.0

23.8

28.5

91.7

% SRF to Gasification

101.0

197.9

178.3

287.6

Landfilled Rejects

115.2

226.5

204.0

329.7

Mass Loss (Water)

1,961.1

543.9

374.4

315.1

1,831.2

300.7

150.7

0.7

129.9

243.3

223.7

314.4

Total Reuse, Recycling and Composting
Reuse

Reuse /
Recycling/
Composting

Dry
Recyclables

Source
Seg.
Organics

Anaerobic Digestion (AD)

Total Residual Treatment
Input
Metals Recycling
Direct to
Incineration

Mass Loss
(Combustion)
Input
Residual
Treatment

MBT / MHT

Input - Direct to Landfill
Landfill
Input – Rejects2
Notes:

1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‘Total Residual Treatment’.
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Table 15: Scenario 3: ‘Focus on Food + Low Biomass New Technologies’
Management Method

2008

2015

2020

2031

1,007.9

1,869.5

2,065.8

2,526.5

10.2

52.6

73.7

120.0

Source Segregated Collections

222.7

418.7

470.5

588.8

Comingled Collections (i.e.
MRF Input)1

312.3

571.5

634.3

741.6

Direct Delivered

191.4

219.9

220.9

265.6

Composting (Windrow and IVC)

267.0

472.8

505.2

605.9

4.4

133.9

161.2

204.6

2,947.2

2,166.6

1,955.6

1,592.2

837.7

1,317.7

1,317.7

777.7

22.4

35.3

35.3

20.8

Recycled Bottom Ash

203.4

319.9

319.9

188.8

Landfilled Bottom Ash

28.9

45.4

45.4

26.8

278.4

548.2

487.2

813.9

0.0

11.0

8.5

21.8

Recycling

62.2

143.1

124.8

222.8

SRF

62.2

110.7

87.2

94.3

% SRF to Incineration

0.0

32.4

37.6

128.5

% SRF to Gasification

101.0

188.3

168.6

274.2

Landfilled Rejects

115.2

205.8

185.3

295.0

Mass Loss (Water)

1,961.1

534.4

364.7

301.7

1,831.2

300.7

150.7

0.7

129.9

233.7

214.0

301.0

Total Reuse, Recycling and Composting
Reuse

Reuse /
Recycling/
Composting

Dry
Recyclables

Source
Seg.
Organics

Anaerobic Digestion (AD)

Total Residual Treatment
Input
Metals Recycling
Direct to
Incineration

Mass Loss
(Combustion)
Input
Residual
Treatment

MBT / MHT

Input - Direct to Landfill
Landfill
Input – Rejects2
Notes:

1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‘Total Residual Treatment’.
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Table 16: Scenario 4: ‘Focus on Food + High Biomass New Technologies’
Management Method

2008

2015

2020

2031

1,007.9

1,842.0

2,046.6

2,488.1

10.2

52.6

73.7

120.0

Source Segregated Collections

222.7

418.7

470.5

567.9

Comingled Collections (i.e.
MRF Input)1

312.3

544.0

615.2

724.2

Direct Delivered

191.4

219.9

220.9

265.6

Composting (Windrow and IVC)

267.0

472.8

505.2

605.9

4.4

133.9

161.2

204.6

2,947.2

2,194.1

1,974.7

1,630.6

837.7

1,317.7

1,317.7

777.7

22.4

35.3

35.3

20.8

Recycled Bottom Ash

203.4

319.9

319.9

188.8

Landfilled Bottom Ash

28.9

45.4

45.4

26.8

278.4

575.7

506.3

852.3

0.0

29.7

22.8

57.4

Recycling

62.2

121.6

107.8

176.9

SRF

62.2

97.9

80.4

85.1

% SRF to Incineration

0.0

23.8

27.4

91.8

% SRF to Gasification

101.0

197.9

175.3

287.9

Landfilled Rejects

115.2

226.5

200.5

330.0

Mass Loss (Water)

1,961.1

543.9

371.3

315.4

1,831.2

300.7

150.7

0.7

129.9

243.3

220.7

314.7

Total Reuse, Recycling and Composting
Reuse

Reuse /
Recycling/
Composting

Dry
Recyclables

Source
Seg.
Organics

Anaerobic Digestion (AD)

Total Residual Treatment
Input
Metals Recycling
Direct to
Incineration

Mass Loss
(Combustion)
Input
Residual
Treatment

MBT / MHT

Input - Direct to Landfill
Landfill
Input – Rejects2
Notes:

1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‘Total Residual Treatment’.

Appendices: Development of an EPS for London
28

Table 17: Scenario 5: ‘Doorstep Only + High Biomass New Technologies’
Management Method

2008

2015

2020

2031

1,007.9

1,826.0

2,012.3

2,440.2

10.2

52.6

73.7

120.0

Source Segregated Collections

222.7

417.5

469.4

566.7

Comingled Collections (i.e.
MRF Input)1

312.3

579.8

635.8

740.4

Direct Delivered

191.4

219.9

222.8

267.4

Composting (Windrow and IVC)

267.0

447.6

478.2

574.3

4.4

108.6

132.5

171.3

2,947.2

2,210.0

2,039.3

1,708.8

837.7

1,317.7

1,317.7

777.7

22.4

35.3

35.3

20.8

Recycled Bottom Ash

203.4

319.9

319.9

188.8

Landfilled Bottom Ash

28.9

45.4

45.4

26.8

278.4

591.7

570.9

930.4

0.0

31.3

29.3

65.2

Recycling

62.2

124.8

120.7

192.6

SRF

62.2

99.8

85.6

88.3

% SRF to Incineration

0.0

25.1

35.1

104.3

% SRF to Gasification

101.0

203.0

196.3

313.3

Landfilled Rejects

115.2

232.5

224.7

359.3

Mass Loss (Water)

1,961.1

549.1

392.4

340.8

1,831.2

300.7

150.7

0.7

129.9

248.5

241.7

340.1

Total Reuse, Recycling and Composting
Reuse

Reuse /
Recycling/
Composting

Dry
Recyclables

Source
Seg.
Organics

Anaerobic Digestion (AD)

Total Residual Treatment
Input
Metals Recycling
Direct to
Incineration

Mass Loss
(Combustion)
Input
Residual
Treatment

MBT / MHT

Input - Direct to Landfill
Landfill
Input – Rejects2
Notes:

1) 10% of this input is assumed to be rejected and landfilled.
2) % of ‘Total Residual Treatment’.
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Table 18: Scenario 6: ‘Max Greenhouse Gas Abatement’
Management Method

2008

2015

2020

2031

1,007.9

1,842.5

2,397.5

2,826.5

10.2

52.6

73.7

120.0

Source Segregated Collections

222.7

436.6

573.0

673.8

Comingled Collections (i.e.
MRF Input)1

312.3

580.8

741.5

862.4

Direct Delivered

191.4

234.1

263.2

294.0

Composting (Windrow and IVC)

267.0

354.8

393.6

443.4

4.4

183.6

352.5

432.9

2,947.2

2,193.5

1,663.5

1,292.2

837.7

1,317.7

1,317.7

777.7

22.4

35.3

35.3

20.8

Recycled Bottom Ash

203.4

319.9

319.9

188.8

Landfilled Bottom Ash

28.9

45.4

45.4

26.8

278.4

575.2

278.4

513.8

0.0

29.7

0.0

23.5

Recycling

62.2

121.5

62.2

109.3

SRF

62.2

97.8

62.2

71.6

% SRF to Incineration

0.0

23.7

0.0

37.7

% SRF to Gasification

101.0

197.7

101.0

177.7

Landfilled Rejects

115.2

226.3

115.2

203.3

Mass Loss (Water)

1,961.1

543.8

213.9

205.2

1,831.2

300.7

67.4

0.7

129.9

243.1

146.4

204.5

Total Reuse, Recycling and Composting
Reuse

Reuse /
Recycling/
Composting

Dry
Recyclables

Source
Seg.
Organics

Anaerobic Digestion (AD)

Total Residual Treatment
Input
Metals Recycling
Direct to
Incineration

Mass Loss
(Combustion)
Input
Residual
Treatment

MBT / MHT

Input - Direct to Landfill
Landfill
Input – Rejects2
Notes:

2) 10% of this input is assumed to be rejected and landfilled.
3) % of ‘Total Residual Treatment’.
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A.7.0 Emissions Factors for Thermal Waste
Treatment
As recommended in the peer review undertaken by Arup, in Table 19 we have
provided CO2e emissions factors for each residual waste treatment route modelled
for each of the target years of 2015, 2020 and 2031. In the context of the emissions
factors presented in Table 19, it should be noted that:
1. For all residual technologies, the CO2 impact of each tonne of waste treated
changes over time. This is because year-on-year increases in the level of
recycling vary across different materials result in the residual waste
composition used within the model becoming more ‘carbon intense’ in each
target year. In the case of incineration, for example, this results in a situation
whereby in 2031, whilst less tonnage of waste is being treated than in 2020,
there are higher total CO2 emissions;
2. Incineration plant in 2008 and 2015 are assumed to generate electricity only,
with efficiencies based on current performance in London, i.e. 21-23%. In
2020, due to assumed market development of heat networks, 50% of waste
incineration is assumed to take place at CHP plant with the remainder
continuing to be treated at facilities generating electricity only. In 2031, it is
assumed that 100% of incineration is undertaken at CHP plant. It is assumed
that all such CHP plant operate at 19% electrical efficiency with an additional
30% converted into heat, which is used to displace alternative heat supply at
all times of operation;
3. The MBT technology modelled for this study is ‘bio-drying’, which produces a
relatively low-biomass (or ‘carbon intense’) fuel compared to alternative forms
of pre-treatment. Other technologies, such as autoclaving, are often designed
to produce a high-biomass fuel, which would result in lower emissions when
thermally treated at an incineration or gasification facility; and
4. The WRATE model cannot currently take into consideration the impact of
‘biostabilising’ reject streams from MBT ‘bio-drying’ facilities prior to landfill.
CO2e emissions from these streams are modelled by WRATE as if they are
untreated waste, which therefore results in significantly higher emissions than
would be the case in reality.14
As highlighted in the Main Report, the EPS is set at the level of the poorest performing
of the six key scenarios (‘Low Biomass – New Tech’) modelled within the Waste
Economics study undertaken by Eunomia on behalf of the GLA (which was also
published in October 2010 as an Appendix to the Mayor’s Draft MWMS).15 As a result,

14

See Appendix 5.0 for further discussion of this issue

15 Eunomia (2010) Economic Modelling for the Mayor’s Municipal Waste Management Strategy, on
behalf of The Greater London Authority, August 2010

Appendices: Development of an EPS for London
31

not all residual treatment technologies, for example, autoclaving or alternative forms
of MBT (aside from bio-drying), were used to set the level of the EPS for 2015, 2020
and 2031. It should be emphasised, therefore, that should such lower carbon pretreatment technologies be employed, these would provide Boroughs and WAs with a
greater chance of meeting the EPS.
Table 19: Emissions Factors for Residual Waste (as modelled to set core EPS)

Treatment

Impact of Activity (t CO2 e /tonne of waste
managed)
2008

Landfill

2015

2020

Source

2031

0.26

0.256

0.246

0.232

WRATE Default

Incineration

0.057

0.106

0.107

0.022

WRATE UDP

MBT incineration

-0.012

0.0501

0.051

0.096

WRATE UDP

MBT gasification (steam turbine)

0.041

0.096

0.106

0.155

WRATE UDP

MBT gasification (gas engine)

-0.087

-0.019

-0.028

0.015

WRATE UDP

Table 20 provides ‘material-specific’ emissions factors associated with sending one
tonne of material for treatment at different types of thermal treatment facility. It
should be noted that in reality, it is very unlikely, aside from in the case potentially of
wood, that such facilities will ever process individual material streams in this way. It is
far more likely that they will be combined as part of a wider residual stream, as per
the final line of the Table. The information in Table 20 has been extracted from a
series of ‘user-defined’ processes (UDPs) designed by Eunomia, within WRATE. It
should be acknowledged that these are deliberately different from the processes
used to model the core EPS. For each material treated, however, the data clearly
shows the benefits, in terms of lower unit emissions of CO2, of facilities which use
CHP to generate electricity and heat over those which generate electricity only.
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Table 20: WRATE Emissions Factors (t CO2e / tonne) for Selected Materials
Incineration
Material

Gasification (Gas
Engine)1

Gasification (Steam
Turbine)1
Landfill

Electricity
only

CHP

Electricity
only

CHP

Electricity
only

CHP

Paper and card

-0.164

-0.364

-0.36

-0.515

-0.257

-0.288

0.407

Food waste

-0.002

-0.065

-0.088

-0.137

-0.056

-0.065

0.297

Garden waste

-0.019

-0.095

-0.116

-0.175

-0.076

-0.088

0.297

Wood2

-0.29

-0.596

-0.572

-0.809

-0.414

-0.462

1.139

Textiles

0.486

0.226

0.245

0.044

0.379

0.338

0.213

Plastic (dense)

1.521

1.069

1.125

0.776

1.358

1.288

0.011

Plastic (film)

1.346

0.959

1.006

0.707

1.206

1.145

0.005

Residual Waste3

0.057

-0.093

-0.003

-0.113

0.08

-0.057

0.26

Notes:
1. It should be noted the figures presented are for ‘standalone’ gasification, i.e. not including
any upfront MBT (pre-treatment) of waste, as has been modelled for the EPS
2.

Discussions with the Environment Agency have clarified that the emission factor assigned to
wood when sent to landfill represents an error within WRATE. It has been presented here,
however, as it is what remains in the current version of WRATE

3. Based on a residual waste composition assuming a 25% recycling rate
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A.8.0 Summary of Peer Review Recommendations and Actions
Table 21 provides details of actions undertaken in response to the recommendations within the peer review of this study by Arup.
Table 21: Summary of Peer Review Recommendations and Actions
No. Arup Recommendation

Action(s) Taken

Reference(s)

1

There should not be any immediate requirement to update
the Economic Modelling Study with new capture rates
Need for future update now
information but it should be considered in any future updates acknowledged
to the Whole Waste System EPS.

Page 12 of Appendix 4c to
the Mayor's MWMS

2

It has been confirmed the Whole Waste System EPS is based
on the associated emissions for Scenario One (Low Biomass Scenario 1 now stated
New Tech) but this should be stated explicitly within Appendix
explicitly
4b to the Mayor’ Draft Municipal Waste Management
Strategy (MWMS).

Page 10 of Appendix 4c to
the Mayor's MWMS

3

As a waste management option, re-use should be included
within the scope of associated emissions for the Whole
Waste System EPS.

See Action Note 5

n/a

4

It is advised that consideration be given to the system
boundaries of the LCA studies used to provide re-use
information to ensure that the scope of re-use emissions
data used is consistent.

See Action Note 5

n/a
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5

Based on the suitability of available data, a decision will need
to be taken as to the scope of re-use emissions to be
Now stated that this could
included in the Whole Waste System EPS. In this case, it is
happen in future but current
recommended that re-use focuses, where possible on the
data is not sufficiently robust
avoided emissions of re-use as a waste management option.

Pages 8-9 of Appendix 4c to
the Mayor's MWMS

6

For completeness, composition data for reject materials
should be reviewed and reassessed for suitability of
modelling associated emissions within the Whole Waste
System EPS. This would be consistent with the approach
taken by the EPE Protocol, which considers final treatment of
residues from MBT and MRF to landfill.

Emissions from rejects
(based on WRAP
composition data) now
included within modelling of
the EPS

Page 9 of Appendix 4c to the
Mayor's MWMS

7

The statement that waste-related transport emissions
typically account for a small percentage (5% to 10%) of the
total CO2eq emissions from waste management activities
should be verified for London

Text now amended to be less
Page 10 of Appendix 4c to
specific about related
the Mayor's MWMS
percentage

8

It is recommended that the EPS Steering Group revisit its
previous conclusion to exclude waste-related transport
impacts from the scope of the Whole Waste System EPS, not
least so that local authorities can benefit from the potential
emissions reductions associated with methods of rail and
river transportation.

See Action Note 9

It is recommended waste-related transport emissions are
included using an approach similar to that for either the EPE
Protocol or Scottish Carbon Metric.

Waste-related transport
emissions now included.
Page 10 of Appendix 4c to
Bespoke distances for
the Mayor's MWMS
London modelled rather than
those used by EPE Protocol
or Scottish Carbon Metric
Policy 2 Mayor's MWMS

9
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n/a

10

WRATE UDPs created by Eunomia to facilitate the inclusion of
a range of technology configurations and related
assumptions in the calculation of associated emissions
should be subject to detailed peer review as recommended
by the Environment Agency.

The WRATE UDPs will be
peer reviewed as part of the
wider EPS review process at
least every three years (see
Action Note 20)

Policy 2 Mayor's MWMS

11

The Whole Waste System EPS treats food and garden waste
as open loop in the same way as the Scottish Carbon Metric
but it is not clear if any consideration has been given to open
loop recycling of glass. A similar approach should be adopted
as for the Scottish Carbon Metric, which allows for future
extension to take account of different recycling methods
should sufficient waste data become available

Open-loop glass recycling
now assumed to be
undertaken for 50% of
material captured

Page 11 of Appendix 4c to
the Mayor's MWMS

12

The reason for the omission of associated emissions for
wood in Table 2.1 of Appendix 4b to the Mayor’s Draft
MWMS should be qualified in Appendix 4b to the Mayor’s
MWMS.

Emissions from wood now
included (previously
modelled, but not included
within Table as are close to
zero)

Table 3-3 (Page 14) of
Appendix 4c to the Mayor's
MWMS

13

It is recommended to verify the materials recycling and
reprocessing emissions factors for open windrow composting
and ferrous metals reported in Appendix 4b of the Mayor’s
Draft MWMS to ensure that the correct figure has been used
and/or reported for the baseline and future target years.

Emissions factors now
verified with slight resulting
amends

Table 3-2 (Page 7) of
Appendix 4c to the Mayor's
MWMS

14

It would be helpful to state the exact emissions factors used
for residual waste management (and how these have been
transposed from Table 14 of Appendix 4b to the Mayor’s
Draft MWMS) so that the calculation of associated emissions

Emissions factors for
residual waste treatment
now stated explicitly

Table 19 (Page 32) of
Appendix 4c (Report
Appendices) to the Mayor's
MWMS
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can be replicated to verify the performance levels of the
Whole Waste System EPS for the baseline and target years.

Table 3b in the Mayor's
MWMS

15

Based on a review of alternative approaches to specifying a
performance level for the CIF, it is considered appropriate to
continue to use the marginal emissions approach over grid
mix and alternative waste management options.

No related action proposed

16

The specified level of the CIF should be raised to at least
393gCO2/kWh for consistency with DECC’s latest IAG
guidance (2010). It is also recommended that consideration
be given to raising the performance level of the CIF further
based on a review of a range of values for the marginal
source of electricity generation (CCGT) and as a result of
SLR’s additional modelling work being undertaken for a
range of waste management and energy from waste options.

Following decision by the
GLA based on evidence from
study undertaken by SLR
and on updated Interdepartmental Analysts’
Group (IAG) guidance, CIF
raised to 400gCO2/kWh

The additional benefit of allowing biomass to be treated
using anaerobic digestion is that it would contribute both to
the Whole Waste System EPS (i.e. bulk of emissions
reduction to be met through materials recycling and
reprocessing, including anaerobic digestion) and the CIF, in
terms of off-setting more carbon intense forms of waste to
energy generation. It is noted, however, that this approach
has not been modelled to date and should be verified in
future modelling of CIF scenarios.

Anaerobic digestion can now
be used to offset emissions
from residual waste
treatment

Appendix 4b to the draft MWMS should be updated to make
reference to the inclusion of anaerobic digestion within the
scope of emissions to be measured against the CIF.

See Action Note 17

17

18
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n/a

Page 20-21 of Appendix 4c
to the Mayor's MWMS

Policy 2 of the Mayor's
MWMS

Page 24-25 of Appendix 4c
to the Mayor's MWMS

Policy 2 of the Mayor's
MWMS
n/a

19

Further clarity is required with respect to how transport fuels
are considered within the context of the CIF and particularly
in relation to the biomass content that would be required to
meet the specified performance level.

Further clarification now
provided

Page 25 of Appendix 4c to
the Mayor's MWMS

20

An established review process should be set out to reassess
the adequacy of the scope, methodology and assumptions
used against future changes in policy, technology and data
availability. The review process should also consider the use
of data quality standards for inclusion of information within
the Mayor’s EPS at a later date.

London's performance
against the EPS will be
monitored annually. The EPS
including its scope,
methodology, and
assumptions will be
reviewed at least every three
years

Policy 2 of the Mayor's
MWMS

Step-by-step guidance has
now been provided

Pages 9-10 of Appendix 4c
(Report Appendices) to the
Mayor's MWMS

Commentary on how the EPS
and CIF are designed to be
met together has now been
provided

Page 27 of Appendix 4c to
the Mayor's MWMS

21

It would be of benefit to the intended audience to set out a
step-by-step approach to the methodology used for
developing the Mayor’s EPS and to show how the Whole
Waste System EPS and CIF are designed to be met together.

22

Clarity should be provided as to those organisations that are
directly and indirectly affected by the Mayor’s EPS.

Related ommentary has now
been provided

Policy 2 of the Mayor's
MWMS

23

Clarity provide as to the organisations that are directly and
indirectly affected by EPS

Further clarity has now been
provided

Policy 2 of the Mayor's
MWMS
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24

Confirmation is required as to whether the Mayor’s EPS will
apply as a benchmark or required standard for waste
authorities and the consequences of not being in ‘general
conformity’ with Policy 2 of the Mayor’s Draft MWMS. It would
help also to explain that the Whole Waste System EPS
changes on a trajectory over time whilst the CIF is intended
as a static target (or until such time as there might be a
strong reason to revise the specified performance level of the
CIF)
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Confirmation now provided
that the EPS will apply as a
benchmark for London's
waste authorities to work
towards. Also see Action
Note 20

Policy 2 of the Mayor's
MWMS
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1.0

Preface

The London Mayor’s draft Municipal Waste Management Strategy (MWMS) was
published for public consultation in October 2010. This draft included (as Appendix
4b) a first version of this Emissions Performance Standard (EPS) report undertaken by
Eunomia Research & Consulting (‘Eunomia’). The responses to the public consultation
exercise (which ended in January 2011) resulted in both the need to reconsider some
aspects of the EPS design, and to present a greater body of evidence in its support.
As a result, the Greater London Authority (GLA) commissioned the following two
studies:
 A peer review of the approach used to develop the EPS;1 and
 An assessment of the costs of meeting the EPS.2
The first version of the report undertaken by Eunomia has been redrafted within this
document to take into consideration the recommendations from the above two
studies. Reference to both studies, particularly the former, is therefore made
throughout. To support the peer review exercise, in addition to close liaison with, and
provision of information to the review team, Eunomia participated in a workshop on
the EPS, which involved a range stakeholders, including the GLA, the London
Development Agency (LDA), the Department for the Environment, Food and Rural
Affairs (DEFRA) and the Department of Energy and Climate Change (DECC). A list of all
recommendations from this peer review, along with associated resulting actions, can
be found in Appendix 8.
It should also be acknowledged that the GLA has commissioned the development of a
‘Carbon Calculator’ tool, to support the wider implementation of the EPS.3

1 Ove Arup & Partners (2011) Municipal Waste EPS Review: A Review of the Methodological Approach
Used to Develop an Emissions Performance Standard for the Management of London's Municipal
Waste, April 2011
2 SLR Consulting (2011) Lifecycle greenhouse gas performance for municipal waste management
activities: Determining the cost of meeting the EPS and Carbon Intensity Floor, May 2011
3

This is also being undertaken by SLR Consulting on behalf of the GLA
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2.0

Background and Objectives

A core objective of the MWMS is to develop a greenhouse gas (GHG) EPS for the
management of London’s municipal solid waste (MSW). The GHGs falling within the
scope of the EPS include carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O)
emitted during waste management activities including recycling, treatment and
landfill. For simplicity, and in line global GHG accounting protocols, within this report,
all non-CO2 emissions are converted to CO2 equivalents (CO2e) for measurement
against the EPS.4
The EPS concept is an increasingly popular way of regional and national authorities
managing carbon emissions in the industrial, manufacturing and power generation
sectors. Following an announcement by the coalition Government in May 2010, DECC
is currently consulting upon the development of an EPS for all new thermal power
stations, which might be achieved by either coal-fired or combined cycle gas turbine
(CCGT) power stations through fitting of carbon capture and storage (CCS)
infrastructure.5 The development of an EPS for London is therefore broadly consistent
with such approaches being undertaken at a national level.
Two of the key principles within the new MWMS can be summarised as:
1. Encouraging a focus on recovering materials and reprocessing routes, which
deliver greater CO2e reductions; and
2. Providing support for decentralised energy generation from waste that is no
more carbon intense than the alternative form of new base-load energy
generation.
To deliver upon these two principles, a ‘whole waste system’ or ‘core’ EPS has been
developed, which sits alongside a carbon intensity ‘floor’ (CIF) for energy generation
from waste. The basic methodology and rationale behind the development and
setting of values for these mechanisms is described within this report, whilst a range
of associated technical and environmental information is included within the related
Appendices.
It is intended that both the core EPS and the CIF will function as quantitative
reference points to aid London’s Waste Authorities (WAs), i.e. both Boroughs and Joint
Waste Disposal Authorities, determine whether they are acting in general conformity
with the MWMS. This is such that WAs, in undertaking their waste management
functions, can be best aligned with the wider strategic objectives of moving waste up
the hierarchy and generating energy to achieve the greatest climate change
mitigation benefits.
To facilitate wider understanding and practical use, the core EPS and CIF have been
developed using the Environment Agency’s Waste and Resources Assessment Tool

4 World Resources Institute & World Business Council for Sustainable Development (2007) The GHG
Protocol for Project Accounting, 2007
5

This was announced by Secretary of State for Energy, Chris Huhne, in June 2010
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for the Environment (WRATE) life-cycle modelling tool, which is commercially available
to all organisations. This approach is such that there are no barriers to WAs
determining their own performance against the EPS, whilst also ensuring that in
future, the EPS can be credibly updated to take into consideration future
modifications by the Environment Agency to WRATE.
In some cases, Eunomia has identified limitations of WRATE, particularly with regard
to how the tool models emissions of CO2 and methane (CH4) from landfill.6 In the case
of the CIF, it has also been necessary to develop a separate spreadsheet tool using
data from WRATE to enable the required analysis.7 All such issues are discussed in
more detail in Appendices 4.0 and 5.0.
At the time of drafting this revised version of the report, it is understood that more
detailed guidelines, along with a ‘Carbon Calculator’ to more easily enable
determination of performance (including ‘step-by-step’ guide) against both the core
EPS and CIF, will be published by the GLA.8 It should be acknowledged, therefore, that
in agreement with the GLA, Eunomia has deliberately not added such ‘step-by-step’
guidance within this report for the core EPS. As was recommended in the peer review
undertaken by Ove Arup & Partners (Arup), however, Eunomia has added a brief ‘stepby-step’ guide to calculating the CIF within Appendix A.4.3 to this revised report.
The peer review undertaken by Arup also recommends that information should be
provided as to how both the core EPS and CIF will be applied. This is an important
issue, but it should be noted here that provision of such information sits outside the
scope of the revised version of this report. It is understood by Eunomia, however, that
such information will be provided in the final revised MWMS and also in the
guidelines for the aforementioned ‘Carbon Calculator’.9
Whilst there is significant focus within this study on GHG emissions, it is important to
highlight the potential tension between the development of waste infrastructure,
particularly low-carbon energy generation from waste, and the minimisation of air
quality impacts. Primarily, these impacts relate to oxides of nitrogen (NOx) and
particulates (PM10 and PM2.5), for which in London there are currently elevated
concentration levels which are estimated to exceed related targets.10 These
pollutants are of concern in London because of their potential impacts on human
health. The potential air quality impacts from all new developments (not just waste-

6 Eunomia was recently commissioned by Defra to undertake a study into emissions of methane from
landfill, such that this might inform future revisions to the WRATE model. Eunomia discussed this in
detail with the Environment Agency as part of this study on behalf of the GLA
7 It should be noted that to facilitate the inclusion of a range of technology configurations and related
assumptions, Eunomia has needed to develop several ‘user-defined’ processes (UDPs) within WRATE.
It is intended that these will be made available by the GLA to all London waste authorities
8

This work is being undertaken by SLR Consulting on behalf of the GLA

It should also be acknowledged that in developing the revised version of this report, Eunomia has not
been given access to either the ‘Carbon Calculator’ or related guidelines
9

GLA (2010) Clearing the Air: The Mayor’s draft air quality strategy for public consultation, March
2010
10
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related) in London are considered on a case-by-base basis through the local and
strategic planning process. The development of new residual waste facilities might
result in exceedances of both NOx and PM10 in specific locations, particularly in those
areas where concentrations are already elevated. Waste treatment facilities
considered in this study, however, if managed and operating as designed, located in
appropriate locations and using best available abatement and mitigation technology,
are unlikely to have a significant effect on meeting air quality objectives.
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3.0

The ‘Whole Waste System’ EPS

3.1 Approach and Methodology
3.1.1 Determination of Baseline CO2e Performance
Prior to setting an appropriate EPS level, an assessment of London’s current
performance with regard to CO2e emissions from MSW management is required.
Eunomia developed this baseline information by drawing upon data for 2008-9 from
the Environment Agency’s WasteDataFlow (WDF) tool and feeding this into WRATE.
The results of this modelling exercise showed that the net emissions from waste
management activities in London in 2008-9 were 150.2 kilotonnes of CO2e per
annum (ktpaCO2e). A break-down of these emissions is set out in Table 3-1, which
shows how emissions reductions provided by recycling activities offset emissions
from residual treatment and landfill to give an overall net figure.
It should be noted that total baseline emissions have changed from a figure of 130.1
ktpaCO2e presented in the first version of this report. This change is the net result of
the following three factors:
1. A change to the system boundaries of the EPS, which following the peer
review, have been expanded to include emissions from reject materials, as
described in more detail in Section 3.1.3;
2. A further change to the system boundaries, which have also been expanded to
include emissions from transport, as described in more detail in Section 3.1.4;
and
3. A reporting error within the first version of the report, such that the baseline
emissions should have been marginally lower than was presented. It should be
emphasised, however, that this was an issue concerned with the baseline only,
and did not impact upon modelling of the core EPS from 2015 to 2031.
Table 3-1 also shows London’s 2009 performance of 98.3 ktpaCO2e. This 51.9
ktpaCO2e reduction in emissions against the 2008 baseline shows positive progress
towards meeting the EPS, as discussed in further detail in Section 3.4. This
improvement is largely the result of lower tonnages being sent to landfill and
incineration, along with increased levels of anaerobic digestion (AD) and glass
recycling.
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Table 3-1: London’s 2008 Baseline and 2009 Emissions Performance
Waste Management Activity

Waste
Managed
(ktpa) in
2008

Associated
Emissions
(ktCO2e) in
2008

Waste
Managed
(ktpa) in 2009

Associated
Emissions
(ktCO2e) in
2009

Residual Waste
Landfill

1,830.5

475.9

1,752.

455.5

Incineration

837.7

47.5

745.7

42.3

MBT1

278.4

-3.3

295.9

-3.6

4.4

-0.4

10.7

-0.9

In-vessel Composting

123.5

-5.8

127.8

-6.0

Open Air Windrow Composting

143.4

-6.0

133.8

-5.6

385.2

-115.2

390.9

-116.9

Glass

62.2

-5.9

125.3

-11.8

Metals (ferrous)

49.5

-80.3

49.7

-80.6

Metals (non-ferrous)

12.6

-135.0

13.0

-138.9

Plastics

24.4

-28.9

28.7

-33.9

Textiles

12.0

-52.6

12.0

-52.7

Wood

33.3

0.03

50.1

0.05

175.62

8.43

167.62

6.93

n/a

51.7

n/a

44.5

3,972.84

150.2

3,903.3

98.3

Organic waste
Anaerobic Digestion

Materials Recycling / Reprocessing
Paper / Card

Rejects
Transport
TOTAL
Notes:
1.

Within the information presented in WDF, it is unclear as to where the solid recovered fuel (SRF) from
Mechanical-biological treatment (MBT) facilities in London is currently sent, although it is understood
that some tonnage is sent to cement kilns outside London

2.

The reject stream comprises materials rejected from MRFs and ‘On-the-Go’ recycling, incinerator bottom
ash, and rejected material from MBT facilities. All material from these streams is assumed to be sent to
landfill

3.

To avoid double-counting, emissions from MBT rejects have been excluded as these are already included
within the total emissions modelled from the MBT process itself

4.

Data published by Defra (see Table 2 in
http://archive.defra.gov.uk/evidence/statistics/environment/wastats/download/mwb200910.xls)
suggests that this figure should be 3,975 ktpa. Within the scope of this study it has not been possible to
verify why Eunomia’s analysis of WDF resulted in a figure 2.2 ktpa lower than that reported by Defra. It is
not considered, however, that this has a significant impact on the results of this study

Table 3-1 shows that materials recycling, and to a lesser degree, organic (food and
green) waste treatment and mechanical-biological treatment (MBT) of residual waste
play a significant role in lowering the overall emissions baseline. In Table 3-2,
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therefore, we have provided a summary of the emissions factors used within WRATE
to model the benefits of recycling, composting, and AD of specific materials. WRATE
also includes a range of emissions factors should any of these individual materials be
sent for energy generation, which we have included within Appendix 7.0.
Table 3-2: Emissions Reduction Factors for Materials Recycling (WRATE)
Impact of Activity (tCO2/tonne of waste managed)
Material

Recycling (‘closed
loop’)

Paper

Anaerobic digestion
(electricity only)

Composting

-0.299

n/a

n/a

Food waste

n/a

-0.0829

-0.4711

Garden waste

n/a

n/a

-0.0422

0.0009

n/a

n/a

Textiles

-4.372

n/a

n/a

Plastic (dense)

-1.182

n/a

n/a

Metals (ferrous)

-1.623

n/a

n/a

Metals (non-ferrous)

-10.721

n/a

n/a

Glass (closed-loop)3

-0.169

n/a

n/a

Glass (open-loop)4

0.025

n/a

n/a

Aggregate materials (exc. glass)

-0.013

n/a

n/a

Wood

Notes:
1.

In-vessel composting (IVC)

2. Open-windrow composting (OWC)
3. Glass is assumed to be reprocessed back into glass
4. Glass is assumed to be crushed for use in aggregate applications

3.1.2 Basis for Development and System Boundaries of the EPS
On behalf of the GLA, in 2009-10, Eunomia undertook a study to assess the costs of
different waste management approaches to meeting the proposed recycling or
composting targets set out in the Mayor’s MWMS.11 This study was also published as

Eunomia (2010) Economic Modelling for the Mayor’s Municipal Waste Management Strategy, on
behalf of The Greater London Authority, August 2010
11
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an Annex to the Mayor’s draft MWMS in October 2010. The study focused on
modelling 11 ‘whole waste system’ scenarios, six of which meet the Mayor’s
proposed recycling and composting targets in 2015, 2020 and 2031. In agreement
with a Project Steering Group, which helped inform the development of the study,
these six scenarios have been used as the core basis for modelling and setting the
EPS.12
The six scenarios vary according to whether there is an initial ‘focus’ on the collection
of dry recyclables or upon food waste collection in order to meet the proposed
recycling and composting targets, with a further variant being a sole ‘focus’ on
doorstep recycling collection services. Details of the waste flows for these six
scenarios can be found in Appendix 6.0, along with information relating to the order in
which new collection services are introduced from 2008 to 2015, which is the key
differentiating factor between the ‘focus on dry’ and ‘focus on food’ scenarios.
All six scenarios include every element of the waste management system for which
waste authorities are responsible, including:
 Materials and bulky waste reuse;
 Household and small business recycling and composting collection services,
on-the-go recycling, ‘bring’ sites and Household Waste Recycling Centres
(HWRCS) for subsequent materials reprocessing (including the intermediate
use of MRFs);
 Treatment of source separated organic (food and green) wastes by composting
and AD; and
 Treatment of residual waste, including materials recovery, energy generation
and any reject streams sent to landfill;13 and
 Direct landfill of wastes.
Although included within the aforementioned ‘economics’ study undertaken by
Eunomia, it should be noted that the EPS does not include any CO2e savings which
might be achieved from reusing waste. This is because there is currently significant
uncertainty over appropriate emissions factors to ascribe to different reuse routes
and thus such factors are not included within WRATE. The problems associated with
the inclusion of reuse activities are readily acknowledged in the peer review
undertaken by Arup, although the review does still recommend that reuse should be
incorporated within the EPS. Eunomia maintains, in agreement with the GLA, that
reuse should be excluded for the present time, due to ongoing uncertainties
associated with the related data. It should be acknowledged, however, that the EPS

This Steering Group included participants from North London Waste Authority, West London Waste
Authority, Tower Hamlets Borough Council, Croydon Borough Council, London Borough of Barking and
Dagenham, London Waste and Recycling Board, London Councils and the Environment Agency
12

13 It should be noted that to facilitate the inclusion of a range of technology configurations and related
assumptions, Eunomia has needed to develop a range of ‘user-defined’ processes (UDPs) within
WRATE. These will be made available by the GLA to all London waste authorities
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has been developed to be flexible over time to accommodate reuse activities,
particularly should future versions of WRATE include related relevant emissions
factors.
It should be noted that the six scenarios upon which the EPS is based (see Section
3.2 for the specific methodology), include an annual one per cent waste reduction
‘factor’, in line with achieving the Mayor’s waste reduction target set out in his
MWMS. This is equal to an assumed zero per cent growth in waste produced per
household between 2008 and 2031 when the number of households in London is
expected to grow by approximately 20 per cent.
Albeit, therefore, with the exclusion reuse impacts, and taking into consideration that
WAs manage varying tonnages of waste, the most appropriate metric for setting the
EPS is according to ‘tonnes of CO2e emitted per tonne of waste managed’ (tCO2e/t
waste managed).
3.1.3 Inclusion of Emissions from Rejects
It is important to highlight that the baseline data presented for 2008-9 in Table 3-1
includes 176 ktpa of ‘reject’ material for which there is no easily identifiable
composition. As such, impacts associated with the treatment of this material were
excluded from the previous version of the report. As recommended in the peer review
undertaken by Arup, however, we have now modelled these impacts as best we are
able, within this new version of the report. This ‘reject’ waste stream comprises
materials rejected from both MRFs and ‘On-the-Go’ recycling, incinerator bottom ash,
and rejected material from MBT facilities, all of which are assumed to be sent to
landfill.
Emissions from rejects from MRFs and ‘On-the-Go’ recycling have been modelled
using data from published by WRAP.14 To avoid double-counting, although the
tonnages of MBT rejects are included in the totals in Table 3-1, the related emissions
have been excluded as these are already included within the total emissions
modelled from the MBT process itself (within line 5 of the Table).
3.1.4 Inclusion of Emissions from Transport
During the development of the first version of this report (published in October 2010),
it was agreed with Project Steering Group that emissions from transport, including
those both from kerbside collection and onward movement of waste, would be
excluded from the scope of the EPS on the basis that:
 They are currently extremely challenging to model with any degree of
accuracy;15 and

14

Enviros (2009) MRF Quality Assessment Study, Final Report for WRAP, November 2009

15 This is because accurate information on transport movements is not reported by waste authorities
into the Environment Agency’s WasteDataFlow tool. Furthermore, waste authorities are often not fully
aware of the final destination of materials collected for recycling and reprocessing
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 They usually contribute a relatively small proportion of total emissions from
waste management activities.
It was therefore agreed by Eunomia with the Project Steering Group that National
Indicator (NI) 185 provided sufficient incentive for waste authorities to reduce
emissions from their transport operations. Furthermore, TFL has developed a Freight
Operation Recognition Scheme (FORS) to help Boroughs reduce emissions from their
vehicle fleets. As pointed out in the peer review undertaken by Arup, however, since
the publication of the first version of this study, NI185 has been abolished, whilst
FORS is a voluntary scheme only, and therefore should transport be excluded from
the EPS, there would be little real incentive for WAs to reduce associated emissions.
In agreement with the GLA, therefore, Eunomia has now included emissions from
transport of waste within this revised EPS. The method of inclusion is detailed in
Appendix 1.0.

3.2 Setting the Level of the EPS
Based on the scenario modelling described above, the EPS has been set at the level
of the poorest performing of the six key scenarios within the aforementioned Waste
Economics Study undertaken by Eunomia on behalf of the GLA (Scenario 1 – ‘Low
Biomass – New Tech’).16 Again, it should be noted that all of the six scenarios meet
the recycling and composting targets set within the MWMS.
Scenario 1 results in an EPS of -0.24 tCO2e/t waste managed in 2031. It is
acknowledged that this represents a change of 0.18 tCO2e/t waste managed when
compared with the level of -0.42 tCO2e/t, which was proposed in the first version of
this report. It should be emphasised, however, that this apparent significant shift
‘upwards’ in the EPS does not represent any real change in the challenge it presents
to Boroughs and WAs. To give further context, the reduction in the level of the EPS,
between this version and the first version of the report, is the net result of a number
of key amendments to the model following the peer review undertaken by Arup. In
several cases, these amendments have resulted in a change to the system
boundaries of the EPS, such that the scope of what is being measured is slightly
broader to that which was being measured within the first version of the report.
The key amendments made to the model following the peer review can be
summarised as follows:
 Emissions associated with sending reject streams to landfill have now been
included within the system boundaries of the EPS. This has had an ‘upward
shifting’ influence on the level of the EPS;
 Emissions associated with the transport of waste have now been included
within the system boundaries of the EPS. Again, this has had an ‘upward
shifting’ influence on the level of the EPS;

Relative to other five scenarios, Scenario 1 includes greater amounts of lower performing residual
treatment technologies
16
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 The carbon intensity of the electricity assumed to be displaced by waste
facilities generating electricity themselves has been increased from 387
gCO2/kWh to 400 gCO2/kWh (see Section 4.1 for related discussion with
regard to the CIF). Again, this has had an ‘upward shifting’ influence on the
level of the EPS;
 The assumed electrical efficiencies associated with waste incineration in 2015
have been reduced to be more closely aligned with efficiencies achieved by
London’s incinerators today, thus raising their carbon intensity.17 This has had
an ‘upward shifting’ influence on the level of the EPS;
 It has now been assumed that 50% of glass recycling is ‘open-loop’, i.e. this
glass is sent into aggregate production, rather than 100% being sent for
reprocessing back into glass (closed-loop) as within the first version of this
report. This has again had an ‘upward shifting’ influence on the level of the
EPS;
 A technical problem associated with exporting ‘user defined processes’ (UDPs)
out of WRATE has been identified by Eunomia.18 This has now been corrected,
but once more, has had an ‘upward shifting’ influence on the level of the EPS;
and
 An amendment to the mass flows for non-ferrous metals, following further
interrogation of WasteDataFlow, which has again had an ‘upward shifting’
influence on the level of the EPS.
Figure 3-1 summarises the revised results of the modelling for all target years, which
are broken down according to emissions from recycling, treatment of sourceseparated organics (food and green wastes) and residual wastes. Again, it should be
noted that the emissions performance of each waste activity is expressed in tonnes of
CO2e per tonne of waste treated (t CO2e /tonne). In line with the increasing levels of
recycling and composting performance required within the Mayor’s MWMS, Figure 3-1
shows that the EPS becomes stricter over time from 2015 to 2031.
All assumptions relating to capture rates of materials from different recycling
activities and the modelled roll out (and performance) of different waste treatment
technologies have been developed using information published by WRAP.19 The peer
review undertaken by Arup highlights that these capture rates, although being the
most current at the time at which Eunomia developed the EPS, have now been
updated by WRAP to include information from Wales and Scotland. Arup does not
recommend, however, that the EPS is immediately updated to take these into
consideration, although does suggest that the related, aforementioned related study

17

Please see discussion on Page 13 for the modelled profile of efficiencies between 2015 and 2031

This problem has since been confirmed in an official communication to all WRATE users from the
Environment Agency
18

WRAP (2009) Analysis of kerbside dry recycling performance in England 2007/08, available at:
http://www.wrap.org.uk/local_authorities/research_guidance/collections_recycling/benchmarking.ht
ml
19
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on waste economics (undertaken by Eunomia on behalf of the GLA) might be updated
in this respect in the future.
Figure 3-1: Setting the EPS for London (2008-2031)
0.400
Rejects
Dry recyclables
Organics
Residual Treatment (including landfill)
Transport
TOTAL

0.300

t CO2 eq / tonne

0.200

0.100
0.04
1

2

3

4

-0.100
-0.13

-0.19

-0.200
-0.24
-0.300
2008
(25%
Recycling)

2015
(45%
Recycling)

2020
(50%
Recycling)

2031
(60%
Recycling)

-0.400

Table 3-3 presents the total emissions associated with meeting the EPS in each
target year, alongside related tonnages of waste managed by each different activity.
As mentioned above, it should be noted that the EPS is set at the level of the poorest
performing of the six key scenarios (Scenario 1 – ‘Low Biomass – New Tech’), and
therefore not all residual technologies employed in the wider modelling are included.
Notably, autoclaving is absent from Table 3-3, but is included within the other
scenarios used as a basis for deriving the EPS, as set out within the aforementioned
Economics report undertaken by Eunomia on behalf of the GLA. Should such
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technologies be employed by Boroughs and WAs, these would have a greater chance
of meeting the EPS.
With regard to the modelling of residual waste treatment, the following should be
acknowledged:
 There is a reduction in incineration capacity over the period 2015 to 2020 due
to the assumed closure of the Edmonton plant;
 For all residual technologies, the CO2 impact of each tonne of waste treated
changes over time. This is because, due to year-on-year increases in the level
of recycling vary across different materials, it is assumed that the residual
waste composition becomes more ‘carbon intense’ in each target year. In the
case of incineration, for example, this results in a situation whereby in 2031,
whilst less waste is being treated than in 2020, there are higher total CO2
emissions;20
 Between 2015 and 2020, there is assumed to be a fall in the total level of
residual treatment as, due to the increasing tonnage of materials recycled to
meet the 2020 target, some of the residual capacity developed before 2015
will no longer be required for processing of MSW;
 Incineration plant in 2008 and 2015 are assumed to generate electricity only,
with efficiencies based on current performance in London, i.e. 21-23%. It is
assumed there will be increased market development of heat networks over
time. As a result, in 2020 it is assumed that 50% of waste incineration will
take place in CHP plant with the remainder continuing to be treated at
facilities generating electricity only. In 2031, it is assumed that 100% of
incineration is undertaken at CHP plant;21
 The MBT technology modelled for this study is ‘bio-drying’, which produces a
relatively low-biomass (or ‘carbon intense’) fuel compared to alternative forms
of pre-treatment. Other technologies, such as autoclaving, are often designed
to produce a high-biomass fuel; and
 The WRATE model cannot currently take into consideration the impact of
‘biostabilising’ reject streams from MBT ‘bio-drying’ facilities prior to landfill.
CO2e emissions from these streams are modelled by WRATE as if they are
untreated waste, which results in significantly higher emissions than would be
the case in reality.22

20 Targeting high-embodied carbon materials, such as plastics, for recycling will reduce the carbon
intensity of residual waste

It is assumed that all such CHP plant operate at 19% electrical efficiency with an additional 30% of
energy converted into heat, which is used to displace alternative heat supply at all times of operation.
See Appendix 4.2 for further discussion of this calculation, which is provided with regard to the CIF
21

22

See Appendix 5.0 for further discussion of this issue
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Table 3-3: Total Emissions associated with meeting the EPS for London
Waste Managed (ktpa)

Associated Emissions (ktCO2e)

Waste Management Activity
2015

2020

2031

2015

2020

2031

Residual Waste1
Landfill
Incineration2
MBT

300

150

0

76.8

36.9

0.0

1,318

1,318

778

139.7

76.7

17.1

Incineration3

445

360

385

22.3

18.5

36.9

(ST)3

111

82

107

10.6

8.7

16.6

MBT Gasification (GE)

0

41

321

0.0

-1.1

4.7

AD

126

157

205

-10.8

-13.4

-17.5

IVC

247

278

329

-11.6

-13.1

-15.4

OAW

199

213

277

-8.3

-8.9

-11.6

Paper / Card

713

780

905

-213.1

-233.1

-270.6

Glass4

208

210

249

-19.6

-19.8

-23.6

Metals (ferrous)

73

83

99

-118.0

-134.1

-161.2

Metals (non-ferrous)

31

35

43

-334.1

-379.5

-456.4

Plastics

65

76

97

-76.8

-89.7

-115.1

Textiles

15

18

22

-64.6

-79.6

-98.3

Wood

42

44

58

0.0

0.0

0.1

322

307

411

15.75

17.25

20.15

47.2

44.2

43.9

-546..2

-771.1

-1,029.8

-0.13

-0.19

-0.24

MBT Gasification
Organic waste

Materials Recycling / Reprocessing

Rejects
Transport
TOTAL

4,214

4,151

EPS (tCO2/t)
Notes:
1.

2.
3.

4.

5.

4,286

The EPS is set at the level of the poorest performing of the six key scenarios (‘Low Biomass – New
Tech’), and therefore not all residual technologies, for example, autoclaving, which are employed in the
wider modelling are included here. Should such technologies be employed by Boroughs and WAs,
these might have a greater chance of meeting the EPS
It is assumed that Edmonton closes between 2020 and 2031
The fall in tonnage sent to MBT facilities for subsequent incineration or gasification (with a steam
turbine) is to the result both of increasing tonnage of materials recycled to meet the 2020 recycling
and composting targets and the introduction of new gasification facilities which use gas engines
It is assumed that 50% of the glass is recycled using a closed loop recycling process, and the
remainder recycled using an open loop process
To avoid double-counting, emissions from MBT rejects have been excluded as these are already
included within the total emissions modelled from the MBT process itself
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3.3 Key Approaches to Meeting the EPS
3.3.1 A Focus on Materials Recycling
Figure 3-1 above demonstrates that the bulk of emissions reductions required to
meet the EPS will be delivered by materials recycling and reprocessing, whilst Figure
3-2 below provides a further breakdown of the relative contribution each material
type makes towards meeting the EPS in each year. To give further context, an
additional bar has been included in Figure 3-2 to show the emissions reductions
which might be delivered by maximum (100%) recovery of each different material. As
mentioned above, all assumptions relating to capture rates of materials for recycling
or composting have been developed using information published by WRAP, albeit this
revision of the report does not include new data from WRAP which includes
information from Scotland and Wales.23
The key principle of the ‘whole system’ EPS is that, as much as possible, it is flexible
and ‘output’ based. The approach allows, for example, the potential for WAs which
may find it difficult to collect high volumes of recyclables (due to significant amounts
of high density housing) to focus attention on the recovery of materials which deliver
greater CO2 benefits. This is demonstrated in Figure 3-3 by the modelling of the EPS
for 2015 (of -0.130 tCO2e/t waste managed) alongside three further scenarios
whereby:
1. The EPS is met (with performance of -0.402 tCO2e/t waste managed) by
focusing on collection of 'higher impact' materials such as plastics and
metals, but the tonnage recycling targets are not met;
2. There is a focus on 'lower impact' materials such as glass and paper, and
whilst the tonnage targets are met, the EPS is not (performance is -0.123
tCO2e/t waste managed); and
3. 100% of all materials are collected to demonstrate the maximum potential
CO2 performance of -0.598 tCO2e/t waste managed.
This approach supports the principle of delivering ‘real’ environmental benefits, rather
than seeking to deliver upon ‘weight-based’ targets, which offer negligible gain, for
example, collecting glass which subsequently crushed for use in aggregate markets.
Associated materials capture rates modelled for both the ‘higher’ and ‘lower’ impact
approaches are provided in Appendix 2.0.
Discussion of how the core EPS interacts with the CIF is provided in Section 5.0.

WRAP (2009) Analysis of kerbside dry recycling performance in England 2007/08, available at:
http://www.wrap.org.uk/local_authorities/research_guidance/collections_recycling/benchmarking.ht
ml
23
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Figure 3-2: Materials assumed to be recovered for Recycling and Reprocessing

Textiles
Plastics
Metals (non-ferrous)
Metals (ferrous)
Glass
Paper / Card
Organics
Residual Treatment (including landfill)

0.30

0.10

t CO2 eq / tonne
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-0.30
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2008
(25%
Recycling)
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2031
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100%
Recycling

Figure 3-3: Performance of Differing Approaches to Materials Collection
Rejects
Transport
Dry Recyclables
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Residual Treatment (including Landfill
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All
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3.3.2 Selection of Low-carbon Residual Treatment Technologies
As highlighted above, the EPS is set at the level of the poorest performing of the six
key scenarios (‘Low Biomass – New Tech’) modelled within the Waste Economics
study undertaken by Eunomia on behalf of the GLA.24 As a result, not all residual

Eunomia (2010) Economic Modelling for the Mayor’s Municipal Waste Management Strategy, on
behalf of The Greater London Authority, August 2010
24
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treatment technologies, for example, autoclaving or alternative forms of MBT (aside
from bio-drying), were used to set the level of the EPS for 2015, 2020 and 2031. It
should emphasised, therefore that should such lower carbon pre-treatment
technologies be employed, these would provide Boroughs and WAs with a greater
chance of meeting the EPS.

3.4 Performance against the Whole System EPS in 2009-10
Since the development of the first version of this report, 2009-10 data has become
available from WasteDataFlow. This has allowed assessment of London’s overall
progress towards the EPS, as shown in Figure 3-4, which demonstrates limited
progress has been made towards the 2015 EPS target. The reduction of 0.01 tCO2e/t
from 0.04 tCO2/t in 2008-9 to a 2009-10 performance of 0.03 tCO2e/t should be
considered relatively modest, particularly in the context of London needing to meet
the EPS target of -0.13 tCO2e/t by 2015. This modest improvement is likely to be due
to London’s (weight-based) recycling and composting performance increasing from
25% in 2008-9 to 27% in 2009-10 resulting in slightly lower amounts of residual
waste going to landfill or incineration. It should be noted, however, that there are a
further five years of potential improvement before 2015. Should the annual rate of
performance improvement be increased, therefore, for example, to 0.04 tCO2e/t for
each of the next five years (year-on-year), a level of -0.17 tCO2e/t would be reached,
which would meet the 2015 EPS.
.As discussed above, the EPS has been designed to be flexible, and therefore WAs
and Boroughs might use a range of techniques to meet it. For example, a focus on
materials recovery and reprocessing of materials which deliver greater CO2 benefits
(as discussed in Section 3.3.1), coupled with a low-carbon approach to residual waste
treatment presents the greatest opportunity to meeting the EPS.
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Figure 3-4: Performance against the Whole System EPS in 2009-10
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4.0

Carbon Intensity ‘Floor’ for Energy
Generation from Waste

4.1 Approach and Methodology
4.1.1 Setting the Level of the CIF
Energy generation forms an element of the ‘whole waste system’ EPS. In line with the
Mayor’s principle within the MWMS of providing support for low carbon, decentralised
energy, an additional, distinct ‘floor’ level of performance is required.
Setting a CIF aligns the Mayor’s waste management policy goals with those in his
Climate Change Mitigation and Energy Strategy (CCMES) for delivering low carbon
energy in London.25 In aligning the MWMS and the CCMES, the Mayor proposes that
all London’s MSW used for energy generation should have a carbon intensity less
than, or equal to, the source of energy generation it displaces (otherwise known as
the ‘marginal source’ of generation), regardless of the location of the facility.
In the first version of this study, based on Defra guidance, and in line with the
approach taken in the 2007 National Waste Strategy for England, Eunomia modelled
the ‘marginal’ source of electricity generation (i.e. that which is considered to be
displaced by generation of electricity from waste) to be combined cycle gas turbine
(CCGT) plant.26 Within this Defra Guidance, such facilities were assumed to generate
electricity at a carbon intensity of 387 g CO2 per kilowatt hour (gCO2/kWh).27 In the
first version of this study, therefore it was proposed that facilities generating energy
from London’s MSW should perform at a carbon intensity equal to or below this level.
The peer review undertaken by Arup goes into significant detail on the rationale for
the use of CCGT as the marginal source of generation, or indeed whether the
marginal source (as opposed to the carbon intensity of average grid mix) should be
used in this context. Ultimately, however, the review states that it considers that the
‘appropriate’ approach was undertaken by Eunomia.
The peer review also highlights a slightly higher carbon intensity for CCGT plant of 393
gCO2/kWh, which was taken from an updated version of the aforementioned Defra
Guidance, the responsibility for which has now been assumed by DECC.28 The review
suggests that the CIF should be raised to ‘at least’ this level. The GLA has considered

25 Mayor of London (2010) Delivering London’s energy future: The Mayor’s draft Climate Change
Mitigation and Energy Strategy for consultation with the London Assembly and functional bodies,
February 2010
26 Defra (2006) Greenhouse Gas Policy Evaluation and Appraisal in Government Departments, April
2006

Performance against the CIF must therefore be expressed in terms of g CO 2/kWh (of electricity
generated
27

DECC (2010) Valuation of Energy Use and Greenhouse Gas Emissions for Appraisal and Evaluation,
June 2010
28
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this recommendation, alongside evidence within the study on the financial and
technical implications of meeting both the core EPS and CIF (undertaken by SLR
Consulting), and has decided to set the revised CIF at a level of 400 gCO2/kWh.
It should be highlighted that it is intended that this level will remain static going into
the future unless further evidence for change emerges. It is also understood that the
GLA will review the CIF at least every three years to ensure the level set aligns with
Defra guidance on emissions performance of energy generation in the UK, as
recommended in the ARUP peer review.
4.1.2 System Boundaries of the CIF
Towards alignment with the Mayor’s wider approach in the CCMES to appraising all
types of energy generation plant in London, i.e. not solely those generating energy
from waste, performance against the CIF needs to focus on modelling of emissions
from the thermal facility alone, such that the scope of the ‘life-cycle’ boundaries:
 Exclude any CO2 benefits of materials capture and subsequent reprocessing;
 Exclude the emissions from any reject streams sent to landfill;
 Exclude the parasitic load of fuel preparation facilities, but includes the
‘parasitic load’ of facilities generating energy;
 Exclude direct emissions (including N2O) from fuel preparation facilities; and
 Include the benefits of heat production and subsequent use when operating in
CHP mode.
It should be noted that WRATE has been designed as a life-cycle assessment tool,
and as a result, has not been developed to express the CO2e performance of energy
generation from waste in g CO2/kWh, as is required for the CIF. Eunomia therefore
developed a separate tool (in Excel) using data from WRATE to enable modelling of
performance of different residual treatment technologies against the CIF.29 The
methodology for developing this tool is summarised in Appendix 4.0. Again, it is
anticipated that more detailed guidelines, alongside an associated ‘Carbon
Calculator’ tool (compatible with WRATE) to enable greater ease of measurement of
performance for WAs, will be published at a subsequent time.30

4.2 Options for Meeting the Carbon Intensity ‘Floor’
4.2.1 Required Biomass Content of Feedstocks for Energy Generation
The ability of a particular WA to meet the CIF depends upon three key variables:

Furthermore, as mentioned above, it should be noted that to facilitate the inclusion of a range of
technology configurations and related assumptions, Eunomia has needed to develop a range of ‘userdefined processes’ (UDPs) within WRATE. These were made available to both Arup and SLR Consulting,
and it is intended that they will be made available by the GLA to all WAs on request
29

30

As mentioned above, this is being developed by SLR Consulting on behalf of the GLA
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 The core generation technology employed, i.e. combustion or gasification, and
also for the latter, whether a steam turbine or gas engine is used;
 The amount of biomass in the feedstock supplied to the facility and, to a lesser
extent, whether this has been pre-treated (or not); and
 The amount of CO2 displaced by the generation of energy from waste. Whilst
electricity generation might be the most common route in this context, there
are other options which might be preferable from a CO2 reduction perspective.
For example, production of a liquid biofuel for use in transport applications, or
production of gaseous fuels (such as syngas and biogas), which might be
sufficiently processed for injection into the natural gas grid.31
Ultimately, pre-treatment technologies such as MBT or autoclaving might be
configured to produce SRF which contains sufficient levels of levels of biomass to
meet the CIF. It should be noted, however, that all MBT (bio-drying) facilities operating
in the UK are currently configured to produce high calorific value fuels (with
significant levels of plastic) for the cement industry. Furthermore, whilst autoclave
suppliers claim their processes can produce very high biomass fuels, it has not yet
been possible to gain sufficient market data to verify this.
Table 4-1 provides indicative requirements, in terms of biomass content, for meeting
the CIF under a range of different generation technology scenarios, for both treated
and untreated wastes. In Table 4-2 a range of further scenarios are detailed to
demonstrate how varying levels of generation efficiency and biomass content will
impact upon the ability to meet the CIF value.
It should be emphasised that these are scenarios only, and do not purport to
represent either the full technical potential of any particular technology or the mix of
facilities currently operating in London. It is intended, however, that both Table 4-1
and Table 4-2 will function as reference points for WAs when considering options to
generate energy from MSW. The efficiency of incineration plant currently operating in
London (Edmonton and SELCHP) is understood to be around 21%, and therefore the
information presented in Table 4-1 suggests that such plant would require untreated
waste input with approximately 78% biomass content to meet the CIF value.
The peer review undertaken by Arup suggests the need to consider the performance
of facilities against the ’R1’ formula contained within the revised EU Waste
Framework Directive (WFD). The revised WFD makes a distinction between thermal
facilities that are primarily considered to be waste disposal facilities, and those which
are considered to be ‘recovery’ operations.32 This distinction is made on the basis of
the efficiency with which energy is generated at the facility. The R1 formula is used to
define the threshold at which the thermal plant is designated as a ‘recovery’ facility.

As discussed in Section 4.2.3, WRATE does not currently allow for developing UDPs for modelling of
such alternatives. It is understood by Eunomia, however, that SLR Consulting will be including this
capability within the aforementioned ‘Carbon Calculator’, although Eunomia has not been given access
to this tool at the time of writing
31

32

Directive 2008/98/EC on Waste
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The formula calculates the electrical and heat generation efficiency of the thermal
plant and expresses it as a factor, by calculating the total energy produced by the
plant as a proportion of the energy of the fuel consumed at the facility (including the
plant’s parasitic load).33
Alongside highlighting the types of facilities that will meet the CIF, Table 4-2 identifies
those which meet the R1 requirements. It is important to note that the focus of the
R1 formula is generation efficiency, whilst that of the CIF is greenhouse gas
emissions. Although generation efficiency will have a bearing on the CIF it is
nonetheless possible for a facility to meet the R1 threshold and not meet the Energy
CIF, depending on the nature and composition of the residual waste being thermally
treated at the plant. Meeting R1 requirements should therefore be considered as a
lower ‘hurdle’ than meeting the CIF. This is shown in the examples contained within
Table 4-2.
Table 4-1: Indicative Requirements for achieving the Carbon Intensity ‘Floor’
Mode of
operation

Electricity
generation
efficiency1

Net heat
delivered
to user2

Electricity only

28%

n/a

69%

66%

Electricity only

17%

n/a

82%

80%

CHP

19%

30%

57%

54%

Gasification (steam
turbine)

Electricity only

20%

n/a

78%

75%

CHP

17%

27%

62%

59%

Gasification (gas
engine)

Electricity only

27%

n/a

68%

66%

CHP

27%

24%

48%

45%

Technology
Incineration4

CV from Biomass (%)3
Untreated waste

SRF

Notes:
1.

The data presented is in the form of ‘net’ efficiencies, i.e. taking into consideration both parasitic load
and all other energy ‘losses’ from input of fuel to the plant to output of useful energy. It should also be
noted that the efficiencies presented are scenarios only, and do not purport to represent either the mix
of facilities currently operating in London or the full technical potential of any particular technology

2.

Please see Appendix 4.2 for details of the methodology by which heat generation and use is included in
the calculation of the CIF

3.

Values for SRF are calculated in WRATE on a dry matter basis, whereas those for untreated wastes are
calculated on a fresh matter basis (i.e., including the impact of the moisture content)

4.

It should be noted that there are significant differences in the scale and related efficiency of incineration
plant, with smaller facilities of 50-60ktpa dwarfed by larger plant of 800-900ktpa. This is reflected in the
potential differences in the efficiencies presented

The output of the R1 formula is not the same as electrical generation efficiency which is typically
expressed as a percentage.
33
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Table 4-2: Further Example Scenarios modelled against the Carbon Intensity ‘Floor’
Technology

Feedstock

SRF

Incineration

Untreated
wastes

Gasification
Steam
turbine

Gasification
Gas engine

SRF

SRF

Electricity
generation
efficiency1

Net heat
delivered
to user2

CV from
Biomass
(%)3

Meets R1
efficiency
threshold?4

Meets
CIF?

Elec only

29%

n/a

66%

yes

yes

Elec only

25%

n/a

66%

no

no

Elec only

28%

n/a

66%

yes

no

Elec only

28%

n/a

69%

yes

yes

CHP

20%

26%

60%

yes

yes

CHP

18%

33%

53%

yes

no

CHP

18%

16%

69%

no

yes

Elec only

18%

n/a

76%

no

yes

Elec only

20%

n/a

70%

no

no

CHP

18%

23%

64%

yes

yes

CHP

16%

30%

58%

yes

no

Elec only

26%

n/a

65%

yes

yes

Elec only

31%

n/a

53%

yes

No

Mode of
operation

Notes:
1.

The data presented is in the form of ‘net’ efficiencies, i.e. taking into consideration both parasitic load
and all other energy ‘losses’ from input of fuel to the plant to output of useful energy. It should also be
noted that the efficiencies presented are scenarios only, and do not purport to represent either the mix
of facilities currently operating in London or the full technical potential of any particular technology

2.

Please see Appendix 4.2 for details of the methodology by which heat generation and use is included
within the CIF

3.

Values for SRF are calculated in WRATE on a dry matter basis, whereas those for untreated wastes are
calculated on a fresh matter basis (i.e., including the impact of the moisture content)

4.

Measured against the threshold for newer facilities (i.e. those permitted after 1 January 2009)

4.2.2 Inclusion of AD within Calculation of the CIF
The analysis in the first version of this report presented a case for excluding AD of
source separated organic (i.e. food or green wastes) from functioning as part of
performance against the CIF. The report noted, however, that any such firm
recommendation should be subject to further analysis of the costs of meeting the CIF.
This further analysis has now been undertaken on behalf of the GLA by SLR
Consulting, and presents some evidence in favour of integrating the performance of
AD into the CIF, whilst the peer review undertaken by Arup also recommends this
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inclusion.34 Eunomia has therefore now included the CO2 benefits AD offers within the
scope of the revised CIF.
As AD does not generate any energy from fossil fuels (i.e. plastics), if operated in
isolation, such facilities will themselves always meet the CIF of 400 gCO2e/kWh. This
is demonstrated by modelling of AD of 100% food wastes using the default AD model
within WRATE, which results in a carbon intensity of 0.3 gCO2e/kWh; therefore some
way below the proposed CIF. As a result, if such an AD facility was included within the
CIF calculation on a ‘tonne per tonne’ basis, it would improve the overall performance
of the WA concerned. For example, if a WA sends both 100ktpa of residual waste to a
gasification facility with a carbon intensity of 415 gCO2e/kWh, and 20ktpa of food
waste to an AD facility with a carbon intensity of 0.3 gCO2e/kWh, the overall
performance of that WA against the CIF will be 346 gCO2e/kWh.35
4.2.3 Performance of Liquid Biofuel based Management Routes
It should be noted that WRATE does not currently include the capability to develop
UDPs to model the carbon intensity of producing liquid or gaseous transportation
biofuels from waste.36 Furthermore, as such fuels displace fossil fuel transportation
rather than electricity, any calculation of performance against the CIF would also
require a detailed conversion metric. As a result, it was agreed with the Project
Steering Group for the first version of this study that, as a ‘proxy’ for a direct
calculation, WAs following this approach should be considered as meeting the EPS if
there is a minimum of 50% biomass in the SRF sent for processing.
The peer review undertaken by Arup suggested that greater evidence be provided for
this minimum level. Whilst it is not possible to do this quantitatively within the scope
of this revised report, we believe it is sufficient to state that the 50% biomass
requirement was considered a ‘safe’ level. This is because all such biofuels are used
in very efficient combustion engines to directly displace very carbon intense fossil
fuels such as petrol and diesel.
4.2.4 Performance of Cement Kiln based Management Routes
It is acknowledged that some waste authorities in London currently, or plan to,
produce a solid recovered fuel (SRF) from pre-treatment processes which is sent for
use as a fuel in cement kilns. Cement kilns focus on the generation of heat for the
cement production process, and do not produce any electricity. As for biofuels,
therefore, performance cannot be easily modelled against the CIF. Similarly,
processing of SRF will usually displace coal, a far more carbon intense fuel than gas
(if the SRF was to be used to generate electricity at CCGT plant). Again, therefore, it

34 SLR Consulting (2011) Lifecycle greenhouse gas performance for municipal waste management
activities: Determining the cost of meeting the EPS and Carbon Intensity Floor, May 2011
35

(100*415)+(20*0.3) / 120 = 345.9

36 It is understood by Eunomia, however, that SLR Consulting will now be including this capability within
the aforementioned ‘Carbon Calculator’, although Eunomia has not been given access to this tool at
the time of writing
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was agreed with the Project Steering Group that it will be assumed, as for biofuels,
that a ‘safe’ level as a proxy for a direct calculation against the EPS, was to require a
minimum of 50% biomass in the SRF sent for processing.37

It is again understood by Eunomia that SLR Consulting will now be including the capability to model
sending SRF to cement kilns against the CIF within the aforementioned ‘Carbon Calculator’
37
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5.0

Interaction between the Core EPS and CIF

The peer review undertaken by Arup states that it would be of benefit to show how the
core EPS and CIF are designed to be ‘met together’. This is a reasonable suggestion,
which Eunomia acknowledges was not fully addressed in the first version of this
report.
It is first important to acknowledge that the core EPS has been developed to deliver
upon the Mayor’s goal for the management of all London’s municipal waste to
achieve a year-on-year reduction in CO2e emissions.38 At the same time, the CIF has
been developed to ensure that any facility generating energy from London’s municipal
waste will not generate energy which is more carbon intense than that which it
‘displaces’.
The core EPS is measurement of net CO2 emissions across all waste management
activities. As a result, it is flexible such that high performance in one area, for
example recycling and composting, can potential offset lower performance in another,
for example, residual treatment. The CIF is an absolute measurement of CO2
emissions performance of one (or more) residual waste treatment facilities
generating energy at any given point in time.
A concern raised has been that the CIF could provide an incentive for WAs to landfill
waste rather than direct it towards residual waste treatment facilities generating
energy. With the two measures operating simultaneously, however, this cannot be the
case, as if any significant amounts of waste are sent to landfill, the WA doing so
would not meet the core EPS.
The responses to the Mayor’s consultation on the draft MWMS indicate that a larger
number of WAs are concerned that whilst the performance of their collection and
recycling activities might mean they meet the EPS, at the same time their method of
residual waste management might not meet the CIF. Whilst it is acknowledged that in
some cases this is a possibility, the following points of guidance for Boroughs and
WAs, towards meeting both measures, should be noted:
1. The ‘Carbon Calculator’ to be published by the GLA, has been developed to
enable ease of planning how any changes to service delivery would impact
upon meeting both measures;39
2. Meeting both the core EPS and the CIF will require a balance between
choosing the right materials to collect and recycle, whilst leaving sufficient
biomass in the residual waste stream. A focus on collecting and reprocessing
of ‘high embodied’ carbon materials, such as plastics, textiles and metals will
aid performance (as demonstrated in Figure 3-2 in Section 3.3.1) against both
measures;

38

See Policy 2, Page 10 of the Mayor’s draft MWMS (October 2010)

It should be acknowledged, however, that at the time of writing, Eunomia has not been given access
to this tool being developed by SLR Consulting
39
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3. WAs should plan to use ‘best of breed’ technologies for residual waste
management and to model the performance of these (alongside as accurate
as possible forecast biomass content) against the CIF, prior to procuring any
new related contract;
4. Collection of food waste for AD can be used to offset the performance of
residual facilities against the CIF (see example set out in Section 4.2.2);
5. The modelling in the aforementioned Economics study, undertaken by
Eunomia on behalf of the GLA, demonstrates that, largely due to the Landfill
Tax Escalator, meeting the EPS can be achieved at similar or less cost than a
range of ‘do nothing’ (or ‘business as usual’) scenarios.
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Municipal Waste EPS Review
A Review of the Methodological Approach Used to Develop an Emissions
Performance Standard for the Management of London’s Municipal Waste

Executive Summary
Introduction
Ove Arup & Partners Ltd (Arup) has been commissioned by the Greater London
Authority (GLA) to review the approach used to develop a carbon dioxide
equivalent emissions performance standard (CO2eq EPS) for the management of
London’s municipal waste (Mayor’s EPS).1
The purpose of the Mayor’s EPS is to achieve the best environmental outcomes,
in carbon terms, for the management of London’s municipal waste in addition to
the need to meet weight-based recycling and composting targets. Further context
for the development of the Mayor’s EPS is set out within Policy 2 of the Mayor’s
Draft Municipal Waste Management Strategy (MWMS).
Arup’s review, undertaken in March and April 2011, follows the completion of
the Public Consultation of the Mayor’s Draft MWMS and sets out to examine the
scope, methodology and data assumptions used for developing the Mayor’s EPS.
Arup has also undertaken a wider, strategic review to assess how the Mayor’s EPS
contributes to the waste and energy policy context and particularly its effect on
the ability of London’s boroughs and the region as a whole to meet statutory
recycling and composting targets.
The purpose of this report is to present the key findings of the review process and
the recommendations advised for the immediate and future revision of the
Mayor’s EPS. This review process will also be used to make final amendments
that may be required to Policy 2 of the Mayor’s Draft Municipal Waste
Management Strategy (MWMS) prior to its final adoption in 2011.
The Mayor’s EPS
The Mayor’s EPS has been developed by Eunomia Research & Consulting Ltd
(Eunomia), working on behalf of the GLA and in conjunction with a Steering
Group. It comprises of two requirements that must be met simultaneously by
waste authorities:


Whole Waste System EPS: uses a life cycle approach to encourage waste
authorities to focus on material reprocessing and recovery routes that deliver
greatest CO2eq reductions across the waste treatment and disposal lifecycle,
thereby reducing CO2eq emissions associated with their waste management
activities. Target performance levels are set at four points in time as based on
the net annual CO2eq emissions associated with London’s waste management
in 2008/09 and in the future at 2015, 2020 and 2031.



Carbon Intensity Floor for Energy Generation (CIF): a minimum CO2
emissions performance level which requires that energy generated from waste
is no more polluting in carbon terms than the marginal source of energy it
displaces. The purpose of the CIF is to provide support for the development
of low-carbon, decentralised energy from waste that is no more carbon intense
than the source of energy being displaced.

1

CO2eq is a metric used to compare the global warming potential of various greenhouse gases,
such as methane and nitrous oxides, using the functionally equivalent amount or concentration of
carbon dioxide (CO2) as the reference.
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Further information on the development of the Mayor’s EPS is contained within
Section 1 of this report. Section 2 contains Arup’s methodology for undertaking
this review. Key findings are presented in Section 3 for the Whole Waste System
EPS and in Section 4 for the CIF. More general recommendations, for example,
on the presentation of the documents reviewed, communication of the EPS to its
audience and general use of terminology and EPS metrics, are contained with
Section 5.
Key Recommendations and Conclusions
Overall, the methodology used for developing each constituent part of the
Mayor’s EPS appears fit for purpose given the availability of information and
tools available to help determine greenhouse gas emissions from waste
management activities. However, some further refinement of the scope and
methodological approach used is required to ensure that the Mayor’s EPS is both
technically and financially achievable by London’s waste authorities. These
conclusions are discussed further in Section 7 of this report.
A total of 24 recommendations (summarised in Section 8) have been made to aid
the further development of the Mayor’s EPS. These recommendations are a
mixture of actions that should be addressed immediately and those which should
be considered during future, periodic review cycles, for example, when updated or
more suitable data becomes available for inclusion within the Mayor’s EPS.
Revision of the Mayor’s EPS will also be supported by additional modelling work
that has been undertaken by others in parallel with this review process. Key
recommendations for further development of the Mayor’s EPS are set out below.
Whole Waste System EPS
The key recommendations made are in relation to the scope of emissions
considered within the life cycle assessment (LCA) approach that has been used to
specify the performance levels of the Whole Waste System EPS.
Recommendation 3 support the GLA’s decision to include re-use activities as a
waste management option as and when suitable emissions factor data becomes
available. This would enable waste authorities to benefit from the avoided
emissions of re-use activities within the scope of meeting the Whole Waste
System EPS performance levels.
It is also recommended (Recommendation 8) that emissions from waste-related
transportation should be included such that waste authorities can benefit from the
potential emissions reductions associated with methods of rail and river
transportation. Furthermore, an approach similar to that used within the Scottish
Carbon Metric or Protocol for the Quantification of Greenhouse Gas Emissions
from Waste Management Activities (EPE Protocol) should be used to facilitate
the inclusion of waste-related transport emissions, which are currently a notable
exclusion from the LCA approach used (Recommendation 9).
It is not possible to state what effect the inclusion of re-use and waste-related
transport emissions might have on the existing performance levels specified for
the Whole Waste System without further modelling being undertaken. At the
very least, it should provide waste authorities with further flexibility in how to
meet the Whole Waste System EPS performance levels. It should also incentivise
waste authorities to implement re-use activities as a preferred waste management
option and to reduce emissions associated with waste-related transportation.
EB/01 | Issue | 9 May 2011
J:\216000\216075 GLA EPS REVIEW\4 INTERNAL PROJECT DATA\4-04 ARUP REPORTS\04 - FINAL DRAFT REPORT\COMMENTS FROM GLA AND NEW ISSUE DRAFT\EPS
REVIEW - ARUP FINAL REPORT (ISSUED 9 MAY 2011).DOC

Page ii

Greater London Authority

Municipal Waste EPS Review
A Review of the Methodological Approach Used to Develop an Emissions
Performance Standard for the Management of London’s Municipal Waste

Other recommendations and comments have been made with respect to the
calculation of emissions associated with London’s municipal waste management
using the emission factors specified for materials recycling and reprocessing and
for residual waste management activities. These include a requirement to
undertake a detailed peer review of user defined technology processes used within
the LCA modelling of the Whole Waste System EPS in line with Environment
Agency guidance and best practice (Recommendation 10).2
It is also recommended to give further consideration to the use of an emissions
factor for open loop recycling of glass (Recommendation 12) and to verify other
emissions factors used for some materials recycling processes and residual waste
management activities (Recommendations 13 and 14 respectively). It is not
envisaged that any changes that might be implemented as a result of these
recommendations would be significant enough to alter the Whole Waste System
EPS performance levels. However, some further verification is required to
provide assurance that the calculation of the associated emissions used to inform
the specified performance levels are correct.
Carbon Intensity Floor for Energy Generation
The marginal emissions approach used to determine the specified performance
level of the CIF would appear to be suitable based on the fact that CCGT (as the
marginal source of energy generation) is that most likely to be displaced by
London’s waste to energy facilities until at least 2025 (Recommendation 15).3
The current specified performance level of the CIF is 387kgCO2/kWh, which has
been calculated by Eunomia on the basis of a modern CCGT power station with
an assumed generation efficiency of 55% and calorific value of 39MJ/m³ for
natural gas. It is recommended (Recommendation 16), however, that the level of
the CIF be raised to at least 393kgCO2/kWh in line with latest guidance from the
Department of Energy and Climate Change, which specifies this as a marginal
electricity emissions factor for CCGT.4 It is also recommended that further
modelling work, being undertaken by others in parallel with this review, should be
used to inform the specified performance level of the CIF to ensure that it is set at
a level which is both technically and financially achievable by the municipal
waste sector, given other constraints, such as issues around site selection and
planning permission for new waste to energy facilities in London. However, a
decision by the GLA to allow waste authorities to offset emissions from energy
generation (from technologies such as gasification and incineration) with those
associated with use of biogas from anaerobic digestion will also provide further
flexibility for waste authorities to decide how best to meet the specified
2

User-defined technology processes have been created using the Waste and Resources
Environment Assessment Tool for the Environment to facilitate the inclusion of certain technology
configurations within the lifecycle assessment of greenhouse gas emissions from waste
management activities.
3
Marginal energy generation refers to plant which is most likely to be built or retired (or increase
or decrease output) in response to policies resulting in long-term changes to electricity supply or
demand.
4
DECC (2010) Valuation of Energy Use and Greenhouse Gas Emissions for Appraisal and
Evaluation [online] available at
http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx (accessed
April 2011).
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performance level alongside the Whole Waste System EPS and recycling and
composting targets.
Other Recommendations
Other, more general comments and recommendations have been made with
respect to the Mayor’s EPS overall. These refer to the implementation of a
periodic review cycle for the Mayor’s EPS (Recommendation 20) and the need for
consistent use of EPS terminology and metrics (Recommendation 22), for
example. Further clarity is also required with respect to the implementation of the
Mayor’s EPS; for example, its application to new contracts, whether it will apply
as a benchmark or a standard and the consequences of not being in general
conformity with the Mayor’s MWMS should the specified performance levels not
be achieved.
Policy Considerations
At a strategic level, the Mayor’s policy objective to develop an EPS for municipal
waste management is consistent with, if not ahead of, emerging national waste
policy. DEFRA’s waste policy unit, for example, has indicated that it will be
considering the development of a carbon metric to be implemented nationally
alongside recycling and composting targets. The challenge for waste authorities,
however, will be in meeting the specified performance levels of the Mayor’s EPS
(both Whole Waste System EPS and CIF) alongside statutory recycling and
composting targets for 2015 and 2020 (and the Mayor’s aspirational target to
achieve 60% recycling and composting for 2031). To date, it does not appear that
any modelling has been undertaken to demonstrate how all three components can
be achieved in a way that is both technically and financially achievable, although
it is likely that this will be informed further by the outcomes of further modelling
work being undertaken by SLR Consulting for the GLA. It is understood that the
results of this further modelling will help to inform the EPS and will be published
alongside the Mayor’s MWMS. A discussion of the contribution of the Mayor’s
EPS to both waste and energy policy and existing targets is presented in Section 6
of this report.
Next Steps
The GLA will consider the recommendations made within this Final Report as a
basis for the immediate and future revision of the Mayor’s EPS, including
amendments to Policy 2 of the Mayor’s Draft MWMS for final adoption in the
Summer of 2011.
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1

Introduction

1.1

Overview

Municipal Waste EPS Review
A Review of the Methodological Approach Used to Develop an Emissions
Performance Standard for the Management of London’s Municipal Waste

Ove Arup & Partners Ltd (Arup) has been commissioned by the Greater London
Authority (GLA) to review the approach used to develop a carbon dioxide
equivalent emissions performance standard (CO2eq EPS) for the management of
London’s municipal waste (Mayor’s EPS).5
The purpose of the review is to:


Ensure that a suitable approach has been taken in setting out the scope,
methodology and data assumptions used to establish a CO2eq EPS for
municipal waste management in London;



Conduct a wider strategic review to assess how the Mayor’s EPS contributes
to the waste and energy policy context; and



Determine whether or not the Mayor’s EPS is likely to be detrimental to
implementation of the relevant policy objectives and targets; and



Make recommendations as to potential revisions that might be required to the
EPS.

This report sets out the rationale for the review, the methodology used to
undertake the review, finding of the review process and Arup’s proposed
recommendations as to potential future revisions of the Mayor’s EPS.

1.2

Background

The Mayor has a statutory duty to provide strategic direction for the management
of London’s municipal waste, which accounts for around 20% of London’s waste.
This strategic direction is set out in the Mayor’s Draft Municipal Waste
Management Strategy for London (MWMS), which was released for Public
Consultation in October 2010.6 Specific objectives and targets for the
management of London’s municipal waste are set out in Chapter Five of the
Mayor’s spatial development plan for London.7
London’s waste collection and disposal authorities in undertaking their waste
functions are required to be ‘in general conformity’ with the Mayor’s MWMS.
Consequently, there is a need to ensure that the methodology used to develop the
Mayor’s EPS is robust, that it is achievable and that its implementation does not
contradict existing policy targets and objectives. The GLA has also identified
(primarily as a result of responses received during the Public Consultation
5

A metric used to compare the global warming potential of various greenhouse gases, such as
methane and nitrous oxides, using the functionally equivalent amount or concentration of carbon
dioxide (CO2) as the reference.
6
Greater London Authority (2010) London’s Wasted Resource: The Mayor’s Draft Municipal
Waste Management Strategy for London (Public Consultation Draft, October 2010) [online]
available at http://www.london.gov.uk/consultation/waste-strategy (accessed March 2010).
7
Greater London Authority (2010) The London Plan: Spatial Development Strategy for Greater
London (Consultation Draft Replacement Plan, October 2009) [online] available at
http://www.london.gov.uk/shaping-london/london-plan/strategy/download.jsp (accessed March
2010).
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exercise) that further work is required to verify and refine the approach used for
developing the Mayor’s EPS. Public Consultation responses that are relevant in
the context of the Mayor’s EPS are summarised in Appendix A1.

1.3

Purpose of the Mayor’s EPS

Climate change mitigation is a key driver in modern day resource and waste
management. In line with this approach, Policy 2 of the Mayor’s Draft MWMS
sets out the intent to develop a CO2eq EPS to ensure that the best environmental
outcomes are achieved for the management of London’s municipal waste. The
Mayor’s EPS uses CO2eq emissions as an indicator of environmental impact,
which also allows for alignment with policy measures for energy and climate
change mitigation.
The objectives of the Mayor’s EPS are to:


Reduce the impact of London’s municipal waste management activities upon
climate change;



Move municipal waste management in London from a net contributor to a net
reducer of climate change; and



Help focus on reprocessing and recovery routes that deliver greatest CO2eq
emission savings.

The development of a CO2eq EPS is not a new concept with many examples
having been developed for the power generation sector. The first CO2eq EPS of
this type was introduced by the State of California in 2007, with several other US
States (including Illinois, Montana, Washington, Oregon and New Mexico)
following its lead. The Californian model specifies a limit on the amount of CO2
a new power station can emit per kWh of electricity generated. It works on the
basis that the performance level of any new power station (or renewed contract
longer than five years) must be no higher than the annual emissions rate of a
combined-cycle gas (CCGT) turbine plant, which is suggested to be
500gCO2/kWh.8
The Department of Energy and Climate Change (DECC) is currently consulting
on the introduction of a CO2eq EPS for power generation as part of the UK
Government’s statutory consultation on electricity market reform.9 The
Netherlands has also considered the concept but the UK example would be the
first of its kind in Europe if implemented.
The traditional basis of municipal waste management performance and diversion
from landfill is the use of weight-based recycling and composting targets. The
European Waste Framework Directive, which provides the overarching legislative
framework for the collection, transport, recovery and disposal of waste within
European Member States has a key target to achieve 50% recycling or preparation
for re-use by 2020.10 This target is shown in Table 1 alongside those for England
and the Greater London Region.

8

Applies only to base load plant.
http://www.decc.gov.uk/en/content/cms/consultations/emr/emr.aspxx.
10
Directive 2008/98/EC On Waste and Repealing Certain Directives (Revised Waste Framework
Directive).
9
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Table 1: Recycling and Composting Targets
Target Year

Greater London

United Kingdom

European Union

2015

45%

45%

-

2020

50%

50%

50%

2031

60%

-

-

Recycling and composting targets for England are set out within the Waste
Strategy for England 2007, which aims to meet the European requirement to
achieve 50% recycling and composting by 2020 in addition to a target to meet
45% recycling and composting by 2015. Alongside these targets, the Waste
Strategy for England 2007 sets out the Government’s vision for sustainable waste
management in England up to 2020.11 It provides a framework for resource and
waste management in accordance with the Waste Framework Directive whilst
integrating waste policy into the broader framework of sustainable consumption
and production. The objectives of the Waste Strategy for England are to:


Decouple waste growth from economic growth and place more emphasis on
waste prevention and re-use;



Meet and exceed Landfill Directive diversion targets for biodegradable
municipal waste in 2010, 2013 and 2020;



Increase diversion of non-municipal waste from landfill and secure better
integration of treatment for municipal and non-municipal waste;



Secure the investment in infrastructure needed to divert waste from landfill
and for the management of hazardous waste; and



Get the most environmental benefit from that investment, through increased
recycling of resources and recovery of energy from residual waste using a mix
of technologies.

The Mayor’s targets for recycling and composting of waste in line with those set
nationally by the Waste Strategy for England 2007 for the years 2015 and 2020.
However, the Mayor has set a further, aspirational target for London to achieve
60% recycling and composting for 2031.12 The use of weight-based recycling and
composting targets as a basis for driving improvements has not always focussed
attention on managing materials that have the greatest impact environmentally.
The EPS approach has thus been combined with established methods of
quantifying greenhouse gas (GHG) emissions from waste management activities
to develop a CO2eq EPS specifically for London’s municipal waste management
activities.

11

DEFRA (2007) Waste Strategy for England 2007 [online] available at
http://www.defra.gov.uk/environment/waste/strategy/ (accessed March 2011).
12
Greater London Authority (2010) London’s Wasted Resource: The Mayor’s Draft Municipal
Waste Management Strategy for London (Public Consultation Draft, October 2010) [online]
available at http://www.london.gov.uk/consultation/waste-strategy (accessed March 2010).
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Development of the Mayor’s EPS

The Mayor’s EPS has been developed by Eunomia Research & Consulting Ltd
(Eunomia), working on behalf of the GLA and in conjunction with a Steering
Group comprising representatives of the following organisations:


North London Waste Authority;



East London Waste Authority;



West London Waste Authority;



London Borough of Tower Hamlets;



London Councils;



London Waste and Recycling Board; and



Environment Agency.13

As shown in Figure 1, the Mayor’s EPS has two constituent parts:


Whole Waste System EPS (also known as Core EPS): refers to the net
CO2eq emissions associated with an authority’s waste treatment and disposal
solution, from the point of arrival at a waste management facility to the final
point of treatment and/or disposal. It does not include emissions associated
with waste collection and transportation. The Whole Waste System EPS uses
a life cycle approach to help waste authorities focus on material reprocessing
and recovery routes that deliver greatest CO2eq reductions across the waste
treatment and disposal lifecycle. The Whole Waste System EPS metric is
expressed as tonnes of CO2eq per tonne of waste managed.



Carbon Intensity Floor for Energy Generation (CIF): a minimum CO2
emissions performance level which requires that energy generated from waste
is no more polluting in carbon terms than the marginal source of energy it
displaces. The CIF (expressed as gCO2/kWh) refers to the CO2 emissions
associated with the energy generated from one tonne of waste, in isolation of
other waste treatment processes. The purpose of the CIF is to provide support
for the development of low-carbon, decentralised energy from waste that is no
more carbon intense than the source of energy being displaced.

Arup has worked with Eunomia throughout the review process to facilitate an
understanding of the methodology and assumptions used for developing the
Mayor’s EPS. SLR Consulting Ltd (SLR) has been commissioned by the GLA to
analyse further the financial implications of meeting both the Whole Waste
System EPS and CIF. SLR’s work has been undertaken in parallel with this
review, which considers the initial outcomes of the draft report prepared by SLR
in relation to the technical and financial achievability of the Mayor’s EPS.
SLR has also undertaken a secondary piece of work to develop a Microsoft Excelbased GHG calculator tool (known as the ‘Ready Reckoner Calculator’) that will
allow waste authorities to model the performance of their waste management
services against the Mayor’s EPS. The tool is based on the Environment
Agency’s Waste and Resources Assessment Tool for the Environment (WRATE)
13

This group has since been widened to include DEFRA, the Environmental Services Association,
the South London Waste Partnership and Western Riverside Waste Authority to review additional
EPS modelling work being undertaken by SLR on behalf of the GLA.
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model for calculating emissions associated with waste management processes and
will enable waste authorities to input municipal waste management data
(including quantity of waste managed, composition data and material flows) to
determine performance against the Mayor’s EPS.
The GLA will consider the recommendations made within this Final Report as a
basis for the immediate and future revision of the Mayor’s EPS, including
amendments to Policy 2 of the Mayor’s MWMS for final adoption in 2011.
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Figure 1: Constituent Parts of the Mayor’s EPS
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2

Methodology

2.1

Requirements of the Review

Arup’s methodology for undertaking the review is set out further below in Section
2.2. It responds to the requirements of the review specified by the GLA as
follows:


Understand and review the methodological approach used to develop the
Mayor’s EPS to determine that it is robust and not detrimental to the
implementation of national waste policy, namely the Waste Strategy for
England 2007 and the UK’s obligations under the European Union (EU)
Waste Framework Directive.



Determine whether or not the Mayor’s EPS compliments the achievement of
the Mayor’s proposed municipal recycling or composting targets as set out in
the Mayor’s Draft MWMS.



Determine, in liaison with DECC and appropriate waste and energy industry
colleagues that the methodology used for setting a CIF for energy generated
from London’s municipal waste is appropriate for the purposes of making an
effective contribution towards:



The Mayor’s renewable energy and carbon reduction targets as set out in
his draft Climate Change Mitigation and Energy Strategy; and
UK Government carbon reduction and renewable energy targets and
commitments.



Review the rationale for setting the Mayor’s municipal recycling and
composting targets and demonstrate how these contribute to the achievement
of national municipal recycling and composting targets.



Recommend any further assumptions to help inform the methodology and
development of the Mayor’s EPS.

2.2

Scope and Methodology

The purpose of this document is to present the findings of the review process and
recommended actions for further refinement of the Mayor’s EPS. The
methodology for undertaken the review process is outlined below in Sections
2.2.1 to 2.2.5 of this report.

2.2.1

Ongoing Project Review

A series of project meetings have been held between Arup and the GLA
throughout the duration of the project as follows:


A Project Inception meeting was held on 23 February 2011 to agree the
approach for undertaking the work and to agree key milestones and project
delivery dates as set out in Arup’s indicative Project Programme.
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A Progress Review Meeting was held on 15 March 2011 to discuss the initial
outcomes of the review process and potential recommendations prior to
preparation of an initial draft report for the GLA’s review.



A Final Project Meeting was held on 4 April 2011 to discuss the outcomes of
the project and receive the GLA’s comments on the initial draft findings and
recommendations prepared by Arup.

2.2.2

Review Scope, Methodology and Assumptions of the
Mayor’s EPS

The scope, methodology and assumptions used to develop the Mayor’s EPS have
been reviewed from the following publicly available documents:


London’s Wasted Resource: The Mayor’s Draft Municipal Waste
Management Strategy for London: Public Consultation Draft, October 2010;



Appendix 4a to the Mayor’s Draft MWMS: Economic Modelling for the
Mayor’s Municipal Waste Management Strategy (Main Report and
Appendices); and



Appendix 4b to the Mayor’s Draft MWMS: Development of a CO2eq
Emissions Performance Standard for the Management of London’s Municipal
Waste (Main Report and Appendices).

Supplementary information has also been obtained as a result of ongoing direct
discussion with Eunomia and also from the WRATE modelling files provided by
Eunomia. WRATE is a lifecycle assessment (LCA) tool designed specifically to
determine the environment impacts associated with waste management processes.
It uses a whole lifecycle approach to determine the impacts associated with waste
collection, transportation, treatment and disposal. It has, therefore, been used by
Eunomia to provide data for modelling of CO2eq emissions associated with
London’s municipal waste management activities.

2.2.3

Review of Alternative EPS and Waste Management
Greenhouse Gas Emission Assessment Methods

Arup has reviewed other CO2eq EPS and life cycle assessment approaches to the
quantification of GHG emissions from waste management activities to assess:


Whether the approach used to develop the Whole Waste System EPS and CIF
is consistent with other national and international approaches; and



How the specified level of the CIF aligns against those of other CO2eq EPS
identified and whether it is an appropriate benchmark in the context of
London’s municipal waste management and decentralised energy generation.

Other CO2eq EPS have been identified through with stakeholders, including
DECC and the Department for the Environment Food and Rural Affairs (DEFRA)
and from desk-based research of the following published information:
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House of Commons Energy and Climate Change Committee (2010) Emissions
Performance Standards: First Report of Session 2010-11, Volume I;14



House of Commons Energy and Climate Change Committee (2010) Emissions
Performance Standards: First Report of Session 2010-11, Volume II
Additional Written Evidence;15 and



DECC (2010) Electricity Market Reform Consultation Document.16

Life cycle assessment approaches to the quantification of GHG emissions
associated with waste management activities have been reviewed as follows:


The Carbon Metric Reporting System for Recycling Performance developed
by Zero Waste Scotland and the Scottish Government (Scottish Carbon
Metric); and 17



The Protocol for the Quantification of Greenhouse Gas Emissions from Waste
Management Activities developed by Entreprises pour l’Environnement (EPE
Protocol).18

Further information about the Scottish Carbon Metric and EPE Protocol is
contained in Appendix A2 and Appendix A3 respectively.

2.2.4

Appraisal of EPS against Policy Context

Arup has identified the relevant policy objectives and targets for waste and energy
at EU, national and regional level and used professional judgement to determine:


How the EPS contributes, or otherwise, to EU, UK and Greater London
regional policy objectives and targets for waste and energy;



If the EPS benchmark complements, or would otherwise compromise the
ability to meet, national and regional recycling and composting targets; and



Whether the EPS is likely to lead to potential conflict between waste
collection and disposal strategies and how it may influence the selection of
waste infrastructure technologies that may, or may not, be appropriate for
contributing to waste and energy policy targets and objectives.

2.2.5

Stakeholder Liaison

A half-day workshop was held on 10 March 2011 to discuss in detail the approach
to developing the CIF. The workshop was attended by representatives of the
following organisations:
14

House of Commons Energy and Climate Change Committee (2010) Emissions Performance
Standards: First Report of Session 2010-11, Volume I [online] available at
http://www.parliament.uk/business/committees/committees-a-z/commons-select/energy-andclimate-change-committee/publications/ (accessed March 2011).
15
House of Commons Energy and Climate Change Committee (2010) Emissions Performance
Standards: First Report of Session 2010-11, Volume II Additional Written Evidence [online]
available at http://www.parliament.uk/business/committees/committees-a-z/commonsselect/energy-and-climate-change-committee/publications/ (accessed March 2011).
16
DECC (2010) Electricity Market Reform Consultation Document
http://www.decc.gov.uk/en/content/cms/consultations/emr/emr.aspx (accessed March 2011).
17
http://www.zerowastescotland.org.uk/carbon_metric/carbon_metric.html.
18
http://www.epe.asso.org/index_en.php?part=publi&id_rap=20.
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Arup;



Greater London Authority;



Eunomia Research & Consulting Ltd;



London Development Agency;



Department for the Environment, Food and Rural Affairs; and



Department of Energy and Climate Change.

The opportunity was taken to present and discuss initial findings with those
present, particularly with respect to assessing whether or not the Mayor’s EPS
would make an effective contribution towards renewable energy and carbon
reduction targets for the UK and Greater London.
The key questions discussed at the Workshop were as follows:


What is the key rationale for the CIF and are there are other existing
mechanisms available that would achieve the same outcome?



If a CIF is required, what is an appropriate methodology for specifying the
level of performance that should be achieved?



On what basis have other CO2eq EPS been developed?



Once an appropriate methodology has been established, at what level should
the CIF be set and would this be achievable for existing and proposed waste to
energy facilities?

Other ad hoc discussions have also been undertaken with waste policy
representatives from DEFRA’s Waste Policy Unit to discuss the policy
implications of the Mayor’s EPS.
In order to ensure that any concerns about the development of the Mayor’s EPS
have been considered during the review, Public Consultation responses related to
Policy 2 (Mayor’s EPS) and Policy 4 (London’s Recycling and Composting
Targets) of the Mayor’s Draft MWMS were obtained from the GLA and
considered as part of the review.

2.3

Limitations to Scope of Work

Arup’s agreed scope of work has not included the undertaking of a detailed peer
review of any WRATE User Defined Processes (UDPs) created by Eunomia for
the development of the Mayor’s EPS.19 The use of UDPs within the Mayor’ EPS
is discussed further within Section 3.3.
The detailed assumptions contained within Appendix 4a to the Mayor’s Draft
MWMS (Economic Modelling for the Mayor’s Municipal Waste Management
Strategy) have not been reviewed in detail. This is effectively a separate study in
its own right, undertaken by Eunomia prior to the development of the Mayor’s
19

The creation of a UDP involves duplication and amendment of an existing technology process
within the WRATE model, for example, changes to the energy efficiency of a process or the
process emissions generated. This usually entails a change to the ‘allocation rules’ that determine
how the technology process behaves in the model. The Environment Agency advises that all UDP
processes, and life-cycle assessments (LCA) using UDPS that are published externally are subject
to peer review in their own right by an independent third party.
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EPS. It is only been reviewed to the extent necessary to determine the suitability
of the approach used to developing the Mayor’s EPS.
Eunomia has modelled the associated CO2eq emissions for municipal waste
management in London using Waste Data Flow information for 2009/10. It has
not been considered necessary to review the draft report prepared by Eunomia as
the exercise has been undertaken simply to track performance against the Whole
Waste System EPS trajectory. It has not been used to replace the 2008/09
baseline data used to forecast municipal waste arisings and waste management
scenarios for 2015, 2020 or 2031.
With respect to the development of the Whole Waste System EPS, Eunomia has
not been able to provide its proprietary background spreadsheets used to calculate
the numbers provided in Appendix 4b to the Mayor’s Draft MWMS (data has
been taken from WRATE and entered into a bespoke tool used to calculate
associated emissions). As such, it has not been able to fully replicate and verify
the Whole Waste System EPS performance levels provided. Further explanation
and associated recommendations are provided in Section 3.
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3

Findings: Whole Waste System EPS

3.1

Methodology

3.1.1

Economic Modelling

The basis of the approach used to develop the Whole Waste System EPS is the
Economic Modelling Study, undertaken by Eunomia on behalf of the GLA, in
2010. The results of this study are publicly available and presented in Appendix
4a to the Mayor’s Draft MWMS.
As discussed in Section 2.3, the scope and assumptions used in the Economic
Modelling Study have not been reviewed in detail due to this being a separate
study in its own right. However, from the review that has been carried out, it
would appear that the Economic Modelling Study provides a suitable basis upon
which to base the Whole Waste System EPS.
The study assesses the costs of meeting the Mayor’s proposed recycling and
composting targets for 2015, 2020 and 2031 and uses 2008/09 Waste Data Flow
information for London as a baseline to forecast the quantities of municipal waste
required to be managed in each of the three target years. The Economic
Modelling Study modelled 11 waste management scenarios based upon different
combinations of collection, treatment and disposal scenarios.20 These scenarios,
each of which has been assessed on the basis of financial performance and
monetised GHG emissions, promote a broad approach as to how the Mayor’s
recycling and composting targets can be achieved based on different collection
and treatment strategies.
The Economic Modelling Study determined that six of these scenarios would meet
the Mayor’s recycling and composting targets for London in each of the three
target years using options that would be both technically feasible and achievable
within the practical constraints of London’s housing stock and the time necessary
to build new waste facilities.
It is noted that capture rates used within the study have been developed using
information published in the Waste & Resource Action Programme (WRAP’s)
Analysis of Kerbside Dry Recycling Performance in England 2007/08. This
publication was updated in September 2010, its scope having been extended to
cover all local authorities in the UK (not just England).21 The other key difference
reported is that the updated WRAP report now also includes 2008/09 benchmark
data for textiles collected at the kerbside (data that as not included previously). It
has been confirmed that capture rates for textiles were included in the original
Economic Modelling Study based on Eunomia’s own internal analysis of London
borough performance.
20

Collection strategies focus either on food wastes or dry recyclables. Scenarios also model rollout and performance of different waste treatment technologies.
21
WRAP (2010) Analysis of Kerbside Dry Recycling Performance in the UK 2008/09 [Online]
available at
http://www.wrap.org.uk/local_authorities/research_guidance/collections_recycling/benchmarking.
html (accessed March 2011).
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Recommendation 1: There should not be any immediate requirement to
update the Economic Modelling Study with new capture rates information
but it should be considered in future updates to the Whole Waste System
EPS.

3.1.2

Whole Waste System EPS Performance Level

The performance level of the Whole Waste System EPS is based on the net annual
CO2eq emissions associated (referred to hereafter as ‘associated emissions’) with
the total quantity of waste to be managed in the baseline year (2008/09) and each
of the three target years (2015, 2020 and 2031). Thus, the performance level
changes on a trajectory over time according the quantities of waste to be managed.
Associated emissions have been calculated for each of the six Economic
Modelling scenarios that meet the Mayor’s recycling and composting targets. The
specified performance level has then been selected on the basis of the lowest
performing of the six scenarios (i.e. the scenario forecast to have the greatest level
of associated emissions in this year).
Recommendation 2: It has been confirmed the Whole Waste System EPS is
based on the associated emissions for Scenario One (‘Focus on Dry and Low
Biomass New Technologies’) as shown in Appendix 4b of the Mayor’s Draft
MWMS. However, this should be stated explicitly within Appendix 4b to the
Mayor’s Draft MWMS.

3.2

Scope of Associated Emissions

The following waste management activities have been excluded from the scope of
associated emissions for the baseline and target years:


Emissions savings associated with waste prevention and re-use;



Emissions associated with incinerator bottom ash (IBA) to landfill;



Emissions associated with reject streams from materials recycling facilities
(MRF) and mechanical biological treatment (MBT) to landfill; and



Emissions associated with transportation of waste.

3.2.1

Waste Prevention

The Whole Waste System EPS assumes that the Mayor’s targets for reduction of
waste will already have been met. Thus, waste reduction is already accounted for
in the Whole Waste System EPS performance levels as a result of the waste
growth factors used to forecast municipal waste arisings for 2015, 2020 and
2031.22
The specified performance levels of the Whole Waste System EPS do not take
into account any further waste reduction beyond that which has already been
forecast. However, waste authorities would be able to take advantage of further

22

Mayor’s target to reduce the amount of household waste produced from 970kg per household in
2008/09 to 790kg per household by 2031, equivalent to a 20% reduction per household. This is set
out in the Mayor’s Draft MWMS.
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associated emissions reductions since the Whole Waste System EPS only
accounts for those associated with the waste that is subsequently created.
The EPE Protocol, which has similar system boundaries to the Whole Waste
System EPS, does not consider waste prevention but it is included within the
scope of the Scottish Carbon Metric. The scope of the LCA approach used by the
Scottish Carbon Metric is wider than the system boundaries within WRATE in
that it considers quantification and comparison of environmental impacts
associated with specific products and supply chains (as well as end-of-life waste
management options). This supports its function to act also as a tool to inform
resource and waste management policy in relation to specific products and
materials at a national level.
To this end, the Scottish Carbon Metric includes information on extraction and
manufacturing processes, which means that emissions associated with waste
prevention in the supply chain can be included (considered as avoided emissions
from manufacturing). The Whole Waste System EPS has not been designed with
these impacts in mind but an approach similar to that used by the Scottish Carbon
Metric could be adopted for use in the Whole Waste System EPS to enable
authorities to benefit further from these avoided emissions. This would encourage
waste authorities to consider further the environmental benefits of waste
prevention, in line with the preferred approach of the waste hierarchy. The
Carbon Trust has not commented on the inclusion of waste prevention in its peer
review report of the Scottish Carbon Metric, other than to mention that it would
help to highlight the merits of alternative waste management options, including
prevention.23

3.2.2

Re-use

Re-use activities have been excluded due to uncertainty over the appropriate
emissions factors for re-use routes and because there is no process within
WRATE to model this activity.24 The difficulties in incorporating re-use data are
acknowledged by Zero Waste Scotland in its development of the Scottish Carbon
Metric. Likewise, re-use is also not featured within the scope of the EPE
Protocol.
The only re-use activity currently accounted for in the Scottish Carbon Metric is
textiles, where re-use is assumed as the predominant destination of material
recorded as ‘recycled’. As highlighted by the Carbon Trust in its peer review of
the Scottish Carbon Metric, however, the inclusion of textiles emission factors
appears to be based on an, as yet, unpublished study.25 The technical report for
the Scottish Carbon Metric confirms that suitable re-use data for other materials
and products is limited.26 It does, however, refer to a number of other sources that
23

Carbon Trust Advisory Services (2011) Review of Methodology for the Carbon Metric for
Scotland (Final Report) [online] available at
http://www.zerowastescotland.org.uk/carbon_metric/carbon_metric.html (accessed March 2011).
24
For example, associated emissions for the baseline year, as shown in Table 2.1 to Appendix 4b
of the Mayor’s MWMS, exclude 10,000tpa of waste sent for re-use.
25
Carbon Trust Advisory Services (2011) Review of Methodology for the Carbon Metric for
Scotland (Final Report) [online] available at
http://www.zerowastescotland.org.uk/carbon_metric/carbon_metric.html (accessed March 2011).
26
Zero Waste Scotland (2011) Final Report: The Scottish Carbon Metric [online] available at
http://www.zerowastescotland.org.uk/carbon_metric/carbon_metric.html (accessed March 2011).
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it recommends should be explored further with respect to emission factors for reuse. It fully intends to incorporate re-use activities when more appropriate
information becomes available that meets its specified data quality indicators.
Recommendation 3: As a waste management option, re-use should be
included within the scope of associated emissions for the Whole Waste
System EPS.
Whilst the quantities of waste managed for re-use may be relatively small (e.g.
10,000tpa (less than 1%, of waste in the baseline year) the emissions savings may
be greater as a proportion of overall associated emissions. In the context of
meeting the Whole Waste System EPS, this would allow waste authorities to take
advantage of the benefits of managing waste at the top of the waste hierarchy.
The GLA is currently working with the London Community Resource Network
(LCRN) to obtain better data for re-use emissions savings. It is understood that
DEFRA is also proposing to publish emissions factors as part of collaborative
work being undertaken with WRAP.
Recommendation 4: It is advised that consideration be given to the system
boundaries of the LCA studies used to provide this information to ensure
that the scope of re-use emissions data used is consistent.
As indicated by the Carbon Trust in its peer review of the Scottish Carbon Metric,
the avoided waste from re-use of a domestic appliance may provide significant
carbon emissions savings but the extended use of an inefficient compliant could
have a negative impact compared to replacement with a more efficient model.
There are, as such, two elements to re-use related carbon emissions:


The avoided emissions of re-use as a waste management option; and



The emissions associated with the operation of a re-used product (and relative
to those associated with a newer model).

Recommendation 5: Based on the suitability of available data, a decision will
need to be taken as to the scope of re-use emissions to be included in the
Whole Waste System EPS. In this case, it is recommended that re-use
focuses, where possible, on the avoided emissions of re-use as a waste
management option.
It is not possible to state, at this time, how inclusion of re-use might affect the
specified performance levels of the Whole Waste System EPS (although
quantities are relatively small, they would need to be considered in conjunction
with the relative emissions factors). It is not expected that the specified
performance levels would change but this should be considered as and when
suitable data becomes available for inclusion of re-use within the scope of the
Whole Waste System EPS.

3.2.3

Incinerator Bottom Ash and Reject Material from MRF
and MBT

Emissions associated with the landfill of IBA and reject material from MRFs and
MBT have been excluded on the basis that the composition of these materials, and
their impact on landfill, cannot be modelled accurately in WRATE. Furthermore,
that these material streams are likely to be largely inert with little impact on
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emissions from landfill.27 It should be possible to model this information within
WRATE (for example, using municipal waste composition data for London or for
England) to give a reasonably fair representation of the level of associated
emissions that might occur. The composition and distribution of reject material
from a MRF or MBT process to landfill (based on a specified reject rate) should
be visible within a WRATE project scenario, which could be set up to provide an
indicative composition for modelling purposes. Other readily available
information on the composition of reject material from MBT is limited but a study
undertaken by Enviros Consulting on behalf of WRAP (MRF Quality Assessment
Study: Material Quality Assessment of Municipal MRFs within the UK) provides
published composition data for MRF residues which could be used to provide an
indicative composition for this particular reject stream.28
Recommendation 6: For completeness, composition data for these reject
materials should be reviewed and reassessed for suitability of modelling
associated emissions within the Whole Waste System EPS. This would be
consistent with the approach taken by the EPE Protocol, which considers
final treatment of residues from MBT and MRF to landfill.

3.2.4

Transport

Emissions associated with the transportation of waste are a notable exclusion from
the Whole Waste System EPS, the reasons for which are outlined in full Appendix
4b to the Mayor’s Draft MWMS. The prime reason for this is stated to be the
difficulty inherent in modelling such emissions on a London-wide basis, i.e. it
would be difficult to model to a reasonable degree of accuracy given the variation
in waste transportation systems operated in London. Furthermore, it is stated that
waste-related transport emissions, when modelled within WRATE, typically
account for around 5% to 10% of the total CO2eq emissions from waste
management activities. Thus, the contribution of waste-related transport impacts
to the associated emissions within the Whole Waste System EPS was considered
to be negligible.
Recommendation 7: A larger proportion of London’s waste is being exported
for treatment and disposal facilities to neighbouring counties compared to
other cities. The statement that waste-related transport emissions typically
account for a small percentage of the total CO2eq emissions from waste
management activities should be verified.
In relation to the aim of the Mayor’s EPS to reduce emissions associated with
waste management activities in London, the EPS Steering Group concluded that
sufficient other mechanisms are available that would provide a strong incentive
for local authorities to reduce emissions associated with waste transport. These
are:

27

Associated emissions for the baseline year exclude those for 176,000tpa of IBA and reject
material from MRFs and MBT. Eunomia estimates that around 50,000tpa of this is inert material
and would have minimal impact on landfill emissions.
28
Enviros Consulting (2009) MRF Quality Assessment Study: Material Quality Assessment of
Municipal MRFs within the UK [online] available at
http://www.wrap.org.uk/recycling_industry/publications/mrf_quality_study.html (accessed April
2011). Figure 3 and Appendix 2 (Table A2.1) provide composition information for MRF residues.
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The former National Indicator (NI) 185: agreed to provide sufficient incentive
for waste authorities to reduce operations from transport emissions;29



Transport for London (TfL) Fright Operator Recognition Scheme (FORS):
designed to help boroughs reduce emissions from fleet vehicles; and



Waste-related transport costs which are estimated to make up around half of
total waste management costs.

NI 185 has since been abolished as a National Indicator although there is still a
requirement from DECC for local authorities to collect and report this data.30 The
purpose of this is to allow individual local authorities to benchmark their own
performance each year such that they can assess the potential for emissions
reductions within their operations. However, the data reported is aggregated
under the categories of fleet vehicles, business travel, other and transport total.31
As such, there may be less incentive to consider the potential for emissions
reductions specifically for waste-related transport alone.
Likewise, FORS is a scheme that considers CO2eq emissions from all types of
fleet vehicles. It is also a voluntary scheme, which works on a tiered membership
basis, and only requires the measurement and reporting of emissions data from
silver membership level upwards. There is no requirement for operators to attain
silver membership and no local authorities have yet reached this level.
Furthermore, only 16 out of 33 London boroughs have signed up to the lowest
membership tier, which means that its’ purpose to encourage operators to reduce
fleet emissions (and specifically from waste-related transport) is also untested.
The main disadvantage to the exclusion of waste-related transport impacts is that
the benefits of sustainable modes of waste transport, such as waste by rail and
water, are being missed. This is contradictory to the promotion of alternative
modes of transport for waste transport as contained within Policy 5 of the Mayor’s
Draft MWMS. It is also not known whether NI 185 or FORS would provide the
right level of incentive for local authorities to specifically consider waste-related
transport emissions as would be necessary within the Whole Waste System EPS.
The ability of local authorities to collate and provide waste-related transport data
should not be considered burdensome since it would still need to be collated as
part of the overall reporting requirements for the revised NI 185 (now referred to
as ‘Sharing Information on Greenhouse Gas Emissions from Local Authority Own
Estate and Operations’).
Under the revised NI 185, local authorities are required to measure GHG
emissions32 in line with DEFRA’s ‘Guidance on How to Measure and Report

29

http://www.decc.gov.uk/en/content/cms/statistics/indicators/ni185/ni185.aspx .
Definition of emissions under the former NI 185 was CO2eq emissions from operations of local
authorities associated with the delivery of functions and services, including any services
outsourced to a contractor. ‘Functions’ covers all duties and powers of a local authority.
31
See DECC (2010) CO2 Emission Estimates from Local Authority Operations during 2008/09:
http://www.decc.gov.uk/publications/basket.aspx?FilePath=Statistics%2fnationalindicators%2f39ni185-methodology.pdf&filetype=4&minwidth=true for an example.
32
Measures emissions from the six GHG covered by the Kyoto Protocol – carbon dioxide (CO2),
methane (CH4), hydrofluorocarbons (HFCs), nitrous oxide (N2O), perfluorocarbons (PFCs) and
sulphur hexafluoride (SF6). DEFRA conversion factor spreadsheets are provided to convert raw
data into carbon dioxide equivalent emissions.
30
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Your Greenhouse Gas Emissions, September 2009’.33 Whilst it is no longer a
requirement for data to be submitted to Central Government, local authorities
must publish a GHG report locally and notify DECC as to its whereabouts within
the public domain. DECC’s requirement is for this information to be published in
terms of carbon dioxide emissions (not CO2eq) although DEFRA conversion
factor spreadsheets are available to convert raw data into CO2eq also. DECC has
stated that data for 2009/10 and 2010/11 should be published by no later than 30
June 2011, which means that data on waste-related transport for London should be
available within the public domain shortly.
Recommendation 8: On this basis, it is recommended that the EPS Steering
Group revisit its previous conclusion to exclude waste-related transport
impacts from the scope of the Whole Waste System EPS, not least so that
waste authorities can benefit from the potential emissions reductions
associated with methods of rail and river transportation.

3.2.5

Modelling Waste-Related Transport Emissions

The difficulty in modelling waste-related transport emissions for the purpose of
setting the Whole Waste System EPS performance levels is understood but
information from local authorities should be available to undertake this work (as
discussed in Section 3.2.4). The modelling of waste transportation arrangements
within WRATE is also a standard requirement within the procurement process for
new waste management infrastructure.34
Emissions associated with the transportation of waste are included within the
scope of the EPE Protocol. The EPE Protocol Excel Tool for the Calculation of
Emissions from Different Waste Activities (Version 4, June 2010) provides waste
transport emission factors for natural gas, petrol, diesel, LPG and ‘other’ fuel
types expressed as kgCO2eq per litre of fuel.35 The EPE Protocol also allows for
average fuel consumption to be entered (in terms of litres per 100km travelled),
which can then be multiplied against the stated emissions factors.
Not only does the EPE Protocol calculate direct emissions from waste-related
transport (i.e. those associated with the combustion of the fuel) but it also allows
for indirect emissions to be taken into account (i.e. those associated with the
production of electricity that is used by electric or hybrid vehicles that might be
operated by an authority (or private company also for the EPE Protocol).
The emissions factors used within the EPE Protocol are for road haulage and have
been taken from a combination of sources; in this case either the French
Environment and Energy Management Agency (ADEME) or the IPCC. Where an
alternative mode of transport is required (e.g. rail, shipping, river transport), or if
the user wishes to estimate emissions in tonnes of CO2eq/km, the EPE Protocol
states that an alternative GHG emissions calculation tool, developed by EPE and

33

DEFRA (2009) Guidance on How to Measure and Report Your Greenhouse Gas Emissions,
September 2009 [online] available at
http://www.defra.gov.uk/publications/2011/03/25/greenhouse-gas-emissions-pb13309/ (accessed
March 2011).
34
WRATE has the ability to model movement of waste by rail transport, sea container and barge.
35
http://www.epe-asso.org/index_en.php?part=publi&id_rap=20.
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ADEME can be used. Further details are available within the main EPE Protocol
document.36
The Scottish Carbon Metric, by comparison, uses transport distance and vehicle
information from WRATE to facilitate the inclusion of waste-related transport
impacts within its scope.37 This data has been simplified to provide average
transportation distances and vehicle types that can be applied on a similar basis.
Information from DEFRA38 and the Greenhouse Gas Protocol Guidelines39 has
been used to provide vehicle emissions data although it has been recommended by
the Carbon Trust (in its peer review of the Scottish Carbon Metric) to upgrade to
recently available 2010 data. As an example, transport information used in the
calculation of the Scottish Carbon Metric is shown in Appendix A4.40
Consideration has also been given to average loading factors (including return
journeys). A 50% loading assumption has been used for waste vehicles, which
leave a depot empty and return fully laden; this reflects the change in load over a
collection round which could be expected.
The point to which waste materials are transferred is also considered, hence the
inclusion of transport information for both road and international sea freight. For
HGVs, an average loading factor (including return journeys) of 56% is used based
on information taken from DEFRA’s Greenhouse Gas Conversion Factors.41 For
international sea freight, a trade imbalance between Europe and the Far East,
means that vessels return empty (but with ballast) unless carrying materials for
recycling. In these cases, only the marginal emissions have been taken into
account (i.e. those incurred by moving the additional weight of the freight but not
the vessel itself).
Recommendation 9: It is recommended waste-related transport emissions are
included using an approach similar to that for either the EPE Protocol or
Scottish Carbon Metric.
The Scottish Carbon Metric is likely to provide a more familiar solution due to its
use of WRATE but it depends on how associated emissions are calculated overall
outside of this model. Discussion would be needed with waste authorities to
assess the extent and suitability of data that would be available for inclusion in the
Whole Waste System EPS. The validity of the Scottish Carbon Metric waste
transportation figures (presented in Appendix A4) could also be assessed for use
in the London context.
To add weight to this recommendation, any measurement tools designed for use
by waste authorities should work to the same system boundaries. The GHG
calculator tool being developed by SLR (to enable waste authorities to measure
performance against the Whole Waste System EPS) does include waste-related

36

Protocol for the Quantification of Greenhouse Gas Emissions from Waste Management
Activities [online] available at http://www.epe-asso.org/index_en.php?part=publi&id_rap=20.
(accessed March 2011).
37
The Scottish Carbon Metric also uses other data sources to include transport emissions
associated with transport of raw materials to factory for manufacture and distribution to retail
distribution centres and retailers.
38
http://www.defra.gov.uk/environment/business/reporting/conversion-factors.htm.
39
http://www.ghgprotocol.org/files/ghgp/tools/co2-mobile.pdf.
40
Taken from Table 4.2 of the Scottish Carbon Metric Technical Report.
41
http://www.defra.gov.uk/environment/business/reporting/conversion-factors.htm.
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transport and so consideration should be given to its inclusion in the Whole Waste
System EPS.

3.3

Calculating Associated Emissions

Associated emissions have been calculated using emissions factors taken from
WRATE. Emissions factors for recycled and reprocessed materials, and those for
residual waste management treatment and disposal, are shown in Table 2.2 (see
Appendix A5) and Table 14 (see Appendix A6) of Appendix 4b to the Mayor’s
Draft MWMS respectively. Associated emissions for the baseline year are shown
in Table 2.1 (see Appendix A7) and those for the three target years of 2015, 2020
and 2031 are shown in Table 2.3 (see Appendix A8).
Since it has not been possible to review Eunomia’s proprietary worksheets for the
calculation of associated emissions, an attempt has been made to replicate this
exercise for the baseline year, based on the waste arisings data shown in Table 2.1
and the emissions factors provided. The results of this exercise are shown in
Appendix A9 and discussed further below in Sections 3.3.1 and 3.3.2
Eunomia has created a series of WRATE UDPs to facilitate the inclusion of a
range of technology configurations and related assumptions in the calculation of
associated emissions. The creation of a UDP involves duplication and
amendment of an existing technology process within the WRATE model, for
example, changes to the energy efficiency of a process or the process emissions
generated. This usually entails a change to the ‘allocation rules’ that determine
how the technology process behaves in the model. The Environment Agency
advises that all UDP processes and LCA scenarios using these processes
(particularly those that are published externally) are subject to peer review in their
own right by an independent third party to provide assurance in the accuracy and
completeness of data. WRATE itself has also been peer reviewed and developed
in conjunction with the International Standard ISO 14040 series for LCA.
It has been confirmed that the WRATE UDPs created have not yet been peer
reviewed in this way. Nor has Arup undertaken this process within the scope of
this particular study (which considers more the overall approach used for
developing the Mayor’s EPS, of which WRATE is a part).
Recommendation 10: WRATE UDPs, which have been created by Eunomia
to facilitate the inclusion of a range of technology configurations and related
assumptions in the calculation of associated emissions, should be subject to
detailed peer review as recommended by the Environment Agency to provide
assurance in the accuracy and completeness of the data.

3.3.1

Emissions Factors for Recycling and Reprocessing

Open and Closed Loop Recycling
Table 2.2 (Appendix 5) provides emissions factors for materials recycled in a
closed loop system (with the exception of food and garden waste where closed
loop recycling is not possible so open loop recycling is assumed based on whether
the material is sent for composting or anaerobic digestion). This is consistent with
the approach used in the Scottish Carbon Metric with the exception of glass, a
proportion of which is assumed to be sent to open-loop recycling. The Scottish
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Carbon Metric makes the distinction between colour-sorted glass and mixed glass
as follows:


Colour-sorted glass is assumed to go to a closed loop recycling system.



For mixed collections, a proportion (56%) is assumed to be sent for container
re-melt (closed loop system) with the remainder (44%) being used as
aggregate replacement (open loop system).42

Other than for food and garden waste, the Whole Waste System EPS deliberately
uses emissions factors for closed-loop recycling in order to encourage waste
authorities to consider methods of collection and treatment that deliver high
quality recyclate for reprocessing. However, complete colour separation of glass
from the municipal, and particularly household, waste stream is likely to be
difficult to achieve. Colour separated glass that is suitable for container re-melt is
most likely to be collected from bottle banks. A WRAP report on quality of
material outputs from MRFs, for example, also states that glass outputs have
proved difficult to use for container re-melt due to non-glass contamination and
cross-contamination of different colours that occurs during co-mingled collection.
Consequently, very little glass output from MRFs goes to contain re-melt
applications, with the majority going to aggregate, despite the increased use of
near-infrared sorting equipment.43
Recommendation 11: Consideration should be given to the practicalities of
achieving 100% colour separation of glass from municipal waste collections
for closed-loop recycling. A similar approach should be adopted as for the
Scottish Carbon Metric, which allows for future extension to take account of
different recycling methods should sufficient waste data become available.
Changes to Previously Published Emissions Data
A revised Appendix 4b to the Mayor’s Draft MWMS has been provided by
Eunomia for review as part of the GLA’s annual monitoring of the development
of the Mayor’s EPS. This is to take account of new information as it becomes
available that is suitable for inclusion within the Mayor’s EPS.
The revised report updates the associated emissions for four of the materials
specified under the recycling and reprocessing waste management activity in
Table 2.1 (Appendix A7). The previous and amended associated emissions are
shown below in Table 2. It has been confirmed that the changes were simply due
to a transposition error of information into the report and not as a result of any
inaccuracies relating to the quantity of waste managed or the individual emissions
factors used.

42

Split is based on information from Valpak.
WRAP (2009) MRF Output Material Quality Thresholds: A Report on Materials Quality
Standards, Quality Measurement Techniques and their Implementation by UK MRFs and
Materials Reprocessors [online] available at
http://www.wrap.org.uk/recycling_industry/publications/mrf_q_thresholds.html (accessed April
2011).
43
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Table 2: Changes to Associated Emissions for the Baseline Year 2008/09
Material

Associated Emissions
(ktCO2eq)
(August 2010 Report)

Associated Emissions
(ktCO2eq)
(February 2011 Report)

Ferrous Metals

-135.00

-80.30

Non-Ferrous Metals

-28.86

-135.00

Plastics

-52.63

-28.86

Textiles

0.03

-52.63

Emissions Factor for Wood
It has been noted that no emissions are shown for wood in Table 2.1 for 33,000tpa
managed in the baseline year (see Appendix A7) although an emission factor from
WRATE has been provided in Table 2.2 (see Appendix A5). It has been
confirmed that the emissions are shown as zero when aggregated to tonnes CO2eq
due to the relatively small tonnage and because the emissions factor is near to zero
(stated as 0.968kgCO2eq/tonne in Table 2.1) relative to other emission factors.
Recommendation 12: This does not impact on the associated emissions for
the baseline year but its omission from Table 2.1 (see Appendix A7) should be
qualified in the report.
Emissions Factors for Open Windrow Composting and Ferrous Metals
When calculating associated emissions from data provided in Table 2.1 (see
Appendix A7) of Appendix 4b to the Mayor’s Draft MWMS and the stated
emissions factors, there appear to be some discrepancies for emissions associated
with individual waste management activities and materials, which are hidden
when figures are aggregated to the net associated emissions figure expressed in
tCO2/tonne of waste managed.
In most cases, the discrepancies are negligible (i.e. +/- 1.0 ktCO2) but those for
open windrow composting and non-ferrous metals appear to be significantly more
different and should be checked for accuracy.
Recommendation 13: It is recommended to verify the emissions factors
reported in Appendix 4b to the Mayor’s Draft MWMS for these material
streams to ensure that the correct figure has been used and/or reported for
the baseline and future target years.

3.3.2

Emissions Factors for Residual Waste Management

It is not clear how the associated emissions for residual waste management in
Table 2.1 of Appendix 4b of the Mayor’s Draft MWMS (which are shown only by
waste management activity) have been calculated using the emissions factors
specified in Table 14 of the same document. Table 14 also does not provide an
emissions factor for MBT, which is stated as a waste management activity in
Table 2.1.
Arup has back-calculated the residual waste emission factors used from the data
provided in Table 2.1 of Appendix 4b to the Mayor’s Draft MWMS and used
these figures to replicate the associated emissions for the baseline year. Taking
into account the issues discussed in Section 3.3.1 (changes to previously published
emissions data and emissions factors for wood, open windrow composting and
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ferrous metals), Arup’s estimated Whole Waste System EPS value of
0.01tCO2eq/tonne waste managed for the baseline year concurs with that
estimated by Eunomia. However, this may or may not be the case further to
verification of the residual waste emissions factors provided, which in turn may or
may not affect the stated Whole Waste System EPS performance levels.
Recommendation 14: It would be helpful to state the exact emissions factors
used for residual waste management (and how these have been transposed
from Table 14) so that this exercise can be replicated to verify the
performance levels of the Whole Waste System EPS for the baseline and
target years.

EB/01 | Issue | 9 May 2011
J:\216000\216075 GLA EPS REVIEW\4 INTERNAL PROJECT DATA\4-04 ARUP REPORTS\04 - FINAL DRAFT REPORT\COMMENTS FROM GLA AND NEW ISSUE DRAFT\EPS
REVIEW - ARUP FINAL REPORT (ISSUED 9 MAY 2011).DOC

Page 23

Greater London Authority

Municipal Waste EPS Review
A Review of the Methodological Approach Used to Develop an Emissions
Performance Standard for the Management of London’s Municipal Waste

4

Findings: Carbon Intensity Floor

4.1

Methodology

4.1.1

Approach to Specifying a CIF

The purpose of the CIF is to provide support for the development of decentralised
energy from waste that is no more carbon intensive than the marginal source of
energy generation being displaced. Marginal energy generation refers to plant
which is most likely to be built or retired (or increase or decrease output) in
response to policies resulting in long-term changes to electricity supply or
demand.
The development of the CIF has assumed that energy generation from waste
would be used to displace heat and power produced by more conventional forms
of energy generation, i.e. electricity for homes and businesses and low-grade
space heating. It has also been assumed that biofuels from waste would be used to
displace carbon intense fossil fuels such as petrol and diesel. In 2008,
decentralised energy accounted for just 2.5% of London’s energy supply, the
majority being mainly from gas (72.8%) and grid electricity (24.7%); the latter
accounted for 50.4% of London’s CO2eq emissions by fuel source in the same
year.
Displacing the Marginal Source of Energy
The approach to using the marginal source of energy generation as that which is
most likely to be displaced is based on information taken from the DEFRA
guidance document, Greenhouse Gas Policy Evaluation and Appraisal in
Government Departments, published in April 2006 (IAG DEFRA Guidance).44
This guidance has been produced by Government’s Inter-Departmental Analysts
Group (IAG) to provide a common approach to the evaluation and appraisal of
GHG policy across Government departments. It is advised for use by
Government departments, agencies and other bodies wishing to produce estimates
of costs and benefits on a consistent basis. Given its intended purpose and
audience, therefore, it should provide a sound basis upon which to base policy
decisions related to the Mayor’s EPS.
Combined Cycle Gas Turbine as the Marginal Source of Energy
The IAG DEFRA Guidance has been updated twice since 2006; the first update of
the same title was published in December 2008 by DECC.45 The second,
Valuation of Energy Use and Greenhouse Gas Emissions for Appraisal and
Evaluation, was published by DECC in June 2010.46 The latter is supported by a
44

DEFRA (2006) Greenhouse Gas Policy Evaluation and Appraisal in Government Departments
(c) Crown Copyright 2006.
45
DECC (2008) Greenhouse Gas Policy Evaluation and Appraisal in Government Departments (c)
Crown Copyright 2008.
46
DECC (2010) Valuation of Energy Use and Greenhouse Gas Emissions for Appraisal and
Evaluation [online] available at
http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx (accessed
April 2011).
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background information document that confirms CCGT as the marginal source of
energy generation until at least 2025, after which the marginal plant is assumed to
be a mix of low carbon generation technologies and CCGT plant, with the relative
share of low carbon technologies in this mix increasing over time and the share of
CCGT decreasing.47
DECC’s consultation on electricity market reform notes that in order to costeffectively meet the Government’s 2050 emissions reductions target, the
electricity sector will need to be largely decarbonised during the 2030s.48 It
assumes that the first type of plant likely to reduce output in response to
alternative forms of energy generation coming on stream will be CCGT.
DECC’s assumptions about the marginal source of energy generation are also
supported by a Poyry report on the impact of wind generation on the British and
Irish electricity markets. Figure 2, taken from the Poyry report, shows how
running regimes for thermal plant may be altered in response to increasing
quantities of wind generation in the market over time (alongside other forms of
electricity generation).49 The same report states that for CCGT particularly, plant
availability will be reduced or require higher maintenance costs when faced with
generation running regimes such as this and thus will become a marginal form of
energy generation.

Figure 2: Annual Average Load Factors for Electricity Generation Plant

It appears correct to assume, therefore, that CCGT over time will no longer
operate as the base load form of energy generation and will be the most likely

47

DECC (2010) Valuation of Energy Use and Greenhouse Gas Emissions for Appraisal and
Evaluation: Background Information [online] available at
http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx (accessed
April 2011).
48
Target to reduce emissions by 80% relative to 1990 levels by 2025.
49
Poyry Energy (Oxford) Ltd (2009) Impact of Intermittency: How Wind Variability Could
Change the Shape of the British and Irish Electricity Markets (Summary Report) July 2009
[online] available at http://www.poyry.com/linked/group/study (accessed March 2011).
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form of power generation to be displaced by new waste to energy generation
capacity in London
Alternative Approaches to Specifying a CIF Performance Level
It has been questioned during discussion with Government stakeholders and based
on industry opinion whether the current specified performance level of
387kgCO2/kWh is an appropriate level for the CIF and can be achieved
technically and/or financially by the waste sector. Further discussion on this is
contained within Section 4.2.2. This is particularly relevant given that CCGT is
considered to be one of the most thermally efficient combustion technologies
available for power generation, which might provide an unfair basis against which
to compare waste to energy technologies.
It has been considered by the GLA whether an alternative approach to specifying
a CIF should be used based instead on the use of average electricity emissions
factors for electricity consumption (also known as system average values or grid
mix carbon intensity).50 Average electricity emissions factors accounts for the
average CO2eq emissions from the National Grid per kWh of electricity and so
take account of all sources of energy generation.
The average electricity emission factor is currently around 452gCO2/kWh which
is higher than for marginal electricity generation (i.e. CCGT) due to the inclusion
of more carbon intense coal power generation.51 Whilst this might be considered
an appropriate basis on which to specify a higher CIF performance level, DECC
advises that average electricity emissions factors should only be used for reporting
the level of emissions associated with electricity use as based on actual or
predicted energy consumption. They are not considered appropriate by DECC to
evaluate the impact that GHG policies might have on future emission levels.
Also, the average electricity emissions factor changes annually as the fuel mix
consumed in UK power stations changes and DECC predicts that, over time this
will reduce on a trajectory towards 200gCO2/kWh (business as usual scenario) at
2030 due to less carbon intense forms of energy generation, such as nuclear and
wind power coming on stream. Thus, average electricity emissions factors would
also provide a less consistent benchmark on which to base the CIF over time
(compared to the marginal electricity emissions factor for CCGT which is
projected to remain constant at 393gCO2/kWh until at least 2025).
DECC states that it will keep emissions factors for different fuel types under
review and will update these as necessary as they are subject to considerable
uncertainty in the long-term, particularly in the electricity sector where it is
unclear what type or mix of generation will constitute future base load and
marginal supply after 2025.52 The use of marginal electricity emissions factors for
50

For electricity supplied in the UK via the public distribution system, two different emissions
factors are used: average electricity emissions factors for electricity consumption and marginal
electricity savings emissions factors, used to evaluate the effectiveness of greenhouse gas policies.
51
House of Commons Energy and Climate Change Committee (2010) Emissions Performance
Standards: First Report of Session 2010-11, Volume I [online] available at
http://www.parliament.uk/business/committees/committees-a-z/commons-select/energy-andclimate-change-committee/publications/ (accessed March 2011).
52
DECC (2010) Valuation of Energy Use and Greenhouse Gas Emissions for Appraisal and
Evaluation [online] available at
http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx (accessed
April 2011).
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the CIF should be kept under review as, beyond 2030, it is possible that the
marginal source of energy generation displaced by a new waste to energy plant
would be CCGT fitted with carbon capture and storage (CCS), although CCS is
still an unproven technology at the current time. This could potentially reduce the
average carbon intensity of CCGT to around 50-100gCO2/kWh.53 This implies
that waste to energy plant might require the retrofit of CCS equipment although
this is unlikely to be feasible for such types of facilities.
Consideration has also been given to whether there are existing mechanisms
within the waste sector itself that could be used to achieve the same policy
outcomes as the CIF. Annex II of the EU Waste Framework Directive, for
example, specifies that the thermal treatment of municipal waste may be classed
as a recovery operation (R1: use principally as a fuel or other means to generate
energy) providing that 65% of the energy generated from the process is used
(excluding parasitic load). This level of efficiency would typically require the use
of heat generated, which could act as a driver to the use of combined heat and
power (CHP) systems to provide decentralised and low carbon / renewable
energy. There is no legislative requirement, however, for facilities to specifically
meet this recovery standard (those that do not simply being classed as disposal
operations). The R1 recovery standard also applies to individual facilities,
whereas the CIF considers the carbon intensity of the energy generated from
waste (which may be managed at more than one facility).
Recommendation 15: Based on a review of alternative approaches to
specifying a performance level for the CIF, it is considered appropriate to
continue to use the marginal emissions approach over average electricity
emissions.

4.1.2

Setting a Performance Level for the CIF

For the purpose of developing the Mayor’s EPS, it has been assumed that CCGT
has a carbon intensity of 387gCO2/kWh of electricity produced. This figure,
which has been used to set the performance level of the CIF, has been calculated
by Eunomia on the basis of a modern CCGT power station with an assumed
generation efficiency of 55% and calorific value of 39MJ/m³ for natural gas.
Background information to DECC’s updated 2010 IAG guidance specifies a
marginal electricity emission factor of 0.3939kgCO2/kWh (or 393gCO2/kWh) for
CCGT up to 2025, which is higher than the current specified level of the CIF.54
This is said to reflect DECC’s current assessment of the emissions associated with
electricity generation using CCGT. Marginal electricity emissions factors reflects
the emissions of the marginal plant that is likely to be built or retired in response
to policies resulting in long-term changes to electricity supply or demand. The
marginal electricity emissions factor for CCGT would also appear suitable for use
within the context of the CIF given that DECC advises the use of such factors to
assess the impacts on CO2eq emissions savings or increases that might occur as a
result of GHG policy implementation.
Other research conducted during the course of this review also suggests that there
are a higher range of values upon which the CIF could be based. Carbon intensity
53

It is a planning condition that all new CCGT plant has to be capable of CCS retrofit.
See page 9 of DECC’s Valuation of Energy Use and Greenhouse Gas Emissions for Appraisal
and Evaluation: Background Information.
54
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values for all types of power generation are highly variable and the electricity
emissions value specified for an individual CCGT plant may be higher or lower
than that specified by DECC. For example, variations in the carbon intensity level
for CCGT may occur due to:


Whether being considered as an annual emissions, lifetime or instantaneous
emissions factor;



Depending on the source of fuel use – for example, a Parsons Brinkerhoff
report suggests a range of 320-380gCO2/kWh for CCGT using UK natural gas
and 340-410gCO2/kWh for CCGT using imported liquid natural gas; and55



The country in which the plant is operating – carbon intensity values for
CCGT in other countries are reported as 450gCO2/kWh (Sweden) and
472gCO2/kWh (Finland).56

DECC has also reported difficulties in specifying a single performance level for
the Government’s EPS for power generation and, as part of the Government’s
consultation on energy market reform, has proposed two options on the level of
the EPS to lessen the burden on the energy market.57 Given that stakeholders
have identified that the current specified level of the CIF might be challenging to
achieve by the waste sector, it is recommended that the modelling work, being
undertaken by others in parallel with this review, should be used to inform the
specified performance level of the CIF such that it is set at a level which is both
technically and financially achievable by the municipal waste sector. This would
also help to ensure that London can meet its waste management needs as a
primary concern.
Recommendation 16: The specified level of the CIF should be raised to at
least 393gCO2/kWh for consistency with DECC’s latest IAG guidance. It is
also recommended that the specified performance level of the CIF is reviewed
further based on a review of a range of values for the marginal source of
electricity generation (CCGT) and as a result of SLR’s additional modelling
work being undertaken for a range of waste management and energy from
waste options.

4.2

Measuring Performance against the CIF

Performance against the CIF cannot be measured directly within WRATE but
Eunomia has created a step-by-step methodology for doing so using data and
assumptions contained within the WRATE model.58 Although not currently
contained within Appendix 4b to the Mayor’s Draft MWMS, it is recommended to
include this with a fully worked-through example to illustrate how performance
against the CIF can be calculated should waste authorities wish to do so using
information from WRATE. Reference should also be made to SLR’s GHG

55

Parsons Brinkerhoff (2009) Powering the Future: Mapping our Low-Carbon Path to 2050 (Full
Report) [online] available at http://www.pbpoweringthefuture.com/ (accessed March 2011).
56
European Union ExternE Project.
57
DECC is proposing a level set either at 600gCO2/kWh or 450gCO2/kWh for plant operating at
base load.
58
This is because WRATE cannot provide the emissions associated with energy generation from a
single plant; it only provides these results for LCA modelling (headline results).
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calculator tool that will enable waste authorities to input municipal waste
management and determine performance against the Mayor’s EPS.

4.2.1

Scope of Emissions Considered

In measuring performance against the CIF, emissions are considered in terms of
those associated with the generation of energy from local authority collected
municipal waste only. The range of technologies that could be used to generate
energy from waste and to which the CIF would apply is not defined in either the
Mayor’s Draft MWMS or Appendix 4b to the Mayor’s Draft MWMS. However,
discussions with the GLA reveal that it is likely that emissions from all types of
technology used to generate energy from waste could be considered – with the
exception of landfill gas capture and utilisation. The specific technologies
considered by Eunomia in its initial modelling of the CIF include:


Incineration (electricity only and CHP);



Gasification / pyrolysis (electricity only and CHP); and



Anaerobic digestion (use of biogas to generate heat and power).

Emissions associated with the following waste management activities are
excluded for the purposes of meeting the CIF:


Materials capture and subsequent reprocessing;



Fuel preparation (MBT and autoclave);



Reject streams sent to landfill; and



Other landfill.

The CIF does not include emissions associated with fuel preparation or any
subsequent landfill of materials arising from the process. In the case of fuel
preparation, this approach is consistent with the scope of emissions considered by
marginal and average electricity emissions factors for other forms of power
generation. For example, marginal electricity emissions factors for gas and coal
do not include emissions from the production or delivery of fuel to power stations
(e.g. from gas rigs, refineries and collieries). All other emissions, such as those
associated with landfill, for example, are addressed within the Whole Waste
System EPS anyway.
Use of Biogas from Anaerobic Digestion
There appear to be inconsistencies between Appendix 4b of the Mayor’s Draft
MWMS and Policy 2 of the Mayor’s Draft MWMS with respect to the interface
between anaerobic digestion and the CIF. Policy 2 of the Mayor’s Draft MWMS
states that emissions associated with the use of biogas from anaerobic digestion
can be used as part of a portfolio of waste to energy options to offset the
performance of thermal waste to energy facilities treating more carbon intense
residual waste feedstock. Thus, the net performance of all waste to energy
facilities would be modelled to assess performance against the CIF.
Contrary to this policy position, Appendix 4b of the Mayor’s Draft MWMS states
there does not appear to be a sound evidence base for inclusion of anaerobic
digestion within the scope of the CIF. Further to discussion with both Eunomia
and the GLA on this point, it has been confirmed that anaerobic digestion will be
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included in this way. Not only does this approach provide further flexibility for
waste authorities to choose how to meet the specified CIF performance level but it
is also in line with the GLA’s policy stance to be technology-neutral and nonprescriptive in the way that the Mayor’s EPS is to be met.
Recommendation 17: The additional benefit of allowing biomass to be treated
using anaerobic digestion is that it would contribute both to the Whole Waste
System EPS (i.e. bulk of emissions reduction to be met through materials
recycling and reprocessing, including anaerobic digestion) and the CIF, in
terms of off-setting more carbon intense forms of waste to energy generation.
It is noted, however, that this approach has not been modelled to date and
should be verified in future modelling of CIF scenarios.
The promotion of energy from waste using anaerobic digestion is a key feature of
Government proposals being considered under its waste policy review. Anaerobic
digestion is also considered within the scope of ‘waste to energy’ in the context of
contributing to the Mayor’s decentralised energy targets for London. Thus, whilst
the GLA’s decision to include anaerobic digestion within the scope of the CIF is
supported, this should be made clear within all supporting documents to the
Mayor’s Draft MWMS.
Recommendation 18: Appendix 4b should be updated to make reference to
the inclusion of anaerobic digestion within the scope of emissions to be
measured against the CIF.
Use of Biogas from Landfill Gas Capture
Further to the inclusion of anaerobic digestion within the CIF definition of
‘emissions associated with generation of energy from waste’, it might also be
considered as to whether landfill gas capture and utilisation might be included; for
example, biogenic carbon emissions from landfill gas utilisation schemes in
London (such as Beddington Landfill Power in Croydon) might be used to offset
those of fossil carbon from other forms of waste to energy plant, in the same way
that those from anaerobic digestion might be used. There is also still a role for
landfill gas utilisation as a contributor to decentralised and renewable energy
supply. For example, Table 5.1 of the Draft Consultation Replacement London
Plan (installed energy capacity generated from renewables) includes landfill gas in
addition to anaerobic digestion, gasification/pyrolysis and incineration plant.
On balance, Arup principally agrees with the GLA’s conclusions not to consider
landfill gas capture within the context of the CIF on the basis that it does not wish
to encourage a perverse incentive for waste authorities to favour landfill gas
capture with energy generation over other solutions. This would also be contrary
to the Mayor’s London Plan objective to work towards zero waste to landfill by
2031. It has been confirmed also that the CIF will only apply to new waste
contracts, which are likely to involve the procurement of new waste infrastructure
solutions by waste authorities for municipal waste management. It is, therefore,
unlikely that there would be further reliance on sending untreated waste to landfill
(emissions associated with reject material from fuel preparation, for example, are
excluded).
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Biogenic Carbon and Heat
Performance measurement against the CIF is in terms of the impacts associated
with energy generated from the fossil carbon content within the waste, such as
plastics for example, and emissions associated with the parasitic load of the
facility. Emissions associated with the biogenic carbon (for example, those
associated with food waste and paper/cardboard) content of the waste are zero
rated and the benefits of heat production are taken into account.59 This is
consistent with the approach taken to residual waste thermal treatment in the
Scottish Carbon Metric and EPE Protocol.
Transport Fuels
The scope of the CIF includes transport fuels where these are used to displace
carbon intense fossil fuels such as petrol and diesel. It is assumed that authorities
producing liquid or gaseous biofuels from waste will meet the CIF if there is a
minimum of 50% biomass in feedstock sent for processing but no clear
justification has been provided for this within Appendix 4b. On the basis of
further discussion with Eunomia, it is understood that this level has been set in
accordance with the 50% maximum level of the renewable energy content that can
be declared by a generator to obtain Renewables Obligation Certificates (ROCs)
from the Office of Gas and Electricity Markets (Ofgem) without any direct
measurement to reflect a conservative estimate of the typical composition of
municipal waste.60
Recommendation 19: Further clarity is required with respect to how
transport fuels are considered within the context of the CIF and particularly
in relation to the biomass content that would be required to meet the
specified performance level.

4.2.2

Achievability of the CIF

The ability to meet the CIF depends on three variables:


Core generation technology employed (e.g. primarily considered in Eunomia’s
modelling as combustion or gasification, plus for the latter, whether this is
steam turbine or gas engine);



Biomass content of feedstock supply; and



Whether feedstock is left untreated or processed into a solid recovered fuel
(SRF) before being processed in a waste to energy facility.

Eunomia has undertaken some indicative modelling to assess under what
circumstances the CIF might be met when varying these three factors. WRATE

59

Heat produced is assumed to displace domestic gas boilers (conventional boilers with 87%
thermal efficiency) for domestic dwellings (space heating and hot water). Assumed that heat is recirculated in periods of no/low heat demand which increases % electrical efficiency. Annual load
factor of 60% assumed.
60
Ofgem can award ROCs on up to 50% of the total energy content of MSW fuel stream to
operators that satisfy evidential requirements without necessarily having to directly measure the
renewable energy content of the waste. Where an operator wishes to claim ROCs on more than
50% of the total energy content of the waste fuel stream, they may need to directly measure the
renewable energy content of the waste.
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has been used to create a series of technology user-defined process to facilitate
this process as follows:


Incineration (electricity only and CHP);



Gasification with steam turbine (electricity only and CHP); and



Gasification with gas engine (electricity only and CHP).61

The results of this work are presented in Table 3.1 and Table 3.2 of Appendix 4b
to the Mayor’s Draft MWMS (see Appendix A10).
Biomass Content
The modelling undertaken by Eunomia indicates that a high proportion of the
calorific value of both untreated waste and SRF is required to come from biomass
in order to meet the CIF. Generally, this figure is above 50% but varies according
to the generation technology employed, the nature of the feedstock (untreated
municipal waste or SRF) and the assumed energy generation efficiency of a waste
to energy facility. As stated above, Ofgem assumes that waste contains 50%
biomass in the absence of any direct measurement data. However, the Renewable
Energy Directive states a value of 62.5% and recent, as yet unpublished research
by DEFRA, indicates that this might be as high as 68%. There is a risk that the
biomass content of untreated municipal waste and/or SRF may drop over time as,
for example, more paper, cardboard, kitchen and food wastes are recovered
through materials recycling and reprocessing. However, reprocessing does also
include use of anaerobic digestion technology which, as outlined, in Section 4.2.1,
could be used to offset the emissions associated with generation of energy from
fossil carbon in other types of waste to energy plant.
Table 3.3 of Appendix 4b to the Mayor’s Draft MWMS (see Appendix A11)
shows that as recycling and composting rates increases, the calorific value of
residual waste that is derived from biomass decreases. The biomass content may
be refined either through the front-end removal for recycling of high embodied
carbon materials such as plastics. Alternatively, it might be necessary for waste
authorities to pre-treat residual waste to refine inputs using MBT and/or require
CHP to meet the CIF. However, using MBT solutions to refine and improve the
biomass content of SRF may result in higher reject rates with material
subsequently being disposed to landfill. The implications of removing biomass
content from the residual waste fraction to meet recycling and composting targets
is discussed further in Section 6.
Use of Combined Heat and Power
There are two waste to energy facilities operating in the Greater London regional
area:


Edmonton Energy Centre, operated by London Waste Ltd in the London
Borough of Enfield; and



South East London Combined Heat and Power (SELCHP), operated by Veolia
Environmental Services in the London Borough of Lewisham.

61

Each WRATE scenario models one tonne of default waste composition (DEFRA 2007
municipal waste composition for England) using an electricity mix based on 100% CCGT with an
efficiency of 47.6%.
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Neither facility is currently producing combined heat and power and, although the
SELCHP facility is CHP enabled, district heating arrangements have never been
realised to date. A third facility, the Riverside Resource Recovery Facility at
Belvedere in the London Borough of Bexley, is still being commissioned by Cory
Environmental Ltd and will eventually process waste from the Western Riverside
Waste Authority and City of London. The plant is CHP-enabled but an outlet is
still required for the heat output. A report commissioned by Cory Environmental
Ltd reports that the density of heat consumers in the local area is much lower than
is typical for district heating schemes in the UK.62
This illustrates the complexities in finding and connecting to suitable heat outlets
even though there does not appear to be any difficulties in constructing waste to
energy facilities that are CHP-enabled. In line with the London Plan objective to
manage as much of London’s waste within London as practicable, consideration
should be given to the availability of local heat markets and issues around site
selection and the planning regime for waste to energy facilities to connect to
proposed or existing heat networks.
These issues are being addressed to an extent through the delivery of two key
programmes, which have been developed to help facilitate the delivery of largescale CHP systems within London. These are:


Decentralised Energy Masterplanning Programme (DEMaP): a resource
developed to help facilitate and accelerate delivery of decentralised energy
projects across London. Its purpose is to help London boroughs and the
commercial sector to develop energy masterplans that can be used to identify
opportunities and develop the business case on which deliverable projects can
be funded.



London Heat Map: an online, geographic information system (GIS)-based
system that allows users to identify opportunities for decentralised energy
projects in London. The system provides spatial intelligence to help relevant
to the identification and development of decentralised energy opportunities
including energy consumers, existing community heating networks and energy
demand density.

Biossence Limited, which is currently developing a CHP-enabled gasification
facility (the East London Sustainable Energy Facility in Dagenham, East London)
is currently looking at opportunities to sell heat to the proposed London Thames
Gateway Heat Network in Dagenham. The plant will process 98,000 tonnes per
year of SRF under a long-term fuel supply contract from the nearby Frog Island
and Jenkins Lane MBT plants operated by Shanks East London, using residual
municipal waste provided by East London Waste Authority. The plant will
generate 18-20MW of electrical power and around 10MW of thermal power, with
the electricity being exported to the National Grid via a connection to the local
EDF distribution network.63
Thus, the DEMaP and London Heat Network programmes have the potential to
support the selection of appropriate waste to energy sites in London although no
assessment has been made of their effectiveness to date.64
62

Based on research conducted by PB Power and reported at
http://www.coryenvironmental.co.uk/page/rrrcasestudy6.htm.
63
http://www.sustainablelondon.co.uk/new/facility.php
64
Also not considered within the scope of this review.
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5

Other Findings

5.1

Definition of Municipal Solid Waste

The definition of waste used in the context of the Mayor’s EPS is local authority
collected municipal solid waste. A decision was taken by the EPS Steering Group
not to use the new definition of municipal solid waste as data on other wastes
outside of the current scope is not sufficiently reliable. However, the GLA
considers that should this data improve, there may be a case in the future to
expand the scope of the Mayor’s EPS to other wastes.

5.2

Review Cycle and Data Quality

The Mayor’s Draft MWMS states that the Mayor is required to keep his MWMS
under review and will publish an annual monitoring report on the progress of his
polices and proposals. The Mayor’s Draft MWMS further states that London’s
performance against the Mayor’s EPS will be monitored and reported annually.
However, there is no specific reference to a periodic review cycle having been
established to reassess the scope, methodology and assumptions used within the
Mayor’s EPS in the future. Ongoing review will be required given the horizon of
the Mayor’s policy objective and targets to 2031. DECC plans to review its EPS
on a three-year cycle (next review due end 2012) and the Scottish Carbon Metric
has specified a five-year review cycle.
Recommendation 20: An established review process should be set out to
reassess the adequacy of the scope, methodology and assumptions used
against future changes in policy, technology and data availability. The
review process should also consider the use of data quality standards for
inclusion of information within the Mayor’s EPS at a later date.

5.3

Presentation of Methodology and Terminology

It is not immediately clear, from either the Mayor’s Draft MWMS or Appendix 4b
to the Mayor’s Draft MWMS, that the Whole Waste System EPS and CIF are
designed to be met simultaneously although it has been confirmed through further
discussion with the GLA that waste authorities would need to meet the
performance levels for both constituent parts together.
Recommendation 21: It would be of benefit to the intended audience to set
out a step-by-step approach to the methodology used for developing the
Mayor’s EPS and to show how the Whole Waste System EPS and CIF are
designed to be met together.
Consistency is also required with respect to the use of terminology and EPS
metrics used throughout Appendix 4b to the Mayor’s Draft MWMS. For
example, the Whole Waste System EPS is sometimes also referred to as the Core
EPS. A small number of inconsistencies were also found with respect to the use
of metrics for both the Whole Waste System EPS and CIF; for example:
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Page 7 refers to a Whole Waste System EPS of -0.3kgCO2/tonne in 2015 but it
has been confirmed that the EPS should be -0.3tCO2/tonne for that year.



Page 15 refers to a CIF of 387gCO2/kWh but then goes on to state that
performance must be expressed as kgCO2/kWh. Again, it has been confirmed
that the performance level of the CIF should be expressed as gCO2/kWh.

Recommendation 22: To avoid any confusion, Appendix 4b of the Mayor’s
Draft MWMS should be revised to ensure that consistent terminology and
metrics are used with respect to both the Whole Waste System EPS and CIF.

5.4

Intended Audience of the Mayor’s EPS

It is assumed that the intended audience of the Mayor’s EPS is Joint and Unitary
Waste Disposal Authorities although this is not explicitly stated in either the
Mayor’s Draft MWMS or Appendix 4b to the Mayor’s Draft MWMS. There also
needs to be further clarity on the requirements of Waste Collection Authorities
with respect to the need for developing waste collection strategies that enable both
parts of the Mayor’s EPS to be met.
Recommendation 23: Clarity should be provided as to those organisations
that are directly and indirectly affected by the Mayor’s EPS.

5.5

Application of the Mayor’s EPS

It has been confirmed that there will not be any retrospective application of the
Mayor’s EPS to existing contracts, such that a grandfathering rule will be
applied.65 This means that existing contracts would be exempt from the need to
comply with the Mayor’s EPS. This would appear to be a sensible approach,
particularly with respect to the CIF where some waste authorities have recently
entered into long-term contracts for the treatment and disposal of residual waste
using methods that may not enable the specified performance level to be met.
This is consistent with the approach being used by Government, for example, with
the EPS, which will apply only to new power stations on the date of consent.
It is not clear, however, either within Policy 2 of the Mayor’s Draft MWMS or
Appendix 4b to the Mayor’s Draft MWMS, whether the performance levels
specified by each constituent part of the Mayor’s EPS are intended as benchmarks
or a required standard that must be met by waste authorities. Furthermore, the
consequences of not meeting the Mayor’s EPS do not appear to have been
communicated to the intended audience.
Recommendation 24: Confirmation is required as to whether the Mayor’s
EPS will apply as a benchmark or required standard for waste authorities
and the consequences of not being in ‘general conformity’ with Policy 2 of the
Mayor’s Draft MWMS. It would help also to explain that the Whole Waste
System EPS changes on a trajectory over time whilst the CIF is intended as a
static target (or until such time as there might be a strong reason to revise the
specified performance level of the CIF).66
65

Grandfathering is a term used to describe a situation in which an old rule continues to apply to
some existing situations, while a new rule will apply to all future situations.
66
The Whole Waste System EPS changes on a trajectory over time according to the projected
quantities of municipal waste required to be managed in the future at 2015, 2020 and 2031.
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6

Policy Considerations

6.1

Emissions Reduction Targets

Emissions reductions targets for London are set out in the Mayor’s Draft Climate
Change Mitigation and Energy Strategy and are shown in Table 3 below,
alongside those set nationally within the UK and for European Member States.
These are emissions reductions required against 1990 baseline levels.
Table 3: CO2eq Emissions Reduction Targets
Year

Greater London

United Kingdom67

European Union68

2015

20%

28%

-

2020

38%

34%

20%

2025

60%

-

-

2030

-

-

-

2050

80%

80%

-

In terms of contribution to energy policy, only the CIF is relevant to emissions
reductions targets for London, which cover only direct (Scope 1) and indirect
(Scope 2) emissions of carbon dioxide associated with energy generation.69 The
CIF would only contribute to these targets in the sense that the emissions
associated with the generation of energy from waste should be no more carbon
polluting than the marginal source of energy being displaced, i.e. should limit any
potential increase in emissions. However, it is not possible to comment on the
level of this contribution of CIF to reducing emissions from energy from waste
since this has yet to be determined by the GLA. Consequently, it is also not
possible to comment on its contribution to national and European targets for
emissions reductions.
The Mayor’s emissions reduction targets do not include ‘Scope 3’ emissions,
which would include those associated with waste management activities other
than the generation of energy from waste (e.g. emissions savings that might occur
through changes to waste-related transportation and non-energy generating
activities). Emissions from sectors including agriculture, waste, industrial
processes and international transport are currently outside of the scope of
emissions reductions required to meet the UK’s target as shown in Table 3.
However, Government’s 2050 Pathway Analysis, which examines different
scenarios for meeting these targets, concludes overall that reductions in emissions
from waste (and other sectors) will be necessary by 2050.70 Thus, the Whole
Waste System EPS would appear to be an effective driver for London’s municipal
waste management to become a net reducer of CO2eq emissions, potentially

67

UK Climate Change Act 2008 requires a reduction in GHG emissions of 34% by 2020 and 80%
by 2050, relative to 1990 baseline levels.
68
European Union 20-20-20 Commitment requires 20% renewable energy supply by 2020, a 20%
reduction in GHG emissions relative to 1990 baseline and 20% less energy consumption.
69
According to the Mayor’s Draft Climate Change Mitigation and Energy Strategy, Scope 1
emissions are those associated with the direct combustion of energy and Scope 2 emissions are
those associated with the generation of purchased electricity.
70
HM Government (July 2010) 2050 Pathway Analysis (c) Crown Copyright 2010.
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contributing further to the Mayor’s emissions reduction targets for London should
Scope 3 emissions be included at a future point in time.71

6.2

Decentralised and Renewable Energy Supply

Decentralised and Renewable Energy Supply in London
Delivery of decentralised energy is a key policy objective of Mayor’s Climate
Change Mitigation and Energy Strategy, within which he has set a target for 25%
of London’s energy to be generated from decentralised sources by 2025
(equivalent to around 23TWh).72
Decentralised energy is defined by the Mayor’s Draft Climate Change Mitigation
and Energy Strategy as the provision of low carbon and renewable heat and power
generation within London. Thus, the contribution of London’s municipal waste to
supplying decentralised energy would be the same as that for low carbon and
renewable energy supply.
Table 4 shows that, in 2025, London will require an energy supply equivalent to
91TWh net of anticipated energy efficiency measures. Of this amount required,
25% (23TWh) is expected to come from decentralised sources of energy, of which
23% (5.3TWh – or 6% of London’s overall energy supply) is expected to be
provided by London’s energy from waste.73
Table 4: Estimated Energy Supply Required for London in 2025
Estimated Supply
Required

Proportion of
London’s Energy
Supply

Proportion of
Decentralised Supply

London’s Energy
Supply

91TWh

-

-

Decentralised Energy
Supply

23TWh

25%

-

Waste to Energy
Supply

5.3TWh

6%

23%

Waste to energy in this context refers to all types of waste management
technologies that have the potential to generate heat and power and transport fuel.
This includes waste to energy technologies, such as anaerobic digestion,
gasification/pyrolysis, incineration and landfill gas. The contribution of each type
of waste to energy technology is shown in Table 5.1 of the Draft Consultation
Replacement London Plan (installed energy capacity generated from renewables)
(see Appendix A12). It has been confirmed by the GLA that waste to energy in
this context also includes that which would be generated from commercial and
industrial waste. The GLA has commissioned a further study to assess and update
71

Based on the associated emissions calculated under the Whole Waste System EPS (see
Appendix A8), the GLA estimates net GHG emission savings from municipal waste management
for each of the three target years as follows: 1.2mtCO2/annum in 2015; 1.4mtCO2/annum in 2020;
and 1.6mtCO2/annum in 2031.
72
Greater London Authority (2010) Delivering London’s Energy Future: The Mayor’s Draft
Climate Change and Energy Strategy for Public Consultation [online] available at
http://www.london.gov.uk/priorities/environment/climate-change/climate-change-mitigationstrategy (accessed March 2011).
73
Personal Communication with GLA Climate Change Mitigation and Energy Team, March 2011.
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the potential for decentralised energy generation in London, which will be used to
update the energy supply data in the Mayor’s Climate Change Mitigation and
Energy Strategy.74 It has not been possible to determine (within the scope of this
review) the exact nature of the contribution of the CIF to decentralised energy
supply within London. This is because:


The scope of waste to energy facilities considered within the scope of
decentralised energy provision is greater than that covered by the CIF (e.g.
landfill gas capture is included);



The 23% contribution of waste to energy shown in Table 4 includes all waste,
from both municipal, and commercial and industrial sources, whereas the CIF
covers just municipal waste; and



The CIF applies to the emissions associated with the energy generated from
waste regardless of the location of the facility. Not only is this potentially at
odds with the London Plan objective to manage as much of London’s waste
within London as practicable, but the potential to generate energy from
London’s municipal waste within London may not actually be realised.
However, there are potentially greater opportunities within London for the
establishment of CHP networks that might be required for waste authorities to
meet the CIF. It is also anticipated that the recommendation to include wasterelated transport impacts within the scope of the Whole Waste System EPS
(see Recommendation 8 in Section 3.2.4) would act as a further incentive to
reduce emissions from waste-related transport and manage as much of
London’s waste within London as practicable.

Renewable Energy Supply Policy in the European Union and UK
The European Union’s Renewable Energy Directive stipulates a target to achieve
20% of energy and 10% of transport fuels from renewable sources by 2020.
Within the UK, the Renewables Obligation (RO) is the main support scheme for
renewable electricity generation projects in the UK. It places an obligation on UK
suppliers of electricity to source an increasing proportion of their electricity from
renewable sources, including the biomass content of municipal waste.
Renewables Obligation Certificates (ROCs) are issued to accredited generators for
each megawatt hour (MWh) of electricity generated from renewable fuels (such as
the biomass content of waste) and supplied to customers within the UK. The RO
Scheme currently provides support for both renewable electricity and ‘good
quality renewable heat’ from CHP, although consideration is being given to
transferring support for heat generation from the RO to the Renewable Heat
Incentive (RHI). Generation of heat from the biomass content of waste would be
eligible for support under the RHI as electricity production would be under the
RO Scheme.75 The future of support mechanisms for renewable heat will take
74

Due for release in June 2011. The review will be consistent with the DECC Renewable and
Low Carbon Energy Capacity Methodology for assessing opportunities and constraints for
deployment of renewable and low-carbon energy deployment. It will make recommendations for
updated targets for installed energy capacity and energy delivered from renewable and low carbon
sources for the London region and quantify the potential for large-scale renewable deployment in
London by the installation of heat networks.
75
Eligible waste feedstock for combustion, gasification and pyrolysis will be limited to solid
biomass from municipal waste including SRF. Tariffs will also apply to heat generated by the
combustion of biogas from AD.
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place within the current RO Banding Review, with any changes due to come into
effect in 2013.76
Thus, the RO and/or RHI would provide an incentive to the production of a high
biomass content feedstock for the generation of energy from waste and use of
CHP, which as shown by Eunomia’s indicative modelling, would be likely to
meet the CIF. Alternatively, the use of biogas from anaerobic digestion to
generate heat and power would also qualify for support under the RO and RHI.
The likely contribution of London’s municipal waste to meeting UK and
European Union targets for renewable energy generation is currently unknown but
will be dependent on the amount of biomass within the feedstock being used for
energy generation purposes.

6.3

Recycling and Composting Targets

Recycling and composting targets applicable to municipal waste management in
London are shown in Table 1 (see Section 1.3).
The Whole Waste System EPS has been modelled by Eunomia on the basis of
collection and treatment scenarios that would meet the Mayor’s recycling and
composting targets for 2015, 2020 and 2031. Eunomia states that it should be
possible to simultaneously meet the Whole Waste System EPS level and the
Mayor’s recycling and composting targets on the basis that the bulk of emissions
reductions required to meet the Whole Waste System EPS must be delivered by
materials recycling and reprocessing. It is reasonable to assume, therefore, that if
waste authorities are theoretically able to meet both the Whole Waste System EPS
alongside specified recycling and composting targets for London then, by default,
they should meet those set by the Waste Strategy for England 2007 and EU Waste
Framework Directive. However, it is likely that authorities would be required to
collect a mix of high embodied carbon materials (such as plastics and non-ferrous
metals) and heavier materials (such as glass) to meet the specified EPS level
alongside recycling and composting targets.
Eunomia’s modelling has shown that a system focused on collection of high
embodied carbon materials would meet the Whole Waste System EPS levels but
not necessarily weight-based targets. This would also lessen the fossil carbon
content of the residual waste being used to generate energy, making the CIF
potentially easier to achieve. This could enable both the Whole Waste System
EPS and CIF to be met together but not necessarily weight-based targets for
recycling and composting.
To date, Eunomia’s modelling has focused on the modelling of the Whole Waste
System EPS and CIF in isolation of each other. It is unclear at this stage,
therefore, as to whether both constituent parts of the Mayor’s EPS can be met
together and in conjunction with weight-based recycling and composting targets.
Furthermore, which types of waste management scenario would be preferable for
meeting all three requirements and whether this is achievable both technically and
financially. For example, as biomass content is potentially drawn out for
recycling and reprocessing, the biomass content of the residual waste would
decrease. Conversely, production of a high-biomass residual fraction to meet the
76

DECC (2011) Renewable Heat Incentive [online] available at
http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/energy_mix/renewable/policy/inc
entive/incentive.aspx (accessed April 2011).
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CIF would potentially impact on meeting weight-based targets, particularly with
respect to meeting the Mayor’s recycling and composting target for 2031 (60%)
although this is ‘aspirational’ and not set as a target nationally or by the EU Waste
Framework Directive.
DEFRA’s Waste Policy Unit has confirmed that it supports the approach of the
Mayor’s EPS to achieve the best environmental outcomes (in carbon terms)
provided that weight-based recycling and composting targets are not
compromised; furthermore that it is likely to be complimentary to reforms that
may be implemented as a result of the forthcoming Waste Policy Review for
England.77
It is therefore essential that the Mayor’s EPS is compatible with weight-based
recycling and composting targets for 2015 and 2020, which align with those set
nationally for England and by the European Union. However, the target for
London to achieve 60% recycling and composting by 2031 is an ‘aspirational’
one, downward revision of which would lead to a less stringent Whole Waste
System EPS requirement for that year and provide greater flexibility in meeting
both the CIF and Mayor’s recycling and composting targets.
It is not known whether a 60% recycling and composting target will be set by
Government. However, it is understood from discussions with DEFRA
(conducted as part of this review) that the Waste Policy Review for England will
signal the future development of a carbon metric for waste management activities.
However, DEFRA may not yet go as far as the Mayor in determining how such a
metric would be developed and on what basis it would apply to different types of
waste management activities. To this end, the Mayor’s EPS is ahead of national
waste policy but mindful of the need to comply with existing national and
European weight-based recycling and composting targets.

77

Personal Communication with DEFRA Waste Policy Unit, March 2011.
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7

Conclusions

7.1

Scope and Purpose of Review

Arup has reviewed the scope, methodology and detailed assumptions used for
developing the Mayor’s EPS, the purpose of which is to achieve the best
environmental outcomes (in carbon terms) for the management of London’s
municipal waste. A series of 24 recommendations have been made, summarised
in Section 8, which will be considered by the GLA for immediate or future action
in terms of further refining the Mayor’s EPS. In some case, the recommendations
make reference to the additional modelling work that has been undertaken by SLR
in parallel with this review. The outcomes of both pieces of work should,
therefore, be considered together to further develop the Mayor’s EPS.

7.2

Strategic Considerations

At a strategic level, the Mayor’s policy objective to develop an EPS for municipal
waste management is consistent with, if not ahead of, emerging national waste
policy. DEFRA’s waste policy unit, for example, has indicated that it will be
considering the development of a carbon metric to be implemented nationally
alongside recycling and composting targets. The challenge for waste authorities,
however, will be in meeting the specified performance levels of the Mayor’s EPS
(both Whole Waste System EPS and CIF) alongside statutory recycling and
composting targets for 2015 and 2020 (and the Mayor’s aspirational target to
achieve 60% recycling and composting for 2031). To date, it does not appear that
any modelling has been undertaken to demonstrate how all three components can
be achieved in a way that is both technically and financially achievable, although
it is likely that this will be informed further by the outcomes of SLR’s additional
work.
In terms of contribution to energy policy, the CIF will be the main contributor
with respect to provision of decentralised and renewable energy supply. It should
also help to limit any potential increase in emissions relative to the source of
energy being displaced with that from waste to energy facilities. However, it has
not been possible to determine exactly the degree of contribution to relevant
energy policy and targets within the scope of this particular review. Emissions
reductions that would be achieved by the Whole Waste System EPS are not
currently considered within the scope of emissions reductions for London but
have the potential to make a contribution to these targets in the future nonetheless.

7.3

Methodology, Scope and Assumptions

Overall, the methodology used for developing each constituent part of the
Mayor’s EPS appears fit for purpose given the availability of information and
tools available to help determine greenhouse gas emissions from waste
management activities. However, some further refinement of the scope and
methodological approach used is required to ensure that the Mayor’s EPS is both
technically and financially achievable by London’s waste authorities.
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Whole Waste System EPS

A life-cycle assessment approach for the development of the Whole Waste System
EPS is similar to other methods that have been developed to quantify emissions
from waste management activities, namely the WRATE model itself and the
Scottish Carbon Metric, which also uses WRATE. The key recommendations
made are in relation to the scope of emissions considered within the life cycle
assessment (LCA) approach that has been used to specify the performance levels
of the Whole Waste System EPS.
The GLA’s decision to include re-use activities as a waste management option as
and when suitable emissions factor data becomes available is supported provided
that consideration is given to the system boundaries of the LCA studies used to
provide the information required. This would enable waste authorities to benefit
from the avoided emissions of re-use activities within the scope of meeting the
Whole Waste System EPS performance levels.
It is also recommended that emissions from waste-related transportation should be
included such that waste authorities can benefit from the potential emissions
reductions associated with methods of rail and river transportation. Furthermore,
than an approach similar to that used within the Scottish Carbon Metric or
Protocol for the Quantification of Greenhouse Gas Emissions from Waste
Management Activities (EPE Protocol) should be used facilitate the inclusion of
waste-related transport emissions, which are currently a notable exclusion from
the LCA approach used.
It is not possible to states what effect the inclusion of re-use and waste-related
transport emissions might have on the existing performance levels specified for
the Whole Waste System without further modelling being undertaken. At the very
least, however, it should provide waste authorities with further flexibility in how
to meet the Whole Waste System EPS performance levels. It should also
incentivise waste authorities to implement re-use activities as a preferred waste
management option and to reduce emissions associated with waste-related
transportation.

7.3.2

Carbon Intensity Floor for Energy Generation

The marginal emissions approach used to determine the specified performance
level of the CIF would appear to be suitable based on the fact that CCGT (as the
marginal source of energy generation) is that most likely to be displaced by
London’s waste to energy facilities until at least 2025.78 The current specified
performance level of the CIF is 387kgCO2/kWh, which has been calculated by
Eunomia on the basis of a modern CCGT power station with an assumed
generation efficiency of 55% and calorific value of 39MJ/m³ for natural gas.
However, it is recommended that the level of the CIF be raised to at least
393kgCO2/kWh in line with latest guidance from the Department of Energy and
Climate Change, which specifies this as a marginal electricity emissions factor for
78

Marginal energy generation refers to plant which is most likely to be built or retired (or increase
or decrease output) in response to policies resulting in long-term changes to electricity supply or
demand.
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CCGT.79 It is also recommended that further modelling work, being undertaken
by others in parallel with this review, should also be used to inform the specified
performance level of the CIF such that it is set at a level which is both technically
and financially achievable by the municipal waste sector, given other constraints,
such as issues around site selection and planning permission for new waste to
energy facilities in London. This would also help to ensure that London can meet
its waste management needs as a primary concern with the needs of emissions
reductions and decentralised and renewable energy being a secondary
consideration to this. However, a decision by the GLA to allow waste authorities
to offset emissions from energy generation (from technologies such as gasification
and incineration) with those associated with use of biogas from anaerobic
digestion will also provide further flexibility for waste authorities to decide how
best to meet the specified performance level alongside the Whole Waste System
EPS and recycling and composting targets.

79

DECC (2010) Valuation of Energy Use and Greenhouse Gas Emissions for Appraisal and
Evaluation [online] available at
http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx (accessed
April 2011).
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8

Summary of Recommendations

8.1

Whole Waste System EPS

8.1.1

Methodology

Economic Modelling (Capture Rates Information)


Recommendation 1: There should not be any immediate requirement to
update the Economic Modelling Study with new capture rates information but
it should be considered in any future updates to the Whole Waste System EPS.

Whole Waste System EPS Performance Level


Recommendation 2: It has been confirmed the Whole Waste System EPS is
based on the associated emissions for Scenario One (‘Focus on Dry and Low
Biomass New Technologies) as shown in Appendix 4b to the Mayor’s Draft
MWMS. However, this should be stated explicitly within Appendix 4b to the
Mayor’ Draft MWMS.

8.1.2

Scope of Associated Emissions

Re-Use


Recommendation 3: As a waste management option, re-use should be
included within the scope of associated emissions for the Whole Waste
System EPS.



Recommendation 4: It is advised that consideration be given to the system
boundaries of the LCA studies used to provide re-use information to ensure
that the scope of re-use emissions data used is consistent.



Recommendation 5: Based on the suitability of available data, a decision will
need to be taken as to the scope of re-use emissions to be included in the
Whole Waste System EPS. In this case, it is recommended that re-use
focuses, where possible on the avoided emissions of re-use as a waste
management option.

Incinerator Bottom Ash and Reject Material from MRF and MBT


Recommendation 6: For completeness, composition data for reject materials
should be reviewed and reassessed for suitability of modelling associated
emissions within the Whole Waste System EPS. This would be consistent
with the approach taken by the EPE Protocol, which considers final treatment
of residues from MBT and MRF to landfill.

Transport


Recommendation 7: The statement that waste-related transport emissions
typically account for a small percentage (5% to 10%) of the total CO2eq
emissions from waste management activities should be verified for London.



Recommendation 8: It is recommended that the EPS Steering Group revisit
its previous conclusion to exclude waste-related transport impacts from the
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scope of the Whole Waste System EPS, not least so that local authorities can
benefit from the potential emissions reductions associated with methods of rail
and river transportation.
Modelling Waste-Related Transport Emissions


Recommendation 9: It is recommended waste-related transport emissions are
included using an approach similar to that for either the EPE Protocol or
Scottish Carbon Metric.

8.1.3

Calculating Associated Emissions

Peer Review of WRATE UDPs


Recommendation 10: WRATE UDPs created by Eunomia to facilitate the
inclusion of a range of technology configurations and related assumptions in
the calculation of associated emissions should be subject to detailed peer
review as recommended by the Environment Agency.

Emissions Factors for Recycling and Reprocessing


Recommendation 11: The Whole Waste System EPS treats food and garden
waste as open loop in the same way as the Scottish Carbon Metric but it is not
clear if any consideration has been given to open loop recycling of glass. A
similar approach should be adopted as for the Scottish Carbon Metric, which
allows for future extension to take account of different recycling methods
should sufficient waste data become available.



Recommendation 12: The reason for the omission of associated emissions for
wood in Table 2.1 of Appendix 4b to the Mayor’s Draft MWMS should be
qualified in Appendix 4b to the Mayor’s Draft MWMS.



Recommendation 13: It is recommended to verify the materials recycling and
reprocessing emissions factors for open windrow composting and ferrous
metals reported in Appendix 4b of the Mayor’s Draft MWMS to ensure that
the correct figure has been used and/or reported for the baseline and future
target years.

Emissions Factors for Residual Waste Management


Recommendation 14: It would be helpful to state the exact emissions factors
used for residual waste management (and how these have been transposed
from Table 14 of Appendix 4b to the Mayor’s Draft MWMS) so that the
calculation of associated emissions can be replicated to verify the performance
levels of the Whole Waste System EPS for the baseline and target years.

8.2

Carbon Intensity Floor

8.2.1

Methodology

Approach to Specifying a CIF


Recommendation 15: Based on a review of alternative approaches to
specifying a performance level for the CIF, it is considered appropriate to
continue to use the marginal emissions approach over grid mix and alternative
waste management options.
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Setting a Performance Level for the CIF


Recommendation 16: The specified level of the CIF should be raised to at
least 393gCO2/kWh for consistency with DECC’s latest IAG guidance. It is
also recommended that the specified performance level of the CIF is reviewed
further based on a review of a range of values for the marginal source of
electricity generation (CCGT) and as a result of SLR’s additional modelling
work being undertaken for a range of waste management and energy from
waste options.

Scope of Emissions Considered


Recommendation 17: The additional benefit of allowing biomass to be
treated using anaerobic digestion is that it would contribute both to the Whole
Waste System EPS (i.e. bulk of emissions reduction to be met through
materials recycling and reprocessing, including anaerobic digestion) and the
CIF, in terms of off-setting more carbon intense forms of waste to energy
generation. It is noted, however, that this approach has not been modelled to
date and should be verified in future modelling of CIF scenarios.



Recommendation 18: Appendix 4b should be updated to make reference to
the inclusion of anaerobic digestion within the scope of emissions to be
measured against the CIF.



Recommendation 19: Further clarity is required with respect to how transport
fuels are considered within the context of the CIF and particularly in relation
to the biomass content that would be required to meet the specified
performance level.

8.3

Other Findings

8.3.1

Review Cycle and Data Quality



Recommendation 20: An established review process should be set out to
reassess the adequacy of the scope, methodology and assumptions used
against future changes in policy, technology and data availability. The review
process should also consider the use of data quality standards for inclusion of
information within the Mayor’s EPS at a later date.

8.3.2

Presentation of Methodology and Terminology



Recommendation 21: It would be of benefit to the intended audience to set
out a step-by-step approach to the methodology used for developing the
Mayor’s EPS and to show how the Whole Waste System EPS and CIF are
designed to be met together.



Recommendation 22: To avoid any confusion, Appendix 4b of the Mayor’s
Draft MWMS should be revised to ensure that consistent terminology and
metrics are used with respect to both the Whole Waste System EPS and CIF.

8.3.3


Audience

Recommendation 23: Clarity should be provided as to those organisations
that are directly and indirectly affected by the Mayor’s EPS.
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Application of the Mayor’s EPS

Recommendation 24: Confirmation is required as to whether the Mayor’s
EPS will apply as a benchmark or required standard for waste authorities and
the consequences of not being in ‘general conformity’ with Policy 2 of the
Mayor’s Draft MWMS. It would help also to explain that the Whole Waste
System EPS changes on a trajectory over time whilst the CIF is intended as a
static target (or until such time as there might be a strong reason to revise the
specified performance level of the CIF).80

80

The Whole Waste System EPS changes on a trajectory over time according to the projected
quantities of municipal waste required to be managed in the future at 2015, 2020 and 2031.
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Public Consultation Responses

In October 2010, the Mayor of London published his draft Municipal Waste
Management Strategy (MWMS) for public and stakeholder consultation. During
the 14 week consultation exercise, which closed on 14 January 2011, a total of
135 responses were received. Stakeholder responses were received from:


Government organisations;



London waste authorities;



Waste Industry; and



Other (including third sector and non-waste industry) companies.

Responses concerned with the Mayor’s EPS (as outlined in Policy 2 of the
Mayor’s Draft MWMS) showed that:


There is support for a focus on climate change mitigation from the waste
sector, not weight based targets;



There is support for a non-prescriptive approach to the Mayor’s EPS;



More clarity is required as to how the Mayor’s EPS works and will be
enforced and monitored;



More evidence is required to demonstrate how the Mayor’s EPS supports EU
policy;



The Mayor’s EPS should be advisory not mandatory;



Information is required in relation to costs of meeting carbon intensity floor
for energy generation;



There is a need to assess how the methodology for the Mayor’s EPS compares
to similar tools, such as the Protocol for the Quantification of Greenhouse Gas
Emissions from Waste Management Activities (EPE Protocol); and



There is a need to assess how the Mayor’s EPS might incorporate reuse and
reduction activities.

Responses concerned with the Mayor’s recycling and composting targets (as
outlined in Policy 2 of the Mayor’s Draft MWMS) that are relevant in the context
of the Mayor’s EPS are as follows:


Recycling and composting targets are thought to be too ambitious for
London’s circumstances; and



The need for recycling and composting targets was questioned if now moving
towards implementation of the Mayor’s EPS.
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Scottish Carbon Metric

Purpose
The Carbon Metric Reporting System for Recycling Performance (Scottish
Carbon Metric) has been developed by Zero Waste Scotland and the Scottish
Government as a tool to help prioritise waste policy options and promote a
reduction in the environment impact of resource use.
Scope
The following emissions are included for measurement within the scope of the
Scottish Carbon Metric:


Emissions associated with energy inputs for extraction of raw materials;



Emissions associated with energy inputs for product processing and
manufacture;



Emissions associated with transportation of waste; and



Direct emissions of all waste management treatment and disposal processes
(reuse, recycling, composting, anaerobic digestion, mechanical biological
treatment, waste to energy processes and landfill), although note that data for
reuse options is currently limited and has been highlighted as an area for
further review.

Performance Monitoring
Monitoring of waste management performance in Scotland will now take into
account environmental impact (through the Carbon Metric) alongside Scotland’s
existing weight-based target to achieve 70% recycling, composting and preparing
for re-use of all waste by 2025.
Waste authorities in Scotland will not be required to calculate performance on an
individual basis but municipal waste management data (submitted as part of
Waste Data Flow requirements) will be used centrally to monitor the carbon
impact of alternative forms of waste management options being used.
This information will be used by the Scottish Government to help inform policy
around the preferred waste management option for specific products and materials
based on environmental impact and considered in conjunction with weight-based
tonnage data.
In theory, the Scottish Carbon Metric is designed to apply to all waste streams but
considers only municipal waste at present due to the need for more detailed and
accurate data in other areas.
Toolkit
Zero Waste Scotland and the Scottish Government have developed a toolkit for
use, which includes:
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Technical Report;81



Carbon Trust Peer Review Report;82



Carbon Factors Spreadsheet;83



Carbon Metric Guidance;84 and



Carbon Metric Calculator.85

Municipal Waste EPS Review
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Overall, the Carbon Trust Peer Review Report concluded that ‘the Carbon Metric
provides a clear methodology to define and monitor recycling targets with
reference to their environmental impact’. Furthermore, that it ‘complements the
current weight-based targets, providing a better steer and incentives to chose the
most appropriate waste management techniques available for each material’.
Further information about the Scottish Carbon Metric is available at
http://www.zerowastescotland.org.uk/carbon_metric/carbon_metric.html.

81

Zero Waste Scotland (2011) Final Report: The Scottish Carbon Metric [online] available at
http://www.zerowastescotland.org.uk/carbon_metric/carbon_metric.html (accessed March 2011).
82
Carbon Trust Advisory Services (2011) Review of Methodology for the Carbon Metric for
Scotland (Final Report) [online] available at
http://www.zerowastescotland.org.uk/carbon_metric/carbon_metric.html (accessed March 2011).
83
Zero Waste Scotland (2011) The Carbon Factors for Waste Streams and Waste Management
Technologies in the Scottish Carbon Metric [online] available at
http://www.zerowastescotland.org.uk/carbon_metric/carbon_metric.html (accessed March 2011).
84
The Scottish Government (2011) Scotland’s Zero Waste Plan: Carbon Metric Guidance [online]
available at http://www.scotland.gov.uk/Publications/2011/03/14151422/2 (accessed March 2011).
85
The Scottish Government (2011) Carbon Metric Calculator [online] available at
http://www.scotland.gov.uk/Topics/Environment/waste-and-pollution/Waste1/CarbonMetricCalculator (March 2011).
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EPE Protocol

Purpose
The Protocol for the Quantification of Greenhouse Gases Emissions from Waste
Management Activities (EPE Protocol) has been developed by Enterprise Pour
L’Environnement (EPE) in conjunction with a number of waste sector industry
partners (Suez Environment, Seche Environment and Veolia Environmental
Services).
The development of the EPE Protocol is based on the expectation that, whilst not
included within the scope of the EU Emissions Trading Scheme (EU ETS), the
waste sector will need to demonstrate emissions savings through appropriate
waste management options.
The purpose of the EPE Protocol is, therefore, to provide a global and common
method to enable both companies and local authorities to conduct annual
inventories of greenhouse gas emissions from their waste management activities.
EPE is seeking the support of national waste management associations and the
endorsement of World Business Council for Sustainable Development (WBCSD)
and World Resources Institute (WRI) for the Protocol to become the key sectoral
document linked to the Greenhouse Gas Protocol established by WBCSD and
WRI to standardise the reporting process for GHG emissions.
Scope
The scope of the EPE Protocol considers:


Emissions associated with transportation of waste; and



Emissions associated with all forms of waste management treatment and
disposal processes (recycling, composting, anaerobic digestion, mechanicalbiological treatment, waste to energy processes and landfill).

Performance Monitoring
The EPE Protocol is intended as a tool that can be used by companies and local
authorities to report greenhouse gas emissions associated with waste management
activities on a voluntary basis. It will also provide the ability for those
organisations to compare alternative waste management options from an
environmental impact perspective, rather than on the basis of performance against
weight-based targets.
Toolkit
The EPE Protocol toolkit consists of:


Protocol for the Quantification of Greenhouse Gases Emissions from Waste
Management Activities (Version 4, June 2010);



Excel Tool for the Calculation of Emissions from Different Waste Activities
(Version 4, June 2010);



Frequently Asked Questions Document; and
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Summary of Follow-Up Modifications (from Version 3, December 2008, to
Version 4, June 2010).

Further information about the EPE Protocol is available at:


http://www.epe-asso.org/; and



http://www.epe-asso.org/index_en.php?part=publi&id_rap=20.
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Scottish Carbon Metric: Waste-Related
Transport Information

Source: The Scottish Carbon Metric.86

86

Zero Waste Scotland (2011) Final Report: The Scottish Carbon Metric [online] available at
http://www.zerowastescotland.org.uk/carbon_metric/carbon_metric.html (accessed March 2011).
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Emissions Reduction Factors for Materials
Recycling and Reprocessing

Source: Appendix 4b to the Mayor’s Draft MWMS.87

87

Eunomia Research & Consulting Limited (2010) Development of a Greenhouse Gas Emissions
Performance Standard for London’s Municipal Waste: The Greater London Authority [online]
available at http://www.london.gov.uk/consultation/waste-strategy (accessed March 2010).
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Emissions Factors for Residual Waste

Source: Appendix 4b to the Mayor’s Draft MWMS.88

88

Eunomia Research & Consulting Limited (2010) Development of a Greenhouse Gas Emissions
Performance Standard for London’s Municipal Waste: The Greater London Authority [online]
available at http://www.london.gov.uk/consultation/waste-strategy (accessed March 2010).
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Baseline Emissions for Waste Management
in London 2008/09

Source: Appendix 4b to the Mayor’s Draft MWMS.89

89

Eunomia Research & Consulting Limited (2010) Development of a Greenhouse Gas Emissions
Performance Standard for London’s Municipal Waste: The Greater London Authority [online]
available at http://www.london.gov.uk/consultation/waste-strategy (accessed March 2010).
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Projected Emissions for Waste
Management in London at 2015, 2020 and
2031

Source: Appendix 4b to the Mayor’s Draft MWMS.90
90

Eunomia Research & Consulting Limited (2010) Development of a Greenhouse Gas Emissions
Performance Standard for London’s Municipal Waste: The Greater London Authority [online]
available at http://www.london.gov.uk/consultation/waste-strategy (accessed March 2010).
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Associated Emissions for Baseline Year (2008/09)

2008 Baseline
Waste Stream

Waste Management
Activity

Residual Waste

Landfill
MBT
Incineration

Organic Waste

Materials Recycling

TOTAL
TOTAL (tCO2)
TOTAL (tonnes waste)
EPS (tCO2/tonne
waste)

Data from Table 2.1
Waste Managed
Associated
(ktpa)
Emissions (ktCO2)

Updated Table 2.1
(Figures from
Eunomia)
Associated Emissions
(ktCO2)

Arup Cross-Check (Using
Updated Table 2.1 Data)
Associated Emissions
(ktCO2)

Data from Table 2.2
Emission Factors
(kgCO2/tonne)

1,830
278
838

466.77
1.31
8.88

466.77
1.31
8.88

255.07
4.71
10.60

466.77
1.31
8.88

AD
IVC
Open Windrow

4
124
143

-0.37
-5.81
1.40

-0.37
-5.81
1.40

-82.9
-47
-41.7

-0.33
-5.83
-5.96

Paper/Card
Glass
Ferrous Metals
Non-Ferrous Metals
Plastics
Textiles
Wood

385
62
49
13
24
12
33

-115.18
-10.51
-135.00
-28.86
-52.63
0.03
0

-115.18
-10.51
-80.3
-135
-28.86
-52.63
0

-299
-169
-1,623
-10,721
-1,182
-4,372
0.968

-115.12
-10.48
-79.53
-139.37
-28.37
-52.46
0.03

3,795

130.03

49.70

-

39.54

3,795,000

130,030
-

49,700
-

-

39,544
-

Figures provided to Arup by Eunomia in updated report
Assumed that figures are correct, cannot verify

0.03

0.01
Emission factor back-calculated from assumed associated emissions
Discrepancies between Eunomia and Arup Calculations
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Indicative Modelling for the CIF

Source: Appendix 4b to the Mayor’s Draft MWMS.91
91

Eunomia Research & Consulting Limited (2010) Development of a Greenhouse Gas Emissions
Performance Standard for London’s Municipal Waste: The Greater London Authority [online]
available at http://www.london.gov.uk/consultation/waste-strategy (accessed March 2010).
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Biomass Content within Residual Waste
Stream at Varying of Recycling and
Composting

Source: Appendix 4b to the Mayor’s Draft MWMS.92

92

Eunomia Research & Consulting Limited (2010) Development of a Greenhouse Gas Emissions
Performance Standard for London’s Municipal Waste: The Greater London Authority [online]
available at http://www.london.gov.uk/consultation/waste-strategy (accessed March 2010).
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Targets for Installed Energy Capacity
Generated from Renewables

Source: Draft Consultation London Plan.93

93

Greater London Authority (2010) The London Plan: Spatial Development Strategy for Greater
London (Consultation Draft Replacement Plan, October 2009) [online] available at
http://www.london.gov.uk/shaping-london/london-plan/strategy/download.jsp (accessed March
2010).
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1

Executive Summary

1.1.1

INTRODUCTION
The Greater London Authority (GLA) has identified the need to develop the current
understanding of recycling performance and service provision across London in order to help
inform the Mayor’s Draft Municipal Waste Management Strategy. The strategy aims to meet and
exceed European Union Landfill Directive and United Kingdom recycling targets.
This report was commissioned to inform Policy Section Four of the aforementioned waste
management strategy. The strategy challenges London boroughs to achieve performance of
45 per cent municipal waste recycling or composting by 2015, 50 per cent by 2020 and 60 per
cent by 2031 .This report aims to show case good practice and identify high quality and cost
effective collection services that achieve high rates of recycling. A key objective is the
identification of participation and capture rates by collection method, housing type and waste
composition within each London borough. The following housing types were selected to be the
subject of this study.
• doorstep –flats (including maisonettes and houses concerted into flats);
• doorstep – houses (attached / semi / detached);
• near entry – flats (including low, medium and high rise blocks);
• flats above shops
In addition, this report provides information on business waste recycling services offered by or
on behalf of the London boroughs.

Acknowledgements
Hyder would like to thank all boroughs that have contributed to this study by responding to the
questionnaire, attending stakeholder workshops and assisting the development of case studies.
We would also like to thank everyone that has contributed to research in this field where your
research has been used to support the study.

1.1.2

METHODOLOGY
The research methods utilised for this study were as follows:
• a bespoke survey and questionnaire issued to all London boroughs
• a stakeholders workshop
• a review of waste statistics through WasteDataFlow (WDF)
• a literature search and evaluation of waste information on council websites.
A review of the responses to the surveys, questionnaires and data requests enabled data
strengths and weakness to be highlighted. As a result it was revealed that there are limitations
on the available information on waste composition and participation specific to the four target
housing types.
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Despite significant gaps in specific data relating to the housing types, it was agreed with the
Project Team that the methodology developed, could still provide beneficial information for a
high level analysis of recycling performance and the production of qualitative case studies.
These studies and analysis provide information that indicates likely contributing factors to high
recycling performance by way of identifying both reasons for success as well as barriers. This
information and analysis has been used to build the evidence base for recycling performance in
London and to demonstrate where management methods can improve performance, thereby
achieving the original project aims.

1.1.3

KEY FINDINGS
Research Gaps
The literature search and review identified that there is only limited research and performance
data available in the field of dry recycling and organics collection systems for the housing types
required by this study, especially in relation to the London boroughs.

Greater London’s Recycling Performance
In 2008/09 over 600,000 tonnes of kerbside collected material was sent for recycling,
composting or anaerobic digestion. This was almost 21 per cent of all household waste and 72
per cent of London’s recycling/composting performance. When looking at reported BVPI82a for
2007/08 London boroughs perform well in comparison to other English Authorities such as the
Metropolitan boroughs.

Material Capture
1

Based on the 2010 Defra review of Municipal Waste Composition we estimate the following
capture rates;
 The average recycling yield for London collection systems is 140kg/hh/yr with an
estimated capture rate of 37% at kerbside.
 The highest food waste yield is 43Kg/hh/yr achieved by Richmond with a food waste
capture rate of 20% at kerbside.

Housing Profiles and Performance
The estimated housing profile for London is 47% flats and 53% doorstep properties. The study
found that flats provide a range of challenges and opportunities for the boroughs. Generally flats
perform less favourably than doorstep houses, often suffering from low participation and capture
rates. A report commissioned by WRAP on Barriers to Recycling at Home2 outlines these issues
and provides evidence that residents in flats are less committed recyclers as a result of these
barriers.
This study shows there is a relationship between the percentage of purpose built flats (PBF) and
the overall percentage of waste arisings sent for reuse, recycling, composting or anaerobic
digestion.(NI192 3). Where the percentage of PBF is higher, there is a corresponding reduction

1

Municipal Waste Composition: A Review of Municipal Waste Component Analyses.2010.Defra.

2

Barriers to Recycling at Home, WRAP.2008

3

(NI192 2008/09) Indicator measuring the percentage of household waste arisings which have been sent by an Authority
for reuse, recycling, composting or treatment by anaerobic digestion
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in overall NI192 performance. This reflects the various additional barriers to recycling
associated with this type of property and which affect service coverage as well as participation
and capture rates.
Inner London boroughs are more densely populated, have a higher percentage of purpose built
flats and should therefore have lower household recycling performance. However, average dry
recycling yields for both inner and outer London are very similar in terms of performance. This
may reflect how boroughs have adapted household recycling service provision to suit the
majority housing type, thus overcoming some of the barriers associated with flats.
It is also noted that the outer London boroughs collect more garden waste and food waste
where they have a larger percentage of properties with gardens and a wider coverage of
organic collection services.

Contamination
The London average for contamination is calculated at 7% which is significantly below the
national average. Surveyed authorities identified a very wide variation in contamination levels
ranging from 0% to as high as 17%. There is a need to identify the causes and solutions to
contamination to help improve the efficiencies of recycling collections. It is likely that recycling
arising from co-mingled communal flat facilities will have higher levels of contamination largely
as a result of:


Issues with ‘point of collection’ quality checks at communal near entry facilities where
larger containers can conceal contamination



Barriers to communicating with residents in flats due to access,



Practical issues such as container storage, resulting in insufficient capacity for recycling
and/or refuse.

Boroughs with a higher percentage of purpose built flats may experience higher levels of
contamination if the necessary and appropriate type and level of communications support,
resources and planning are not provided to adequately address these barriers and issues.

1.1.4

Evaluation of Overall Kerbside Dry Recycling Collection
Performance
The study has identified a number of different factors that influence and impact upon kerbside
dry recycling collection performance namely:


Socio-economic factors



Service related factors such as:
i.
ii.
iii.
iv.
v.

Type of collection system
Material types collected
Container types and capacity
Frequency of collections and relationships with other services
Communications

The research identifies that there is no single variable or characteristic that can explain all of the
variation in kerbside recycling performance across all boroughs. Rather it is a combination of
the above factors that give rise to differences in performance.
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Socio-economic Factors
A WRAP report produced in 20094 focused on the performance of dry recycling. It identifies that
demographic and socio-economic factors and the prevailing ‘characteristics’ of an area have a
significant influence on recycling performance - just over a quarter of the variation in local
authority dry recycling performance can be explained by the characteristics of the local area and
population. Some local authorities typically those in high density areas with high levels of
deprivation face a series of additional challenges or barriers that others do not.
This study shows a direct correlation between dry recycling yields, NI192 performance and the
Index of Multiple Deprivation (IMD) score for each London borough, where lower IMD scores
give rise to higher dry recycling collection yields and overall higher NI192 performance.
Socio-economic factors play an important part in the recycling performance of each London
borough.
Isolating these socio-economic factors to determine the influence of the service related factors
refered to at 1.1.4 above is not straight forward. However this study has identified a number of
boroughs that appear to perform above or below the trend whereby lower IMD scores give rise
to higher dry recycling yields and higher NI192 performance. These variances may signify the
influence of service related factors.

1.1.5

Doorstep Properties
Type of collection system
The study revealed that the most common type of collection system used by boroughs is comingled weekly collections. Co-mingled collections appear to deliver the widest range of
collection system performance, and compare favourably with kerbside and multi stream
systems.
A review of various research identified that no one report advocates the use of a particular
collection system for a particular housing type. Where there are practical and operational
barriers to kerbside sorting, two stream co-mingled collections have significant advantages over
single stream collections, mainly through improved material quality and value as a result of
keeping paper and card separate from other materials, particularly glass. Single stream comingled collections may be appropriate in circumstances where the other options are
impractical. These might be the densest urban areas where on-street parking and heavy traffic
require fast loading without the need to return containers to the point of collection or for high
density flats, transient areas and multi-occupied properties5
However the research did highlight that while guidance is useful, it can be taken too literally by
contractors when implementing services, and is not always suitable for all properties. It is clear
that flexibility is a key requirement in service provision for each housing development

Material Types Collected
The boroughs provide a range of services often dependent upon the type of collection system
and available transfer and MRF infrastructure. Kerbside systems in general offer a greater

4

Analysis of kerbside dry recycling performance in England 2007/08, WRAP.2009

5

WRAP. 2009. Choosing the Right Collection System
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range of material collections than co-mingled collection. London collection systems that collect
one or more additional materials on average collect 20kg/hh/yr more.

Container Types
London boroughs use a variety of containers that are compatible with their collection method.
The most popular containment methods in London are reusable boxes, bags and single use
6
sacks. WRAP state that residents would recycle more if they had more and/or bigger recycling
containers.
The study found that there is a correlation between available capacity and performance, where
increased provision of capacity leads to higher yields. However, the range of materials
collected, frequency of collection and relationship with other services as part of the overall
service provision is likely to determine total capacity.
Single use sacks appear to have the widest performance ranges. Access to sacks is essential to
maintaining participation if a borough fails to deliver sacks and relies on residents to collect
them then they are likely to see a diminished participation rate over time.
In general, a range of containers are suitable for doorstep properties as they tend to have more
curtilage and in-property storage space than in purpose built flats.
The use of co-mingled single use sacks may be favourable for more densely housed areas
where street space is restricted and reusable containers can go missing. Single use sacks also
allow flexibility in capacity, i.e. more sacks can be used over busy Holiday periods when more
recycling is generated.
The use of boxes and reusable bags is also suitable. As with wheeled bins these types of
collection systems are better suited to less densely housed areas where there is more street
space. This may be particularly relevant where boroughs have a higher percentage number of
doorstep flats (houses converted to flats) where space for containers on collection day can be
an issue.

Frequency of Recycling & Residual Collections
The impact of fortnightly residual collections appears to give rise to higher yields, which is
consistent with WRAP studies. Boroughs with a weekly or fortnightly collection of recycling and
a fortnightly collection of residual appear to have slightly higher recycling yield than those with a
weekly residual collection. Boroughs providing a fortnightly residual collection use wheeled bin
for refuse containment.

Communications
Determining the impact of communications on recycling performance is a difficult assessment.
Where possible we have drawn upon the information provided by boroughs, however whilst this
information is not measured we have provided some anecdotal information on its impact. Based
on the information provided, the review has identified that where four boroughs offer ongoing
communications support these appear to be higher performing boroughs.
A review of the information provided by boroughs in response to the questionnaire along with a
review of the WRAP report - Barriers to Recycling at Home6 indicates that communications
plays an important role in the success of service delivery and ultimately the performance of a
recycling scheme regardless of housing type.

6

Barriers to Recycling at Home, WRAP.2008
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1.1.6

Near Entry Flats (Purpose Built Flats)
Evidence from survey returns and case studies suggests that not all flats receive a near entry or
doorstep collection and therefore residents rely on Community Recycling Banks, Bring Banks
and Household Waste Recycling Centres (HWRCs). The coverage of services to flats could not
be easily identified from our surveys or from borough websites.

Near Entry Systems
No one collection system appears to deliver higher yields for flats. It is more likely to be
attributed to other service factors such as container type and the range of materials collected.

Material Types
The majority of boroughs collect a full suite of five or more materials, some with the addition of
drinks cartons. A full suite of recyclables: paper, card, glass, plastic bottles and cans, plus one
additional item give rise to higher yields as long as there is sufficient storage capacity to suit
frequency of collection. The collection of bulkier items such as plastics and cardboard often
requires more communal bins; with space constraints this is not always possible.

Container Types
The provision of resident’s internal storage containers to contain and carry waste to communal
areas has a positive impact on the yields. There is evidence to suggest that higher performing
boroughs include the provision of reusable sacks.

Frequency of collection
The frequency of collection is relative to the capacity of the containers. Where space does not
allow for sufficient or additional containers then more frequent collection is required to maintain
empty capacity.

Doorstep Collections
Data provided for doorstep collections appears to be inconclusive, with one borough showing
yields for doorstep collection to be lower than communal near entry systems, while another
borough shows the opposite.
A study carried out by Western Riverside7 found that door-to-door recycling systems recover the
highest weight of material when compared to Near Entry Systems. In addition, those schemes
using single-use sacks or carrier bags for collection recover almost three times more recycling
than those using boxes or baskets.

Chute systems
The specific topic of chute based systems was also investigated. There is limited detail on the
performance of chute based systems and therefore inadequate guidance on this collection
method.
The conversion of existing chutes to accommodate recycling can bring about positive benefits.
Existing research from trials suggests that yields of up to 200kg/hh/yr can be achieved8.

7

Western Riverside, 2005. Estates Recycling Research. Produced by London Remade

8

http://www.wrap.org.uk/downloads/Performance_Summary_Table.649a8991.6893.pdf
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Residents without chutes for residual waste have a higher yield9. Issues with chutes include
increased levels of contamination when the recycling chute is a considerable distance away
from the refuse chute.

1.1.7

Organic Waste Collection Performance
The research also investigated garden and food waste collection services. It identified that on
the whole food waste collections are not as firmly established in London as dry recycling. Food
waste collections only cover 26% of London households, the majority being DSPs. Green waste
collections are more established and cover 62% of London’s households, and are provided
largely though dedicated services, although approximately 10% are provided via a mixed food
and green waste service.

Food Waste
WRAP provide guidance10 to assist Local Authorities plan, implement and deliver food waste
services. Drawing from local authority schemes currently in operation including WRAP trials and
other research to date WRAP identifies that:


Refuse collection frequency is a statistically significant factor in the performance of food
waste collections. Areas with fortnightly collections of refuse have higher weekly food
waste participation and yields



Participation and yields can decline over time in areas with weekly refuse collections,
whilst in areas with fortnightly refuse collections yield and participation is maintained



Areas with weekly black sack collections provide higher food waste yields than areas with
weekly 240 litre wheeled bin refuse collections



Food waste yields may also be influenced by the size of the wheeled bin provided for
refuse



Higher food waste yields will be found in more affluent areas

This WRAP study found that the type of collection system does not appear to have a major
impact upon the performance of food waste collections. The methods of collection are largely
the same and include the collection of an external caddy which is emptied manually directly into
the vehicle or emptied into a slave container.
As part of the 2009 WRAP food waste collection trial11 all the trial rounds used liners with the
exception of two rounds in Surrey. Previous research undertaken by Eunomia12 has suggested
that providing residents with liners can improve the performance of food waste schemes,
primarily because it makes the scheme cleaner and easier for residents to participate.
Generally source segregated food and residual waste is collected on a weekly basis using
sacks and in some case sacks and wheeled bins. It’s not possible to determine the impact of
wheeled bin collections, however existing research indicates that this will result in lower yields.

9

WRAP.http://www.wrap.org.uk/local_authorities/research_guidance/collections_recycling/recycling_collections_for_flats/
operation_of_different_collection_schemes/bring_schemes.htm

10

Food Waste Collection Guidance, WRAP. 2009.

11

WRAP 2009. Evaluation of the WRAP Separate Food Waste Collection Trials

12

Eunomia, 2006. Kitchen Waste Collections: Optimising Container Selection.
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None of the boroughs collect residual on a fortnightly basis where food is source segregated,
with the exception of Kingston; Kingston’s higher performance may be attributed to fortnightly
collection of refuse, where fortnightly collections of residual waste and black sack collections are
likely to increase performance35.
Any communications specific to food waste collection will have a positive impact upon
performance; however it is difficult to determine the relative impact of communications between
each borough without details on pre and post campaign monitoring. Ealing carried out a large
scale communications campaign in 2007 which increased participation in food waste collections
by 2.7%13.
It is important to ensure that the right level of resourcing, communications and customer support
is in place from the start. Underestimating resources from the outset can lead to service failures
and result in reduced participation
Organics services to flats is an area that is developing fast with little robust performance data to
support claims that near entry systems for flats can compare favourably with kerbside
collections from DSPs. With effective planning, good location of communal bins, provision of
internal containers and effective targeted communications food waste collections can produce
high yields.

Mixed Food and Green
Mixed food waste collections cover approximately 360,000 London households or 10%of
dwellings.. Limited performance data was been provided for mixed food waste collections with
only Greenwich providing data for this service. This study has identified that the authorities
which collect either green waste or mixed green and food waste have a higher overall
performance. However, when compared to weekly food waste only collections combined food
and garden waste schemes achieve a much lower food yield per household and hence lower
level of diversion. A recent WRAP report concludes that combined organic waste collections are
less effective in diverting food waste for recycling compared to food only collections. As a result
it will be much more difficult to achieve high diversion / recycling targets with combined food and
garden collections systems.

Garden Waste
Green waste collection yields are largely affected by charging, frequency of collection, seasonal
collections and container type. Systems which include free or unconstrained garden waste
collection services tend to be more costly than those which target food waste only. The key
reason is that additional garden waste otherwise composted at home can be pulled into the
formal waste management system.
The additional cost associated with adding food waste to an existing garden waste collection
can be significant. This is because all the material must be treated in accordance with Animal
By-Products Regulations requiring treatment through either in-vessel composting or anaerobic
digestion at gates fee considerably higher than are charged for the relatively simple open
windrow composting of green waste alone.

13

Figure provided courtesy of Ealing Borough Council.
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1.1.8

Operational Costs
We carried out a review of dry recycling collection cost data provided by boroughs against
indicative cost14 data. This is summaries in Table 1.1 below.
Table 1.1 Comparison between indicative costs and actual costs (Hyder Survey 2009 /
WRAP 2007)

London Borough Actual Cost

Kerbside Sort

£/T
156 ‐ 209

£/H

WRAP Indicative Costs

19‐29

£/T
79 ‐ 131

£/H
9 – 23

Multi Stream

81 ‐139

14 ‐31

61 – 78

11

Single Stream

89 ‐ 157

14 ‐26

61 ‐80

10 ‐ 11

Both the indicative costs and the actual cost for kerbside sort have the highest cost range which
reflects the additional time, labour, and vehicles required to undertake kerbside sorting of
materials. In both cases the cost for multi stream and single stream are lower. There is very little
difference between multi stream and single stream cost’s; this is also reflected in the indicative
and actual costs. Higher actual costs probably reflect the market rate and contract price for the
delivery of services rather than baseline costs used in the WRAP Kerbside Analysis Toolkit15
From the data collected there is evidence to suggest that;
 Higher yields incur a higher operational cost per household
 Higher yields result in a lower operational cost per tonne
 Operational costs per household increase with overall NI92 performance increases
 There does not appear be a corrolation between cost per tonne and overall NI192

1.1.9

Commercial Collections
A summary of existing research including the GLA: Best Practice Guidance, Trade Waste
Recycling16 identified that there are several factors that are likely to give rise to a scheme’s
success, higher participation and material capture and these and other considerations are
summarised below;
• Initial, targeted research and market assessment is essential when considering setting up
a trade waste recycling scheme
• Contract reviews for trade ups should be investigated

14

WRAP 2007. Kerbside Collection: Indicative Costs and Performance.

15

KAT enables projections of infrastructure requirements and associated costs for the implementation of different
kerbside recycling and composting collections (“kerbside collections”) within a local authority. WRAP 2007
16

GLA: Best Practice Guidance, Trade Waste Recycling.Entec, 2005.
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• Flexibility in the frequency of collections and the range of materials for collection and
recycling should be investigated
• Targeting different business types for specific materials
• Identification of markets to increase profitability
• Reliability of the service including availability of resources
• Financial arrangements for service delivery including income and pricing structure
• Development of pilot schemes
• Promotional activities
• Monitoring of collection materials, participation and cost is essential to determine the
operational efficiency of the scheme as well as providing feedback
This study indicates that participation rates range between 2% and 44%. The two lowest
participation rates appear to be for boroughs offering only limited material collections i.e. glass,
paper and cardboard.
Higher participation rates appear to be for boroughs offering a wider range of material
collections. The boroughs with participation rates of between 24% and 25% appear to be for
boroughs offering financial incentives for businesses to recycle and a wide range of materials.
However the highest participation which is 44% is for a flat rate pricing structure whereby
residual is the same price as recycling. It must be noted that this Borough has the lowest overall
customer base and therefore we cannot rule out the impact that marketing and promotions will
have on increasing participation.

1.1.10 RECOMMENDATIONS
The following recommendations identify both short and long term proposals to improve recycling
performance in London.

1.1.11 Research Data
The research has identified a lack of available and verifiable data; however this could be
overcome by undertaking selected participation monitoring of recycling schemes amongst the
housing types. This would provide information to run targeted communications campaigns to
encourage occupants who are not participating in schemes to take part. Carrying out waste
composition analysis of recycling schemes would help understand current capture rates and
contamination and this could be used to increase the quality of dry recyclables collected, by
targeting those households that are unsure of which items they are able to recycle.
In addition, It is also recommend that a dedicated study be commissioned to be focused solely
on determining collection cost data by collection system, and where possible housing type. The
study could also look at revenue and income sharing arrangements to determine the net cost of
recycling.

1.1.12 Communications
Increasing the level of communications across all the housing groups will bring about improved
performance; this could include the re-launching or rebranding of a borough wide dry recycling
or food waste scheme. Improving customer contact and service resolution responses rates. It
could also comprise of focused door knocking targeted at lower performing areas.
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1.1.13 Contamination
One issue that has an impact on the performance of municipal household and business
recycling services offered by London boroughs is contamination. In particular with a majority of
the boroughs collecting co-mingled material from either kerbside houses or flats and using
MRFs there is a need to identify the causes of contamination and the measures that can be
reduced to eliminate them. To reduce contamination, the following should be considered;
• Development of specific communication campaigns
• Training sessions for collection crews in the pilot areas so that they are able to
understand why contamination is a problem and how this should be communicated to
residents

1.1.14 Enforcement/Incentives
Compulsory recycling and active enforcement is a relatively new initiative and at present is
limited in its use by boroughs.
As the pressure to recycle more waste increases, it is likely that more boroughs will explore
compulsory recycling. However, for those boroughs who have implemented the policy, the
emphasis has been very much on communicating with the public and using enforcement officers
as a means of education on the ground. Enforcement and fixed penalty notices are very much
a final option.
The alternative is to promote reward schemes which are also being promoted within London
and provide an opportunity to encourage more recycling by giving something back to people
who put in the effort to waste less and recycle more things, more often. Reward schemes are
popular and widely used by consumers, so it is a natural extension to see how they can be used
to help the environment.
Pilot projects should be investigated providing a mix of both incentives and enforcement.

1.1.15 Commercial Waste
There is a clear need for a dedicated study into the potential to expand the coverage of
commercial recycling services; including partnership with the private sector to deliver a wide
range of material collections . The study should identify Borough support for commercial
initiatives, barriers to service provision, collection infrastructure and capacity to manage
municipal commercial recycling and the net cost of service delivery.

1.1.16 Quick Wins for collection systems
Based on the findings from the survey responses, the workshop, case study Interviews and
existing research we have identified a number of quick wins that could go some way to
improving household recycling performance and meet the Mayors first draft waste strategy
target of 45% recycling and composting by 2015. These have been presented in Section 17 of
the main report where we have provided recommendations for each collection services by
housing type. In summary the following quick wins were identified for each housing type.

Dry Recycling Doorstep Properties
 Provision of sufficient container capacity for collection systems, including the provision of
single use sacks and boxes. In some cases additional materials have been added to
collection systems without additional capacity which may displace other materials rather
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than increase yield. It is likely that heavy materials are left out in favour of lighter
bulkier packaging materials.
 Not all boroughs provide a full suite of materials in their collection arrangements.
Dependant on MRF arrangements there is still significant room for improved glass and
card material capture. Currently two boroughs do not collect card and two do not collect
glass, which would bring about immediate performance improvement. Notwithstanding
the above , where possible the collection of textiles should be considered where
compatible with existing collection systems. These are already a common feature of
kerbside sort collections in London.
 Increasing the level of communications across the housing groups. This could include relaunching or rebranding a dry recycling scheme to the whole borough, improving
customer contact and service resolution response rates or addressing issues
associated with contamination via better communication. Targeting lower performing
areas through door knocking can increase awareness of recycling and services. Some
boroughs are already undertaking this on an ongoing basis.

Dry Recycling Near Entry Purpose Built Flats


Expanding the coverage of recycling services to PBFs to include those flats that do
not currently have near entry or door to door services as result of access issues,
ongoing safety concerns or long standing contamination issues. We have identified
that several boroughs are undertaking or have already undertaken site planning
projects to introduce services to more hard to reach locations. Improved location of
containers, security and communication will improve access to recycling services.



Providing collection for a greater range of materials collected at flats, where space is
available. Some boroughs have maintained consistency with kerbside systems,
while others have not included bulkier items such as cardboard and plastic bottles at
some flat sites. There is significant potential here to increase yield by increasing the
range of recyclables by reviewing existing services, site locations and rationalising
services.



Undertake a review of current communal near entry collection arrangements to
ensure there is sufficient container capacity at communal bin stores, which is
proportionate to the frequency of collection



Address the suitability of container location. Islington undertook a comprehensive
planning process for near entry systems before new services were launched



Find solutions to address ongoing problems such as vehicle access, contamination,
security and vandalism, thereby improving the availability of recycling containers,
storage capacity and improving performance



Strengthen stakeholder involvement through engaging with housing associations,
resident groups and interested parties in the planning or delivery stages of new and
existing services



Improve communications with residents at near entry facilities to increase capture
and reduce contamination issues



The provision of reusable sacks to residents where near entry systems are in
operation to help improve participation



Where possible undertake the conversion of existing chute systems and provide a
good level of communication to ensure their correct use. (See the Islington Case
Study)
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Dry Recycling Flats Above Shops


There is potential to expand this service to sixteen other boroughs. Expanding
kerbside collections for FASs will increase city wide coverage by approx 36,000
households , this could be achieved by;



Making use of existing co-mingled collection schemes within boroughs



Where possible the service to be consistent with other kerbside collections i.e.
similar material types collected.



Where possible make use of single use sacks to avoid on and off street storage
issues, pre and post collection.



Set workable collection time bands to avoid traffic congestion and improve the
reliability of collections



Provide dedicated communications to residents using leaflets, posters and signs
and via bag delivery



Continue to provide local recycling banks, so that there is sufficient flexibility with
collections, where space, capacity and restrictions on collections constrict service
delivery



Seek to combine collections with commercial waste/recycling collections to reduce
cost and minimise traffic issues.

Organic Collections and Doorstep Properties




There is significant potential to expand source segregated collections of food waste
across the capitals DSPs, however this would need to be linked with a wider
strategy to provide food treatment infrastructure and capacity to manage this waste
stream
17

The relevant factors are discussed in the WRAP 2009 food waste trials report :;
i.

Collection vehicles;

ii.

Collection crews;

iii.

Collection rounds;

iv.

Re-processors and quality of collected food waste;

v.

Containers and liners;

vi.

Distribution (initial roll-out of collections); and

vii.

Communicating with residents and promoting the service.

WRAP also offers guidance18 on the introduction of food waste collections which provides
essential advice on the provision of such services.

17

WRAP 2009 food waste trials report

18

WRAP. 2009 Food Waste Collection Guidance.
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Where participation and capture rates have dropped boroughs may wish to
consider re-launching the scheme or providing a communication campaign in
conjunction with the provision of free caddy liners to help raise yields and the
efficiency of the collection system. This can be repeated at a frequency best judged
by the borough, taking into account other communications, service changes and
longer term strategies



The provision of kitchen caddies where they are not currently provided may promote
ease of use and increase collection performance at relatively little additional cost



The collection of food waste with the use of split bodies, modified stillages or pods on
vehicles enables the collection of other materials such as residual or dry recycling in
a single pass. Where this is currently not practiced and vehicle access allows, this
option should be investigated further to potentially reduce collection costs. This will
depend on the configuration of other waste services, the current fleet and delivery
points.

Organic Collections and Purpose Built Flats
Capturing food waste from flats in the capital poses a significant benefit to overall performance
for London and those boroughs that have already started to collect material from flats should be
praised as being pathfinders. However, the expansion of collection services and capture of food
waste from DSP should remain a priority as a quick win. Organics services to flats are
developing fast but with little robust performance data to support claims that near entry systems
for flats can compare favourably with kerbside collections from DSPs. With effective
planning,the good location of communal bins, provision of internal containers and effective
targeted communications, food waste collections can be successful. We have included details of
food waste collection from flats within case studies for Islington and Hackney. Islington is
planning to increase its food waste collections to a further 10,000 properties in 2010.

Commercial Waste
 From our study it would appear that services collecting a wide range of materials and
offering businesses a financial incentive to recycling appear to have higher participation
rates.
 Participation rates can also be enhanced through the promotion of services and where
commercially and operationally viable trials have been successfully undertaken these
should be expanded to provide borough wide coverage.
 Expanding services for dry recycling and food waste where there is existing capacity
within existing collection infrastructure could be commercially attractive to boroughs
where it is not to the detriment of household waste services.
 Consideration should be given to undertaking a study into the potential to expand the
coverage of commercial recycling services provided by the boroughs including
partnership(s) with the private sector to deliver a wide range of material collections. The
study should identify Borough support for commercial initiatives, barriers to service
provision, collection infrastructure, available capacity to manage municipal commercial
recycling and the net cost of service delivery
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2

Introduction
The Greater London Authority (GLA) has identified the need to develop the current
understanding of municipal waste recycling performance and service provision across London.
The main driver for this research is to inform the Mayor’s new Municipal Waste Management
Strategy, which will seek to both meet and exceed the landfill directive and recycling targets as
set out in the UK Waste Strategy 2007, and to significantly improve London’s municipal waste
recycling rate to 60% by 2031. In addition the Mayor believes that London’s recycling
performance must greatly improve if London is to become an “exemplary” sustainable city. More
specifically this report serves to inform Policy Section Four of the Mayors draft waste strategy,
by showcasing good practice and identifying high quality and cost effective collection services
that achieve high rates of recycling.
It is recognised that while some London boroughs achieve recycling rates as high as 50%,
there are still opportunities to improve service provision and raise recycling rates amongst flats,
estates and businesses. It is thought recycling rates and the cost of providing the service,
varies across the boroughs with likely contributing factors being housing type and service
provision.
To develop the current understanding of recycling performance and service provision across
London Hyder were commissioned to undertake an evidence based study on municipal waste
recycling. The report looks at capture rates by collection method and housing type within each
borough. Capture rate in this context means the proportion of a targeted material that has been
collected for recycling rather than sent for disposal. In parallel to this report Eunomia carried out
a study to better understand the economic barriers to improving London’s waste performance
and identify the costs to meet the strategies recycling targets.

3

Aims and Objectives
The objectives of this evidence based study are:


To provide evidence on the performance of municipal household recycling services
offered by the London boroughs. Four collection classifications were defined by the GLA
for this study:



(A) doorstep –flats (DSFs), including maisonettes and houses converted into flats



(B) doorstep – houses (DSHs), attached / semi / detached houses



(C) near entry – flats (NEFs) including low, medium and high rise blocks



(D) flats above shops (FASs)



To provide evidence on the performance of municipal business recycling services offered
by the London boroughs



To inform the predictors of recycling performance through qualitative case studies and
where possible to identify the contributing factors to recycling performance
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4

Methodology
This study was undertaken utilising a number of data and information collection methods and
sources. The research made use of existing and newly presented data through a bespoke
questionnaire and survey issued to boroughs, a stakeholder engagement workshop, review of
19
WasteDataFlow (WDF), a literature search and an investigation of council websites. A series
of definitions for housing types, collection systems and capture rates can be found in Appendix
One. Full details on the project methodology and data assumptions can be found in Appendix
Two

Survey and Questionnaire
24 boroughs out of 33 returned survey forms, producing a 73% response rate which is almost
three quarters of all London boroughs. A further five boroughs returned the questionnaire, which
equals an 88% response rate.
Where there was no response we used ONS data sources to determine housing profiles and
made use of WasteDataFlow returns for 2008/09 as part of our overview assessment of
collection systems in relation to housing type. A copy of the questionnaire and details of those
boroughs participating in the survey are provided in Appendix Three.
Where enough information has been provided by the borough we have provided a summary of
each service provision along with a review against Best Practice. In addition, we have
summarised questionnaire responses regarding perceived ‘Successes’ and ‘Recent or planned
changes to services’. We have included Appendix Four.
We have also provided a ‘Lessons Learned Log’ based on questionnaire responses to help
identify how service issues can be addressed in the future. This log can be found in Appendix
Five.

Stakeholder Workshop
Hyder facilitated the workshop, held at City Hall and attended by 8 borough councils, on the 9th
December 2009. The aim of the workshop was to determine the following for collection systems
in relation to housing type;
9 Identify themes common to successful service delivery
9 Identify common themes to services less successful
Hyder incorporated borough specific workshop responses and feedback into the evaluation
process, along with the desk top research and borough interviews. Full workshop notes are
located in Appendix Six.

19

WasteDataFlow is the web based system for municipal waste data reporting by UK local authorities to government.
The system went live on 30 April 2004
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4.1

Data Gaps.
Upon return of all surveys and data requests a thorough review of the information provided by
boroughs was undertaken, this enabled us to identify its strengths and weakness. The review
highlighted a number of limitations on the availability of data. This was overcome by using
alternative sources, wherever possible, such as, ONS data to determine housing profiles and
WasteDataFlow returns for 2008/09 as part of our overview assessment of collection systems in
relation to housing type.

5

Greater London’s Recycling Performance

5.1

Overall Performance
In order to understand the performance of municipal household recycling services offered by
London boroughs it is important to understand how it fits within London’s overall recycling
performance and how it relates to other metropolitan areas in the UK. In 2008/09, London
generated 3.98 million tonnes of municipal waste, of which 25 per cent was sent for reuse,
recycling, composting or anaerobic digestion as defined under N19220.Household waste
comprises 77 per cent of municipal waste and includes household residual waste, recycling,
bulky waste, street litter and park litter. Of the 3.1 million tonnes of household waste generated
in 2008/09, 29 per cent was sent for recycling, composting or anaerobic digestion.
An overview of London’s performance can be found in Appendix Seven which sets the scene for
the project and provide details on the following area;
 London’s overall recycling and composting performance
 Waste composition and material capture
 A national BVPI82a bench mark review
 The performance of inner and outer London boroughs
 An overview of Performance by borough
 A review of contamination and material quality.

6

London Housing Profile Overview
In summary London housing profile is approximately 47% flats and 53% doorstep properties.
Full details on how this has been calculated can be found in Appendix Eight. A breakdown of
the four housing types defined for this project, Doorstep flats (DSFs); Doorstep houses (DSHs);
Near entry flats (NEFs) and Flats above shops (FASs) was either obtained from boroughs

20

National Indicator: NI192 Percentage of household waste sent for reuse recycling and composting. The indicator
measures percentage of household waste arisings which have been sent by the Authority for reuse, recycling,
composting or anaerobic digestion.
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estimating the percentage of each housing type in their survey responses or through using
Neighbourhood Statistics data21. Not all boroughs that responded were able to provide a
housing profile in this format, in some cases Doorstep flats and Doorstep houses were
combined as a single group, Doorstep Properties (DSP). The definitions have been linked to
definitions used by WRAP22, these are as follows; Doorstep Houses
 Flats in converted properties (Doorstep Flats)
 Purpose built blocks (Near Entry Flats)
 Flats in commercial buildings (Flats above shops)
For the purpose of the study Hyder have identified the Majority Housing Type for each borough,
i.e. the housing type that is most represented within each borough. For instance, most of
Westminster comprises DSFs and the borough also has a high percentage of Flats Above
Shops. Sixteen boroughs are comprised of a majority of DSHs and a further 10 are comprised
of majority of either DSFs or DSHs (split unknown). Therefore 17 of all London Borough’s are
comprised of a majority of DSPs. Six boroughs are comprised of a majority of NEFs (also known
as Purpose Built Flats PBF).
Categorising boroughs by majority housing type allows for further comparison against various
waste collection systems and recycling performance to determine the best performing systems
by housing type.
The map in Figure 6.1 shows a majority of NEF boroughs within London’s inner city area, while
those boroughs with a majority DSH/ DSP are situated in outer London.

21

Office for National Statistics, available e online at www.neighbourhood.statistics.gov.uk, accessed 28/01/2010

22

WRAP Website
http://www.wrap.org.uk/local_authorities/research_guidance/collections_recycling/recycling_collections_for_flats/strategic
_planning/understanding_flats.html
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Figure 6.1 Map showing London geography by majority housing type

6.1.1

NI192 Performance v Purpose Built Flats
Housing profile, specifically in relation to Purpose Built Flats is an overarching contributing
influence to recycling performance. Figure 6.3 shows that there is a relationship between the
percentage of Purpose Built Flats (PBF) and overall NI192 (2008/9), where the higher the
percentage of PBF, the lower the NI192. This perhaps reflects the various additional barriers to
recycling that are caused by this type of property thus affecting service coverage, participation
and capture. It is also worth noting that Inner London boroughs have a higher population density
and corresponding higher percentage of PBF. However inner London boroughs have
approximately the same average kerbside recycling performance, which perhaps reflects how
inner London boroughs have adapted collection systems to overcome barriers and increase
performance. Conversely, outer Boroughs have provided collection systems that best suit lower
density populations with a majority DSHs or DSPs.

Commitment to recycling and property type
Commitment to recycling also varies strongly with property type23. Figure 6.2 shows details of a
committed recycler survey response by housing type. In detached households 83% are

23

Barriers to recycling at Home, WRAP. 2008
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committed to recycling with just 2% stating they do not recycle. Semi detached households are
the next likely category to be committed to recycling. Low rise flats recorded more non recyclers
at 24% than other housing types, possibly associated with three main barriers:
 No collection service;
 Space to recycle; and
 Difficulties in carrying materials down flights of stairs.
Figure 6.2 Commitment to recycling and housing type (Courtesy of WRAP 2008)
=

6.2

Challenges for Flats
Flats provide a range of challenges for boroughs. As previously mentioned, flats can be
categorised into 3 main types;


Purpose Built Flats (Near Entry Flats)



Flats Converted in properties (Doorstep Flats)



Flats in Commercials Buildings (Flats above shops)

A WRAP24 information sheet outlines some of the possible issues that boroughs face when
providing recycling services to flats. Additional, barriers have also been identified at the
stakeholder workshop and have been included below.

24

Opportunities and challenges with different types of flats. WRAP.
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6.2.1

Purpose Built Flats
This could be because many purpose built flats (PBFs) were constructed at a time when
recycling was not a priority so the buildings themselves do not always meet present day
recycling needs. Some barriers to recycling from these properties have been identified by
WRAP25, however many were identified at the stakeholder workshop, these include;













On site management– some concierges or site wardens not always responsible for
container storage areas
Container Storage restricts the provision of recycling and food containers.
Container space and capacity
Only one chute for refuse, so unable to convert a chute for recycling
Fire risk with dry recyclable containers in communal areas
Recycling bins often used as an overspill of refuse
Landlord consultation on private/HA estates can slow up the process.
Common issues of nuisance in bin stores including noise, odour, litter and vermin which
can make them unappealing to use
Fly tipping
Location of bin stores or parked cars blocking service access
Bin locking mechanisms jamming
Private Landlords not allowing door knocking/monitoring which would enable recycling
schemes to be promoted.

In addition the workshop and WRAP26 also identified challenges for


Flats Converted in properties (Doorstep Flats)



Flats in Commercials Buildings (Flats above shops)

25

Opportunities and challenges with different types of flats. WRAP.

26

Opportunities and challenges with different types of flats. WRAP.
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Figure 6.3 NI192 Performance (WDF 2008/09) v Purpose Built Flats (ONS 2001 Census)
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6.2.2

Doorstep Flats
As with purpose built blocks, the design of converted properties does not always meet present
day recycling needs. The original building will usually not have been designed with the storage
of domestic refuse and recycling from multiple properties in mind30. DSF often experience some
of the following issues and barriers;

6.2.3



Short terms lets and high turnover of tenants leads to containers going missing and poor
communications30



Container space and capacity



Space for containers on collection day, particularly in houses which have been split into
several flats, meaning several boxes set out on collection day



Bag/box distribution can be difficult, unable to identify the resident or number of residents



More difficult to target residents for communications i.e. leaflets can get swept up by the
first person home if they are not addressed to individual households within the building



Converted houses are usually smaller premises than purpose built blocks and may have
no regular caretaker or cleaner who can support recycling and food collections by
maintaining the communal areas

Flats Above Shops
This type of property is often located on a busy street with little external space for recycling and
refuse storage27.FABs often experience some of the following issues and barriers;

27



Container space and capacity



Containers set out on streets in busy shopping areas



Recycling and food waste containers left on the streets contaminated by passersby who
30
use them as litter bins, particularly if there is a take away nearby



Collections crews limited by collection timeslots to avoid busy periods of traffic and
congestion.



Confusion with who is responsible for collection: dedicated collection crews, street
cleaners



Container delivery: often no letter boxes



External storage: often dumped on the street



Recyclables mixed up with commercial waste, particularly if flat is lived in by shop owners
below



Shops mixing residual commercial waste with household residual waste



Quantities collected are not easy to quantify as they may be collected by a contractor who
services local businesses

Opportunities and challenges with different types of flats. WRAP

PN495 The Performance of London's Municipal Recycling Collection Services—Hyder Consulting Report
Hyder Consulting (UK) Limited-2212959
l:\waste team\the performance of london's municipal recycling collection servicesthe performance of london's municipal recycling
collection services\main report\the performance of londons municipal recycling collection services final.doc

Page 24

It is not just the different types of property or flat that present challenges for recycling. It’s
normal for each block of flats to differ in terms of the social make up and management and this
can demand very different approaches to recycling and communications.

7

Evaluation of Overall Kerbside Dry Recycling
Collection Performance
This Section provides an overview on the performance of dry recycling collection systems
across London. The definitions of collection systems can be found in Appendix One

7.1

Dry Recycling Collection Systems
Table 7.1 Performance of London’s Kerbside collections by collection method 2008/9
(WasteDataFlow)
Number of
Authorities

Average KS
HH Dry
Recycling
(kg/hh)

Kerbside sort weekly

6

130

Co‐mingled weekly

19

132

Collection System by Majority Housing
Type

Co‐mingled fortnightly

2

205

Multi Stream Weekly*

4

160

Multi Stream fortnightly

2

142

*Note: Hackneys majority housing type is NEF, therefore we have used the multi stream comingled definition for services provided to Hackneys NEFs as part of this overview. Hackney
also provides kerbside sorted doorstep collection services to doorstep house properties (DSPs)
Therefore providing two types of service depending on the housing type.
Table 7.1 summarises collection yields by system. The most prevalent system is weekly comingled collection. The second most used system is weekly kerbside sort, followed by multi
stream partially co-mingled systems on a weekly and fortnightly basis. Average yields for
Kerbside and Co-mingled collections appear to be similar. Figure 7.1 displays a map of
London’s collection systems by majority housing type. Inner London systems are mainly comingled collections, while a majority of the cities kerbside sort and multi-stream collection
separate in outer London. Although it must be noted that Hackney, in inner London, operates a
kerbside sort to its Doorstep Properties (DSPs)
For the purpose of the overview collection yields have been calculated based in total annual
tonnage reported as dry recycling collected at kerbside against total dwelling stock on the
assumption that all properties receive some form of household collection service. This has been
done for two reasons, firstly because data sets for dwelling numbers and total kerbside
coverage are not consistent and secondly to use a consistent data set so a comparison can be
made between boroughs.
The highest average yields appear to be from fortnightly co-mingled, although there are only two
boroughs providing this services (Harrow and Sutton) so the data may not be representative of
this type of collection In addition both boroughs have below average Index of Multiple
Deprivation (IMD) scores so they are statistically more likely to perform better. Both boroughs
utilise wheeled bins for the storage of recyclables with yields of 222 and 189 kh/hh/yr
respectively.
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The next highest performing system is multi stream partially co-mingled, with weekly collections
out performing fortnightly collections. The highest performing weekly collection is Bexley with
224kg/hh/yr, while the lowest is Hackney, which was a majority NEF housing stock. The second
highest performing system is Richmond yielding 201 kg/hh/yr. Redbridge is the lowest
performing system of this type with 116 kg/hh/yr.
The third best performing system is fortnightly multi stream partially co-mingled. There are two
boroughs providing this service, Bromley and Croydon with collections with respective yields of
176 and 108 kg/hh/yr.
The most prevalent London collections system, weekly co-mingled, has a yield range of 199 to
26 kg/hh/yr. The top four best performing collection systems in order of highest to lowest are RB
Kensington and Chelsea, Wandsworth, Hammersmith and Fulham and Hillingdon. The bottom
four collection systems in order of lowest to highest are Newham, Havering, Barking and
Dagenham and Southwark.
A small number of boroughs operate chute systems for flats, but their coverage is too small to
enable meaningful comparison between boroughs. This study has identified that Westminster,
Hammersmith & Fulham, and Islington & Newham operate chute based systems. Other
boroughs may operate chute systems however these were not identified in the survey
responses.
A summary of London boroughs collection systems including material types collected, container
type, number, capacity and relationship with residual collections can be found in table 7.2. This
has been used for the basis of further analysis. Dry Recycling collection yields across London
boroughs have been presented in figure 7.2.
Figure 7.1 Collection systems in London by majority housing type (Hyder 2010)
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Table 7.2 Summary of London Collection Systems by Majority Housing type

Borough

Barking and
Dagenham
Barnet

Performance

Housing
details

KS HH Dry
Recycling
(kg/hh)

Majority
housing
type

Collection System
by Majority
Housing service

61

DSH

Comingled

138

DSH

Kerbside Sort

Recycling

Paper

Card

Cans

Glass

Plastic
Bottles

Other

F
1,2,3

Residual Arrangements

Container Types

Number of Containers

Est
Volume
(Ltr)

Vehicle
type

Frequency

Compulsory

Single use sack / Box

2

100

RCV

Weekly

No

weekly

Box

2

99

Stillage

Weekly

Yes

weekly

150

Rotopress
and Split
body

Weekly

No

fortnightly

Bexley

Brent
Bromley
Camden
City of London

wheeled
bin
wheeled
bin

96

DSH

Kerbside Sort

Box

1

44

Unknown

Weekly

Yes

weekly

176

DSP

Multi Stream

Box

2

100

RCV

Fortnightly

Yes

weekly

sacks

102

NEF/DSF

Comingled

Reusable bag

1

50

RCV

weekly

No

>weekly

wheeled
bin

181

NEF

Comingled

4

Single use sack

1

100

>weekly

No

>weekly

sacks

108

DSP

Multi Stream

1

Box

2

110

Unknown
Split
bodied
RCV

Fortnightly

No

weekly

wheeled
bin

144

DSH

Kerbside Sort

1,3

Box

1

50

114

DSH

Comingled

Box

1

170

DSH

Comingled

Wheeled Bin

101

NEF

Multi Stream /
Kerbside Sort

1,2,3,4

190

DSH/DSF

Comingled

4

120

DSH/DSF

Comingled

222

DSP

Comingled

60

DSH

Comingled

184

DSH

Comingled

DSH

Multi Stream
1,3

Box

3

weekly

No

weekly

variable

50

Stillage
Split
bodied
RCV /
Food &
Garden

Weekly

No

weekly

1

140

RCV

Weekly

No

weekly

sacks
wheeled
bin

Reusable bag

1

55

Weekly

Yes

weekly

variable

Single use sack

1

100

Weekly

No

weekly

sacks

Box

1

50

RCV
Split
bodied
RCV /
Refuse
Split
bodied
RCV /
Food &
Garden

Weekly

No

weekly

Wheeled Bin

1

240

Fortnightly

Yes

fortnightly

Single use sack

1

50

RCV
RCV (flats
mixed
with
refuse)

wheeled
bin
wheeled
bin

Weekly

No

weekly

sacks

Single use sacks

1

50

RCV

Weekly

No

weekly

sacks

Box and Bag

3

169

Stillage

Weekly

No

weekly

sacks

Enfield

Greenwich

Container

wheeled
bin
wheeled
bin

224

Croydon
Ealing

Frequency

Hackney

Hammersmith
and Fulham

Haringey

Harrow

2,4

Havering

Hillingdon
Hounslow

119

DSP

Kerbside Sort

1,2F,3,
4
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Continued

Borough

Performance

Housing
details

KS HH Dry
Recycling
(kg/hh)

Majority
housing
type

Recycling
Collection System
by Majority
Housing service

Paper

Card

Cans

Glass

Plastic
Bottles

Other

Container Types

Residual Arrangements

Number of Containers

Est
Volume
(Ltr)

Lewisham
Merton
Newham
Redbridge

Southwark
Sutton
Tower Hamlets
Waltham Forest
Wandsworth
Westminster
City Council

Compulsory

Frequency

Weekly

No

weekly

Container

140

NEF

Comingled

2,4

Reusable bag

1

55

156

DSP

Comingled

4

Single use sacks

1

50

RCV

Weekly

No

weekly

154

DSP

Comingled

Box

1

50

RCV

Weekly

No

weekly

wheeled
bin
wheeled
bin

179

DSP

Comingled

Box

2

100

RCV

Weekly

No

weekly

sacks

26

DSH

Comingled

Single use sacks

1

100

RCV

Weekly

No

weekly

wheeled
bin

116

DSP

Multi Stream

Box

1

55

RCV

Weekly

No

weekly

variable

201

DSH

Multi Stream

Box

2

110

RCV /
Food Pod

Weekly

No

weekly

sacks

199

DSP

Comingled

4

Single use sacks

1

100

Split
bodied

Weekly

No

weekly

sacks

170

DSH

Kerbside Sort

1

Box/Bag

2

105

Kerbsider

Weekly

No

fortnightly

variable

82

NEF

Comingled

Single Use Sack

2

100

Kerbsider

Weekly

Yes

weekly

wheeled
bin

189

DSH

Comingled

Wheeled Bin/Box

2

290

RCV

Fortnightly

No

weekly

wheeled
bin

101

NEF

Comingled

4

Single use sack

1

50

RCV

Weekly

No

>weekly

variable

114

DSH

Kerbside Sort

1

Box

1

50

Kerbsider

Weekly

Yes

weekly

sacks

197

DSP

Comingled

4

Single use sack

1

100

RCV

Weekly

No

weekly

variable

101

DSF/FAS

Comingled

Box

1

50

RCV

Weekly

No

>weekly

variable

4

Richmond upon
Thames
Royal Borough
of Kensington
and Chelsea
Royal Borough
of Kingston
upon Thames

Frequency

Split
bodied
RCV /
Food &
Garden

Islington

Lambeth

Vehicle
type

sacks

Additional Material Key
1 = Textiles and Shoes
2 = Mixed Plastic
3 = Batteries
4 = Drinks Cartons
F= Fortnightly

Other small items that are not categorised in the table include engine oil, books, foil, plastic bags, and mobile phones as they only contribute negligible recycling tonnages.
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Figure 7.2 London’s kerbside dry recycling yield 2008/9 (WasteDataFlow)
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7.2

Evaluation of Collection System Performance
This Section provides an overview of the factors effecting performance, draws on existing
research and evaluates London collection systems against socio-economic factors and Service
Level factors. A review of existing research can be found in Desk Top Study in Appendix Nine

7.2.1

The Factors Effecting Recycling Performance
Evidence from existing WRAP studies28 29 shows that there are a number of factors that are
likely to affect the overall performance of a collection system. There are two main types of
influence on performance;




Service Level Factors – These are factors that make up the delivery of services and have
been categorised into five key areas, namely
i.

Type of collection System

ii.

Material types collected

iii.

Container Types / Capacity

iv.

Frequency of Collections / relationships with other services

v.

Communications

Socio-economic factors – According to WRAP demographic and socio-economic factors
play a role in influencing recycling performance. They state that the more urban, less
prosperous and more deprived an authority the lower their recycling performance is likely
to be however they go on to state that other factors also contribute. For the purpose of
this study we have used the Index of Multiple Deprivation (IMD) scoring to identify these
areas.

Service Level Factors can be adapted, changed and modified to give rise to changes in
performance for specific housing types. For example, a switch to reusable bags and more
accessible collections points, may give rise to higher performance.
34

In 2009 WRAP commissioned a report into the performance of dry recycling collection
systems in England. This report looks at data for 2007/08, and examines the range of
performance of these collections and the factors which influence them. It is therefore, essential
that these factors are considered when looking at the performance of collection systems in
relation to housing type in order to identify other contributing factors to high performance. The
report found that;
9

The kerbside scheme type (e.g. kerbside sort, single stream co-mingled or two stream comingled), acting in isolation, was not a defining influence, in that no one type performed
consistently better than the others.

28

Barriers to recycling at Home, WRAP. 2008

29

Analysis of kerbside dry recycling performance in England 2007/08, WRAP.2009
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9

The Frequency of recycling collections alone did not play a dominant role in determining
recycling performance, but did in conjunction with other service characteristics. (Rather it
is the service profile overall (i.e. refuse, recycling and organic services and policy and
enforcement) as well as a number of socio-economic factors and local authority type that
influence recycling performance). However those authorities with a fortnightly refuse
collection performed better.

9

The report found that the container type alone was also not a significant factor in
determining service performance.

In summary there is no single variable or characteristic that can explain all of the variation in
kerbside recycling performance across local authorities. Rather it is a combination of factors, the
importance of which will change depending on the type of authority. While it is a relatively
straight forward task to identify a number factors affecting recycling performance at the national
level, it is a much more complex task to identify their relative influence as performance may also
be affected by additional and less easily quantifiable factors such as communications activity.
WRAP’s research draws upon a wider data set than the 33 used for London so is therefore
likely to be statistically more representative. In addition, it sets out the difficulty in attributing
performance to any one factor as performance is distorted by local factors such as affluence,
overall service provision and levels of communication. This report attempts to go one step
further by isolating these factors using available data to demonstrate the contributors to higher
performance. Not only is it looking at overall borough performance it is drilling down to
performance at housing type level. Given the complexity of this study Hyder has provided
suitable justification where contributing factors to performance cannot be clearly identified.
Another 2008 WRAP report30 which looks at barriers to recycling at home highlights a number
of ‘Situational’ factors that may also affect system performance which may be particularly
relevant to different types of housing stock. A review of these two WRAP reports can be found
in Appendix Nine. The report concludes that householders would, recycle “a little or a lot more”
if they had;


Collections of a wider range of materials (52%)



Bigger recycling containers (23%)



More recycling containers (20%)



More space to store their recycling container (19%)



More frequent recycling collections (18%)



Containers that are easier to move (16%)
26

The report also states that there are motivators and barriers to recycling derived from external
environmental ‘enablers’ and ‘disablers’ – to help (enable) or hinder (disable) people from
recycling such as the type of household collection scheme provided. During the in-depth
interviews a range of local authority schemes were encountered.
Recurring barriers to recycling that came out of the in-depth interviews relating to external
environmental enablers and disablers were:

30



Unsuitable recycling containers



Unreliable collection scheme

Barriers to Recycling at Home, WRAP.2008
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Inconvenient bring banks



Limited range of materials collected



Issues of smell and hygiene

Considering these factors we have reviewed WasteDataFlow in our collection system review in
Table 7.2 to identify any trends between London collection systems associated with collection
system type, container type, capacity, material types and frequency of collection. The WRAP
report also identifies a number of behavioural, knowledge and attitudinal barriers that influence
recycling participation and collection system performance which can be addressed via
enhanced communications.
Isolating the influence or contribution that socio-economic factors have on kerbside recycling
performance to identify Service Level factors that give rise to higher performance for specific
housing types is not a straight forward task, and will largely be guided by WDF data, Office of
National Statistics (ONS) 5data and anecdotal evidence provide by boroughs. It is likely the
same service level factors will apply to collection systems for all housing types.

7.2.2

Service Level Factors
The overall performance of London collections systems by majority housing type have been
evaluated against the five key Service Level Factors to identify any high level trends that might
indicate one or more factors giving rise to higher performance for London Collection systems

Collection System Type
Figure 7.3 shows the range of recycling performance for the three main collection systems. Comingled collections appear to deliver the widest range of collection system performance. A wide
range of container types are used including, single use sacks, box / bags and wheeled bins.
This type of collection is the most common within London and its wide performance range may
be attributed to variations in affluence between boroughs, this is explained further in Section
7.2.3. Kerbside sorted collections appear to yield a mid range performance, while they typically
offer a wider range of materials for collection, their performance maybe limited by the container
type, number and capacity where residents may deposit recycling with refuse when recycling
capacity is reached. An analysis of performance and container capacity can be found later in
this Section. Multi-stream collection systems yield a mid to upper performance range. Typically
these collection systems provide two or three containers for the collection of co-mingled plastic /
cans and a second for paper and card. In some cases a third box is provided for glass
collection.
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Figure 7.3 Kerbside recycling performance – All boroughs , according to the type of
kerbside scheme. (2008/09 WasteDataFlow / Hyder Survey 2009)

The top three high performing single stream collections systems are Harrow, Kensington &
Chelsea and Wandsworth all are majority doorstep property boroughs, the lowest is Newham
and Havering. The top three kerbside side sort collection systems are Kingston, Ealing and
Barnet; all are majority doorstep property boroughs. The top three multi-stream systems are
Bexley, Richmond and Bromley; again all are majority doorstep property boroughs .
Newham and Havering operated a system of recycling and refuse co-collection in 2008/09
whereby co-mingled recycling sacks are sorted from back refuse sacks at the MRF. While there
is no direct evidence from this study that this effects recycling performance, it is likely that the
co-collection of refuse and recycling evokes negative connotations about recycling being
disposed to landfill and may result in lower public participation. However, co-collection means
there are fewer collection vehicles on the road, lowering the cost and impact of collection on the
environment.

Material Types
The boroughs provide a range of services often dependent upon the type of collection system
and available transfer and MRF infrastructure. Performance my material type is displayed in
figure 7.4. Kerbside systems in general offer a greater range of material collections than comingled. In summary;


Havering and Newham do not collect glass and have overall yields of 60 and 26 kg/hh/yr
respectively. These systems do not collect additional materials such as drinks, cartons,
mixed plastics or textiles. These are the two lowest performing collection systems in
London.
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Brent and Redbridge are the only boroughs that do not to include cardboard in
collections.



Eight boroughs collect Textiles and/or shoes; these are mainly kerbside sort systems
with the exception of Islington’s co-mingled system.



Five boroughs collect mixed plastic packaging; these are in Barnet, Hounslow, Harrow,
Hackney and Islington. All are kerbside sort with the exception of Islington which is comingled. Hounslow provide a dedicated container for plastics that is collected fortnightly.



Four boroughs collect batteries, all of which are kerbside sort.



Eleven boroughs collect drinks cartons using mainly co-mingled systems, with the
exception of Hounslow which is kerbside sort.

their

In general, all boroughs collect a full suite of recyclables (all five main materials), with the
exception of Brent, Redbridge, Havering and Newham. Systems that collect at least six on
average collect 20kg/hh/yr more. In the majority of cases the additional material collected is
drinks cartons. It is difficult to determine the relative performance benefits of the material range
without looking at material capture in more detail as borough affluence has a distorting affect on
performance. WRAP 31 states that residents would recycle more if their service collected a wider
range of materials, thus increasing collection yield.
Figure 7.4 London recycling collection system performance by material. (2008/09
WasteDataFlow / Hyder Survey 2009)

Of the boroughs collecting all five materials Bexley, Richmond and Sutton are the highest
performing, two of which are multi stream systems while Sutton’s collection system is fortnightly
co-mingled . Harrow, Kensington and Chelsea and Wandsworth are the highest performing
boroughs collecting at least six items for recycling. .

31

Barriers to Recycling at Home, WRAP.2008
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Container Types
London boroughs use a variety of containers, from reusable boxes and bags utilised for
kerbsides sort, multi stream and co-mingled collections, and single use sacks and wheeled bins
used for co-mingled collections. Figure 7.5 provides a summary of collection performance in
relation to container type. Only three systems use wheeled bins for containment, all of which are
high performing. Harrow is the highest performing borough using a wheeled bin system which
also operates an alternate weekly collection with refuse and enforces compulsory recycling. The
most popular containment methods in London are reusable boxes, bags and single use sacks.
Reusable boxes and sacks show a performance range that may be attributed to the number of
containers (overall capacity) provided. WRAP32 states that residents would recycle more if they
had more and/or bigger recycling containers. Single use sacks appear to have the widest
performance ranges.
The number of single use sacks distributed to residents in London varies between boroughs at
65-120 sacks per year. The method of distribution also varies being either replenished on
collection day or delivered annually, biannually or quarterly. Residents can also collect sacks
from public buildings and Council offices. Access to sacks is essential to maintaining
participation. If a council fails to deliver sacks and relies on residents to collect then they are
likely to see a diminished participation rate over time. While undertaking this research we
contacted customer support teams at a number of Councils to find out how replacement sacks
are obtained. Mixed advice was offered ranging from household delivery to obtaining them at
public buildings. This may be one reason to explain the wide variations in performance.
The highest performing single use sack systems are in Kensington and Chelsea, Wandsworth
and Hammersmith and Fulham. The lowest performing systems are in Barking, Havering and
Newham.
Figure 7.5 Recycling Container Performances in London.(2008/09 WasteDataFlow / Hyder
Survey 2009)

32

Barriers to Recycling at Home, WRAP.2008
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Figure 7.6 shows there is a moderately positive correlation of 0.408 between performance and
available capacity, where increased provision of capacity leads to higher yields. However, the
range of materials collected, frequency of collection and relationship with other service as part
of the overall service provision is likely to determine total capacity. The average weekly capacity
for London boroughs is approximately 80 litres.
Where the council has provided approximately two sacks a week for the year we have allowed
for a weekly 100 litres capacity. For fortnightly collection systems we have halved the capacity
so the comparison is for weekly collection capacity. However, it is recognised that given the
flexibility of the system residents can present unlimited recycling sacks, which is useful during
busy periods such as Christmas when additional recycling might be generated.
Figure 7.6 Container Capacity against yield. (2008/09 WasteDataFlow / Hyder Survey
2009)

Frequency of Recycling & Residual Collections
A majority of London’s recycling collection systems are weekly, or in a few cases twice, three
times a week or daily depending on type of housing. This is particularly relevant to collections
from commercial areas, flats above shops or in blocks of flats where communal containers
33
require more frequent emptying. WRAP identifies that frequency of recycling collections alone
did not play a dominant role in determining recycling performance, but did in conjunction with
other service characteristics. The report found that weekly recycling collection with fortnightly
residual performed similarly to services offering fortnightly recycling and residual collections.
Therefore it is important we don’t look at recycling collection frequency in isolation as the
frequency of residual collection, organics collections and policy / enforcement measures will
have an impact on performance. Figure 7.7 demonstrates the relationship between frequency of
collection and performance. Weekly recycling and refuse collection systems have the widest
performance ranges with collection systems in the London boroughs of Richmond, Kensington
& Chelsea and Wandsworth performing highest.

33

Analysis of kerbside dry recycling performance in England 2007/08, WRAP.2009
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Those boroughs with a weekly or fortnightly collection of recycling and a fortnightly collection of
residual appear to have slightly higher recycling yield than those with a weekly residual
collection. Boroughs providing a fortnightly residual collection use wheeled bin for containment.
Only three boroughs operate these arrangements, Bexley, Kingston and Harrow. Harrow is the
only borough to collect residual and dry recycling on an alternate weekly basis. It should be
noted that Greenwich operated a fortnightly residual collection arrangement during 2008/09.
This has since been restored to a weekly collection.
Figure 7.7 Performance of collection systems in relation to recycling and residual
collection frequency.(2008/09 WasteDataFlow / Hyder Survey 2009)

Communications
WRAP state that through well targeted communication strategies and campaigns which address
Behaviour, Knowledge, Understanding and Motivation a number of barriers can be overcome.
They indicate that effective campaigns34 can greatly improve the level of participation in
recycling; therefore boroughs should not under estimate the impact of communications as a
contributing factor to higher performance for dry and organic collections. Table 7.4 summarises
the findings of the Hyder survey.

34

WRAP Barriers to Recycling at Home. (2008)
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Table 7.4 Summary of Communications provided by boroughs (Hyder Survey 2009)
2007/08

2008/09

2009/10

Barking and Dagenham
Barnet
Bexley

C

Brent


‘C’ – Short term targeted
Communications aimed at increasing
performance. Mainly lower performing
areas

Bromley
Camden
City of London
Croydon
Ealing

C

Enfield
Greenwich

R

C
S
R

Hackney

R
S

Hammersmith and Fulham

C

Haringey
Harrow
Havering
Hillingdon

C

Hounslow
Islington
Lambeth

Following a review of the information
provided by boroughs in response to
the questionnaire we were able to
conclude that there are three main
categories of communication campaign;

R

C
R

Lewisham

C

Merton
Newham


‘S’ – Communications
coincide with service changes


‘R’ – Longer term Significant ongoing
level
communications
for
resources
It must be noted that not all boroughs
provided a response to this question
and some responses were incomplete
so we are only able to provide high
level evaluation.

R
C
C
C

Redbridge
Richmond upon Thames
Kensington and Chelsea

R

R

R

Kingston upon Thames

C

Southwark
Sutton
Tower Hamlets
Waltham Forest
Wandsworth
Westminster

R
C

R
C

that

R
C

Short term targeted campaigns can be effective at improving performance for delivering quick
wins but should be backed up with ongoing communications messages, customer support and
operational reliability to have a longer term impact. Longer term ongoing levels of
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communication resource, although not on the same scale, can be affective at maintaining
participation and capture rates on a scheme.

Communications that are required for periods of service change or introduction should be well
timed using a range of tools to ensure residents have sufficient ‘Opportunity to See’ information.
WRAP provide guidance35 on the planning, design, management and monitoring of
communications campaigns.
Based on the information provided, the review has identified that four boroughs offer ongoing
communications support; these are Greenwich, Lambeth, Kensington and Chelsea and
Wandsworth. In general these appear to be higher performing boroughs . Some of this support
may be provided through partnership working with the WDA. Ten of the boroughs provided
some form of high profile short term targeted communication campaign using a range of tools
aimed at increasing performance. Five of this these were either on or in the year preceding
2008/09, the year in which recycling performance data has been used for this report.

7.2.3

Socio-economic Factors
The overall performance of London collections systems by majority housing type have been
evaluated against socio- economic factors, and for the purpose of this study we have used 2007
ONS IMD scores36 by borough. This Section explores the trends between IMD scores and
performance. To identify which collection systems appear to be performing above or below the
trend, for further investigation. The evaluation is based on the hypothesis that ‘Collection
systems that go against the IMD versus performance trend may demonstrate different
approaches to one or more of the service Level factors that give rise to higher levels of
performance.

Index of Multiple Deprivation (IMD)
The Index of Multiple Deprivation (IMD) 2007 combines a number of indicators, chosen to cover
a range of economic, social and housing issues, into a single deprivation score for each small
area in England. This allows each area to be ranked relative to one another according to their
level of deprivation. As with the 2004 Indices, the Indices of Deprivation 2007 have been
produced at Lower Super Output Area level, of which there are 32,482 in the country. The
average score is 10, where the lower the score the lower the level of deprivation. We have used
the 2007 data from ONS37 as the data in WDF appears to be from the 2004 data set.

35

http://www.wrap.org.uk/local_authorities/research_guidance/communications/index.html

36

http://www.communities.gov.uk/communities/neighbourhoodrenewal/deprivation/deprivation07/

37

http://www.communities.gov.uk/communities/neighbourhoodrenewal/deprivation/deprivation07/
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Figure 7.8 Dry Recycling Yields against IMD and NI192 performance 2008/09
(WasteDataFlow/ONS)

A WRAP study38 focused on the performance of dry recycling. It identified that sociodemographic factors and the prevailing ‘characteristics’ of an area have a significant influence
on recycling performance - just over a quarter (26.5%) of the variation in local authority dry
recycling performance can be explained by the characteristics of the local area and population.
Some local authorities (i.e. typically those in high density areas with high levels of deprivation)
face a series of additional challenges. For this reason we have used IMD to help us examine
which collection systems are performing better than expected for their IMD score. WRAP
indicates that the remainder of performance is attributed to;

38

Analysis of kerbside dry recycling performance in England 2007/08, WRAP.2009
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The interrelationships between kerbside dry recycling collections and bring site recycling;
between kerbside collections and overall household dry recycling (i.e. bvpi82a) and
overall dry and organic recycling (i.e. BVPI82a, b); and between kerbside collections and
overall household residual waste arisings



The nature of the kerbside recycling scheme (e.g. kerbside sort, single stream comingled, two stream co-mingled), the frequency of collection and type of container

We have already looked at some service level factors in relation to London’s collection systems
with the addition of communications, which has a significant influence on performance.
Figure 7.8 shows a moderate negative correlation of -0.591 between dry recycling yields and
IMD, where higher IMD score give rise to lower yields per Kg. This is also true for NI192 and
IMD, which produces a moderate negative correlation of -0.645 where higher NI192
performance produced for lower IMD scores i.e boroughs with lower levels of deprivation tend to
be higher performing. The Boroughs have been ranked in order of IMD score on the x axis from
the lowest on the left (least deprived) to the highest on the right (most deprived), this is also
signified by the green graph line. Yield has been plotted as Kg per Household in the blue
columns with a trend line added to show the above correlation.
The graph shows that collection systems in boroughs such as Hackney and Tower Hamlets,
which are the most deprived boroughs in London, are clearly performing well above the likes of
boroughs with similar levels of deprivation, such as Newham. Looking at the Kg per Household
trend line, other collection systems that notably stand out for higher performance i.e. above the
trend line are Islington, Lambeth, Greenwich, Lewisham and Hammersmith and Fulham, RB
Kensington and Chelsea, Ealing, Wandsworth, Hillingdon, Bexley and Harrow.
It must be noted that four of these collection systems (Lambeth, Hammersmith and Fulham,
Kensington and Chelsea and Wandsworth) operate under Western Riverside WDA, which may
indicate a consistent approach to service level factors, such as container type, consistent and
sustained level of communications over the contract period.
Collection systems in boroughs that appear to deliver lower yields than expected fall below the
trend line. Havering in particular appears to have a lower than expected yield, relaying on
recycling handled via Bring Bank and HWRCs.
Figure 7.9 All boroughs 2008/9 kerbside dry recycling performance against IMD
(WasteDataFlow/ONS)
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It must be noted that the average London IMD score for London is 26 and the average yield for
London is approximately 140 kg/hh/yr based on total number of Households, not coverage.
Figure 7.9 shows that those boroughs in the top right of the trend line, against the average yield
and IMD are performing higher than expected for their IMD score. This would indicate that their
higher performance may be attributed to other factors such as frequency of refuse collection,
range of materials collected, or communications previously referred to as service level factors.
Boroughs with collection systems plotted above both of these averages 140 kg and 26 IMD
score are Hammersmith and Fulham, Greenwich, Lambeth, Lewisham and Islington. Those
boroughs below both of these averages are Barnet, Hounslow, Redbridge, Enfield, Croydon,
Westminster and Havering. Of particular note is Havering’s collection system which appears to
be performing significantly lower than expected for its IMD score.

7.2.4

Performance by Majority Housing Type
Table 7.5 2008/9 Yield statistics according to majority housing type by kg/hh
(WasteDataFlow)
Majority housing type
Dry Rec Yield statistic

DSP*

NEFs

DSF

MAX

224

181

140

MIN

26

82

140

AVERAGE

147

118

140

MEDIAN
No. of boroughs in
group

155

102

140

26

6

1

*Includes Doorstep Houses and Doorstep properties combined. Where the split between
doorstep houses and flats cannot be identified by borough it has been combined to form the
door step properties category.
Exploring the relationship between recycling collection performance and housing type we can
identify that DSPs provide the highest yields, followed by NEFs and then DSFs. This reflects the
higher deprivation average scores associated with NEFs. No boroughs have a housing profile
which is a majority FASs. Figures 7.10 & 7.11 show the relationship between performance by
majority housing type and IMD.
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Doorstep Properties
Figure 7.10 2008/9 Recycling performance of majority doorstep property boroughs
against IMD (WasteDataFlow/ONS)

Again, as in figure 7.9, boroughs that are plotted in figure 7.10 above the average yield and
IMD by housing type located in the top right above the trend line are performing higher than
expected for their IMD score. There are five boroughs that have been identified as higher
performing for this housing type, these are; Kensington and Chelsea, Hammersmith and
Fulham, Greenwich, Lambeth and Lewisham. All of these boroughs operate a weekly comingled collection system with a weekly refuse collection. None of these boroughs enforce
compulsory recycling. Three of the boroughs operate under Western Riverside and two are
Unitary Authorities. Based on our review of service level factors in Section 11.3.2 we are able to
determine that collection systems in Greenwich, Lambeth, Kensington and Chelsea all provide
some form of ongoing communications support. Kensington and Chelsea is the highest
performing single use sack system in London, while both Kensington and Chelsea and Lambeth
collect a full suite of recyclables plus drinks cartons both are estimated to have approximately
100 litres of weekly collection capacity, based on the provision of approx two sacks a week.
Greenwich, reported one of the highest contamination rates to WDF in 2008/09, which was
12%. This may be attributed to service change issues during this period, which could lead to the
confusion of householders about their collection arrangements during the bedding in period.
Greenwich operated a fortnightly collection of residual waste during this reporting period which
may account for higher levels of recycling performance in 2008/09. NI192 performance at
Greenwich increased from 30.5% to 42.1% in a single year owing to weekly mixed food and
green waste collections ,weekly collections of dry recycling and fortnightly collection of residual
waste. The borough reverted to a weekly collection of residual waste in 2009 after suffering
issues with contamination. Greenwich ascribes this contamination level to the following factors :-
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Reduction in the frequency of the residual collection from weekly to fortnightly and the
associated movement of the Mixed Dry Recycling (MDR) service from fortnightly to
weekly - many of our residents used the MDR bin to get rid of their residual waste on a
weekly basis



Ongoing confusion surrounding the newly introduced weekly garden/food waste service again some residents chose to put this stream in with their MDR, rather than in the
separate bin provided.



Market conditions - mixed plastics and low grade papers (which are in our stream and
were previously saleable) were deemed to be no longer saleable as recyclates so were
effectively reclassified as contaminants.

Table 7.6 The same collection system with similar performance against IMD.

Collection System
Greenwich (Wheeled bin)
Lambeth, Hammersmith &
Fulham & RBKC (Single use
sacks)
Lewisham (Box)

The same Collection System with similar performance against
IMD
None
Wandsworth, Hillingdon

None

Table 7.6 indicates that there are two other collection systems that have a similar profile to the
five identified. Hillingdon operates a single use co-mingled collection service, collects a similar
yield and range of materials, but has a slightly lower IMD score. Wandsworth is the fourth
borough under Western Riverside WDA, which operates the same service as Lambeth,
Hammersmith & Fulham, & RBKC. There are no other collection systems similar to Lewisham or
Greenwich with a similar performance to IMD.
While kerbside sort collection systems in London produce slightly lower yields compared to comingled , kerbside sort collection systems in Ealing and Kingston produce yields which are
comparable to co-mingled systems. Kingston has a lower IMD scores, which should dictate
higher yields, it also it provides 105 litres of weekly container capacity which is above the
average 80 litre capacity and operates a fortnightly collection of refuse which is likely to drive up
recycling yields. Ealing and Kingston report impressively low contamination rates of 3% and 1%
respectively in WDF.
Three of the five boroughs serving DSPs that operate Multi Stream systems have low IMD
scores, and as expected return higher yields in line with the trend. In order of highest to lowest
yield, these collection systems are in Bexley, Richmond and Bromley and report contamination
in WDF of between 2-5%. The other two systems are in Croydon and Redbridge, both have
higher IMD scores and lower yields consistent with the trend; however Redbridge reports zero
contamination in WDF.
Overall Richmond has the lowest IMD score, but not the highest yield, while at the other end of
the scale Newham has the Highest IMD score and the lowest yield, which follows the trend.
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Near Entry Flats
Figure 7.11 2008/9 Recycling performance of majority near entry flat boroughs against
IMD (WasteDataFlow/ONS)

A similar exercise has been repeated for Majority NEF boroughs and is presented in Figure
7.11. Islington’s collection service has been identified as being a higher performing collection
system with 140kg/hh/yr. Islington operates a co-mingled collection using a mixture of chutes,
door step collections and near entry bring systems. Chutes systems are limited to six estates.
Islington NEF system collects a full suite of materials plus the addition of textiles, mixed plastic
and drinks cartons using reusable bags. The borough has undertaken a comprehensive review
of flats and on street recycling banks prior to introducing new services, this included the
upgrade of Chutes and strategic location of recycling banks in low to high rise blocks. In
addition, the borough provided significant resource for a targeted door stepping campaign for 12
months in 2008/09, which is likely is likely to have impacted upon performance. Overall the
Borough record 11% contamination on WDF in 2008/09.
In general boroughs identified as majority Near Entry Flats are provided a co-mingled near entry
service. All systems collect five or more materials, some with the addition of drinks cartons.
Containers used are a mix of single use sacks and reusable bags for storage in flats.
Doorstep collections from flats operate in City of London, Islington, Southwark and Tower
Hamlets. Generally, where doorstep collections have been introduced, near entry recycling has
been withdrawn. Southwark is currently expanding its door to door collection for flats, but
intends to retain is near entry facilities so that residents have additional capacity to recycle, if
required. Southwark returned a contamination rate of 14% on WDF during 2008/09, while
Tower Hamlets produced a higher yield and lower contamination rate of just 3%.
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Doorstep Flats
Only Westminster has been identified as being a Majority Doorstep Flats (DSF) borough, which
makes its performance for this study rather unique. The borough provides a weekly co-mingled
service using a 50 litre box. The borough’s performance is consistent with the IMD yield trend.
Our review of communications has highlighted that Westminster has provided short term
communications campaigns each year for the last three years to help overcome barriers
associated with DSF such as transient residents.

Coverage
Service coverage for doorstep properties is reported at 100% coverage, while flats serviced via
a combination of near entry systems, doorstep collection and chutes systems have less overall
coverage. There is evidence from survey returns and case studies that not all flats receive a
near entry service and so therefore these residents rely on Community Recycling Banks, Bring
Banks and HWRCs.
Flats Above Shops (FASs) appear to have a varied service coverage, and in some boroughs
residents are largely dependent of on local community banks or larger bring facilities. Based on
the information provide by boroughs it is estimated that approximately seventeen boroughs
provide some form of doorstep FASs service, of these one is a trial while others offer a service
to a limited number of flats. A further two systems are to be rolled out in 2010 in London.

7.2.5

Performance Summary
Following our high level analysis of Service Level and Socio-economic Factors we have
summarised a long list of twenty boroughs with collection systems that may have service
attributes that overcome barriers to recycling and give rise to higher performance yields. These
are summarised in Table 7.7 below.
Table 7.7 Summary of collection systems following evaluation by socio-economic and
service factors (Hyder)
Borough

Westminster

BVPI82a
Rank
2007/08
(Section
9.2)
Upper

Collection
System
(Majority
Housing
type)
Co-mingled

Inner /
Outer
London

Inner

Majority
Housing
Type

DSF/FAS

Middle
Hackney

Lower

Higher Performance may be linked to
communications

Kerbside

Inner

NEF/DSP

High performing for IMD score. May also
be linked to Service change

Sort / Multi-

communications

stream
Tower

Comments in relation to Service
Level and Socio-economic
Factors.

Lower

Co-mingled

Inner

NEF

Lower

Co-mingled

Inner

NEF/DSF

High performing for IMD score

Hamlets
Islington

Middle

High performing for IMD score may be
linked to communications.
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Borough

Lambeth

BVPI82a
Rank
2007/08
(Section
9.2)
Upper

Collection
System
(Majority
Housing
type)
Co-mingled

Inner /
Outer
London

Inner

Majority
Housing
Type

DSP

middle
Greenwich

Upper

Comments in relation to Service
Level and Socio-economic
Factors.

High performing for IMD score, maybe
linked to communications

Co-mingled

Inner

DSH

High performing for IMD score, may be
linked to frequency of collection and
residual arrangement, communications

Lewisham

Upper

Co-mingled

Inner

DSP

Co-mingled

Inner

DSH/DSF

High performing for IMD score.

Middle
Hammersmith

Upper

& Fulham

Middle

Kensington

Upper

High performing for IMD score, may be
linked to container type and number

Co-mingled

Inner

DSP

and Chelsea.

High performing for IMD score may be
linked to single stream system, container
type, communications, and material types.

Wandsworth

Upper

Co-mingled

Inner

DSP

Middle

High performing for IMD score may be
linked to single stream system, container
type, communications, and range of
material types.

Hillingdon

Lower

Co-mingled

Outer

DSH

High performing for IMD score

Multi Stream

Outer

DSH

High performing for IMD score may be

Middle
Bexley

Upper
Middle

linked to material type, frequency of
collection and residual arrangements, Multi
stream collection.

Harrow

Lower

Co-mingled

Outer

DSP

Middle

High performing for IMD score may be
linked to single stream system, container
type, and frequency of collection and
residual arrangements, material types

Richmond

Upper

Multi Stream

Outer

DSH

Middle

High performance may be linked to range
of material types collected. Multi stream
collection.

Sutton

Upper

Co-mingled

Outer

DSH

Middle

Kingston

Lower

High performance may be linked to range
of material types collected.

Kerbside

Outer

DSH

High performing may be linked to
kerbside sort, frequency of collection and
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Middle

Borough

T
h
e
Ealing

BVPI82a
Rank
2007/08
(Section
9.2)

Sort

Collection
System
(Majority
Housing
type)

Lower

Kerbside

Middle

Sort

T
h
Barnet
e

Lower

Kerbside

Middle

Sort

h
Bromley

Upper

Multi-stream

i
g
h
Merton
-

residual arrangements,

Inner /
Outer
London

Outer

Majority
Housing
Type

DSH

Comments in relation to Service
Level and Socio-economic
Factors.

Higher performance maybe linked to
kerbside sort system

Outer

DSH

Higher performance may be linked to
kerbside sort, communications,

Outer

DSP

Higher performance may be linked to
Multi stream collection

Upper
Middle

Co-mingled

Outer

DSP

Higher performance may be linked to
communications

A long list of twenty boroughs for further investigation has been identified, this includes an even
mix of Inner and Outer London boroughs , three majority flat (NEFs) boroughs and one majority
Doorstep Flats borough (DSFs) which also has a large number of Flats Above Shops (FASs),
plus two boroughs with a higher percentage of DSFs. Sixteen boroughs are Majority Doorstep
Properties or Houses (DSPs/DSHs)
A further level of evaluation was undertaken in Section Eight where boroughs have provided
data sets by Housing type. This was then used to determine service approaches that give rise to
higher performance yields and the development case studies.

7.3

Evaluation of Overall Organic Collection
Performance
Based on service information provided by boroughs in response to our survey we have provided
details on the coverage of organic collections in the capital in Table 7.8. Where data has not
been provided by boroughs we have tried to establish service provision information from the
Authorities public facing web site. On the whole, food waste collections are not firmly
established in London in the same way that dry recycling is. Source separated food waste
collections only cover 26% of London households, the majority being DSPs. Green waste
collections are more established and cover 62% of London’s households, and are provided
largely though dedicated services, although approximately 10% are provided via a mixed food
and green waste service. Approximately 47-49% of London’s properties are made up of flats.
Green waste services are offered to doorstep flats where there are gardens, plus a small
number of flats where there are communal gardens, hence higher service coverage for green
waste.
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Table 7.8 Coverage of organic services in London (Hyder Survey 2009)
Organic Service

Total Coverage (hh)

Green waste

1657938

Food Waste

492433

Mixed Food and Green

359118

Hammersmith and Fulham is the only borough that does not provide an organics collection. As
a result of a major public consultation with existing and past garden waste service
users, separate garden waste collections were stopped in favour of home composting. Each
week up to five bags of garden waste can be presented in refuse sacks for collection along with
ordinary household refuse. Figure 7.12 show a map of organics collection service coverage
across London.
In some cases boroughs have reported co-collected food and green waste under the ‘Other
Compostable’ category in WDF; in this case we are unable to determine tonnages for food and
green fractions. Haringey and Islington collect food and garden waste in separate containers but
co-collect in the same vehicle. Camden also provide this service but on a small trial basis
Figure 7.12 Map of London’s Organic household collection services 2008/9 (Hyder
Survey 2009)
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Organics collections have been introduced across the capital since the 2008/9 WasteDataFlow
reporting period used for this study. For Example Enfield has recently introduced a food and
garden waste collection to 14,000 properties in October 2009..
Food waste collections have a wider coverage in outer London, and mixed food and garden
waste collections are also largely located in outer London with the exception of Greenwich. In
some inner London boroughs such as Islington, Haringey and Tower Hamlets food and garden
is co-mingled in the same vehicle, but collected in separate containers so the frequency of
green and food collection can vary. Ten boroughs provide some kind of chargeable system for
green waste. Table 7.9 provides an overview of London’s organic collection systems and
performance as recorded in WDF. A summary of performance by coverage is presented in
Table 7.10.
It is likely that the same Service Factors identified for dry recycling will apply to the performance
of food waste collections.
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Table 7.9 Summary of organics collection systems and their 2008/9 performance (Hyder Survey 2009 / WasteDataFlow)

Green Waste
Collections

Yield kg/hh/year
(Coverage)

Container

Frequency

Coverage

Charge

Food Waste
Collections

Yield kg/hh/year
(Coverage)

Container

Coverage

Mixed

Yield kg/hh/year
(Coverage)

Container

24

0

DSH

Outer

Co‐mingled

G

24.72

WB

F

97%

No

f

Unknown

NK

1%

Barnet

0

135

DSH

Outer

Kerbside Sort

M, P,C

200.28

WB, KC

Bexley

0

211

DSH

Outer

Multi Stream

M, P,C

249.95

WB, KC

Brent

0

121

DSH

Outer

Kerbside Sort

G

267.02

Single use

R

100%

No

M,C

unknown

WB, KC

Bromley

0

4

DSP

Outer

Multi Stream

G

NK

Stickers

R

92%

Yes

Camden

7

1

NEF/DSF

Inner

Co‐mingled

G

7.39

NK

R

98%

No

M

17.62

EC,WB

City of London

0

5

NEF

Inner

Co‐mingled

Croydon

51

2

DSP

Outer

Multi Stream

G

60.03

Reusable
Sack

Ealing

55

36

DSH

Outer

Kerbside Sort

G

73.17

Reusable
Sack

Enfield

1

79

DSH

Outer

Co‐mingled

G

1.11

Green box

Greenwich

2

180

DSH

Inner

Co‐mingled

Inner

Multi Stream
/ Kerbside
Sort

Hackney
Hammersmith and
Fulham

30

13

15

0

NEF

DSH/DSF

Inner

DSH/DSF

Outer

Co‐mingled

Harrow

0

229

DSP

Outer

Co‐mingled

Havering

46

0

DSH

Outer

Co‐mingled

93

0

DSH

Outer

178.83

Reusable
Sack

45

Hillingdon

G

WB/Reusable
sack

Co‐mingled

1

Co‐mingled

W

84%

yes

76%

No

91%

No

110.44

KC

f

32.92

KC

16%

f

84.40

KC,EC

2%

f,P

47.19

KC

G

2.05

F

W,C

17%

65%

No

No

f,X

f

29.16

Unknown

KC,EC

KC,EC

G

326.67

WB

F,S

14%

Yes

106.27

Reusable
Sack

F

88%

No

wheeled bin

67%

weekly

wheeled bin

84%

fortnightly

wheeled bin

55%

weekly

wheeled bin

weekly

sacks

5%

>weekly

wheeled bin

>weekly

sacks

weekly

wheeled bin

weekly

variable

weekly

sacks

weekly

wheeled bin

weekly

variable

weekly

sacks

76%

260.01

WB, KC

69%

52%

70%
M

G

weekly

4%

M,P

Home
composting

Haringey

F,S

f, P

Container

Dry Collection
System by Majority
Housing service

Barking and
Dagenham

Borough

Residual Arrangements

Frequency

Inner / Outer

Mixed Food and Green

Majority housing
type

Food Waste

KS HH WDF 'Other
compostable waste'
(kg/hh)2

Green Waste

KS HH WDF 'Green
waste only' (kg/hh)

Geography

Coverage

Housing
details

272.30

WB

84%

weekly

wheeled bin

fortnightly

wheeled bin

weekly

sacks

weekly

sacks
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Table 7.9 (Continued) Summary of organics collection systems and their performance
Housing
Details

Frequency

Coverage

Charge

Food Waste
Collections

Yield
kg/hh/year
(Coverage)

Container

Coverage

Frequency

Container

Outer

Kerbside Sort

G

29.22

Reusable
Sack

NK

73%

yes

f

3.64

KC, EC

91%

weekly

sacks

31

0

NEF

Inner

Co‐mingled

G

61.28

Reusable
Sack

W,C

51%

No

f

Unknown

K,EC

51%

weekly

sacks

143.16

Reusable
Sack/ single
use

R

8%

No

f

16.97

KC,EC

11%

weekly

wheeled bin

weekly

wheeled bin

f

12.86

KC, EC

12%

weekly

sacks

Islington

Lambeth

Coverage

Container

DSP

Container

Yield
kg/hh/year
(Coverage)

3

Yield
kg/hh/year
(Coverage)

Green Waste
Collections

21

Mixed

Dry Collection
System by
Majority
Housing
service

Residual

Inner / Outer

Mixed Food & Green

Majority
housing type

Food Waste

KS HH WDF
'Other
compostable
waste'
(kg/hh)2

Hounslow

Green Waste

KS HH WDF
'Green waste
only' (kg/hh)

Borough

Geography

12

2

DSP

Inner

Co‐mingled

G

Lewisham

0

0

DSP

Inner

Co‐mingled

G

NK

Single use

R

67%

yes

Merton

14

2

DSP

Outer

Co‐mingled

G

16.24

Single use

R

88%

yes

Newham

4

0

DSH

Outer

Co‐mingled

G

5.18

None

R

81%

No

weekly

wheeled bin

19

14

DSP

Outer

Multi Stream

G

23.34

Reusable
Sack

NK,S

80%

No

weekly

variable

55.06

WB/Reusable
sack

F

81%

yes

weekly

sacks

F

100%

yes

weekly

sacks

fortnightly

variable

weekly

wheeled bin

weekly

wheeled bin

Redbridge
Richmond upon
Thames

44

43

DSH

Outer

Multi Stream

G

Kensington and
Chelsea
9

0

DSP

Inner

Co‐mingled

G

8.91

Reusable
Sack/ single
use

5

38

DSH

Outer

Kerbside Sort

G

8.91

WB/Reusable
sack

F,S

No

Yes

F

42%

No

F

79%

No

Kingston upon
Thames

40

0

NEF

Inner

Co‐mingled

G

95.11

Reusable
Sack/ single
use

30

2

DSH

Outer

Co‐mingled

G

38.32

Single use

Southwark

Sutton

f

f

f

53.52

47.39

68.01

KC,EC

KC, EC

NK

81%

80%

3%
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Table 7.9 (Continued) Summary of organics collection systems and their performance

Frequency

Coverage

Charge

Food Waste
Collections

Yield
kg/hh/year
(Coverage)

Container

Coverage

Co‐mingled

G

7.97

Reusable
Sack

F

19%

No

f

77.03

KC

8%

Waltham Forest

0

63

DSH

Outer

Kerbside Sort

Wandsworth

4

0

DSP

Inner

Co‐mingled

Westminster City
Council

9

0

Average

17

37

DSF/FAS

Inner

Co‐mingled

M
G
G

5.89

Single use

R

65%

Yes

93.00

Reusable
Sack

F

9%

No

f

15.18

NK

169.35

F, WB, KC.

37%

1%

Container

Container

Inner

Frequency

Yield
kg/hh/year
(Coverage)

NEF

Residual

Coverage

Green Waste
Collections

6

Tower Hamlets

Container

Dry Collection
System by
Majority
Housing service

2

Borough

Yield
kg/hh/year
(Coverage)

Inner / Outer

Mixed Food & Green Waste

Majority
housing type

Food Waste

KS HH WDF
'Other
compostable
waste' (kg/hh)2

Green Waste

KS HH WDF
'Green waste
only' (kg/hh)

Geography

Mixed

Housing
Details

>weekly

variable

weekly

Sacks

weekly

variable

>weekly

variable

KEY
R = Request

G =Green

C= Co-collected

F=Fortnightly

f = Food

S= Seasonal

M = Mixed Food and Green

p = Paper

NK = Not Known

WB = Wheelie Bin KC= Kitchen Caddy EC = External Caddy
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Table 7.10 Summary of London’s Organic Collections systems by yield and coverage (Hyder
Survey 2009/WasteDataFlow)

Green Waste

Number of
Authorities

26

Kg/hh/yr
(Total
Dwellings)

Tonnage
data
(WDF
Q10)

Service
Coverage

Yield
kg/hh/yr
(coverage)

Bromley

Unknown

Unknown

122742

Unknown

Lewisham
Brent (inc food
waste from 60,000
hh)

Unknown

Unknown

77627

Unknown

Unknown

108850

Unknown

Authorities

Total
hh
13329
8
11508
3

%
Coverage

Charge

92%

Yes

67%

Yes

100%

No

88%

No

91%

No

76%

No

84%

Yes

Hillingdon

93

9564

90000

106

Enfield

79

121

109000

86

Ealing

55

6951

95000

73

Croydon

51

7165

119365

60

10885
0
10250
0
11949
7
12535
6
14186
8

Havering
Richmond upon
Thames

46

4573

14000

327

98732

14%

yes

44

3579

65000

55

81%

Yes

Southwark
Islington (Co‐
collection with
food waste)

40

4851

51000

95

80594
12246
7

42%

No

31

2942

48000

61

93437

51%

No

Sutton

30

2395

62500

38

78792

79%

No

Hackney
Barking and
Dagenham

30

2861

16000

179

96532

17%

No

24

1681

68000

25

70030

97%

No

Hounslow

21

1987

68000

29

93008

73%

Yes

Redbridge

19

1842

78899

23

98431

80%

No

Merton

14

1137

70000

16

88%

Yes

Lambeth
Kensington and
Chelsea

12

1489

10400

143

79327
12866
2

8%

No

9

766

86000

9

100%

Westminster

9

1023

11000

93

86000
11871
6

9%

Yes
Not
known

Camden

7

716

97000

7

99015

98%

No

Tower Hamlets
Kingston upon
Thames

6

152

19000

8

99188

19%

No

5

334

Unknown

Unknown

Newham

4

419

81000

5

Wandsworth

4

498

84561

6

80594
10037
3
13057
7

Haringey (Co‐
collection with
food waste)

1

133

65000

2

10044
4

Unknown
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unknown

18

1200

15

11871
6

1%

43

3479

65000

54

80594

81%

38

2417

51000

47

80%

Ealing

36

4483

95000

47

63681
12535
6

76%

Hackney

36

1476

50600

29

96532

52%

City of London

5

32

957

33

16%

Bromley

4

532

4818

110

5839
13329
8

Hounslow

3

310

68,000

4.55

93008

73%

Sutton

2

170

2500

68

78792

3%

Tower Hamlets

2

578

7500

77

8%

Lambeth

2

246

14500

17

99188
12866
2

Merton

2

126

9796

13

Croydon
Barking and
Dagenham

2

216

2562

0

Unknown

Harrow

229

Bexley

Mixed Food and Green

Food Waste

Westminster
Richmond upon
Thames
Kingston upon
Thames

14

9

4%

11%
12%

84

79327
14186
8

1000

Unknown

70030

1%

19333

71000

272

84614

84%

211

19884

79551

250

84%

Greenwich

180

18200

70000

260

Barnet
Brent (mixed with
green)

135

18275

91246

200

unknown

unknown

60000

Unknown

94277
10114
6
13561
8
10885
0

55%

63

6097

36000

169

96582

37%

1

94

5321

18

99015

5%

unknown

Unknown

48000

Unknown

93437

51%

unknown

Unknown

70000

Unknown

10044
4

70%

Waltham Forest
Camden (co‐
collection of food
and green) Trial
Islington (Co‐
collection with
Green waste)
Haringey (Co‐
collection with
Green waste)

2%

69%
67%

Unknown = Tonnage Not identifiable in WasteDataFlow due to co-collection or mixed with other
waste streams.

7.3.1

Food Waste Collection Performance
39

WRAP have drafted a food waste collection Guidance Document to assist Local Authorities in
the planning, implementation and delivery of food waste services.

39

Food Waste Collection Guidance, WRAP. 2009.
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Drawing from local authority schemes currently in operation including WRAP trials and other
research to date the WRAP report draws the following conclusions:


Refuse collection frequency is a statistically significant factor in the performance of food
waste collections. Areas with fortnightly collections of refuse have higher weekly food
waste participation and yields



Participation and yields can decline over time in areas with weekly refuse collections,
whilst in areas with fortnightly refuse collections yield and participation is maintained



Areas with weekly black sack collections provide higher food waste yields than areas with
weekly 240 litre wheeled bin refuse collections



Food waste yields may also be influenced by the size of the wheeled bin provided for
refuse



Higher food waste yields will be found in more affluent areas

It is likely that these Service Related Factors will give rise to higher performance and have
therefore been considered as part of this study. Although given the study is based on only a
small number of London boroughs it is hard to extrapolate.
WRAP food waste trial40 areas including those in Sutton, Croydon, Merton and Kingston Upon
Thames produced typical yields where in the range of 1.9- 2.5 Kg per household per week (for
those participating in the scheme) with participation rates of approximately 70%. The trial in
Kingston was focused on door to door multi-occupancy property collections (purpose built flats),
which reported typical yields of 1.6 Kg/hh/wk with much lower participation rates of approx 30%.
Participation rates from flats can be expected to be lower than for other housing stock where
barriers to recycling have not been overcome. These barriers include cultural or language
barriers, therefore appropriately designed communications to suit the target audience is
required.

7.3.2

Evaluation of Food Waste Collections
26% of households in London boroughs receive a food waste collection service, approximately
886,000 households. Based on data provided by boroughs an estimated 28,000 households in
flats receive a food waste collection services in the form of near entry or doorstep collections.
Food waste collections are predominantly provided to Doorstep properties in London.
There are seven established food waste schemes in London offering wide coverage within
each borough, we have WDF data for five of these; in addition there are nine trial food waste
collection services, we have data for eight of these. Where data is unavailable it is due to the
co-collection or reporting of food and green wastes. Figure 7.13 below shows food waste yields
by coverage in each borough, it clearly shows the trial areas with high yields are in the blue
circle. Established schemes with generally lower yields are identified in the in the yellow circle.
The collection system in Hounslow is an established scheme with over 71% coverage, but
appears to have a significantly lower yield. This is largely due to service roll out during March
2009, as a result only one month’s data was recorded on WDF. Two collection systems
(Islington and Haringey) commingle food with garden waste at collection and as a result do not
appear on this graph. No data was available for Barking and Dagenham’s trial for this period.
Richmond, Ealing and Kingston appear to be higher performing established collection systems.
Bromley, Croydon, Tower Hamlets and Sutton appear to be the higher performing trial areas.

40

WRAP 2009. Evaluation of the WRAP Separate Food Waste Collection Trials.
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Figure 7.13 Food Waste Collections. Performance by number of households covered
plotted against % coverage. (Hyder Survey 2009/WasteDataFlow)

Details of established and trial collection systems have been set out in Tables 7.11 and 7.12.
Average yields for trial systems appear to be considerably higher than those of established
system, perhaps reflecting the additional and more intensive communication resources applied
to trial areas to increase participation and capture. Lower yields for established systems
perhaps support the evidence for diminishing yields where participation and yields can decline
over time in areas with weekly refuse collections41. All food waste collection systems operate a
weekly collection of food and residual waste, with the exception of Kingston which operates a
fortnightly collection of residual. Caddy liners are generally accepted, but not supplied free by
the borough. A range of residual collection containers are used across the food waste collection
systems, however it is difficult to determine the impact of residual collection arrangements on
such a small data set. For example Kingston’s higher performance may be attributed to
fortnightly collection of refuse, where fortnightly collections of residual waste and black sack
collections are likely to increase performance42. This is largely due to residual capacity being
restricted. Of the five systems evaluated, Richmond, Kingston and Ealing are the highest
performing. Again, from such a small data set we are unable to determine the impact of
affluence through IMD scoring; however it is likely that this Socio-economic factor will
considerably influence performance, where higher food waste yields will be found in more
43
affluent areas .

41

Food Waste Collection Guidance, WRAP. 2009.

42

Food Waste Collection Guidance, WRAP. 2009.

43

Food Waste Collection Guidance, WRAP. 2009.
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Table 7.11 Established food waste collections (Hyder Survey 2009 / WasteDataFlow)
Food
Waste
Collections

Yield
kg/hh/year
(Coverage)

Ealing

F,P

Hackney

F,X
F

Borough

Haringey

Container2

Coverage

Residual
Frequency

Residual
Container

47.19

KC

76%

weekly

variable

29.16

KC,EC

52%

weekly

Unknown

KC,EC

70%

weekly

variable
wheeled
bin

Hounslow

F

3.64

KC, EC

91%

weekly

sacks

Islington

F

Unknown

K,EC

51%

weekly

sacks

Richmond upon
Thames

F

53.52

KC,EC

81%

weekly

sacks

F

47.39

KC, EC

80%

fortnightly

variable

Kingston upon Thames

Table 7.12 Trial food waste collections or low coverage systems (Hyder Survey 2009 /
WasteDataFlow)

Borough
Barking and
Dagenham
Bromley
City of London
Croydon
Lambeth
Merton
Sutton

Food
Waste
Collections

Yield
kg/hh/year
(Coverage)

Container

Coverage

Residual
Frequency

Residual
Container

F

Unknown

NK

1%

weekly

wheeled
bin

F, P

110.44

KC

4%

weekly

Sacks

F

32.92

KC

16%

>weekly

F

84.40

KC,EC

2%

weekly

F

16.97

KC,EC

11%

weekly

Sacks
wheeled
bin
wheeled
bin

F

12.86

KC, EC

12%

weekly

NK

3%

weekly

sacks
wheeled
bin

F

68.01

Tower Hamlets

F

77.03

KC

8%

>weekly

variable

Westminster l

F

15.18

NK

1%

>weekly

variable

F = food X = Excludes raw meat and bones P = Includes paper as a liner (where stated)
KC= Kitchen Caddy EC = External Caddy

NK= Not Known

Housing Type
Food waste collection systems are predominantly provided to DSPs however based on
information provided in our survey an estimated 28,000 flats in London receive collections from
a combination of Near Entry and Doorstep collected arrangements. Bexley, City of London,
Hackney, Islington, Lambeth, Kingston, Tower Hamlets and Westminster all provide food waste
collections to some of their flats. Of these, Tower Hamlets, Kingston and City of London provide
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some form of doorstep collection. Survey returns indicate that only Tower Hamlets offers a food
waste collection services to Flats Above Shops.

7.3.3

Food & Green Waste Collections Performance
WRAP commissioned a report on mixed food and green waste collections44 in England to look
at the effectiveness of recycling food waste via mixed food and garden waste collections. Six
Authorities, including three London boroughs, with established organic waste collection services
were selected for monitoring. The residual and organic waste collection services in these
authorities covered both weekly and fortnightly collection frequencies. In all the authorities
residents were provided with caddies to encourage the separation of food waste in the kitchen.
The report46 produced the following conclusions;


Overall residual waste per household was significantly lower in those authorities where
residual waste collections were fortnightly. Where residual waste was collected fortnightly
it also contained less food waste than in weekly collections.



If food waste is collected with garden waste then fortnightly collections of residual waste
and weekly collections of food & garden waste facilitate more diversion of food waste at
the kerbside for recycling than the other service configurations reviewed.

The amount of food in the organic waste bin was much lower where bins were collected
fortnightly (0.55kg/hh/wk) as opposed to weekly (1kg/hh/wk). Food waste made up around 25%
(by weight) of the waste in the organic waste bin where collections of mixed food and garden
waste were weekly; where collections were fortnightly collections food waste was on average
9.3% . Residents with weekly collections of food & garden waste captured more food waste
(31.5%) than those on fortnightly collections (21.8%)
When compared to weekly food waste only collections combined food and garden waste
schemes achieve a much lower food yield per household and hence lower level of diversion36.
The report46 concludes that combined organic waste collections are less effective in diverting
food waste for recycling compared to food only collections. As a result it will be much more
difficult to achieve high diversion / recycling targets with combined food and garden collections
systems. Furthermore the food waste remaining in the residual bin will need to be managed at
increasingly higher disposal costs.
Establishing these trends for London boroughs is difficult given that there are only seven
identified as mixed organic collections which are predominantly collected on a weekly basis,
with the exception of Waltham Forest which is fortnightly. In addition, residual collections for
these seven are weekly, with the exception of Bexley and Harrow which are fortnightly.
Greenwich operated a fortnightly residual under the 2008/09 data reporting period.

44

WRAP 2010. Performance analysis of mixed food and garden waste collection schemes
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7.3.4

Evaluation of Food & Green Waste Collections
Approximately 10% of London Households are provided via a mixed food and green waste
service. Table 7.13 provides a summary. All services are provided using a combination of
wheeled bins sizes, plus kitchen caddy. Enfield recently introduced a food and garden waste
collection service t 14,000 properties in October 2009, however a full years performance data
from WDF was not available for this study. Therefore, only five boroughs offer an established
mixed organic collection, of these five Waltham Forest, which operates a fortnightly collection of
organics and a weekly collection of residual using sacks, has the lowest yield. Harrow has the
highest yield and operates a weekly collection of organics and fortnightly collection of residual
using wheeled bins. Bexley has the second highest yield and provides a weekly collection of
organics and fortnightly collection of residual. These performances would appear consistent with
the findings in the WRAP report45 discussed in Section 8.3. Again, the impact of socioeconomics is likely to have strong influence on performance.
Table 7.13 Summary of Food and Green Waste Collections 2008/9 (Hyder Survey 2009 /
Wastedatflow)

Borough
Barnet
Bexley
Brent (inc
other green)
Camden (co‐
collected)
Greenwich
Harrow
Waltham
Forest

Mixed

Yield
kg/hh/year
(Coverage)

Container

Coverage

Residual
Frequency

M, P,C

200.28

WB, KC

67%

weekly

M, P,C

249.95

WB, KC

84%

fortnightly

M,C

Unknown

WB, KC

55%

weekly

M

17.62

EC,Sack

5%

>weekly

M,P

260.01

WB, KC

69%

weekly

M

272.30

WB

84%

fortnightly

Residual
Container
wheeled
bin
wheeled
bin
wheeled
bin
wheeled
bin
wheeled
bin
wheeled
bin

M

169.35

F, WB, KC.

37%

weekly

Sacks

M= Mixed food and green P = Paper C = Card
KC= Kitchen Caddy EC = External Caddy

Collection systems in Barnet, Bexley, Brent and Greenwich include the collection of paper (P)
and or card (C)

45

WRAP 2010. Performance analysis of mixed food and garden waste collection schemes
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Figure 7.14 Mixed Food and Green Waste Collections. Performance yields by household
coverage 2008/9. (Hyder Survey 2009 / Wastedatflow)

Figure 7.14 above displays performance of all mixed food and green waste collections, with the
exception of Brent’s service, where this material is mixed and recorded in WDF with other green
waste under ‘other compostable material’. It should be noted that Waltham Forest covers
36,000 Households (37% coverage).

Co-collection
Camden is a trial area covers approximately 5,300 households (5% coverage). This trial is
technically a co-collection of food and green waste using separate containers. A similar
collection is provided by Haringey and Islington; however we are unable to clearly identify
tonnages in WDF to determine performance. Both Islington and Haringey are established
services with wide coverage of 51% and 70% respectively. It should also be note that Islington
has is a majority NEF borough, hence the lower service coverage.

Housing Type
Mixed food and green waste collections are largely provided to Doorstep Properties, but several
boroughs also offer this service to a limited number of residents in flats. Bexley is the only
borough to provide this service to a small number of flats that have gardens. Greenwich is the
only borough to provide this service to Flats above Shops.

7.3.5

Green Waste Collections
All boroughs provide some form of Green Waste collection, either as a dedicated service, cocollected with food or mixed with food, with the exception of Hammersmith and Fulham. In total
26 boroughs provide a dedicated green waste service. Coverage in boroughs was general
high, with the exception of Havering, Hackney and Lambeth. Services are provided with a range
of containers, including wheeled bins, reusable sacks, single use sacks or stickers. Havering is
the only borough to use wheeled bins and Bromley the only borough to use a sticker based
system. Ten boroughs provide chargeable services, three of which are on a seasonal basis,
collected mainly on fortnightly or request basis. Charging structures vary from an annual charge
dependant on the size of the container or a pay for use sack/sticker service. Details of those
boroughs providing a season collection are in Table 7.14 below. On average, chargeable
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systems collect 63 kg/hh/yr based on service coverage. The highest yield was achieved by
Havering, which is a fortnightly seasonal system. This may indicate that targeting collection to a
small number of gardened properties (14% coverage) during spring and summer months brings
about performance and operational efficiencies.
Table 7.14 Chargeable Green Waste Collections 2008/9 (Hyder Survey 2009 /
Wastedatflow)

Borough
Bromley
Croydon
Havering
Hounslow
Lewisham
Merton
Richmond upon
Thames
Royal Borough of
Kensington and Chelsea
Royal Borough of
Kingston upon Thames
Wandsworth
R = Request

Green
Waste
Collections

Yield
kg/hh/year
(Coverage)

G

Container

Frequency

Coverage

Charge

Residual
Frequency

unknown

Stickers

R

92%

Yes

weekly

sacks

G

60.03

Reusable
Sack

F,S

84%

yes

weekly

wheeled
bin

G

326.67

WB

F,S

14%

Yes

weekly

sacks

G

29.22

Reusable
Sack

NK

73%

yes

weekly

G

unknown

Single use

R

67%

yes

weekly

sacks
wheeled
bin

G

16.24

Single use

R

88%

yes

weekly

sacks

55.06

WB/Reusable
sack

F

81%

yes

weekly

sacks

G

8.91

Reusable
Sack/ single
use

F

100%

yes

weekly

sacks

G

8.91

WB/Reusable
sack

F,S

No

Yes

fortnightly

variable

G

5.89

Single use

R

65%

Yes

weekly

variable

G

G =Green

C= Co-collected

F=Fortnightly

Residual
Container

S= Seasonal NK = Not Known

Details of boroughs that provide a free service are located in Table 7.15. Sixteen boroughs
provide this service, either weekly, fortnightly or on request. Where the green waste is collected
weekly it is often co-collected with food waste. Redbridge collects on a seasonal basis.
Boroughs use a range of containers including wheeled bins, reusable sacks and single use
sacks, with the exception of Enfield which provides a green box, but also accepts green waste
in open untied sacks and Newham, where no container is provided. On average, nonchargeable systems collect 70 kg/hh/yr based on service coverage.
It is clear from this research that non-chargeable collection systems result in increased green
waste yields. However, the benefits of Home composting and the use of HWRC networks to
manage green waste should not be overlooked in the management of organic wastes.
WRAP research indicated that home composting makes a significant contribution to the
management of garden waste and other home compostable household wastes in the
UK46.Home composting can have a significant contribution to the reduction in organic waste
sent to landfill with participating households estimated to divert between 150-160 kg/hh/yr. This
includes diversion away from green waste collections, kerbside residual, HWRC residual and
garden skips.

46

Home Composting Diversion: District Level Analysis. WRAP 2009.
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Table 7.15 Non chargeable Green Waste collections 2008/9 (Hyder Survey 2009 /
Wastedatflow)

Borough
Barking and
DagenhamB
Brent (inc. some food
from 60,000
households)
Camden
Ealing
Enfield
Hackney
Haringey
Hillingdon
Islington

Green
Waste
Collections

Yield
kg/hh/year
(Coverage)

Container

Frequency

Coverage

Charge

Residual
Frequency

G

24.72

WB

F

97%

No

weekly

G

267.02

Single use

R

100%

No

weekly

G

7.39

NK

R

98%

No

>weekly

wheeled
bin
wheeled
bin

G

73.17

Reusable
Sack

76%

No

weekly

variable

G

86.38

Green box

W

91%

No

weekly

sacks

G

178.83

WB/Reusable
sack

F

17%

No

weekly

variable

G

2.05

Reusable
Sack

W,C

65%

No

weekly

wheeled
bin

G

106.27

Reusable
Sack

F

88%

No

weekly

sacks

61.28

Reusable
Sack

W,C

51%

No

weekly

sacks

G

143.16

Reusable
Sack/ single
use

R

8%

No

weekly

G

5.18

None

R

81%

No

weekly

wheeled
bin
wheeled
bin

23.34

Reusable
Sack

NK,S

80%

No

weekly

variable

G

95.11

Reusable
Sack/ single
use

F

42%

No

weekly

G

38.32

Single use

F

79%

No

weekly

wheeled
bin
wheeled
bin

G

7.97

Reusable
Sack

F,C

19%

No

>weekly

variable

G

93.00

Reusable
Sack

9%

No

>weekly

variable

G

Lambeth
Newham
Redbridge

G

Southwark
Sutton
Tower Hamlets
Westminster
R = Request

G =Green

C= Co-collected

F
F=Fortnightly

Residual
Container
wheeled
bin

S= Seasonal NK = Not Known

Housing Type
Green waste collections are more commonly associated with DSPs to target households with
gardens; therefore boroughs may be selective with their service coverage to ensure they
capture as much material as possible. From our survey we have identified that ten boroughs
also included a small number of flats on their collection rounds where communal gardens
generate sufficient garden wastes. Three boroughs provide green waste services to Flats Above
Shops on a request basis.

7.3.6

Performance Summary
Of the established food waste collection services, collection systems in Richmond, Ealing and
Kingston delivery the highest yields where data can be clearly identified from WDF. Of the
seven mixed food and green waste systems, Harrow, Bexley and Greenwich provided the
highest yields. Green waste collection yields are largely affected by charging, frequency of
collection, seasonal collections and container type, with this in mind Havering produced the
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highest yield with a fortnightly chargeable wheeled bin collection which operates on a seasonal
basis to 14% of its residents. The second highest is Brent, which operates a non-chargeable
request collection system to 100% of its residents, although some of Brent’s reported tonnage
data may include food as it is mixed with its mixed food and green waste trial.

8

Recycling Performance by Housing Type
This Section focuses on the type of recycling services in place for each housing type and
examines data provided by boroughs to determine any performance trends relating to each
housing type. This Section is based on data provided by participating authorities and is used in
conjunction with WDF data evaluated in Section Seven of this report to try to identify Service
Level Factors that give rise to higher performance levels.
A summary of the best and average yields (kg/hh), where data was available, is presented
below.
Table 8.1 Summary of collection performance by housing type (Hyder Survey 2009)

Dry recycling

Best
Weighted average

Food

Best
Weighted average

Garden/mixed

Best
Weighted average

DSPs

NEFs

FASs

233 (Wandsorth)

157 (Bromley)

58 (Ealing)

179

85

53

115 (Bromley)

no data

no data

50

no data

no data

260 (Greenwhich)

no data

no data

121

no data

no data

This section is a summary of the survey results. With trials and existing research in dispersed.
Dry recycling for Doorstep Flats and Doorstep houses are considered together in this Section
due to the format in which boroughs provided information. In all cases, dry recycling
collections are provided to DSFs as part of the same service to DSHs. Where performance
data has been provided, in all cases it is amalgamated across the two housing types.
While we were able to access data for all boroughs in WDF to evaluate collection systems by
Majority Housing Type, not all boroughs were able to provide data that accurately reflects the
performance of services to each housing type. As result we are unable to provide a thorough
analysis for all housing types. Where we have been able to identify possible Service Level
Factors that give rise to high performance making use of WDF data for a particular borough, in
some case we are unable to corroborate this in the absence of borough data.
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8.1

Dry Recycling Collections

8.1.1

Doorstep Properties Evaluation
Descriptions of collection systems for dry recyclables from door step properties were provided
by participating authorities and are provided below in figure 8.2.

Table 8.2 Summary of kerbside recycling collections in London (Hyder Survey 2009)

Collection container

Collection method

Recycling collection
frequency

co‐mingled

Residual
collection
frequency

No. of
authorities

>weekly

>weekly

2

Weekly

>weekly

1

Weekly

weekly

10

weekly/fortnightly

weekly

1

Weekly

fortnightly

1

sack and/or box
kerbside sort

Weekly

weekly

5

weekly/fortnightly

weekly

1

Fortnightly

weekly

2

Weekly

fortnightly

1

Weekly

weekly

2

Weekly

>weekly

2

multi stream partially co‐mingled

sack and/or box/wheeled bin
co‐mingled
wheeled bin
wheeled bin/sack/box

Weekly

weekly

2

Fortnightly

fortnightly

1

Weekly

weekly

1

Fortnightly

weekly

1

Ten boroughs were able to provide data for this type of property as part of their survey return. A
full breakdown of this data can be found in table 8.4 which comprises of the following recycling
collection system types;


Four Multi stream systems (All outer London)



Two Kerbside Sort Schemes (One inner and one outer London)



Four Co-mingled Systems ( Three inner and one outer London)

Yield data is based on kg/hh covered. All yield data is excluding contamination rejected
following delivery to the MRF or transfer facility. The average yield for doorstep properties dry
recycling is 179 kg/hh/yr, based on the data provided by participating authorities.
The top three performing authorities for this data set are;


Wandsworth (233 kg/hh/yr),



Richmond upon Thames (207 kg/hh/yr) and



Merton (203 kg/hh/yr).
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On evaluation of WDF data for 2008/09 for total kerbside dry recycling in Section Seven, we
identified sixteen majority DSP boroughs linked to service level factors that might give rise to
higher performance. All three boroughs appear in this long list.
Of those sixteen it would also appear that Hammersmith and Fulham, which also operates a
similar dry recycling system to Wandsworth, is classified as a majority DSP borough and has a
similar dry recycling performance (190kg/hh/yr). Both Hammersmith and Wandsworth operate
under Western Riverside WDA, along with Lambeth and the Royal Borough of Kensington and
Chelsea (RBKC). Of all these boroughs Lambeth has the lowest performance (156Kg/hh/yr)
and RBKC has the highest (199 Kg/hh/yr). Western Riverside is the highest performing WDA in
London for dry recycling with an average of 185 Kg/hh/yr collected at Kerbside.
Geographically, all three boroughs are located in SW London, with Richmond and Merton
being an outer London borough and Wandsworth inner London.
All three boroughs have been classified as being majority DSP or DSH, as opposed to NEF
and appear in the upper middle banding of for BVPI 82a performance which shows that they are
also generally high dry recycling performers.
It must be noted that it was not possible to determine contamination levels for Wandsworth as
none appears to be recorded under WDF for the 2008/09 return. Total contamination levels for
Richmond are record as 2% and Merton as 1%. It is also difficult to determine the kerbside
reject rates as this information is not recorded by boroughs in WDF.
Kerbside sort systems in Ealing and Hackney compare favourably to co-mingled and multistream collections in Southwark, Tower Hamlets and Bromley.
Redbridge is the lowest performing collection system and operates a weekly multi-stream
collection (partial kerbside sort) using only a 55L box for all recyclable materials, but does not
collect cardboard. Croydon also operates a multi-stream collection and is the second lowest
performing borough, but provides two boxes and includes cardboard. Given the relationship
between container capacity and performance it could be possible that Redbridge’s lower
performance may be attributed to limited container capacity. However, Croydon also offer a
multi-stream stream collection with two boxes that includes cardboard and offers a marginally
better performance yield.

Service Level Factors
Both Wandsworth and Merton operate similar collection system for this housing type: a comingled weekly collection from a sack and/or box. Wandsworth uses an orange single use sack
while Merton uses two boxes for a majority of households. Both services provide approximately
100 litres of capacity on a weekly basis. Both Authorities collect a full suite of five materials and
food and drinks cartons,. Neither borough collects ‘other’ materials such mixed plastic
packaging.
Wandsworth is the one of the highest performing single co-mingled stream collection systems
using a single use sack in London. The service is consistent across the DSP category and
across a range of housing types.
Richmond is a weekly multi stream partially co-mingled collection system. Richmond uses two
boxes to collect materials totalling 100 litres capacity, one for mixed paper and card the other for
glass, cans& aerosols, drinks bottles and foils. Again, they do not collect mixed plastic.

Richmond, Wandsworth and Merton do not operate a compulsory recycling scheme and provide
a weekly refuse collection in sacks. Merton and Richmond provide food waste collection with a
12% and 81% coverage respectively. All three provide Green Waste Collections.
Ealing and Hackney both operate weekly kerbside sort systems, both systems collect the same
materials, but Hackney also collects mixed plastic and drinks cartons using 55L boxes.
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However, Ealing produces a slightly higher yield. Overall Hackney has a total contamination rate
of 11% while Ealing’s is just 3%.
In general, co-mingled collection systems in London appear to have a wider performance range
when compared to kerbside sort systems, while twin stream systems appear to collect higher
average yields with higher end performance range.
Based on information provided by boroughs in table 7.4, Wandsworth have on-going
communications campaigns, while Merton has undergone significant targeted campaigns in
2008/09 and 2009/10.
Merton are currently undertaking door knocking campaigns on doorstep recycling rounds,
coupled with an overarching recycling advertising campaign focussing on non committed
recyclers aimed at improving capture of the key materials – paper, tins and cans, and glass.

Socio-Economic Factors
Richmond has an IMD score of 10 which is the lowest of all London boroughs. We would
therefore expect Richmond to have the highest recycling performance however this wasn’t
found. Merton has a score of 15, and Wandsworth has a score of 20 which is closer to the
London average of 26, therefore Wandsworth, the highest performing borough in this study is
typically more representative than Richmond and Merton. Lambeth has a IMD score of thirty
five and RBKC has a score of twenty four. Unfortunately, these boroughs could not provide
performance details in relation to DSP so we are unable to corroborate the WDF evaluation.
Ealing’s IMD score is 25 which are significantly lower than Hackney’s which is 46, Hackneys
score is the highest in London signifying the highest level of deprivation.
Looking at the Overall performance evaluation, Ealing’s collection system performance is
consistent with the IMD performance trend, while Hackney is performing better than expected
for its IMD score.
Redbridge and Croydon have similar IMD scores and are both underperforming for their IMD
scores.

Selection of Case Studies.
A further in depth review of boroughs selected for Case Study was carried out to further define
contributing factors to higher performance. We selected the following recycling case studies as
examples of high performance:


Wandsworth (within Western Riverside WDA) - an inner London borough using a comingled single use sack for its DSP.



Richmond - an outer London borough using a twin stream collection system.



Hackney - an inner London borough using a kerbside sort collection system

These case studies signify some of the factors that lead to higher performance and perhaps
point to quick wins that can be achieved by other boroughs when looking to improve
performance.
It should also be noted we have previously identified Greenwich as a high performing wheeled
bin co-mingled system in Inner London which was performing well above what is expected its
IMD score, where fortnightly collections of residual waste are likely to have increased
performance. Greenwich however declined to provide performance data.
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Contributing Factors to High Performance
In spite of the small sample size we are able to draw some conclusions based on existing
research, from the WDF review in Section Seven and information provided by Councils in the
Survey/questionnaire, Case Study Interviews and Workshop.
From our overall evaluation we have made a number of observation that address how some
service level issues have been addressed to overcome barriers to recycling, and so give rise to
higher levels of performance for London’s DSPs; these have been set out in Table 8.3.

Table 8.3 Contributing factors giving rise to high performance in DSPs (Hyder Survey,
workshop, case studies and desktop review 2009)
Service Level criteria

Observations

Type of collection System

Single stream co-mingled collections using
either a box/bag or single use bag would
appear to generate high yields in London.
Ensuring the provision of single use bags
is crucial to maintain participation/capture.
Multi stream collections also give rise to
higher yields in London. However, it is not
possible to say that one system is better
than another; it is more attributed to the
reliability of service which if unreliable
would discourage the public from
recycling47.
Kerbside sort system in more densely
populated areas may struggle with traffic
congestion, parked cars and narrow
streets where the collection process is
manual and slower than co-mingled
collections. Dense urban areas where onstreet parking and heavy traffic requires
fast loading without the need to return
containers to the point of collection48.

There is no evidence to suggest the type
of collection system directly effects
performance. However, service
consistency across all housing types in the
borough or disposal authority as offered in
Western Riverside can be delivered with a
single and consistent communications

47

Barriers to Recycling at Home, WRAP.2008

48

Choosing the Right Collection System, WRAP 2009
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message which is more coherent for
residents which could increase
performance.
Service Level criteria

Observations

Material types collected

In London five recyclables: paper, card,
glass, plastic bottles and cans, plus one
additional item can give rise to higher
yields as long as there is sufficient storage
capacity to suit frequency of collection.
The collection off bulky mixed plastic
would undoubtedly require additional
container capacity. Unsubstantial
container capacity may result in material
displacement, where bulkier items such as
plastic, displace heavier items such as
glass, cans and paper. Wandsworth is one
of several boroughs that are moving
towards a mixed plastic collection in 2010,
however there are no plans to increases
the number of sacks distributed.

Container Types / Capacity

Doorstep Flats (DSF) are more abundant
in more densely populated Inner London
The use of co-mingled single use sacks
may be more suited to densely
populated areas where on street or
property space is restricted therefore there
is a higher risk of reusable containers
going missing or becoming damaged. The
stakeholder workshop identified the lack of
containers as a significant barrier to
recycling.
As carried out in Wandsworth Quarterly
Delivery of sacks act as a prompt to
recycling. Sacks are easy to store and
provide flexible capacity, i.e. more sacks
can be used over busy holiday periods
where more recycling is generated.
The use of boxes for multi stream
collections is suitable and consistent with
good practice. These types of collection
system are better suited to less densely
populated areas. Box capacity would
seem to play an important role in material
capture. Sufficient capacity should be
allowed for the range of In materials
collected.
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In general, box containers are suitable for
doorstep properties as they tend to have
more curtilage and on property storage
space.
Service Level criteria

Observations

Frequency of Collections /
relationships with other services

For single stream co-mingled a weekly
collection of recyclables, would appear to
generate high yields in London. Recycling
collections on the same day as refuse are
good practice and act as prompt to
present recycling containers. A fortnightly
collection of refuse is likely to further
increase diversion, as seen in Greenwich,
Harrow and Bexley.
Recycling is collected on the same day as
residual is likely to give rise to higher
participation and capture and is consistent
with good practice. In Richmond residual,
dry recycling and food collections are
made on the same day for simplicity

Communications

Long running communication campaigns
in Wandsworth and Hammersmith and
Fulham may have given rise to higher
performance over a sustained period.
Western Riverside provide
communications support to its affiliated
boroughs, this support was significant
within the first 5 years of the Waste
Disposal Contract up to 2007/08. Support
in reduced capacity is still ongoing and
includes door stepping
Merton has been undertaking targeted
campaigns to increase material capture.
Increased communications can raise
awareness, increase motivation and
correctly instruct resident to use collection
systems. The use of pictorial
representation as well as text for recycling
instructions can assist with material
segregation.
In Wandsworth quarter sack deliveries
acts as a prompt to recycling and new
residents to the borough are given
information packs with details of waste
and recycling. Estate agents are also
given information packs to distribute.
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Wandsworth also highlighted the need for
good customer management and
communications with Contractor. The
borough is the first point of contact for all
residents. . Richmond uses contamination
tags to inform residents about
contamination to avoid ongoing service
issues and maintain participation.

As previously mentioned, service
consistency across all housing types in a
borough or Disposal Authority may give
rise to higher performance. For example
Western Riverside offers a consistent
service across all boroughs which can be
delivered with a single and consistent
communications message which is more
coherent for residents.
Other

The use of compulsory recycling may
increase recycling performance. It is likely
that Hackney’s Compulsory Recycling
scheme has been a factor in its high
performance. This was successfully
introduced to street based households
using the approach originally taken by
Barnet. In Hammersmith & Fulham
compulsory recycling was introduced to
the North of the borough which increased
recycling by 9%, this has remained
consistent for 2 years since the
introduction. Compulsory recycling is
planned to be introduced to the rest of the
borough by June 2010

As mentioned in the WRAP report49, it is a contribution of a number of varying factors that gives
rise to higher performance. Essentially, the reliability of the service50 can affect the performance
of the system.

Quick wins and Easy Deliverables
Based on the finds from the questionnaire responses, the workshop, case study interviews and
the desk top study we have identified a number of quick wins that could go some way to

49

WRAP 2009. Analysis of kerbside dry recycling performance in England 2007/08

50

Barriers to Recycling at Home, WRAP.2008
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improving performance for DSPs, boroughs and London as a whole to meet the Mayors first
draft waste strategy target of 45% recycling and composting by 2015, these are;

51



Provision of sufficient container capacity for collection systems, including the proviso of
single use sacks, box etc. In some cases additional materials have been added to
collection systems without additional capacity which my displace other materials rather
than increase the yield. I.e. it may be possible that heavy materials are left out of favour
for lighter bulkier packaging materials.



Not all boroughs provide a full suite of materials (all five main materials), in their
collection arrangements. Dependant in MRF arrangements there is still significant room
for improved glass and card material capture. Currently two boroughs do not collect card
and two do not collect glass, which would bring about performance improvement for those
boroughs notwithstanding the above bullet point, where possible the collection of textiles
should be considered where compatible with existing collection systems. These are
already a common feature of kerbside sort collections in London.



Increasing the level of communications across the housing groups. This could include relaunching or rebranding a dry recycling scheme to the whole borough, improving
customer contact and service resolution responses rates or addressing issues associated
with contamination via better communication. Targeting lower performing areas through
door knocking can increase awareness of recycling and services. Some boroughs are
already undertaking this on an ongoing basis. WRAP have developed guidance for LAs to
assist with the development of communications to help increase recycling51.

http://www.wrap.org.uk/local_authorities/research_guidance/communications/resources_for.html
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Tables 8.4 Kg/hh/yr Yield data provided by boroughs for Doorstep properties (Hyder Survey 2009)
Dry recycling system details
Borough

majority
housing
type

Index of social
deprivation

Inner/
outer

Yield
(kg/hh)

Container

Bromley

DSP

13

Outer

182

sack and/or box

Croydon

DSP

20

Outer

119

sack and/or box

Ealing
Hackney
Merton

DSH
NEF
DSP

23
45
15

Outer
Inner
Outer

187
169
203

sack and/or box
sack and/or box
sack and/or box

Redbridge

DSP

18

Outer

112

sack and/or box

Richmond upon
Thames

DSH

10

Outer

207

sack and/or box

Southwark

NEF

35

Inner

165

Tower Hamlets

NEF

46

Inner

178

sack and/or box
sack and/or
box/wheeled bin

Wandsworth

DSP

21

Inner

233

sack and/or box

Collection
method
multi stream
partially co‐
mingled
multi stream
partially co‐
mingled
kerbside sort
kerbside sort
co‐mingled
multi stream
partially co‐
mingled
multi stream
partially co‐
mingled
co‐mingled

Collection
Compulsory
frequency

Materials collected
No. of
containers

Paper

Card

Cans

Glass

Plastic

B

B

B

Other

weekly

Yes

2

A

weekly

NS

2

B

B

A

A

A

B

weekly
weekly
weekly

NS
Yes
NS

1
1
1

A
A
A

A
A
A

A
A
A

A
A
A

A
A
A

A
A
A

weekly

No

1

A

A

A

A

weekly

NS

2

A

A

B

B

B

B

weekly

Yes

2

A

A

B

B

B

B

co‐mingled

>weekly

No

1

A

A

A

A

A

A

co‐mingled

weekly

No

1

A

A

A

A

A

A

Residual details
Borough
Wandsworth
Richmond upon
Thames
Merton
Ealing
Bromley
Tower Hamlets
Hackney
Southwark
Croydon
Redbridge

Residual
collection
frequency
weekly

Collection
policies

Enforcement
polices

Y

Y

Y
Y
Y
Y

Y
Y
Y
Y

Y

Y

Y

Y

weekly
weekly
weekly
fortnightly
weekly
weekly
weekly
fortnightly
weekly
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Partnerships
Developing partnership working is a key issue on the agenda of Richmond and WLWA. The
management of residual waste treatment/disposal and sorting/sale of recyclable materials
collected on a WLWA level could provide significant benefits. The development of both
infrastructure and framework contracts for the sale and treatment of waste and recycling at the
waste authority level could provide a greater opportunity to improve the economics of waste
management. As previously mentioned Western Riverside and its boroughs have made some
considerable progress towards the harmonisation of collection services which has resulted in
improved performance.
Richmond is consulting with the community waste sector on how it can increase partnership
working to support collection for reuse. The borough is currently looking at opportunities to
expand on existing work to maximise the reuse of bulky waste collections and reuse at the CA
site.
rd

The development of greater partnership working with the community waste sector and wider 3
Sector could be based on the better understanding and valuing of the multiple outcomes from
associated activities within the borough and wider community. The hope being that the value of
and the value that can be added to products as well as the need for outcomes such as jobs &
training opportunities can support a more sustainable resource management strategy which
could strengthen the local economy

8.1.2

Near Entry Flats (Purpose Built Flats)
The most common type of dry recycling service offered to NEFs (Purpose Built Flats or PBFs) in
London is a weekly co-mingled collection. Most NEFs (purpose built flats) with recycling
services are provided with communal recycling facilities, with varying but congruent definitions
such as ‘bring’, ‘communal’, and ‘central’. This study identifies ‘communal’ recycling areas as
being dedicated and resourced for the purpose of serving the flats for which it has been
provided; as opposed to public bring bank facilities. Based on survey information provided by
boroughs , 24 provide co-mingled collections, seven source separated and two multi-stream
partially co-mingled, this is summarised in Table 8.5.
Several boroughs offer a door to door collection to PBFs. It is assumed that these are offered in
place of communal facilities, with the except of Southwark which is maintaining its near entry
services as it rolls out doorstep collections to flats. We have also identified a number of
boroughs that make use of chutes to manage waste; in particular we have focused on Islington
as a case study to look at these types of systems in more detail.
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Table 8.5 Summary of NEF (Purpose Built Flats) collection systems (Hyder Survey 2009)
Disposal method

Collection method
co‐mingled

Communal / Near Entry
multi stream partially co‐
mingled
source separated
communal + door to door (sacks/basket )
co‐mingled

Collection
frequency

No. of
authorities

unknown
>weekly
unknown
weekly

5
6
3
4

weekly
>weekly
weekly
>weekly
unknown
weekly

2
5
2
4
1
1

Eight boroughs were able to provide total quantities or average yields per household for dry
recycling services offered to PBF. Boroughs with yield information for both communal and door
to door services are listed twice (Tower Hamlets and Southwark) Again, as part of our further
evaluation we have made use of the high level review where we have short listed borough for
assessment, stakeholder input and questionnaire returns. Where data provided by boroughs
becomes scarce, we rely more heavily on WDF data evaluation at the higher level.
Of the eight boroughs (10 collection systems) able to provide data for this type of property we
can identify the following system types;


Six co-mingled



Two Multi-stream partially co-mingled.



Two Source separated

Yield data, presented in Table 8.9 is based on kg/hh covered. All yield data is excluding
contamination rejected following delivery to the MRF or Transfer facility. Based on data provided
by participating authorities the average dry recycling yield for Near Entry flats is 175 kg/hh/yr,
The top three performing authorities are;


Bromley (157 kg/hh/yr),



Wandsworth (115kg/hh/yr)



Richmond upon Thames (111 kg/hh/yr)

All three boroughs have been classified as being majority DSP or DSH and appear in the
upper and upper middle banding of for BVPI 82a performance which shows that they are also
generally high dry recycling performers. The three boroughs operate multi stream, co-mingled
and source separated systems respectively at NEFs.
Evaluation of 2008/09 WDF data 2008/09for total kerbside dry recycling , we identified three
Majority NEF boroughs linked to service level factors that might give rise to higher
performance. Of these three Hackney and Tower Hamlets have provided data, but are not in
the top three best performing borough data set. The other majority NEF Borough was Islington,
which performs well above what is expected for its IMD score.
It must be noted that it was not possible to determine contamination levels for Wandsworth as
none appears to be recorded under WDF for the 2008/09 return. Total contamination levels for
Richmond are recorded as 2% and Bromley as 5%. It is not possible to determine contamination
rate at housing type level.
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Service Level Factors
Bromley, Wandsworth and Richmond operate multi-stream, co-mingled and source separated
scheme respectively. Wandsworth and Bromley have stated in their survey return that they
provide residents with reusable sacks so that they can store and transport their recycling to NEF
banks. Richmond has not stated the use of containment in their survey response, but their
website states that canvas bags are available on request. All three Authorities collect five
materials for recycling, Wandsworth collects food and drinks cartons in addition to the five
recyclables.
Tower Hamlets, Hackney and Ealing are the lowest performing systems using co-mingled, multi
stream, source separated system respectively. They have not indicated they provide containers
for residents for the storage of materials. Tower Hamlets and Hackney provide collections for a
full range of materials including drinks cartons, Hackney also includes mixed plastics. Ealing
provides a source separated collection of glass, paper and cans at communal sites where there
are more than twenty five flats in a block. Properties with 13-24 flats in the block receive a clear
sack collection that includes plastic and cardboard.
Six Authorities in London provide some kind of a door to door service for flats. Southwark and
Tower Hamlets have provided performance data for their communal and door to door services
which can be found in Table 8.6. We are unable to draw definitive conclusions about the
relative performance benefits of door to door and communal service without having access to
more robust data. Southwark are currently in a period of transition and are rolling out doorstep
collections for flats, in addition to retaining near entry system, therefore we are unable to use
this survey data. Door to Door systems in Tower Hamlets appear to perform marginally better
than Near Entry services.
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Socio-economic Factors
Richmond and Bromley have the lowest IMD scores, of 10 and 14. Bromley has a high recycling
performance, which is expected for its IMD score; however NEF recycling systems in Richmond
would appear to be under performing.
Tower Hamlets and Hackney have the highest IMD scores (forty six and forty five) in London
and therefore their collection performance is consistent with the IMD performance Trend.
Wandsworth has an IMD score of 20, which is slightly below the average London score of 26,
but is performing better than expected.
Ealing is the lowest performing NEF system but has an IMD score of 25, which is close to the
London average, therefore should in contrast to Hackney and Tower Hamlets have a higher
performance. Lower performance at Ealing, may be attributed to the limited range of materials
collected at communal flat blocks.

Door to Door Collections
Table 8.6 Comparison of yields for communal and door to door NEFs dry recycling
(Hyder Survey 2009)
Communal service

Door to door service

Borough

Service

Collection
frequency

Yield
(kg/hh/year)

Borough

Service

Collection
frequency

Yield
(kg/hh/year)

City of London

Communal

>Weekly

No data

City of London

door to door
(basket)

>Weekly

No data

Islington

communal

not
specified

No data

Islington

door to door
(sacks)

weekly

No data

Kensington and
Chelsea

communal

>weekly

No data

Royal Borough
of Kensington
and Chelsea

door to door
(sacks)

Weekly

No data

Southwark

communal

>weekly

108

Southwark

door to door
(Sacks)

weekly

93

Tower Hamlets

communal

weekly

64

Tower Hamlets

weekly

77

Westminster

communal

weekly

No data

weekly

No data

Westminster
City Council

door to door
(sacks)
door to door,
(sacks /
basket)

Of the boroughs offering both communal and door to door recycling services, only two were
able to provide yield data for each service, detailed below. It is interesting to note that Tower
Hamlets’ door to door service delivers a higher yield than the communal service but that the
yield from Southwark’s door to door service is lower than communal services.
Southwark is currently undergoing service change involving the roll out of door to door
collections for flats, so data from this period may not be reliable. As previously mentioned
Southwark are retaining Near Entry collections while introducing door to door collections, this
may result in lower door to door collection performance in comparison to other boroughs
A study carried by Western Riverside52 found that door-to-door recycling systems recover the
highest weight of material of all the approaches researched at an average of 103 kg/hh/yr.
Those schemes using single-use sacks or carrier bags for collection recover almost three times

52

Western Riverside, 2005. Estates Recycling Research. Produced by London Remade
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more recycling than those using boxes or baskets. Although actual participation rates for doorto-door schemes were not measured by any authorities contacted as part of this research
authorities have made estimates based on number of containers set out. These estimates
average 57%. A summary of the advantages and issues for each type of container used can be
found on our desk top study in Appendix Nine.

Hammersmith and Fulham flat trials and chute systems
Hammersmith and Fulham carried out trials in flats to determine the most cost effective
collection method, a summary of results can be found in table 8.7. Working with several other
bodies, it included eighteen blocks on the Clem Attlee estate in Fulham and chose appropriate
schemes for each. The options were: doorstep collections by building caretakers; central
collection points on each corridor; a dedicated recycling chute in buildings; and an enhanced
ground-level system with residents given sacks for recyclables. The trial identified that door to
door collections produced the highest yields, followed by mini banks on each floor and chutes
and smart banks producing roughly the same yields. Higher yields perhaps reflect how barriers
to recycling have been overcome. I.e. access to recycling services. However, for this trial the
cost of collecting door to door has been kept artificially low by using on site caretakers.
Table 8.7 Results from the Clem Attlee Estate trials (Courtesy of Hammersmith and
Fulham)

Number
of
househol
ds

Estima
ted
tonnes
/year

Estimated
Kg/hh/yea
r

Capita
l costs
£/100
0 hh

Revenue
costs
£/year/100
0 hh
(including
care taker
over time)

Revenue
costs
£/year/100
0 hh
(excluding
care taker
over time)

Landfill
cost
savings
£/1000
household
s
(2010/11)

Chute

121

10201

84.31

3,000

2,070

2,070

8,240

Door to
door
collection

142

26143

184.11

1,000

30,150

7,600

17,995

Mini‐banks
on each
floor

166

17717

106.73

6,220

28,620

2,070

10,432

146

12850

88.01

n/a

n/a

na

8,602

Smart Bank
(Near Entry
commingled
)

Selection of Case Studies
A further in depth review of collection systems selected as Case Study has been carried out to
further define contributing factors to higher performance. The results are in Section…
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Based on the above analysis Islington’s co-mingled single stream collection system for NEFs
and has been selected as a case study example for Purpose Built Flats in London. Islington
also offers recycling Chute based systems to small number of flats blocks and also offers door
to door collection to some flats blocks. The borough is exceeding its expected performance in
relation to IMD score. Wandsworth has a high NEF yield and offers a range of solutions that
might improve performance; therefore it has also been identified as a case study,
Richmond operates a source separated scheme and is the third highest performing borough of
the . Richmond collection system has therefore been selected as a case study that focuses on
source – separated material segregation and improved quality of the materials collected.
Full details of Case Studies can be founding in Appendix Ten, and out outline possible factors
that have contributed to higher recycling performance.

Factors contributing to high performance
Despite the small sample size, we are still able to draw some conclusions based in existing
research, our WDF review in Section 7 and information provided by Councils in the
survey/questionnaire, Case Study Interviews, and Workshop.
As previously mentioned, WRAPs points to a number of potentially Service Level Factors that
give rise to performance variation.
We have made a number of observations that address how some service level issues have
been addressed to overcome barriers to recycling, and so give rise to higher levels of
performance for Greater London’s NEFs (Purpose Built Flats) ; these have been set out in Table
8.8 below.
Table 8.8 contributing factors giving rise to high performance in NEFs (Hyder Survey,
workshop, case studies and desktop review 2009)
Service Level criteria

Observations

Type of collection System

No one collection system appears to
deliver higher yields for flats. It is more
likely to be attributed to other service
factors such as container type and range
of materials collected. In general, the
method of collection should best suit the
type of building. In Islington, a variety of
collection methods such as Near Entry,
door to door and chute systems are used
to best suit the estate or flat block.

NEF collection systems in general will be
collecting materials in bulk from communal
bins, which if collected co-mingled,
partially or source separate will have little
bearing on performance. Source
separated collections may suffer from
staggered ‘bin full’ periods as result of
varying material mass and bulk. This may
lead to overflowing if servicing is not also
staggered to reflect this.
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In Richmond, there has been a move
away from source separated collections of
materials to commingled banks for glass,
cans and plastics bottles, which is more
consistent with the kerbside collection
service. In some cases this has allowed
the installation of new services where
there was previously insufficient space to
store the range of containers required for
a fully segregated collection. It is thought
that this may also bring about some
efficiency savings as collection will
become integrated other household
collections.

Data provided for doorstep collections
appear to be inconclusive. In Southwark
doorstep collections produced lower yields
than their communal near entry, while the
opposite trend was observed at Tower
Hamlets (refer Table 12.7) Door step
collection for both authorities ranged
between 77 and 93 Kg/hh/yr. Trials in
Hammersmith and Fulham produced the
highest yields for door to door
(184Kg/hh/yr) and mini banks on each
floor (106kh/hh/yr), however partnership
with building care taker in the door to door
trials may have substantially improved
performance and kept cost to a minimum.

The conversion of existing chutes to
accommodate recycling can bring about
positive benefits. Existing research from
trials suggests that yields of up to
200kg/hh/yr can be achieved53. Residents
without chutes for residual waste have a
higher Kg/hh/yr54 See Islington Case
Study

53

http://www.wrap.org.uk/downloads/Performance_Summary_Table.649a8991.6893.pdf

54

WRAP.http://www.wrap.org.uk/local_authorities/research_guidance/collections_recycling/recycling_collections_for_flats
/operation_of_different_collection_schemes/bring_schemes.htm
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.
Material types collected

A full suite of recyclables: paper, card,
glass, plastic bottles and cans, plus one
additional material give rise to higher
yields as long as there is sufficient storage
capacity. Wandsworth, Islington and
Hackney collect a full range of materials,
plus additional items. Ealings lower
performance maybe due to the absence of
cardboard and plastic collections.
The collection of bulkier items such as
plastics and cardboard often requires the
provision of additional communal bins,
however with space constraints in bin
stores this is not always possible. Ealing’s
collection system excludes bulkier items
as part of communal services, which may
result in lower yields. However the
absence of data to present a strong
evidence base for this case is not
possible.

Container Types / Capacity

The provision of internal storage
containers to resident’s to contain and
carry waste to communal areas has a
positive impact on yield. Performance data
suggests that the top three collections
systems include the provision of reusable
sacks, while the lower three do not
reference them on their survey returns.
Average yields were higher where an
internal receptacle was provided to
residents59. In Islington, residents are
provided with a reusable bag to store their
recycling. It was also found that reusable
sacks used for door to door collections
often go missing post collection, i.e. blown
from balconies. This was found to lower
participation.
Again, communal bin capacity is likely to
influence performance in terms of yield
and quality. This will be dependent upon
the materials collected.

Frequency of Collections /
relationships with other services

Where space does not allow for sufficient
or additional containers then more
frequent collection is required to maintain
empty capacity. This should be assessed
on a block by block basis. Wandsworth
has arrangements in place with its
contractor to adjust frequency as required.
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Ensuring sufficient communal capacity will
increase participation and reduce
contamination. Islington offers consistency
in service delivery i.e. the some material
types makes collection operations simple.
Also, a simple message to residents, with
no major variation in services between
housing types
Communications

Long running communication campaigns
in Wandsworth in parternship Western
Riverside may have given rise to higher
performance. Islington has also
undertaken substantial communications
campaigns including door stepping to
address service issues and improve
performance.

Other

The pre planning and roll out of services to
Purpose Built Flats (PBF) can have a
substantial affect on the customer
satisfaction and performance of services.
It is likely that this is a key factor that gives
rise to higher performance as indicated in
Islington where pre-planning may be one
factor that has given rise to higher
performance. Reviewing the location &
aesthetic of NEF recycling facilities could
bring about considerable performance
improvements. Authorities should try to
install bring sites in the most convenient
locations and / or as close to possible to
refuse collection points. Research by
Waste Watch (1996) indicates
participation in near entrance bring sites is
much higher than that in centralised
collection facilities55
Low rise blocks were found to recycle
more than high rise. This could be
explained by the barrier of additional
distance and effort and / or perceptions of
additional effort required by residents to
take their recycling down to recycling
bins56. There is limited research into the
performance and cost benefits of installed

55

WRAP.http://www.wrap.org.uk/local_authorities/research_guidance/collections_recycling/recycling_collections_for_flats
/operation_of_different_collection_schemes/bring_schemes.htm
56

WRAP.http://www.wrap.org.uk/local_authorities/research_guidance/collections_recycling/recycling_collections_for_flats
/operation_of_different_collection_schemes/bring_schemes.htm
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collection containers on each floor of flat
blocks.

Alternatively, treatment of residual waste
via energy from waste or mechanical
biological treatment could be seen as an
alternative to food waste collection and
Biodegradable Municipal Waste (BMW)
diversion. This approach could alleviate
pressure on recycling/composting services
for flats and other hard to service
properties/premises. A small scale trial in
Richmond sending residual waste to a
mechanical treatment facility have
delivered up to 80% diversion from landfill
and >30% recycling of treated residual
waste.

WRAP indicates, it is the contribution of a number of factors that gives rise to higher
performance57: the reliability of the service,58 number of staff, training, vehicles, vehicle capacity,
collection round planning and communication will all play a large role in overall system
performance.

Quick Wins and Easy Deliverables
Based on the findings from the Questionnaire responses, the Workshop, Case Study Interviews
and desktop study we have identified a number of quick wins that could go some way to
improving performance for London boroughs These are;


Expanding the coverage of recycling services to PBFs to include those flats that do
not current have near entry or door to door services as result of access issues,
ongoing safety concerns or long standing contamination issue. We have identified
that several boroughs are undertaking or have already undertaken site planning
projects to introduce services to more hard to reach locations. Improved the location
of containers, security and communication will improved access to recycling
services.



Providing collection for a greater range of materials collected at flats, where space is
available. Some boroughs have maintained consistency with kerbside systems,
while other have not included bulkier items such as cardboard and plastic bottles at
some flat sites. There is significant potential here to increase yield by increasing the
range of recyclables by reviewing existing services, site locations and space.



Undertake a review of current communal near entry collection arrangements to
ensure there is sufficient container capacity at communal bin stores, which is
proportionate to the frequency of collection. In Wandsworth a project is underway to

57

WRAP 2009. Analysis of kerbside dry recycling performance in England 2007/08

58

Barriers to Recycling at Home, WRAP.2008
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address those flats that don’t have access to Near Entry Banks, (approx 1000-2000)
due to access issues or long standing problems such as high contamination or issue
with litter and flytipping. The project plans to target flat blocks with communications
to reduce contamination, improve signage, and introduce banks with lid locks


Address suitability of container location. Islington council carried a comprehensive
planning process for near entry systems before new services were launched.
Authorities should try to install bring sites in the most convenient locations and / or
as close to possible to refuse collection points. Research by Waste Watch (1996)
indicates participation in near entrance bring sites is much higher than that in
centralised collection facilities59



Find solutions to address ongoing problems such as vehicle access, contamination,
security, nuisance and vandalism, thereby improving the availability of recycling
services, containers, storage capacity and performance. Improving the appearance
and ease of use of sites has been found to increase participation and the amount of
materials recycled. The use of noise reduction kits should be considered not only to
reduce noise but also to alleviate residents concerns and reduce opposition to
60
sites Hyder recommend that further guidance with solutions should be developed
to help boroughs tackle these issues which is beyond the scope of this report.



Strengthen stakeholder involvement through engaging with housing associations,
resident groups and interested parties in the planning or delivery stages of services



Improve communications to residents at near entry facilities to increase capture and
reduce contamination issues



The provision of reusable sacks to residents where near entry systems are in
operation to help improve participation. Average yields were higher where an
internal receptacle was provided to residents59. This may help overcome the
additional distance and effort and / or perceptions of additional effort required by
residents to take their recycling down to recycling bins.



Where possible undertake conversion of existing chute systems and provide a good
level of communication to ensure their correct use. See Islington Case Study

59

Western Riverside, 2005. Estates Recycling Research

60

Western Riverside, 2005. Estates Recycling Research.
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Table 8.9 Kg/hh/yr Yield data (coverage) provided by boroughs for Near Entry properties (Hyder Survey 2009)

Borough

Majority
housing
type

Index of
social
deprivation

Inner/outer

Yield
(kg/hh)

Coverage
to NEFs

Collection
system

Collection
frequency

Paper

Card

Cans

Glass

Plastic

Other

Bromley

DSP

13

Outer

157

100%

multi stream
partially co‐
mingled

fortnightly

Y

Y

Y

Y

Y

Y

Wandsworth

DSP

21

Inner

115

100%

co‐mingled

>weekly

Y

Y

Y

Y

Y

Y

>weekly

Y

Y

Y

Y

Y

Y

Richmond upon Thames

DSH

10

Outer

111

75%

source
separated

Southwark (communal)

NEF

35

Inner

108

44%

co‐mingled

>weekly

Y

Y

Y

Y

Y

Y

Southwark (door to door)

NEF

35

Inner

93

56%

co‐mingled

weekly

Y

Y

Y

Y

Y

Y

Croydon

DSP

20

Outer

88

90%

co‐mingled

fortnightly

Y

Y

Y

Y

Y

Y

NEF

46

Inner

77

50%

co‐mingled

weekly

Y

Y

Y

Y

Y

Y

NEF

46

Inner

64

50%

co‐mingled

weekly

Y

Y

Y

Y

Y

Y

weekly

Y

Y

Y

Y

Y

Y

weekly

Y

Y

Y

Tower Hamlets (door to
door)
Tower Hamlets
(Communal)
Hackney

NEF

45

Inner

59

100%

Ealing

DSH

23

Outer

46

71%

Multi stream
partially co‐
mingled.
source
separated

Note: Yields are for all households with service i.e. Coverage – not all households in the borough
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8.1.3

Flats Above Shops and Doorstep Flats
In total seventeen boroughs provide services to flats above shops, these are summarised in
Table 8.10. Service coverage is estimated to be approximately 20,000 properties, across an
estimate 56,000 (2001 census data). In their survey returns, boroughs have indicated that there
may be up to 79,000 households above shops or commercial establishments taking into
account that additional properties may have been converted above shops since the 2001
Census.
Dry recycling services offered to FASs tend to vary between boroughs more than with services
offered to other housing types. The most common service across this housing type is a single
stream co-mingled single use sack collection. Variable containers and variable services across
one housing type are also common due to site-specific space or access restrictions. E.g.
Westminster City Council provides residents with a basket or sacks to some FASs and directs
others to the nearest ‘bring’ facility.
For the purpose of this study, ‘bring’ facilities available to FASs do not form part of this study.
Unlike NEFs these ‘bring’ facilities are not necessarily specific to the FASs in question, but for
wider public use. FASs tend to share they same characteristics and issues as Doorstep Flats
(DSFs), however, obtaining data on their performance is hard to find, as generally they are
integrated to other collection services.
Table 8.10 Overview of recycling services offered to FASs (Hyder Survey 2009)
Container / disposal method

Collection method

unknown
sack and/or box

unknown
co‐mingled
kerbside
sort
co‐mingled
co‐mingled
co‐mingled
co‐mingled
kerbside sort
co‐mingled
co‐mingled

sack and/or box
sack and/or box
sack and/or box
sack and/or box + public bring
sack and/or box + bring
sack and/or box + bring
sack and/or box and/or wheeled bin
wheeled bin

Recycling
collection
frequency

Residual
collection
frequency

No. of
authorities

weekly
fortnightly

weekly
weekly

1
1

weekly
unknown
unknown
weekly
weekly
weekly
unknown
unknown

weekly
>weekly
weekly
>weekly
weekly
>weekly
>weekly
weekly

2
5
2
1
1
1
1
2

Services to flats above shops face a number of barriers which either prevents effective service
provision or reduces public participation. In summary, common issues include;
•

Container space, capacity in the property,



Set out on streets in busy shopping areas; recycling is contaminated by passersby who
use them as litter bins, particularly if there is a take away nearby, issues with container
delivery: often no letter boxes



Confusion with who is responsible for collection: dedicated collection crews, street
cleaners



Shops mixing business and commercial waste



Quantity collected not easy to quantify as waste and recycling is often collected by
contractors who also services local businesses, mixing household and commercial waste
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Adhering to strict collection time slots - this is a barrier to recycling for many residents as
material must be placed in the right place at the right time

As a result of these issues participation in service where provided is often low. Finding cost
effective solutions to overcome these issues to deliver doorstep collections will help increase
material capture. Solutions to these include increased communication to residents. In 2007,
61
West Riverside commissioned London Remade to carry out a study to examine the recycling
operations for flats above shops across the WRWA. The report indicated that only
Wandsworth, had designed communication materials specifically targeting flats above shops. A
leaflet was produced and distributed to all flats above shops located in town centres and on
main roads, through the Behavioural Change Local Fund WRAP funded project to raise
awareness and improve recycling in these high density areas of Wandsworth.
From the overview evaluation and long list of boroughs we have identified that Westminster
Borough Council’s housing profile is made up of 15% FAS, which is the highest in London.
Limited performance information is available for this housing type. This is not surprising given
that many FASs services are combined with services for other housing types and that several
authorities are unsure of the number of FASs within the borough. Two boroughs have been able
to provide yield data for flats above shops, these are displayed in Table 8.11. Both boroughs
provided yields of 47 and 58 kg/hh/yr which are substantially lower than the average NEF
service yield which is 85kg/hh/yr and significantly lower than then the DSP yield which is 179
kg/hh/yr. It could be assumed that residents also use recycling banks as an alternative to doors
step collections, however it shows that there is significant room for improvement. Studies in
62
Richmond have indicated that FASs have a participation rate of between 6% and 15% .
Hammersmith and Fulham provides a tailored service for 7,000 – 8,000 high multiple
occupancy households. These households have been identified as only having a small amount
of storage space and therefore have a twice weekly collection of refuse and from February 2010
will start having a twice weekly collection of recycling. Additional orange sacks will be delivered
to each House of Multiple Occupancy (HMO) whereas previously the resident had to collect the
sacks from a Council office, library etc. It is expected that the increase in collections and having
the orange sacks more readily available will help the residents to fully participate in the recycling
scheme.

Table 8.11 Performance yields for FASs (Hyder Survey 2009)
Majority
housing
type

Index of
deprivation

Inner /
outer

Yield
(kg/hh/year)

Same
as
other
round

Coverage

Ealing

DSH

23

outer

58

No

Merton

DSP

15

outer

47

No

Borough

Container / disposal
method

Collection
method

Recycling
collection
frequency

Residual
collection
frequency

25%

sack and/or box

co‐
mingled

weekly

unknown

100%

sack and/or box +
public bring

co‐
mingled

weekly

weekly

61

Western Riverside, 2007. Recycling Operations for flats above shops in the WRWA area and other London boroughs.

62

Western Riverside, 2007. Recycling Operations for flats above shops in the WRWA area and other London boroughs
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Selection of Case Studies.
We have identified Westminster, Wandsworth and Islington as boroughs that provide
innovative solutions to overcome issues associated with recycling collections from FASs.
Because of the following;


Corex boards placed on lamp posts stating when the new collection day is



Packs have been made to contain recycling sacks which fit through the letterbox,
ensuring that each flat receives its sacks.



Previously letters to resident’s in FASs were sent using mail merge to address the
envelopes as a result these were often sent to ‘The Occupier’ which led to some
residents not reading them. However, checking the mail merge, using the occupiers name
and sending the letter in a Westminster City Council envelope has led to a better
response.



They recognise that a lot of the flats above shops have a high turnover of residents with a
23% change each year. In order to ensure the participation of new residents additional
letters will need to be sent out every six months



Westminster sets strict time bands for residents to place their recycling out and
sometimes these have been missed by the contractor which has discouraged residents’
participation. they are working with their contractor to ensure that, as far as possible,
these times are adhered to

In addition, Westminster, Wandsworth and Islington Case Studies can be founding in Appendix
Ten. Hammersmith and Fulham have been identified as a case study for addressing the needs
of residents in Doorstep Flats (or Houses of Multiple Occupancy).

Quick wins and Easy Deliverables
Based on the findings from the questionnaire responses, the workshop, case study interviews
and desk top study we have identified a number of quick wins that could go some way to
improving performance for FASs in London. These are:,


Potential to expand service to sixteen other boroughs. Expanding kerbside collections for
FASs will increase city wide coverage by approx 36,000 households , this could be
achieved by;



Making use of existing co-mingled collection schemes within boroughs



Where possible the service be consistent with other kerbside collections i.e. similar
material types collected.



Where possible make use of single use sacks to avoid on and off street storage issues,
pre and post collection.



Set workable collection time bands to avoid traffic and reliability of collections



Provide dedicated communications to residents using leaflets, posters and signs and via
bag delivery



Continue to provide local recycling banks, so that there is sufficient flexibility with
collections, where space, capacity and restrictions on collections constrict service delivery



Seek to combine collections with commercial waste/recycling collections to reduce cost
and minimise traffic issues
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8.2

Food Waste Collections
Food waste collections services are relatively embryonic in London with only seven boroughs
with established schemes offering services with over 50% coverage, nine other boroughs offer
a service on a trial basis, with up to 16% Coverage. 26% of London households receive a food
waste collection. Based on 2008/09 WDF returns we are able to determine the following
performance;


Yields in trial areas range from 13 to 110 kg/hh/yr



Yields in Established areas range between 47 to 54 Kg/hh/yr*

*Excluding Hounslow, which only reported one month worth of food collections in WDF during
2008/09 as a result of service roll out during this period.
In some circumstances food waste is co-collected with green waste in the same vehicles but
using a separate container. Islington and Haringey undertake this practice so we were unable to
isolate their food waste tonnages in the WDF returns. Tower Hamlets also now co-collects
however it is not covered by the reporting period.
This Section evaluates the data provided by boroughs by Housing type, building upon our initial
overview evaluation. It must be noted that only seven data sets were provided for food
collections by housing type, all of which cover DSP performance, but no data has been obtained
for FAS and NEFs (purpose built flats).
As with dry recycling services, boroughs with food waste services provide the collections to
DSFs and DSHs as part of the same service. This Section therefore considers DSFs and DSHs
together as Doorstep Properties (DSPs).

8.2.1

Doorstep Properties
Of the boroughs who took part in this study, twelve provide dedicated food waste collection
services and seven were able to provide data sets for the performance of food waste services
for DSPs. Of the seven collection systems, three are trials in Bromley, Croydon and Merton,
which typically have higher performing yields. Details have been provided in table 8.12.
The WRAP food waste trial63 areas including DSP in Sutton, Croydon, and Merton and
produced typical yields where in the range of 1.9- 2.5 Kg per household per week (for those
participating in the scheme) with participation rates of approximately 70%. Our data is based on
Kg/hh/yr by service coverage due to the absence of participation data, so we are unable to
make comparison between WRAP data and ours. Merton yields in our study are lower than
those provided to in the WRAP report, this is consistent with the variation in yield calculation for
coverage and participating households.
Four of the data sets cover established schemes in Richmond, Ealing, Hackney and Hounslow.
These collection systems offer lower yields per household, which is consistent with WRAP
64
findings that participation and yields can decline over time in areas with weekly refuse
collections, whilst in areas with fortnightly refuse collections yield and participation is
maintained.

63

WRAP 2009. Evaluation of the WRAP Separate Food Waste Collection Trials.

64

WRAP 2009. Evaluation of the WRAP Separate Food Waste Collection Trials

PN495 The Performance of London's Municipal Recycling Collection Services—Hyder Consulting Report
Hyder Consulting (UK) Limited-2212959
l:\waste team\the performance of london's municipal recycling collection servicesthe performance of london's municipal recycling
collection services\main report\the performance of londons municipal recycling collection services final.doc

Page 89

Table 8.12 Food Waste Performance yields for Doorstep Properties 2008/9 (Hyder Survey
2009)

Index of
deprivation

Borough

Yield
(kg/hh/year)
(Coverage)

Coverage to
DSPs

Container

Materials accepted

Collection
frequency

Bromley (Trial)

13

115

4%

5l KC + 40l EC

food and paper

weekly

Croydon (Trial)

23

84

2%

7l KC + 25l EC

no bones, paper

weekly

Merton (Trial)

15

80

15%

7l KC + 25l EC

uncooked food accepted, paper

weekly

Richmond upon Thames

10

52

100%

5l KC + 25l EC

weekly

Ealing

23

47

97%

23l KC

Hackney

46

29

100%

7l KC + 20l EC

includes meat, paper
includes meat & news paper to
line
Cooked meat is included, raw
meat and bones are excluded

weekly

Hounslow (New service)

23

18

100%

KC + 23l EC

not specified

weekly

weekly

KC = kitchen caddy
EC = external caddy

In addition to the more dominant influence of affluence, where higher food waste yields will be
found in more affluent areas65, the performance of food waste systems are likely to be affected
by the following service related factors;


Refuse collection frequency, container type and capacity



The provision of internal and external storage containers including liners



Communications and customer support



The overall reliability of the service attributed to operational requirements

Service Level Factors
All collection systems collect broadly the same materials, with some variation the acceptance of
raw meat and bones. All systems accept paper for the wrapping of food materials or to line the
caddy. Starch caddy liners are not normally provided free of charge, but are available to
purchase. In some cases caddy liners have been provided during service roll out or as part of a
promotional campaign. Richmond is currently undergoing a promotional campaign with WRAP
that includes a kitchen caddy liner give away with a view to re-launching the food waste scheme
and increasing participation.
All boroughs provided kitchen and external containers for the storage of food waste, however
Ealing only provides a 23 litre external caddy. All other boroughs provide 5 litre or 7 litre
66
unvented kitchen caddies to temporarily store waste internally. WRAP Guidance suggest that
providing practical ways for householders to manage food waste inside the house as well as
outside is important in encouraging use of the system and it is recommended that local
authorities provide all residents with kitchen caddies (free of charge). Kitchen caddies reduce
the amount of food waste stored inside the household and may increase participation; boroughs

65

Food Waste Collection Guidance, WRAP. 2009.

66

Food Waste Collection Guidance, WRAP. 2009.
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can also advise residents to transfer food waste direct to their external caddy. Despite Ealing
not providing a kitchen caddy it has a relatively high yield for its IMD score when compared to
Richmond. Ealing also plans to provide free kitchen caddies during 2010 to all participating
households free of charge with a one off supply of liners. Once the initial liner supply has been
exhausted residents will need to purchase their own.
The 40 litre caddy proved to be the most popular size in the Bromley food trial Although Bromley
residents produce a relatively high volume of food waste, this is generally less than the full 40
litre capacity provided to residents. However, since Bromley combined the introduction of food
waste with a move to fortnightly refuse, Bromley reports that residents are ‘comforted’ by the
perception that they will have plenty of storage for food waste. The scheme has been
introduced with minimal complaints and positive feedback. It has an 80% participation and
excellent diversion from landfill with residual waste tonnages down by 45%. Bromley are
currently supplying free liners, based on 2 liners per week. Residents can obtain additional free
liners from libraries
All four boroughs that provided data for this survey offer weekly refuse collections, participation
and yields can decline over time in areas with weekly refuse collections, whilst in areas with
fortnightly refuse collections yield and participation is maintained67. Consequently these
boroughs may need to provide ongoing communications to increase or maintain higher levels of
participation and capture. Hackney and Ealing offer a mix of wheeled bins and sack collections,
while Richmond and Hounslow provide sack collections to all DSPs. Areas with weekly black
sack collections provide higher food waste yields than areas with weekly 240 litre wheeled bin
refuse collections and food waste yields may also be influenced by the size of the wheeled bin
provided for refuse68.

Socio-economic Factors
Highest performing boroughs are Richmond and Ealing, which is consistent with their lower
IMD scores. Richmond and Ealing also have well established food waste collection systems in
London. Lower performing collection system, are again consistent with higher IMD scores,
however it would appear that Hackney is out performing Hounslow based on the IMD
performance trend. Hounslow implemented it food waste collection service in March 2009 which
may be why it is producing lower yields.

Selection of Case Studies.
A further in depth review of collection systems for each collection system selected as Case
Study has been carried out to further define contributing factors to higher performance.
Based on the above analysis we have identified several food waste collection systems that
demonstrate service related factors that give rise to higher performance. Richmond, Hackney
and Islington have been identified as case studies. Richmond is one of the longest running
collection systems in London, while Hackney performs well for its IMD score. In addition
Islington operates a constant service across DSPs and co-collects food and green waste in the
same vehicle.
Full Case Studies can be founding in Appendix Ten, and outline possible factors that have
contributed to higher recycling performance for each collection system.

67

WRAP 2009. Food Waste Collection Guidance

68

WRAP 2009. Food Waste Collection Guidance
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Contributing Factors to High Performance
Despite a small data set we were still able to draw some conclusions from the WDF review in
Section Seven and information provided by Councils in the survey/questionnaire, case study
interviews and workshop. WRAP reports point to a number of potential Service Level
Factors that give rise to performance variations as previously indicted in the dry recycling
section.
From our overall evaluation we have made a number of observations that address how some
service level issues have been addressed to overcome barriers to using food waste collection
services, and so give rise to higher levels of performance for Greater London’s DSPs, these
have been set out in table 8.13 below.
Table 8.13 contributing factors giving rise to high food waste collection performance in
DSPs. (Hyder Survey, workshop, case studies and desktop review 2009)
Service Level criteria

Observations

Type of collection System

The type of collection system does not
appear to have a major impact upon the
performance of food waste collections.
The method of collection is largely the
same between boroughs which includes
the collection of an external caddy that is
emptied manually directly into the vehicle
or emptied into a slave container.
Therefore, there is no variation in
performance attributed to collection
vehicle and material type.

Material types collected

In general, all the boroughs collect
cooked foods, with some exceptions
where raw meat and bones are excluded.

The addition of paper used to line the
caddies is also accepted. Therefore,
there is no variation in performance
attributed to material type.
Container Types / Capacity

With the exception of Ealing all boroughs
offer kitchen caddies as recommended
by WRAP, however based on available
data the absence of Kitchen caddies
does not appear to have lowered
performance for Ealing, suggesting that
higher performance may be attributed to
other factors, such as communications.
With the Exception of Bromley, none of
the boroughs currently provide free liners
although a number of promotional
activities are being undertaken in 2010
which includes the provision of free
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liners.

In Hackney DSP participation is about
23%. One reason for low participation
could be that compostable liners are not
provided free for residents, but these can
be bought from local retailers. It is
anticipated that in line with the
communications campaign in 2010 a
sample of free liners may be given out to
each resident to encourage them to start
using the scheme.

69

Frequency of Collections /
relationships with other services

On the whole source segregated food
waste is collected on a weekly basis and
residual waste collected on a weekly
basis using sacks and in some case
sacks and wheeled bins. It’s not possible
to determine the impact of wheeled bin
collections in this study due to the small
sample size of boroughs, however
existing research undertaken by WRAP
indicates that that fortnightly collection of
residual with weekly food waste will
result in higher capture rates69. None of
the boroughs collect residual on a
fortnightly basis where food is source
segregated, with the exception of
Kingston, however they were unable to
provide details on performance for this
housing type. Looking at Kingston’s
performance data in WDF, it is difficult to
determine if higher performance is
attributed to greater affluence (Kinston is
the second most affluent borough in
London) or residual collection frequency.
However, based on evidence from
WRAP this is likely to be a contributing
factor to higher food waste capture.

Communications

Any communications specific to food
waste collection will have a positive
impact upon performance; however it is
difficult to determine the relative
differences in communications between
each borough as part of this study
without the available pre and post
monitoring information. However, Ealing

WRAP 2009. Food Waste Collection Guidance
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carried out a large scale communications
campaign in 2007 which increased
participation in food waste collections by
70
2.7% , this may by the factor that have
increased performance during 2008/09.
Richmond reinforce messages
throughout the year and focusing on key
waste streams at opportune times – e.g.
top tips on food waste storage in the
summer
Other

The type of vehicle did not lead to
increased recycling performance.
However vehicle access is an important
factor that affects the reliability of the
service. The size of the vehicle should
considered to access target housing
stock, where as food waste capacity will
need to be sufficient to avoid service
complaints.
Where organic collections are provided
some boroughs have opted to collect
food or garden waste on the same
vehicle as dry recycling. Volume is split
on the vehicles according to the material
type. Typically this is split 70% dry
recycling and 30% food waste. Where
stillage or kerbsider vehicles are
provided for kerbside sort, pods can be
attached for the collection of food
wastes. The sizes of the pods vary
depending on anticipated capture. See
lessons learned from Richmond in the
box below.
The successful introduction of services
will play a large role to ensure collections
get off to the right start and participation
is maximised from the outset. This will
involve ensuring the right level of
resourcing (staff/vehicles/capacity)
communications and customer support.
Underestimating resources from the
outset can lead to service failures and
result in reduce participation. When
Richmond launched its food waste
collections in 2005 and capture rates
were much higher than expected. This
resulted in some resourcing issues.

70

Figure provided courtesy of Ealing Borough Council.
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Initially, when the service was planned it was

thought that the food waste could be
collected on existing non compaction
stillage collection vehicles by freeing up
one of the storage containers for food
waste. However when the trial started
the following difficulties were
encountered:
- Vehicles exceeded gross weights
- Increased manual handling implications
were observed.
- Collection teams were bottlenecking at
the vehicles to dispense waste,
- Wrong containers were returned to
properties,
- Poor working/hygiene conditions were
observed.
A combination of these problems lead to
a much slower operation and efficient
service overall. To over come these
issues dedicated collection round was
formed, using modified second hand top
loaders, This enabled the use of slave
bins which increased round eliminated
wrong container returns. As part of a
scheduled fleet refreshment in 2007
further efficiencies were made by
combining the collection of food waste
with paper and card collections to reduce
the number of crews required to collect
both materials separately .The scheme
currently yields approximately 52
Kg/hh/yr for households covered, which
is one of the highest performing food
waste schemes in London. Again, the
treatment of residual waste via Energy
From Waste or Mechanical Biological
Treatment could be seen as an
alternative to food waste collection and
Biodegradable Municipal Waste (BMW)
diversion. This approach could alleviate
pressure on recycling/composting
services for flats and other hard to
service properties/premises. A small
scale trial in Richmond sending residual
waste to a mechanical treatment facility
have delivered up to 80% diversion from
landfill and >30% recycling of treated
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residual waste.

Caddy Liners
Boroughs participating in the 2009 WRAP food waste collection trial71 all used liners with the
72
exception of two rounds in Surrey. Previous research undertaken by Eunomia has suggested
that providing residents with liners can improve the performance of food waste schemes,
primarily because it makes the scheme cleaner and easier for residents to participate. However
the long term provision of liners would be at considerable cost, especially as the 2009 Trial
report64 highlighted from attitudinal surveys that 27% of trial residents used more than three
kitchen caddy liners a week. None of the London boroughs currently provide free liners, but
provide the option to purchase. Periodically issuing free liners combined with updated
communications as part of a promotional campaign in targeted areas, or borough wide may be a
useful way of boosting participation, where the service has experienced a reduction in capture
since its inception.
Figure 8.1 Kerbside food waste containers, caddies and liners

Quick wins and Easy Deliverables
It is clear from existing research73 that lower yields are produced where food waste collections
operate in conjunction with week residual collections, this is also evident in the higher yields
collected in London trials compared to more established schemes, where participation may
reduce over time. When making the change from weekly residual collections to fortnightly

71

WRAP 2009. Evaluation of the WRAP Separate Food Waste Collection Trials

72

Eunomia, 2006. Kitchen Waste Collections: Optimising Container Selection.

73

WRAP 2009. Evaluation of the WRAP Separate Food Waste Collection Trials
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collection each borough will need to consider the practical implications of providing residual
containers, their footprint and suitability in relation to housing type. Where wheeled bins are
suitable , such as in less densely populated areas with adequate on and off street storage
space, boroughs should consider the option of introducing fortnightly residual collections with a
weekly food waste collection to maximise food waste yields. This option should be considered
as part of a wider waste management strategy when deciding the most cost effective
management of bio-degradable wastes.
We have identified a number of quick wins that could go some way to improving performance
for food waste collections for DSPs;


There is significant potential to expand source segregated collections of food waste
across the capitals DSPs, however this would need to be linked with a wider strategy to
provide food treatment infrastructure and capacity to manage this waste stream



Where participation rates and capture rates have reduce over time boroughs may like to
consider re-launching the scheme or providing a communication campaign in conjunction
with a free caddy liner give away to help raise yields and the efficiency of the collection
system. This can be repeated at a frequency best judged by the Borough, taking into
account other communications, service changes and longer term strategies. Richmond
experienced greater take-up of free liners via postal coupons distributed door to door in a
2008 campaign compared to 2010 where orders could be made via text messages, email
address that was advertised in the council magazine, website and street signage,



The provision of kitchen caddies where they are not currently provided may promote ease
of use and increase collection performance at relatively low cost



The collection of food waste with the use of split bodies, modified stillages or pods on
vehicles enable the collection of other materials such as residual or dry recycling in a
single pass. Where this is currently not practiced and vehicle access allows this option
should be investigated further to potentially reduce collection costs. This will depend on
the configuration of other waste services, current fleet and delivery points

WRAP also offers guidance74 on the introduction of food waste collections based on lessons
learned from previous trials. The guidance provides essential advice on the provision of such
services.

8.2.2

Near Entry Flats (Purpose Built Flats)
Based on our Survey we have estimated that approximately 28,000 flats receive some form of
food waste collection service either via a communal collection system or door to door
arrangements. Table 8.14 below provide a brief summary of those boroughs that provide these
services.

74

WRAP. 2009 Food Waste Collection Guidance.
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Table 8.14 Summary of food waste collection services for flats (Hyder Survey 2009)
Flats
Coverage

Borough

Disposal method

Materials accepted

Collection
frequency

Bexley

NK%

Communal

meat, some newspaper

unknown

City of London

18%

KC

unknown
>weekly

Hackney

9%

Communal +7l KC

no bones
Cooked meat is included, raw
meat and bones are excluded

Islington

4%

Communal

NK

weekly

Lambeth

13%

communal + EC

NK

weekly

door to door & communal

NK

weekly

Tower Hamlets

7%

Kingston upon Thames

37%

KC + EC (door to door)

includes meat

weekly

Westminster

1.5%

Communal

includes meat

weekly

Hackney was the only borough that was able to provide data for this type of housing, this displayed in
table 8.15 Food waste services are currently provided to 4600 flat properties using a Near Entry Bring
system.

Table 8.15 Food Waste Performance yields for Near Entry Flats (Hyder Survey 2009)

Borough

Hackney

Index of
social
deprivation

Yield for
participating
hh
(kg/hh/year)

46

1.7

Coverage to
NEFs

9% (4600HH)

Collection
method

Communal

Containers

7l KC

Materials accepted
Cooked meat is
included, raw meat
and bones are
excluded

Collection
frequency

Weekly

During 2007/08 WRAP provided funding to nineteen local authorities to carry out separate food
waste collection trials. The trials involved collecting food waste from multi-occupancy housing75.
within areas with high proportions of communal flats / high rise properties. In London these trials
took place in;
9 Royal Borough of Kingston-upon-Thames (RBKT), and
9 London Borough of Hackney.
RBKT’s trial covered high and low rise multi-occupancy housing in both council and private
ownership. Hackney’s trial involved high rise properties. An overview of the results can be seen
in Table 8.16

75

WRAP 2007. Food Waste Collection Trials – food waste collections from multi-occupancy dwellings.
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Table 8.16. An overview of the three trial food waste collection areas focused on Flats
(Courtesy of WRAP) .

Number of households in
trial area
Number of collection crew
per vehicle
Residual collection
frequency
Container presentation
Container type

Vehicle Type

RBKT

Hackney

4,500

4,600

2

2

Weekly

Weekly

Doorstep

Food waste taken to
communal wheeled bins

25L container and liners

7L caddy and liners

3.5t hopper vehicle in 3
Sections to allow collection of
food waste and dry recyclables

Farid Micro7.5t

Reprocessing

IVC

IVC

Number of households
monitored for participation

698

n/a

Phase 1 – 28.5% (No second
phase of monitoring)

No participation monitoring

0.50

0.24

0.42

0.34

Participation Rate
Kgs per household served
per week, first half of the
trial
Kgs per household served
per week, second half of the
trial

The collection yields and participation rates for the multi-occupancy properties are relatively low
compared to kerbside services. Several anecdotal factors55have been highlighted throughout
the trials that could help explain this:


Royal Borough of Kingston upon Thames (RBKT) carried out door step collections of food
waste while, in the majority of cases, refuse is deposited in communal containers within
external bin storage areas. This meant residents had to keep their food waste containers
within the confines of their properties over the course of the week where previously they
could dispose of refuse at their convenience.



All the authorities worked alongside landlords and housing bodies to ensure access to the
flats by the crews was not inhibited and that key fobs / access codes were obtained in
advance. However in practice access still proved problematic on occasions, especially
when crews were carrying out multiple trips into blocks. The crews often had to rely on
tradesmen’s buttons or wait for residents to give them access. Additionally some
landlords only provided access for collection crews to car park areas, and not to individual
blocks.



RBKT initially experienced problems with the liners being too small for the collection
container.This was rectified with larger liners more suited for the 25 litre containers
provided.
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Hackney’s collection trial was unique. Performance data from Hackney show weekly yields were
lower in comparison with the door-to-door schemes. Feedback was obtained from residents via
focus groups76, but gave no clear indications as to the reasons for this, although a number of
points were raised which are worthy of mention:


The aperture on the ‘bring’ container was considered too small. Residents attending the
focus groups expressed concern that the liner bags could split if they had to push them
through the aperture. At the time of writing Hackney intended to trial a different bin design
with larger apertures, which should address this concern.



There were no complaints of smell at the collection points.



There was a noticeable reduction in odours from the refuse bins following the introduction
of the food collection trial.



There were no reports of the ‘bring’ containers being too full for food waste to be
deposited.



Some residents thought it would be more convenient if the food waste containers were
located next to the refuse bins (as opposed to the recycling bins), as they could deposit
food waste and refuse at the same time.

Quick wins and Easy Deliverables for NEFs
Capturing food waste from flats in the capital poses a significant benefit to overall performance
for London and those boroughs that have already started to collect material from flats should
be praised as being pathfinders. However, the expansion of collection services and capture of
food waste from DSP should remain a priority as a quick win. Organics services to flats area is
developing fast with little robust performance data to support claims that near entry systems for
flats can compare favourably with kerbside collections from DSPs. With effective planning, good
location of communal bins, provision of internal containers and effective targeted
communications food waste collections can be successful. We have included details of food
waste collection from flats within case studies for Islington and Hackney. Islington is planning to
increase its food waste collections to a further 10,000 properties in 2010.

8.3

Green or Mixed Green and Food Collections
Mixed food waste collection cover approximately 360,000 (10%) of London’s households.
Limited performance data was provided for mixed food waste collections with only Greenwich
providing data for this service. The provision of mixed collections brings about obvious collection
cost savings by combining garden and food collections into one. However, recent research77
indicates that food waste capture for mixed collections is lower than dedicated food waste
collections, unless weekly collections of mixed food and green wastes are combined with
fortnightly residual collection. Food waste made up around 25% (by weight) of the waste in the
organic waste bin where collections of mixed food and garden waste were weekly; where
collections were fortnightly collections food waste was on average 9.3%. Yield data provided by
boroughs is found in Table 8.17 and include yield data for five dedicated green waste
collections.

76

WRAP, 2007. Food Waste Collection Trials – food waste collections from multi-occupancy dwellings.

77

WRAP 2010. Performance analysis of mixed food and garden waste collection schemes
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It should also be noted that the comingling of food and green will result in higher treatment
costs, where Animal By-Product Regulations78 require the in-vessel (IVC or AD) treatment of
food wastes, a process that has higher cost per tonne than conventional open windrowing of
green wastes. In some cases boroughs are co-collecting food and mixed waste using separate
containers, but mixing in the same vehicle in the short term. In the longer term collection can be
easily adapted to collect food and green waste separately should new treatment infrastructure
become available.
In 2007 WRAP 79 looked at the comparative costs and benefits, including monetised
environmental costs and benefits, of different approaches to managing household bio wastes
(garden and food waste). The study looked at different collection and treatment systems
including schemes in which food and garden wastes were collected separately from one another
and schemes in which they were collected mixed. Different levels of home composting uptake
and promotion were also considered in the various options examined.
The main finding was that the design of the collection system and the way in which the waste is
collected will influence the amount of material captured and will have implications for how it is
treated, which in turn will impact on overall costs and the diversion of material from the residual
waste stream. In particular, the report concluded that collecting food waste separately at
kerbside and weekly could increase the capture of food, would help keep processing costs for
food waste to a minimum and was overall the more financially and environmentally attractive
option.
The research72 suggested that there would be significant additional costs associated with adding
food waste to an existing garden waste collection due to low captures of food waste and very
high captures and quantities of garden waste (particularly for fortnightly collections) and the
requirement to treat all the organic waste a facilities compliant with the requirements of the
Animal By-Products Regulations.
Two key findings of the report72 include;
 Systems which include free or unconstrained garden waste collection services tend to be
more costly than those which target food waste only. The key reason is that additional
garden waste otherwise composted at home can be pulled into the formal waste
management system.
 The additional cost associated with adding food waste to an existing garden waste
collection can be significant. This is because all the material must be treated in an invessel composting facility.

78

The Animal By-Products Regulations 2005

79

Eunomia Research and Consulting, 2007. Managing Biowastes from Households in the UK: Applying Life-cycle
Thinking in the Framework of Cost-benefit Analysis,
PN495 The Performance of London's Municipal Recycling Collection Services—Hyder Consulting Report
Hyder Consulting (UK) Limited-2212959
l:\waste team\the performance of london's municipal recycling collection servicesthe performance of london's municipal recycling
collection services\main report\the performance of londons municipal recycling collection services final.doc

Page 101

Typical Collection Yields
Table 8.17 Performance information provided by boroughs for Food and Green Waste collections (Hyder Survey 2009)

Borough

Majority
housing type

Index of social
deprivation

Greenwich

DSH

31

Inner

260

100%

food + garden

Richmond

DSH

10

Outer

192

100%

Garden

Hackney

NEF

45

Inner

105

36%

Garden

KC + wheeled
bin
sacks/wheeled
bin
sacks/wheeled
bin

Redbridge

DSP

18

Outer

98

96%

Garden

Ealing

DSH

23

Outer

73

97%

Merton

DSP

15

Outer

35

100%

Inner outer

Yield

Coverage
to DSPs

Materials
accepted

Charge

Collection
frequency

yes

weekly

yes

fortnightly

no

fortnightly

reusable sacks

no

Seasonal

Garden

reusable sacks

no

weekly

Garden

sacks

yes

on request

KC = kitchen caddy
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Container

9

Operational Costs
Operational and capital cost data was requested from boroughs as part of the survey. The
following sections provide analysis of data provided for dry recycling operational cost data only
as limited data was provided for capital costs and other collection services. Given the limited
cost data provided it is not possible to determine the cost per tonne or household for each type
of collection system in London with any certainty. However we are able carry out analysis of
overall dry recycling costs against yield and NI192 performance and draw comparisons with
cost data produced by the WRAP’s, Kerbside Analysis Tool (KAT)80.

WRAP indicative costs
In 2007 WRAP81 published a report to provide a systematic appraisal of the characteristics of
the principal kerbside recycling collection systems looking at both their cost and effectiveness
making use of the Kerbside Analysis Tool (KAT). The report does not attempt to identify a “best
value” or “best” system. The report delivered the following conclusions;
 In current market conditions kerbside sort schemes show lower costs – net of income
from material sales - than single stream co-mingled schemes.
 The net costs of co-mingled schemes are heavily affected by MRF gate fees and the costs
of kerbside sort by income from the sale of materials.
 Two stream co-mingled collections which keep paper separate from containers have
similar net costs to kerbside sort schemes.
 There is little variation in material yields between the three main scheme types but,
within schemes, variants which collect glass and have an alternate weekly collection of
refuse exhibit the greatest diversion rates.
 Recycling collections are maximised when customers are provided with adequate capacity
through more or larger containers and/or weekly collections of recyclable materials.
 There appears to be no systematic advantage for one recycling system based on the
‘urban or ‘rural’ nature of the areas served.

In summary, dry recycling urban collection costs ‘only’ were calculated by KAT for each system
collecting cans, glass, paper and plastic over a combination of container types, collection
frequencies and residual collection arrangements. The following collection cost ranges were
identified in the report;
 Kerbside sort system in an urban setting collection cost only ranges between £8.97 and
£22.76 per household per year? and £79.34 to £131.33 per tonne. Fortnightly refuse
collection gives rise to higher recycling yields, but additional recycling collection
resources increases cost.

80

KAT is written in a Microsoft © ExcelTM workbook. It enables projections of infrastructure requirements and associated
costs for the implementation of different kerbside recycling and composting collections (“kerbside collections”) within a
local authority and has been designed to require only a very limited amount of data before projections are possible
81

WRAP 2007. Kerbside Collection: Indicative Costs and Performance.
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 Two (multi) stream collections in urban setting ranges between £60.77 and 78.11 per
tonne and £10.87 to £10.95 per household were fortnightly refuse gives rise to a lower
cost per tonne.
 Single stream co-mingled collection has the highest net cost after collection, sorting and
handling of contamination. Urban collection costs per tonne range between £61.55 and
£80.37 per tonne, and £9.91 to £11.35 per household per year.
It must be noted that the costs identified in this WRAP study are ‘Standard Costs’ which are not
the same as ‘Contract Price’, and are therefore indicative and do not reflect actual cost paid by
the Authorities.
The report goes on to calculate net costs of collection based on MRF gate fees and material
prices in 2007. However, to make a comparison with borough survey data we require collection
cost only data.

9.1

Dry Recycling Collections
Boroughs were asked to base cost on the following operational expenditure (Opex) cost
criteria for 2008/09 as requested during the survey
 Vehicle Maintenance (if not part of lease scheme)
 Fuel
 Containers
 Labour (FT Equiv)
 Equipment
 Additional Vehicle Hire/Lease Costs
 Other (Please specify)
The following cost data was collected from eight boroughs for a range of collection systems
including two kerbside sorted, four single steam co-mingled and two multi stream;
 Cost per household ranges between £ 14 to £31 based on eight on boroughs providing
data, and
 Cost per tonne ranges from £81 to £209 based on eight boroughs providing data.
 Kerbside Sort Costs per tonne range from £156 -£209, and between £19 and £29 per
household. The highest collection cost per tonne for all the systems was £209.
 Twin Steam costs per tonne range from £81 and £139, and between £14 and £31 per
household. The Highest collection cost per household for all systems was £31. The
lowest collection cost per tonne for all systems was £81.
 Single Stream co-mingled cost per tonne range from £89 and £157, and between £14 to
£26 for cost per household. The lowest collection cost per household for all systems
was £14.
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Table 9.1 Comparison between indicative costs and actual costs 2008/9 (Hyder Survey
2009)

London Borough Actual Cost

Kerbside Sort

£/T
156 ‐ 209

£/H

WRAP Indicative Costs

19‐29

£/T
79 ‐ 131

£/H
9 – 23

Multi Stream

81 ‐139

14 ‐31

61 – 78

11

Single Stream

89 ‐ 157

14 ‐26

61 ‐80

10 ‐ 11

Table 9.1 provides a summary of actual and indicative costs. In general all actual collection
costs are higher than WRAP indicative costs. Both the indicative costs and the actual cost for
kerbside sort have the highest cost range which reflects the additional time, labour, vehicles
required to undertake kerbside sorting of materials. On both case cost for multi stream and
single stream are lower. There is very little difference between multi stream and single stream
cost’s; this is also reflected in the indicative and actual costs.

9.1.1

Collection Cost Performance by Household
Figure 9.1 identifies that there is a correlation of 0.262 between operational cost per household
and total household collected recycling yield where increased yields incur a higher operational
cost. This would reflect the additional resources required to collect such as containers, vehicles
and Labour. A similar trend emerges in figure 9.2, where operational costs per household
increase with NI92 performance increases; this corroborates the previous statement with a
stronger correlation of 0.628.
Figure 9.1 Dry Recycling Opex cost per Household against kg/hh/yr (Hyder Survey 2009 /
WasteDataFlow 2008/9)
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Figure 9.2 Dry Recycling Opex cost per Household against Overall N192% (Hyder Survey
2009 / WasteDataFlow 2008/9)

9.1.2

Collection Cost Performance by Tonnage
Figure 9.3 identifies a moderate negative correlation of -0.479 between cost per tonne and
yield, where higher yields result in a lower cost per tonne which reflects cost efficiencies gained
from higher yields, where higher participation, improved capture and use of collection resources
lowers the cost of material collected. In figure 9.4, there appears to be a correlation of -0.025
between cost per tonne and overall NI192, which perhaps reflects the tonnage contributions that
are made from other collection infrastructure such as brings sites/HWRCs which are not
reflected in these operational costs.
Figure 9.3 Dry Recycling Opex cost per Tonne against kg/hh/yr (Hyder Survey 2009 /
WasteDataFlow 2008/9)
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Figure 9.4 Dry Recycling Opex cost per Tonne against Overall N192% (Hyder Survey 2009
/ WasteDataFlow 2008/9)

In conclusion, the data shows that recycling collection yield increases the cost per household
also increases, but the cost per tonne decreases. This would infer that investment in collection
systems (i.e. cost per household) could be one factor that results in higher performance, this
also offers collection efficiencies by lowering the cost per tonne by increasing tonnage collected.
The data also infers that investment in collection systems could be one factor that results in
higher overall NI192 performance.
Clearly there are similarities between the WRAP findings based on KAT modelling and the cost
data obtained through the Hyder Survey, although the Hyder cost data reflects the actual
contracted cost for the delivery of collection services.
The data does not reflect the net cost of recycling collection i.e. the inclusion of avoided landfill
disposal, revenue from the sale of recyclate and the cost of sorting at MRF. Due to the limited
data sets for each collection system type we are unable to determine net costs for kerbside
collections and commingled collections.

9.1.3

Cost Data Recommendations
The survey was unable to provide sufficient operational and capital cost data for each collection
system. Costs for service provision to different housing types was not obtainable, largely due to
the budgeting arrangements within local authorities, where collections services are provided
across housing types and also service community bring banks. In many case cost data was not
provided due to commercial sensitivity despite the assurances of confidentiality. There were a
number of issues that were considered when collecting this data and will need to be considered
again should this exercise be repeated, these issues were;


Contractual arrangements with service providers can significantly determine the cost
depending on;
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I. Integrated arrangements with other service such as street cleaning and
refuse.
II. Fixed costs per household including a range of service enhancements such
as communications and customer support.


Vehicle and fleet maintenance arrangements can be on a lease arrangement or capital
purchase programme, or a combination of both.

In addition, It is also recommend that a dedicated study be commissioned to focused solely on
determining collection cost data by collection system, and where possible housing type. The
study could also look at revenue and income sharing arrangement to determine the net cost of
recycling.

10

Commercial Recycling Collections
A key driver for the development of trade waste recycling is the Landfill Allowance Trading
Scheme (LATS) which sets challenging targets to reduce the tonnage of biodegradable
municipal waste which is sent to landfill. Currently, commercial wastes collected by an Borough
are classified as Municipal Waste, and so is managed under the LATS regime. Therefore, the
recycling or composting of the biodegradable element of trade waste, diverting it from landfill,
presents an opportunity to both increase recycling and a contribution towards meeting LATS
targets. Landfill tax is also becoming an increasing more persuasive driver, where the
increasing cost of disposal to landfill is incentivising recycling. In addition the collection of
commercial materials may be an attractive option as a commercial venture if at no extra cost to
the Borough or without impeding progress towards meeting targets. Historically, London
boroughs have been reluctant to collect trade waste as it does not contribute towards recycling
targets. At the time of writing this report Defra is undertaking a consultation on meeting EU
Landfill Diversion Targets82. The consultation addresses the changes necessary to enable the
UK to report to the European Commission on a revised approach to the landfill diversion targets.
This includes setting out the new interpretation of the definition of municipal waste. This may
have implications for how Municipal Waste – household and commercial is managed by Local
Authorities.

10.1.1 Survey Responses
Information on commercial waste collection services was requested as part of our bespoke
survey, of the 24 survey responses, 22 provide some Information on residual commercial waste
recycling collection services, of this 12 provided recycling services. Information on aspect of
service delivery, operational costs, monitoring, charging, customer base and tonnages was
generally limited, with many boroughs not providing information or stating commercial
sensitivity. This has limited the evaluation of commercial services provided within the capital.
Details of those boroughs that have provided information are located in figures 10.1, 10.2 and
10.3.
Using the limited information gathered from our survey we have updated information provided
on Capital Waste Facts83 to provide an up to date overview of collection system. Details of this

82

http://www.defra.gov.uk/corporate/consult/landfill-diversion/index.htm

83

http://www.capitalwastefacts.com/boroughserviceInfo/SummaryTable/tabid/58/Default.aspx Capital Waste Facts is a
website that provides information and data about recycling and waste management in London.
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can be found in Appendix Eleven. An electronic version of the document has also been supplied
with this report.

10.1.2 Legal Requirement
The Environmental Protection Act 199084 states that it shall be the duty of each waste collection
borough if requested by the occupier of premises in its area to collect any commercial waste
from the premises or to arrange for the collection of the waste. Therefore borough’s have a duty
to make provision for the collection of commercial waste by providing a direct service or
appointing a contractor. Some boroughs have interpreted the duty as advising businesses on
the appropriate means of collection within its area by providing a list of local service providers.
We are unable to determine the level of direct service provision from the survey and there is no
such duty to provide arrangement for the separate collection of commercial recycling.
Commercial waste collected directly by a borough is classified as municipal waste46 where all
waste that comes into the possession or under the control of Waste Disposal or Waste
Collection Authorities, with the exception of construction or demolition wastes, is classified as
municipal waste85.

10.1.3 Service Provision
All boroughs make arrangements for the collection of commercial wastes as required by the
86
Environmental Protection Act 1990 . Reviewing the updated Capital Waste Facts information
we can determine that 21 of the boroughs provide some form of commercial waste recycling
collection either borough wide, on a selective basis or on a trial basis. There are currently two
trials in operation and two boroughs provide a limited service to selected businesses. Eight of
the boroughs provide collections, but with a limited range of materials such as cardboard/paper
or glass only, or a combination of glass, paper, cardboard and cans. Other boroughs offer a
more comprehensive collection which is consistent with the household collection service offering
a collection of between five and nine materials. City of London also offers a food waste
collection service, shredded confidential waste and partnered with other organisations to collect
Waste Electrical and Electronic Equipment (WEEE), office furniture and used cooking oils. Dry
recycling is collected in a wide range of containers from single use sacks to 1280 litres wheeled
bins.

Charging Tariffs
Details on charging tariffs can be found in figure 13.2 where the charging structure for refuse
and recycling have been set out. We have kept the charging structures anonymous by labelling
each participating borough as Authorities one to seven.
Collection services are charged on an annual bin hire with a set number of lifts or charged by
the lift on account with a monthly invoice. Pay as you throw services using single use sacks are
also offered by some boroughs Annual charge arrangements require less administration than

84

Environmental protection Act Section 45 (1)(b)

85

Waste and Emissions Trading Act 2003 (amended)

86

Environmental protection Act Section 45 (1)(b)
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conventional invoice arrangements. For residual waste collection some boroughs offer a
reduction for the second collection during the same week.
Price data has been provided for a range of recycling containers, the most prevalent being
single use sacks, 240 litres and 1100 litres wheeled bins. The highest charges would appear to
be for borough seven; these prices are significantly higher than other Authorities services which
are likely to be significantly higher than the current market rates therefore being prohibitive to
businesses. Recycling charges have been set equal to the price of refuse, or at a reduced rate
to financially incentivise businesses to recycle. Reduced prices for recycling are offered by
boroughs one, four and five. Based on prices provided by boroughs the cost of recycling is
approximately 30% to 60% lower than residual prices depending on container type. Borough
five offers greater cost savings for larger recycling containers. Borough one also offers service
packages for smaller business that include a combination of recycling and refuse services for
one price. Providing a financial incentive for business is likely to increase service participation.

Performance Data
Given the limited amount of performance data available to commercial services provided by
London boroughs we are unable to undertake a full performance analysis. We have therefore
relied mainly on information gathered as a part of our survey in Tables 10.1, 10.2 & 10.3 and
existing data in Capital Waste Facts to carry out our review.
Participation has been calculated based on the number of residual waste customers and
recycling customers using borough arranged recycling services. This is not entirely an accurate
reflection of participation as some trade customers may use private sector recycling collections
or some recycling service users may use private sector refuse collections. Participation rates
range between 2% and 44%. The two lowest participation rates appear to be for boroughs
offering only limited material collections i.e. glass, paper and cardboard. Higher participation
rates appear to be for boroughs offering a wider range of material collections. Participation rates
of between 24% and 25% appear to be for boroughs offering financial incentives for businesses
to recycle wide range materials. However the highest participation which is 44% is for a flat rate
pricing structure. I.e. residual is the same price as recycling. It must be noted that this borough
has the lowest overall customer base and therefore we cannot rule out the impact that
marketing and promotions will have on increasing participation.

Waste Reduction and Business Support
A number of boroughs provide support to businesses by offering waste minimisation advice
including free on-site waste audit and information packs. Business are increasingly wishing to
drive down cost and improve environmental performance, providing waste reduction support
forms part of a package of waste management solutions.

Private Sector
Commercial services provided by the private sector, offer a wide range of multi material, paper,
cardboard, glass, confidential paper, waste oil and other specialist items such as computer
equipment. Boroughs providing direct commercial services are in competition with the private
sector. Private sector companies that offer both collection and disposal solutions will benefit
from controlling costs associated with disposal and treatment, where cost savings could be
passed on to businesses. This synergy allows the private sector to be more competitive as the
cost of waste disposal and treatment increases. The private sector may also have access to a
wider range of recycling markets because of the quantity of materials they handle allowing them
to command higher prices for commodities, therefore lowering the net cost of services. Where
capacity exists, boroughs providing direct services could take advantage of household
collection infrastructure to keep collection costs down. However the co-collection of household
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and commercial waste is prohibited by the requirement to report household recycling tonnages
separately for National Indicators (NIs).

10.1.4 Factors Contributing to Higher Performance
The GLA commissioned a report in 2005 that:87 identified several factors that are likely to give
rise to a schemes success, higher participation and material capture. We have identified some
of these service related factors with evidence of good practice from our Case Study. These are
summarised below;

87

9

Target Businesses - Targeting different sectors will yield different volumes of each
material, for example services to restaurants, hotels, pubs and clubs will usually yield
significant volumes of glass, whereas office collections will yield possibly a range of paper
waste but also various other materials in smaller volumes. City of London offers a range
of collection options ranging from sticker tape, single use sacks to various sized wheeled
bins to suit all businesses. This is combined Flexible collections which can be made 24
hours a day, 6 days a week

9

Markets – The location of the market will affect transport costs, this will be increasingly
significant if the market is not local and an existing outlet. The City of London has
highlighted issues associated with proximity to treatment facilities for food waste, this has
an impact upon the overall cost of the service, costs are then passed on to customers. It
is thought that once a treatment facility is made available in close proximity to the City
these costs will be reduced, in turn this will lower the charges for businesses.

9

Materials – Dependant on markets, making existing systems more efficient, and diverting
biodegradable trade waste from landfill will contribute to the LATS targets. More
significantly, heavier dense waste will bring about greater avoided disposal costs. The
City of London offers commercial co-mingled collections which are integrated with
household collections, collecting the same materials as household services for
consistency. Separate collections of cardboard and paper are provided.

9

Resources - The resource requirements of a trade waste recycling scheme need to be
considered, particularly when the scheme uptake increases. Ensuring that sufficient
staffing, vehicle and fleet capacity and containers are available will increase the reliability
of the service. City of London provides dedicated fleets for the collection of commercial
paper and cardboard

9

Costs and Funding - The majority of collection authorities who develop such an initiative
do so via funding through their internal mainstream budgets or through cost recovery from
existing collections. The possible purchase of additional infrastructure such as bins or
sacks, and the use of vehicles and staff to operate the scheme will need to be taken into
account. Some of this infrastructure may already exist as part of household or commercial
scheme. The City of London has made use of existing household collection infrastructure
to provide commercial dry and food waste collections services.

9

Charging - Trade waste recycling schemes operated in the public sector are in direct
competition with private sector organisations offering similar services. Collection services
therefore need to remain financially competitive. The cost to businesses can also
determine level of participation or take up of a scheme - From our evaluation of survey
information provided by boroughs there is evidence to suggest that charging systems that
financially incentivise recycling bring about higher participation rates of between 24% and
25%.

GLA: Best Practice Guidance, Trade Waste Recycling. Entec, 2005.
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9

Promotion – sufficient financial and staffing resource should be applied to get the scheme
up and running and maintaining on-going promotions using existing customer data basis
to target via phone, mail or at the point of collection via collection teams.- The City of
London has a sales team who market the collection facilities and letters are regularly sent
out to customers to inform them of any changes

9

Customer Service – On going resources to delivery high quality levels of customer
service will lead to customer loyalty. This can be incorporated into existing trade service
provision support, but will require some additional staffing capacity. This should not be
under estimated. – As above The City of London has a dedicated team that offers support
to customers.

9

Research & market assessment – Initial, targeted research is essential when
considering setting up a trade waste recycling scheme. Differences in emphasis may
apply depending on whether the scheme is to be built on an existing trade waste
collection or if starting from scratch.

9

Contracts - The ability to extend an existing customer contract should be checked with
the borough’s legal advisors. The contract could include clauses for the contractor to
provide or rent bins, flexibility in the frequency of collections and the number of clients
and flexibility in the range of materials for collection and recycling.

9

Monitoring, Measuring and Feedback - Monitoring of collection materials, participation
and cost is essential to determine the operational efficiency of the scheme. It is also
important to get feedback from customers to determine where he scheme can be
improved. Customer performance feedback is becoming increasingly more popular so
that companies can report on their environmental objectives for accreditation purposes,
such as ISO1400188.

9

Pilot Schemes - a pilot scheme may identify problems with a proposed collection scheme
prior to any significant investment in infrastructure, such MRFs and fleets capacity.
Collection scheme built on pilots general have the opportunity to address issue early
before committing to further resource.

10.1.5 Case Study
Both Westminster and City of London provide services to approximatly1000 customers with a
comprehensive range of materials collected. In addition, City of London also provides a
commercial food waste collection and other items such as office furniture, WEEE and waste
cooking oils. We have therefore selected City of London as a case study. Full details of the case
study can be found in Appendix Ten.

10.1.6 Quick Wins and Easy Deliverables
There may be some benefits in using existing collection infrastructure to offer commercial
recycling services. Some boroughs such as Hackney are planning to introduce additional
commercial recycling services such as cardboard recycling in 2010. From our study it would
appear that services collecting a wide range of materials and offering businesses a financial

88

ISO (International Organization for Standardization). ISO 14001:2004 specifies requirements for an environmental
management system to enable an organization to develop and implement a policy and objectives which take into account
legal requirements and other requirements to which the organization subscribes, and information about significant
environmental aspects.
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incentive to recycling appear to have higher participation rates. Participation rates can also be
enhanced through the promotion of services and where commercially and operationally viable
trials should be expanded to cover borough wide coverage.
Expanding services for dry recycling and food waste where there is existing capacity within
collection infrastructure could be commercial attractive to boroughs where it is not to the
detriment of household waste services. It should be noted that public money cannot be used to
subsidise or support commercial services that are in direct competition with the private sector,
this is governed by the Competition Act 1998.
Hyder recommend that a dedicated study into the potential to expand coverage of commercial
recycling services provided by boroughs be investigated. This should include partnerships with
the private sector to deliver a wide range of material collections. The study could identify
borough support for commercial initiatives, barriers to service provision, collection infrastructure
and capacity to manage municipal commercial recycling and the net cost of service delivery.
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Table 10.1 Survey Response for commercial residual and recycling services (Hyder Survey 2009)
Residual services
Coverage

container

collection
frequency

Barnet

not specified

various

>weekly

Bexley

not specified

not specified

fortnightly

Brent

Borough

Yes / No

coverage

Recycling services
collection
container
frequency

materials

Not
Specified

240 litre wheelie
bins or 1100 litre
eurobins, bulk
containers

fortnightly

Source Separated Aerosols,
aluminium foil, books, cardboard,
glass bottles & jars, mixed cans,
paper, plastic bottles, yellow pages

commercially sensitive

not specified

not specified

not specified

Bromley

bwide

various

>weekly

Croydon

commercially
sensitive

various

as required

commercially
sensitive

commercially
sensitive

on request

City wide

Various

As required

City Wide

Various

As required

Paper, cardboard, glass, cans
plastic , food waste

not specified

not specified

not specified

Greenwich

Borough
wide

sacks

Daily or as
required

Borough
wide

Sacks

Daily or as
required

Co‐mingled Aerosols, aluminium
foil, cardboard, glass bottles & jars,
mixed cans, paper, plastic bags,
plastic bottles, yellow pages.

Hackney

Borough
wide

various

various

not specified

Wheeled bin

as required

Glass bottles and jars.

not specified

various

not specified

not specified

sacks

not
specified

Harrow

Borough
wide

various

variable

Borough
Wide

Wheeled bins

weekly

Havering

Borough
wide

various

weekly

Not specified

Bundles

weekly

Cardboard, Collected in Bundles or
in cage (businesses own)

Hounslow

Borough
wide

various

>weekly

Borough
wide

various

variable

Paper and cardboard

Islington

not specified

not specified

not specified

Trial

Sacks, boxes and
tape

>weekly

Cardboard, glass bottles and jars,
paper

Lambeth

Borough
wide

various

variable

Lewisham

Borough

various

weekly

Borough

Wheeled bins

weekly

Source Separated Cardboard /

City of London
Ealing

Hammersmith and Fulham

Cardboard, drinks cartons, glass
bottles & jars, mixed cans, paper,
plastic bottles, yellow pages
Co‐mingled Cardboard, drinks
cartons, glass bottles & jars, mixed
cans, paper, plastic bottles, yellow
pages
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wide
Merton

Redbridge
Richmond upon Thames
Kensington and Chelsea

not specified
Borough
wide
Borough
wide
Borough
wide

wide
various

variable

various

variable

various

variable

various

variable

various

not specified

not specified

glass bottles and jars
Cardboard, drinks cartons, glass
bottles & jars, mixed cans, paper,
plastic bottles, and yellow pages.
Bags exclude glass.

various

weekly

various

variable

Mixed glass, cardboard/paper

various

>weekly

cardboard, paper, glass, plastics

Borough
wide

Sacks, box and bins

Variable

Co‐mingled Cardboard, glass
bottles & jars, mixed cans, paper,
plastic bottles, yellow pages

Borough
wide
Borough
wide

Kingston upon Thames

not specified

Southwark

not specified

Tower Hamlets

not specified

various

>weekly

not specified

Various

Varies

Wandsworth

Borough
wide

various

weekly

Borough
wide

various

weekly

Westminster

Borough
wide

various

variable

Borough
wide

various

variable

not specified
Co‐mingled Cardboard, glass
bottles & jars, mixed cans, paper,
plastic bottles, yellow pages
Co‐mingled paper, card, cans,
glass, plastic bottles, food/drinks
cartons
Source separated: glass,
paper/card, WEEE.
Also co‐mingled materials
paper/card, glass, plastics, glass,
and metals.
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Table 10.2 Charging tariffs for residual and recycling collection services. (Hyder Survey 2009)
All charges are for one lift with weekly bin hire shown separately.

Borough 1
Refuse
charge
Sack
Collection

bin
hire

Borough 2
Recycling
Charge*

1.22**

Refuse
charge

bin
hire

Borough 3
Recycling
charge

2.00

240L

2.96

Borough 4

Refuse
charge

Recycling
charge*

Refuse
charge

bin
hire

Recycling
charge

1.40

1.40

2.30

NK

6.25

NK

4.53

Borough 5
bin
hire

7.47

1.95

Recycling
charge

1.28

1.9

0.95

6.72

6.72

2.77

7.26

2.5

16.28

16.28

3.84

8.34

3.5

23.73

23.73

4.71

8.83

5.57

42.73

42.73

7.26

NK

NK

940L
1100L

Refuse
charge

8.82
12.50

2.00

7.53

11.94

2.13

11.56

NK

4.94

11.87

1280L

NA

69.13

69.13

10.15

7.95

Compactor
Material
types

Borough 7

Refuse
charge

360L
660L

Borough 6
Refuse
charge
Recycling
***
charge ***

127.38

Residual

Source
Sep. 9
materials

Residual

NS

Residual

Co‐mingled.
9 materials

Residual

Co‐mingled.
7 materials

Residual

Co‐mingled
6 materials

Residual

Co‐mingled
7 materials

Residual

* no bin hire
** based on charge of 2.44 for two sacks
*** weekly service including annual service charge
NK = Not known
NS = No Service
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NK

Figure 10.3 Commercial residual and recycling tonnages including participation (Hyder
Survey 2009)
Residual waste
Borough

Barnet
Bexley

Brent
Bromley

customers

tonnes/year

not
specified

20,000

not
specified
not
specified
not
specified

Recycling
tonnes/
customer/
year

customers

Not offered

10,900

Not offered

not

specified

specified

tonnes/
customer/
year

Participation
Rate*

Not
offered

not
specified
not
specified

not

tonnes/year

300

1000

City of London
not
specified
not
specified

not
specified
not
specified

450

2,015

4.5

200

44%

Hackney

3,053

27,001

0.9

97

3%

Harrow

1,200
not
specified

not
specified

50

4%

5,844

200
not
specified

Croydon
Ealing
Greenwich

Havering

Commercial
Sensitive
Not offered

Hounslow

269

not
specified

Islington

Not
Specified

not
specified

Lambeth

2,470

12,500

5.1

85
Not
offered

Lewisham

3,250

11,000

3.4

50

2%

Merton

1,580

not
specified

380

24%

Redbridge

1,750

16,989

Richmond upon Thames

not
specified

7,355

not
specified

Kensington and Chelsea

not
specified

not
specified

200

Kingston upon Thames

not
specified

not
specified

Not
offered

Southwark

not
specified

not
specified

not
specified

1,898

not
specified

476

not
specified

not
specified

not
specified

14,000

110,000

Tower Hamlets
Wandsworth
Westminster City Council

9.7

7.9

Trial

Not offered

1,000

920

25%

20,000
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11

Key Findings
Research Gaps
The literature search and review has identified that there is limited research in the field of dry
recycling and organics collection systems for the housing types required by this study,
especially in relation to the London boroughs. In all cases studies by housing type did not draw
robust conclusions as they were based on small data sets. These is significant research in the
field of barriers to recycling at home, guidance documents and indicative cost data, which is
mostly provided by the Waste Resources Action Programme (WRAP).

Greater London’s Recycling Performance
In 2008/09 over 600,000 tonnes of kerbside collected material was sent for recycling,
composting or anaerobic digestion, which was almost 21 per cent of all household waste and 72
per cent of London’s recycling/composting performance. This shows that kerbside collection has
a significant contribution to the performance of London’s reuse, recycling and composting
performance.
When looking at reported BVPI82a for 2007/08 London boroughs perform well in comparison to
other English Authorities such as Metropolitan boroughs, but there is still room for improvement
to raise kerbside dry recycling performance to meet the Mayors recycling targets.

Material Capture
89

The 2010 Defra study to review Municipal Waste Composition includes compositional
estimates for all kerbside waste in England based on WasteDataFlow for the period 2006/07.
Using this data in combination with our survey results, we found;
 The lowest dry recycling yield [Newham] produced in London is 26kg/hh/yr which would
suggest a capture rate of 9% based on all five materials.
 The highest yield is 224kg/hh/yr (Bexley), with an estimated capture of 59%.
 The average yield for London collection systems is 140kg/hh/yr with an estimated capture
of 37% at kerbside.
 The highest food waste yield is 43Kg/hh/yr (Richmond) with a food waste capture of 20%
at kerbside.
This high level analysis would suggest that there are still significant improvements to increase
capture rates for dry recycling and food waste. These could be achieved by increasing the
coverage of collection services, especially to purpose built flats and flats above shops, providing
bespoke communications to residents, improving access to services and ensuring there is
adequate container provision for the internal storage of materials

89

Municipal Waste Composition: A Review of Municipal Waste Component Analyses.2010.Defra.
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Housing Profiles and Performance
Of the 3.3 million households in London approximately 47% are comprised of flats and 53%
doorstep properties.
The study found that flats provide a range of challenges and opportunities for boroughs.
Generally flats perform less favourably to doorstep houses, often suffering from low participation
90
and capture. A report commissioned by WRAP on Barriers to recycling at home outlines these
issues and provides evidence that residents in flats are less committed recyclers as a result of
these barriers.
To support this finding our study shows there is a relationship between the percentage of
Purpose Built Flats (PBF) and overall NI192 (2008/09), where the higher the percentage of PBF,
the lower the overall NI192. This perhaps reflects the various additional barriers to recycling91
that are caused by this type of property, which in summary include;


No collection service;



Space to recycle; and



Difficulties in carrying materials down flights of stairs.

Inner London boroughs are more densely populated and have a higher percentage of purpose
built flats (PBFs) and should therefore have lower household recycling performance. However,
average dry recycling yields for Inner and outer London appear to be relatively the same in
terms of performance. This may reflect how boroughs have adapted household recycling
service provision to suit the majority housing type, thus overcoming some of the barriers
associated with flats. This is likely to be a result of additional communications, the use of
commingled collections using single use sacks and improved access to recycling facilities such
as near entry systems or doorstep collections to flats.
It is also noted that outer London boroughs collect more garden waste and food waste. This
reflects both the wider coverage of organic service in Outer London and properties with
gardens, assuming that more densely populated areas have smaller gardens.

Contamination
The London average is calculated at 7% which is significantly below the national average.
Surveyed authorities identified a very wide variation in contamination amounts – from 0% to
17%. Contamination has an impact on the performance of municipal household and business
recycling services. In particular with a majority of the boroughs collecting co-mingled material
from either kerbside houses or flats using MRFs there is a need to identify the causes of
contamination and the measures that can be reduced to eliminate them.
It is likely that recycling arising from co-mingled communal flat facilities will have higher levels of
contamination largely as a result of:


Issues with ‘point of collection’ quality checks at communal near entry facilities where
larger containers can conceal contamination



Barriers to communicating with residents in flats such as social demographics, as poor
communication can lead to low participation.

90

Barriers to Recycling at Home, WRAP.2008

91

Barriers to Recycling at Home, WRAP.2008
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Practical issues such as container storage, resulting in insufficient capacity for recycling
and/or refuse.

Therefore without the right type of communications, resources and planning required to address
these barriers, boroughs with a higher percentage of purpose built flats may give rise to higher
levels of contamination.

11.1.1 Evaluation of Overall Kerbside Dry Recycling
Performance

Collection

An overview on the performance of dry recycling collection systems across London. It looks at
the relationships between kerbside dry recycling collection performance in relation to;


Socio -economic factors



Service related factors

The research identifies that there is no single variable or characteristic that can explain all of the
variation in kerbside recycling performance across all the local authorities. Rather it is a
combination of the above factors that give to change in performance. Socio-economic
factors such as affluence and deprivation appear to have a strong influence over borough
performance. The frequency of refuse and recycling collection and the type and capacity of
containers also have a strong influence.
Our study shows a direct correlation between dry recycling yields, NI192 performance and the
Index of Multiple Deprivation (IMD) score for each borough, where lower IMD scores give rise to
higher dry recycling collection yields and overall higher NI192 performance. This is an
overarching dominant factor that contributes to borough recycling performance.

11.1.2 Doorstep Properties
Type of collection system
The Study revealed that the most common type of collection system used by boroughs is comingled weekly collections. Co-mingled collections appear to deliver the widest range of
performance, but compare favourably with kerbside and multistream systems. Kerbside sorted
collections appear to yield a mid range performance, while they typically offer a wider range of
materials for collection. Multi-stream collection systems yield a mid to upper performance range.
A review of various research identified that no one report advocates the use of a particular
collection system for a particular housing. Where there are practical and operational barriers to
kerbside sorting, two stream co-mingled collections have significant advantages over single
stream collections, mainly through improved material quality and value as a result of keeping
paper and card separate from other materials, particularly glass. Single stream co-mingled
collections may be appropriate in circumstances where the other options are impractical. These
might be the densest urban areas where on-street parking and heavy traffic require fast loading
without the need to return containers to the point of collection or for high density flats, transient
areas and multi-occupied properties92
However, the use of Best Practice Guidance WRAP93 can be used to help Local Authorities
make choices that best suits their local needs. However the research did highlight that while

92

WRAP. 2009. Choosing the Right Collection System

93

http://www.wrap.org.uk/local_authorities/research_guidance/collections_recycling/index.html
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guidance is useful, it can be taken too literally by contractors when implementing services, and
is not always suitable for all properties. Flexibility is a key requirement in service provision for
each housing development.

Material Types Collected
The boroughs provide a range of collection services often dependent upon the type of waste
transfer and MRF infrastructure. Kerbside systems in general offer a greater range of material
collections than co-mingled collection.

Container Types
London boroughs use a variety of containers but the most popular containment methods in are
reusable boxes, bags and single use sacks. WRAP 76 states that residents would recycle more if
they had more and/or bigger recycling containers. WRAP also found that there is a correlation
between available capacity and performance, where increased provision of capacity leads to
higher yields. However, the range of materials collected, frequency of collection and relationship
with other service as part of the overall service provision is likely to determine total capacity.
Unsubstantial capacity may result in material displacement, where bulkier items, make space of
heavier items.
Single use sacks appear to have the widest performance ranges. Access to sacks is essential to
maintaining participation; if a council fails to deliver sacks and relies on residents to collect then
they are likely to see a diminished participation rate over time. This may be one reason to
explain the wide variations in performance.
In general, a range of containers are suitable for doorstep properties as they tend to have more
curtilage and in-property storage space than Purpose Built Flats.
The use of co-mingled single use sacks may be favourable in more densely housed areas
where there is restricted street space and reusable containers can go missing, which is common
barrier for doorstep flats. Quarterly delivery of sacks acts as a prompt to recycling, sacks are
easy to store in home when not in use. Single use sacks also allow flexibility in capacity, i.e.
more sacks can be used over busy Holiday periods where more waste & recycling is generated.
The use of boxes and reusable bags are also suitable . As with wheeled bins these types of
collection system are better suited to less densely housed areas where there is more street
space. This may be particularly relevant where boroughs have a higher percentage number of
Doorstep Flats (Houses converted to flats) where space for containers on collection day can be
an issue, particularly in houses which have been split into several flats, meaning several boxes
are set out on collection day and boxes can go missing.

Frequency of Recycling & Residual Collections
The impact of fortnightly residual collections appears to give rise to higher yields, which is
consistent with WRAP studies. Boroughs with a weekly or fortnightly collection of recycling and
a fortnightly collection of residual appear to have slightly higher recycling yield than those with a
weekly residual collection. Boroughs providing a fortnightly residual collection use wheeled bin
for refuse containment. Only three boroughs operate these arrangements, Bexley, Kingston and
Harrow. Harrow is the only borough to collect residual and dry recycling on an alternate weekly
basis.

Communications
This review has identified that four boroughs offer ongoing communications support; which
appears to result in higher performance.
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A review of the information provided by boroughs in response to the questionnaire along with a
review of WRAP studies76 indicates that communications plays an important role in the
performance of a recycling scheme regardless of housing type.

11.1.3 Near Entry Flats (Purpose Built Flats)
The study identified that not all Flats within borough receive a near entry or doorstep collection.
There is anecdotal evidence from survey returns and case studies to suggest that not all flats
receive these services and residents instead rely on Community Recycling Banks, Bring Banks
and HWRCs. The coverage of services to flats could not be easily identified.

Near Entry Systems
In general boroughs identified as majority Near Entry Flats are provided a co-mingled near entry
Bring Bank service. Materials are collected in bulk from communal bins, which if collected comingled, partially or source separated have little bearing on performance. No one collection
system appears to delivery higher yields for flats. It is more likely to be attributed to other
service factors such as container type and range of materials collected. co-mingled source
separated collections may suffer from staggered ‘bin full’ periods as result of varying material
mass and bulk. This may lead to overflowing if servicing is not also staggered to ensure
containers are emptied.

Material Types
A majority of boroughs collect a full suite of five or more materials, some with the addition of
drinks cartons. A full suite of recyclables: paper, card, glass, plastic bottles and cans, plus one
additional item gives rise to higher yields as long as there is sufficient storage capacity to suit
the frequency of collection. The collection of bulkier items such as plastics and cardboard often
means the provision of more communal bins; with space constraints this is not always possible.
One boroughs collection system excludes such items in the communal services, which may be
why lower yields where evident. However, with the absence of data it is not possible to
determine a strong evidence base for this.

Container Types
The provision of resident’s internal storage containers to contain and carry waste to communal
areas has a positive impact on the yields. Existing research suggests that average collections
yield were higher where an internal receptacle was provided to residents to store their
recyclables45. Again; communal bin capacity is likely to influence performance in terms of yield
and quality of material.

Frequency of collection
The frequency of collection is relative to the capacity of the containers. Where space does not
allow for sufficient or additional containers then more frequent serving is required to maintain
empty capacity. Boroughs may have arrangements in place with contractors to adjust frequency
if required. Ensuring sufficient communal capacity will increase participation and reduce
contamination.

Doorstep Collections
Data provided for doorstep collections appear to be inconclusive, with one borough showing
yields for doorstep collection to be lower than communal near entry system, while another
borough shows the opposite.
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A study carried by Western Riverside94 found that door-to-door recycling systems recover the
highest weight of material when compared to Near Entry System. In addition, those schemes
using single-use sacks or carrier bags for collection recover almost three times more recycling
than those using boxes or baskets.
The Hammersmith and Fulham flat trials identified that door to door collections produced the
highest yields, followed by mini banks on each floor and chutes and smart banks producing
roughly the same yields. Higher yields perhaps reflect how barriers to recycling have been
overcome. I.e. improved access to services. However, for this trial the cost of collecting door to
door has been kept artificially low by using on site caretakers
Reusable sacks used for door to door collections often go missing post collection, i.e. blown
from balconies which can lead to lower participation.

Chute systems
The conversion of existing chutes to accommodate recycling can bring about positive benefits.
Existing research from WRAP trials suggests that yields of up to 200kg/hh/yr can be achieved95.
96
Residents without chutes for residual waste have a higher yield . However increased levels of
contamination were observed when the recycling chute is a considerable distance away from
the refuse chute. i.e. at the opposite end of the balcony. There is limited detail on the
performance of chute based systems and therefore inadequate guidance on this collection
method.

11.1.4 Organic Waste Collection Performance
The research also investigated garden and food waste collection services. It identified that on
the whole food waste collections are not as firmly established in London as dry recycling. Food
waste collections only cover 26% of London households, the majority being DSPs. Green waste
collections are more established and cover 62% of London’s households, and are provided
largely though dedicated services, although approximately 10% are provided via a mixed food
and green waste service.

Food Waste
WRAP have drafted a food waste collection Guidance Document97 to assist Local Authorities in
the planning, implementation and delivery of food waste services. The document covers food
waste capture and factors affecting capture;
Drawing from local borough schemes currently in operation including WRAP trials and other
research to date the WRAP report draws the following conclusions:


Refuse collection frequency is a statistically significant factor in the performance of food
waste collections. Areas with fortnightly collections of refuse have higher weekly food
waste participation and yields

94

Western Riverside, 2005. Estates Recycling Research. Produced by London Remade

95

http://www.wrap.org.uk/downloads/Performance_Summary_Table.649a8991.6893.pdf

96

WRAP.http://www.wrap.org.uk/local_authorities/research_guidance/collections_recycling/recycling_collections_for_flats
/operation_of_different_collection_schemes/bring_schemes.htm
97

Food Waste Collection Guidance, WRAP. 2009.
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Participation and yields can decline over time in areas with weekly refuse collections,
whilst in areas with fortnightly refuse collections yield and participation is maintained



Areas with weekly black sack collections provide higher food waste yields than areas with
weekly 240 litre wheeled bin refuse collections



Food waste yields may also be influenced by the size of the wheeled bin provided for
refuse



Higher food waste yields will be found in more affluent areas

26% of households in London boroughs receive a food waste collection service, approximately
886,000 households. An estimated 28,000 households in flats receive a food waste collection
services in the form of near entry or doorstep collections.
This study found that the type of collection system does not appear to have a major impact upon
the performance of food waste collections. The methods of collection are largely the same and
include the collection of an external caddy which is emptied manually directly into the vehicle or
emptied into a slave container. Therefore, there is no variation in performance attributed to
collection system type.
With the exception of Ealing all boroughs offer kitchen caddies as recommended by WRAP,
however based on available data the absence of kitchen caddies does not appear to have
lowered performance for Ealing, suggesting that higher performance may be attributed to
something else, possibly communications. With the Exception of Bromley, none of the boroughs
currently provide free liners although a number of promotional activities are being undertaken in
2010.The Bromley trial provides a 40 litre external caddy. This size proved to be the most
popular. Bromley combined the introduction of food waste with the move to fortnightly refuse
and reports that residents are ‘comforted’ by the perception that they will have plenty of storage
for food waste.
As part of the 2009 WRAP food waste collection trial98 all the trial rounds used liners with the
exception of two rounds in Surrey. Previous research undertaken by Eunomia99 has suggested
that providing residents with liners can improve the performance of food waste schemes,
primarily because it makes the scheme cleaner and easier for residents to participate. However
the provision of liners longer term by London boroughs would be at considerable cost.
Generally source segregated food and residual waste is collected on a weekly basis. Residual
waste is collected using sacks and in some case sacks and wheeled bins. We were unable to
determine the impact of wheeled bin collections, however existing research indicate that this will
result in lower yields. None of the boroughs collect residual on a fortnightly basis where food is
source segregated, with the exception of Kingston; Kingston’s higher performance may be
attributed to fortnightly collection of refuse35.
Any communications specific to food waste collection will have a positive impact upon
performance; however it is difficult to determine the relative impact of communications between
each borough. Ealing found a large scale communications campaign in 2007 increased
participation in food waste collections by nearly 3%100, 2008/09.

98

WRAP 2009. Evaluation of the WRAP Separate Food Waste Collection Trials

99

Eunomia, 2006. Kitchen Waste Collections: Optimising Container Selection.

100

Figure provided courtesy of Ealing Borough Council.
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Ensuring the right level of resourcing (staff/vehicles/capacity) communications and customer
support will play a large role in ensuring collections get off to the right start and participation is
maximised from the outset. . Underestimating resources from the outset can lead to service
failures and result in reduced participation.
Organics services to flats is an area that is developing fast in London with little robust
performance data to support claims that Near entry systems for flats can compare favourably
with kerbside collections from DSPs. With effective planning, good location of communal bins,
provision of internal containers and effective targeted communications food waste collections
can be successful.

Mixed Food and Green
Mixed food waste collection cover approximately 360,000 (10%) of London’s Households.
Limited performance data was provided for mixed food waste collections with only Greenwich
providing data. This study has identified that authorities that collect either green waste or mixed
green and food waste have a higher overall NI192 performance. However, when compared to
weekly food waste only collections combined food and garden waste schemes achieve a much
lower food yield per household and hence lower level of diversion.
WRAP101 concludes that combined organic waste collections are less effective in diverting food
waste for recycling compared to food only collections. As a result it will be much more difficult to
achieve high diversion / recycling targets with combined food and garden collections systems.
Another WRAP commissioned study found102 there would be significant additional costs
associated with adding food waste to an existing garden waste collection due to low captures of
food waste and very high captures and quantities of garden waste (particularly for fortnightly
collections) and the requirement to treat all the organic waste compliant with the requirements of
the Animal By-Products Regulations would lead to additional treatment costs.

Green Waste
Green waste collection yields are largely affected by charging, frequency of collection, seasonal
collections and container type. On average, chargeable systems collect 63 kg/hh/yr and on
average, non-chargeable systems collect 70 kg/hh/yr. The collection of garden waste on a
seasonal basis targeted at properties with garden may bring about targeted performance
improvements. Havering offers a chargeable wheel bin service on a seasonal basis to 14% of
the borough which yields over 320 Kg/hh/yr (WDF 2008/9).

101

WRAP 2010. Performance analysis of mixed food and garden waste collection schemes

102

Eunomia Research and Consulting, 2007. Managing Biowastes from Households in the UK: Applying Life-cycle
Thinking in the Framework of Cost-benefit Analysis,
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11.1.5 Operational Costs
A review of cost data provided by boroughs against indicative cost103 data
Table 11.1 Comparison between indicative costs and actual costs (Hyder 2009 / WRAP
2007)

London Borough Actual Cost

19‐29

£/T
79 ‐ 131

Multi Stream

81 ‐139

14 ‐31

61 – 78

11

Single Stream

89 ‐ 157

14 ‐26

61 ‐80

10 ‐ 11

Kerbside Sort

£/T
156 ‐ 209

£/H

WRAP Indicative Costs
£/H
9 – 23

Table 11.1 provides a summary of actual and indicative costs. Actual collection costs are higher
than WRAP indicative costs. Both the indicative costs and the actual cost for kerbside sort have
the highest cost range which reflects the additional time, labour, vehicles required to undertake
kerbside sorting of materials. On both case cost for multi stream and single stream are lower.
There is very little difference between multi stream and single stream cost’s. Higher actual
costs probably reflect the market rate and contract price for the delivery of services rather than
baseline costs used in the KAT tool.
From the data collected there is evidence to suggest that;


Higher yields incur a higher operational cost per Household.



Higher yields result in a lower operational cost per tonne



Operational costs per household increase with overall NI92 performance increases



There does not appear be a trend between cost per tonne and overall NI192

11.1.6 Commercial Collections
A summary of existing research104 identified that there are several factors that are likely to give
rise to a schemes success, higher participation and material capture, these and other
considerations are summarised below;


Initial, targeted research and market assessment is essential when considering setting up
a trade waste recycling scheme



Contract reviews for trade ups should be investigated



Flexibility in the frequency of collections and the range of materials for collection and
recycling should be investigated



Targeting different business types for specific materials



Identification of markets to increase profitability

103

WRAP 2007. Kerbside Collection: Indicative Costs and Performance.

104

GLA: Best Practice Guidance, Trade Waste Recycling. Entec, 2005.
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Reliability of the service including availability of resources



Financial arrangements for service delivery including income and pricing structure



Development of pilot schemes



Organizing promotional activities



Monitoring of collection materials, participation and cost is essential to determine the
operational efficiency of the scheme as well as providing feedback

This study indicates that participation rates range between 2% and 44%. The two lowest
participation rates appear to be for boroughs offering only limited material collections i.e. glass,
paper and cardboard.
Higher participation rates appear to be for boroughs offering a wider range of material
collections. The boroughs with participation rates of between 24% and 25% appear to be for
boroughs offering financial incentives for businesses to recycle and a wide range of materials.
However the highest participation which is 44% is for a flat rate pricing structure. I.e. residual is
the same price as recycling. It must be noted that this Borough has the lowest overall customer
base and therefore we cannot rule out the impact that marketing and promotions will have on
increasing participation.
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12

Recommendations

12.1.1 Research Data
There is a lack of available and verifiable data, by housing type. Therefore specific research
should be undertaken to identify the best types of collection system for specific housing types.
The following information would be beneficial:


Composition data by housing type (not socio-economic groupings)



Participation data by housing type, especially for flats



Capture rate analysis by housing type



Operational costs for overall household services by housing type and commercial
services



Tonnage data by Housing type



Details on service provision, such as vehicle type, containers and general service delivery



Waste composition analysis of schemes would help understand current capture rates and
contamination monitoring and could also be used to increase the quality of dry
recyclables collected, by targeting those households that are unsure of which items they
are able to recycle.



Cost data on collection systems including revenue and income sharing arrangement to
determine the net cost of recycling.

12.1.2 Communications
Increasing the level of communications across the housing groups could include re-launching or
rebranding recycling schemes to the whole borough, improving customer contact and service
resolution responses rates. In addition it could also comprise of targeting lower performing
areas through targeted door knocking. In developing communication campaigns there is a need
to link research such as participation monitoring to run targeted campaigns.

12.1.3 Contamination
One issue that has an impact on the performance of municipal household and business
recycling services offered by London boroughs is contamination. With a majority of boroughs
collecting co-mingled material from either kerbside houses or flats using MRFs there is a need
to identify the causes of contamination and the measures that can be reduced to eliminate
them.
To reduce contamination, the following should be considered.
 Development of specific communication campaigns focussing on contamination and
materials
 Training sessions for collection crews in the pilot areas so that they are able to
understand why contamination is a problem and how this should be communicated to
residents
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12.1.4 Enforcement/Incentives
Compulsory recycling and active enforcement is a relatively new initiative and at present is
limited in its use by boroughs, however there is some evidence to suggest that it have improved
recycling performance.
As the pressure to recycle more waste increases, it is likely that more boroughs will explore
compulsory recycling. However, for those boroughs who have implemented the policy, the
emphasis has been very much on communicating with the public and using enforcement officers
as a means of education on the ground. Enforcement and fixed penalty notices are very much
a final option.
The alternative is to promote reward schemes which provide an opportunity to encourage more
recycling by giving something back to people who put in the effort to waste less and recycle
more things, more often. Reward schemes are popular and widely used by consumers, so it is a
natural extension to see how they can be used to help the environment. Pilot projects should be
investigated providing both incentives and enforcement.

12.1.5 Dry Recycling Collections Quick Wins
The following ‘quick wins’ have been summarised by property type

Doorstep Properties


Ensure there is sufficient container capacity for collection systems, including the provision
of single use sacks, box etc. In some cases additional materials have been added to
collection systems without additional capacity which my displace other materials rather
than increase the yield. I.e. it may be possible that heavy materials are left out of favour
for lighter bulkier packaging materials.



Not all boroughs provide a full suite of materials in their collection arrangements.
Dependant on MRF arrangements there is still significant room for improved glass and
card material capture. Currently two boroughs do not collect card and two do not collect
glass where capacity allows the collection of textiles should be considered where than
can be stored clean and dry and this is compatible with existing collection systems. These
are already a common feature of kerbside sort collections in London.



Increasing the level of communications across the housing groups this could include relaunching or rebranding a dry recycling scheme to the whole borough, improving
customer contact and service resolution responses rates or addressing issues associated
with contamination via better communication. Targeting lower performing areas through
door knocking campaigns can increase awareness of recycling and services. Some
boroughs are already undertaking this.

Near Entry Flats (Purpose Built Flats)


Expanding the coverage of recycling services to PBFs to include those flats that do not
current have near entry or door to door services. We have identified that several
boroughs are undertaking or have already undertaken site planning projects to introduce
services to more hard to reach locations



Providing collection for a greater range of materials collected at flats, where space is
available. Some boroughs have maintained consistency with kerbside systems, while
others have not included bulkier items such as cardboard and plastic bottles at some flat
sites. There is significant potential here to increase yield by increasing the range of
recyclables be reviewing existing services, site locations and space.
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Undertake a review of current communal near entry collection arrangements in each
Borough to ensure there is sufficient container capacity at communal bin stores, which is
proportionate to the frequency of collection



Determine the potential to expand services i.e. additional materials



Address suitability of container location. Islington council carried a comprehensive
planning process for near entry systems before new services were launched



Find solutions to address ongoing problems such as vehicle access, contamination,
security and vandalism. This includes viewing the location of sites, targeted and improved
communications, improved security such as bin locks, noise abatement, improving the
aesthetic of facilities so they are more welcoming to visit.



Strengthen stakeholder involvement through engaging with housing associations,
resident groups and interested parties in the planning or delivery stages of service



Improve communications to residents to increase capture and reduce contamination



The provision of reusable sacks to residents where near entry systems are in operation to
help improve participation



Where possible undertake conversion of existing chute systems and provide
communication to ensure their correct use.

Flats Above Shops


Potential to expand service to sixteen other boroughs. Expanding kerbside collections for
FASs will increase city wide coverage by approx 36,000 households , this could be
achieved by Making use of existing co-mingled collection schemes



Where possible service to be consistent with other kerbside collections



Where possible make use of single use sacks to avoid on and off street storage issues,
pre and post collection



Set workable collection time bands to increase the reliability of collections



Provide dedicated communications to residents using leaflets, posters and signs



Continue to provide local recycling banks, so that there is sufficient flexibility with
collections, where space, capacity and restrictions on collections constrict service delivery



Seek to combine collections with commercial waste/recycling collections to reduce cost
and minimise traffic issues



Provide ongoing communications to FASs via bag delivery

12.1.6 Organic Collections Quick Wins
The following ‘quick wins’ have been summarised by property type

Doorstep Properties


There is significant potential to expand source segregated collections of food waste
across the capitals DSPs, however this would need to be linked with a wider strategy to
provide food treatment infrastructure and capacity to manage this waste stream



Particular attention should be made to lessons learned when introducing or expanding
food waste collection scheme, notably the WRAP 2009 food waste trials report which
provides good background on;
o

Collection vehicles;
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o

Collection crews;

o

Collection rounds;

o

Reprocessors and quality of collected food waste;

o

Containers and liners;

o

Distribution (initial roll-out of collections); and

o

Communicating with residents and promoting the service.

WRAP also offers guidance105 on the introduction of food waste collections which provides
essential advice on the provision of such services.


Where participation rates and capture rates have reduced overtime boroughs should
consider re-launching the scheme or providing a communication campaign in conjunction
with a free caddy liner give away to help raise yields and the efficiency of the collection
system. This can be repeated at a frequency best judge by the Borough, taking into
account other communications, service changes and longer term strategies



The provision of kitchen caddies where they are not currently provided may promote ease
of use and increase collection performance at relatively little additional cost



The collection of food waste with the use of split bodies, modified stillages or pods on
vehicles enable the collection of other materials such as residual or dry recycling in a
single pass. Where this is currently not practiced and vehicle access allows this option
should be investigated further to potentially reduce collection costs. This will depend on
the configuration of other waste services, current fleet and delivery points

12.1.7 Commercial Recycling Collections
The Following should be considered when establishing commercial waste collection services.

105



Undertake targeted research when setting up a trade waste recycling scheme.



Ensure contract flexibility in the range of materials for collection and recycling.



Identify markets



Review the materials to be collected targeting different sectors will yield different volumes
of each material



Ensure that sufficient staffing, vehicle, fleet capacity and containers are available to
increase the reliability of the service



Provide incentives for recycling trade wastes the charge for the collection of trade wastes
could offset the cost of recycling



Develop pilot schemes to assess service



Ensure targeted promotions/ communications



Create a focused customer service with sufficient support and communications to deal
with requests and service complaints swiftly.



Develop monitoring and feedback systems to ensure that the service can be improved

WRAP. 2009 Food Waste Collection Guidance.
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APPENDIX SIX

FORS CASE
STUDY:
CITY OF LONDON
CORPORATION

The City of London Corporation - case study

“FORS provides the perfect
platform to monitor, manage and
improve your operation’s efﬁciency”
The City of London Corporation provides local government services for the ﬁnancial centre of
Britain, the ‘Square Mile’. Vince Dignam, Transport and Depot Manager, explains the Corporation’s
reasons for joining FORS and how they’ve beneﬁted so far.
“I’m responsible for a ﬂeet of around 150 vehicles, covering things like cleansing and waste collection,
highways and maintenance, and open spaces services,” says Vince Dignam, from his ofﬁce in the heart of the
city.
“We buy the vehicles and then lease them out to
sub-contractors to run the services,” he continues. “So I don’t
manage the drivers but, as a local authority, we have a
responsibility to take a lead in operating safely and efﬁciently,
over and above our legal obligations.”
“We want to deliver best value for everyone in our area, and we
also have speciﬁc targets to meet on emissions and air quality. I
personally think that following best practice should be a priority
for all boroughs and, as FORS is all about helping members to be
safer, greener and more efﬁcient, it was a natural step for us.”

Beneﬁting from the FORS assessment

All FORS applicants are assessed against set standards on transport operations and driver and ﬂeet
management, to ensure they meet the required performance levels for bronze membership.

“We already had management systems in place but we welcomed the assessment,” says Vince.
The assessment conﬁrmed that the Corporation was performing well, though a few areas for improvement
were identiﬁed “The assessors were very helpful and professional,” Vince says. “They gave us examples of
areas where we could potentially fall foul of regulations and worked with us to identify improvements that
we could implement easily.”
In many cases, the suggested solutions were relatively straight-forward, such as introducing more frequent
checks on driver licenses and vehicle records. “It was a case of building on our existing systems,” Vince
conﬁrms. “We also introduced daily vehicle defect check books so that any issues can be highlighted and
dealt with immediately, along with training documents for drivers on mobile phone use.”
The assessors visited the Corporation again a few months later to review progress. “They were very happy
and we received our bronze membership,” Vince recalls. “Health and safety is paramount for us and it’s
good to have the reassurance that you’re doing things the right way.”

Transport for London

“It’s also been really helpful in raising the proﬁle of our work
internally,” he adds. “News of our FORS membership has gone
right up to senior ofﬁcial and councillor level. As well as promoting
the importance of best practice within freight, it also helps us
demonstrate that the resources we have are essential and are
being put to good use.”

Silver success

There are three levels of FORS membership and Vince was eager to progress quickly. “You need to use the
online FORS benchmarking system to move onto silver,” he explains. “It helps you analyse your performance
against similar operations on things like fuel use and emissions, so you can quickly see how you measure
up.”
“We entered six months’ data to gain silver membership and doing so immediately highlighted some
inaccuracies with the collection of odometer readings, which we’ve now resolved.” Vince says.
“We’ve managed to cut our fortnightly fuel use by a third over the past three years, as a result of managing
our fuel better, using our existing ﬂeet more efﬁciently, and introducing alternative fuel vehicles,” he reveals.
“It’s the perfect platform to continually monitor, manage and improve your operation’s efﬁciency.”

“The benchmarking system
now lets us identify other
areas where we could
improve and strive to
maintain and better our
performance”

“The networking opportunities you get as a member are also brilliant,” he
continues. “I went to a workshop the other day and one of the guys was
explaining their drink and drug testing policy for drivers. It was an
excellent system.”
“The approach wouldn’t work in exactly the same way here, as every
organisation is different” he says. “But you share ways of working, pick up
ideas and then adapt them to make sure they work for you.”

Going for gold

As well as looking to take advantage of other FORS beneﬁts, Vince’s sights are now ﬁrmly set on gold
membership.
“We can’t rest on our laurels,” he says. “We want to keep improving and get to gold as quickly as we can.
We’re sending more of our staff to the best practice workshops and will be setting up the online training
that FORS offers.”
“Although PCNs are less of an issue for our vehicles, we’ve also
used the PCN advice to help other local government
departments. It’s very good and I’d recommend it to anyone.
We’re also now encouraging our sub-contractors to sign up
through the tendering process.”
“Transport is a complicated sector and it does take a
commitment from staff at all levels to make sure
that changes are effective in the long-term, but we
don’t mind putting the work in if we see the beneﬁts.
We’ve certainly done that with FORS.”

FORS Helpline: 020 3054 1016
Email: fors@tﬂ.gov.uk
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Advanced conversion technologies: are
defined in the Reneables Obligation Order 2002
as meaning anaerobic digestion, gasification
or pyrolysis. Such technologies may require
pre-treatment technologies such as mechanical
biological treatment (MBT) or autoclave to
prepare waste for use in advanced conversion
technologies.
Aggregates: granular material used in
construction. Aggregates may be natural,
artificial or recycled.
Anaerobic digestion: this is the biological
degradation of organics in the absence of
oxygen, producing biogas (typical composition
of 65 per cent methane and 35 per cent CO2)
and residue (digestate) suitable for use as a soil
improver.
Autoclave: is a steam sterilisation process to
treat mixed waste and includes mechanical
components to separate out materials suitable
for recycling. The heat in the autoclave (up
to 150 degrees Celsius) changes the physical
characteristics of the waste. This can lead
to greater recovery rates of higher quality
recyclable materials than what can be achieved
using mechanical biological treatment (MBT)
technologies. Autoclave is also known as
mechanical heat treatment (MHT).
Biodegradable waste: is defined in Council
Directive 1999/31/EC on the landfill of waste
as meaning any waste that is capable of
undergoing anaerobic or aerobic decomposition,
such as organic kitchen and green garden waste,
and paper and paperboard. A proportion of
textiles is deemed to be biodegradable for the
purpose of implementing the Landfill Allowance
Trading Scheme (LATS) – see definition.
Biomass: is defined in the Renewables
Obligation Order 2002 as meaning fuel used

in a generating station of which at least 98 per
cent of the energy content (measured over a
period of one month) is derived from plant or
animal matter or substances derived directly
or indirectly therefrom (whether or not such
matter or substances are waste) and includes
agricultural, forestry or wood wastes or residues,
sewage and energy crops (provided that such
plant or animal matter is not or is not derived
directly or indirectly from fossil fuel).
Biomass waste/biomass municipal waste:
refers to materials derived from plant or animal
matter including wood, paper, card, and organic
waste (food and green garden waste).
Borough/London boroughs: There are 32
London boroughs plus the City of London.
The 32 London boroughs are administered by
London borough councils which are elected
every four years. The boroughs are the principal
local authorities in London and are responsible
for running most local services in their areas,
such as schools, social services, waste collection
and roads.
Bottom Ash: burnt out residues from the
bottom grate of waste incinerators, which
represents between 20 and 25 percent of the
processed waste by weight. Ferrous metals can
be removed by magnetic separation for recycling
and bottom ash itself is being increasing used in
the manufacture of masonry blocks and in road
construction.
Bring Recycling: refers to a recycling site, see
recycling site. Known as such, as the recycler has
to ‘bring’ their materials to the site.
Brownfield land: any land or premises which
has previously been used or developed and is
not currently fully in use, although it may be
partially occupied or utilised. The land may also
be vacant, derelict or contaminated but excludes
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parks, recreation grounds, allotments and land
where the remains of previous use have blended
into the landscape, or have been overtaken by
nature conservation value or amenity use.
Business improvement districts: This
concept was originally developed in the USA
for increasing investment within defined areas
of a city such as town centres. This is achieved
through changes to local taxation, based on a
supplementary rate levied on businesses within
that defined area.
Calorific Value: the calorific value of a
substance, typically a fuel, is the amount of
heat released during the energy conversion of a
specified amount of fuel. The calorific value is
a characteristic for each substance of the fuel.
It is measured in units of energy per unit of the
substance. For the purposes of this document
the fuel substances referred to are biomass and
non-biomass residual municipal waste used for
energy generation. The calorific value of these
substances is expressed in mega joules (MJ)
per kilogram of residual waste treated. See also
definitions of biomass waste, non-biomass waste
and residual waste.
Capital Growth Programme: Capital Growth
is a partnership initiative between London
Food Link, the Mayor of London, and the Big
Lottery’s Local Food Fund. It is championed
by the Chair of the London Food Board
Rosie Boycott and aims to create 2012 new
community food growing spaces across London
by the end of 2012. Capital Growth offers
practical help, grants training and support
to groups wanting to establish community
food growing projects as well as advice to
landowners. These new food growing spaces
along with existing allotments, city farms and
community gardens could be the ideal location
for the by-products of composting facilities.

Carbon dioxide: is a naturally occurring gas
comprising 0.04 per cent of the atmosphere. It is
essential to photosynthesis in plants and is also
a prominent greenhouse gas. The burning of
fossil fuels such as coal or gas, and some waste
materials including plastics, releases carbon
dioxide into the atmosphere. It is currently the
predominant scientific opinion that carbon
dioxide emissions are the main cause of global
warming, contributing to climate change.
Carbon dioxide-equivalent: is the universal
unit of measurement used to indicate the global
warming potential (GWP) of greenhouse gases.
It is used to evaluate the impacts of releasing (or
avoiding the release of) different greenhouse
gases. For example, the GWP of methane is
21 times that of CO2, which has a GWP of 1.
Sulphur hexafluoride has a GWP of 23,900. A
CO2-equivalent figure is used to represent the
warming impact of greenhouse gases. See also
definition of Global Warming Potential.
Carbon intensity floor: is the CO2eq emissions
performance level set for electricity generated
from London’s municipal waste to achieve.
The carbon intensity floor has been set at the
level whereby any electricity generated from
London’s municipal waste is to be no more
polluting in carbon terms than the electricity
source it replaces. Refer to Policy 2 for more
information on the carbon intensity floor.
Combined Cycle Gas Turbine (CCGT) plant:
A combined cycle gas turbine (CCGT) plan
uses a gas turbine to generate electricity. The
waste heat also produced is used to make steam
to generate additional electricity via a steam
turbine. This last step enhances the efficiency of
electricity generation.
Combined heat and power: The combined
production of electricity and usable heat is
known as combined heat and power (CHP).
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Steam or hot water, which would otherwise be
rejected when electricity alone is produced, is
used for space or process heating.
Commercial waste: waste arising from premises
which are wholly or mainly for trade, business,
sport, recreation or entertainment as defined in
Schedule 4 of the Controlled Waste Regulations
1992.
Co-mingled: Co-mingled Recycled materials
that are collected together and are recycled
following further sorting. Single stream comingled systems are where materials are
collected in a single compartment vehicle with
the sorting of the materials occurring at a
Materials Reclamation Facilities. Two stream
partially co-mingled systems are where residents
are required to separate materials into two
categories, usually fibres (paper/card) and
containers (glass, cans and plastic bottles).
Separate containers are provided for each
category the contents of which are loaded into
separate compartments on a twin compartment
collection vehicle.
Communal recycling collection services:
recycling collection services whereby communal
recycling containers, typically 1100 litre bins, are
provided for a number of properties to deposit
their recyclable materials. Communal recycling
collection services are generally provided to
multi-occupancy properties on-site, where
door step recycling collections services are not
suitable or easily provided. See also definition of
doorstep recycling collection services.
Composting: this is the biological degradation
of organic materials, such as garden and kitchen
waste, in the presence of oxygen producing gas
and residue suitable for use as a soil improver
(see anaerobic digestion, central composting
and home composting).

Construction, demolition & excavation
waste: waste arising from the construction,
repair, maintenance and demolition of buildings
and structures, including roads. It consists
mostly of brick, concrete, hardcore, subsoil
and topsoil, but it can contain quantities of
timber, metal, plastics and occasionally special
(hazardous) waste materials.
Digestate: The nutrient-rich residues of
anaerobic digestion that can be used as a soil
improver or fertiliser.
Doorstep recycling collection services:
recycling collections services provided to
individual households where recyclable material
is collected from householder’s doorstep.
Householders receiving a doorstep collection
typically, but not always, will be provided with
their own container to store recyclables for
collection. See also definition of communal
recycling collection services.
Dry recyclables: refers to dry materials suitable
for recycling including paper, card, metals,
plastics, textiles, and waste electrical items.
Does not include organic waste (food and green
garden waste).
East London Waste Authority: Waste
Disposal Authority for the London Boroughs of
Newham, Redbridge, Barking and Dagenham
and Havering.
Embodied carbon: The term ‘embodied carbon’
refers to carbon dioxide emitted at all stages
of a good’s manufacturing process, from the
mining of raw materials through the distribution
process, to the final product provided to the
consumer. Depending on the calculation,
the term can also be used to include other
greenhouse gases.
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Emissions Performance Standard (EPS):
is typically a requirement that sets specific
limits to the amount of pollutants that can be
released into the environment. While emission
performance standards have been used to
dictate limits for conventional pollutants such
as oxides of nitrogen (NOx) this regulatory
technique may be used to regulate greenhouse
gases, particularly carbon dioxide (CO2).
The EPS relating to this document is a nonmandatory metric for London’s municipal waste
management activities to work towards. It
applies to the CO2eq emissions associated with
the collection, treatment and final disposal
of London’s municipal waste. The EPS in this
document is given in tonnes of CO2eq emissions
per tonne of waste treated. See also definitions
of NOx and CO2eq.
Energy generation: the generation of useful
energy in the form of heat, electricity or a
transport fuel from waste. Includes combined
heat and power, combustion of landfill gas and
heat and electricity generated or transport fuel
produced using gas produced from anaerobic
digestion. Energy generation technologies
include incineration, gasification, pyrolysis, and
anaerobic digestion.
Energy recovery from waste (EFW):
includes a number of established and emerging
technologies, though most energy recovery is
through incineration technologies. Many wastes
are combustible, with relatively high calorific
values – this energy can be recovered through
(for instances) incineration with electricity
generation.
Environmental Protection Act 1990 (EPA
90): a new regulatory regime that came into
force in 1990. It is designed to implement an
approach to prevent harm to human health and
the environment by ensuring an integrated (air,

land and water) approach to environmental
regulation and protection.
Fly tipping: the illegal deposit of waste on
land.
Fuel cells: acts like a constantly recharging
battery, electrochemically combining hydrogen
and oxygen to generate power. For hydrogen
fuel cells, water and heat are the only byproducts and there are no direct air pollution or
noise emissions. They are suitable for a range of
applications, including vehicles and buildings.
Functional Bodies: The Mayor has
responsibility for appointing members to,
and setting budgets for, four organsiations:
Transport for London (TfL), London
Development Agency (LDA), London Fire and
Emergency Planning Authority (LFEPA), and
Metropolitan Police (MPA).
Gasification: is defined in the Renewables
Obligation Order 2002 as meaning the
substoichiometric oxidation or steam
reformation of a substance to produce a gaseous
mixture containing two or all of the following:
oxides of carbon, methane and hydrogen. Gas
fuels produced by gasification can be burnt
to produce steam or used as a fuel for gas
engines to generate energy. The gas fuels can
also be used in hydrogen fuel cells to generate
renewable energy.
General conformity: The GLA Act 1999
(Section 344) introduced the general conformity
statutory requirement to London by amending
the 1990 Act. Under the new development
plan system introduced by the Planning and
Compulsory Purchase Act 2004, the requirement
for general conformity now applies to Local
Development Plan Documents. Section 24(1)
of the Act specifies that local development
documents must be in general conformity with
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the spatial development strategy. This means
that at the point of adoption, local development
documents must be in general conformity
with the London Plan otherwise section 24(1)
is infringed. London’s waste authorities are
required to be in general conformity with the
Mayors Municipal Waste Management Strategy
when undertaking their waste functions. The
Mayor also has a power of direction under
section 356 of the Greater London Authority
Act, which he may use for the purposes of
implementing his Municipal Waste Management
Strategy.
The Greater London Authority Act was amended
in 2007 and included changes governing
waste. It requires waste authorities to notify
the Mayor of new waste contracts before they
are advertised and requires waste authorities
to act in general conformity with the Mayor’s
Municipal Waste Management Strategy when
undertaking their waste functions.
Gate fee: or tipping fee is the charge levied
upon a given quantity of waste received at
a waste processing facility. In the case of a
landfill it is generally levied to offset the cost of
opening, maintaining and eventually closing the
site. It may also include any landfill tax which is
applicable in the region.
GLA Group: The organisations known
collectively as the GLA Group - the Greater
London Authority (GLA), Transport for London
(TfL), the London Development Agency (LDA),
the London Fire and Emergency Planning
Authority (LFEPA) and the Metropolitan Police
Authority (MPA) / Service (MPS).
Global Warming Potential (GWP): Is
a measure of how much a given mass of
greenhouse gas is emitted to contribute to
global warming. It is a relative scale which
compare the gas in question to that of the

same mass of carbon dioxide (whose GWP is by
definition 1). Methane has a GWP of 21. A GWP
is calculated over a specific time interval and the
value of this must be stated whenever a GWP is
quoted or else the value is meaningless.
Global warming: is the increase in the average
temperature of the Earth’s near-surface air
and oceans since the mid-20th century and
its projected continuation. Global surface
temperature increased 0.74 ± 0.18 °C between
the start and the end of the 20th century. The
Intergovernmental Panel on Climate Change
(IPCC) concludes that most of the observed
temperature increase since the middle of
the 20th century was caused by increasing
concentrations of greenhouse gases resulting
from human activity such as fossil fuel burning
and deforestation, causing climate change.
Greater London (also referred to as
London): The geographical area encompassed
by the 32 London boroughs and the City of
London, representing most of the continuous
built-up area of London and covering 1600
KM2.
Greater London Authority: The organisation
responsible for carrying out the functions set out
in the Greater London Authority Act, including
the Mayor, Assembly and four functional bodies:
the London Development Agency, Transport
for London, the Metropolitan Police Authority
and the London Fire and Emergency Planning
Authority. There is a clear separation of powers
within the GLA between the Mayor – who has
an executive role, making decisions on behalf of
the GLA – and the London Assembly, which has
a scrutiny role.
Green 500: is a carbon mentoring scheme
initiated by the Mayor of London, aimed at large
London organisations across private and public
sectors. It is one of a number of LDA (London
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Development Agency) initiatives, which aims to
help cut CO2 emissions in the capital by 60 per
cent by 2025.
Greenhouse gases: Greenhouse gases are
gases in an atmosphere that absorb and emit
radiation within the thermal infrared range.
Increased amounts of anthropogenic greenhouse
gases (derived from human activities such as
burning fossil fuels and raising farm stock)
and deforestation are seen as the fundamental
cause of the greenhouse effect causing
climate change. The main greenhouse gases
in the earth’s atmosphere are water vapour,
ozone, carbon dioxide, methane, and nitrous
oxide. In addition to the main greenhouse
gases, others include sulphur hexafluoride,
hydrofluorocarbons and perfluorocarbons.
Although these gases are less prevalent in the
earth’s atmosphere, they have very high global
warming potential. Methane and carbon dioxide
make up about 98 per cent of greenhouse gas
emissions from waste activities.
Green industries: the business sector that
produces goods or services which compared to
other, generally more commonly used goods and
services, are less harmful to the environment.
Gross Value Added: is the difference
between output and intermediate (or average)
consumption for any given sector/industry.
That is the difference between the value of
goods and services produced and the cost of raw
materials and other inputs which are used up in
production.
Household Waste: all waste collected by Waste
Collection Authorities under section 45(1) of
the Environmental Protection Act 1990, plus
all waste arisings from Civic Amenity sites
and waste collected by third parties for which
collection or disposal credits are paid under
Section 52 of the Environmental Protection

Act 1990. Household waste includes waste
from collection rounds of domestic properties
(including separate rounds for the collection
of recyclables), street cleansing and litter
collection, beach cleansing, bulky household
waste collections, hazardous household waste
collections, household clinical waste collections,
garden waste collections, Civic Amenity/Reuse
and Recycling Centre wastes, drop-off/’bring’
systems, clearance of fly-tipped wastes,
weekend skip services and any other household
waste collected by the waste authorities.
Household waste accounts for approximately
four-fifths of London’s municipal waste.
Home composting: compost can be made
at home using a traditional compost heap, a
purpose designed container, or a wormery.
Incineration: normally refers to the controlled
burning of waste in the presence of sufficient
air to achieve complete combustion. Energy is
usually recovered in the form of electric power
and/or heat. The emissions are controlled under
EU Directive 2000/76/EC. This Directive also
applies to other thermal treatment processes
such as pyrolysis and gasification, so the term
incineration may be applied to a wider range
of thermal waste treatment processes. See also
separate definitions of mass burn incineration,
pyrolysis, and gasification.
Indirect to landfill: is defined as waste to
landfill following some pre-treatment (such as
mechanical biological treatment or autoclave) to
remove any recyclable materials prior to landfill.
Industrial Waste: waste from any factory and
any premises occupied by industry (excluding
mines and quarries) as defined in Schedule 3 of
the Controlled Waste Regulations 1992.
Inert waste: is defined in Council Directive
1999/31/EC on the landfill of waste as waste
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that does not undergo any significant physical,
chemical or biological transformations. Inert
waste will not dissolve, burn or otherwise
physically or chemically react, biodegrade or
adversely affect other matter with which it
comes into contact in a way likely to give rise to
environmental pollution or harm human health.
The total leachability and pollutant content of
the waste and the ecotoxicity of the leachate
must be insignificant, and in particular not
endanger the quality of surface water and/or
groundwater.
Integrated Waste Management: involves a
number of key elements, including: recognising
each step in the waste management process as
part of a whole; involving all key players in the
decision-making process and utilising a mixture
of waste management options within the locally
determined sustainable waste management
system.
Joint European Support for Sustainable
Investment in City Areas Scheme
(JESSICA): is an initiative of the European
Commission in cooperation with the European
Investment Bank and the Council of Europe
Development Bank, in order to promote
sustainable investment, and growth and jobs, in
Europe’s urban areas.
Kerbside Collection: any regular collection of
recyclable material from premises, which can
include collections from commercial or industrial
premises as well as households. Excludes
collection services delivered on demand.
Kerbside sort: systems are where materials
are sorted by material type at the kerbside into
different compartments of a collection vehicle.
Kilowatt: A unit of electrical power.

Landfill: sites are areas of land in which waste
is deposited. Landfill sites are often located in
disused quarries or mines. In areas where there
are limited, or no ready-made voids, the practice
of landraising is sometimes carried out, where
some or all of the waste is deposited above
ground, and the landscape is contoured.
Landfill Allowance Trading Scheme (LATS):
The government’s key measure to meet the
demands of the European Landfill Directive
in England, and began on April 1, 2005. The
system set allowances on the amount of
biodegradable municipal waste local authorities
can send to landfill. In two-tier areas, this refers
to waste disposal authorities. These allowances
are tradable, so that high landfilling authorities
can buy more allowances if they expect to
landfill more than the allowances they hold.
Similarly, authorities with low landfill rates can
sell their surplus allowances.
Landfill Tax: Landfill tax is paid on top of
normal landfill fees by businesses and local
authorities that want to dispose of waste using
a landfill site. It is designed to encourage
businesses to produce less waste and to use
alternative forms of waste management. There
are two rates of tax:
• the lower rate – £2.50 per tonne for inert waste
such as rocks and soil and
• the standard rate – £48 per tonne from 1 April
2010 and increasing by £8 per tonne each year
until at least 2014, when it will be £80 per
tonne.

Land Use Planning: the Town and Country
Planning system regulates the development and
use of land in the public interest, and has an
important role to play in achieving sustainable
waste management.
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Local authorities: see ‘London boroughs/
boroughs’.
London: (see definition of ‘Greater London’)
The geographical area encompassed by the
32 London boroughs and the City of London,
representing most of the continuous built-up
area of London and covering 1600 KM2.
London Assembly: The directly-elected
London regional body comprising 14
constituency members and 11 pan-London
members. A component of the Greater London
Authority.
London Waste and Recycling Board
(LWARB): was formally constituted in
September 2008 with funding of £73.4 million
from both central Government and the London
Development Agency, with the objectives of
using that fund in Greater London to promote
and encourage the production of less waste,
an increase in the proportion that is reused or
recycled, and the use of methods of collection,
treatment and disposal of waste that are more
beneficial to the environment.
Lifecycle Assessment (LCA): Life
cycle assessment techniques measure the
environmental and economic costs and benefits
of products and activities (in this case waste)
at every stage of its existence, from production
to final disposal. Such techniques can provide
a basis for making strategic decisions on the
ways in which particular waste in a given set of
circumstances can be most effectively managed,
for example to reduce costs or greenhouse gas
emissions from waste activities.
London Plan: see ‘Spatial Development
Strategy’.
Low carbon energy: is energy generated with
a low production of carbon. Low carbon energy

is typically achieved using waste with high
biomass (for example food and green garden
waste) composition and/or using highly efficient
energy generation techniques, such as combined
heat and power. See definition of Combined
Heat and Power.
Mass burn incineration/conventional
incineration: is the controlled burning of waste
in the presence of sufficient air to achieve
complete combustion. Unsorted waste is fed
onto a, usually inclined, grate and burnt as a
red-hot mass as it moves through the furnace.
For this reason the process is also sometimes
referred to as ‘conventional incineration’. Plants
are generally large-scale, having an annual
capacity of 100,000 tonnes or more. The term
‘mass burn incineration’ is used in this strategy
to refer specifically to this type of processes as
distinct from incineration of sorted waste, and
distinct from other thermal treatment energy
generation processes such as pyrolysis, where
air is absent, or gasification processes. See also
separate definitions of incineration, pyrolysis,
gasification, and Renewables Obligation
Certificates.
Material Reclamation Facilities (MRFs a
transfer station for the storage and segregation
of recyclable materials. Also known as Material
Recycling Facility or Material Recovery Facility.
Mayor’s Green Procurement Code: The
Mayor’s Green Procurement Code was launched
up in 2001 to support London’s businesses
and organisations to buy products made
from recycled materials. Since its inception,
the Mayor’s Code aims to increase recycled
content product procurement to stimulating the
development of markets for recycled materials.
The combined purchasing power of Mayor’s
Code signatories diverted 394,453 tonnes of
materials from landfill and saved 175,000 tonnes
of CO2 emissions in 2005/06. Over £379 million
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has been spent on recycled products through
the Mayor’s Code, delivered by London Remade,
since its launch in 2001. London organisations
spent £158 million on recycled products in
2005/06 alone.
Mechanical Biological Treatment: systems
consisting of a mechanical stage, where
recyclables and rejects (batteries, tyres etc.)
are separated to leave an organic fraction. This
fraction is then sent, in the biological stage,
for treatment using composting and digestion
techniques. These systems provide a new
generation of integrated waste management
technology able to reduce landfill and mass
burn incineration and to increase recycling and
composting.
Methane: a greenhouse gas, 21 times stronger
as a global warming gas than carbon dioxide.
Methane is the predominant greenhouse gas
from waste, mostly from biodegradable waste
decomposing in landfill. Methane emissions
from landfills make up approximately 40 per
cent of UK greenhouse gas emissions.

municipal parks and gardens wastes, council
office waste, Civic Amenity waste, and some
commercial waste from shops and smaller
trading estates where local authorities have
waste collection agreements in place. It can
also include industrial waste collected by a
waste collection authority with authorisation
of the waste disposal authority.
Non-biomass waste: refers to fossil-fuel based
waste materials including plastics, metals and
textiles.
Non-household municipal waste: refers
to waste generated through local authority
activities including waste from local authority
premises, parks and gardens, and waste
collected from businesses by local authorities.
Non-household municipal waste makes up about
20 per cent of municipal waste.
Non-recycled waste: refers to waste remaining
after waste recycling has taken place.

Municipal Waste: see Municipal Solid Waste
(MSW)

North London Waste Authority: Waste
Disposal Authority for the London Boroughs of
Camden, Islington, Hackney, Waltham Forest,
Haringey, Barnet and Enfield.

Municipal Solid Waste: for the purposes of
developing this strategy municipal solid waste
is defined in section 360(2) of the Greater
London Authority Act 1999, as `any waste in the
possession or under the control of:

Nitrogen monoxide (NO): formed from
nitrogen in the atmosphere during high
temperature combustion, and the main
constituent of NOx, commonly known as nitric
oxide.

a a body which, or a person who, is a waste
collection authority in Greater London, or

Nitrogen dioxide (NO2): formed in small
amounts in the atmosphere during high
temperature combustion, but the majority
is formed in the atmosphere through the
conversion of nitric oxide in the presence of
ozone.

b a body which, is a waste disposal authority
in Greater London,municipal solid waste
includes all waste under the control of local
authorities or agents acting on their behalf.
It includes all household waste, street litter,
waste delivered to council recycling points,

New and emerging technologies:
technologies that are either still at a
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developmental stage or are recently operating
at a commercial scale. May include new
applications of existing technologies. In relation
to waste, these include anaerobic digestion,
mechanical biological treatment (MBT),
autoclave, pyrolysis and gasification.
On-the-go recycling: Is a way for commuters,
tourists and visitors in London to recycle as
they move around the city by ensuring there are
adequate numbers of easily accessible recycling
bins placed across the city on the streets, in
public buildings, key venues and at work.
Organic waste: Organic waste consists of
kitchen waste (e.g. potato peelings), waste food
(e,g, leftovers, spoiled fruit and vegetables from
markets), garden waste (e.g. grass clippings and
hedge trimmings) and industrial waste (e.g. from
agricultural and food processing factories).
Oxides of nitrogen (NOx): includes both NO
and NO2
Particulate matter (PM10): Particles with an
equivalent aerodynamic diameter of ten microns
or less and is small enough to penetrate the
lungs.
Pre-treatment: for waste to be considered as
pre-treated it must comply with the three-point
test for the definition of ‘treatment’. Treatment
must be physical, thermal, chemical or biological
process which can include sorting that alter the
characteristics of the waste and do so in order to
reduce its volume; reduce its hazardous nature;
facilitate its handling; or enhance its recovery.
One of the simplest forms of pre-treatment
for general waste is categorising a proportion
of each waste stream and segregating it
for recycling, which could be done either
manually or at a sorting facility. Pre-treatment
technologies include mechanical biological
treatment and autoclave.

Prevention: The Waste and Resources Action
Programme (WRAP), in developing their waste
prevention toolkit, define waste prevention as
‘minimising the quantity (weight and volume)
and hazardousness of household-derived waste,
generated in a defined community. Includes
avoidance, reduction and reuse.
Proximity Principle: dealing with waste as near
as practicable to its place of production.
Pyrolysis: is defined in the Renewables
Obligation Order 2002 as meaning the thermal
degradation of a substance in the absence of
any oxidising agent (other than that which forms
part of the substance itself) to produce char and
one or both of gas and liquid.
Recovery: is defined in Waste Strategy
2007 as meaning obtaining value from waste
through reuse; recycling; composting; other
means of material recovery (such as anaerobic
digestion); or energy recovery (combustion with
direct or indirect use of the energy produced,
manufacture of refuse derived fuel, gasification,
pyrolysis and other technologies). In addition,
certain operations are defined as recovery
operations in Annex IIB of Council Directive
91/156/EEC of 18 March 1991 amending
Directive 75/442/EEC on waste.
Recycling: involves the reprocessing of waste,
either into the same product or a different one.
Many non-hazardous industrial wastes such
as paper, glass, cardboard, plastics and scrap
metals can be recycled. Special wastes such
as solvents can also be recycled by specialist
companies, or by in-house equipment.
Recycling Site: a group of containers for the
collection of a variety of materials for recycling.
Often located in supermarket or public building
car parks or on street corners. Commonly
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referred to as ‘bring banks’ but usually collecting
a variety of materials. Also see bring site.

the generation of energy and/or materials or
through disposal to landfill.

Reduction: achieving as much waste reduction
as possible is a priority action. Reduction can be
accomplished within a manufacturing process
involving the review of production processes
to optimise utilisation of raw (and secondary)
materials and recirculation processes. It can be
cost effective, both in terms of lower disposal
costs, reduced demand for raw materials
and energy costs. It can be carried out by
householders through actions such as home
composting, reusing products and buying goods
with reduced packaging.

Residues: are secondary waste materials
requiring further treatment or disposal following
a waste recycling, composting or treatment
process. For example, bottom ash following the
incineration of waste or contaminated recyclable
material from a Material Reclamation Facility.

Regional self-sufficiency: dealing with wastes
within the region where they arise. Waste
regional self-sufficiency is dealt with in more
detail in the London Plan: ‘The Mayor’s Spatial
Development Plan for London’.
Renewable Obligation Certificates: are
certificates issued when electricity is generated
from renewable sources. The Electricity Act 1989
requires electricity suppliers to meet a certain
percentage of their total sales from renewable
sources. Under the Renewable Obligation Order
2002, only plants that generate electricity from
biomass will be eligible although the biomass
may be a waste. Plants processing wastes must,
however, use advanced conversion technologies
in order to be eligible, and it is only the
biomass component of the waste that will earn
Renewable Obligation Certificates or ROCs.
Advanced conversion technologies are defined
in the Order as anaerobic digestion, gasification
and pyrolysis.
Residual or ‘black bag’ waste: Residual waste
is that portion of the waste stream collected by
local authorities which is not re-used, recycled
or composted and remains to be treated through

Reuse: can be practised by the commercial
sector with the use of products designed to
be used a number of times, such as reusable
packaging. Householders can purchase products
that use refillable containers, or reuse plastic
bags. The processes contribute to sustainable
development and can save raw materials, energy
and transport costs.
Reuse and Recycling Centres (RRCs): sites
operated by local authorities where residents
and local businesses can take their waste
for reuse, recycling and disposal. RRCs are
sometimes also referred to as Civic Amenity sites
Revenue-sharing contract: contractual
arrangement where income generated from
sale of waste materials and products (including
recyclable products and energy generated from
waste) is shared between both local authority
and waste contractor.
Social housing: is an umbrella term referring
to rental housing which may be owned and
managed by the state, by not-for-profit
organisations, or by a combination of the two,
usually with the aim of providing affordable
housing.
Solid Recovered Fuel (SRF): also known as
refuse derived fuel (RDF) is a fuel produced by
shredding and dehydrating solid waste using a
waste converter or treatment technology. The
fuel is then typically used to generate energy
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using a thermal treatment facility. SRF consists
largely of non-recycled waste including plastics
and biodegradable waste. SRF processing
facilities are normally located near a source
of solid waste and, while an optional thermal
treatment facility is normally close to the SRF
production facility, it may also be located at
a remote location. SRF can be distinguished
from RDF in the fact that it is produced to
reach a technical and/or emissions performance
standard.
Source-separate collection: recycling
collection schemes from homes or businesses
where materials for recycling are collected
separately from other materials, either by
different vehicle or at a different time to the
ordinary household or business waste collection.
South East Region: the South East Region
runs in an arc around London from Kent at
the South East extremity along the coast to
Hampshire, Southampton and Portsmouth in
the South West, and then to Milton Keynes
and Buckinghamshire in the North. In total it
encompasses 19 counties and unitary authorities
and 55 district authorities.
Spatial Development Strategy: the Mayor
is required by law (under the Greater London
Authority Act 1999) to produce a spatial
development strategy for London, known as ‘the
London Plan’. London boroughs in developing
their local development documents have to be in
‘general conformity’ with the London Plan.
Thermal treatment – a term given to any
waste treatment technology that involves high
temperatures in the processing of the waste
feedstock for the purposes of generating heat
and/or power. Thermal treatment is a generic
term encompassing incineration, gasification and
pyrolysis. See also ‘treatment’ definition.

Third sector: Description for voluntary or notfor-profit organisations, charities, and social
enterprises.
Transport for London (TfL): a functional
body of the Greater London Authority,
accountable to the Mayor for implementing
his Transport Strategy, with responsibility for
the operation of buses, the Docklands Light
Railway, Croydon Tramlink, and in due course
the Underground, and for regulating taxis
and private hire vehicles, and operation of the
Transport for London Road Network.
Treatment: involves the chemical, biological,
or physical processing of certain types of waste
for the purposes of rendering them harmless,
reducing volumes before landfilling, or recycling
certain wastes.
Unitary authorities: a local authority, which
has the responsibilities of both Waste Collection
and Waste Disposal Authorities.
Virgin materials: virgin materials are natural
and have not previously been used (for example
(natural) wood, coal, gas or oil).
Waste: the strict legal definition of waste is
extremely complex but it encompasses most
unwanted material which has fallen out of the
commercial cycle or chain of utility, which the
holder discards, or intends to, or is required to
discard.
Waste Arising: the amount of waste generated
in a given locality over a given period of time.
Waste authority: for the purpose of this
strategy, the term waste authority is a collective
term to include London unitary, collection, and
waste disposal authorities.
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Waste Collection Authority (WCA): the
authority responsible for arranging the collection
of household waste in their area (in London this
is on a borough-wide basis) and commercial or
industrial waste on request.
Waste Disposal: this is defined by the list of
operations that constitute disposal (for under
Part III of Schedule 4 of the Waste Management
Licensing Regulations). This includes landfill,
land raising, incineration, permanent storage
etc.
Waste disposal authorities (WDAs): the
Authority responsible for arranging for the
disposal of waste collected in their area by the
Waste Collection Authority. They also provide
sites where householders can deposit waste free
of charge (Re-use and Recycling Centres).
Western Riverside Waste Authority: Waste
Disposal Authority for the Royal Borough of
Kensington and Chelsea, The London boroughs
of Hammersmith and Fulham, Wandsworth and
Lambeth.
West London Waste Authority: Waste
Disposal Authority for the London Boroughs
of Richmond upon Thames, Hounslow, Ealing,
Brent, Harrow and Hillingdon.
Waste Hierarchy: suggests that the most
effective environmental solution may often
be to prevent or reduce the amount of
waste generated; where further reduction is
not practicable, products and materials can
sometimes be used again, either for the same
or a different purpose – reuse; failing that,
value should be recovered from waste, through
recycling, composting or energy recovery
from waste; only if none of the above offer an
appropriate solution should waste be disposed.

Waste management: any activity associated
with the collection, treatment, and energy
generation and final diposal of waste.
Waste Management Industry: the businesses
(and not-for-profit organisations) involved in
the collection, management and disposal of
waste.
Waste Transfer Station: a site to which
waste is delivered for sorting prior to transfer
to another place for recycling, treatment or
disposal.
World City: a globally successful location for a
range of functions, particularly business, culture
and tourism, and headquarters and government
functions; currently applying to only a small
number of the world’s great cities – London,
New York, Paris and Tokyo.
Zero waste: Waste Strategy 2007 defines
zero waste as ‘A simple way of encapsulating
the aim to go as far as possible in reducing the
environmental impact of waste.’ It is a visionary
goal which seeks to prevent waste occurring,
conserves resources and recovers all value from
materials.
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Abbreviati o ns
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AD
BIDs
BMW
BREW

Anaerobic digestion
Business Improvement Districts
Biodegradable Municipal Waste
Business Resource Efficiency and
Waste
CCGT
Combined Cycle Gas Turbine
C&I
Commercial & industrial waste
CHP
Combined Heat and Power
CDEW
Construction, demolition &
excavation waste
CFWR’s Committed Food Waste Reducer’s
CO2
Carbon dioxide
CO2/kWh Carbon dioxide produced per kilowatt
hour of electricity generated
CO2eq
Carbon dioxide - equivalent
DEFRA Department for the Environment
Food and Rural Affairs
EA
Environment Agency
ELWA
East London Waste Authority
EPS
Emissions Performance Standard
EU
European Union
FORS
Freight Operator Recognition Service
FRN
Furniture Reuse Network
GHG
Greenhouse gas
GLA
Greater London Authority
GLC
Greater London Council
GVA
Gross Value Added
Hhld
Households
JESSICA Joint European Support for
Sustainable Investment in City Areas
scheme
Kg
Kilograms
Kt
Kilotonnes
Kt CO2eq Kiltonnes of carbon dioxide equivalent
KWh
Kilo Watt Hour
LA
Local Authorities
LATS
Local Authority Trading Scheme
LC
London Councils
LCRN
London Community Resource
Network
LRN
London Reuse Network
LWARB London Waste and Recycling Board
MBT
Mechanical biological treatment

MGPC
MJ
MRF’s
MSW
NI
NLWA
NO2
NO
NOx
PPS10
PM10
RFL
ROCS
SELCHP
SLWP
SME
TFL
UA
UK
WDA
WLWA
WRAP
WRATE
WRWA

Mayor of London’s Green
Procurement Code
Mega joule
Materials Reclamation Facilities
Municipal Solid Waste
National Indicators
North London Waste Authority
Nitrogen Dioxide
Nitrogen Monoxide
Oxides of Nitrogen
Planning Policy Statement 10
Particulate Matter 10
Recycle for London Campaign
Renewable Obligation Certificates
South East London Combined Heat
and Power
South London Waste Partnership
Small to medium sized businesses
Transport for London
Unitary Authority
United Kingdom
Waste Disposal Authority
West London Waste Authority
Waste Resources Action Programme
Waste and Resources Assessment
Tool for the Environment
Western Riverside waste Authority

