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Executive Summary 

This is the final report from a preliminary study for the Global Atmosphere Division of the 
Department for the Environment, Transport and the Regions into the implications of the 
EC Landfill Directive and the draft waste strategy, A way with waste on UK greenhouse gas 
emissions. 

 
The technologies and factors considered in 
this study are: 

 bring, kerbside and civic ame nity site 
waste recovery schemes 

 centralised composting 

 anaerobic digestion 

 energy from waste incineration 

 landfill disposal with landfill gas 
recovery 

 transport emissions in waste collection, 
treatment and residue disposal 

 process energy usage and energy off-
sets from waste to energy 
 
As part of this study a comprehensive 
model was developed to evaluate the 
impact of the key elements on global 
warming through the release of carbon 
dioxide, methane and nitrous oxide.  This 
model uses a disaggregated analysis of the 
flow of each component of the waste stream 
through the waste management chain.  The 
model is described in detailing Chapter 4 of 
the report. 
 
The targets shown opposite represent a significant challenge to local authorities and the 
waste industry both in terms of infrastructure development and increased waste 
management costs.  However, the Landfill Directive targets are mandatory and not available 
for further negotiation.  
 
The scenarios evaluated in this preliminary study reflect four policy options put forward by 
the Government  in Limiting landfill as alternatives for meeting the diversion targets for 
biodegradable waste from landfill under the EC Landfill Directive.  These scenarios are 
evaluated in Chapter 5 of this report.   
 
In summary, the options being considered are: 

 a ban on landfill of biodegradable waste 

 a ban on landfill of specific biodegradable municipal wastes 

 permits for landfill site operators to accept biodegradable municipal waste 

Summary of targets for the landfilling of wastes

Year Landfill Directive
1

A way with waste

1995 Baseline date for
municipal solid waste
data

1998 Baseline date for
industrial and commercial
waste data

2005 Recover 40% and recycle
or compost 25%  of
municipal waste

Reduction to 85% of
1998 commercial and
industrial waste to landfill

2006 Reduction to 75% of
1995 biological
municipal waste to
landfill

2009 Reduction to 50% of
1995 biological
municipal waste to
landfill

2010 Recover 45% and recycle
or compost 30% of
municipal waste

2015 Recover 67% and recycle
or compost 33% of
municipal waste

2016 Reduction to 35% of
1995 biological
municipal waste to
landfill

1  The UK may chose to make use of a four year derogation period.
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 permits for waste disposal authorities to landfill biodegradable waste 

 use of the landfill tax 
All scenarios show a net reduction in aggregated greenhouse gas emissions over the baseline 
scenario.  Further greenhouse gas benefits may also accrue from reductions outside the 
system boundary, notably through closed loop waste management and virgin material 
extraction.  An evaluation of these impacts may form the basis of future studies 
 

Figure 1.1:  Summary of GHG emissions 
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However, sensitivity analyses presented in Chapter 6 indicate that the ability to meet the 
targets of the Landfill Directive is strongly influenced by assumptions on the future growth 
in waste arisings.  This emphasises the importance in waste minimisation measures at both a 
local and national level. 
 

Figure 6.2:  Summary of Impact of Waste Growth on GHG Emissions 
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This report presents no conclusions or recommendations from this study; it’s purpose is to 
provide data for inclusion into wider DETR studies and reporting.  The preliminary data 
presented here fulfils the reporting objectives and requirements.  However, the model is 
capable of significantly more detailed analyses should these be required in the future. 
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1 Introduction 

This is the final report from a preliminary study for the Global Atmosphere Division of the 
Department for the Environment, Transport and the Regions into the implications of the 
EC Landfill Directive and the draft waste strategy, A way with waste on UK greenhouse gas 
emissions. 
 
This report provides: 
1. a review of policy options and measures likely to affect UK greenhouse gas emissions 

from waste management 
2. a review of the waste management options and their implications for greenhouse gas 

emissions 
3. the detailed assessment of greenhouse gas impacts of a range of possible future waste 

management scenarios which reflect the different policy options 
4. an assessment of the impact of growth in waste arisings on the achievement of policy 

targets and greenhouse gas emissions 
 
The technologies and factors considered in this study are: 

 bring, kerbside and civic amenity site waste recovery schemes 

 centralised composting 

 anaerobic digestion 

 energy from waste incineration 

 landfill disposal with landfill gas recovery 

 transport emissions in waste collection, treatment and residue disposal 

 process energy usage and energy off-sets from waste to energy 
 
As part of this study a comprehensive model was developed to evaluate the impact of the 
key elements on global warming through the release of carbon dioxide, methane and nitrous 
oxide.  This model uses a disaggregated analysis of the flow of each component of the waste 
stream through the waste management chain.  The model can therefore evaluate the impact 
of different material flows through different waste management processes.  The model is 
described in detailing Chapter 4 of the report. 
 
The scenarios evaluated in this preliminary study reflect four policy options put forward by 
the Government  in Limiting landfill as alternatives for meeting the diversion targets for 
biodegradable waste from landfill under the EC Landfill Directive.  These scenarios are 
described and evaluated in Chapter 5 of this report.  This evaluation assumes the 
implementation of currently available technology and waste management systems.  
 
All scenarios show a net reduction in aggregated greenhouse gas emissions over the 
baseline scenario.  Further greenhouse gas benefits may also accrue from reductions outside 
the system boundary as drawn here, notably through closed loop waste management and 
virgin material extraction.  An evaluation of these impacts may form the basis of future 
studies 
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However, sensitivity analyses presented in Chapter 6 indicate that the ability to meet the 
targets of the Landfill Directive is strongly influenced by assumptions on the future growth 
in waste arisings. 
 
This report presents no conclusions or recommendations from this study; it’s purpose is to 
provide data for inclusion into wider DETR studies and reporting.  The preliminary data 
presented here fulfils the reporting objectives and requirements.  However, the model is 
capable of significantly more detailed analyses should these be required in the future. 
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2 Policy options and measures that will 
affect greenhouse gas emissions 

Major changes in waste management practices are in train as a result of both UK and 
European policies to promote a more sustainable approach to waste management.  The 
thrust of these policies is to minimise and prevent wastes at source, to recover value through 
re-use, material recycling and energy recovery and to limit disposal in landfills to ultimate 
wastes from which no further value can be recovered.  In the UK these measures include: 
 

 legislation specific to individual waste streams and 
emissions from treatment options 

 waste prevention and reduction initiatives 

 binding targets for the diversion of biodegradable 
waste from landfill 

 policies and targets for the recovery and recycling 
of wastes (including specific wastes such as 
packaging wastes) 

 policies and guidance on regional planning to 
promote the development of infrastructure 

 development of recycling markets 

 use of the proximity principle in siting local 
facilities 

 
All such measures will have a direct or an indirect impact on greenhouse gas emissions, 
either through: 
 

 impacts on transport and transport emissions 

 emissions (and savings in emissions) in raw materials extraction and manufacturing 
processes 

 emissions in waste treatment 

 emissions in waste disposal. 
 
Of these, the greatest potential generally lies in savings in materials extraction and 
manufacturing which would result from reduced consumption, increasing lifespans and 
improved eco-design of products and services1.  However, these are indirect impacts and 
outside the scope of this present study. 
 
The boundary for this present study is illustrated in Figure 2.1.  It is concerned specifically 
with the treatment and disposal of municipal waste (defined here as household waste and 
that commercial waste which is co-collected as part of local authority waste management), 
for which current UK arisings are estimated at 29 million tonnes per year (ie roughly 500 kg 
per capita per year). 

                                                 
1  For example, the greenhouse gas impacts of most white goods is dominated by the energy consumed during 
their lifespan, rather than emissions associated with their disposal 
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The study considers the greenhouse gas emissions (CO2, N2O and CH4) arising from: 
 

 waste transport 

 waste treatment options 

 residue and recyclate transport 

 landfill disposal. 
 
The treatment options considered in this study are discussed in Section 3. 
 
The largest contribution to greenhouse gas emissions from UK municipal waste 
management is estimated to be from methane released by the decay of biodegradable wastes 
in landfills2.  Carbon dioxide in landfill gas is derived from organic carbon such as 
vegetation and paper.  This has a relatively short cycle and carbon released as CO2 will be 
taken up by new vegetation.  As such it can be considered not to contribute to global 
warming. 
 
Currently some 84 per cent of UK municipal waste is disposed to landfill and, as such, the 
principal policy measures that will affect greenhouse gas emissions are those aimed at 
reducing landfilling and, in particular, the amount of biodegradable waste disposed to 
landfill.  These measures derive principally from the EC Landfill Directive and the policies 
proposed in the Government’s draft waste strategy A way with waste.  These establish a 
number of progressive targets for reducing the reliance on landfill, as summarised in Table 
2.1. 
 

Figure 2.1:  Boundary of impacts considered in this study 

 

 

                                                 
2 The latest estimates are that UK landfills emitted some 1 million tonnes of methane in 1990. Methane is 
particularly important as a greenhouse gas since it has a global warming potential 21 times greater than 
carbon dioxide over a 100-year lifetime 
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Table 2.1:  Summary of progressive targets for the landfilling of wastes 

Year Landfill Directive
3
 A way with waste 

1995 Baseline date for municipal solid waste data  

1998  Baseline date for industrial and commercial waste data 

2005  Recover 40% and recycle or compost 25%  of municipal 
waste  

Reduction to 85% of 1998 commercial and industrial 
waste to landfill 

2006 Reduction to 75% of 1995 biological municipal 
waste to landfill 

 

2009 Reduction to 50% of 1995 biological municipal 
waste to landfill 

 

2010  Recover 45% and recycle or compost 30% of municipal 
waste 

2015  Recover 67% and recycle or compost 33% of municipal 
waste 

2016 Reduction to 35% of 1995 biological municipal 
waste to landfill 

 

 
These targets represent a significant challenge to local authorities and the waste industry 
both in terms of infrastructure development and increased waste management costs.  
However, the Landfill Directive targets are mandatory and not available for further 
negotiation.  Options for achieving these targets have been proposed in DETR’s recent 
consultation report Limiting landfill.  In summary, the options being considered are: 
 

 a ban on landfill of biodegradable waste 

 a ban on landfill of specific biodegradable municipal wastes 

 permits for landfill site operators to accept biodegradable municipal waste 

 permits for waste disposal authorities to landfill biodegradable waste 

 use of the landfill tax 
 
Consultation on these options is currently underway.  The impact of these alternative 
options on future waste management strategies, and hence on greenhouse gas emissions, are 
considered in Section 4. 
 
A fundamental constraint on the impact of such options to limit landfill disposal is the rate 
at which alternative minimisation, treatment and disposal infrastructure can be 
implemented.  For example, given current planning system, decisions taken today to develop 
new incineration facilities are unlikely to have any impact on greenhouse gas emissions 
before 2010, and the completion of fully integrated waste management strategies cannot be 
expected until sometime in the decade after.  This is a severe limitation given the deadlines 
and target dates in Table 2.1. 
 
Section 3 now considers the main treatment and disposal options which may contribute to 
an integrated waste strategy and their impacts on greenhouse gas emissions. 

                                                 
3  The UK may chose to make use of a four year derogation period.  Calculations and modelling assume that 
this full derogation will be applied.  The impact of this derogation on the modelling results is discussed in 
Chapter 6.  
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3 Waste management options 

The waste management options considered in this study are: 
 

 materials recycling 

 composting 

 anaerobic digestion 

 incineration and thermal treatment 

 landfill. 
 
Waste minimisation is not considered explicitly as it resides outside the boundary of this 
preliminary study (Figure 2.1).  However, waste minimisation and education policies are 
recognised as essential for the future development of sustainable waste management 
strategies.  In this study they are considered as moderators of the quantity of waste 
generated and its composition.  
 
The following sub-sections provide a brief summary of the waste management options 
considered and their impact on greenhouse gas emissions.  However, it is recognised that 
sustainable waste management will require the integration of all these options in order to 
meet future targets and deliver the overall best practicable environmental option (BPEO).  
Such integrated scenarios are considered in Chapter 4. 
 

3.1 RECYCLING 

The most recent published figure indicates that household waste recycling rate in England 
and Wales in 1996/97 stood at 7.5 per cent.  This is an increase over the 4.5 per cent rate 
achieved in 1992/93, but still a long way from the 25 per cent target for the year 2000 
originally proposed in the national strategy Making waste work.  
 
Local authorities are now under increasing pressure to increase recycling through materials 
recovery and composting.  Recognising that the 25 per cent target for 2000 is not going to 
be reached, A way with waste now proposes a target of 25 per cent recycling or composting of 
municipal waste by 2005 (Table 2.1).  Given the poor state of current markets for reclaimed 
materials, this remains an ambitious target. 
 
Numerous variations for the collection and pre-processing of post-consumer recyclables 
have been introduced and adopted by local authorities in recent years.  This range of 
variants is indicative of the immature state of materials reclamation, but also reflects socio-
demographic and logistical constraints upon materials collection.  In general, the variants 
may be considered under two headings: 

 

 bring systems  

 kerb-side collection. 
 
For the purposes of this study, the major difference between these generic systems is in their 
impact on transport emissions. 



 AEAT/ED21195/Final Report 
 

 AEA Technology  7 
 

 

 
Bring systems (including individual bottle banks, mini-recycling centres and provision at 
CA sites) are characterised by the public delivering the recyclate to the point of deposit.  
This will usually involve a car journey, but such journeys generally coincide with other 
purposes (shopping, deposit of residual waste).  In future, improved education should ensure 
that additional journeys resulting from the introduction of bring systems are minimised.  
However, collection vehicles are still required to transport the recyclate to a bulking station 
or other materials reclamation facility.  For the purposes of this study, it is assumed that 
resultant vehicle emissions are offset against transport savings in residual waste collection.   
 
It is therefore assumed that: 

Bring systems have zero net greenhouse gas impacts. 
 
In kerbside collection, materials to be recycled are collected separately from the rest of the 
household waste through the provision of a separate box (eg blue or green box schemes), 
bag or wheeled bin.  Collection may involve a separate collection round, often employing a 
purpose-built vehicle.  Either way, it is assumed that this results in increased transport 
impacts. 
 
For the purposes of this study it is assumed that: 

Kerbside collection results in an additional 40 km travelled per 5 tonnes of material 
recovered.  This results in additional release of 0.45 kg CO2 per km in vehicle emissions 

(negligible N20)4. 
 

The recycling industry is increasingly demanding clean, contaminant-free material from the 
recovery schemes.  Some further upgrading of the recovered material is therefore usually 
required.  This is normally undertaken in a materials reclamation facility (MRF). 
 
MRFs range in sophistication.  At the simplest level, they may consist of a simple picking 
belt where contraries and contaminants from a single material type are hand-picked and 
rejected before the bulk of the material is bailed or compacted for onward delivery to the 
reprocessor.  More sophisticated MRFs may use a series of mechanical and manual systems 
to help separate mixtures of source-separated recyclables into a wider range of products, 
possibly including separating plastics by material type.  
 
For the purposes of this study it is assumed that: 
MRF operation uses 25 kWh of electricity per tonne of recyclate processed, resulting in 
additional CO2 emissions from electricity generation (this electricity being derived from an 
‘average fossil mix’ with 440 g CO2 released per kWh generated)5  

 
The journey to market involves an average round trip of 100 km and results in 0.84 kg CO2 

per km travelled.1 
 
 
 
 
                                                 
4  All vehicle emission data taken from: Latham and George (1997) Life Cycle Research Programme for Waste 
Management:  Inventory Development for Waste Management Operations, Waste Transport, and other Vehicle Use., 
Transport Research Laboratory (Unpublished Report) 
5  Emission data derived from:  DTI EM4 scenarios and the ETSU GAD Database emission factors by AEA 
Technology, October 1999. 
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The transport assumptions are summarised below.  In determining the emissions from 
transport, it is further assumed that bring schemes, deliveries to CA sites and kerbside 
collection each contribute one third to the material collected.  
 

H/hld MRF Reprocessor

Vehicle L1 Vehicle L2

Payload 5 Payload 20 t

Distance 40 Distance 100 km

Emission 0.45 Emission 0.84 kgCO2/km 6 
 

3.2 COMPOSTING 

About half the material in municipal waste is organic in nature: paper, vegetable matter and 
food scraps, garden waste etc.  There are several pressures to do something with this 
organic matter: 
 
 reduction of landfill pollution potential 
 reduction of landfill requirements and conserve landfill capacity 
 utilisation of the waste through recycling as a compost and so move organic waste 

management up the waste management hierarchy. 
 
Such pressures have led several European countries to ban the landfilling of organic wastes 
and, as in the Netherlands, to mandate the household separation of “green wastes” for 
composting.  
This organic fraction can be treated by either of two biological processes in order to recover 
value from the waste: aerobic digestion (composting) or anaerobic digestion.  AD is 
considered in Section 3.3. 
 
Composting is the degradation of organic matter by naturally occurring bacteria in the 
presence of oxygen.  This process both stabilises and dries the waste.  Composting can be 
undertaken by householders or at central facilities. 
 
Home composting of kitchen and garden wastes is increasingly being supported by local 
authorities, often through the provision of free or subsidised compost bins.  The current 
national target is that 40% of domestic properties with a garden carry out home composting 
by 2000.  However, some skill is required to produce a viable compost and anecdotal 
evidence suggests that participation rates can decline rapidly unless continued education and 
support is provided. 
 
Centralised composting of green wastes is increasingly becoming established.  Most schemes 
involve simple open-air piles which are periodically turned (windrows).  Enclosed pre-
fabricated plants are also available which provide better control over the process, odours and 
emissions. 

                                                 
6  All vehicle emission data taken from: Life Cycle Research Programme for Waste Management:  Inventory 
Development for Waste Management Operations, Waste Transport, and other Vehicle Use.  Latham and George 
(1997), Transport Research Laboratory (Unpublished Report) 
 

1 
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Most centralised schemes are aimed predominantly at garden wastes collected from parks or 
CA sites.  CA waste may consist of over 50 per cent organic material by weight.  Therefore, 
centralised composting of this material will have a significant impact on reducing 
biodegradable wastes deposited to landfill. 
 
The biodegradable portion of household waste may also be separated, either by the 
householder or at a dirty-MRF, for centralised composting.  The quality of the compost 
depends on the quality of the feedstock, although both pre and post-processing may be 
undertaken to improve the quality and appearance of the final product.  
 
Several waste management companies are suggesting that it is possible to compost unsorted 
household refuse.  There are at least four such schemes in the UK, but the technology is yet 
to prove itself commercially.  Despite scepticism and some spectacular failures producing 
contaminated compost in the past, countries including Germany, Italy, Spain and France 
have had considerable experience of composting unsorted waste.  
 
As with other forms of waste recycling, it is important to identify a market and customers.  
Local authority parks and gardens can be an attractive market, as can land reclamation 
projects.  However, the income from such outlets is generally low, even for good quality 
materials.  Breakthrough into the lucrative horticultural market is unlikely until quality 
standards become available.  If there is no outlet for the compost it will require disposal by 
landfilling. 
 
For the purposes of this study it is assumed that: 

 the collection of wastes for centralised composting will have transport impacts.  With 
kerbside schemes (and dirty-MRF schemes collecting whole waste) any additional 
transport is assumed to be offset against transport savings in residual waste collection.   

 bring schemes (principally CA site-based schemes) will result in additional private car 
useage.  It is assumed that this involves a round trip of 10 km with a load of 10 kg.  

 composting (whether local or centralised) will only be undertaken if the products can be 
put to beneficial use and that, in use, any anaerobic decay will be at a sufficiently slow 
rate that any methane generated will be oxidised before release into the environment 

 composting treats only the readily biodegradable components within the waste, the 
remainder being retained in the humus product.  These readily degradable components 
comprise mainly contemporary carbon.  Release of this carbon as CO2 contributes to the 
short carbon cycle, and therefore has no net impact on global warming.  

 the composting process, and the processing and treatment of products (eg windrow 
turning plant, shredders etc) consumes 6 litres of diesel per tonne of waste processed. 

 compost products will be used in home or local applications.  Transport impacts will 
therefore assumed to make a negligible contribution to greenhouse gas emissions. 

 
Therefore it is assumed that: 

Global warming impacts of composting result from additional private car usage in 
delivering waste to civic amenity sites and from energy useage in the compost processing. 
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The transport implications are summarised below: 
 

H/hld CA Site Composter Market

Vehicle CAR Vehicle L2 Vehicle 0

Payload 0.01 Payload 20 Payload 0 t

Distance 10 Distance 40 Distance 0 km

Emission 0.21 Emission 0.84 Emission 0 kgCO2/km  
 
 

3.3 ANAEROBIC DIGESTION 

Anaerobic digestion (AD) is the degradation of organic matter by naturally occurring 
bacteria in the absence of oxygen.  It relies on the same microbial processes that degrade 
organic waste to carbon dioxide and methane in a landfill, but here the process is carried out 
in purpose built vessels or digesters.   
 
The methane (or biogas) produced during the digestion stage can be used to generate 
electricity and/or heat.  Also the residue (or digestate) from the AD process can have 
beneficial uses.  The residue can be separated into a fibrous and a liquid fraction.  The 
fibrous fraction can be aerobically composted for use as a soil conditioner whilst the liquid 
fraction can be used as a liquid fertiliser. 
 
The capital and operating costs of the plant are higher than for aerobic composting but 
could be offset by the revenues from energy and digestate sales.  Equally if the digestate is of 
poor quality and/or the market does not exist, it may become a liability and require disposal 
at some further cost.  Possible disposal options are landfilling, and the liquid fraction can be 
aerobically treated to reduce its pollution potential before discharge to sewer.  
 
AD is a well-developed technology in the water treatment industry for the treatment of 
sewage sludge.  Its application to MSW is more recent, being led principally by a small 
number of European companies.  Worldwide there are a number of pilot and commercial 
scale plants, with further plants in planning or under construction.  These typically treat 
between 5,000 and 50,000 tonnes of organic MSW per year.  There are currently no full-
scale plant operating in the UK for the treatment of MSW, although local authorities have 
shown considerable interest in the technology and the Landfill Directive it is expected to 
provide further impetus to the development of schemes. 
 
Feedstock for AD schemes will generally be collected through kerbside schemes.  As with 
the kerbside collection of household putrescible wastes for composting, it is assumed here 
that transport emissions from this are offset against emissions savings in residual waste 
collection.   
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In this study it is assumed that: 

 biogas from AD will be used for electricity production at an export efficiency of 25 per 
cent.  This offsets production by combined cycle gas turbine (CCGT), achieving a saving 
of 400 g CO2 per kWh produced. 

 use of the biogas will result in the emission of C02, but, as with composting, this is 
contemporary carbon which will have no net impact on global warming 

 combustion will result in negligible emissions of N20 

 leaks within the AD process will result in 0.5 per cent of the methane produced being 
released to atmosphere.  

 the digestate product will be used in local markets or disposed of locally with negligible 
transport implications. 

 
Methane leaks during AD processing result in global warming impacts. 

Electricity produced from the biogas off-sets electricity produced from CCGT. 
 
 

3.4 INCINERATION AND THERMAL TREATMENT  

Waste combustion is a long established waste management option, being pioneered in the 
UK in the late 19th Century.  The technology has continued to develop overseas, 
particularly in Japan and continental Europe where systems are often closely integrated 
with district heating schemes.  Currently about 8 per cent of UK municipal waste is treated 
by incineration.  DETR anticipate that this percentage will need to increase significantly if 
the targets of the Landfill Directive are to be met. 
 
The principal technologies for incineration and thermal treatment are: 

 moving grate incinerators 

 rotary hearth incinerators 

 modular incinerators 

 fluidised bed incinerators 

 refuse-derived fuels 

 advanced thermal treatment (pyrolysis and gasification). 
 
These all take a slightly different approach to the combustion of the wastes.  The general 
principal, however, is that organic materials in the waste are broken down into gaseous 
inorganic compounds, such as carbon dioxide, water, oxides of nitrogen, sulphur and 
phosphorous, whilst inorganic substances are recovered as a solid residue or ash.  For 
municipal waste, this typically results in a 90 per cent volume and a 70 per cent mass 
reduction, with the residual ash having significant potential for recycling as a low-grade 
construction material.  This reduction makes combustion an ideal pre-treatment for many 
types of waste. 
 
For the purposes of this study it is assumed that: 

 differences between the technologies have a second order impact on greenhouse gas 
emissions 
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 all carbon in the waste is converted to CO2 and that emissions of NOx from combustion 
are regulated to the EU standard.  This results in an emission of 0.045 g N2O per tonne 
waste incinerated.7 

 all carbon other than that in plastics is assumed to be from contemporary sources, and 
hence has no net greenhouse gas impact.   

 
All modern incinerators and thermal treatment plant now recover energy, usually in the 
form of electricity.  In addition, the heat recovered may be used for process or district 
heating, or for combined heat and power generation (CHP).  It is assumed here that: 
 

 all energy is recovered as electricity and that this off-set generation from CCGT at 400 g 
CO2 per kWh produced.8 

 
Greenhouse gas emissions result from waste transport and combustion of plastics.  

Energy produced is recovered as electricity, which off-sets electricity produced from 
CCGT. 

 
Waste can be delivered direct to incineration or via a transfer station (RTS).  It is assumed 
here that direct delivery and delivery to an RTS involve a round trip of 40 km, with delivery 
from RTS to the incinerator involving a further round trip of 40 km.  Fifty per cent of waste 
travels each route. 
 
These transport assumptions are summarised below:  
 

H/hld EfW Market

Vehicle RCV Vehicle L2

Payload 6.67 Payload 20 t

Distance 40 Distance 13 km

Emission 0.71 Emission 0.84 kgCO2/km  
 
H/hld RTS EfW Market

Vehicle RCV Vehicle L1 Vehicle L2

Payload 6.67 Payload 5 Payload 20 t

Distance 40 Distance 40 Distance 13 km

Emission 0.71 Emission 0.45 Emission 0.84 kgCO2/km  
 
 

3.5 LANDFILL 

About 85% of MSW in the UK is disposed of directly to landfill.  This reliance on landfilling 
has arisen because the UK has historically had a plentiful supply of landfill space in nearly all 
regions.  
 
The EC Landfill Directive and policies within A way with waste will significantly affect the 
future deposit of waste to landfill.  However, where state-of-the-art landfill practices are 
undertaken (as must be assumed for future provision), the disposal of wastes to landfill may 
not give rise to significant adverse environmental impacts.  Under these circumstances, 

                                                 
7  From a site-specific licence.  Data supplied in confidence. 
8  Emission data derived from:  DTI EM4 scenarios and the ETSU GAD Database emission factors by AEA 
Technology, October 1999. 
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landfill can offer the best practicable environmental option (BPEO) for the management of 
some waste streams.   
 
In this study it is assumed wastes and residues not treated by other routes will continue to 
be disposed to landfill.  The greenhouse gas emissions resulting from this will arise from: 
 

 transport of waste and residues to the landfill 

 uncontrolled release of methane.  It is assumed that 85% of landfill gas produced is 
captured and that 10% of the remaining methane is oxidised in passing through the cap9 

 as with composting and anaerobic digestion, it is assumed that carbon in CO2 emissions 
will be from contemporary sources and will therefore have no net global warming effect 

 emissions of N2O from landfill gas flaring and gas utilisation plant are negligible. 
 
Most large landfill sites now incorporate landfill gas recovery and utilisation.  It is 
anticipated that this will become standard on further sites developed in the near term.  
However, the decreasing deposit of biodegradable waste to landfill will reduce gas yields in 
the longer term, thereby reducing the economic incentive for investing in further gas 
utilisation technology.  It is assumed that: 
 

 of the total gas captured, 50% is flared and 50% is burnt for energy recovery 

 energy is recovered as electricity at a generating efficiency of 33%.  This off-sets 
generation from CCGT at 400 g CO2 per kWh produced.   

 
Greenhouse gas emissions result from transport and the uncontrolled release of landfill gas 

 
As with incineration, waste can be delivered direct to landfill or via RTS.  It is assumed here 
that both direct delivery and delivery to an RTS involve a round trip of 40 km, with delivery 
from RTS to landfill resulting in an additional round trip of 40 km.  Half of the waste travels 
by each route.  These transport assumptions are summarised below:  
 

H/hld Landfill

Vehicle RCV

Payload 6.67 t

Distance 40 km

Emission 0.71 kgCO2/km  
 

H/hld RTS Landfill

Vehicle RCV Vehicle L1

Payload 6.67 Payload 5 t

Distance 40 Distance 40 km

Emission 0.71 Emission 0.45 kgCO2/km  
 

                                                 
9  Assumptions included in Methane emissions from UK Landfills, project  report  produced by AEA Technology 
for Department of the Environment, Transport and the Regions, March 1999. 
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4 Scenario methodology 

Having considered the principal waste management options, in this Chapter we now develop 
a methodology for assessing alternative scenarios based on Limiting landfill to reflect the 
different policy measures being considered to implement the Landfill Directive targets.  
These scenarios are then evaluated in Chapter 5. 
 

4.1 ASSUMPTIONS 

4.1.1 Waste arisings 
 
According to Limiting landfill, UK MSW arisings currently stand at 29 million tonnes per 
annum.  The apparent trend over recent years has been for this to grow at a rate of up to 3 
per cent per annum as a result of: 

 socio-demographic changes  

 increased wealth 

 increased housing stock 

 changes in waste collection practices. 
 
It is important to note that there is a great deal of uncertainty surrounding the quality of 
data relating to waste management, particularly with respect to tonnes of waste generated.  
Some suggest that waste arisings are not increasing to the extent that figures suggest but 
that the efficiency of data collection has improved.  Without a robust set of past statistics it 
is difficult to predict future trends.  
 
For the purposes of this study it will be assumed that the growth in waste arisings will be 
offset by the increased efforts in waste minimisation.  In addition, for one of the scenarios 
(Scenario 3) sensitivity to growth is examined by the consideration of growth rates of 0 to 4 
per cent.  This is described in Chapter 6. 
 

4.1.2 Waste composition and biodegradable content 
 
For the purposes of this study, MSW is defined as household waste and any other waste under 
the control of local authorities or their agents acting on their behalf.  The composition of this will 
vary widely according to local circumstances and the extent to which recycling activities are 
implemented.  However, for the purposes of compliance with the Landfill Directive, DETR 
have established a nominal composition for the reference year of 1995.  This is illustrated in 
Figure 4.1.  This composition is used here as the baseline for future modelling. 
 
DETR define the biological portion of MSW by reference to the biodegradability of the 
waste components, ranging from 100 per cent biodegradable (paper and putrescibles) to zero 
per cent biodegradable (metals, glass and plastics).  This definition of the biodegradable 
fraction is then used by DETR to establish future targets for the diversion of wastes from 
landfill.  The result of this calculation is that 62.5 per cent of MSW is biodegradable, i.e. 
some 18 million tonnes of waste per annum.  This is illustrated in Table 4.1.  
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Figure 4.1:  Composition of MSW 
 

Misc. Non-

Combustibles

Misc. Combustibles
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Other  (Metals,

Plastics, Glass)

Putrescible

Paper/Card

 
 

Table 4.1:  Biodegradable Content of the Municipal Waste Stream 

Municipal Waste 
Components 

Portion of Municipal 
Waste Stream  

Biodegradable 
Content (%) 

Biodegradable Content 
(Mt)

1
 

Paper/Card 32 100 9.28 

Putrescible 21 100 6.09 

Textiles 2 50 0.29 

Fines 7 50 1.02 

Misc. Combustibles 8 50 1.16 

Misc.  
Non- Combustibles 

2 50 0.29 

Other 
(Metals, Glass, Plastic) 

28 0 0 

TOTAL   18.13 
1  based on 29 Mt MSW per year 
Adapted from “Limiting Landfill” (DETR, 1999) 

 

4.1.3 Waste diversion targets and infrastructure 
 
Based on the waste composition in Table 4.1, the EC landfill targets for the diversion of 
biodegradable wastes (Table 2.1) indicate that some 12 million tonnes of biodegradable 
waste will need to be diverted from landfill by, 2016, or by 2020 if the Government takes up 
the option of a four year derogation period from the targets.   
 
To date, the Government has not 
indicated whether it will be taking up 
this derogation.  For the purposes of this 
study it has been assumed that this will 
be taken up.  The impact of this 
derogation on greenhouse gas emissions 
is discussed in Chapter 6. 
 
Considerable new infrastructure will be required in order to meet these targets.  The rate at 
which this infrastructure can be implemented will also place a major limitation on the 
achievement of these targets.  It is assumed here that policy measures will be introduced to 
support infrastructure development.  These measures will be scenario-specific. 

Year Biodegradable 
Waste to landfill  

(Mt) 

Biodegradable 
Waste requiring 
other treatment 

(Mt) 

1995 18.13  

2006/2010 13.60 4.53 

2009/2013 9.07 9.06 

2016/2020 6.34 11.79 



 AEAT/ED21195/Final Report 
 

 AEA Technology  16 
 

 

4.2 METHODOLOGY 

4.2.1 Emissions from Waste Treatment 
 
Having established the baselines, the approach to scenario modelling involves the 
consideration of the separate components of the waste stream on a disaggregated basis.  
This enables the diversion of specific materials to be taken into consideration, and allows 
material-specific greenhouse gas emission factors to be used.  
 
The methodology starts with current status (year 2000).  Each component material 
(paper/card, putrescibles, etc) is then considered in turn, percentage flows being assigned to 
each waste management option for the years 2010, 2013 and 2020 (these being key years for 
compliance with the Landfill Directive).  This process is illustrated for paper/card in Table 
4.2. 

Table 4.2:  Step 1 - Assign percentage treated by each treatment option 

Paper/Card % of waste stream by route 

 2000 2010 2013 2020 

Minimisation 0 0 0 0 

Recycling 10 13 14 20 

Composting 0 8 9 10 

AD 0 1 1 1 

EfW Incineration 9 20 25 30 

Landfill 81 59 51 39 

Sum 100 100 100 100 

 
By definition, this assignment is arbitrary, but is based on our assessment of the likely 
uptake and development of infrastructure in future years.  This reflects the policy options 
being considered.  For example, under a policy option for a total ban of biodegradable waste 
to landfill, infrastructure will be developed more rapidly and more extensively than under a 
less stringent policy option.   
 
The percentage flows are then converted to mass flows under the assumptions of future 
waste growth.  This gives figures for the amount of each waste stream handled by each 
treatment option for each of the years targeted by the Landfill Directive. 
 

Table 4.3:  Step 2 - Calculate mass flows through treatment options 

Paper/Card waste stream by route (million tonnes) 

 2000 2010 2013 2020 

Minimisation 0.00 0.00 0.00 0.00 

Recycling 0.93 1.21 1.30 1.86 

Composting 0.01 0.70 0.84 0.93 

AD 0.00 0.06 0.07 0.09 

EfW Incineration 0.85 1.83 2.32 2.78 

Landfill 7.49 5.49 4.75 3.62 

Sum 9.28 9.28 9.28 9.28 

 
Material-specific emission factors for each treatment option have been derived based on 
typical technology.  The material flows in each year are then multiplied by these factors to 
give the emissions of each greenhouse gas.  The gases considered are CO2 (both fossil and 
contemporary), methane and N2O.   
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Table 4.4:  Step 3 – Multiply by material-specific emission factor10 

Paper/Card Emission Factors (kg/t) 

 CO2 CH4 N2O 

Fossil Contemp 

Minimisation     

Recycling     

Composting  450   

AD  600 0.5  

EfW Incineration  1209  4.5E-05 

Landfill   10.4  

 
The global warming potential is then calculated by the application of CO2 equivalence 
factors.  These factors are given in Table 4.5. 
 

Table 4.5:  Step 4 – Multiply by CO2 equivalence factors (100 yr. time horizon) 

Global Warming Potential 
 CO2 

CH4 N20 
Fossil Contemp 

CO2 equivalent 1 0 21 310 

 
The individual global warming potentials are then summed to give a total potential for each 
of the key years.   
 

Table 4.6:  Step 5 - Global Warming Potential (CO2 Equivalent)  

Paper/Card Million tonnes GHG (CO2 equivalent) 

 2000 2010 2013 2020 

Minimisation 0.0 0.0 0.0 0.0 

Recycling 0.0 0.0 0.0 0.0 

Composting 0.0 0.0 0.0 0.0 

AD 9.7E-06 6.8E-04 7.8E-04 9.7E-04 

EfW Incineration 1.2E-05 2.6E-05 3.2E-05 3.9E-05 

Landfill 1.63 1.19 1.03 0.79 

Sum 1.63 1.19 1.04 0.79 

 
The individual material flows are summed to give the overall movement of material, and 
hence the overall diversion and recycling rates in each year.  This procedure is repeated for 
each scenario as summarised in Figure 4.2. 
 

4.2.2 Emissions from Energy Consumption / Production 
 
Once percentage flows have been assigned and the mass flows calculated (Steps 1 & 2), 
energy consumption and production can be taken into account.   
 
Under each scenario electricity is both consumed (for example through MRF operations) or 
produced (through EfW incineration or AD).  This has an impact on GHG emissions.  In 
order to calculate the net energy production for each scenario, each material was again 
considered in turn. 
 

                                                 
10  Factors are based on assumptions described in chapter 3 and the carbon content of the material type. 
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Figure 4.2:  Summary of calculation to estimate emissions from treatment 

Paper/Card % of waste stream by route

2000 2010 2013 2020

Minimisation 0 0 0 0

Recycling 10 13 14 20

Composting 0 8 9 10

AD 0 1 1 1

EfW Incineration 9 20 25 30

Landfill 81 59 51 39

Sum 100 100 100 100Paper/Card waste stream by route (million tonnes)

2000 2010 2013 2020

Minimisation 0.00 0.00 0.00 0.00

Recycling 0.93 1.21 1.30 1.86

Composting 0.01 0.70 0.84 0.93

AD 0.00 0.06 0.07 0.09

EfW Incineration 0.85 1.83 2.32 2.78

Landfill 7.49 5.49 4.75 3.62

Sum 9.28 9.28 9.28 9.28

Paper/Card Emission Factors (kg/t)

CO2

Fossil Contemp

CH4 N2O

Minimisation

Recycling

Composting 450

AD 600 0.5

EfW Incineration 1209 4.5E-05

Landfill 10.4

Global Warming Potent ial

CO2

Fossil Contemp
CH4 N20

CO2 equivalent 1 0 21 310

Paper/Card Million tonnes GHG (CO2 equivalent)

2000 2010 2013 2020

Minimisation

Recycling

Composting

AD 1e-5 7e-4 8e-4 1e-3

EfW Incineration

Landfill 1.63 1.19 1.03 0.79

Sum 1.63 1.19 1.03 0.79

Paper/Card Million tonnes GHG (CO2 equivalent)

2000 2010 2013 2020

Minimisation 0.0 0.0 0.0 0.0

Recycling 0.0 0.0 0.0 0.0

Composting 0.0 0.0 0.0 0.0

AD 9.7E-06 6.8E-04 7.8E-04 9.7E-04

EfW Incineration 1.2E-05 2.6E-05 3.2E-05 3.9E-05

Landfill 1.63 1.19 1.03 0.79

Sum 1.63 1.19 1.04 0.79

 
 
For each material, a treatment-specific net energy figure (in kWh/t) was assigned.  These 
are illustrated for paper/card in Table 4.7.  Negative numbers relate to energy consumed, 
positive number to energy produced after internal usage. 
 

Table 4.7:  Step 3 - Assign figure (kWh/t) for net electricity production by treatment 
option for each material 

Paper/Card 

 kWh/t 

Minimisation 0 
Recycling -25 
Composting -36 
AD 210 
EfW Incineration 736 
Landfill 95 

 
These factors are then applied to the mass flows of each material through each treatment 
option as calculated in Step 2 (Table 4.3).  This gives figures for the net energy produced by 
each scenario. 
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Table 4.8:  Step 4 – Total electricity produced by treatment of all materials 

TOTALS  Million kWh electricity 

 2000 2010 2013 2020 

Minimisation 0 0 0 0 
Recycling -44 -61 -66 -88 
Composting -18 -92 -118 -153 
AD 2 28 42 63 

EfW Incineration 1474 3157 3994 4788 

Landfill 1362 983 824 603 

Sum 2776 4014 4676 5214 

 
Assumptions relating to energy production and consumption for each treatment option have 
been presented in Section 3.   
 
It has been assumed that electricity consumed is derived from the average fossil mix, while 
electricity generated offsets production by combined cycle gas turbine generation (CCGT)..  
This is based on the assumption that CCGT production is likely to become the predominant 
method of electricity generation and the most likely competitor to renewable energy 
sources.  It has thus been assumed that electricity production from EfW processes will 
displace demand from CCGT supply.  This is in keeping with recent work by AEA 
Technology for the Department of Trade and Industry (DTI) and the Department of the 
Environment, Transport and the Regions (DETR). 
 
Step 5 - Application of emission factors 

 Average fossil mix - 440 g CO2/kWh11 

 CCGT generation - 400 g CO2/kWh.12 
 
This allows the calculation of the net savings in carbon dioxide emissions resulting from 
each scenario. 
 

Table 4.9:  Step 6 – Net savings in GHG emissions (million tonne CO2 equivalent) 

 2000 2010 2013 2020 

TOTAL 1.11 1.60 1.86 2.07 

 
The overall methodology is summarised in  Transportation 
 
The third and final area of impact to be assessed is transportation.  Assumptions made on 
the transportation of materials are listed in Chapter 3, under the relevant treatment option.  
These consider the vehicle type, average payload, average distance travelled (according to 
treatment option) and emission of carbon dioxide per kilometre travelled.   
 
Figure 4.3. 
 
 
 

4.2.3 Transportation 
 

                                                 
11 & 13 Emission data derived from:  DTI EM4 scenarios and the ETSU GAD Database emission factors by 
AEA Technology, October 1999. 
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The third and final area of impact to be assessed is transportation.  Assumptions made on 
the transportation of materials are listed in Chapter 3, under the relevant treatment option.  
These consider the vehicle type, average payload, average distance travelled (according to 
treatment option) and emission of carbon dioxide per kilometre travelled.   
 

Figure 4.3:  Summary of calculation to estimate emissions from energy offset 

Paper/Card

kWh/t

Minimisation 0

Recycling -25

Composting -36

AD 210

EfW Incineration 736

Landfill 0

Paper/Card % of waste stream by route

2000 2010 2013 2020

Minimisation 0 0 0 0

Recycling 10 13 14 20

Composting 0 8 9 10

AD 0 1 1 1

EfW Incineration 9 20 25 30

Landfill 81 59 51 39

Sum 100 100 100 100

TOTALS  Million kWh electricity

2000 2010 2013 2020

Minimisation 0 0 0 0

Recycling -44 -61 -66 -88

Composting -18 -92 -118 -153

AD 2 28 42 63

EfW Incineration 1474 3157 3994 4788

Landfill 1362 983 824 603

Sum 2776 4014 4676 5214

2000 2010 2013 2020

TOTAL 1.11 1.60 1.86 2.07

Factor 1:  400 gCO2/kWh (CCGT)

Factor 2:  440 gCO2/kWh (Ave. Mix)

Paper/Card waste stream by route (million tonnes)

2000 2010 2013 2020

Minimisation 0.00 0.00 0.00 0.00

Recycling 0.93 1.21 1.30 1.86

Composting 0.01 0.70 0.84 0.93

AD 0.00 0.06 0.07 0.09

EfW Incineration 0.85 1.83 2.32 2.78

Landfill 7.49 5.49 4.75 3.62

Sum 9.28 9.28 9.28 9.28

 
 
This allows the calculation of an emission factor in kgCO2 per tonne of waste treated by 
each option.  It is then necessary to include a weighting according to the way in which waste 
is collected/delivered for treatment.  These calculations s are shown in Table 4.10. 
 

Table 4.10  Emission factors from transportation 

Emission Factors Emission  
kgCO2/t waste 

% by each 
method 

Weighted Factor 
kgCO2/t waste 

Minimisation 0.0 100 0.0 

Recycling Bring 0.0 33 2.6 

 CA 0.0 33  

 Kerbside 7.8 33  

Composting Collected 0.0 67 68.9 

 Delivered 206.7 33  

AD Collected 0.0 67 0.0 

 Delivered 0.0 33  

EfW Direct 4.8 50 6.6 

 Via RTS 8.4 50  

Landfill Direct  4.3 50 6.1 

 Via RTS 7.8 50  

 
These factors are then multiplied by the quantified mass flows as generated in steps 1 and 2 
of the calculations relating to emissions arising from treatment.  This then gives tonnes of 
carbon dioxide relating to transportation of each part of the waste stream  
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Table 4.11  Step 5 

Paper/Card ‘000 tonnes CO2 

 2000 2010 2013 2020 

Minimisation 0.00 0.00 0.00 0.00 
Recycling 2.41 3.13 3.37 4.81 
Composting 0.64 47.95 57.54 63.93 
AD 0.00 0.00 0.00 0.00 
EfW Incineration 5.64 12.07 15.32 18.39 
Landfill 45.35 33.16 28.78 21.92 

Sum 54.03 96.31 105.01 109.05 

 
The figures relating to each material are then summed to give tonnes of carbon dioxide 
relating to transport emissions under each scenario. 

Table 4.12  Step 6 

Total ‘000 tonnes CO2 

 2000 2010 2013 2020 

Minimisation 0  0  0  0  

Recycling 4.55 6.34 6.83  9.13  

Composting 34.21  175.22  225.37  291.90  

AD 0  0  0  0  

EfW Incineration 17.62  37.73  47.62  57.05  

Landfill 145.76  109.72  94.39  73.50  

Sum 202.13  329.00  374.21  431.57  

 

Table 4.13  Summary of calculation to estimate emissions from transportation 

Paper/Card % of waste stream by route

2000 2010 2013 2020

Minimisation 0 0 0 0

Recycling 10 13 14 20

Composting 0 8 9 10

AD 0 1 1 1

EfW Incineration 9 20 25 30

Landfill 81 59 51 39

Sum 100 100 100 100Paper/Card waste stream by route (million tonnes)

2000 2010 2013 2020

Minimisation 0.00 0.00 0.00 0.00

Recycling 0.93 1.21 1.30 1.86

Composting 0.01 0.70 0.84 0.93

AD 0.00 0.06 0.07 0.09

EfW Incineration 0.85 1.83 2.32 2.78

Landfill 7.49 5.49 4.75 3.62

Sum 9.28 9.28 9.28 9.28

Emission Factors Emission
kgCO2/t waste

% by each
method

Weighted Factor
kgCO2/t waste

Minimisation 0.0 100 0.0

Recycling Bring 0.0 33 2.6
CA 0.0 33
Kerbside 7.8 33

Composting Collected 0.0 67 68.9
Delivered 206.7 33

AD Collected 0.0 67 0.0
Delivered 0.0 33

EfW Direct 4.8 50 6.6
Via RTS 8.4 50

Landfill Direct 4.3 50 6.1
Via RTS 7.8 50

Paper/Card ‘000 tonnes CO2

2000 2010 2013 2020

Minimisation 0.00 0.00 0.00 0.00

Recycling 2.41 3.13 3.37 4.81

Composting 0.64 47.95 57.54 63.93

AD 0.00 0.00 0.00 0.00

EfW Incineration 5.64 12.07 15.32 18.39

Landfill 45.35 33.16 28.78 21.92

Sum 54.03 96.31 105.01 109.05

Total ‘000 tonnes CO2

2000 2010 2013 2020

Minimisation 0 0 0 0

Recycling 4.55 6.34 6.83 9.13

Composting 34.21 175.22 225.37 291.90

AD 0 0 0 0

EfW Incineration 17.62 37.73 47.62 57.05

Landfill 145.76 109.72 94.39 73.50

Sum 202.13 329.00 374.21 431.57
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5 Scenario evaluation 

Chapter 4 presents a methodology for evaluating the greenhouse gas emissions resulting 
from the transport, treatment and energy balance of alternative waste management 
scenarios which may be considered in implementing the Landfill Directive.  It is based on a 
disaggregated analysis, examining the flows and impacts of each waste stream material in 
turn through its collection, transport, treatment and disposal.   
 
The next step is to establish scenarios which describe the waste flows under the policy 
options set out in Limiting landfill and summarised in Chapter 2.  These scenarios are 
presented and evaluated below13.  In addition, the impact on emissions of meeting the 
targets set in A way with waste is considered. 
 

5.1 SCENARIO 0 - BASELINE 

Scenario 0 is the baseline against which all other scenarios are compared.  It assumes that 
patterns of growth and technology uptake remain broadly in line with recent trends, with 
the main driver being the increasing cost of landfill disposal.  Through time landfill fees will 
increase to a point where other treatment options become economically more favourable 
and, as a consequence, their deployment will increase.  In addition local authorities have 
been responding to Government pressure to reduce landfilling and anticipating the Landfill 
Directive for some time.  The scenario therefore assumes a modest continuation in the move 
away from landfill and subsequent increases in the amount of waste treated by the other 
options.  
 
The future trends under this scenario are summarised in Table 5.1 and Figure 5.1.  
Assumptions for new incinerator and AD facilities are based on proposals known to be 
within current waste local plans and in longer-term local waste strategies. 
 

Table 5.1:  Scenario 0 - Percentage total waste flows14 

Treatment % of total waste stream by route 

Option 2000 2010 2013 2020 

Recycling 6 8 9 11 

Composting 2 5 7 9 

AD 0 1 1 1 

Incineration 9 20 23 27 

Landfill 83 66 60 52 

Sum 100 100 100 100 

Recycling 8 14 17 21 

Recovery 17 34 40 48 

 
 
 
 
 

                                                 
13 The detailed breakdown of the waste flows are presented in Appendix 1.  Only summary tables are presented 
here. 
14 Note that this is the aggregated sum of flows of individual waste components (as described in Section 4.2.1) 
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Figure 5.1:  Scenario 0 - Waste flows 
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The proportion of biodegradable material sent to landfill in future years under this scenario 
is summarised in Figure 5.2.  This is based on the waste composition and biodegradability 
of individual waste components given in Table 4.1.  This indicates that, even in the base 
case, the first target of the Landfill Directive is met, largely as a result of currently 
anticipated increases in incinerator capacity.  Beyond this, however, the Landfill Directive 
targets are not met, and would require significant increases over current trends in recycling 
and composting activity.   
 

Figure 5.2:  Scenario 0 – Organic MSW to landfill 
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The impact of this Scenario in terms of greenhouse gas emissions is summarised in Figure 
5.3 and Figure 5.4.  Figure 5.3 indicates that the overall emission of greenhouse gas (as CO2 
equivalents) remains roughly constant over the timespan in question.  This is the result of 
decreased methane impacts for landfill gas being off-set almost exactly by fossil CO2 
emissions from the increased incineration of plastics.  Transport impacts also increase 
slightly due to increased recycling and composting.   
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At the same time, off-sets due to incineration increase in line with increased utilisation.  The 
net result of these balances is shown in Figure 5.4.  This shows that the off-set outweighs 
the emissions arising from transport and other waste processing, but diminishes in future 
years.  However, this diminishing off-set is more than compensated for by increased savings 
in emissions from landfill as a result of diversion of biodegradable material.   

Figure 5.3:  Scenario 0 - Greenhouse gas impacts (CO2 equivalents) by source 
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Figure 5.4:  Scenario 0 – Greenhouse gas impacts (CO2 equivalents) by gas 
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5.2 SCENARIO 1 - TOTAL BAN ON THE LANDFILL OF 
BIODEGRADABLE MUNICIPAL WASTE 

Design.  A ban would be implemented through amendment of landfill site licences to condition the 
licence to prevent the landfill of any biodegradable municipal waste.  A ban would need to be applied 
at the time of the first target 2006/2010, but with sufficient prior notice to ensue compliance. 
 
Effect of compliance.  A ban would act on the landfill gate, but would effectively mean that local 
authorities had to ensure the separation of all biodegradable waste from non-biodegradable waste 
prior to delivery to the landfill gate.  Site operators would need to distinguish biodegradable waste 
from other wastes 
 

Adapted from Limiting Landfill, DETR 1999. 
 
Scenario 1 requires the diversion of all biodegradable waste, some 18 million tonnes, from 
landfill.  This material would have to be treated by other means and, as such, would require 
a massive step change in the way in which the UK managed its waste stream.   
 
Table 5.2 shows the percentage waste flows that have been assumed under these conditions.  
It is likely that a large portion of the waste would be treated by EfW incineration.  However, 
due to their long lead in period the number of incinerators to 2005 will be limited to those 
that are already in the planning system.  There will then have to be major activity to 2010 to 
construct enough capacity to handle nearly half of all waste (about 28% above baseline). 
 
Incineration is assumed to be the favoured as a treatment option because of its proven track 
record, reliability and relative cost.  However, the practicalities of implementing such an 
increase in capacity are readily apparent and due to the political sensitivities and duration of 
the planning process it is unlikely sufficient capacity would be developed to meet the 
requirements of the directive by 2010. 
 
The scenario also assumes a major increase in the use of anaerobic digestion (+7% of the 
total waste stream), despite it being a relatively expensive treatment option.  There will also 
be a large demand placed on recycling (+8% in 2010) and composting (+% in 2010).  Given 
that paper and putrescibles dominate the biodegradable portion of waste, this immediately 
raises issues relating to both processing capacity and the state of markets for compost and 
recyclables.  There is also the issue of whether Best Practicable Environmental Option 
would be achieved, and where the additional costs of treatment would be borne. 
 
Some commentators have suggested that the high diversion rates implied by this policy 
option can be achieved at greatly reduced costs without intensive development of 
incineration capacity through closed loop manufacturing, where industry is developed 
specifically to exploit as a secondary raw material15.  This may have significant 
environmental benefits, but these fall mostly outside the boundary of this study.  The 
benefits with the boundary of this study depend largely on the transport assumptions made, 
especially with respect to kerbside collection and haulage to reprocessors/manufacturers.  
The modelling required to provide the necessary comprehensive assessment is outside the 
scope of the present study, but could be considered if subsequent, more detailed studies were 
to be undertaken. 

                                                 
15  For example, see Murray, R (1999) Creating Wealth from Waste, DEMOS (1999) 
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Table 5.2:  Scenario 1 - Percentage total waste flows16 

Treatment % of waste stream by route 

Option 2000 2010 2013 2020 

Recycling 6 16 16 16 

Composting 2 14 14 14 

AD 0 8 8 8 

Incineration 9 50 50 50 

Landfill 83 13 13 13 

Sum 100 100 100 100 

Recycling 8 38 38 38 

Recovery 17 88 88 88 

Figure 5.5:  Scenario 1 - Waste flows 
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The graph below, Figure 5.6, compares the amount of biodegradable waste going to landfill 
against those targets set by the Landfill Directive.  As can be seen this scenario would result 
in over-delivery of the requirements of the Directive 

Figure 5.6:  Scenario 1 – Organic MSW to landfill 
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16 Note that this is the aggregated sum of flows of individual waste components (as described in Section 4.2.1) 
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The impact of this scenario on emissions of greenhouse gas is summarised in Figure 5.7.  
The largest impacts come as a consequence of a shift in the relative balance of incineration 
and landfill.  While emissions from landfill drop markedly those from incineration increase 
to a similar degree.  However this is reflected in the degree of energy offset and saving in 
emissions increases significantly. 
 
These changes are also accompanied by an increase in the emissions from transportation.  
These come as more waste is collected for recycling from the kerbside, more waste is 
delivered by the public to civic amenity sites, and more material is trnasported for 
reprocessing.  
 
Figure 5.8 displays the same data categorised by gas type and clearly  shows the large 
decrease in methane relating to reduced landfill.  This also shows the net CO2 emissions 
once those from transport, incineration and energy have been offset.  This shows an overaqll 
change from a net negative to net positive effect.. 
 

Figure 5.7:  Scenario 1 - Greenhouse gas impacts (CO2 equivalents) by source 
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Figure 5.8:  Scenario 1 - Greenhouse gas impacts (CO2 equivalents) by gas 
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5.3 SCENARIO 2 - A BAN ON LANDFILL OF SPECIFIC 
BIODEGRADABLE WASTES 

Design.  A ban on the landfill of paper and card waste from municipal sources would be 
implemented through amendment of landfill licences to prevent the landfill of this waste.  A ban would 
need to be applied at the time of the first target 2006/2010, but with sufficient notice to ensure 
compliance.  A further ban on putrescible waste from municipal sources would be implemented through 
the amendment of site licences before the final (and possibly second) target in the directive. 
 
Effect of Compliance.  A ban would act at the landfill gate, but would effectively mean that local 
authorities had to ensure segregation of all paper, card and putrescible waste from other municipal 
wastes.  Compliance would also require site operators to distinguish paper, card and putrescible waste 
from other municipal wastes, and from other sources. 
 

Adapted from Limiting Landfill, DETR 1999. 
 
This scenario appears looks to have less of an effect on waste flows than Scenario 1 as it is 
only concerned with two waste streams and should therefore be more easy to implement and 
regulate.  Rather than placing a ban on all biodegradable portions of the waste stream, this 
option would focus on the paper and putrescible components.   
 
However, the overall impacts on waste flows and consequently greenhouse gas emissions are 
not very different.  By 2010 Scenario 2 option will require that 15% of the waste stream will 
go to landfill, a difference of only 2% when compared to the Scenario 1.This is because the 
biodegradable fraction of the waste stream is dominated by paper/card and putrescibles - 
according to Limiting Landfill these two elements constitute 85% of the total biodegradable 
content of MSW.   
 
Furthermore the remaining parts of the waste stream are not all readily separable.  That is 
to say that the ‘fines’ portion of the waste stream is unlikely to be separated from the other 
components and will accompany, for example, garden waste to an incinerator.  In addition, 
authorities who develop incinerator plant are likely to use them for the disposal of multiple 
waste fractions of the total waste stream.  
 

Table 5.3:  Scenario 2 - Percentage total waste flows17 

Treatment % of waste stream by route 

Option 2000 2010 2013 2020 

Recycling 6 14 14 15 

Composting 2 14 14 14 

AD 0 7 7 7 

Incineration 9 50 50 50 

Landfill 83 15 15 14 

Sum 100 100 100 100 

Recycling 8 35 35 36 

Recovery 17 85 85 86 

 

                                                 
17 Note that this is the aggregated sum of flows of individual waste components (as described in Section 4.2.1) 
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Figure 5.9:  Scenario 2 – Waste flows 
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As Figure 5.10 shows this scenario complies with the Landfill Directive much to the same 
degree as Scenario 1. 
 

Figure 5.10:  Scenario 2 – Organic MSW to landfill 
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These similarities are reflected in the related emissions of greenhouse gas as shown in 
Figure 5.11 and Figure 5.12. 
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Figure 5.11:  Scenario 2 – Greenhouse gas impacts (CO2 equivalents) by source 
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Figure 5.12:  Scenario 2 – Greenhouse gas impacts (CO2 equivalents) by gas 
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5.4 SCENARIO 3 - PERMITS FOR THE LANDFILL SITE OF 
BIODEGRADABLE MUNICIPAL WASTE 

Restrictions on the tonnage of biodegradable municipal waste deposited in a given 
landfill 
 
Design.  Tonnage of biodegradable municipal waste which could be landfilled at any site would be 
restricted to an amount for which a site was separately permitted to accept.  Separate permits for the 
landfill of biodegradable municipal waste would then be issued by Government or the Environment 
Agency and distributed to sites.  The amendment of individual site licences to reflect the new 
permitting system might be required. 
 
Effect of Compliance.  Limits on tonnage would require local authorities to divert increasing 
amounts of biodegradable wastes to other waste management options over time.  Parties would need 
to be able to judge how much “biodegradable municipal waste” was in mixed waste. 
 

Adapted from Limiting Landfill, DETR 1999. 
 

Permits for disposal authorities for the landfill of biodegradable municipal waste 
 
Design.  The maximum tonnage of biodegradable municipal waste sent to landfill by each waste 
disposal authority would be restricted to the amount for which they were separately permitted.  
Permits would be issued by Government or the Environment Agency. 
 
Effects of compliance.  Limited on tonnage or landfill would require local authorities to divert 
increasing amounts of biodegradable wastes to other waste management options over time. Parties 
would need to be able to judge how much “biodegradable municipal waste” was in mixed waste and 
the source of this waste. 
 

Adapted from Limiting Landfill, DETR 1999. 
 
This scenario would appear most realistic for the implementation of the Directive.  Permits 
would be issued by means of a phased approach, in line with the stepped reductions in waste 
to landfill for the years 2010, 2013 and 2020.  The overall result is likely to be the diversion 
of about 12 million tonnes from landfill, material requiring treatment elsewhere. 
 
The required percentage waste flows are shown in Table 5.4.  Compared to the baseline, in 
order to meet the final target this scenario will require an additional 1% recycling, 6% 
composting, 1% digestion and 4% incineration.  These increases are modest and significantly 
less onerous than those presented in Scenarios 1 and 2. 
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Table 5.4:  Scenario 3 - Percentage total waste flows18 
Treatment % of waste stream by route 

Option 2000 2010 2013 2020 

Recycling 6 8 9 12 

Composting 2 10 12 15 

AD 0 1 2 2 

Incineration 9 22 27 31 

Landfill 83 58 50 39 

Sum 100 100 100 100 

Recycling 8 19 23 29 

Recovery 17 41 50 60 

 

Figure 5.13:  Scenario 3 - Waste flows 
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Figure 5.14 shows that this option will meet the targets of the Landfill Directive with little 
additional diversion of biodegradable waste.  With margins so close the success of this 
option is vulnerable to growth in waste arisings – this is considered further in Chapter 6. 
 

Figure 5.14:  Scenario 3 – Organic MSW to Landfill 
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18 Note that this is the aggregated sum of flows of individual waste components (as described in Section 4.2.1) 
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Figure 5.15 shows a gradual increase in emissions from transportation relating to a gradual 
increase in recycling, composting and AD.  There is also an increase in CO2 emissions from 
incineration, reflected by additional savings in CO2 as a consequence of increased 
displacement of production by CCGT.  While these figures increase, methane emissions 
from landfill correspondingly decrease.  This is shown more clearly in Figure 5.16. 

Figure 5.15:  Scenario 3 - Greenhouse gas impacts (CO2 equivalents) by source 
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Figure 5.16:  Scenario 3 - Greenhouse gas impacts (CO2 equivalents) by gas 
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5.5 SUMMARY OF SCENARIOS FOR MEETING THE LANDFILL 
DIRECTIVE 

Figure 5.17 shows the total greenhouse gas emissions (in CO2 equivalent) for the years most 
relevant to targets set by the Landfill Directive.   
 
As a consequence of current trends in waste management practices the baseline scenario 
would in itself result in a gradual decrease in greenhouse gas emissions over the next twenty 
years moving from a 2000 level of 2.8 million tonnes to 1.9 in 2020.   
 
The dramatic changes in waste management practices related to Scenarios 1 and 2 will, in 
turn, have a dramatic effect on the emission of greenhouse gas.  Both will result in a massive 
reduction from 2.8 million tonnes in 2000 to about 450 thousand tones in 2010 and 
subsequent years. 
 
The trend in emissions as a result of Scenario 3 is the same as for the baseline but with a 
steeper gradient, larger reductions occurring in the same timescale.  This relates to the 
increased move away from landfill required to meet the targets of the Directive.  The overall 
impact is a reduction from the same baseline 2000 figure of 2.8 million tonnes to 1.5 million 
tonnes in 2020. 

Figure 5.17:  Summary of GHG emissions 
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5.6 A WAY WITH WASTE 

The study has so far considered measures to achieve the progressive targets of the Landfill 
Directive.  However, the draft strategy A way with waste proposes further targets (Table 2.1) 
which may have additional impacts on green house gas emissions.   
 
The recovery and recycling targets in A way with waste are summarised in Figure 5.18:.  By 
2015 the targets are to recover value from two thirds of household waste, with at least half 
of that being achieved through materials recycling and composting.  Assuming zero waste 
growth, this equates to the recovery of 19.4 million tonnes of waste per year.  This is 
considerably less ambitious than the recoveries achieved by 2013 under the stringent 
assumptions of Scenarios 1 and 2 (24.4 and 23.5 million tonnes, respectively), but beyond 
that achieved even by 2020 under the baseline Scenario 0 (13.9 million tonnes) or Scenario 3 
(16.8 million tonnes).  Further efforts will be required over and above those assumed in 
Scenario 3 in order to meet the A way with waste targets.  The impact of these additional 
efforts is considered here. 

Figure 5.18:  Recycling and recovery targets set in A way with waste 
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The analysis is presented as a fourth scenario, summarised alongside Scenario 3 in Table 5.5.  
This scenario is essentially based on additional recycling of the paper/card fractions, 
additional composting of all biodegradable fractions and a small increase in the incineration 
of residual wastes.   

Table 5.5:  Waste flows for Scenarios 3 and 4 

 Waste stream by route (million tonnes) 2020 

 Scenario 3 Scenario 4 Scenario 4a Scenario 4b 

Minimisation 0.00 0.00 0.00 0.00 

Recycling 3.52 3.62 0.86 5.15 

Composting 4.42 5.44 8.20 3.91 

AD 0.66 0.47 0.47 0.47 

EfW Incineration 9.11 9.76 9.76 9.76 

Landfill 11.29 9.72 9.72 9.72 

Sum 29.00 29.00 29.00 29.00 

% Recycling  29 33 33 33 

% Recovery 60 67 66 66 
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However, there is considerable uncertainty as to the limit for paper/card recycling.  Given 
limits to reprocessing capacity and end markets, a high diversion of this fraction can only be 
achieved either through increased incineration or through increasing its diversion to 
compost (principally through the development of ‘dirty MRFs’).  These limits are explored 
in Scenarios 4a and 4b.  Scenario 4a assumes all paper/card are processed through 
composting; Scenario 4b assumes all paper/card is recycled (all other waste streams 
remaining constant).   
 
The material flows under all four Scenarios (3, 4, 4a and 4b) are summarised in Table 5.5.  
The resulting greenhouse gas emissions are summarised in Table 5.6 and presented in 
Figure 5.19.   
Table 5.6 indicates that a 31% greenhouse gas saving is achieved by the introduction of the 
more stringent targets of A way with waste (1.01 versus 1.46 million tonnes CO2 equivalent), 

resulting essentially from reduced landfill emissions and increased energy offsets by 
incineration, with small differences in the mix of transport.   
 
 

Table 5.6:  GHG Emissions from Scenarios 3 and 4 

 GHG Emission Million Tonnes (CO2 Equivalent) 2020 

 Scenario 3 Scenario 4 Scenario 4a Scenario 4b 

Treatment 3.14 2.77 2.77 2.77 

Transport 0.44 0.51 0.21 0.41 

Energy -2.12 -2.27 -2.25 -2.27 

Sum 1.46 1.01 0.73 0.91 

 

Figure 5.19:  Comparison of GHG Emissions 
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Although, figures for emissions from treatment and energy offset are pretty remain broadly 
unchanged for all Scenario 4 variants, the analysis shows a second order sensitivity to the 
treatment route for paper/card.  Scenario 4a (all paper/card composted) results in overall 
lower greenhouse gas emissions.   
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This is because under Scenario 4a it has been assumed that whole waste composting 
(possibly through ‘dirty MRFs’) would predominate as a means of utilising the excess paper 
(such technology is already widely available).  As such, waste would be collected as part of 
the normal collection round and therefore the high emissions associated with delivery of 
waste to civic amenity sites would be significantly reduced.  Deliveries of waste to these sites 
by householders increase the emissions relating to Scenario 4 notably, and as a significant 
amount of waste would be composted under Scenario 4b, also raises this figure.  These 
findings are summarised in Figure 5.20. 
 

Figure 5.20:  Comparison of total GHG emissions (CO2 equivalent) 
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This modelling illustrates that there are greenhouse gas benefits in achieving the A way with 
waste targets, and the greenhouse gas impacts are sensitive to how this is achieved.   
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6 Sensitivity Analysis 

As already stated, there is a large degree of uncertainty regarding the amount of waste 
arisings in future years.  For the purposes of this report we have assumed that waste 
minimisation measures will effectively stabilise waste arisings at 1995 levels.  However, it is 
generally thought that UK MSW arisings are growing at about 3% per annum, which means 
that a ‘no growth’ assumption may well be optimistic. 
 
This chapter thus considers the impact of different rates of growth on some of the key 
aspects of this study.  We have taken what would seem the most likely policy option to be 
implemented, Scenario 3, and applied compound annual growth rates of 0, 1, 2, 3, and 4% 
respectively.  The following series of graphs display the impact of these variable rates of 
growth on: 
 

 waste flows 

 compliance with the Landfill Directive 

 the targets set in A way with waste 

 GHG emissions by source 

 GHG emissions by type 

 total GHG emissions at each of the years relevant to the Landfill Directive 
 

6.1 IMPACT OF DEROGATION PERIOD 

Although it has been widely assumed in this report that the derogation period for the 
targets of the Landfill Directive will be taken up, the Government has not indicated whether 
this will in fact be the case.  However, the only effect of the derogation period is on the time 
taken to meet the targets.  It will have little effect on the figures themselves. 
 
The main impact of the derogation period will be to provide more time to establish 
necessary infrastructure by the time targets have to be met.  We have already discussed the 
long lead-in times associated with the development of some waste management facilities.  
For plant to be coming on-line in 2006 plans should already be in train.  If the derogation 
period were not to be used then a decrease in waste to landfill similar to that between 2005 
and 2010 would have to occur between 2005 and 2006.  It will be necessary for this to be 
taken into account in the forward planning of local authorities.   
 
 

6.2 WASTE FLOWS 

The model developed in this study is based on a distribution of the waste components across 
the different treatment options.  Therefore, when a factor relating to waste growth is 
applied, the amount of waste being delivered to each option increases proportionately.  In 
reality, there will be factors limiting the amount of waste that can be treated by a given 
option.  This sophistication has not been considered in this preliminary study. 
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As before, the amount of incineration and anaerobic digestion is fixed until 2005 to that 
which is currently in the planning system.  This is true for whatever growth rate is 
considered, and leads to a change in gradient of the flow lines at 2005.  This break in 
gradient increases with increased rate of growth in future years. 

Figure 6.1:  Waste Flows - 0% Growth Rate 

Mass Flows - Scenario 3

0

5

10

15

20

25

30

2000 2005 2010 2013 2020

M
ill

io
n

 T
o

n
n

e
s Recycling

Composting

AD

Incineration

Landfill

 

Figure 6.2:  Waste Flows - 1% Growth Rate 
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Figure 6.3:  Waste Flows - 2% Growth Rate 
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Figure 6.4:  Waste Flows - 3% Growth Rate 
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Figure 6.5:  Waste Flows - 4% Growth Rate 
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6.3 COMPLIANCE WITH THE LANDFILL DIRECTIVE 

Figure 6.6 illustrates the impact of waste growth on compliance with the Landfill Directive.  
Under all bar the 4% growth rate, the first target for biodegradable waste going to landfill 
will be met.  This comes as a consequence of a move away from landfill since the baseline 
year of 1995.  However the only situation for which the later targets are met is under 0% 
growth.  All others miss the first and second targets by an increasing amount.  This may be 
exacerbated if the capacity of alternative treatment options, such as recycling, were to be 
capped. 
 
Figure 6.6:  Organic MSW to Landfill 
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These factors have a direct effect on greenhouse gas emissions, shown in Figure 6.19 and 
stresses the impact of waste growth on meeting the statutory requirements of the Landfill 
Directive.  Furthermore, it demonstrates the need for real and effective waste reduction 
measures to be implemented by local and central government.  
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6.4 IMPACT ON A WAY WITH WASTE TARGETS 

As discussed in Section 5.6 the demands of the targets set in A way with waste are even more 
challenging than those imposed by the Landfill Directive.  If these targets are to be met, 
further demands will be placed on local authorities and the waste management community, 
with consequential reductions in greenhouse gas emissions.  These quantified targets are 
illustrated in figuresFigure 6.7 and Figure 6.8.  As the percentage targets are applied to 
contemporary waste arisings, any growth places increasing demands on recycling and 
recovery infrastructure.  
 

Figure 6.7:  Waste Growth and Recycling Targets 
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Figure 6.8:  Impact on Recovery Targets 

A Way With Waste - Recovery Targets

0

5

10

15

20

25

30

35

40

45

2000 2005 2010 2015 2020

M
il

li
o

n
 T

o
n

n
e

s 0%

1%

2%

3%

4%

 

 

 
 
 
 



 AEAT/ED21195/Final Report 
 

 AEA Technology  43 
 

 

 

6.5 GHG EMISSIONS BY SOURCE 

The following series of graphs, figures Figure 6.9 to Figure 6.13 show the impacts of waste 
growth on greenhouse gas emissions from incineration, landfill, transportation and energy 
offsets. 
 
Carbon dioxide emissions from transport relate to the collection and transport of waste to 
final delivery point, and further movement of any recyclables or residues.  On average every 
tonne of waste that is treated by recycling, composting and anaerobic digestion travels 
further than waste delivered for landfill or incineration.  Therefore as a greater proportion of 
waste is treated by these options, emissions increase.  With growth in waste arisings this 
trend will be exaggerated and more waste will be collected, delivered, and treated by all 
treatment options. 
 
Emissions from landfill are directly related to the amount of waste deposited.  Assuming 
zero growth in waste arisings and increased deployment of other options, emissions from 
landfill will decrease.  Increased growth rates reduce the total amount of waste being 
diverted from landfill and emissions will decrease to a lesser degree.  Likewise, emissions 
from incineration are directly related to waste being incinerated - as more waste is treated 
emissions increase. 
 
The amount of greenhouse gas relating to energy offsets is related to the amount of 
electricity displaced by EfW technologies – namely EfW incineration and anaerobic 
digestion.  As more waste is treated the emissions to be offset also increase. 
 
All of the trends are exaggerated by increasing rates of growth, Section 6.6 considers these 
trends by gas type. 
 
Figure 6.9:  GHG Emissions by Source – 0% Growth Rate 
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Figure 6.10:  GHG Emissions by Source – 1% Growth Rate 
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Figure 6.11:  GHG Emissions by Source – 2% Growth Rate 
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Figure 6.12:  GHG Emissions by Source – 3% Growth Rate 
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Figure 6.13:  GHG Emissions by Source – 4% Growth Rate 
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6.6 GHG EMISSIONS BY GAS TYPE 

The trends discussed in Section 6.5 are shown here categorised by gas type, namely carbon 
dioxide (from fossil sources) and methane.  Nitrous oxide contributes very little and can be 
considered negligible even given the large relative CO2 equivalent. 
 
Figures Figure 6.14 to Figure 6.18 show similar trends with a continued fall in methane 
emissions that diminishes as growth rates increase.  This comes as a direct result of the 
amount of waste disposed to landfill. 
 
The figure shown for carbon dioxide is a sum of CO2 emissions from incineration and 
transportation offset against CO2 emissions saved through the displacement of energy 
production.  The net carbon dioxide figure increases both with time and increasing rates of 
growth.   
 

Figure 6.14:  GHG Emission by Gas Type – 0% Growth Rate 
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Figure 6.15:  GHG Emission by Gas Type – 1% Growth Rate 
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Figure 6.16:  GHG Emission by Gas Type – 2% Growth Rate 
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Figure 6.17:  GHG Emission by Gas Type – 3% Growth Rate 
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Figure 6.18:  GHG Emission by Gas Type – 4% Growth Rate 
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6.7 SUMMARY OF IMPACT ON TOTAL NET GHG EMISSIONS 

Figure 6.19 summarises the impact of waste growth on total net greenhouse gas emissions.  
As would be expected, the greater the waste growth, the greater the impact.  As shown in 
the previous set of graphs the dominant contributor to these values is methane emitted from 
landfills. 
 
Growth rates of between 0 and 2% result in an overall decrease in greenhouse gas emissions 
over the time period in question.  With growth rates larger than this emissions will grow 
significantly.  Figure 6.19 shows that by 2020 a growth rate of 4% could relate to an 
increase in greenhouse gas, of as much as two million tonnes over a 0% growth scenario.  
This again stresses the importance of waste minimisation measures both a local and national 
level. 
 

Figure 6.19:  Summary of Impact of Waste Growth on GHG Emissions 
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