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Waste flow analysis in Sussex: Modelling for sustainability 

Abstract 
This thesis investigates the impacts upon the household waste management system of 

moving to sustainable waste management by increasing recycling levels and introducing 

different management options. The composition of household waste from city and district 

collections and household waste recycling sites (HWRS) in East Sussex was analysed. The 

materials present were categorised according to their suitability for potential recovery and 

recycling, including composting. Typical dry recyclable materials included metal cans, 

glass, paper, card and plastic bottles, whereas compostable material comprised mainly 

garden waste. Recoverable materials were also identified as treated and untreated wood in 

residual HWRS. Wood wastes were considered for energy recovery with suitable processes 

reviewed. 

The data on compositional analysis obtained from samples was combined with total waste 

flow data compiled by each local authority in East Sussex and scaled up to the county level. 

The data was then modelled using variables for waste growth, participation and coverage of 

recycling schemes. The materials flow enabled the projected contribution of waste materials 

from each district, borough and combined HWRS to be analysed. The impacts of legislation 

and different management approaches upon waste flow were then modelled in the context of 

levels of recycling commitment. 

The three main levels of recycling considered were low, medium and high recycling activity. 

Low recycling assumed minimal effort by the local authority whilst medium and high 

involved an intermediate and high commitment respectively. The results of the modelling 

projected legislative targets would be achievable with high participation. 

These three levels of recycling were modelled for five possible future scenarios. The waste 

flow outputs from each modelled scenario were analysed using the WISARD life cycle 

assessment software. This software was developed specifically for waste management LCA. 

The scenarios were assessed according to the relative impacts of recycling, composting, 

landfill and energy recovery, incorporating a segregated stream fuelled by wood waste. 

In the low recycling scenario, combined greenhouse gas environmental burdens were 

highest at 190,000-210,000 tonnes equivalent CO2 because of the high energy demand, 

resource use and methane production resulting from reliance on landfill. With medium 

levels of recycling there was reduced landfilling and increased recovery of energy through 

mass burn incineration. The ideal management solution is provided by the scenarios based 

upon high levels of recycling since they manage to divert the most biodegradable material 

from landfill whilst also making the most efficient use of resources. The basic scenario was 

improved for avoidance of fossil CO2 through energy recovery of wood waste and HWRS 

waste with total avoided burdens of -40,000 tonnes equivalent CO2 compared with - 25,000 

tonnes equivalent CO2 previously. The results identify that in an integrated waste 

management system the materials recovered for recycling and recovery can be interchanged 

to optimise resource management and sustainability. 
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Chapter One 

Waste management and sustainable development 

1.1 Introduction 

The amount of waste has grown as society has become wealthier. The increase in the 

municipal waste stream of mainly western economies is attributed to rising levels of 

affluence, cheaper consumable products, the advent of built-in obsolescence, the 

proliferation of packaging, changing patterns of taste and consumption, and the demand 

for convenience goods (Clarke et al., 1999). Waste is now a major problem not only for 

the United Kingdom but the European Union, the US and many other industrialised 

countries. The EU is estimated to produce 1.3 billion tonnes of waste a year, the 

equivalent of 3.5 tonnes for every man, woman and child (OECD, 2004). Furthermore, 

the US processes 2 kg of municipal waste per person per day, in the EU it's 1.1 kg, 

resulting in a total of over half a tonne per person per year for OECD countries (OECD, 

2004). Only 16% of it is recycled, the rest is sent to landfill or incineration (OECD, 

2004). Therefore, the treatment of waste is not only expensive, but causes environmental 

damage and has resulted in the need for a growing body of legislation. 

The legal definition of waste and waste management in force in England and Wales is 

provided by the EU Waste Framework Directive (75/442/EEC): 

'Waste' shall mean any substance or object in the categories set out in Annex I which the 

holder discards or intends or is required to discard. 

'Management' means 'the collection, transport, recovery and disposal of waste, including 

the supervision of such operations and after-care of disposal sites'. 

Determination of whether something is a waste is not always simple since there are 16 

categories in the Waste Framework Directive (91/156/EEC). The producer of a waste 

must ask themselves questions, such as, is it a scrap material, a broken or an unwanted 

surplus substance, anything discarded or otherwise dealt with as if it were a waste? 

(CIWM, 2004). 

Furthermore, legislation in force in England and Wales further defines the types of wastes 

by the processes or premises from which they are produced. These include the 



Environmental Protection Act 1990, Controlled Waste Regulations 1992 and the Waste 

Management Licensing Regulations 1994 (CIWM, 2004 ). Controlled wastes are the 

subject of legislation requiring storage, handling, transport and disposal to meet certain 

legal requirements, which encompasses municipal, household, industrial and commercial 

waste. 

Municipal waste encompasses all waste under the control of local authorities and 

therefore includes all household waste, street litter, waste delivered to recycling points, 

municipal parks waste, council office waste, civic amenity site waste and some 

commercial wastes (DETR, 2000a). Household waste arises from dwellings of various 

types including houses, caravans, houseboats, campsites, prisons and wastes from 

schools, colleges and universities (CIWM, 2004). Commercial waste is from premises 

used wholly or mainly for trade, business, sport, recreation or entertainment, 

whilst industrial waste is from a factory or industrial process. Other wastes not 

designated as controlled waste include agricultural, radioactive, mining and quarrying 

wastes and these have their own restrictions (CIWM, 2004). 

40% 
Municipal solid waste 

■ Industrial & commercial 

□ Construction & 
demolition 

Figure 1.1 Total controlled waste arisings for England and Wales at approximately 165m 

tonnes (Environment Agency, 2004) 
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With regard to municipal waste, it is estimated that there were 29.3 million tonnes arising 

in England in 2002/03, which is an increase on the 28.8 million tonnes in 2001/02. 

However, this does represent a slower rate of increase at 1.8 % and is below the average 

annual increase of 3.0 % since 1996/97 (DEFRA, 2004). 

Waste legislation and policy in England and Wales is driven by the need to manage waste 

safely and effectively and also by international commitments and undertakings, 

particularly in the European Union (DETR, 2000a). The involvement of the European 

Union in UK waste management is significant because the EU is forthright in the opinion 

that the current situation cannot continue. The Directorate-General for the Environment 

considers waste as not only a danger to the environment but increasingly as a threat to 

human health and way of life. Landfill sites are becoming increasingly full and heavy 

metals and toxins are leaking into the surrounding groundwater and soil, explosive and 

toxic gases are being generated (DG Environment, 1999). 

Part of the response to the concerns surrounding landfill has been the EU Landfill 

Directive (99/31/EC) that set targets for the reduction of biodegradable municipal waste 

entering sites (European Union, 1999). These involve reducing biodegradable waste by 

2010 to 75% of that produced in 1995, by 2013 to 50% of that produced in 1995 and by 

2020 to 35% of that produced in 1995 . 

1.2 Principles for managing waste 

The current situation needs to be improved. The concerns surrounding landfill and other 

aspects of the unsustainable levels of waste are to be addressed through good waste 

management. At the European Union level this is based upon the three principles 

described below. 

1.2.1 Waste prevention 

Waste prevention is a key factor in any waste management strategy and requires the link 

between economic growth and waste production to be broken (DETR, 2000a). Indeed an 
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aim of UK waste policy should be to reduce growth in waste volumes to less than growth 

in GDP (Strategy Unit, 2002). If the amount of waste generated in the first place can be 

reduced and also if its hazardousness can be minimised by reducing the presence of 

dangerous substances in products, then disposing of it becomes simpler. Waste prevention 

is therefore linked with improving manufacturing processes and encouraging consumers 

to demand more resource efficient products with less packaging (Europa, 2004). 

1.2.2 Recycling and reuse 

The next preferable option if waste cannot be prevented is to have as many of the 

materials as possible recovered by recycling and re-use. Several specific waste streams 

have been identified for priority attention by the European Commission, with the aim 

being to reduce their overall environmental impact (Europa, 2004). These include 

packaging waste, end-of-life vehicles, batteries, electrical and electronic waste. 

Consequently, EU directives now require Member States to introduce legislation on waste 

collection, reuse, recycling and disposal of these waste streams. Already several EU 

countries are managing to recycle over 50% of packaging waste (Europa, 2004). In 

England and Wales, to comply with the Landfill Directive, the Government and National 

Assembly have established targets for the management of municipal waste: 

• to recover value from 40% of municipal waste by 2005 

• to recover value from 45% of municipal waste by 2010 

• to recover value from 67% of municipal waste by 2015 

The methods for recovery of value will involve recycling, composting, other material 

recovery and energy recovery through combustion, pyrolysis or gasification (DETR, 

2000a). 

Since an essential part of achieving the recovery targets will be increased household 

waste recycling, legislation has now established a set of statutory performance standards 

for local authority recycling and composting (DETR, 2000a). These are to recycle or 

compost: 
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• at least 25% of household waste by 2005 

• at least 30% of household waste by 2010 

• at least 33% of household waste by 2015 

All local authorities are expected to contribute to achieving these targets and 

consequently statutory performance standards have been set for each local authority in 

England (DETR, 2000a). All local targets will need to take account of the Best 

Practicable Environmental Option (BPEO) and because local authorities are subject to 

Best Value Indicators, these will have a significant impact with contractors required to 

meet reduction targets within contracts (Tebbatt Adams et al. , 2000). 

1.2.3 Improving final disposal and monitoring 

For waste that cannot be reused or recycled it is proposed it should be safely incinerated. 

Landfill is only to be used as a last resort (Europa, 2004). There is potential for both of 

these treatments to cause severe environmental damage so they require close monitoring. 

To this end, the EU has approved the Landfill Directive which bans certain types of 

waste, such as used tyres and sets targets for reducing quantities of biodegradable 

municipal waste (Europa, 2004). In addition, the Directive on the incineration of waste 

(2000/76/EC) lays down limits on emission levels from incinerators (EU, 2000). It is an 

aim for the EU to reduce emissions of acid gases such as nitrogen oxides, sulphur 

dioxides and hydrogen chlorides as well as dioxins which can be harmful to human health 

(Europa, 2004). 

1.3 Municipal and Household Waste 

Limited progress is being made in England towards diversion from landfill, recent 

statistics from DEFRA for 2002/03 record a decrease in the amount of municipal waste 

being disposed . Waste to landfill has reduced from 22.3 million tonnes in 2001/02 to 22.0 

million tonnes in 2002/03 . In relative terms, the amount going to landfill in 2002/03 was 
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about the same as in 1999/00. The proportion has also decreased from 77% in 2001/02 to 

75% in 2002/03 (DEFRA, 2004). 

Also in 2002/03, approximately 7.3 million tonnes (24.8%) of municipal waste had value 

such as recycling, composting, energy recovery or RDF manufacture recovered from it. 

This represented an increase from the 6.4 million tonnes (or 22.4%) in 2001/02 (DEFRA, 

2004). Whereas the proportion of municipal waste recycled and composted increased 

from 13.6% in 2001/02 to 15.6% in 2002/03, the proportion of waste incinerated with 

energy recovery has remained at 9% (DEFRA, 2004). 

The proportion of household waste present in municipal waste was 88% or 25.8 million 

tonnes in 2002/03. This represented a 1.0 per cent increase from 2001/02 but was below 

the average annual increase since 1996/97of 2.3% (DEFRA, 2004). The national 

recycling rate for household waste had risen by 2% between 2001/02 and 2002/03 up 

from 12.5% to 14.5%. The actual amount had increased from 3.2 million tonnes in 

2001/02 to a total of 3.7 million tonnes in 2002/03. This means that the amount of 

household waste recycled has more than doubled since 1996/97 (DEFRA, 2004). 

These modest improvements have been achieved because of the input from a growing and 

increasingly professional waste management industry, local authority and government 

intervention and the involvement of the community sector. However, the current rate of 

progress would appear to be too low for the statutory recycling targets to be achieved. It 

will be necessary for there to be considerably more stakeholder involvement and public 

awareness raising for significant progress to be made and to achieve the 25% recycling 

target by 2005/06. 

However, the issues surrounding waste are complex. The Directorate-General for the 

Environment has stated that the problem of waste disposal is only one side of the story, 

since the amount of waste is the result of unsustainable lifestyles (DG Environment, 

1999). The answer is for the current pattern of production and consumption to be adapted 

to minimise pressure on the earth's resources (DG Environment, 1999). Waste production 
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is considered by the EU to be one of the best indicators of progress towards sustainable 

development (DG Environment, 1999), which is also recognised by the UK Government 

(DETR, 2000a). Therefore, waste has important links with many other aspects of 

government policy such as sustainable development, climate change and new and 

renewable energy (DETR, 2000a). 

1.4 Sustainable development 

The increased concern about the degradation of the environment associated with 

economic growth led to the concept of sustainable development (DETR, 1999a). This 

grew out of the report by the World Commission on Environment and Development 'Our 

Common Future' (WCED, 1987), in which sustainable development carried the working 

definition of 'development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs '. 

'Our Common Future' was taken forward by the United Nations and gave rise to the UN 

Conference on Environment and Development in 1992 (UNCED, 1992a). A significant 

outcome of the 'Earth Summit' was the recommendation that all countries should produce 

national sustainable development agendas, so as to minimise the effects of economic 

development upon the environment (UNCED, 1992a). 

In 1994, the UK became one of the first countries to produce a strategy, with ' Sustainable 

development: the UK Strategy' . This document expanded upon the sustainable 

development concepts by considering issues such as resource efficiency and sustainable 

waste management- the components of a sustainable economy. Since then, the strategy 

has been updated by 'A Better Quality of life, the Government's sustainable development 

strategy ' (DETR, 1999a). 

The sustainable development strategy is based upon four main principles (DETR, 1999a): 

• Social progress which meets the needs of everyone 

• Effective protection of the environment 

7 



• Prudent use of natural resources 

• High and stable levels of economic growth and employment 

These four principles are normally referred to as the social, economic and environmental 

objectives. 

1.4.1 Sustainable waste management 

The sustainable management of wastes was acknowledged by the UN Conference on 

Environment and Development in 1992, through Agenda 21 (UNCED, 1992b ). The 

programme areas are represented in terms of the basis for action, objectives, activities and 

means of implementation (UNCED, 1992b ). In the case of waste management the terms 

are used to relate to minimising wastes; maximising environmentally sound waste reuse 

and recycling, promoting environmentally sound waste disposal and treatment; and 

extending waste service coverage. 

The UK Government has adopted sustainable waste and resource indicators as part of its 

national waste strategy (DETR, 2000a). The objectives of the UK resource use and waste 

by sector indicators are for greater resource efficiency and to move away from disposal of 

waste towards waste reduction, reuse, recycling and recovery. The indicators will 

incorporate waste arisings and management, UK resource use, waste by sector, household 

waste and recycling, materials recycling and hazardous waste (DETR, 2000a). 

1.4.2 Social and economic objectives 

The sustainable management of wastes will need to encompass economic and social as 

well as environmental goals. Certainly from an economic perspective the projected 

growth in waste is expected to double the current amount by 2020 and cost £3.2 billion 

per year to dispose, an extra £1.6 billion per year (Strategy Unit, 2002). These wasteful 

practices are actually believed to put the UK at a competitive disadvantage since resource 

efficient product design and manufacturing would reduce costs, whilst growth in markets 

for recyclates and new waste management technologies represent opportunities for 
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businesses (Strategy Unit, 2002). Indeed, the Strategy Unit goes further to state as one of 

its aims that the costs of waste management should be fully internalised within the costs 

of all goods and services (Strategy Unit, 2002). 

From a social perspective, involvement of the public in recycling and minimisation can 

provide important messages about valuing the local environment. This can help to reduce 

anti-social behaviour, such as fly tipping and littering. Furthermore, provision of 

recycling schemes can serve to improve social cohesion and inclusion (Strategy Unit, 

2002). 

1.4.3 Environmental objectives 

Protection of the environment is meant to encompass local and global environmental 

problems such as protection of human health and safety, pollution of water, air and soil, 

wildlife and habitat loss (DETR, 1999a). One of the most threatening situations to face 

the global environment and which is the subject of debate, research and government 

policy is climate change. The anticipated effects of climate change are understood to 

result from the greenhouse effect that is caused by gaseous emissions from a variety of 

development related activities, which includes waste management. Therefore, it is of 

significance to waste issues and UK Government policy. 

1.4.4 Climate change and waste management 

Without the intervention of humans, the available ice core information records that 

concentrations of greenhouse gases important to global change would occur slowly 

(Wuebbles et al., 1999). Since the beginning of the industrial age, emissions associated 

with human activities have risen rapidly (Wuebbles et al., 1999). Deforestation, 

agriculture, industry, waste management and especially fossil fuel use have been 

producing increasing amounts of methane, carbon dioxide, nitrous oxides CFCs and other 

important gases (Wuebbles et al., 1999). 
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It was agreed in Kyoto in 1997, under the terms of the UN Climate Change Convention to 

tackle the problem of global warming through committing Governments to reduce 

emissions of the six main greenhouse gasses responsible for changes in the Earth's 

climate. The EU agreed to reduce their emissions by just over 8% below 1990 levels over 

the period 2008-2012, whilst the UK agreed to contribute a reduction of 12.5% (DETR, 

1999a). In addition, the UK Government set a domestic goal of a 20% reduction in carbon 

dioxide emissions by 2010 (DETR, 2000b). 

Reducing reliance on landfill, a major source of methane will assist this agenda. The 

Landfill Directive sets targets for diversion of biodegradable waste but also will require 

sites to capture and use methane where possible (DETR, 2000a). This will also displace 

some of the electricity produced from fossil sources (DETR, 2000a). 

Whilst recycling uses energy mainly from fossil sources, in many cases this will be less 

than the energy required for raw material extraction, processing and transport. Recycling 

is therefore expected to be of net benefit to climate change (DETR 2000a). Composting 

also releases carbon dioxide but if managed properly this is largely balanced by the 

biomass source (DETR, 2000a). However, if the process turns anaerobic, then it will 

release methane so careful management is required (DETR, 2000a). 

Energy from waste plant, such as incinerators, release carbon dioxide due to the presence 

of oil containing plastics and also because of the paper, card, food wastes and wood 

which is biomass derived. It can be argued that a certain proportion of energy recovery 

incineration is renewable, with biomass waste being able to displace electricity and heat 

from fossil fuel plant (DETR, 2000a). Further clarification as to what constitutes a biofuel 

is available from the UK bioenergy industry organisation, British Biogen. It provides the 

following definitions of biofuel as being derived from products from agriculture and 

forestry, vegetable waste from the food processing industry, vegetable waste from 

agriculture and forestry, cork waste and wood waste (British Biogen, 2000). 
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1.5 Integrated waste management 

The sustainable management of waste concentrates on the reduction at source rather than 

the end disposal of waste (Tebbatt Adams et al., 2000). A further definition is provided 

by Read et al, (1998) with 'the onus being on local authorities to implement strategies to 

deal effectively with their waste in a sustainable, self-sufficient and environmentally 

acceptable manner, in response to national policy and targets, and local environmental, 

social and economic concerns'. Thus, the means for achieving a more sustainable waste 

management is through an integrated approach. The principles of integrated waste 

management (IWM) are taken to mean the use of a variety of options rather than any 

single option (WRF, 1996). These include reuse, recycling, sophisticated landfill 

engineering and a number of advanced biological and thermal treatments (Environment 

Council, 2000). It has been argued that IWM should integrate waste streams, collection 

systems and treatment methods as well as environmental benefit, economic optimisation 

and societal acceptability, whilst providing a practical system of waste management for 

any region (WRF, 1996). Surveys by Tebbatt Adams et al, (2000) of representatives from 

the waste industry, Government and local authorities recognised that providing the 

integration of waste services brings increases in efficiency, cost savings and quality and 

therefore Best Value allows for the opportunity of integrated waste management to 

become widely adopted (Tebbatt Adams et al., 2000). 

It is necessary to be able to deliver a long term strategy and to have a vision for the waste 

management system. Case studies from some of the best practice in Europe have shown 

that they encompassed more than just waste or integrated waste management activities 

(Wilson et al., 2001). In these examples, the municipal waste management issue had been 

placed within the larger context of urban resources management and resulted in certain 

streams no longer being considered as waste. Instead wastes were thought of as materials 

and material flows through the urban system that implied a fundamental philosophical 

shift toward waste being a valuable material that will be re-used or recycled within the 

system (Wilson et al., 2001). 
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The move towards more sustainable waste management, encompassing economic, social 

and environmental goals involves efficient municipal solid waste management systems. 

These also need to be supported by an informed population and appropriate legislation 

and policies (Wilson et al., 2001). The integrated waste management system is 

continually changing and is set to further evolve into resource management, as in Figure 

1.2 (Wilson et al., 2001 ). 
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Figure 1.2.The evolution from IWM (adapted from Wilson et al., 2001) 
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1.6 Resource recovery 

Sustainable waste management, integrated waste management and the steadily evolving 

resource management make provision for energy recovery from waste materials where it 

represents the best practicable environmental option. BPEO asserts that damage to the 

environment from poor waste management can be avoided by implementing 

environmentally sensitive waste management techniques (Clarke et al., 1999). However 

it is crucial for the issues associated with recovery to be carefully considered. The energy 

recovery option is close to the bottom of the waste hierarchy because it converts the 

material into a state that cannot be passed back up. For example, whilst the bottom ash 

produced can be recycled, the electricity and heat can only be used once. It is therefore 

imperative that the process involves a thorough consideration of its current and future 

environmental impact. The addressing of these concerns needs to be viewed in the 

context of the drive towards urban resource management where CO2 balance, water, 

energy and waste will eventually be managed in a single optimised system (Wilson et al., 

2001). 

If the future vision is to become reality, it requires that the totality of waste be considered, 

so that all the available resources can be integrated within the optimised system. 

Therefore it would be desirable for resource management to extend beyond municipal 

wastes to commercial and industrial, construction and demolition. At the present time, 

however, the legislative and regulatory framework presents barriers that are unable to 

support this level of optimisation. Typically waste management is the responsibility of a 

number of different Government departments, so coherent policy making can be a 

problem. At the local level, it is split between tiers of local Government, which causes 

inefficiency between collection and disposal authorities and makes planning permission 

for waste facilities difficult (Strategy Unit, 2002). 

Management systems suited to the material properties of municipal and household wastes 

are required. Recovery systems for dry recyclable materials such as plastics, glass, paper 

and metals are increasing across the UK and processing infrastructure is developing. 
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However, other materials will also be needed to optimise resource recovery in the 

integrated waste management system. Materials such as wood, which is present in 

municipal waste (Excelar Ltd, 2002), have specific properties that make them of interest 

for re-use, recycling, biological treatment or energy recovery. 

1. 7 Research Aim 

Waste management systems are operative for commercial and industrial waste, 

construction and demolition, municipal and household. The options for the different 

materials are combined in an increasingly integrated system in which altering the 

management of one stream will have repercussions for other streams. This is of particular 

relevance in the household system where to achieve sustainable management, highly 

mixed wastes from different dwellings must be collected, sorted and recovered in 

accordance with the material properties. The analysis of a complete waste management 

system is recommended because changing the waste composition by introducing different 

treatment options will affect the performance of the entire system (White et al., 1995). 

The research in this thesis therefore had the following aim: 

To evaluate household waste management systems for optimising to more sustainable 

waste management. 

1.7.1 Discussion 

Household waste disposal is the responsibility of the waste disposal authority (WDA) 

normally a county council, whilst collection is carried out by the waste collection 

authority (WCA), usually a district (Phillips et al., 2002). The two tiers of administration 

would have to work more closely together in order to recycle and recover waste in 

compliance with the statutory targets and achieve a more sustainable management of 

waste. The methods to be employed would be expected to follow the waste hierarchy 

(Phillips et al., 2002) as in Figure 1.3, but also involve a more integrated waste 

management system. Therefore, although reduction in waste is a priority, local 
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authorities will be unable to concentrate on just one approach and will need to involve a 

variety of options. 

Waste prevention 

Waste reduction 

Re-use 

Recycling 

Recovery 

Landfill 

Figure 1.3 UK Waste Hierarchy (modified from Phillips et al., 2002) 

Moreover, within the waste management system, typically, the processes and facilities 

will be the responsibility of the WDA, which will require the WCAs to deliver waste and 

recyclables to them for treatment. For residual waste, a large centralised facility would be 

required to take the place of landfill. In the case of East Sussex, energy recovery is 

proposed by the WDA and sites have been identified for a mass burn incinerator (East 

Sussex County Council, 1998). Alternative options for energy recovery, could involve 

advanced thermal conversion, but like incineration these processes have advantages and 

disadvantages in relation to factors of cost, availability, risk and emissions (IEA 

CADDET, 1998). 

Since recovery will have a considerable role to play in the IWM system, incorporation of 

energy recovery from wood waste would be of benefit. A dedicated wood fuelled 
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combined heat and power plant could operate along with mass bum incineration, as part 

of the same integrated waste management system. However, the wood waste fuel, derived 

from the household waste, may cause problems in the meeting of emission standards 

whilst gate fees need to be at least equal to mass burn. Therefore, from this aim, the 

following research objectives were obtained. 

1.8 Research Objectives 

i) To obtain an understanding of the principles, processes and technologies for 

managing household waste. 

ii) To obtain valid data on the composition of household waste from refuse 

collections and civic amenity. 

iii) To determine the total quantity of different waste materials managed by a 

WDA using primary data and local authority operational data. To then model 

future material flows using the statutory recycling targets, likely growth and 

three different levels of recycling. 

iv) To use the projected material flows to investigate the sustainability of 

specified integrated waste management systems including options for waste 

wood resources. 

v) To compare the overall environmental impact of the specified integrated waste 

management systems investigated. 

1.8.1 Objective (i) 

To obtain an understanding of the principles, processes and technologies for managing 

household waste. 

The primary stage of the research investigated the nature of the principles in which 

household waste is to be managed in order to increase sustainability and how this can be 

related to different processes. This was conducted through a detailed literature review of 

the concepts of waste management, which assisted with the identification of current 
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research limitations. Investigation was also undertaken of the material components in 

household waste and sampling methods employed. The understanding of the waste 

components would assist with determining the processes for managing and treating waste 

and the requirements for legislative compliance. This allowed recovery and more 

specifically the technology for energy recovery to be identified as an area requiring 

further research within the sustainable waste management conceptual framework. 

1.8.2 Objective (ii) 

To obtain valid data on the composition of household waste from refuse collections and 

civic amenity. 

Data specific to the household waste of East Sussex was required so that flows could be 

quantified and the scale and nature of management options could be assessed. 

Compositional data was therefore to be collected through sampling of household 

collected waste and waste from civic amenity sites, also known as household waste 

recycling sites (HWRS). These streams of waste material comprised the total sources of 

household waste in the municipal solid waste system. Therefore, the sampling of wastes 

from these streams would provide a waste material composition for household waste. 

1.8.3 Objective (iii) 

To determine the total quantity of different waste materials managed by a WDA using 

primary data and local authority operational data. To then model future material flows 

using the statutory recycling targets, likely growth and different levels of local authority 

recycling. 

The waste material components identified by objective (ii) needed placing within the 

context of a waste management system using an appropriate procedure. The method 

would use local authority operational data. This is compiled on an annual basis by each 

WCA and the information is then collated by the WDA. It consists of details of the 
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quantities of materials being collected for recycling and disposal. However, residual 

waste material components are unknown and therefore this data was to be augmented 

with waste composition data from samples. A model was to be developed and used to 

project the quantities across the WDA area according to waste growth and local authority 

recycling. Modelling would explore future waste quantities and flows to facilities 

according to levels of local authority recycling. 

1.8.4 Objective (iv) 

To use the projected material flows to investigate the sustainability of specified integrated 

waste management systems including options for waste wood resources. 

The material flows projected by the modelling were to be used to develop scenarios for 

the investigation of integrated waste management systems. These were to be combined 

with logistical data and then used to compare the impacts of different recycling levels 

upon collection systems, collection vehicles and facilities. Therefore, the effects of local 

authority recycling levels upon the whole waste management system were to be explored 

and different management options for the residual waste would be considered. The energy 

recovery option would be investigated as well the scope for recovering energy from wood 

waste. 

1.8.5 Objective (v) 

To compare the overall environmental impact of the specified integrated waste 

management systems investigated. 

The material flows and changes in the logistical arrangements resulting from alternative 

approaches to waste management cannot be used to provide a complete evaluation. 

Further information is required to determine whether or not improvements have been 

made to the system. A method is required that also takes account of the environmental 

impacts that flow from the changes in management and use of different facilities. Thus, 
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the data from the scenarios was to be analysed according to the methodological approach 

of life cycle assessment. Therefore, the environmental impacts of the different levels of 

recycling and varying the management of energy recoverable material, such as wood 

waste would be able to be compared. 

1.9 Layout of thesis 

Chapter Two discusses the recovery of waste wood. The properties of wood waste are 

reviewed and technologies for recovering energy are examined. The technical, economic 

and environmental barriers to wood recovery are considered and the legal requirements 

are also discussed. The integration of wood recovery into a household waste management 

system is then explored and the requirement for local waste composition data highlighted. 

Chapter Three provides the methods for and results from waste samples conducted in the 

WDA area of East Sussex. The approaches to acquiring waste composition data from the 

main waste streams of refuse collection and HWRS are described and results presented. 

Moreover, results from surveys conducted at landfill sites, which serve as the main 

disposal facilities, are discussed. 

Chapter Four describes the development of a model to project waste components from 

samples across the WDA area as tonnes of material. The framework for modelling 

household waste is identified and the procedure for projecting recycling, composting and 

residual waste flow is described. The reference data for the study base year is presented 

and used to conduct a validation of the model. 

Chapter Five considers the implementation of the model developed in Chapter Four. The 

chapter identifies and describes the three levels of local authority recycling investigated. 

The waste flows are projected accordingly and the results are presented as quantities of 

material. The waste flows from each are then related to the scale of integrated waste 

management facilities required. Comparisons are made between them and further 

management options are explored in the discussion. 

20 



Chapter Six concerns the quantification of logistical data used for assessing the 

management impacts of various scenarios. The three levels of recycling project the data 

for transport distances and collection containers for both delivery of waste by the public 

and collection by WCAs and the WDA. The impacts of these different levels ofrecycling 

and the resultant residual waste are presented in logistical terms, rather than as material 

quantities to allow the integrated systems to be evaluated further. These are presented in 

three scenarios. An additional two variations of the highest level of recycling are 

described which are used for exploring the implications of varying management options 

through wood waste recovery. 

Chapter Seven provides a life cycle assessment of the scenarios. The method and the 

WISARD software program used for the analysis are described. The environmental 

impacts of achieving different levels of recycling and using alternative management 

options are evaluated. Therefore, the five scenarios developed in Chapter Six are 

investigated and the results are presented as environmental burdens. Approaches to 

minimising the effects through wood waste energy recovery are explored. Comparative 

analysis with previous LCA work is also investigated. 

Chapter Eight provides a discussion of the research and considers the contribution to 

sustainable waste management made by the modelled scenarios. The methods of data 

collection, projection and analysis are therefore discussed and related back to the aim. 

The ideal scenario and contribution of sustainable waste management is considered 

further. 

Chapter Nine gives an overview of the research completed in the thesis. The key findings 

from the study are considered in relation to sustainability and the problems associated 

with waste management. The need for future work in relation to wood waste recovery is 

highlighted and the applicability of the research method and results is identified. 
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Appendices contain detailed data and some additional material. The documentation 

includes information from the review conducted on energy recovery technologies and 

specific data on wood waste properties necessary for the LCA. The ward data used to 

determine the coverage of kerbside schemes is also included. 

1.10 Summary 

Waste and its management is a large and growing problem throughout the developed 

world. Quantities of municipal waste in the UK have been growing by approximately 3% 

per annum in recent years (DETR, 2000a). It is therefore the subject of considerable 

concern for government, as reflected through the increasing quantity of legislation and 

policy directed at waste issues. 

The way to approach the problem is believed to be through the adoption of sustainable 

waste management. This is important to sustainable development, which aims to provide 

development in a way that delivers economic, social and environmental progress for the 

benefit of future generations. The sustainable management of waste is to be used as an 

indicator for the progress being made in the UK toward this agenda. To become 

sustainable, waste management systems will need to optimise the use of materials through 

minimisation, re-use, recycling and recovery before final controlled disposal. Legislative 

drivers, such as the statutory recycling targets for England and Wales and the EU Landfill 

Directive, aim to help bring this about. Moreover, a professional waste industry and 

increased stakeholder involvement will be required. The integration of systems and a 

steady evolution towards resource management is also anticipated by the research 

literature. 

In order to assess whether improvements can be made to the resource management of the 

waste management system, it will be necessary to analyse the effects attributed to 

recycling, composting and energy recovery against the backdrop of current legislation and 

growing quantities of waste. The investigation will require an evaluation of the recovery 
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of energy from wood waste materials and an analysis of the waste material currently 

flowing through the WDA area of East Sussex. 
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Chapter Two 

Recovery of energy from wood waste 

2.1 Synopsis 

The scale of the waste management problem and concept of sustainable waste 

management were introduced in Chapter One. The approach for achieving sustainable 

management will require not only waste reduction and re-use but recycling and recovery 

of waste. The recovery of energy from waste presents its own challenges for integrated 

waste management and is now explored in Chapter Two. The problem of wood waste is 

reviewed and processes for management investigated. The current status of technologies 

is considered and most appropriate process identified in relation to this study. 

2.2 Introduction 

The progress towards sustainable waste and resource management will require the 

recovery of energy from wastes and this can represent a more environmentally sensitive 

approach through the BPEO than landfill (Clarke et al., 1999). In an optimised integrated 

waste management system suitable materials will be recycled, treated biologically and 

have energy recovered before they are finally disposed of. The material properties of 

wood make it suitable for a variety of uses within an IWM system and its biomass carbon 

can be used in the developing management of resources for electricity generation and 

CO2 avoidance (Wilson et al., 2001). 

For wood waste the potential exists to re-use, recycle and recover. Whether wood that is 

segregated from the household waste is recycled into other products before energetic 

recovery will depend on factors that lie outside the scope of this research, such as 

markets. Ultimately, even recycled and reused wood becomes end of life and at this point 

final energy recovery should be undertaken to optimise the material and the waste 

management system. Recovery of energy would provide a net climate benefit by 

displacing fossil derived energy. Moreover, since the waste is currently disposed of in 
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landfill, it is contributing to the pressure on the available void space but also the 

generation of methane from sites through bio-degradation. 

The total available resource also appears to be sizeable, since the UK consumes an 

estimated 47 million tonnes of wood per annum, excluding paper (WRAP, 2004). 

Consequently, a great deal of waste wood is available every year with recent estimates 

varying considerably from 1.9 million tonnes to 7.5 million tonnes for controlled wastes 

(WRAP, 2004). Other estimates suggest that some 8-10 million tonnes of wood wastes 

arise from the construction and demolition sectors alone (Riddiough, 1999). In another 

recent survey of end of life wood flows, out of a total of 1.9 million tonnes of wood from 

347 commercial organisations surveyed, 46.4% was re-used and recycled, 12% was 

converted to energy and 26% was landfilled (TRADA Technology Ltd, 2003). In the 

packaging stream, 574,000 tonnes of wood packaging were recovered in 2001 (ONS, 

2001). 

For UK municipal waste, recent estimates are that around 0.2 to 3.0% of the collected 

household stream and 18.5 to 26.5% of total civic amenity (HWRS) waste is wood. Once 

bulky collections are included, the total equates to 1.8 million tonnes per annum (Excelar 

Ltd, 2002). However, a great deal of uncertainty exists in the determination of wood 

waste quantities because of seasonal variation, trade waste at civic amenity sites and an 

overall lack of wood waste measurement (Excelar Ltd, 2002). Potentially, wood waste 

has been overlooked in the past and categorised amongst the miscellaneous combustible 

wastes (Excelar Ltd, 2002). 

2.3 Opportunities and barriers to wood resource optimisation 

Despite the varied results of previous research, the evidence does suggest a significant 

quantity of wood waste is present in municipal and other streams. The availability of 

markets is often cited as a barrier to effective material recovery and utilisation. In a 

survey of wood using industries by TRADA Technology Ltd, the most frequently 

recorded barriers to recycling were insufficient markets and the prohibitive cost which 
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made the best option to bum the waste or send it to landfill (TRADA Technology Ltd, 

2003). In many cases, this was because disparate companies produce wood residues in 

small amounts. It is not often practical to store the residues until enough material has 

accumulated for viable transport and initiatives are not taken to network small residue 

producers (Magin, 2001 ). 

Collection of wood from the municipal and household waste stream appears to be more 

promising. Typical secondary uses provided by local authorities for municipal wood 

waste, collected through civic amenity facilities are listed in Table 2.1. In further research 

by Flora and Fauna International (Magin, 2001), the most common barrier to wood 

recovery was lack of an outlet, lack of staff and financial resources, lack of space and 

contamination or quality of the material. 

Secondary use Flora and fauna survey Excelar Ltd survey (2002) 

(2001) 

Chipboard manufacture 14 32 

Re-use by public 11 2 

Composting/ mulch 10 6 

Waste to energy 7 4 

Domestic fuel 3 -
Wood chip for roads 1 1 

Animal bedding 1 1 

Total responses 47 46 

Table 2.1 Local authority secondary use responses for civic amenity collected wood 

Research by Excelar Ltd (2002) confirmed these earlier findings by Flora and Fauna 

International. Excelar Ltd concluded that the main barriers to more wood waste recovery 

were the lack of stable and economic end markets, lack of resources and not enough 

suitable space at CA sites (Excelar, 2002). However, approximately 59% of the 94 waste 

disposal authorities responding had some form of wood or furniture re-use or recovery 

scheme in place. Furthermore, 69% also planned further initiatives in the future (Excelar 

Ltd, 2002). 

On the basis of these survey results, it would appear that the demand is growing for the 

waste management industry to provide locally based facilities for wood waste recovery. 
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Such a facility could in theory help to provide a stable market for commercial/ industrial 

and municipal waste. Waste management facilities are required locally, near urban areas 

where most waste arises because of the cost of transporting waste long distances. It is 

then possible for companies and local authorities to access them by means of a waste 

disposal contract. 

With recovery facilities, such as incineration, there is demand for waste disposal in the 

proximity of urban areas as well as a heat and power demand. Therefore, it should be 

desirable to locate embedded combined heat and power facilities for wood waste energy 

recovery in the same way as mass burn incinerators, to recover energy and fulfil a 

disposal role. However, in practice there are barriers to deployment: 

(1) Perceived cost, in as much that waste disposal charges are less than the cost of 

investment in small scale CHP or incineration 

(2) Fossil fuels are still cheaper in relative terms than wood. 

(3) Planning and regulatory restrictions 

( 4) Contractual restrictions 

(5) Financial risk 

Yet, these barriers may be lowered if the recovery system can be used to help meet the 

national, European and international policy and legislation in relation to energy and 

sustainable waste management summarised in Table 2.2. 

In consideration of sustainable development, in particular the social and economic 

objectives, an argument can already be made for renewable energy, since fossil fuels will 

inevitably run out and alternatives must be found. In terms of existing jobs, around 3,500 

people were directly employed in the renewables industry in over 700 companies in 1999. 

Most of these companies were small and medium sized enterprises although large 

multinationals based in the UK are also moving into the field (Dti, 1999). 
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Landfill Tax, 1996 
EU Landfill Directive (99/31/EC) 
Utilities Act, 2000, introduced Renewables Obligation, 2001 (waste incineration excluded) 

Finance Act 2000, introduced Climate Change Levy, 2001 (renewables exempt) 

EC Directive (96/61/EC) on integrated pollution prevention (IPPC) 

Table 2.2 Key legislation driving renewable energy and sustainable waste management 

Therefore, of the legislation displayed in Table 2.2, the Landfill Directive, the Utilities 

Act and Climate Change Levy are likely to have the largest impact upon the amounts of 

wood waste that become available for energy recovery. The Landfill Directive is 

intended to steadily reduce the amount of biodegradable municipal waste entering landfill 

to an eventual 35% of 1995 levels by 2020. Consequently, considerable volumes of wood 

and other biodegradable wastes will have to be diverted. 

2.3.1 Renewable energy from biomass 

The definition of biofuel includes wood waste but with the exception of wood waste that 

may contain treated wood originating from building and demolition waste (British 

Biogen, 2000). In the pellet market, domestic grade pellets are only made from untreated 

wood. Commercial grade pellets can be made from treated wood so long as it does not 

contain halogenated organic compounds or heavy metals as a result of treatment or 

originate from building and demolition waste (British Biogen, 2000). Wood as a fuel has 

other environmental benefits over fossil fuels, besides the recycling of carbon released 

during combustion through the sink of forests . These include low sulphur, which 

significantly reduces the air pollution of sulphuric acid and sulphur dioxide. Also using 

wood waste as a fuel enables forests to remain in place longer, thereby extending the 

carbon sink (TRADA Technology Ltd, 2003). 

The Utilities Act 2000 (Great Britain, 2000) implemented the Renewables Obligation 

Order in October 2001. This is a mechanism, not unlike the Non Fossil Fuel Obligation 

arrangements that provides renewable energy producers with access to the market. 

Existing electricity suppliers will be obliged to source 10% of their supply from 
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renewable energy companies. In addition, industries supplied by renewable energy will 

have the benefit of being exempt from the climate change levy for the proportion of 

renewable energy they use. Industry in the UK consumes about 263,000 tonnes of wood 

fuel per annum, whilst the domestic market uses about 205,000 tonnes (TRADA 

Technology Ltd, 2003). The impact of legislation upon biomass fuels is expected to raise 

biomass energy provision from the current 130 MWe to a targeted 1000 MWe by 2010. 

For reasons of efficiency it is believed that the wood chip market offers the best potential 

for wood based boiler fuel and heat markets (TRADA Technology Ltd, 2003). 

Appropriate technologies include pyrolysis, gasification or direct combustion. Currently 

in the UK there are no commercial pyrolysers or gasifiers operating on waste wood. All 

such systems are still at the demonstration phase. However, wood combustion 

technology is well understood and a variety of companies throughout the UK and Europe 

manufacture systems that are already operating in a commercial environment for the 

purposes of providing combined heat and power from wood residues. For example, 

Hammonds Furniture is using wood as an industrial fuel (TRADA Technology Ltd, 

2003). The cost of some typically available small-scale plant based on direct combustion 

are summarised in Table 2.3. 

Plant output Fuel input (tons per Fuel requirements Typical plant 

( electrical annum) cost (£000) 

and heat) 
300kWe- 4000-5000 Wood chip, sawdust, 600 

2000kWt shavings, pellet 

500kWe- 6000-7000 Wood chip, sawdust, 800 

3000kWt shavings, pellet 

lMWe- 11,000-12,000 Wood chip, sawdust, 1,500 

6MWt shavings, pellet 

Table 2.3 Typical plant cost for commercially available biomass CHP (Talbotts Ltd, 

personal communication, April 20, 1999) 
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2.4 Considerations for wood recovery within the waste management system 

Regulatory and planning barriers in relation to the definition of wood from municipal 

sources as a waste, mean that energy recovery will need to be provided through the waste 

management system. This is an issue for local authorities due to the rise of the NIMBY 

and its impact on the planning process for waste management. Local people often oppose 

facilities over concerns about pollution, traffic, noise and effect on house prices (Strategy 

Unit, 2002). Moreover, elected members can often delay the planning process through 

failure to take decisions on unpopular facilities, even where these have been agreed in the 

waste local plan (Strategy Unit, 2002). 

Waste wood does provide a particular challenge, since treated timbers depending on the 

preservatives can have life-spans of 20 to 30 years meaning products from the 1970s are 

now entering the waste stream (Blassino et al., 2002) and these must be managed in 

accordance with present day legislation and regulations (Table 2.4). In many cases these 

products can no longer be produced, their chemical contents having been banned and as a 

waste they may even be categorised as hazardous (Blassino et al., 2002). 

Wood Product Typical Service Life (Years) 

Cooling tower packing timbers 30 

Timbers in fresh water 30 

Timbers in marine conditions 15 

Fencing timber, agricultural and horticultural 15-60 years depending on preservative 

timbers 
External joinery and external fittings above 30 

ground contact 
External walls 60 

Railway sleepers 40 

Table 2.4. Approximate service lives of treated wood in different applications (Cockcroft, 

1979) 

2.4.1 Wood treatments 

Research suggests that the main preservative treatments in the UK which have found 

wide commercial application in the past are, creosote, chromated copper arsenate and 
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light organic solvent based products and that this is set to change because of recent 

legislation (Enviros Consulting Ltd & BioComposites Centre, 2004). The European 

Commission recently published Commission Directive 2003/02/EC of 6 January 2003, 

relating to restrictions on the marketing and use of arsenic (tenth adaptation to technical 

progress to Council Directive 76/769/EEC) (Enviros Consulting Ltd & BioComposites 

Centre, 2004). From 30 June 2004, chromated copper arsenate (CCA) treated wood will 

not be allowed for certain end-uses, (Table 2.5) and the directive will restrict the 

marketing and use of CCA wood preservatives as well as CCA treated wood where there 

is potential of human contact, such as in households. These restrictions also apply to 

imported treated wood as well as waste wood in re-use. In the mean time, CCA treated 

wood can continue to be used without restriction until the directive is implemented in 

June 2004 (Enviros Consulting Ltd & BioComposites Centre, 2004). Similarly, because 

of the implementation of European Directive 2001/90/EC in June 2003, creosote is no 

longer available to DIY users. It is however permitted for use on telegraph poles and 

fencing (Enviros Consulting Ltd & BioComposites Centre, 2004). 

Unacceptable uses Permitted uses 
• In residential or domestic constructions, • As structural timber in public and agricultural 

whatever the purpose buildings, office buildings, and industrial premises 

• In any application where there is a risk of (no human contact) 

repeated skin contact • In bridges and bridgework 

• In marine waters • As constructional timber in freshwater areas 

• For agricultural purposes other than for e.g. jetties and bridges 

livestock fence posts and structural uses • As noise barriers 

• In any application where the treated wood • In avalanche control 

may come into contact with intermediate or • In highway safety fencing and barriers 

finished products intended for human and/or • As debarked round conifer livestock fence posts 

animal consumption. • In earth retaining structures 
• As electric power transmission and 
telecommunications poles 

Table 2.5 Unacceptable and permitted uses of CCA treated wood waste under EU 

directive 2003/02/EC (Enviros Consulting Ltd & BioComposites Centre, 2004) 

In addition, the use of cyclodienes ( e.g. aldrin, chlordane, dieldrin, lindane and 

heptachlor), as insecticides in wood preservation, is restricted in many countries because 

these compounds are persistent in the environment (Enviros Consulting Ltd & 

BioComposites Centre, 2004). 
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As a consequence of these restrictions the wood preservation industry has changed and 

new preservatives will replace CCA and creosote in restricted applications. The most 

widely used new products are biodegradable organic biocides, copper-based preservative 

systems and borates apparently show potential. Therefore, this will have a significant 

impact on treated wood waste management (Enviros Consulting Ltd & BioComposites 

Centre, 2004). 

2.5 Technologies for energy recovery 

The question therefore remains as to how best to treat these wastes. Wood waste is likely 

to consist of mainly treated, contaminated and manufactured timber materials it is 

uneconomical or impractical to recycle from the MSW stream. The material will originate 

from gardens and household interiors and will vary in terms of treatment, age and 

contamination. Therefore, a review was conducted of the energy recovery technologies 

available for wood wastes over the medium term (10-15 years) and that could form part 

of an integrated waste management system for household waste. 

Excluding liquefaction, there are currently three main technological processes available 

that are capable of releasing energy from biomass and waste materials through thermal 

conversion. They either involve direct combustion, pyrolysis or gasification and the 

extent to which each technology is proven varies. Consequently, the emphasis of the 

energy from wood waste research has been placed upon suppliers and technologies that 

are currently commercially available or, at the very least, approaching commercial 

availability. 
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2.6 Direct combustion steam turbine 
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Figure 2.1: Combustion process diagram (adapted from IEA CADDET, 1998) 

The principle of this technology is the direct and rapid oxidation of the fuel in an 

exothermic chemical reaction. The burning of a solid fuel in a gas oxidant produces a 

diffusion flame in which counter-current diffusion is the source of the fuel and oxidant 

reactants for the combustion reaction (Edwards, 1974). Solid fuels contain a variety of 

chemical constituents, not all of which are combustible. Thus, the fuel can be divided 

into combustible and non-combustible (inert) components. For wood and municipal solid 

wastes, the inerts include moisture and the inorganic ash forming substances such as 

silicates, sulfides, halogen salts etc. The inerts may contribute in some way to the 

reactions, particularly those at high temperature, but they do not add markedly to the 

energy released. Consequently, they act as a thermal sink and influence the peak 
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temperatures achieved during combustion (Edwards, 1974). Efficient combustion is 

therefore desired so that the highest possible temperatures can be attained when the fuel is 

burned with a stoichiometric supply of air (Eastop and Croft, 1990). 

Since the prime mover for direct combustion based electricity generation is the steam 

turbine (rankine cycle), the boiler is designed to recover the heat from the hot flue gases 

in as an efficient and long-lived manner as possible. The steam is therefore produced at a 

temperature and pressure consistent with achieving long boiler tube life through 

avoidance of corrosion and erosion (Porteous, 1998). 

The steam turbines used in CHP installations, depending upon the arrangement will either 

be a back pressure or passout condensing turbine. The basic principle of the back 

pressure type is: the greater the amount of power desired, the lower the condenser 

pressure and the less heat generated for process use. Raising the condenser pressure will 

raise the pressure and temperature of heat supply but will reduce the power output from 

the turbine. This type of arrangement is understood to work best when operating at a heat/ 

power ratio of 9: 1. Passout turbines allow a variable amount of steam to be extracted from 

the turbine before full expansion takes place. Operational heat/power ratios are around 

3: 1 (Eastop and Croft, 1990). 

The efficiency of steam production and conversion into electrical energy is largely 

dependent on the steam inlet conditions (pressure and temperature). Combustion of 

wastes is somewhat disadvantaged in comparison to mono-fuel because of material 

limitations. The presence of chlorine in the feedstock carries the risk of high temperature 

chlorine corrosion of the super heater tubes. The majority of waste combustion plants 

limit steam pressures to 40-45 bar and steam temperature to 400°C. Thermal efficiencies 

of such plants are therefore low, 22-25% for electricity generation, although levels can 

rise as high as 80% if the plant utilises the heat (Porteous, 1998). Finally, it should be 

remembered that the function of the combustion unit is both to dispose of waste material 

efficiently and hygienically and to provide power. Therefore direct comparisons with 

thermal power stations are not valid (Porteous, 1998). 
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2.6.1 Feedstock characteristics 

The more heterogeneous nature of waste as fuel renders the thermal efficiency of the 

conversion to be less than when firing with mono-fuels. Mixed fuel boilers generally 

achieve 80% efficiency in the conversion from fuel to steam. This is typically 5-10% less 

than achieved in mono-fuel fired boilers. The increase in thermal losses is due to the 

nature of the waste as a fuel, which requires greater excess combustion air plus ash losses 

(Porteous, 1998). Contamination can be managed since furniture wastes that contain a 

great deal of non-wood materials such as paints, adhesives and preservatives are often 

subjected to the combustion process (Khalfi et al. , 2000). 

Efficient combustion depends upon fuel characteristics. Many small scale CHP plant are 

able to manage particle sizes ranging from 30mm to dust and with moisture contents as 

high as 50%. Obviously, the more homogenous the feedstock, the higher the thermal 

efficiencies obtained. It is generally accepted that the moisture content of the wood 

should be kept to less than 30%, with particle sizes of 11-30mm consistency and it would 

be advisable for the waste to be shredded to a consistent size (Y rjola, 1998). Where the 

fuels are particularly moist, it may be necessary to utilise the thermal energy of the 

combustion gases for drying purposes. Y rjola (1998) suggests that to reduce fuels with 

initial moisture content of 55% to 30%, will generally require drying air of 70°C to be 

passed through a fuel layer of 0.3-0.6m at a velocity of around 0.3-0.6m/s. Exhaust air 

will have a temperature of 20-30°C and will be almost saturated (Y rjola, 1998). 

2.6.2. Grate fired systems 

The specific advantages of grate firing systems is that they are able to handle 

heterogeneous fuels with large particle sizes and high moisture contents up to 65 wt% 

water (Obernberger, 1998). However, it is not advisable to combust mixtures of biomass 

fuels, such as wood, straw, cereals and grass due to their different combustion behaviour 

(Obernberger, 1998). Investment costs and operating costs up to 1 0MW th are 
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comparatively low and in addition, they offer good burnout of fly ash particles and a low 

dust load in the flue gas (Werther et al., 2000). Good operation is also possible at partial 

load and the grate fired systems are less sensitive to slagging than fluidised bed 

combustion systems. However, efficient NOx reduction requires special technology, 

combustion conditions are not as homogenous as in fluidised bed and comparatively 

higher excess air ratios lower the energy efficiency (Werther et al., 2000). 

Typically, grates in combustion plants are stationary, travelling or vibrating for the 

combustion of wood wastes (Kwant and Van Zanten, 1998) (Van den Broek et al. , 1996). 

Sometimes grates are water-cooled which prevents slagging and extends the lifetime of 

the grate materials (Werther et al., 2000). Ideally, furnace temperatures should not exceed 

900°C for normal operation (Obernberger, 1998). 

At municipal scales, moving or travelling grate action is usually either reciprocating or 

rotary and must ensure thorough fuel mixing to achieve uniform combustion, resulting in 

low residual carbon in the ash. The grate is divided into several zones, normally; drying, 

combustion and burn out so that the combustion parameters in each zone can be regulated 

to achieve control over the combustion temperature (Porteous, 1998). 

In a travelling grate boiler for wood waste combustors, the fuel is fed in at one side of the 

grate and must be burnt before it reaches the ash dumping site of the furnace. This type of 

boiler improves combustion efficiency because the layer of fuel on the grate is thinner 

and carbon burnout is improved (Van den Broek et al., 1996). In order to avoid the 

formation of ' holes' and unburned particles, fuel transport must be kept very slight. 

Infrared beams may also be used as a height control system with frequency controlled 

primary air fans for the different grate sections (Obernberger, 1998). Primary air supply 

divided into sections is necessary to be able to adjust the specific air amounts to the 

requirements of the drying, gasification and charcoal combustion zones (Obernberger, 

1998). Such grates are also equipped with screw augurs to automatically remove ash from 

the bottom of the grate (Kwant and Van Zanten, 1998). 
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With a vibrating grate boiler, fuel is fed over the surface and the shaking movement 

spreads it evenly. Fewer moving parts are required; thus such grates need lower 

maintenance. Consequently, carbon burnout efficiency is greater and with water cooled 

grates it is possible to increase the amount of over fire air, which results in decreased 

formation of thermal NOx (Van den Broek et al. , 1996). 

Grate furnaces should also provide a staged combustion by separating the primary and 

secondary combustion chamber. The aim of this is to avoid back-mixing of the secondary 

air and to achieve a well separated gasification and oxidation zone (Obernberger, 1998). 

Research by Werther et al, (2000) states that the system should be designed to allow two 

stage combustion so as to reduce the rate of incomplete combustion due to the escape of 

the volatiles from the zone of combustion (Werther et al., 2000). Higher combustion 

efficiencies will be achieved with an as complete mixing of flue gas and air in the 

secondary chamber as possible (Obernberger, 1998). 

2.6.3 Fluidised bed 

A further combustion system configuration involves the use of fluidised bed technology. 

The principle uses a bed of granular material, such as sand to provide the combustion 

medium, which is fluidised by jets of hot air. The material to be combusted is then 

introduced to the chamber and the isothermal nature of the bed results in very high levels 

of combustion. The versatility remains one of the greatest advantages of this system. A 

wide variety of waste materials can be combusted ranging from hazardous wastes, sewage 

sludges to MSW. 

The main advantages of fluidised bed combustors, according to Werther et al. , (2000) are: 

• Uniform temperature distribution due to intense mixing of solids. 

• Large solid-gas exchange area due to small solids grain size. 

• Combustion is possible for a wide range of fuel types, sizes, shapes, moisture 

contents and heating values. 
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• High heat capacity of the fluidised bed enables suppression of the formation of 

thermal and prompt nitrogen oxides. 

• There are no moving parts in the combustion chamber. 

Some of the disadvantages according to Werther et al. , (2000) are: 

• Solids are entrained by the fluidising gas and the high dust load in the flue gas. 

Consequently, solid separation or gas purification equipment is required. 

• Erosion of internal fittings results from high solids velocities. 

• Likelihood of defluidisation due to agglomeration of solids. 

• Special technology is required for partial load operation. 

2.6.3.1 Bubbling fluidised bed 

BFB combustors start to be of interest for plants with a nominal boiler capacity of 10 

MW th• A bed of silica sand is contained in the bottom section of the furnace and the 

primary air is usually supplied over a nozzle distributor plate. Bed temperature normally 

varies between 800°C and 900°C with a fluidization velocity of the air between 1.0-2.5 

m/s. Secondary air is introduced through several inlets in the form of groups of nozzles in 

the upper part of the furnace called the freeboard. Biomass fuel needs to be fed into the 

bed by inclined shutes from fuel hoppers (Obernberger, 1998). The investment costs for 

bubbling fluidised bed combustors with a thermal capacity of more than 10 MW are 

comparatively low, although the operating costs are higher than for grate fired systems 

because of the high power requirements of the blower (Werther et al., 2000). 

2.6.3 .2 Circulating fluidised bed 

Increasing the fluidising velocity to 5-1 0m/s and using smaller sand particles of 0.2-

0.4mm in diameter results in a circulating fluidised bed system (Obernberger 1998). The 

particles of sand are carried by the flue gas and separated in a hot cyclone or a U beam 

separator. They are then fed back to the combustion chamber (Obernberger 1998). CFB 
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systems have better carbon burnout efficiencies and through addition of lime to the bed, 

can absorb acid gases (Van den Broek et al , 1996). Higher turbulence in the CFB furnaces 

leads to a better heat transfer and homogenous temperature distribution in the bed. Due to 

their high specific heat transfer capacity, CFB plant are generally of interest at capacities 

greater than 30MWth (Obernberger, 1998). As in the case of BFB, there are also several 

disadvantages to CFB technology, according to Obernberger (1998): 

• Larger plant size results in a higher price. 

• Greater dust load in the flue gas than BFB systems. 

• Higher loss of bed materials in the ash. 

• Small fuel particle size required (O. l-20mm in diameter). 

• Operation at partial load is problematic. 

2.6.4 Other systems: Suspension burners 

The principle of suspension burning involves firing the fuel as small particles into the 

combustor such that they burn whilst they are being fed into the burner (Van den Broek et 

al., 1996). The main advantage of such a system is the high boiler efficiency. However, 

the fuel requires a significant amount of pre-treatment. Ideally particle size should be 

<2mm and dry (<15 wt% moisture content) so fuel types such as sander dust are well 

suited to this application (Werther et al., 2000). Some of the disadvantages according to 

Werther et al., (2000) are that staging cannot be accomplished, particulates end up in the 

fly ash and there is higher fuel nitrogen conversion to NOx than spreader-stoker burning. 

2.6.5 Other systems: Underfeed stokers and spreader stokers 

In the basic stoker design, the bottom of the furnace is comprised of a moving grate 

cooled by underfire air (Bain et al., 1998). The principle behind stoker systems is that 

combustion takes place in the boiler. This leads to a lower combustion efficiency, 

although heat losses and costs are much lower (Strehler, 2000). The moving grate is 

provided so as to permit continual ash collection (Bain et al., 1998). 
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Underfeed stokers are generally only suitable for small-scale systems of up to around 

6MWth nominal boiler capacity. They are most suited to biomass fuels with a low ash 

content such as wood chips and sawdust. The ash rich fuels like bark, straw and cereals 

require more efficient ash removal systems (Obernberger, 1998). 

Spreader stokers use a feeding system comprising a windswept or pneumatic spout or 

paddle wheel located above the grate. The bed of fuel on the grate is kept thin and the 

stoker mechanism distributes the fuel uniformly across the grate (Werther et al. , 2000). 

Staged combustion processes have been developed to meet the tighter NOx emission 

limits (Bain et al., 1998). In the 'Zurn ' furnace, the fuel burns under substoichiometric 

conditions at approximately l 150°C and in the overtire zone, volatiles burn at around 

1260°C. Furnace exit temperatures are maintained at about 980°C and under such 

conditions, NOx is minimised and furnace temperatures are kept below the ash 

deformation temperatures of most biomass fuels (Bain et al., 1998). 

2.6.6 Applications and scale 

It is possible for combustion plant to operate over a very wide range of feedstock inputs, 

from as little as 1 ton per day up to more than 100 tons per day. Power outputs could be 

as small as 250 kWe or as large as 10 MWe. In Finland, where the use of biomass 

combustion is widespread due to the extensive forestry industry, power plants are often 

greater than 10 MWe and use a range of fluidised bed technologies (Irish Energy Centre, 

2000). 

Most of the UK plant manufacturers and distributors supply small plant of less than 1 

MWe. The reason for this is that their markets are amongst the small to medium 

enterprises that have waste disposal and energy costs that are high enough to merit this 

level of investment in energy from waste technology. Stoker designs often suffice for 

these applications. Another factor for consideration is the lack of large-scale forestry and 

pulp mill operations in this country, which has not created the demand particularly for 

large plant, experienced in Scandinavia (Irish Energy Centre, 2000). 
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2.6. 7 Environment and emission control 

With regard to gaseous and solid emissions, fluidised bed furnaces normally show lower 

CO and NOx emissions due to the more homogenous and controllable combustion 

conditions. Grate furnaces normally emit fewer dust particles and provide a better burn 

out of the fly ash (Obernberger, 1998). This could be an advantage to keeping costs down 

for hazardous waste disposal. 

Solid ash is produced in the combustion grate that will require disposal or recycling. This 

is typically 15% by weight of the fuel input for wood (Meneghetti et al., 2002) and 25% 

for MSW (Porteous, 1998). In pure wood fuel combustion systems, the bottom ash is 

recycled to the woodland/forest/coppice as a fertiliser (Irish Energy Centre, 2000). This 

may not be possible where treated timbers are combusted because of heavy metal 

concentrations. Fly ash from the air pollution control equipment will also require 

disposal. Where treated timbers have been combusted, heavy metal concentrations may 

be high enough to merit treatment as a hazardous waste. From a technical perspective, air 

pollution control technology can be provided to meet air quality legislation as laid out in 

the Environmental Protection Act 1990 (Great Britain, 1990). However, the cost of extra 

mitigation measures will be higher where contaminated materials are being combusted. 

2.6.8 Costs 

The economic advantages of different combustion systems are not altogether clear. 

Investment costs are slightly lower for grate fired systems than fluid bed (Table 2.6) from 

Turnbulls, (1993) research cited in Van den Broek et al. , (1996). However, it is difficult 

to make clear comparisons between these findings and those of Heuvel (1994) in the same 

study by Van den Broek et al. , (1996) because of the different currency conversion used. 

The technology is generally well understood and this has led to capital costs being lower 

than for advanced thermal conversion technologies. However, conversion efficiencies for 
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gasification are higher and some systems may have less need for air pollution control 

equipment and therefore, costs may not be that different on a per kW basis (Van den 

Broek et al., 1996). 

Author Technology Scale Tle•netLHV(%) Investment costs 

(MWe) (efficiency) (1992US $/kW) 

Turnbull (1993) Travelling grate 25 24 1710-2140 

Turnbull (1993) CFB 25 24 1820-2270 

EPRI (1993) Stoker fired 50 29 1780 

EPRI (1993) Fluidised bed 50 29 2090 

Heuvel 1 (1994) Grate fired 20 33 2050 

Heuvel' (1994) Grate fired 50 37 1570 

Table 2.6. Summary ofresults for other biomass combustion research. Adapted from Van 

den Broek et al., (1996) 

2.6.9 Suppliers 

There are a wide variety of equipment manufacturers and suppliers both in the UK and 

overseas. However, generally the UK manufacturers produce only small scale systems. 

Table 2.7 summarises a selection of suppliers and the technologies available. 

Supplier Technology Additional information 

Talbotts (UK) Direct combustion, steam Largest model available 

turbine lMWe 

VynckeNV Tailor made solutions: direct Models available from I 

combustion, steam turbine 50MWe 

Babcock Borsig Power GmbH Direct combustion, range of Models available from 

grate or fluidised bed I00MWth 

is 

to 

5-

Fortum Engineering Ltd Direct combustion, steam Various plant available, 

turbine generally in excess of 8MWe 

Econergy Ltd (UK) Direct combustion, steam Largest model available is 

turbine IMWe 

Table 2.7 Combustion technology and CHP suppliers 

1 Base year not provided for currency 
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2. 7 Pyrolysis 
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Figure 2.2. Pyrolysis process diagram (adapted from IEA CADDET, 1998) 

Pyrolysis is the thermal degradation of carbonaceous materials, either in the complete 

absence of an oxidising agent or with such a limited supply, that gasification does not 

occur to an appreciable extent (Bridgwater & Evans, 1993). In practice complete 

elimination of air is very difficult and some oxidation is likely to occur (IEA CADDET, 

1998). Heat is usually added indirectly in a variety of forms, although partial gasification 

may be employed to give direct heating at the expense of char and liquid yields 

(Bridgwater and Evans, 1993). The process employs relatively low temperatures of 400-
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800°C and results in the production of gas, liquid and char (IEA CADDET, 1998). The 

proportions of each, varies according to the reaction parameters of temperature and 

reaction time, or rate of reaction. Where the oxidising agent is kept in limited supply and 

gasification does not occur to a great extent, this partial gasification is used to provide the 

thermal energy required for pyrolysis at the expense of char and liquid yields. Flash 

pyrolysis for example, at temperatures of around 500°C gives up to 80% yields by weight 

of pyrolysis liquids, referred to as bio-crude or bio-oil (Bridgwater and Evans, 1993). 

Thus, the proportions of the products of pyrolysis depend upon the method and the 

reaction parameters. 

• Slow pyrolysis or carbonisation reqmres a slow reaction at low temperatures to 

maximise the solid char yield. This results in the gas and liquid products being 

treated as by-products that are used in the process for energy. Depending upon the 

process, they may be exported for chemical recovery or destroyed as waste, possibly 

through incineration with the gas (Bridgwater and Evans, 1993). 

• Conventional pyrolysis produces more equal yields of gas, liquid and solid. However, 

this has led to it being a less popular technology than fast pyrolysis because of the 

multiplicity of products that are difficult to manage and market. There are also lower 

efficiencies in gas production and problems of heat transfer to the reactor. Some of 

these problems have been overcome in twin reactor systems (Bridgwater and Evans, 

1993). 

• Flash or fast pyrolysis uses very high heating rates at moderate temperatures and 

rapid product quenching to cause the liquid intermediate products of pyrolysis to 

condense before further reaction breaks down higher molecular weight species into 

gaseous products. High reaction rates also minimise char formation, with the result 

that under some conditions no char is formed. At higher reaction temperatures, gas is 

the major product. Fast pyrolysis can be used to maximise either liquid or gaseous 

products, producing up to 80% mass yields of pyrolysis liquids or bio-oil (Bridgwater 

and Evans, 1993). Liquids for use as fuels can be produced with longer vapour 

residence times, of up to around 5 seconds and over a wider temperature range 

(Bridgwater et al., 1999). It could be argued that the conversion of lignocellulosic 
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materials to liquids has been of most interest because liquid fuels have the greatest 

applicability as an alternative energy source (Scott et al., 1999). 

2. 7 .1 Feedstock characteristics 

A variety of biomass feedstocks are suitable for pyrolysis, such as fine wood particles 

used in the Egemin NV flash pyrolysis process, whilst the Ensyn process can operate with 

a feedstock of woody biomass, lignin and cellulose, sludges and agricultural residues 

(Bridgwater and Evans, 1993). Other materials that have been pyrolysed include olive 

pits, almond shells and cotton kernels (Zabaniotou and Karabelas, 1999). Particle size is 

also of importance and surface area influences the efficiency of thermochemical 

conversion and reaction time (Zabaniotou and Karabelas, 1999). 

Moisture content of the feedstock affects the product yield of the process, the heating 

value of the biomass and also its specific weight. A drying stage is therefore likely to be 

necessary prior to biomass pyrolysis (Zabaniotou and Karabelas, 1999). 

2.7.2 Pyrolysis reactors 

There are approximately ten types of pyrolysis reactors that employ a variety of heating 

methods and modes of heat transfer. These are summarised in Table 2.8 below. 

45 



Reactor type Method of heating Mode of heat Heating rate 
transfer 

Ablative Hot surface Direct High 

Cyclonic Product gas combustion Direct High 
Wall heating Indirect Low 

Fluid bed Combustion products Direct High 
Heated recycle gas Direct High 
Partial gasification Direct High 
Fire tubes Indirect Moderate 

Entrained flow Combustion products Direct High 
Recycled hot sand Indirect High 

Fixed bed Combustion products Direct Low 
Heated recycle gas Indirect Low 
Partial gasification Direct Low 

Horizontal moving Combustion products Direct Low 

bed Product gas combustion Indirect Low 

Multiple hearth Combustion products Direct Low 
Wall heating Indirect Low 

Rotary kiln Wall heating Indirect Low 

Transport Hot sand Direct High 

Vortex Wall heating Indirect High 

Table 2.8 Pyrolysis reactors (adapted from Bridgwater and Evans, 1993) 

The liquids produced can be used for power generation. Typically the oxygen content of 

the liquid is very high at up to 40-50% weight on a wet basis. The heating value is 

generally in the range of the biomass feedstock at 15-20 MJ/kg wet basis (Bridgwater and 

Evans, 1993). There is an advantage to the production of liquid fuels in that they can be 

transported to a central power plant. Thus the production and power generation activities 

can be de-coupled (Ganesh and Banerjee, 2001). 

The gaseous product from pyrolysis is usually a medium heating value fuel gas of around 

14-18 MJ/Nm3 (Bridgwater and Evans, 1993). If direct heating by partial oxidation is 

carried out, the gas is a low heating value gas comparable to that obtained from air 

gasification processes, typically of 4-6 MJ/Nm3 (Bridgwater and Evans, 1993). The 

medium heating value gas has a high level of saturated and unsaturated hydrocarbons 

from the complex thermal degradation processes (Bridgwater and Evans, 1993). 
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2.7.3 Applications and scale 

Pyrolysis reactors have been demonstrated at fairly small scales. The Ensyn process was 

available at feedstock rates of 25 tons per day in 1992 (Bridgwater and Evans, 1993) and 

since then has been scaled up considerably (Ensyn, 2001 ). However, since the primary 

objective of the process is the production of liquid fuel oils and speciality chemicals, 

scale considerations will be determined by the product end use (Bridgwater and Evans, 

1993). 

According to Scott et al., (1999) at the present time there could be said to be four main 

technologies available for commercialisation in the field of biomass pyrolysis that 

produce acceptable yields of liquid products. These are: shallow fluidised beds, vacuum 

pyrolysers, ablative pyrolysers and circulating fluid beds. However, apparently none of 

these is able to fully satisfy all the requirements, in their present state, as a method for the 

production of an alternative liquid fuel, with reliable operation, proven scale up 

technology and competitive economic performance (Scott et al., 1999). Technological 

considerations aside, under current economic conditions, power generation from pyrolysis 

is likely to be more acceptable in the niche market of the 5 MWe range up to around 10 

MWe (Ganesh and Banerjee, 2001; Bridgwater et al., 1999). 

2.7.4 Environment and emission control 

The liquid has a low pH arising from the organic acid content, and is therefore corrosive. 

Consequently, mild steel is not suitable for handling or storage, although alternatives 

include stainless steel or polypropylene (Bridgwater and Evans, 1993). There is a high 

water content in the liquid, which reduces the heating value and also influences both 

chemical and physical stability. Utilisation of the liquid on a wet basis is preferred 

because of the complications associated with drying since the separation of the water 

results in a heavily polluted wastewater stream requiring extensive treatment. Yet, in 

hazard assessments the liquids have been assessed as being no more toxic than crude oil 
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(Bridgwater and Evans, 1993). However, most of the toxicity research relates to human 

contact and little is known about the fate of bio-oil in the environment (Bridgwater et al., 

1999). 

Pyrolysis of treated waste timbers offers a good solution to the growing disposal problem 

since the low temperatures and lack of oxidising agents results in a lower loss of metals 

compared with combustion. The technology enables the metals to be contained in a 

marketable product stream, therefore allowing the concept of total recycling to be 

addressed (Helsen et al., 1998). Heavy metals and wood impregnation complexes have 

been recorded as remaining with the char and only traces have been found in the oil 

(Bridgwater et al., 1999). 

2.7.5 Costs 

Estimated capital cost of a 25 ton per day Ensyn plant is between $800,000 and 

$1,600,000. The figure excludes buildings, land, utilities, feed and product storage and 

variation due to location (Bridgwater and Evans, 1993). Operating costs are expected to 

be low due to the turnkey nature of the plant and are included in the Ensyn product costs. 

These are expected to be in the region of $3.05/GJ of bio-oil from a 100 ton/day fast 

pyrolysis plant using an as received oil heating value of 17 MJ/kg (Bridgwater and Evans, 

1993). For comparison, the capital cost of the Egemin plant, which processed 200 kg/h, 

was £500,000 in 1992, whilst the Universite Laval process total fixed capital investment 

for a 4 ton/h facility was estimated at $5 .03 million (Bridgwater and Evans, 1993). 

Work by Ganesh and Banerjee (2001) suggests that the cost of pyrolysis using integrated 

pyrocycling combined cycle (IPCC) is very similar to integrated gasification combined 

cycle (IGCC) technology. At load factors of 75%, costs in US cents/kWh were 

determined as 5.0, 4.6 and 4.5 for IPCC, IGCC and rankine cycle combustion respectively 

(Ganesh and Banerjee, 2001). 
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2.7.6 Suppliers 

Table 2.9 lists some of the pyrolysis technology suppliers found throughout the world. 

Additional information is provided about their process and suitability to wood biomass 

conversion. 
Supplier Technolo!!V Additional information 

Ensyn Technologies Inc Fast pyrolysis Mainly biomass plant 

Egemin NV Flash pyrolysis Wood particles 

Interchem Industries Ablative (fast) pyrolysis Waste wood 

Universite Laval I Pyrovac Vacuum pyrolysis Wood wastes 

International 

Table 2.9 Pyrolysis technology suppliers (Bridgwater and Evans, 1993) 
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2.8 Gasification 
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Figure 2.3. Gasification process diagram (adapted from IEA CADDET, 1998) 

Thermochemical gasification has been defined by Bridgwater (1995) as the conversion by 

partial oxidation at elevated temperature of a carbonaceous feedstock into a gaseous 

energy carrier. This consists of carbon monoxide, carbon dioxide, hydrogen, methane, 

trace amounts of higher hydrocarbons, water, nitrogen and various contaminants 

(Bridgwater, 1995). The conversion can be carried out using air, oxygen, steam or a 

combination of all of these as a mixture (Bridgwater and Evans, 1993). If air is present, 

then the ratio of oxygen to biomass is around 0.3 (Bain et al., 1998). Typical gasifier 

temperatures are around 825°C (Bain et al., 1998). 
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Air gasification produces a low quality gas in terms of heating value, typically of 4-6 

MJ/Nm3 (HHV). It is apparently suitable for boiler and engine operation but not for 

pipeline transportation due to its low energy density (Bridgwater, 1995). Oxygen 

gasification produces a medium heating value gas (MHV) of 10-15 MJ/Nm3 (Bridgwater 

and Evans, 1993). This is suitable for limited pipeline distribution. It is also appropriate 

for use as a synthesis gas for conversion to methanol and gasoline (Bridgwater, 1995). A 

medium heating value gas can also be produced by pyrolytic or steam gasification which 

has a heating value of 15-20 MJ/Nm3 (Bridgwater and Evans, 1993). 

A crucial issue with gasification is that when combined with a gas turbine, it allows 

greater efficiencies to be achieved at smaller scales than combustion plants based upon 

steam turbine (rankine cycle) technology. Such technologies therefore offer higher 

efficiency and lower unit capital costs at modest scales (Williams and Larson, 1996). 

Gasification with air is the most widely used technology since it does not require the 

additional cost of oxygen production. There are a number of sequential steps involved in 

gasification: 

• Drying to evaporate moisture 

• Pyrolysis to give gas, vapourised liquids and a solid char residue 

• Gasification or partial oxidation of the solid char, the pyrolysis liquids and the 

pyrolysis gases (Bridgwater and Evans, 1993). 

There are two basic machines for generating power; turbines and engines. The orthodox 

view is that engines are more suitable up to 5-10 MWe, turbines above 10-20 MWe for 

atmospheric pressure gasification and above 20 MWe for pressure gasifiers (Bridgwater, 

1995). Turbines generally become more attractive at larger sizes, particularly for 

integrated gasification combined cycle (IGCC). This technology aims to demonstrate the 

complete integration of a gasification and a combined cycle plant, where the gas produced 

is cleaned of impurities under pressure before it enters the combustor of the gas turbine 

(Stahl and Neergaard, 1998). The main system components for the 6 MWe facility in 
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Varnamo, Sweden are a circulating fluidised bed gasifier, cyclone, gas cooler, hot gas 

filter, single shaft industrial gas turbine and steam turbine (Stahl and Neergaard, 1998). 

2.8.1 Feedstock characteristics 

A variety of wood waste products have been tested as fuel sources in operational 

gasification reactors. Amongst the atmospheric circulating fluid bed gasifiers, TPS 

Studsvik have tested woodchips and sawdust, Ahlstrom have tested sawdust, forestry 

waste, bark, woodchip, woodshavings and woodwaste whilst Lurgi GmbH have tested 

whole tree chips, woodchips, wood waste, sawdust and bark (Bridgwater and Evans, 

1993). The RENUGAS process using bubbling fluidised bed technology has been tested 

on maple wood chips, whole tree chips, highway clippings, paddy rice straw, refuse 

derived fuel, alfalfa, bagasse and paper mill sludge and bark (Bain et al., 1998). 

2.8.2 Gasification reactors 

There are principally three main types of gasification reactors, fixed bed, fluid bed and 

moving bed. The details of each are described in Table 2.10. 
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Type Mode of contact 
Fixed bed 
Downdraft Solid moves down, gas moves down: co-

current 

Updraft Solid moves down, gas moves up: counter-
current 

Co-current Solid and gas move in same direction, e.g. 
downdraft, but both can move up 

Counter-current Solid and gas move in opposite directions, e.g. 

updraft but flows can be reversed 

Cross current Solid moves down, gas moves at right angles: 

horizontally 

Fluid bed 
Bubbling bed Relatively low gas velocity, inert solid stays in 

reactor 

Circulating bed Inert solid is elutriated, separated and re-
circulated 

Entrained bed Usually there is no inert solid; has highest gas 
velocity of lean phase systems; can be run as a 

cyclonic reactor 

Twin reactor Steam gasification and/or pyrolysis occurs in 
the first reactor and the product char is 
transferred to the second reactor, where it is 
combusted to heat the fluidising medium for re-

circulation. A bubbling fluidised bed is usually 

used as the combustor. 

Moving bed Mechanical transport of solid, usually 
horizontal. It is usually used for lower 
temperature processes such as pyrolysis. 
Includes: multiple hearth, horizontal moving 

bed, sloping hearth, screw/ auger kiln. 

Other 
Rotary kiln Gives good gas-solid contact; careful design 

required to avoid solid carry over 

Table 2.10 Gasification reactor types, (adapted from Bridgwater and Evans, 1993) 

2.8.3 Applications and scale 

Updraft gasifiers are the most popular for heat applications. This is because the gas leaves 

the gasifier at relatively low temperatures, the thermal efficiency is high and as a result 

relatively moist biomass can be gasified without any pre-drying of the feed (Beenackers, 
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1999). However, these gasifiers produce more tars than other types and the extensive tar 

cleaning required makes them unlikely candidates for power generation (Beenackers, 

1999). The Bioneer counter current gasifier is one of the most successful designs on the 

market for district heating and there is operational data available on its performance and 

cost, which is discussed further in the costs section (Beenackers, 1999). 

Feed rates are apparently generally higher for fluid bed gasifiers, being in the region of 

10-20 tons per hour with scope for scaling up beyond this. All gasifiers can handle feed 

rates lower than 5 tons per hour, with the exception of entrained bed (fluid bed) systems 

(Bridgwater and Evans, 1993). Therefore, the versatility exists in these systems to handle 

varying volumes of biomass material. The advantages and disadvantages of each type are 

contained in Table 2.11, below. 

Advantages Disadvantages 
Fixed bed general: Fixed bed general: 

High carbon conversion Low specific capacity 

Low ash carry over Poor turn down capability 

High residence time of solids Uniform sized feedstock 

Relatively simple construction Ash fusion and clinker formation on grate 
Not high moisture levels 

Updraft: 
High thermal efficiencies 
Suitable for direct firing 
Fluid bed general: 
Good gas solid contact and mixing 
High specific capacity 

Bubbling fluidised bed: Bubbling fluidised bed: 

Good temperature control Low feedstock inventory 

Tolerates variations in fuel quality Carbon loss with ash 

Can operate at a partial load 
Easily started and stopped 

Entrained bed: Entrained bed: 

Produces tar free gas and little methane Slagging of ash 

High conversion Carbon loss with ash 
Low feedstock inventory 
Poor gas-solid contact 

Table 2.11 The advantages and disadvantages of different gasifier types (adapted from 

Bridgwater and Evans, 1993) 
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In addition, there is still some debate as to the relative advantages and disadvantages of 

pressurised gasification systems when compared with atmospheric gasifiers. 

• The feeding of pressurised gasifiers is generally more complex and therefore costly. 

• Capital costs of pressure equipment are much higher than atmospheric equipment. 

• Gas is supplied to the turbine at pressure removing the need for gas compression and 

permitting relatively high tar contents in the gas. Hot gas clean up also reduces energy 

losses and in principle is simpler than scrubbing systems. Consequently, it is also 

cheaper. 

• With atmospheric gasifiers, the product gas is required to be sufficiently clean for 

compression prior to entering the turbine. However, for engine applications the gas 

requirements are less onerous and pressure is not required. 

• Atmospheric systems have a potentially lower capital cost at smaller capacities of 

around 30 MWe 

• Gas compositions and heating values are not significantly different for either system. 

(Bridgwater and Evans, 1993) 

2.8.4 Gasification products 

These are dependent upon the reactor configuration and the oxidant used. The gas can be 

used in a variety of different applications, although generally where electricity generation 

is the desired end result, LHV gas would be directed to a boiler, whilst MHV gas could be 

sent directly to a turbine or used in an engine (Bridgwater and Evans, 1993). 

The ideal situation would result in a complete conversion of all tars, hydrocarbons and 

char to give a fuel gas. In practice, however, reactor design, feedstock characteristics and 

mode of operation can give rise to incomplete oxidation and a product gas contaminated 

with tar and char. Hot gas clean up systems will therefore be required (Bain et al., 1998). 

The gas product characteristics according to gasifier type, are summarised in Appendix I. 
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2.8.4.1 Gas cleaning 

Product gas cleaning will be required to a certain extent, although this is dependent upon 

the application. Gas cleaning must be applied to prevent erosion and corrosion of 

downstream equipment as well as reducing emissions to the environment (Bridgwater, 

1995). The product gas is toxic due to concentrations of carbon monoxide, whilst there 

are also the possibilities of explosive mixtures (Bridgwater and Evans, 1993). 

The simplest and most efficient approach is to burn the hot raw gas, since this uses the 

sensible heat of the gas and minimises pollution control requirements. Burning of the hot 

raw gas is usually limited to applications where particulate carry over is not critical. The 

minimum cleaning operation usually necessary for boiler fuelling is a hot gas cyclone. 

This provides a very coarse separation of particulates but is inefficient for smaller 

particulates and tar mists (Bridgwater and Evans, 1993). 

Thus, where gas turbines or engines are to be used for the generation of electricity, gas 

quality must be strictly controlled. In gas turbines, known major problems are posed by 

alkali metals and sulphur, whilst solid inerts such as char and bed material will have a 

deleterious effect on any moving parts (Bridgwater, 1995). Engines have a higher 

tolerance to contaminants than turbines, although there are no firm data on the gas quality 

specifications (Bridgwater, 1995). 

2.8.5 Environment and emission control 

A gasification system can be seen as comprising: 

• fuel storage and handling 

• gasification and gas cleaning 

• utilisation of the gas (Bridgwater, 1995). 

Besides the usual problems of noise and odour associated with these processes, there will 

also be solid, liquid and gaseous emissions. These will vary in terms of composition and 

volume according to the feedstock and type of process, both within the system and 
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between different systems. The environmental hazards can therefore be identified 

according to the generic categories described below. 

2.8.5.1 Waste water 

One of the main environmental impacts will come from the raw gas clean up system. 

Atmospheric fluidised bed gasifiers using air, have tended to use water scrub systems, 

sometimes in conjunction with a cracker or hot gas filter. These systems will inevitably 

lead to a waste water disposal problem as well as loss of product sensible heat 

(Bridgwater and Evans, 1993). 

Generally waste waters can be divided into a water soluble and a non-water soluble 

fraction . The insoluble fraction consists of ash, particulates, tars, phenolic compounds and 

light oils. The tars are toxic, potentially possessing mutagenic and carcinogenic 

compounds (Bridgwater, 1995). The design of any waste water treatment plant could be 

expected to utilise chemical treatment, such as solvent extraction for concentrations of 

phenolics and biological treatment of the dilute, low BOD effluent (Bridgwater, 1995). 

However, there is a positive effort being made to design systems that do not produce a 

liquid effluent. For example, pressurised gasifiers are assumed to operate with hot gas 

clean up and no waste water (Bridgwater, 1995). This could become increasingly 

important for the future development of gasification, since research suggests that waste 

water clean up costs are a major barrier to the application of this technology (Wu et al. , 

2002). 

2.8.5.2 Emissions to air 

Indirect gasification systems emit flue gases from the combustion of either an additional 

fuel or a proportion of the biomass consumed by the process. In each case, the product 

gases are released to the atmosphere following cleaning to stay within local regulations 

(Bridgwater and Evans, 1993). 
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Highly toxic compounds such as dioxins and furans are formed during combustion when 

chlorine is present. Treated wood and waste materials can provide the source of chloride 

necessary for their formation (Bridgwater, 1995). The main method of control is to create 

high temperature conditions for the thermal destruction of these compounds. It is 

generally thought that they do not present any problem in close coupled IGCC, although 

few data exist to support this assertion (Bridgwater, 1995). 

2.8.5 .3 Solid wastes 

Dust particles are also seen as an occupational health hazard. This is particularly so where 

there is dust originating from fly ash removal (Bridgwater, 1995). Fly ash and char should 

be stored moist because of risk of fire. The solid fraction will need to be separated from 

the water and disposed of as a hazardous waste (Bridgwater, 1995). Inevitably this will 

require disposal to hazardous waste landfill. 

2.8.6 Costs 

The costs of these processes are subject to considerable variation due to the lack of 

specificity about what is included or excluded from the capital costs. Information 

compiled by Bridgwater and Evans (1993) demonstrated that costs can vary according to 

the application and location. Some systems include the pre-treatment and reception, 

handling and storage, which can increase capital costs by up to 70-80%. Refuse and waste 

based systems are subject to even more variation due to the comparatively more complex 

handling systems, environmental and safety requirements. The data for pressurised 

systems cost is limited (Bridgwater et al. , 2002). However, these systems generally cost 

more than atmospheric systems but there would be a corresponding saving in the power 

generation train and increased performance from delivering a high pressure gas to the 

turbine (Bridgwater and Evans, 1993; Bridgwater et al. , 2002). 
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Data on a specific process compiled by Beenackers (1999) for the Bioneer gasification 

heating plants shows investment costs of 350 kECU/MW, whilst operation and heat 

generation costs have been calculated as 17 and 20 ECU/MWh respectively (Beenackers, 

1999). 

For biomass gasification, the capital cost of the feed pre-treatment, including all 

processing, transport and fertiliser prior to reaching the conversion plant, was determined 

in a particularly detailed study by Bridgwater (1995) to be about US$600/kWe at 20 

MWe, There was some economy of scale, with costs dropping to US$300/kWe at 100 

MWe (Bridgwater, 1995). Table 2.12 below gives the range of normalised capital costs of 

pressurised and atmospheric gasification systems: 

S stem € Ca ital cost £ 

Pressure gasifiers 3,000- 10,000 1.2 X 10 -2.4 X 10 

30,000-90,000 4.8 X 10-1.0x 10 

1,000-9,000 2. 7 X 10 - 1 .4 X 10 

Atmospheric gasifiers 10,000-40,000 2.5 X 10 -6X 10 1.7 X 10 -4.1 X 10 

Table 2.12 Installed plant costs for gasification systems (adapted from Bridgwater et al., 

2002) 

Total installed costs of integrated gasification combined cycle systems (IGCC) are 

summarised below in Table 2.13 . The major 27 MWe IGCC plant under evaluation for 

Brazil, has produced capital cost estimates of around US$2750/kWe. It was hoped that 

careful research and development and design, attributed to the 'learning effect' would 

bring this down to around US$1500/kWe by the tenth plant (Bridgwater, 1995). 

2 based upon February 2005 exchange rate of €1.46 to£ sterling, (to 3 sf) 
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System MWe Cost US$/ kWe Cost £/kW/ Type/ location 

IGCC 27 2750 1800 Brazil GEF No I 

IGCC 27 1500 980 Brazil No 10 
IGCC 5 3300 2160 Atmospheric gasifier No 1 

IGCC-CHP 6 7000 4580 Pressure gasifier No 1 
IGCC-CHP 16 3200 2090 Atmospheric gasifier No I 

IGCC-CHP 55 4000 2610 Pressure gasifier No 1 

Table 2.13. IGCC system capital costs (adapted from Bridgwater, 1995) 

2.8.7 Suppliers 

There are only a few companies worldwide that are currently manufacturing gasification 

equipment. Some of the major suppliers and manufacturers are summarised in Table 2.14 

with their process type. 

Name Technoloi!V Other information 

A. Ahlstrom Corp, Finland Circulating fluidised bed Mainly atmospheric 

(now Foster Wheeler) systems 

Lurgi GmbH 
Circulating fluidised bed 

Atmospheric 

TPS Studsvik Circulating fluidised bed Atmospheric 

Tampella Power (Enviropower Inc) Pressurised fluidised bed Pressurised 

V0lund Updraft gasifier 

Table 2.14. Gasification technology suppliers 

2.9 Development stage of technologies 

The review of the recovery processes has demonstrated that they are in differing stages of 

development. Typically, the advanced thermal conversion processes have fewer 

demonstrated plants than combustion. The analysis has also shown that there is a 

compromise to be made between processes and this requires further consideration to be 

able to assess the suitability for deployment of one process compared to another. 

3 based upon March 2002 exchange rate of$1.53 to£ sterling, (to 3 s.f) 
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2.9.1 Combustion 

From an operational perspective, fluidised bed technologies tend to offer a greater risk of 

slagging and agglomeration than do travelling grates (Obernberger, 1998 and Werther et 

al., 2000). Agglomeration of sand and ash particles in particular is quite common and 

may have the effect of lowering the availability of such plant, through defluidisation of 

the bed and eventual plant shut down (Baxter et al., 1998). 

The main advantage of combustion rankine cycle technology is its proven capability. 

Efficiencies are lower than for gasification plant, however, provided the grate system is 

reliable the availability is likely to be high. Efficiencies can also be raised through 

utilisation of the heat in combined heat and power plant. In addition, the levels of capital 

investment required will be much lower than for advanced thermal conversion 

technologies. Where treated timbers are to be combusted, there may potentially be more 

of a requirement for air pollution control equipment when compared with the advanced 

thermal conversion technologies. However, in terms of technology risk and cost there are 

no fundamental barriers to deployment, with the possibility to combust mixed waste and 

wood. 

2.9.2 Pyrolysis 

The fast pyrolysis process, which is configured to maximise the liquid fraction, appears to 

be receiving the most investment at present. Light fuel oil has the advantage that it can be 

used in existing oil fired boilers with a few modifications; it can also be used in engines 

and can be readily transported. The pyrolysis process is therefore capable of producing a 

product with definite applications and markets. However, the process has yet to become 

available on a commercial scale in UK, making it risky for investors. Furthermore, there 

are likely to be additional costs associated with waste water clean up. 
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2.9.3 Gasification 

Gasification is more widely used than pyrolysis, having been more developed because a 

single gaseous product is formed at high efficiency and there are not the heat transfer 

problems associated with pyrolysis (Bridgwater and Evans, 1993). 

Circulating fluidised bed developments appear promising, particularly as a component of 

IGCC plant. However, the technology is still not sufficiently proven in the UK. 

Furthermore, the levels of capital investment required are likely to be too high for the size 

of facility required in a WDA area whilst similarly to pyrolysis, there are likely to be 

costs associated with waste water clean up. 

2.10 Integration of systems 

Where energy recovery is required, a sustainable integrated waste management system 

should ideally be optimised for reduction and recycling before recovery. Some potential 

barriers and opportunities for optimisation of the plant operation within the system are 

therefore identified and briefly discussed. 

2.10.1 Integration of materials recycling 

The energy recovery technologies aim to utilise the residual materials that have not been 

or cannot be recycled. However, a WDA may wish to retain the wood for recycling to 

improve their total performance. Prices on the secondary market for wood are low 

(Enviros Consulting Ltd and BioComposites Centre, 2004) and contamination and 

treatment remain a substantial barrier. Consequently, provision of wood energy recovery 

systems is expected to be complementary to recycling and may even be able to provide 

energy for use by other facilities, such as materials recycling facility operation. 
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2.10.2 Integration of composting 

Composting systems operate predominantly upon garden waste, not on solid wood 

material. However, since the energy recovery system is to form part of an integrated 

waste management system, there exists the potential for sending wood chips to the 

compost facility if and when there is excess material for the energy plants requirements. 

Alternatively, when over supply of compost is experienced, any wood chips could 

potentially be diverted to the CHP facility. In addition, the bottom ash from the 

combustion facility could be mixed with municipal composts where clean fuel has been 

burned (Irish Energy Centre, 2000). 

2.10.3 Integration of disposal 

The wood waste input is reduced to approximately 85% of its original volume by 

combustion, thereby reducing the pressure on landfill void (Meneghetti et al., 2002). 

Bottom ash from the grate will require disposal in landfill unless it can be recycled. 

Possible recycling options include aggregates and fertiliser. Fly ash from the air pollution 

control system is typically 4% by weight of the input material in MSW combustion 

(Porteous, 1998). It is likely to be categorised as hazardous waste and require disposal to 

a site licensed to accept hazardous waste. 

2.10.4 Integration with the local economy and opportunities for social cohesion 

The opportunities for employment will depend upon the scale of the wood waste supply 

and the energy recovery plant. However, job opportunities could be expected in 

construction, fuel supply and handling and plant engineering and maintenance. There are 

also opportunities for public education and waste awareness through site and facility 

visits. 
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2.11 Conclusions 

Research has confirmed the extent of the wood waste problem and how it could 

contribute to sustainable waste management if recovered. It is the heterogeneous nature of 

wood waste that makes it unlikely to be able to be combusted in a biomass only facility as 

a form of renewable energy. The wood is liable to contain unexpected chemicals that the 

plant would not be licensed to accept. The contaminants would be unlikely to meet the 

regulatory requirements and so the plant would be unable to demonstrate to the 

Environment Agency that emissions limits would not be breached (Enviros Consulting 

Ltd & BioComposites Centre, 2004). 

The alternative is for the material to be handled in the waste management sector, through 

mass burn incineration with residual wastes or in a dedicated facility for advanced 

thermal conversion. Financial assistance through a mechanism such as the Renewables 

Obligation Order 2002 (Great Britain, 2002) would not necessarily have to be 

forthcoming since waste incineration is excluded as a renewable but is in demand as a 

waste disposal option. The mass burn solution would, however, still be contributing to the 

2008-12 UK Kyoto target of reducing greenhouse gases by 12.5% through displacement 

of fossil energy. 

All the reviewed processes had advantages and disadvantages in relation to factors of 

cost, availability, risk and emissions. All processes could in theory be integrated into a 

household waste management system, but because of differing levels of commercial 

availability and proven reliability, they could not all be used in the medium term. It is 

only the combustion technology, of either small scale dedicated biomass or mass burn 

incineration that satisfies this most crucial criterion. 

Where pyrolysis and gasification are considered as processes for advanced thermal 

conversion of solid waste, there are significant issues remaining over project finance once 

the research and development has been completed (IEA CADDET, 1998). Following R & 

D completion, a developer will need to find a considerable amount of capital (typically 
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US$1-60 million). SMEs will be unlikely to find this in their balance sheets, whilst 

financiers are unlikely to invest in high-risk technology (IEA CADDET, 1998). However, 

capital grants, and market access schemes, such as the Renewables Obligation Order, 

2002 (Great Britain, 2002) might serve to reduce some of this risk. In an overtly 

demonstration project, allowance would have to be made for the 'learning effect', 

whereby reduction in costs of 50% could be anticipated by the 10th plant. In a project 

financed by small businesses, no such learning cost will be possible (Bridgwater, 1995). 

When pyrolysis and gasification technology costs were examined, capital cost per tonne 

of waste per year for advanced thermal conversion was in the region ofUS$250-410. This 

overlapped with the cost of mass burn combustion at US$285-335 per tonne per year 

(IEA CADDET, 1998). Operating costs for advanced thermal conversion plant ranged 

from US$40-90 per tonne compared with mass burn at US$25-35 per tonne. Therefore, 

mass burn combustion plants are cheaper to operate (IEA CADDET, 1998). 

Once it had been determined that a suitable energy recovery process was available for 

waste wood, and the potential for this to operate within the waste management system, 

the general composition of the waste material could be examined. Therefore, in Chapter 

Three the sampling procedure is considered. 
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Chapter Three 

The quantity and composition of household waste in East Sussex: potential material 

resources 

3.1 Synopsis 

In Chapter Two, the problem of wood waste was reviewed and energy recovery solutions 

were investigated. Further scope for utilisation of wood waste was identified. The waste 

wood and other waste components in the total household waste stream must now be 

sampled so that the waste management options can be analysed. Chapter Three therefore 

describes the methods used for sampling waste in East Sussex and presents the results of 

surveys undertaken for refuse collections, HWRS and landfill sites. 

3.2 Introduction 

It is not possible to consider the influences of different management techniques upon the 

waste management system and the material resources available without first generating 

waste data by sampling. Therefore, an objective was to determine the waste composition 

of materials from the major household waste streams across a Waste Disposal Authority 

area. The area selected was the county of East Sussex. 

East Sussex is located on the south-eastern coast of England and covers an area of 

approximately 1,725 square kilometres (ESCC, 2004). A large area of the County is 

covered by the South Downs Area of Outstanding Natural Beauty and the High Weald 

AONB. The county has a recorded population of 492,324 inhabitants, dwelling in 

214,638 households (National Statistics, 2003). In the county's major city of Brighton 

and Hove, there are a recorded 247,817 inhabitants occupying 114,479 households 

(National Statistics, 2003). Combined total recorded population and households in East 

Sussex are 740,141 and 329,117 respectively. 
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The economy of East Sussex is dominated by the service industries, which account for 

over 80% of employment. Significant numbers of people work in the public sector, hotels 

and restaurants and distribution (ESCC, 2004). Approximately 9% of the area is urban 

and the county is considered to have a largely rural character, however, only 2% of 

employment is in agriculture (ESCC, 2004). Much of the development is along the more 

densely populated coast, which has density in persons per hectare ranging from 20.3 in 

Eastbourne to 30.0 in Brighton and Hove. 

The county is divided administratively into the districts of Lewes, Wealden and Rother 

and boroughs of Eastbourne and Hastings that serve as the waste collection authorities. 

The only city is Brighton and Hove, which is administered as a unitary authority and has 

responsibility for waste collection and disposal. Before achieving unitary status, Brighton 

and Hove was contained within the County Council of East Sussex and waste disposal 

was managed by ESCC. Now that Brighton and Hove have sole responsibility for its 

waste, the tradition of the close inter-relationship continues through a joint working 

partnership (ESCC, 1998). 

3.3 Household waste arisings in East Sussex and Brighton & Hove 

Household waste is defined by the UK Government as 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 recycling credits are paid under Section 52 of the 

Environmental protection Act 1990 (DETR, 2001 a). 

Table 3.1 summarises the total East Sussex household waste arisings recorded by the 

Waste Disposal Authority (WDA) for each district and borough in 2000/01. The 2000/01 

year is the period when much of the sampling took place. Besides the waste collected by 

districts listed in Table 3.1, East Sussex as the WDA, operates a total of 12 household 

waste recycling sites (HWRS). In addition, there are two HWRS in Brighton & Hove, 

which had a combined 2000/01 annual waste throughput of 21,316 tonnes. The data for 
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total arisings confirmed that the county of East Sussex had a considerable quantity of 

household waste to manage in 2000/01 but with low overall recycling rates, being mostly 

dependant upon bring bank recycling centres. 

Authority Total WCA Total WDA Total HWRS Household 

(WCA or household household Household waste as a waste 

WDA) collected waste waste percentage recycled as a 

waste recycling recycled of total percentage 

(tonnes) site waste (tonnes) waste(%) of total 

(tonnes) authority 
collected 
waste 
(%) 

Brighton & 91,008 - 5,692 - 6.3 

Hove 
(WCA) 
Lewes 31,487 16,740 2,877 4.6 9.1 

District 
Wealden 62,365 15,207 5,506 4.2 8.8 

District 
Rother 34,319 3,585 3,060 1.0 8.9 

District 
Eastbourne 31,491 10,686 1,887 2.9 6.0 

Borough 
Hastings 30,950 16,356 1,617 4.5 5.2 

Borough 
Brighton & 21,316 21,316 3,950 5.8 18.5 

Hove 
(WDA) 
East Sussex 62,574 62,574 12,955 17.1 20.7 

County 
(WDA) 
Totals 365,510 83,890 31,852 23.0 8.7 

Table 3.1: Household waste statistics for East Sussex WCA and WDA for 2000/01 

(ESCC, 2001) 

3.4 Sampling methodology 

Whilst it was aimed for the samples to be as representative as possible of the entire area, 

the large quantities of waste, outlined in Table 3 .1 obviously made this difficult. 

Moreover, according to Parfitt and Flowerdew (1997, p235), "no consensus has emerged 
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m the international research literature as to the most appropriate methodology for 

conducting compositional analysis of household waste" . 

There are many problems associated with developing a sampling strategy and conducting 

analysis. The practical aspects of the expense and physically unpleasant task of hand 

sorting are perhaps most obvious. In addition there is the fact that household waste is 

heterogeneous and fluctuates significantly both in composition and quantity (Parfitt and 

Flowerdew, 1997). These fluctuations are random and vary from week to week through 

the influence of seasonal, regional and socio-economic factors (Tchobanoglous et al., 

1993). This requires a sample to be large in order to be representative whilst sample error 

is likely to be particularly large for individual waste categories that are less frequently 

discarded (Klee, 1980). 

The sampling strategy developed needed to recognise these limitations and to distinguish 

the boundaries of the waste management system. Large hand sorted and weighed samples 

would not be logistically possible, but could be augmented by large observed samples at 

facilities. Consequently, a methodology that combined both of these techniques was 

developed so that observed samples could be used to direct the more detailed hand 

sorting. The streams could then be analysed through a systems approach that meant the 

development of a waste flow model. This would be used to project waste quantities across 

the county and enable the management of wastes to be studied through their influence 

upon the system. 

The main integrated waste management practices would be explored later in the research. 

Therefore, identification of the recyclables for materials recycling, compostables for 

biological treatment and residuals for thermal treatment and landfill would be necessary. 

The results from sampling would enable exploration of the residual wastes requiring 

treatment and disposal after recyclable materials had been segregated. The methodology 

aimed to sample the totality of household waste by including CA sites as well as refuse 

collections. How far other waste streams that make up controlled waste could be sampled 

was also to be explored. 
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3.4.1 Previous work 

One of the largest waste compositional analysis research projects was conducted by the 

Department of the Environment's National Household Waste Analysis Programme 

between 1991 and 1994 (Parfitt and Flowerdew, I 997). The methodology adopted by the 

NHWAP used waste samples collected from 400-600 households, which were then hand 

sorted into waste categories. The census variables contained in the ACORN classification 

(A Classification of Residential Neighbourhoods) were then used to conduct a 

multivariate classification of enumeration districts. The expectation was that other 

enumeration districts elsewhere in the UK would have similar compositions of household 

waste (Parfitt and Flowerdew, 1997). Although the approach has been criticised amongst 

other things for the use of ACORN as surrogate statistics, to date it remains the most 

widely used method. However, Parfitt et al, (2001) report that plans for a national 

household waste compositional analysis programme are currently being drawn up by the 

Environment Agency of England and Wales and the National Assembly for Wales. It will 

use a classification based on the key variables that relate to waste collection and provision 

of recycling infrastructure as part of its sampling strategy (Parfitt et al., 2001). In the 

absence of this new method, for the waste sampling conducted during this research, refuse 

round areas have been selected according to ACORN groups, whilst the waste material 

categories developed by the NHW AP are also used. 

Whilst the methodology adopted for this research was unable to gain as many samples as 

the NHWAP, the practical limitations associated with generating waste statistics across 

large areas were addressed by utilising a range of complimentary sampling techniques 

and making use of WCA and WDA data on segregated streams. The combined data is 

then used in the modelling stages of the research. 

Furthermore, a geographical difference exists in East Sussex between the urban areas of 

the coastal strip and the towns and villages of the weald. Along the coast, development is 

constrained by the English Channel to the south and South Downs AONB to the north, 

making the built up areas generally asymmetrical. To the north of the South Downs, no 
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such restriction exists and towns are characteristically more symmetrical. The pressure on 

land availability on the coast results in higher population densities and more multi

occupancy residences. In Eastbourne, for example, the percentage of households living in 

dwellings that are flats is 34.6%, whilst in Wealden, the district to the north; the figure is 

10.6% (National Statistics, 2003). The number of people per hectare in Eastbourne is 20.3 

and 1.7 in Wealden (National Statistics, 2003). It is suggested that this could mean 

proportionately less people in the coastal urban areas will have access to gardens, which 

could affect green waste quantities and as urban areas continue to grow this could have 

implications for the availability of materials. 

A research strategy was therefore developed for collecting waste composition data which 

identified some of the geographical distinctions between urban boroughs and more rural 

districts. This is described in the following sections. 

3.5 Disposal routes for household waste 

Householders have the option of disposing of their household waste through the normal 

refuse collection service as well as by taking bulky items to an HWRS facility. In East 

Sussex, disposal is at landfill. Therefore, the two main routes to disposal for household 

waste are through delivery by refuse collection vehicles and the bulk container lorries that 

service HWRS. 

In the initial stages of the research observational studies were conducted at landfill sites 

and the HWRS in East Sussex to provide basic waste composition and flow data which 

would assist in directing hand sorting and weight sampling. An observed composition by 

volume data set was produced for assisting with the research strategy. The pilot studies 

conducted are outlined in the following sections. 
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3.5.l Household Waste Recycling Sites 

HWRS waste represented approximately 17% of total household waste for England in 

2000/01 and quantities have remained roughly constant into 2003 (DEFRA, 2002; 

DEFRA, 2004). It is now well understood that HWRS facilities can make a significant 

contribution to local authority recycling, in some cases reaching annual levels of up to 

40% (CIPFA, 2001). According to annual waste statistics for England compiled by 

DEFRA, the total amount of waste collected for recycling from HWRS and recycling 

centres (bring banks) has been increasing. About 2.5 million tonnes of material were 

collected through these sites in 2002/03, which is nearly a 12 per cent increase over the 

2.2 million tonnes collected in 2001/02 (DEFRA, 2003; DEFRA, 2004). More 

specifically, of the household materials collected for recycling in 2002/03, 81 per cent of 

glass, 84 per cent of compost, and 95 per cent of scrap metal were collected at HWRS 

(DEFRA, 2004). 

In part, improved recycling rates have been achieved through identification of the 

distinctions between and development of the complementary nature of recycling centres 

and civic amenity sites (Coggins et al., 1991). Historically, users of CA sites have tended 

to be less environmentally aware with different attitudes to waste issues than users of 

recycling centres, perhaps viewing CA sites predominantly as disposal points for bulky 

waste (Coggins et al., 1991). However, more recent work suggests that CA sites began to 

see increased usage by recycling centre users for garden waste disposal when promoted 

by waste disposal authorities as recycling centres (Benfield, 1997). Other more recent 

research demonstrated that numbers of recyclers making special trips to recycle were 

generally higher at civic amenity sites than supermarket recycling centres (Speirs and 

Tucker, 2001). 

As recovery of materials from HWRS becomes more important, further information is 

required about waste composition. The Recycling Evaluation Consortium (REC) adopted 

a common classification of civic amenity waste in 1987 in which 15 main categories of 

waste were identified (Poll et al. 1990). The REC method used a sort/weigh analysis to 
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provide the average weight of material deposited by a sample of site users, which could 

then be used to estimate the site arisings. The data could be converted to volumetric 

assessments or ' sack equivalents', for estimating bulky items in the absence of quality 

weighbridge data (Poll et al., 1990). Furthermore, observational analyses can be 

combined with data from the weighbridge, and volume-to-weight relationships can be 

determined, allowing sampling efforts to be more precisely concentrated (Worley 

Consultants Ltd, 1992). 

3.5.2 Pilot Studies at HWRS 

The objective of HWRS sampling was to determine approximate quantities and 

compositions of waste material being delivered to sites. These could later be compared 

with the material compositions being disposed of to landfill. Fourteen HWRS facilities 

currently operate in East Sussex from which two sites were selected for analysis. The 

basis for the selection was that one served a large urban area, Eastbourne, and the other a 

predominantly rural area, Hailsham. Furthermore, the sites use differing waste 

containment facilities, outlined in Table 3.2, so there existed an opportunity to observe 

and compare the different methods and any variations in waste composition. As an 

additional measure to reduce sampling error, both sites were located centrally in the 

county, away from the borders, which meant that the sites would receive waste which was 

from within East Sussex only. 
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Site Eastbourne Hailsham 

Location Urban Rural 

Containment Waste is deposited in single pile Waste deposited directly into roll 

and then loaded into roll on/off on/off containers and sent to landfill 

containers and disposed of to 
landfill 

Opening hours Mon-Thurs 9.00-16.00 1 Jun -30 Sep 9.00-18.00 
Mon-Sat 

Fri 9.00-15.15 1 Oct -31 May 9.00-17.00 
Mon-Sat 

Sat & Sun 9.00-12.30 Sat & Sun 9.00-13.00 

Recycling facilities : 
Asbestos y n 

Cans y y 

Car batteries y y 

Cardboard y n 

Furniture y n 

Garden waste y n 

Glass y y 

Green waste y n 

Metal y y 

Newspapers y y 

Oil y y 

Phonebooks y y 

Rags y y 

Yell ow pages y n 

Table 3.2. HWRS information. 

3.5.3 Data collection 

The surveying technique involved the observation of the composition of waste present in 

the vehicles arriving at the sites. When a vehicle arrived at the waste delivery point, 

details were recorded of the type as well as manufacturer and model. This served to 

identify the method of transport (Poll, 2002). The waste composition analysis was then 

undertaken by visually estimating the volume of waste in the vehicle boot ( or trailer). For 

each vehicle, quantities of separate materials and components were estimated as 

percentages of the boot capacity they occupied. A further observational estimate was also 

provided of the extent to which the vehicle was full. The waste components were divided 

up into one of 28 main categories (Table 3.3). 
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The surveying work concentrated only on wastes being delivered to the main 

unsegregated collection pile. Materials and vehicle movements concerning bring 

recycling banks were not included since these materials were intended for recycling, not 

final disposal. The information gathered was entered into a database and included car 

manufacturer boot volumes from which it was possible to calculate estimates of the 

quantity of waste generated throughout the surveying period. 

General Waste component Description 

group 
Bagged waste Waste delivered in black bags- contents unknown 

Mixed Recyclables Materials brought to the site for deposit in the recycling 

facilities (i.e. bagged separately) 

Paper/ Cardboard Boxes and flattened card material 

card Paper Newspaper, magazines and office paper 

Books 

Brown Furniture (Re-usable) Furniture that is undamaged, re-usable 

goods/ Furniture (Disposable) Damaged furniture that cannot be used 

bulky Mattresses Bed mattresses 

Cloth/ Textiles Clothing, bed linen 

[fibres Carpet Offcuts and whole carpet 

Inerts Ceramics Tiles, WC, sinks 

Clay/ soils 

Hardcore (inert) Rubble, brick work, stone and concrete 

DIY Mixed DIY waste Mixed waste from building/decorating work 

Plasterboard In sheets or pieces 

Biomass Wood (boards) MDF, chipboard, plyboard 

Wood (treated) Timber material treated with paint, preservative, varnishes, etc 

Wood (untreated) Timber that has not been treated 

Green waste Grass cuttings, pruned and foliar material 

Green waste (woody) Branches, trunks i.e. high wood content 

Plastics Plastic dense Containers, toys, general household objects 

Plastic film Plastic sheets, wrappers, plastic bags 

Polystyrene Expanded polystyrene from packaging 

Glass Glass - sheets Window panes 

Glass-containers Bottles, jars 

Electrical Electrical items Cabling, television sets, stereos, computing equipment 

Metal Metals Garden and kitchen utensils, radiators, general household 

appliances 

Miscel!an Other Other less frequent materials: paint cans, wheels, tyres, 

eous asbestos, roof felt, linoleum 

Table 3.3 Material categories identified in the pilot waste composition survey 
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3.5.4 Results for Eastbourne 

The results are meant only to be indicative of the waste components due to the large 

uncertainties associated with the observational method. They are presented to at least one 

decimal place to enable the inclusion in comparison of the smallest values recorded. The 

first survey took place at Eastbourne HWRS site between September 20th and 24th 1999 

and resulted in 983 vehicles monitored. A calculated estimate of 560 m3 of uncompacted 

waste was surveyed during the period and the main categories are presented in Table 3.4. 

Green waste was the most frequently recorded component. An approximate calculated 

value of 169 m3 for green waste and woody green waste combined was observed over the 

period, which represented 30% of the total sample. The majority was green foliar material 

such as leaves, grass cuttings and general pruned matter. The remainder was observed to 

be the more woody material including branches, tree trunk sections and stumps. Results 

for the traffic survey in Figure 3.1 show 34% of vehicles surveyed delivered green waste, 

making it the most frequent material entering the site. 

The bagged wastes were recorded as a single category because of difficulties in observing 

the contents. They formed the second largest category at 21 % of the waste sampled and 

may differ from household refuse collection black bag waste. Bagged waste was 

delivered by 33% of vehicles entering the site. 

The quantity of wood waste was estimated to be 8% of the total waste sampled. Efforts 

were made to identify wood categories with treated wood observed to be highest at 49% 

of the total. Untreated timber made up 31 % whilst 20% consisted of composite board 

including medium density fibreboard (MDF) and chipboard. The combined wood waste 

was present in 18% of vehicles (Figure 3 .1 ). 
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Component Eastbourne (m3
) Eastbourne (%) 

Bagged waste 119.0 21.1 

Recyclables 5.7 1.0 

Cardboard 29.5 5.2 

Paper 4.6 0.8 

Books 0.7 0.1 

Furniture (Re-usable) 21.1 3.7 

Furniture (Disposable) 30.2 5.4 

Mattresses 16.6 2.9 

Textiles 7.6 1.4 

Carpet 15.9 2.8 

Ceramics 5.0 0.9 

Clay /soil 0.3 0.1 

Hardcore (inert) 11.8 2.1 

Mixed DIY waste 29.8 5.3 

Plasterboard 3.3 0.6 

Wood (boards) 9.8 1.7 

Wood (treated) 23.0 4.1 

Wood ( untreated) 14.9 2.6 

Green waste 138.0 24.5 

Green waste (woody) 31.1 5.5 

Plastic dense 8.2 1.5 

Plastic film 2.9 0.5 

Polystyrene 3.0 0.5 

Glass - sheets 1.8 0.3 

Glass - containers 1.2 0.2 

Electrical items 7.9 1.4 

Metals 10.5 1.9 

Other 10.6 1.9 

Total 563.9 100.0 

Table 3.4. Calculated observed volumes of waste materials from Eastbourne HWRS (to 1 

d.p) 

Wastes and inert components associated with building and DIY such as ceramics, soil, 

hardcore, plasterboard and mixed DIY made up an observed volume of 50.2 m3
• Mixed 

DIY waste represented 60% of the total. This was typically bagged in thick plastic film 

sacks making the composition difficult to assess, but included wallpaper, plasterboard, 

sweepings and stripped paint. A recorded 4% of vehicles also delivered hardcore. 

Items of furniture as well as textiles, paper, cardboard, metals and dense plastic were also 

delivered in significant quantities. The bulky wastes or brown goods made up a recorded 

12% of sample volume and were transported by approximately 8% of vehicles. 
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Figure 3 .1 Percentage of vehicles delivering each waste category at Eastbourne 

3.5.5 Results for Hailsham. 

Hai Isham CA site was monitored over a six hour period on Sunday 10th and Monday 11 th 

October 1999. A total of 110 vehicles had their waste surveyed, which provided a 

calculated volume of 62.3 m3 (Table 3.5) 
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Component Hailsham (m3
) Hailsham (%) 

Bagged waste 5.9 9.5 

Recyclables 2.5 4.1 

Cardboard 7.1 11.4 

Paper 0.2 0.3 

Books 0.0 0.0 

Furniture (Re-usable) 0.0 0.0 

Furniture (Disposable) 2.1 3.4 

Mattresses 0.0 0.0 

Textiles 0.5 0.8 

Carpet 1.3 2.1 

Ceramics 0.5 0.8 

Clay /soil 0.6 1.0 

Hardcore (inert) 3.1 4.9 

Mixed DIY waste 0.8 1.4 

Plasterboard 0.2 0.3 

Wood (boards) 3.0 4.9 

Wood (treated) 2.7 4.4 

Wood (untreated) 0.8 1.3 

Green waste 21.5 34.6 

Green waste (woody) 5.0 8.1 

Plastic dense 1.4 2.3 

Plastic film 0.0 0.1 

Polystyrene 0.1 0.2 

Glass - sheets 0.2 0.3 

Glass - containers 0.1 0.1 

Electrical items 0.2 0.3 

Metals 2.3 3.7 

Other 0.0 0.0 

Total 62.3 100.0 

Table 3.5. Calculated observed volumes of waste materials from Hailsham HWRS (to 1 

d.p) 

Green waste, including woody matter accounted for 42.7% of the waste sample entering 

the site. The majority was recorded to comprise of foliar material and was present in 40% 

of the vehicles surveyed (Figure 3.2). A calculated 10.6% of the sample was made up of 

wood wastes with treated wood and board material the most frequently observed. This 

was delivered by 19% of vehicles entering the site. 
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Card and paper accounted for 11.7% of overall waste arisings. Cardboard was highest, 

being present in 25% of the vehicles sampled. A volume of 5.9 m3 of bagged waste was 

recorded throughout the surveying period, representing 10% of total waste and 17% of 

vehicles sampled delivered this material. 

Building and DIY related materials were also present in relatively high volumes at 8.4% 

of total waste arisings. Inert waste constituted 80% of waste in this group with the 

remaining 20% composed of mixed DIY waste. Several other materials present in the 

waste included metals (3.7%), textiles, carpet and dense plastics. 
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Figure 3.2 Percentage of vehicles delivering each waste type at Hailsham 

3.5.6 Comparison of sites 

Comparison of both sites shows the overall composition of the waste is similar though 

there was considerable variation in percent volume. Figure 3.3 provides the comparisons 

in material composition. 
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Figure 3.3 Comparison of percentage waste composition by volume entering sites 

Green waste had the highest recorded levels in the waste stream at both sites. It 

represented 30% of waste arisings at the Eastbourne site and 42.7% at Hailsham. One key 

difference between the sites is that no green waste recycling facilities were provided at 

Hailsham and therefore no green waste was diverted from disposal. 

Cardboard was a significant material in the waste stream at both sites. Five percent of the 

waste disposed of at Eastbourne was cardboard whilst at Hailsham this was recorded at 

11.4%. This could have been influenced by the lack of recycling facilities available. 

The percentage of bagged waste at Eastbourne was higher than recorded at Hailsham. 

Only 17% of vehicles sampled at Hai Isham contained bagged household waste compared 

with 33% at Eastbourne. Reasons for the difference could include missed waste 

collections, seasonal influences or the impact of larger capacity wheeled bins in 

Hail sham. 
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The components in waste streams entering both sites are very similar. Green waste, 

bagged household waste, cardboard, furniture and wood are frequently present at both 

sites though the volumes expressed as percent vary. 

3.5.7 Diversion from landfill 

Thirty four truck loads of waste were delivered to landfill from the Eastbourne HWRS 

during the week of surveying, a total of 281 tonnes. Analysis of results from the site show 

that with increased use of the existing recycling facilities for glass, textiles, paper, green 

waste, cardboard, metal and cans there could be a 40% diversion of waste by un

compacted volume from landfill. 

3.5.8 Discussion 

The method of observing waste components and relating them to total volume is designed 

to provide background data on material components and approximate proportions. The 

results showed that green waste was the most frequently present material, comprising 30 

to 43% of total sample arisings. The abundance of green waste in the HWRS stream had 

been anticipated since surveying was conducted in September, which is still British 

Summer Time. The local residents are therefore still active in their gardens, removing 

fresh growth (e.g. grass cuttings and prunings) whilst the onset of autumn results in the 

deposition of dead and decaying vegetation. 

Green waste is traditionally taken to HWRS because of the restrictions placed upon the 

volumes of waste collected by local authorities. In some districts it is prohibited for 

householders to place green waste in with the domestic refuse intended for collection. 

Therefore, the public have the option of composting the waste at home, burning it or 

taking the waste to an HWRS. Consequently, large volumes of green waste form part of 

the HWRS waste stream, with this waste present in 34-40% of vehicles visiting the sites. 
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The results exhibit some similarity with the Recycling Evaluation Consortium survey 

which found green waste present in 36% of carriers visiting CA sites (Poll et al., 1990). 

Previous research has shown that there are marked seasonal variations in the quantity of 

green waste discarded at HWRS. The percentage of green waste present in May can be 

36% higher than in January due to increased garden maintenance in spring/summer 

(Waite, 1995). 

Bagged waste comprised 9.5-21 % of the waste delivered to the sites and because of the 

unobservable nature of the contents, some possible sources are suggested. It is possible 

that missed domestic refuse collections maybe responsible for part of the composition. 

Local data was not available but from May to September 1998, the national average for 

missed waste collections was 173 per 100,000 households (Audit Commission, 2001 ). 

However, house clearances and commercial waste entering sites illegally are other 

possible sources of the bagged material observed. Bagged waste was present in 17-33% 

of vehicles and previous studies have shown that 28% of people use HWRS sites to 

dispose of excess household waste (Poll et al., 1990). 

Materials from building and DIY work also contributed to 8.4 to 8.9% of total arisings at 

the sites. A substantial proportion of this was mixed DIY waste, observed to be generally 

composed of plasterboard, wall paper, masonry waste, wood, metals and paint. Although 

much of the material would have been from local residents, it was probable that a 

proportion was illegal trade waste at both sites. 

The arising of wood waste is the result of DIY and gardening activities, with treated and 

untreated timbers coming from both the interior and exterior of the home. The wood 

waste was recorded at 8.5-10.5% of the volume, with the main components being board 

materials and treated wood. Board materials such as MDF and chipboard are used for a 

variety of fixture and fitting purposes in a typical home. The green waste was comprised 

of approximately 5.5-8.1 % of woody material. Although this material was included with 

the green waste, if combined with the wood, it would make a total of 14-18.6% by 
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volume at the sites. Therefore, although these initial results are limited, they demonstrate 

that wood quantities are large and would benefit from further sampling. 

Surveying was conducted over a relatively short period and as such does not take account 

of seasonal fluctuations in waste arisings. Previous research has shown there are 

significant variations between winter and summer, particularly for green waste (Waite, 

1995). Conversely metals have been observed to be 12% higher in January than May due 

largely to the replacement of electrical equipment over the Christmas period (Waite, 

1995). 

The surveying technique had to be conducted quickly to minimise interruption to the site 

users. Thus, when the initial capacity of the boot is assessed error is sizeable, and this is 

then increased as the materials composition of the waste is recorded. Furthermore, it is 

not always possible to record detailed information on the materials and items entering the 

site due to the fast turnover of vehicles. Consequently, no justification of error size is 

made, however, the method proved useful at achieving high rates of public response and 

an indicative set of data for waste composition. 

3.6 Methods for collecting data on waste disposal at landfill 

The main method of waste management in East Sussex is disposal in landfill sites. 

Approximately 334,000 tonnes per annum of household waste is discarded to the landfills 

at Beddingham and Pebsham, with some of the material collected in the west of Brighton 

and Hove taken to the Horton landfill site in West Sussex. Since landfill is such an 

important local method of waste disposal it was necessary to investigate the nature of the 

household waste entering the sites in the study area. 

Therefore, landfill sampling was undertaken to determine quantities and approximate 

compositions of household waste material entering the major landfills in the waste 

disposal authority area. In addition, the data obtained from these samples would be able to 

act as a reference for hand sorted samples collected later. 
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3.6.1 Landfill sampling method 

Landfill sites are very busy and hazardous environments to conduct survey work in. 

Waste is deposited quickly by several vehicles at a time and compacted by the site 

machinery almost immediately. Therefore, a survey technique is required that is quick, 

flexible and repeatable. One method has been to visually monitor waste as it enters 

landfill and to then verify the observational findings with weigh bridge receipts showing 

waste origin and weight (Harder and Freeman, 1997; Siders, 1999; South Australian 

Environment Protection Agency 1999). The technique has large sampling error, so a 

consistent method is important. 

Surveying was conducted at the three major sites in Sussex receiving the household and 

municipal solid waste for East Sussex in 2000 and 2001. During each survey, monitoring 

was performed at the tip face by making visual assessments of the composition of 

material being deposited. In addition, weighbridge receipts were collected for each day's 

vehicle movements. This enabled the weight of material deposited on a load by load basis 

to be determined. As vehicles entered the site, information was collected through dialogue 

with the driver, weigh bridge operator and from the waste transfer sheet (Table 3.6). 

Information recorded at Information recorded on tip face 

weigh bridge 

Other information 

Waste sector The homogeneous nature of the Time 

waste 
Weight received (net) 

Origin of waste 
Stated composition 

Compaction of waste 

Composition of waste 

Vehicle Registration 
Number 
Company/ contractor 

Table 3.6 Data fields recorded during the landfill surveys 

Whilst the vehicle was emptying at the tip face, visual analysis was used to estimate an 

approximate waste composition. This involved recording the vehicle type and visually 

inspecting the waste deposited into the nearest 5% range. Only the main waste categories 

were used to provide an indicative composition, particularly for HWRS wastes (Table 
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3.7). The recorded information was used to estimate the volume and weight of categories 

of materials entering the site with data obtained on material densities and vehicle load 

capacities. 

Main category Waste components observed 

Cardboard Corrugated cardboard and packaging 

Miscellaneous combustibles Household black bag waste 

Refuse collection 
Green waste Grass cuttings 

Hedge and tree prunings 
Bedding plants 

Brown goods Mattresses 
Sofas 
Armchairs 
Miscellaneous furniture 

Metals Ferrous 
Non ferrous 

Paper Newspaper & magazines 
Other paper 

Plastic Dense plastics 
Plastic films 

Textiles Clothing 
Bed linen 
Curtains 
Carpets and rugs 
Mats and towels 

Wood MDF 
Chipboard 
Sawmilled posts and planks 
Logs and branches 
Offcuts 

Miscellaneous non-combustible Fines 
Rubble 
Soil 
White goods and electrical items 

Table 3.7. Main categories observed amongst vehicles depositing HWRS waste at 

landfills 

3.6.2 Results of surveys 

During the monitoring period 2,167, vehicles had their loads assessed. According to 

weighbridge data, these deposited a combined total of 18,724 tonnes of waste. Table 3.8, 

records that 41 % of waste by weight, originated from the household waste stream in East 

and West Sussex and 35% of waste was solely from East Sussex. Consequently, the 
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majority of vehicle movements were associated with household waste and during the 

Beddingham survey, 67% of vehicles entering the tip face deposited household waste. 

Waste sector Weight (t) % 

Construction & demolition 6,497 35 

Household collection from ESCC 4,133 22 

HWRS 2,348 13 

Household collection from WSCC 1,046 6 

Commercial & industrial 2,330 12 

Others 2,370 13 

Total 18,724 100 

Table 3.8 waste sectors surveyed depositing waste to Sussex landfills 2000-2001 

3.6.3 Estimation of components 

The surveying in effect sampled 4,133 tonnes of household collected waste and 2,348 

tonnes of HWRS waste through the observational method. This represented 

approximately 1.5% of total household collected waste and 2.8% of total HWRS waste 

for East Sussex in 2000/01. Using weighbridge receipts, mean load weights with 

confidence intervals according to waste sector were determined from one sample t-tests 

(Table 3.9). Mean load weights entering landfill were 7.4 tonnes and 8.4 tonnes for refuse 

and HWRS respectively, with high standard deviation for both samples. However, the 

least sample variance and standard deviation for whole loads was found within the 

HWRS samples for roll on roll off when compared to samples from refuse collection 

compaction vehicles. The confidence intervals for the means were within +/-0.2 to 0.3 

tonnes for refuse and +/-0.2 to 0.4 tonnes for HWRS. 

Waste Sector Mean Std. Std Error Variance 95% confidence interval of 

(tonnes) deviation of mean the difference 
Lower Upper 

Refuse collection 7.4 2.4 0.12 5.8 7.2 7.7 

( compaction vehicle) 
HWRS (Roll-on-Roll 8.4 1.8 0.15 3.4 8.2 8.8 

off vehicle ) 

Table 3.9: Mean load weights by household waste sector entering landfills (one sample t

tests) 
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To allow some assessment of the variability of waste materials and components as 

delivered to the sites, the waste components were estimated using material density data 

obtained from literature (Table 3.8). The aim was to gain an impression of a typical waste 

load and also to experiment with the approach and its limitations. 

The refuse collection components were typically contained in plastic film sacks, which 

made observational analysis difficult. The refuse was therefore recorded as bagged waste 

and this accounted for 96.7% of the observed volume. Materials observed at much lower 

volumes included wood, plastics, paper, textiles, cardboard and brown goods. These 

wastes were only recorded because they were not concealed in bags and the results show 

little evidence of these being anything other than minor components. 

The HWRS samples by volume contained mostly wood (16.6%), bagged wastes (16%) 

and cardboard (15.9%). The calculation of waste components using literature values 

demonstrates the complexities associated with heterogeneous waste materials, since high 

volume to low weight wastes such as cardboard, recorded a volume of 15.9% of the 

sample but accounted for only 3. 7% of the weight (Table 3 .10). Furthermore the use of 

literature values is a source of variation in itself since material densities can be highly 

variable. The sources of variation in the recording of samples and use of literature density 

values is highlighted by the total density value calculated mean load of 6.6 tonnes for 

HWRS in Table 3.8. The sample mean was 8.4 tonnes (Table 3.9). Therefore, the large 

sample approach was only able to get within an average 1.8 tonnes or 21 % of the sample 

mean because of missing waste components and sample error. 
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Waste group HWRS HWRS HWRS4 (t) HWRS3 HWRS HWRS3 

(m3) Mean (m3) Mean load %volume % weight 
(t) 

Cardboard 765 4.8 39 0.2 15.9 3.7 

Refuse & bagged 773 4.9 388 2.4 16.0 37.1 

Green waste 587 3.7 59 0.4 12.2 5.7 

Brown goods 550 3.5 105 3.7 11.4 56.0 

Metals 108 0.7 35 0.2 2.2 3.3 

Paper 51 0.3 5 0.0 1.1 0.4 

Plastics 487 3.1 32 0.2 I 0.1 3.0 

Textiles 345 2.2 23 0.1 7.2 2.2 

Wood 801 5.0 190 1.2 16.6 18.2 

Misc-non-comb 359 2.3 173 I. I 7.4 16.5 

Total 4827 30.4 1047 6.6 100.0 100.0 

Waste group Refuse Refuse Refuse3 (t) Refuse3 Refuse % Refuse3 % 

(m3) Mean (m3) Mean load volume weight 
(t) 

Cardboard 50 0.1 3 0.0 0.5 0.1 

Refuse & bagged 8886 16.2 4460 8.1 96.7 98.8 

Green waste 28 0.1 3 0.0 0.3 0.1 

Brown goods 42 0.1 8 0.0 0.5 0.2 

Metals 4 0.0 I 0.0 0.0 0.0 

Paper 12 0.0 1 0.0 0.1 0.0 

Plastics 45 0.1 3 0.0 0.5 0.1 

Textiles 16 0.0 1 0.0 0.2 0.0 

Wood 67 0.1 16 0.0 0.7 0.3 

Misc-non-comb 42 0.1 20 0.0 0.5 0.4 

Total 9192 17 4516 8.2 100.0 100.0 

Table 3.10 Calculated volume and weight of waste materials from HWRS and refuse 

collection entering landfill during survey 

The majority of bagged material deposited entered through the household collection 

waste stream with mean of 7.4 tonnes per refuse collection vehicle. Bagged wastes also 

entered from HWRS but at much lower levels. This observation was attributed to missed 

collections on the normal refuse round. 

3.6.4 Wood waste 

During sampling, large quantities of wood were recorded, by both calculated weight and 

volume. The vast majority of this material was arriving from HWRS and only small 

amounts were present in the waste collected on a weekly basis from households. 

4 Calculated using residential waste values from Tchobanoglous et al. , I 993 
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Consequently, the categorisation of different varieties of wood was undertaken. The 

material was present in a total of 327 (42%) loads during the 2000 analysis at 

Beddingham. The survey included material from the commercial and industrial sectors as 

well as from construction and demolition so that comparisons would be possible. It is 

apparent from the results that wood, like so much waste, is also a heterogeneous material. 

Figure 3.4 illustrates the varieties of treated and untreated wood recorded at the site. 

Amongst the treated wood, the most frequently recorded material types were boards and 

sawn timbers. A fewer number of categories were identified in the untreated wood and 

the most frequently observed amongst these were the sawn posts/ planks and pallets. 

1% 

□ Board-uncoated 

■ Sawn-painted 

□ Board-coated 

□ Sawn-treated 

■ Furniture - solid 
wood 

□ Fittings-painted 

■ Softwood- coated 

□ Offcuts-painted 

■ Offcuts-treated 

■ Fum iture - other 

□ Mixed wood 

Figure 3.4 Categories of treated wood waste entering landfill by observed volume 

(sample of 1320 m3 out ofa total of2333 m3
, 2000) 
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18% 

□ Sawn-planks/ posts 

■ Pallets/ crates 

□ Offcuts 

52% □ Board-sawn 

■ Sawdust 

□ Wood chips- fresh 

Figure 3.5. Categories of untreated wood waste entering landfill by observed volume 

(sample of 1013 m3 out of a total of2333 m3
, 2000) 

Waste Sector Estimated weight % of timber entering site 
(tonnes)5 bv wei2ht 

Commercial & 249 45 
industrial 
HWRS 232 42 
Construction & 55 10 
demolition 
Household 17 3 
Miscellaneous >O >O 
Total 553 100 

Table 3.11 Waste sectors delivering waste wood to Beddingham and calculated arisings 

during landfill survey in 2000 

From the observational data it was estimated that 57% by volume of the total wood was 

'treated', consisting of both impregnated and painted construction timbers and 

manufactured board materials. Furthermore, a large proportion of the total material has 

originated from household waste recycling sites. Material quantities entering the site 

during surveying were calculated from wood density values and the observed volumes 
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(Table 3.11). Therefore, in the 2000 survey 42% by weight of the total wood was from 

HWRS. 

3.6.5 Discussion 

The results only provide a limited insight into the variability of the waste components and 

there remain several methodological problems associated with this scaling approach. 

Variation between compaction vehicle net loads may not be the result of the wastes, there 

may also be external factors such as use of different body sizes that are not incorporated. 

However, the main reason why this approach is not suitable as the basis for determining 

waste components is demonstrated in Table 3.10. The application of literature density 

values identifies missing material components resulting from the observational method. 

Thus, the observed volume method enables waste components to be missed out of the 

sample entirely, meaning that appropriate density values are not allocated. 

For HWRS samples, when weights for individual waste components were calculated 

using literature density values, the totals were lower than the recorded mean load. This 

indicated that the literature values were not representative of the waste material present 

and that further sampling and weight analysis would need to be conducted to provide a 

better estimate of true waste composition by weight. 

The results show there is a considerable quantity of wood material entering landfill, both 

from the commercial and industrial sectors and from HWRS. The analysis of wood 

varieties recorded that the majority of the material was manufactured, such as boards, or 

treated with paint or coatings. Some preservatives are difficult to observe and it is 

therefore likely that the amount of treated wood was higher than the recorded 57%. 

Consequently, to allow further investigation of the variety of wood waste and because of 

the difficulties associated with assigning literature values, it was necessary to conduct 

further samples. These results formed the basis of the decision to conduct further analysis 

of HWRS composition at sites in East Sussex. 

5Based on an average wood density value 237kg/m3 from Tchobanoglous et al. , (1993) 
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3.7 Hand sorted samples according to weight at household waste recycling sites 

Following the observational surveys, sorting and weighing of a representative sample 

from an operational HWRS was shown to be necessary for three reasons: 

I). From the results presented so far it is apparent that literature waste density values will 

be unable to provide an accurate estimate of the HWRS waste components. 

2). The wood wastes have been observed to be of varied composition and therefore 

require a more detailed analysis. 

3). The surveys conducted in Eastbourne and Hailsham identified potential trade waste 

contamination which could affect the final composition results. 

In addition, more material-specific information was required from sites that already have 

high recycling levels so that a greater understanding of the impacts upon the residual 

waste could be developed. Composition by weight samples are therefore particularly 

useful for assessing how much recyclable material is still entering the residual stream and 

to what extent it will be feasible to target it for recycling and recovery. 

3.7.1 Site selection 

There are two HWRS in the city of Brighton and Hove that serve 114,479 households 

(National statistics 2003). In 2000/01 they had an annual combined waste throughput of 

21,316 tonnes, which had increased to 21 ,777 tonnes by 2001/02 (ESCC, 2002a). Since 

stricter enforcement of trade abuse commenced, delivered waste levels have dropped 

substantially. This was an important consideration in site selection because previous 

research at Hailsham and Eastbourne recorded suspected trade abuse. Trade waste would 

have effected the waste composition and made it less representative of household waste. 
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Materials collected in 2001/02 Tonnes % 

Paper 400.3 1.8 

Cardboard 304.8 1.4 

Glass 252.3 1.2 

Textiles 35.9 0.2 

Green-waste 3,163.2 14.5 

Mixed metal 1,210.1 5.6 

Car batteries 36.0 0.2 

Engine oil 18.4 0.1 

Total recycled 5,421.0 24.9 

Total residual disposed 16,356.0 75.1 

Total HWRS waste 21 ,777.0 100.0 

Table 3.12 Recycling and residual waste recorded at Brighton & Hove sites in 2001 /02 

Both sites had extensive recycling facilities for paper, cardboard, glass, cans, metals, 

white goods, oil, textiles, green waste and batteries. HWRS recycling rates were high at 

24.9% in 2001/02 and Figure 3.6 shows the typical profile of the main recyclables 

collected at the sites between September 2000 and April 2002. Residual wastes are 

deposited in covered waste halls at both sites and the seasonal profile for total wastes is 

illustrated by Figure 3.7. The profiles demonstrate typical site user activity for HWRSs of 

low waste throughput in winter and high waste flow in summer. In addition, reusable 

items are sold through a shop at one of the sites. 
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Figure 3.6. Profile of main recyclable materials against residual waste from September 

2000 to April 2002 (Brighton & Hove City Council, 2002) 
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Figure 3.7. Total waste entering Brighton & Hove sites 2001-2003 (Brighton & Hove 

City Council, 2003) 
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3. 7 .2 Method 

Residual waste was sampled in September 2001 using a sort and weigh method. Mixed, 

mainly dry material was taken from the waste halls of both sites. A sample size of 4.48 

tonnes (4,476kg) was achieved, representing approximately 0.02% of the total HWRS 

waste arising in Brighton & Hove for the 2001/02 year or approximately 0.5% of that 

months total residual arising. 

Samples were selected from the mixed waste pile using a front-end loader with a shovel 

capable of lifting waste loads of up to 1 tonne. The samples were laid out on the floor of 

the waste hall and sorted and weighed according to category and material type. Sorting of 

materials was conducted to a detailed level, which included the types of polymers, 

colours of glass, type and treated nature of wood, ferrous/ non-ferrous metals, types of 

paper and textiles. All large pieces of material were removed from each sample until only 

the coarse fines of generally less than 10mm in diameter remained. 

The weighing method used a platform balance for light, small items and a larger tripod 

with suspended spring balance for weighing bulky items such as sofas, armchairs, 

mattresses and wood. Balance accuracy was ± 20grams for the platform balance and ± 

250g for the spring balance. 

3. 7 .3 Results 

A total of 4,476 kg of waste was sorted and weighed, 2,316 kg from site 1 and 2,160 kg 

from site 2. This represented approximately 0.02% of total annual HWRS arisings for 

Brighton and Hove, based upon 2001/02 figures. Twenty main categories of waste 

material were recorded. These were then sorted into fifty-nine detailed sub-categories 

(Table 3 .13). 
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Materials Recorded weights 

Main categories Site 1 (kg) Site 2 (kg) Mean (kg) Total (kg) 

Wood 467.75 633 .75 550.75 1101.50 

Fines 532.72 209.47 371.10 742.19 

Textiles 194.00 231.25 212.63 425.25 

Rubble 163.55 217.56 190.56 381.11 

Paper 151.75 111.00 131.38 262.75 

Brown goods 157.25 95.00 126.13 252.25 

Green garden waste 147.50 81.88 114.69 229.38 

Metals 77.95 97.75 87.85 175.70 

Plastic dense 78 .91 71.00 74.96 149.91 

Bagged household 64.88 69.60 67.24 134.48 

Cardboard 58.75 68.25 63.50 127.00 

DIY 76.00 25.04 50.52 101.04 

Electrical 29.94 62.85 46.40 92.79 

Ceramics 37.19 43.50 40.35 80.69 

Putrescibles 23.70 37.25 30.48 60.95 

Soils 18.00 38.75 28.38 56 .75 

Plastic films 19.00 36.00 27.50 55.00 

Glass 12.00 24.85 18.43 36.85 

Miscellaneous 5.50 2.00 3.75 7.50 

Hazardous 0.25 3.10 1.68 3.35 

Total 2316.59 2159.85 2238.22 4476.44 

Table 3.13 Main HWRS waste categories by recorded weight 

3.7.3.1 Biodegradable material 

The largest waste material component by weight was wood at 24.6%. The varieties of 

wood waste as a proportion of the total are presented in Figure 3.6 and comprised of eight 

main identified categories plus one for miscellaneous items. Of the nine categories, 

chipboards were the highest by weight at 7.7% of total waste, followed by fibreboards 

(3.8%), sawn posts/ planks- treated (2.9%), and sawn posts/ planks- painted (2.8%). 

Untreated material was much lower at 2.7% of total sample for sawn posts/ planks

untreated and 0.4% for fresh wood- untreated. The results show that the treated, painted, 

manufactured wood makes up 86% of the total wood waste and that only 14% is 

untreated (Figure 3.8). Green waste was found to comprise 5.1 % of total sample weight, 

whilst putrescible items such as fruit and vegetables made up 1.4%. 
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3.7.3.2 Inert materials 

Mixed fines (16.6%) formed the second largest single category by weight. Rubble was 

recorded at 8.5% and soils at 1.3%. Ceramics (1.8%) included plant pots, tiles, sink and 

we units. 

3.7.3.3 Textiles and carpet 

Whilst textiles were recorded as 9.5% of sample weight, the textiles category was 

combined with carpet for the purposes of this analysis, as had been performed previously 

for the observed samples. Carpet made up 5.3% of total waste and was categorised 

amongst the textiles, rather than the brown goods so as to reflect its cloth fibre 

construction and potential for recycling. 

3.7.3.4 Household (small) 

Household black bin bag material was found to comprise some 3% of total sample 

weight. Though all bags were opened, hand sorting was only conducted if contents varied 

from a typical domestic bags content, therefore if the contents did not include food and 

packaging. This approach was adopted because the individual components of bagged 

waste were included in other collected household waste analyses. 

3.7.3.5 DIY 

The 'do it yourself category of waste components was recorded as 2.3% of sample 

weight. It incorporated items that were identified to have come from home improvement 

type activities, such as wallpaper, plasterboard and paint. 
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Figure 3.8 Wood waste components as a proportion of total wood recorded at both sites 
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Figure 3.9. Main waste categories recorded at both sites 

3. 7 .3 .6 Recyclable materials 

Wood 

■ Fines 

D Textiles 

□ Rubble 

■ Paper 

D Brown goods 

■ Green garden waste 

□ Metals 

■ Plastic dense 

■ Bagged household 

D Cardboard 

■ DIY 

■ Electrical 

■ Ceramics 

■ Putrescibles 

■ Soils 

■ Plastic films 

□ Glass 

D Miscellaneous 

□ Haz.ardous 

The analysis recorded some materials that could potentially be recycled. These included 

paper and card at 5.9% and 2.8% respectively and metals (3.9%) and glass (0.8%). Dense 

plastics of different types were also present at 3.4%, as were small amounts of plastic film 

(1.2%). 
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3.7.3.7 Large/ bulky items 

Brown goods such as mattresses, armchairs and sofas comprised 5.6% of sample weight. 

All of the items present in the sample were heavily damaged or contaminated. Re-use of 

such items would not have been likely. 

3.7.3.8 Hazardous and miscellaneous 

Some small quantities of hazardous waste (0.1 %), such as asbestos and garden chemicals 

were recorded amongst the general waste. Ideally, such items would be intercepted by the 

site staff and taken to the chemical store or hazardous waste bins. 

September 2001 Totals Tonnes % 

Green waste 267.6 20.0 

Metal 105.5 7.9 

Paper 35.5 2.7 

Cardboard 24.9 1.9 

Glass 22.4 1.7 

Oil 0.9 0.1 

Textiles 3.9 0.3 

Miscellaneous recycling 2.0 0.1 

Residual waste 873.7 65.4 

Total 1336.5 100.0 

Table 3.14. Materials entering both HWRS in September 2001 (Brighton and Hove City 

Council, 2002) 
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Material Calculated total % of total 

category for sample month 
(t) 

Biodegradable Green waste 312.4 23.4 

Putrescible 11.9 0.9 

Wood 215 .0 16.1 

Inert Soil I I.I 0.8 

Ceramics 15.7 1.2 

Rubble 74.4 5.6 

Fines 144.9 10.8 

DIY DIY 19.7 1.5 

Recyclable Plastic dense 29.3 2.2 

Plastic film 10.7 0.8 

Glass 29.6 2.2 

Metal 139.8 10.5 

Paper 86.8 6.5 

Cardboard 49.6 3.7 

Textiles 86.9 6.5 

Oil 0.9 0.1 

Batteries 2 .0 0.1 

Brown goods Brown goods 49.2 3.7 

Electrical Electrical 18.1 1.4 

Household small Black bin bags 26.2 2.0 

Miscellaneous Miscellaneous 1.5 0.1 

Hazardous Hazardous 0.7 0 .0 

Totals 1336.5 100.0 

Table 3.15. Calculated total site arisings by main category, September 2001 

3.7.4 Calculated arisings 

The sample data was combined with the actual weigh bridge data (Table 3.14) for the site 

in September 2001 and approximate compositions for the sampling month were 

calculated (Table 3.15). On the basis of these calculations, green waste remained the 

single largest component entering the site at 23.4%, whilst wood was calculated as 

comprising approximately 16% of total waste. 
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3.8 Discussion of HWRS results 

Both the 2000/01 and 2001/02 total annual HWRS waste profiles (Figure 3.7) appear to 

be very similar, with the only obvious difference being in May 2000, which recorded a 

higher waste input than May 2001. Therefore, this data does not suggest that the sampling 

month of September 2001 was any different to September of the previous year. In 

addition, since the security measures were introduced, trade abuse at the sites has been 

largely curtailed. 

3.8.1 Biodegradable waste 

Sampling was conducted in late summer, at a time of year when green waste levels can be 

expected to be relatively high. The monthly data in Table 3.14 shows that green waste 

made up approximately 20% of the total site input. The sample results suggest a capture 

of 75% for the compostable material, since levels of green waste recorded in the residual 

waste were 5.1 %. For comparison, mean values of 33.2 to 43.5% by weight have been 

recorded in samples at other sites without effective green waste segregation (Poll et al. 

1990). Moreover, the very low level of fresh untreated wood amongst the total wood 

waste provides further evidence for this. 

It was also observed that the majority of the green garden material in the residual stream 

had been delivered in separate bags. This indicated that it could have been readily 

diverted to the compost containers. Maximising green waste segregation is highly 

desirable since 14.5% of the total recycling achieved at the sites was via compostable 

material. 

Treated and manufactured wood levels were also high at 21.5% for both sites combined. 

Levels of chipboard (7.7%) and fibreboard (3.8%) were highest. The board materials 

could, in theory, make a considerable contribution to the achievement ofrecycling targets 

if suitable and cost effective management processes became available, such as those 
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being developed by the TRADA EnviroFibre project (TRADA, 2003). Until such time, 

there is the possibility that such materials could be sent for energy recovery. 

The combined categories of fresh wood and sawn- untreated equate to 3.1% of total waste 

sampled. Suitable uses upon recovery would include compost, mulch, board manufacture, 

wood fuel and surfacing products (WRAP 2003). However, segregating these materials 

from treated wood will present its own difficulties. 

3.8.2 Recycling 

Generally levels of dry recyclables in the samples were low. However, there were still 

materials that could be subjected to higher levels of diversion from the residual waste 

such as glass, metals, paper, cardboard and a proportion of the textiles. Since recycling 

containers for these materials are already provided at the sites, improving their 

performance may require further intervention by the staff at the residual waste pile, 

combined with enhanced levels of facility promotion. 

3.8.3 Inert material and Fines 

Further scope also exists for diversion of rubble and soil from disposal. Whilst these 

materials do not qualify as household waste and so cannot contribute to recycling under 

Best Value (DETR, 2001a), they can be segregated on site and diverted from landfill. 

The high levels of fines recorded at the sites are believed to be a function of both the dry 

nature of the material entering each site and the design of each waste hall. Comparison of 

site data shows that Site 2 had only 10% fines, whilst Site 1 had 23%. It may be that Site 

1 is inadvertently producing more pulverised material, since it operates a below ground 

waste hall system which the site users drop waste into, causing material to smash more 

readily. At Site 2, the hall is accessible to vehicles and articles can be deposited at floor 

level. 
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3.8.4 Bulky and re-usable items 

The sites operated a small shop that reclaimed and sold on re-usable furniture and 

electrical equipment. Whilst many of the brown goods entering HWRS are not strictly re

usable because they are damaged, items such as sofas and armchairs, beds and mattresses 

contain wood, steel and fabrics. The eventual reclamation of these materials would 

therefore seem to be desirable for sustainable waste management. 

3.8.5 Method 

The level of detail revealed by these samples was far greater than that obtained from 

visual observation at landfill sites and HWRS. By recording waste component weights it 

was possible to construct a profile of waste materials that had arisen. However, the 

samples were small. Therefore, the mass flow samples conducted previously provide 

substantiation for the waste components being present in larger quantities than it is 

possible to quantify using the sort and weigh method described. 

3.9 Sampling of collected household wastes 

The main component of the total household waste is the material collected during 

traditional refuse collections. For East Sussex in 2000/01, refuse collections accounted for 

281 ,620 tonnes or 77% of total household waste. The sampling strategy therefore 

included an analysis of the waste components collected from a sample of households in 

the county. 

3.9.1 Variation in household waste samples and compositional categories 

As discussed at the beginning of the chapter, household wastes typically have high 

coefficients of variation in terms of the total weight of different component categories 

generated by households (Parfitt and Flowerdew, 1997). The variation has led to 

methodological problems for previous research projects, such as the National Household 

105 



Waste Analysis Programme (NHWAP) (Warren Spring Laboratory and Aspinwall & Co 

Ltd, 1994). 

This research has sought to adopt part of the NHW AP methodology, employing similar 

sampling techniques and waste component categories. The main difference was the scale 

over which the samples were conducted and the end use to which the data are to be put. 

3.9.2. Household waste hand sorting 

Household waste compositional data collection by hand sorting is a physically difficult 

and expensive task. The arrangement of several tonnes of waste for sampling requires not 

only the co-ordination of the researchers but also of the waste officers and their 

contractors. Furthermore, because household wastes are highly heterogeneous and 

susceptible to significant fluctuations in composition and quantity, large sample sizes are 

required to achieve representative samples (Parfitt and Flowerdew, 1997). In addition, 

sampling error is generally large for the categories of waste that are less frequently 

present. It is not therefore possible to achieve large and truly representative samples of 

waste without considerable resources. Consequently, the sampling employed by this 

method was designed to provide good quality waste composition data from the largest 

district of Wealden, which would give a good indication of the waste components present 

and enable comparison with data collected in Brighton and Hove. 

3.9.3 Wealden refuse collection: household waste collection samples 

Waste collection and hand sorting commenced in September 1999 and lasted for 

approximately 3 days. Wheeled bins were collected from 32 households in the sample 

area. Although the roads had been selected according to ACORN criteria, the final 

households were not chosen until that morning when it could be seen which bins had been 

put out ready for collection. 
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Each bin was given a reference number referring to a specific household. Wealden 

District Council also operated a kerbside-recycling scheme for cans and paper. For each 

house it was also noted if the kerbside box was out for collection and the approximate 

composition of materials present. Therefore, operational recycling data would be added to 

the waste composition, during the modelling stages of the research. 

The wheeled bins were taken to the Wealden materials recovery facility where the 

contents were analysed. Although the methodology in actual fact required the data to be 

arranged as a bulk sample, each bin was still treated as an individual sample and sorted 

through separately. 

The contents of each bin was emptied and sorted into different material types according to 

the waste categorisation groups from the NHWAP. The results collected from Wealden 

could then be more readily compared with compositional data from Brighton & Hove. 

Under this categorisation method, materials were divided into 11 main categories and 

then into a further 32 sub groups as illustrated in Table 3.16 below. 
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Material 

Paper& Card 

Plastic film 

Plastic dense 

Textiles 
Miscellaneous 

Non 

Glass 

Putrescibles 

Ferrous metals 

Non Ferrous~'-"...l<l""-'"--"'-'....,_---------~ 

metals 

Items/substance Materials less than I 0mm in size 

Table 3 .16. Categories materials were sorted into as based upon the NHW AP waste 

classification (Warren Spring Laboratory and Aspinwall & Co Ltd, 1994) 

The materials were then weighed and the scales were re-calibrated at regular intervals. 

The procedure was repeated for each household. The main waste components recorded 

are presented in Table 3.17. 
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Categories Materials Weight kg % of total 

Paper and Card Newspapers & magazines 29.9 5.1 

Other paper 33.7 5.8 

Liquid cartons 0.5 0.1 

Card packaging 24.9 4.3 

Other card 2.4 0.4 

Plastic film Refuse sacks 0.1 0.0 

Other plastic film 14.9 2.5 

Plastics Clear beverage bottle 8.4 1.4 

Coloured beverage bottles 0.7 0.1 

Other bottles 4.7 0.8 

Food packaging 12.6 2.2 

Other dense plastic 12.8 2.2 

Textiles Textiles 4.3 0.7 

Combustibles Disposable nappies 14.8 2.5 

Other miscellaneous combustibles 35.5 6.1 

Non-combustible Miscellaneous non-combustibles 44.5 7.6 

Glass Brown bottles 1.0 0.2 

Green bottles 10.4 1.8 

Clear bottles 14.7 2.5 

Clear jars 3.7 0.6 

Broken glass 2.8 0.5 

Putrescibles and Fines Garden waste 184.5 31.6 

Other putrescibles 107.5 18.4 

Metal - Ferrous Beverage cans 0.1 0.0 

Food cans 5.3 0.9 

Batteries 0.0 0.0 

Other cans 0.8 0.1 

Other ferrous items 0.8 0.1 

Beverage cans 2.9 0.5 

Metal - Non Ferrous Foil 1.7 0.3 

Other non-ferrous items 1.4 0.2 

Fines Items/substance<l 0mm 2.2 0.4 

TOTAL 584.4 100.0 

Table 3.17. Wealden refuse components from sort and weigh waste samples 
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3.9.4 Brighton and Hove: household collection samples 

Brighton & Hove City Council conducted its own comprehensive waste analysis in the 

spring of 2001. The sampling method involved collecting, sorting and weighing the waste 

from approximately 485 households in the city. Of the total households, some 236 were 

flats on a twice-weekly refuse collection. The total amount of waste sampled was 5.227 

tons and nearly all the waste was contained in refuse sacks. The aim was to gain a 

representative sample from an urban area, so care was taken to select households from all 

the main ACORN groups A to F. The main waste components recorded are presented in 

Table 3.18. 
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Category Material Weight kg % of total 

Paper and Card Newspapers 469.75 8.99 

Magazines 334.61 6.4 

Recyclable Paper 302.96 5.8 

Non-recyclable Paper 194.94 3.73 

Card/Paper Packaging 217.33 4. 16 

Cardboard/Other Card 24.54 0.47 

Cardboard Corrugated 87.05 1.67 

Cartons 27.52 0.53 

Putrescibles and Fines Garden Waste 197.09 3.77 

Kitchen Cooked 558.61 10.69 

kitchen Uncooked 630.82 12.07 

Fines 179.55 3.43 

Unclassified Putrescible 35.83 0.69 

Combustibles Cork 3.3 0.06 

Disposable Nappies 180.66 3.46 

Sanitary Towel 5 0.1 

Wood 35.75 0.68 

Unclassified/Non-reusable 74.5 1.43 

Textiles 175.69 3.36 

Non-combustible Stones, Rubble bricks 47.27 0.9 

Unclassified Uncombustable 31.61 0.6 

Plastics HDPE Coloured 22.28 0.43 

HDPE Natural 38.82 0.74 

PET Coloured 14.11 0.27 

PET Natural 37.5 0.72 

PVC Coloured 1.45 0.03 

PVC Natural 2.75 0.05 

PP Coloured 1.33 0.03 

PP Natural 1.43 0.03 

PS - Food packaging 12.06 0.23 

PS - Non Food Packaging 7.13 0.14 

Plastics Other Dense Food Packaging 99.91 1.91 

Other Dense Plastic 73.2 1.4 

Plastic Hazardous 23.86 0.46 

Plastic Film Refuse Sacks 56.7 1.08 

Plastic Sacks 72.76 1.39 

Non-Packaging Film 22.01 0.42 

Packaging Film 83.11 1.59 

Clear Glass Packaging 212.36 4.06 

Glass Green Glass Packaging 188.64 3.61 

Brown Glass Packaging 41.66 0.8 

Other Glass 25.4 0.49 

Metal - Non Ferrous Non Ferrous Food Cans 10.69 0.2 

Non Ferrous Beverage 22.3 0.43 

Table 3.18. Brighton & Hove refuse components from sort and weigh waste samples 

conducted in May 2001 (Brighton & Hove City Council, 2001) 
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Non Ferrous Aerosols 8.35 0.16 

Other Aluminium 16.27 0.31 

Other Metal Non-Ferrous 5.77 0.11 

Metal - Ferrous Ferrous Food Cans 109.37 2.09 

Ferrous Beverage 8.69 0.17 

Ferrous Aerosols 3.1 0.06 

Other Metal Ferrous 23.45 0.45 

Metal - Hazardous Batteries 41.86 0.8 

Other Hazardous Metals 4.92 0.09 

Electrical Goods Computer Items/Peripherals 23.49 0.45 

Mobile Phones 0.13 0 

Small Household Appliances 24.67 0.47 

Toys 0.39 0.01 

Residue Residue 71.4 1.37 

TOTAL 5227.7 100.0 

Table 3 .18 Brighton & Hove refuse components from sort and weigh waste samples 

conducted in May 2001 (Brighton & Hove City Council, 2001) (continued) 

Table 3.19 illustrates the compositional differences recorded by hand sorted surveys. The 

waste components have been assembled into 16 main categories for comparison. One of 

the most obvious differences was in the garden waste. The proportion of garden waste 

was recorded as 3.8% in Brighton & Hove, whilst it is a major component in Wealden at 

31.6%. Conversely, more newspaper is recorded in Brighton & Hove (15.4%) than in 

Wealden (5.1 %) and more putrescible material is also recorded in the Brighton and Hove 

sample at 26.9% compared with 18.4% in Wealden. 
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Brighton & Hove Wealden 

Main categories weight kg % of total Total kg % of total 

Newspapers & magazines 804.4 15.4 29.9 5.1 

Other paper 497.9 9.5 33.7 5.8 

Other card 244.9 4.7 2.9 0.5 

Card packaging 111.6 2.1 24.9 4.3 

Plastic film 234.6 4.5 15.0 2.6 

Plastic bottles 119.7 2.3 13.8 2.4 

Dense plastic 216.2 4.1 25.4 4.4 

Textiles 175.7 3.4 4.3 0.7 

Miscellaneous combustibles 299.2 5.7 50.3 8.6 

Miscellaneous non-combustibles 174.3 3.3 44.5 7.6 

Glass 468.1 9.0 32.6 5.6 

Garden waste 197.1 3.8 184.5 31.6 

Other putrescibles 1404.8 26.9 107.5 18.4 

Ferrous metals 144.6 2.8 6.9 1.2 

non-ferrous metals 63.4 1.2 6.0 1.0 

Items/substance<l 0mm 71.4 1.4 2.2 0.4 

TOTAL 5227.7 100.0 584.4 100.0 

Table 3.19. Comparison of sampled waste components from Brighton & Hove and 

Wealden 

3.10. Discussion of Brighton & Hove and Wealden results 

Typical waste components were present in both the samples from Wealden and Brighton 

and Hove. The composition by percentage weight was similar for many materials. The 

most noticeable differences between the two samples was for garden waste. Percentage 

by weight in Wealden was 31.8% compared with only 3.8% in Brighton and Hove. 

Putrescible wastes, which included kitchen waste were highest in Brighton and Hove. 

The differences for garden waste were large. However, the variation can be partially 

explained when considering that the Wealden survey, unlike Brighton & Hove was 

conducted in an area where all the houses, without exception, had gardens. In addition, 

the Wealden houses were on a kerbside scheme for paper and cans. No kerbside scheme 
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operated in Brighton & Hove at the time of the waste survey. Furthermore, a very high 

proportion of Brighton & Hove households, 47.4% live in flats, whilst 21.5% live in 

terraced housing (National Statistics, 2003). Consequently, for at least 68.9% of 

households, access to gardens will be limited. 

However, methodological differences between the two samples may also account for 

some of the variation. In a recent study of 70 compositional analysis data sets, 

methodological differences were found to be one of the main factors behind the variation 

in the quantities of different materials measured (Parfitt, 2002). Other factors that will 

influence the amount of garden waste include the collection system used and the policy 

on garden waste collection by the WCA. For example, in areas where the predominant 

method of containment is the wheeled bin, less waste per household is taken to HWRSs 

than in areas with plastic sack containment (Parfitt et al., 2001). Consequently, more 

garden wastes and bulky items therefore appear in the wheeled bin waste collections 

(Parfitt et al., 2001). Waste in Wealden is collected in wheeled bins, whilst in Brighton & 

Hove, collection is by plastic sack. 

It would not be possible to identify all of the variables influencing waste composition and 

quantity for an entire county without considerable resources. Furthermore, there has not 

been any consensus in the literature as to the development of a common methodology for 

generating reliable waste statistics. It is therefore more practical to identify the materials 

present in a sample and then to use operational data and modelling to project quantities 

(Poll, 2002). 

3.11 Conclusions 

3 .11.1 Observed waste composition at HWRS and landfill 

The sampling method set out to acquire data for large volumes of waste discarded at the 

main East Sussex landfill as well as Hailsham and Eastbourne HWRS. The surveys were 

aimed to act as a pilot for further studies. Large volume samples would have been 
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difficult to achieve using ' sort and weigh ' analysis. The largest components by volume 

were the green waste, bagged wastes, building/ DIY waste and wood. 

At HWRS, Green waste volumes were observed to be higher at Hailsham where there 

were no composting facilities. The building and DIY materials may also have been 

entering from illegal trade use of the sites. The wood waste levels were potentially 

influenced by trade waste and further analysis at other sites was required. The initial 

results showed that through improved management a significant proportion of waste 

currently leaving these sites for landfill disposal, such as green waste, could be diverted. 

This was of relevance for the European Landfill Directive diversion targets for 

biodegradable waste, with green waste and wood waste forming a large component of the 

HWRS waste stream. 

3.11.2 Sort and weigh at HWRS 

A sort and weigh method of analysis was used at two sites in Brighton and Hove. The 

waste sampling technique reported was inclusive of all materials in the sample, thus the 

opportunity to miss materials out was substantially reduced . Determination of detailed 

components is of assistance to local authorities and their contractors for identifying 

specific wastes that could undergo increased diversion from disposal. 

Indeed, the detailed results identified wood waste as a sizeable material category, an 

observation supported by data obtained from landfill sites and observational work in 

HWRS. As wood is a biodegradable material, this is particularly important in the light of 

the Landfill Directive. Furthermore, its high proportions in the HWRS stream may be 

more noticeable once high profile materials, such as green waste, have been diverted. The 

material is also heterogeneous and determination of the components is necessary in 

assessing suitability for re-use, recycling and recovery. Difficulties can be expected to 

remain with regard to segregating the different wood components, and the treated from 

untreated material. 

This research has also demonstrated that HWRS that are managed to good and improving 

standards are able to make significant contributions to the achievement of waste disposal 
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authority statutory recycling targets. The optimisation of HWRS through materials 

recovery is therefore crucial to WDAs and contractors in order to meet the statutory 

targets and ensure compliance with the Landfill Directive. 

3 .11.3 Collected refuse sort and weigh analysis 

Samples were taken from the two largest household collected waste streams in East 

Sussex. The sample areas were the district of Wealden, and Brighton and Hove City. A 

sort and weigh analysis was conducted to determine the material components and 

percentage composition by weight. Waste materials were typical of those recorded in the 

NHW AP classification which was used for guidance. 

Variation in percentage composition by weight was recorded for most materials. The 

widest variation between Brighton and Hove and Wealden was for the garden waste. The 

difference was attributed to the number of gardens per household in the samples, 

methodological variations and unquantified influences such as methods of refuse 

containment. 

3.11.4 Overview 

The research methodology examined the composition of household wastes flowing 

through landfill sites, HWRSs and from individual households. It was necessary to 

incorporate the waste from household collections and HWRSs into the research because 

both are part of the total household waste stream. From the pilot results at loosely 

regulated sites in Eastbourne and Hailsham, there was some evidence of trade use. 

However, the main difference between sites for garden waste compositions was most 

likely due to lack of compost facilities at Hailsham. 

The waste materials from the two sources of collections and HWRSs were different, with 

wood and bulky wastes making up the majority of HWRS wastes and food wastes, paper 

and glass making up the bulk of collected wastes by weight. Quantities of garden waste 
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were large for the Wealden household collection sample (31.6%) and relatively large for 

HWRS (6%). The method made it possible to record waste materials in mass flows as 

well as great detail which were to be used for projecting quantities and improving the 

understanding of the household waste management system. 

Waste generation varies according to socio-demographics, season and random influences. 

The socio-demographics vary widely across the county and between neighbourhoods 

(Parfitt and Flowerdew, 1997). Consequently, to incorporate a simplified approach to 

sampling, attention was centred on the compositional variations between the large coastal 

towns represented by the city of Brighton and Hove and the more rural districts, 

represented by Wealden. The results from samples show this differentiation to be valid, 

particularly for garden waste. Combining the total recycling data collected by local 

authorities with sampled waste composition would then provide a total waste 

composition. 

Moreover, the Wealden data was to be projected into the 'rural' districts of Rother and 

Lewes. In the case of large urban centres, waste data sampled in Brighton and Hove will 

be used for Hastings and Eastbourne. The results of sampling conducted in HWRS in 

Brighton and Hove was also to be projected into the total HWRS waste collected for the 

county. Individual variations in district waste compositions were to be represented by 

retrospectively adding the collected recycled materials, taken from operational data, back 

into the sample values. The use of urban HWRS data for the final waste profile was 

preferred because the results were obtained from properly regulated sites where trade 

waste infringements were minimal. Thus, the waste components from the different 

sources investigated were combined and developed into a waste management system 

model and this is discussed in Chapter Four. 
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Chapter Four 

Development of a waste flow projection model 

4.1 Synopsis 

The results from sampling in Chapter Three were used to develop a model for projecting 

quantities of waste material across East Sussex. Thus, the waste components from the 

different sources of HWRS and refuse collection investigated were combined and 

developed into a waste management system model. This is now described in Chapter 

Four. 

4.2 Introduction 

In the previous chapter, the results obtained from waste sampling were presented. 

Composition data for each of the household streams of HWRS and collected waste was 

recorded. This data can now be modelled to determine how the quantities of each waste 

component arising might vary at the county level depending upon the commitment to 

recycling and recovery. 

Models of waste arisings and recycling behaviour are useful for research and to inform 

regulators, planners, policy makers and the waste industry about participation in recycling 

and projection of quantities of recyclates and residuals. Despite a growing research 

literature, the complex nature of the interactions means there is still work ongomg 

surrounding the behavioural intentions of householders and variability of waste 

components. Tucker et al., (1998a) describe the previous models of recycling behaviour 

as being based upon psychological studies, variants of 'The theory of planned behaviour' 

proposed by Azjen (1985) or empirical correlation's between recycling performance and 

socio-demographic variables, waste generation rates and past behaviours. The common 

limitation of the models is that the input data is both difficult and expensive to obtain. For 

practical application, all input data must be readily available to the model user (Tucker et 

al., 1998a). 
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In the work of the National Household Waste Analysis Programme (NHWAP) 

(Aspinwall & Co. Ltd, 1991) the use of surrogate statistics as determinants of waste 

generation rates and waste compositions was made using the ACORN (A Classification 

of Residential Neighbourhoods) market-research index (Tucker et al. , 1998a). However, 

it is argued that variables that are known or suspected to be important are omitted from 

the classification (Parfitt and Flowerdew, 1997) whilst the introduction of factors 

irrelevant to waste generation can confuse the issue (Tucker et al., 1998a). Other studies 

reporting some successful correlation between socio-demographic indicators have 

researched the variables of household size, tenure and mode of collection (MEL, 1993). 

However, Tucker et al. , (1998a) assert that the spread of behaviours within any given 

grouping is much larger than the difference between the mean behaviours of different 

groupings and therefore a major part of the variation remains unexplained (Tucker et al., 

1998a). These issues are crucial to a more complete understanding of waste related 

behaviour and how this can be used to influence behavioural change. 

Models also need to give consideration to the physical, chemical and biological 

composition comprising each component of the MSW stream (Thomas et al., 2003). This 

is particularly important for integrated waste management where there is often concern 

that the existence of incinerators will divert waste from recycling or conversely that 

residual waste will not contain enough combustible material for energy recovery. 

Therefore, where the methodology is concerned with residual waste in an IWM, the 

modelling exercise will involve determining where the wastes are generated, where they 

are collected and how they are to be treated. This allows each management system or 

each scenario to be explored (Thomas et al., 2003). In this chapter, there follows a 

description of the model that was developed to explore projected quantities of waste that 

flow from different levels of local authority recycling and recovery. 
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4.2.1 Model objectives 

The objective of the modelling in this thesis was to determine, through projection, waste 

flows for a WDA area and for these to be used to develop scenarios. Waste flows were 

considered from the practical perspective of local authority commitment to recycling i.e. 

that which the WCAs and WDA in East Sussex were likely to achieve in terms of 

recycling and composting and then, how residuals could be managed for a more 

sustainable waste management system. As such, it was appropriate to develop a linear 

spreadsheet based model for the assessment of waste management scenarios that brought 

together the flows of physical materials and elements ofrecycling behaviour. 

The results from modelling are represented as physical materials, which could later be 

analysed according to their chemical and biological effects using a Life Cycle Assessment 

programme. Therefore, scenarios would be compared in terms of environmental burdens 

from waste management that are of global environmental concern. A further objective of 

the model was for it to represent the policy options of East Sussex WDA for improving 

the sustainability of the current waste management system. To summarise, these are as 

laid out in the waste local plan (ESCC, 2002b) and are to divert waste from disposal to 

land through increased recycling and recovery. This would require the construction of 

appropriate facilities for management such as incinerators, recycling and compost plant. 

The three components of the analytical process that are required for decision support are: 

waste samples, modelling of waste components to assess options and analysis of the 

environmental burdens of those options. 

4.3 Model framework 

The model was developed once sampling had been completed and materials recorded 

from the household waste stream. The objective of the completed model was to conduct 

scenario modelling of the management of waste materials through recycling, composting 

and recovery. The data derived from modelling was then to be used for analysis of the 

120 



impacts of different waste management systems with life cycle assessment (LCA) in 

Chapter Seven. 

4.3.1 Waste components 

Table 4.1 shows the detailed categories of waste material sampled during the waste 

analyses described in the previous chapter for collected household waste (dustbin) and 

CA site (HWRS). 

Household collected waste components CA site/ HWRS waste components 

FERROUS METALS FERROUS METALS 

GLASS GLASS 

MISC COMBUSTIBLES MISC COMBUSTIBLES 

MISC NON-COMBUSTIBLES MISC NON-COMBUSTIBLES 

NON-FERROUS METALS NON-FERROUS METALS 

PAPER PAPER 

Paper Card excluding liquid cartons Paper Card excluding liquid cartons 

Paper Card liquid cartons Books 

Paper ( excluding newspaper, magazines) Paper (excluding newspaper, magazines) 

Paper magazines Paper magazines 

Paper newspaper Paper newspaper 

PLASTIC DENSE PLASTIC DENSE 

Plastic dense clear beverage bottles Plastic dense clear beverage bottles 

Plastic dense coloured beverage bottles Plastic dense coloured beverage bottles 

PLASTIC FILM PLASTIC FILM 

Putrescibles excluding garden Putrescibles excluding garden 

Cooked foods & U/C putrescible Cooked foods & U/C putrescible 

Putrescibles garden Putrescibles garden 

TEXTILES Wood 

FINES Rubble 

Books Large Household Items 

TEXTILES 
Oil 
FINES 
Electrical 
Household black bag 

Hazardous 
Glass misc 
Paper 
Ceramics 
Soils 

Table 4.1. Full set of waste components incorporated in the model 
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These also function as the materials that flow through the modelled waste management 

systems. Not all the detailed categories listed were included in the results because they 

were too small and variable. 

Waste sample components and streams can be readily compared using the units of 

percentage weight. For modelling and scenario building these data can be used to convert 

sampled materials into annual tonnes for years in which the total household waste 

collected by each local authority is available. The input waste composition data is also 

maintained as percentages so that variations in density due to differing material types and 

moisture content remains comparable. 

4.3.2 Waste collection data 

The basis of the model framework was the total collected household waste data for all 

local authorities in East Sussex, which the County Council collates annually as WDA. 

This includes arisings data from the districts of Rother, Wealden, and Lewes and 

boroughs of Hastings, Eastbourne and city of Brighton and Hove. The waste arisings data 

according to collection authority and HWRS are summarised in Table 4.2. The method 

for recording municipal and household waste across each authority was not standardised 

until 1999/2000, making data from before this less reliable. 

WCA/WDA Total tonnes 

Rother WCA 33,351 

Wealden WCA 58,579 

Lewes WCA 31,374 

Eastbourne WCA 30,668 

Hastings WCA 30,721 

IB&HWCA 89,304 

IB&HHWRS WDA ~1,777 

East Sussex HWRS WDA 66,445 

Total waste ~62,218 

Table 4.2 Total tonnes of household waste for East Sussex districts and HWRS 2001/02 
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The model was to be used to simulate the behaviour of individual material waste 

components over a 10-year period from the 2001 base year and to assess sustainable 

approaches to management. A spreadsheet based linear model was developed that 

balanced the materials flowing into the waste management system with flows to processes 

and facilities. The percentage composition data used is retrospective in that it includes all 

the material segregated by recycling schemes in the county, added back into the overall 

waste composition. This provided the basic framework from which to model different 

waste management scenarios. 

To reflect the increasing quantities of waste over time, medium term growth projections 

were applied to the material flows. Scenario building then enabled the exploration of the 

impact of policy, legislation and the subsequent management upon the household waste 

stream at projected points in time. Therefore, the impact of increasing recycling to meet 

the statutory targets upon the mix of residual material and the availability of combustible 

material within the residual waste could be explored. The approach also kept the data 

consistent for each option and in a consistent format for further analysis. The levels of 

recycling are described in Chapter Five and scenarios developed in Chapter Six. 

Seasonal effects also had to be accounted for in the sampling and waste components used 

in the model. In reality, this is extremely difficult to achieve because of the size of waste 

samples required to obtain statistically significant results. The practical considerations 

therefore resulted in sampling taking place in early or late summer where waste flows are 

not at their high summer or winter extremes. Furthermore, the modelling method of 

compiling annual waste flows based upon actual annual operational data from recycling 

and disposal in districts also aimed to reduce the influence of seasonal variation upon the 

results. 
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4.3.3 Waste input 

Total collected household waste data was combined with material samples on a 

percentage by weight basis and used to project the weight of material arising for 2001/02 

to 2008/09, as illustrated by Figure 4.1. Modelling of years 2002/03 to 2008/09 was 

conducted using the same method but with the addition of a waste growth factor. 

Materials Percent composition Total Household collected Waste 

Percent target 100 
Tonnes 33,351 

FERROUS METALS 1.2 409 

GLASS 8.8 2,927 

MISC COMBUSTIBLES 7.7 2,553 

MISC NON-COMBUSTIBLES 6.9 2,313 

NON-FERROUS METALS 1.0 341 

PAPER 0.1 30 

Paper Card excluding liquid cartons 3.9 1,292 

Paper Card liquid cartons 0.1 30 

Paper (excluding newspaper, magazines) 5.2 1,742 

Paper magazines 3.4 1,138 

Paper newspaper 8.4 2,817 

PLASTIC DENSE 4.2 1,412 

Plastic dense clear beverage bottles 1.6 535 

Plastic dense coloured beverage bottles 0.1 36 

PLASTIC FILM 3.2 1,051 

Putrescibles excluding garden 15.0 4,987 

Putrescibles garden 27.6 9,192 

TEXTILES 0.9 301 

FINES 0.4 120 

Books 0.4 124 

Total 33,351 

Percent of total 100.0 

Figure 4.1 Example of the reference low recycling projected waste composition for 

Rother district 2001/02 

4.3.4 Waste growth and arisings data 

Household waste in the UK is generally accepted to be growing by 3% per annum 

(DETR, 2000a). However, the amount of growth experienced at the level of the WDA or 

across regions can be different. In a recent study in the West Midlands, a waste growth 

assessment was made from growth statistics provided by BRE (MEL Research, 1996). 

The total waste growth scenario analyses spanned approximately 15 years from 1991 to 
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2006. The work suggested that the quantity of waste collected in the West Midlands was 

likely to grow on average by 1 % per annum during this period (MEL Research, 1996). 

An evaluation of growth requires consistent municipal and household waste statistics over 

several years as well as demographic and economic data for the population. Current rates 

of waste generation are the result of factors such as changing lifestyles and economic 

growth yet few specific data sources are available. However, considerable improvements 

have been made in the quality, accuracy and detail of waste collection/disposal authority 

data in recent years. 

There are still limitations to its use, such as the lack of long-term operational data, the 

alteration of authority boundaries leading to extended or diminished collection areas and 

large variations brought about by the impact of increased regulation of sites and services. 

For example, when the boroughs of Brighton and Hove were made a unitary authority in 

1997, the new authority became responsible for both waste collection and disposal 

services and the associated costs. In order to reduce the cost of waste disposal, it became 

necessary in 1999 to implement more stringent measures to combat trade waste abuse of 

HWRS. The new security measures that were implemented led to the amount of waste 

deposited by weight, decreasing by 43% between 1999 and 2000. Therefore, the 

1999/2000-year appeared as an anomaly in an otherwise long-term profile of increasing 

quantities of household waste (ESCC, 2000b ). 

4.3.5 Trend analysis 

Waste collection authority data was used for determining waste growth from trend 

analysis. The data had been collated over several consecutive years in a consistent 

manner. A methodological consideration was that all WCA and WDA data was historical 

because it could only present what happened in the previous months, quarters or years. 

Therefore, waste growth projections in the analysis were restricted to the medium term 

and guided by the recorded and projected trends in East Sussex for economic and 

population growth. Further consideration was also given to current legislation and policy. 
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4.3.5.1 Economic growth 

East Sussex has experienced an increase of 2.5% per annum in its GDP over the 10 years 

between 1990 and 2000 (SEEDA, 2002). Although this is lower than the annual regional 

average of 3.1% for the South East, real growth in regional GDP between 2000 and 2010 

has been projected at an average rate of 3.2% per annum (SEEDA, 2002). It was 

therefore, assumed that East Sussex would at least maintain its current level of growth 

throughout the period being investigated by the model. 

4.3.5.2 Population increase and growth in the number of households 

The population of East Sussex, excluding Brighton and Hove, increased by 25,000 (5.3%) 

between 1991 and 2001 and now stands at 494,000 (ESCC, 2004). This growth is 

primarily the result of net in-migration and has been projected to increase by 6% between 

the 2001 and 2011 National Census (ESCC, 2004). 

Growth in the number of households has also taken place in East Sussex consistently over 

the years due to increased rates of single occupancy, lower levels of mortality and net in

migration (ESCC, 2004). Determination of the most significant variables to overall 

growth in household numbers is complicated and outside the scope of this research. The 

county council has identified a requirement for at least 20,700 new homes to 2011 

(ESCC, 2004), whilst the increase in the number of households can reasonably be 

expected to match the projected percentage growth in population. 

4.3.5.3 Policy and legislation 

The future impacts of policy and legislation upon waste growth can only be assessed upon 

the basis of the targets that they set. Although 'Waste Strategy 2000 for England and 

Wales' (DETR, 2000a) and the Landfill Directive (99/31/EC) (DETR, 2001b) set target 

years by which recycling levels and waste diversion from landfill must be achieved, they 
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do not stipulate targets for reducing amounts of household or municipal waste. At the 

local level, East Sussex County Council has made planning provision in which to manage 

waste growth, rather than attempt to stop it altogether. This is primarily because the 

mechanisms for how this would be achieved are unknown and the necessary policy and 

legislation should be set nationally. 

4.3.5.4 Waste minimisation 

There is likely to be minimal medium term impact upon future waste growth by waste 

minimisation initiatives and public awareness campaigns. Generally initiatives would not 

have a significant impact before 2009 because the limited resources of the councils will 

have been used primarily for recycling scheme implementation to meet the statutory 

targets. Minimisation will therefore be limited to small scale campaigns such as real 

nappies replacing disposable, home composting and home digestion of food waste as well 

as junk mail and smart shopping. Data for the impacts of these initiatives were obtained 

and analysed for this research and it was determined that their current impacts are 

geographically too limited to have any discernible effect on the waste growth profile. 

4.3.6 Determination of waste growth by trend analysis 

Since the population and economy have been growing and are also projected to increase 

further, the evidence suggests waste will continue to grow in the medium term. Data of 

consistent quality for household waste from the WDA dating back to 1997 was used for a 

trend analysis. However, inconsistencies that resulted from the increased regulation of 

HWRS in the Brighton and Hove data needed to be addressed. Therefore, it was assumed 

that the equivalent of 43% by weight of annual arisings was trade material and this was 

subtracted from the annual totals for the years 1997 to 1999. Data from all other years 

remained consistent. 

The waste collection authority and HWRS total annual tonnes of household waste for the 

years 1997 /98 to 2002/03 is presented in Figures 4.2 to 4.4. Analysis of the trendlines 
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gave best fits according to R2 from power functions for the districts (R2 = 0.78 to 0.98) 

and I in ear plots for the HWRS (R2 = 0.31 to 0.41 ). The trend for each was then projected 

to 2008/09 using the equation of the line (Figures 4.5 to 4.8). Therefore, the formula 

provided the profile of the waste growth in the model for each district. 
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Figure 4.2 Actual waste growth 1997-2003 for the waste collection authorities of Rother, Lewes, Eastbourne and Hastings 
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Figure 4.4 Actual HWRS waste growth trends for Brighton and Hove and ESCC 

The growth recorded in Brighton and Hove HWRS was adjusted to take account of the 

large amounts of trade waste that had been entering prior to the 1999 enforcement 

action by the then unitary authority. This had the effect of smoothing the growth trend. 

The best fit for the HWRS data was obtained from a linear equation (Figure 4.8) and 

total arisings fluctuated much more than the household collection materials from 

districts, which resulted in a lower R-squared value. 
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Figure 4.8. Projected household waste growth to 2009 best fit line and equation for 

ESCC HWRS and Brighton and Hove HWRS 

133 



4.3.7 Modelling recycling 

The model scenanos are used to forecast amounts of household waste flowing to 

recycling from districts and HWRS in East Sussex. With the recycled and composted 

material diverted it is then possible to evaluate the residual material. Scenarios take 

account of the statutory recycling targets and therefore require the determination of 

recycling rate (RR). This is defined as the amount of waste that is recycled as a 

percentage of the amount of waste that is generated (Rhyner, 1998; DEFRA, 2001). 

Thus, the result remains meaningful, even though the amount of waste generated may 

change over time (Rhyner, 1998). Ultimately, it is the collection operations in a waste 

collection authority area that contribute to the recycling rate. The main methods for 

achieving this are kerbside collections of dry and compostable material, bring bank 

recycling facilities and HWRS. Each of these methods forms a component of the 

model and is discussed in the following sections. 

4.3.7.1 Recycling targets 

Table 4.3 contains the statutory recycling targets for East Sussex. A function of the 

model is to calculate the recycling rate from the projected material quantities entering 

recycling schemes for East Sussex WDA, Brighton and Hove and the districts. In 

achieving a certain level of assumed participation, a further assumption has to be 

made as to how well the participants use the facilities to achieve certain levels of 

materials capture (Thomas, 2001). 

Authority 1998-99 Recycling 2003-04 Standard 2005-06 Standard 

rate% % % 

East Sussex 9 18 27 

Brighton & Hove 10 20 30 

Lewes DC 9 18 27 

WealdenDC 8 16 24 

Rother DC 8 16 24 

Eastbourne Borough 6 12 18 

Hastings Borough 6 12 18 

Table 4.3 Statutory recycling targets by Local Authority (DEFRA, 2001) 
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As a next step, suitable recyclable materials are selected and the model projects the 

quantities available from each districts sampled waste components as well as the 

subsequent composition and quantity of residual material. The recycling rate achieved 

is calculated from levels of predicted recycling performance from households, such as 

the indicators that are calculated on the basis of levels of participation in the recycling 

scheme and from the number of households included in the schemes. These variables 

and the issue of contamination form the basis of the method used to calculate the 

amount of material recovered by the schemes described under each scenario. 

4.3.7.2 Kerbside collection 

Kerbside recycling involves a collection of material from outside the householders 

dwelling. These types of recycling systems are the most convenient but need to be 

appropriately designed and promoted in order to avoid loss of materials to the residual 

stream through low householder participation. The quality of participation can be 

measured through separation efficiency, which is the percentage of material sorted and 

separated correctly by participants in a scheme (Thomas et al., 2003). An equation 

relating these variables to diversion has been proposed: 

Material recovered = amount of targeted material in waste stream x % of households 

participating x separation efficiency (McDougall et al., 2001) 

The specific quantities recovered will depend upon the efficiency of the recycling 

system, the separation efficiency, also known as the material capture rate (Thomas et 

al., 2003) or recognition ratio (DETR, 1999; Tucker et al., 1998b ): 

• Material capture rate (MC) determined by the proportion of the material 

recoverable for recycling in the householders waste (MEL Research, 1996; 

Tucker et al., 1998b; Hummel, 2000): 

MC= ~ ~-Am_ o~u~nt_o_fs_p~ec=ifi_c_m_at~er~ia~lc_ol~le_ct_ed_p_er_p_art_i_cip~a~tin_g_g~en~er_at~or ____ xl00 

Total amount of that specific material in the waste stream of the participating generator served 
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For modelling of materials across a district, the capture rate is more compatible with 

Tucker and Speirs (2002) definition, which enables greater comparability across 

scenanos: 

Capture rate = Weight ofa given material diverted from the waste stream through a given scheme(s) 

Total amount of that material in the waste stream from all households in the region 

Moreover, the capture rate is influenced by how many households are included in the 

scheme and also how contaminated the recyclables are in the kerbside container with 

materials excluded from collection. The model enables the capture rate of each 

material to be varied according to the scheme coverage and contamination based upon 

the indicators identified for monitoring household behaviour described below. The 

maximum levels of material capture have been based upon values for UK recycling 

schemes and recyclables taken from Tucker and Speirs (2002) and used for regional 

forecasting. 

• The percentage of the population resident in the authority's area, which is 

served by a kerbside collection of recyclables (DETR, 2001a). For the 

modelling exploration, which uses the household as the basic unit of waste 

generation, this is expressed as the proportion of total households in an area 

that are served by the scheme, referred to as scheme coverage (SC): 

SC = Total households on recycling scheme X 100 
Total households in authority area 

• Material contamination ratio (CR) monitors the quantity of targeted materials 

that participating households correctly set out for collection (DETR, 1999b ). 

CR= Quantity of non targeted material set out by participants X 100 

Total quantity of material collected in the facilities 

When kerbside materials are contaminated, it generally requires the WCA to leave the 

materials and notify the householder of the problem, then re-collect next time. 

However, the householder may put this material in the residual waste collection before 

it can be re-collected. The scope for contamination is widened when multiple 

materials are being collected at the kerbside (Thomas et al., 2003). Furthermore, bulk 
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quantities of materials may be rejected at the transfer stations if contaminated. The 

degree of contamination has the potential to be a reasonably minor but persistent loss 

from the recycling system. Table 4.4 presents results from weight surveys in Horsham 

district for an established kerbside scheme collecting paper, cans and plastic. 

Materials Number of Number of Total Contaminated Household 

collected participating households weight of recyclables contam-

households with material (weight) ination 

sampled contaminated collected rate 

recyclables (kg) weight) 

Cans & plastic 233 12 232.4 11.3 4.8 

bottles 
Newspaper & 75 3 496.8 30.4 6.1 

magazmes 
Approximate average per collection system 5 

Table 4.4 Results of kerbside contamination sampling in Horsham, 2002 

Therefore, with an average of 5% contamination by weight per materials collection 

system, assumed levels of contamination have been incorporated into the model. 

Table 4.5 lists the potential sources according to recycling containers on modelled 

schemes. 

Modelled schemes Container 1 Container 2 Container 3 Container 4 

(% 

Materials collected cans & plastic newspaper, glass and/ or green, kitchen and 

bottles magazines, mixed mixed paper card 

paper 

Potential sources of aerosol cans, wrong paper Non-packaging food waste, animal 

contamination bottle lids, other (window glass, container waste 

dense plastics envelopes, card), lids/ closures, 

dirt wrong paper 

Contamination 5% 5% 5% 5% 

Level by % weight 

Total cumulative 5% 10% 15% 20% 

contamination % 

Table 4.5 Assumed levels of contamination by weight according to the recycling 

system 

• The participation rate (PR) achieved by the households has a definition and a 

method for determination of its own. The DETR defined participation ratio as 
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the number of households with access to the programme facilities that are 

using them at least once over a four-week period (DETR, 1999b ). This 

measure can be determined by surveying the number of recycling containers 

put out for collection on the appropriate collection day, over a four-week 

period. 

PR = No of containers put out for collection over a four week period X 100 
Total number of houses on scheme 

It can only give a partial explanation of recycling behaviour (Wang et al., 1997), 

which needs to be considered along with the other factors when it comes to 

forecasting quantities. Since localised studies have often shown that marked 

differences in performance can occur between similar neighbourhoods (Tucker et al., 

1998a), in the model a detailed consideration of household behavioural factors 

contributing to set out or participation rate is not attempted. It utilises an annual 

participation rate across each district where it is assumed that if the houses on a 

scheme on average have a certain participation rate then this will also be the annual 

participation rate. 

4.3.7.3 Forecasting material quantities and recycling rate 

Thus, when the participation rate, with recycling scheme coverage and contamination 

ratio which influence material capture, have all been determined, average values for 

each can be multiplied together to provide a forecasted recycling rate for a given 

kerbside scheme. The derived formula is expressed: 

Material recovered = QM x PR x SC x CR 

Where QM is the quantity of material targeted in the total waste, PR is participation 

rate, SC is proportion of households provided with a kerbside scheme and CR is 

contamination ratio. The material targeted refers to the availability of a given material 

in the waste stream and in this context can be expressed as a percentage of total 

weight or in units of actual weight. Thus, if material availability is expressed as a 

weight, the product of the equation can be used to determine for each recyclable 
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material category, the amount that passes out of the mixed waste through source 

separation and leaves behind the residual material components. The different types of 

kerbside recycling modelled are described in the next sections. 

4.3.7.4 Kerbside dry collections 

The collection of a range of materials at the kerbside is modelled under this 

component, which explores the dry materials that are typically collected by WCAs 

such as aluminium and steel cans, plastic bottles, newspaper and magazines. The 

model calculates the quantity of material recovered from the scheme. The total 

quantity of waste and therefore, each material flow, has the waste growth factor 

applied to project future performance against a changing total. 

4.3.7.5 Kerbside green waste collections 

The compostable fraction of the waste is able to contribute to total local authority 

recycling. In districts, the proportions of green waste from garden trimmings are 

recorded as one of the largest components in the waste. The model therefore uses the 

same principle already described for dry collections, which is applied to kerbside 

collection of green waste to project quantities arising for the waste growth profile. 

4.3.7.6 Kerbside putrescible collections 

Similarly to green waste, the model is able to take account of the kerbside collection 

of uncooked/ kitchen wastes. In urban areas, quantities of kitchen waste maybe higher 

than green garden material, which could be important when recycling targets are 

considered. However, restrictions were recently placed upon collections of such 

material by the UK Animal By-Products Order (DEFRA, 2001). Therefore, the 

increased regulation is generally expected to limit the options. 

4.3 .7.7 Bring bank recycling centres 

Determination of recycling behaviour by the public at bring bank centres represents 

another complex area where more research into the behavioural aspects is required. In 
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the literature bring centre research has investigated the profile of 'special recyclers' 

with percentages of people making special trips to recycle at supermarket bring banks 

generally 7-9% compared with 22-23% at civic amenity site bring banks (Speirs and 

Tucker, 2001 ). The interplay of factors between kerbside and bring bank has received 

some attention; with researchers recording increases in bring bank activity when 

kerbside collections are reduced in frequency (Tucker et al., 2000). Other work has 

found that negative influences such as the inconvenience and distance to recycling 

facilities were more often found to act as constraints and barriers to non-recyclers 

(Thomas, 2001). 

The bring bank component of the model does not calculate recycling quantities based 

upon observations of recycling behaviour. The modelling utilises recorded collection 

authority operational data to set the recycling levels. Inferred levels of behaviour can 

be explored by raising or lowering the amounts of recyclables entering bring banks. 

4.3.7.8 Household Waste Recycling Sites 

HWRS were of particular interest because of the variation in material types and 

quantities between the household collected waste composition and HWRS residual 

waste. Furthermore, the facilities are used as bring recycling centres for segregated 

recyclables and green waste. The compositional waste analysis also demonstrated that 

these sites are the main source of wood waste in the household waste stream. 

From an operational perspective these facilities are largely similar to bring banks 

making determination of the site users behaviour more difficult (Poll et al., 1990). 

Historically, users of CA sites have tended to be less environmentally aware with 

different attitudes to waste issues than users of recycling centres, perhaps viewing CA 

sites (HWRS) predominantly as disposal points for bulky waste (Coggins et al., 1991). 

However, more recent work suggests that CA sites began to see increased usage by 

recycling centre users for garden waste disposal when promoted by waste disposal 

authorities as recycling centres (Benfield, 1997). 

At the commencement of the research, very little was known about the waste 

composition entering HWRS in the study area, let alone the participation behaviour of 

the site users. Following a literature review relating to site users and behaviour, it was 
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determined that only with a great deal of behavioural data would distinct trends 

become discernible. Therefore, the focus of the HWRS research was placed upon 

determination of waste composition and utilisation of the available operational data. In 

the model, data obtained from residual waste samples were combined with the 

operational data from bring banks for each recyclable material. 

The scenario modelling and projection of future recycling performance involved the 

examination of past recycling levels. The detailed materials composition also aided 

the consideration of different materials, such as wood waste, that have the potential to 

be recycled or recovered to satisfy the scenario conditions. Therefore, the model uses 

the projected components (Figure 4.9) to assist in the understanding of the physical 

availability of recyclable and energy recoverable materials. 
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Materials J Percent composition I Total Tonnes 

Percent target 100 

Tonnes 21,777 

FERROUS METALS 8.0 1,740 

GLASS 1.4 308 

MISC COMBUSTIBLES 0.8 168 

MISC NON-COMBUSTIBLES 1.0 228 

NON-FERROUS METALS 0.5 111 

PAPER 1.1 246 

Paper Card excluding liquid cartons 3.5 768 

Books 0.6 135 

Paper (excluding newspaper, magazines) 0.4 82 

Paper magazines 2.4 513 

Paper newspaper 1.4 307 

PLASTIC DENSE 2.2 482 

Plastic dense beverage bottles 0.3 65 

PLASTIC FILM 0.9 201 

Putrescibles excluding garden 1.0 223 

Putrescibles garden 18.4 3,998 

Wood 18.5 4,021 

Rubble 6.4 1,391 

Large Household Items 4.2 921 

TEXTILES 7.3 1,588 

Oil 0.2 36 

FINES 12.4 2,710 

Electrical 1.6 339 

Household black bag 2.3 491 

Hazardous 0.2 48 

Glass misc 0.4 78 

Paper 0.4 77 

ceramics 1.4 295 

soils 1.0 207 

Total 21,777 

Percent of total 100.0 

Figure 4.9 Projected waste composition of Brighton and Hove HWRS 2001/02 

As outlined previously in Chapter Three, sampling was conducted at four sites in the 

county to determine HWRS waste composition. Waste recycling data for all HWRS in 

East Sussex were also obtained from the county council for the 2001/02 year. The 

model is calibrated according to the actual arisings and recycling in the year 2001/02. 

These data are used in the model for the reference year to set the quantities of the 

recyclable and recoverable waste available from HWRS. A recycling rate is then set in 

the scenarios and the material types and quantities that are to achieve it can be 

explored. The projections ofrecycling and recovery also incorporate waste growth. 
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4.3.7.9 Seasonal variation 

A major factor for consideration when determining HWRS waste composition is the 

effect of seasonal variation. This will be most pronounced in the garden waste at these 

facilities and can result in quantities of materials varying considerably between 

summer and winter. The annual operational data for recycled and residual waste 

obtained for these sites in 2001/02 when combined with the waste composition data is 

aimed to reduce the variability. 

4.3.8 Modelling recovery 

In the scenanos, residual waste material unsuitable for recycling is projected for 

recovery. The model is used to project the quantity and composition of the residual 

material and therefore scale of the combustible fraction that could contribute to energy 

recovery, as in Figure 4.10. 
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Materials Percent Total Total Residual Energetic Material 

composition Household recycled waste recovery balance 

collected 
Waste 

Percent target 100 10 90 76 
100 

Tonnes 33,351 

FERROUS METALS 1.2 409 76 333 0 409 

GLASS 8.8 2927 1245 1682 0 2927 

MISC COMBUSTIBLES 7.7 2553 0 2553 2553 2553 

MISC NON-COMBUSTIBLES 6.9 2313 0 2313 0 2313 

NON-FERROUS METALS 1.0 341 13 328 0 341 

PAPER 0.1 30 0 30 30 30 

Paper Card excluding liquid cartons 3.9 1292 0 1292 1292 1292 

Paper Card liquid cartons 0.1 30 0 30 30 30 

Paper (excluding newspaper, magazines) 5.2 1742 0 1742 1742 1742 

Paper magazines 3.4 1138 507 631 631 1138 

Paper newspaper 8.4 2817 1255 1562 1562 2817 

PLASTIC DENSE 4.2 1412 0 1412 1412 1412 

Plastic dense clear beverage bottles 1.6 535 84 450 450 535 

Plastic dense coloured beverage bottles 0.1 36 5 30 30 36 

PLASTIC FILM 3.2 1051 0 1051 1051 1051 

Putrescibles excluding garden 15.0 4987 0 4987 4987 4987 

Putrescibles garden 27.6 9192 0 9192 9192 9192 

TEXTILES 0.9 301 91 210 210 301 

FINES 0.4 120 0 120 120 120 

Books 0.4 124 34 90 0 124 

Total 33351 3311 30040 25294 33351 

Percent of total 100 100 

Figure 4.10 Energy recoverable components and materials balance projected for 

Rother 2001 /02 

Modelling therefore explores the quantity of non-recycled combustible material that 

could pass to mass bum incineration or be diverted to a smaller scale energy recovery 

facility. 

The residuals calculation involves straightforward subtraction of the recyclables from 

the residual combustible waste remaining after recycling operations have been 

completed. The derived equation is: 

Re= (NR-R)G 

Where Re is the residual combustible waste component, NR is the non-recyclable 

component and R is recyclable material, subject to waste growth factor G. The model 

provides a sum of all waste components that are subject to this formula which enables 

a total residual combustible material weight to be calculated. 
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4.3.8.1 Materials balance 

The model balances the total material inputs flowing from waste collection authorities 

and HWRS, with the outputs of the facilities and schemes of bring banks, kerbside, 

composting and residuals for recovery and disposal. Therefore, the waste material 

component inputs from households of non-recyclable waste, recyclable material and 

compostable material are kept in balance with the outputs to facilities. 

4.3.8.2 Life Cycle Assessment 

Another objective of modelling is to project annual waste composition data for East 

Sussex that can then be applied to life cycle assessment software. It is from this 

analysis that the relative environmental burdens of each scenario were to be assessed. 

The extent of the analysis with LCA is discussed in Chapter Seven. 

4.3.9 Model validation 

The key components of the model that required validation were kerbside recycling of 

dry recyclables, green waste and bring bank recycling. These are described in the 

following sections. HWRS components were based upon operational data where the 

predictive capacity of the model was limited to the effects of waste growth. However, 

some validation was still necessary. 

4.3.9.1 Validation of kerbside recycling and compostables model 

The model was validated against operational data from the district of Wealden. 

Projections were made according to the assumptions in Table 4.9. For 2002/03 the fits 

obtained for modelled data calibrated from 2001/02 actual data, were generally good 

for both kerbside schemes and bring banks (Figure 4.11 and 4.12). 
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Year Kerbside type Kerbside Scheme Contamination Resulting 
participation coverage Ratio(%) Capture rate 
(%) (%) (%) 

2002/03 Dry recyclables 50-55 62 85 20-30 

2002/03 Green waste 55-60 62 95 35 

Table 4.6 Assumptions for kerbside modelling of Wealden recyclables and green 

waste collection 2002/03 
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Figure 4.11 Wealden bring bank recycling for 2002/03 modelled and actual 
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Figure 4.12. Wealden kerbside recycling for 2002/03 modelled and actual 
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4.3.9.2 Validation ofHWRS model 

The validation of the HWRS component of the model was conducted using actual data 

from Brighton and Hove HWRS. It was assumed that the city council would achieve 

another 3% recycling from these sites due to management improvements. The 

modelled and actual fits obtained are in Figure 4.13. 
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Figure 4.13 Brighton & Hove HWRS recycling for 2002/03 modelled and actual 

4.4 Conclusion 

The household waste material components recorded from sampling were developed 

into a model for projecting flows of waste materials. The effects of different levels of 

local authority recycling would then be able to be explored as based upon the equation 

for materials recovered from recycling (McDougall et al., 2001). Modelling would 

also enable the consideration of the impacts of management options and the effects of 

waste growth. The influence of legislation and targets for recycling and diversion 

were also to be evaluated through this procedure. 

The model incorporated systems for projecting waste arising from households and 

recycled through kerbside and bring bank schemes. Household waste recycling sites 
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were also modelled and the residual waste determined after recycling and composting 

had taken place. 

Model validation was conducted using data from 2001/02 as a reference. Projections 

were made for 2002/03 and the modelled fits to actual data were generally good for 

Wealden and HWRS. Scenarios based upon local authority recycling levels are 

presented in Chapter Five. 
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Chapter Five 

Waste flow model results 

5.1 Synopsis 

In Chapter Four, the waste flow model for investigating the household waste 

management system was considered. The flows of materials that result from the 

application of the model are presented in Chapter Five. The three levels of local 

authority recycling are described and the results presented as material flows in years 

relevant to the statutory targets. 

5.2 Modelled levels of recycling and results 

Having developed a model that could project flows of tonnes of material across a 

WDA area, the next stage was to experiment with different approaches to waste 

management. Recycling levels were used to explore the consequences of recycling, 

recovery and waste growth and also to predict recycling rates resulting from different 

management options. 

Therefore, the data was modelled according to three main recycling levels, framed by 

the degree of commitment to recycling exhibited by each local authority in East 

Sussex. The three levels developed were based upon a low, medium and high 

commitment to recycling across the WCAs and WDA. Thus, the level of recycling 

that each local authority had to achieve to reach their statutory targets was also 

explored. 

5.2.1 Level One: Low recycling 

The assumptions underlying the first modelled level are that recycling in East Sussex 

does not improve upon its 2001/02 position and residual waste goes to landfill. 

Therefore the local authorities are not committed to achieving their statutory targets 

and recycling investment is kept minimal with very limited kerbside schemes in 

Wealden, Eastbourne, Hastings and Brighton and Hove. The remaining districts of 

Rother and Lewes rely entirely upon their network of bring banks. This represents the 
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operational situation in 2001/02 and provides a reference case for analysis. The main 

assumptions are outlined in Table 5.1 and 5.2 and the contamination ratio remains 

constant throughout all scenarios as outlined earlier. 

Year(s) Kerbside Materials Kerbside Contam- Capture Recyc-

scheme collected participation ination rate ling 

coverage (%) (%) Ratio(%) (%) rate (% 
total 
waste) 

2003/04 Wealden 50% Paper, 40-60 85 7 3.5 

2005/06 cans, 

2008/09 Eastbourne 20% green 
waste 

Hastings 60% and card 

Brighton & 
Hove 20% 

Table 5.1 Assumptions for Level One kerbside 

Years Materials bring Materials Recycling rate Recycling rate 

bank HWRS bring bank (% HWRS (% total 

total waste) waste) 

2003/04 Paper, cans, Paper, cans, 5.3 6.7 

2005/06 plastic bottles, plastic bottles, 

2008/09 glass, textiles glass, textiles 
metals, green 
waste, 
cardboard, 
wood 

Table 5.2 Assumptions for Level One bring bank and HWRS 

5.2.2 Level Two: Medium recycling 

Level Two represents a more optimistic alternative than the first. The districts are 

assumed to have a good level of commitment to recycling and the achievement of 

targets is desired, although not a core objective (Tables 5.3 and 5.4). Levels of 

investment are anticipated to be higher than the Level One with the result that 

kerbside schemes are provided throughout the districts and recycling and recovery 

rates are increased. Levels of participation are generally the same throughout all 

districts, apart from Wealden, which is assumed to have slightly higher rates, having 

been established for longest. 
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Year(s) Kerbside Materials Kerbside Contamination Capture 

scheme collected participation Ratio(%) rate 

coverage (%) (%) 

(%) 

2003/04 
Rother 40-50 Pa, Cans, Pl 50-55 85 5 

Lewes 60-70 Pa, Cans, Pl 50-55 85 6 

Wealden 60-70 Pa, Cans, 60-65 85 21 

Pl, Green, 
Cd 

Eastbourne 40-50 Pa, Cans, Pl 50-55 85 8 

Hastings 60-70 Pa, Cans, Pl 50-55 85 9 

Brighton & 30-40 Pa, Cans, Pl 50-55 85 6 

Hove 
(council) 
Total 50-55 50-55 85 9 

2005/06 
Rother 60-70 Pa, Cans, Pl 55-60 85 15 

Lewes 60-70 Pa, Cans, Pl 55-60 85 19 

Wealden 60-70 Pa, Cans, 65-70 85 22 

Pl, Green, 
Cd 

Eastbourne 60-70 Pa, Cans, 55-60 85 12 

Pl, Gl 

Hastings 60-70 Pa, Cans, Pl 55-60 85 10 

Brighton & 50-60 Pa, Cans, Pl 55-60 10 

Hove 
(council) 
Total 60-65 55-60 85 14 

2008/09 
Rother >70 Pa, Cans, Pl 60-65 85 19 

Lewes >70 Pa, Cans, Pl 60-65 85 21 

Wealden >70 Pa, Cans, 65-70 85 24 

Pl, Green, 
Cd 

Eastbourne 60-70 Pa, Cans, Pl 60-65 85 18 

Hastings 60-70 Pa, Cans, Pl 60-65 85 16 

Brighton & >70 Pa, Cans, Pl 60-65 85 17 

Hove 
(council) 
Total 65-70 60-65 85 19 

Table 5.3 Assumptions for Level Two kerbside 
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Years Materials bring Materials Recycling rate 

bank HWRS bring bank (% 
total waste) 

2003/04 Paper, cans, Paper, cans, 5.3 

plastic bottles, plastic bottles, 

glass, textiles glass, textiles 
metals, green 
waste, 
cardboard, 
wood 

2005/06 Paper, cans, Paper, cans, 5.3 

plastic bottles, plastic bottles, 

glass, textiles glass, textiles 
metals, green 
waste, 
cardboard, 
wood 

2008/09 Paper, cans, Paper, cans, 5.3 

plastic bottles, plastic bottles, 

glass, textiles glass, textiles 
metals, green 
waste, 
cardboard, 
wood 

Table 5.4 Assumptions for Level Two bring bank and HWRS 

5.2.3 Level Three: High recycling 

Recycling rate 
HWRS (% total 
waste) 
7.2 

7.7 

7.8 

The commitment to recycling in Level Three is at its maximum for East Sussex 

WCAs (Tables 5.5 and 5.6). It is assumed that the achievement and even possibly the 

exceeding of the statutory targets is a priority for local authorities. Kerbside schemes 

operate throughout the county and multiple materials are collected which along with 

educational campaigns contributes to high participation. Therefore, the key 

assumption is that the main constraint to achievement of the statutory targets is the 

amount of recyclable material available and the area, determined by the number of 

households, over which collection is practical. The assessment of practicality was kept 

basic by identifying wards that were too small and distant from the WCA depots for 

collection to be worthwhile using 2001 census data (National Statistics, 2003). The 

full list of wards included are contained in Appendix II. Levels of participation 

generally start lower in the districts and boroughs where commitment to implement 

kerbside schemes by the WCA has been least, such as Hastings and Rother. 
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Year(s) Kerbside Materials Kerbside Contamination Capture 

scheme collected participation Ratio(%) rate 

coverage (%) (%) 

(%) 
2003/04 
Rother 50-60 Pa, Cans, Pl 55-60 85 6 

Lewes >70 Pa, Cans, Pl 60-65 85 8 

Wealden 60-70 Pa, Cans, 65-70 85 22 

Pl, Green, 
Cd 

Eastbourne 40-50 Pa, Cans, Pl 60-65 85 10 

Hastings 60-70 Pa, Cans, Pl 55-60 85 12 

Brighton & 30-40 Pa, Cans, Pl 60-65 85 9 

Hove 
(council) 
Total 55-60 50-55 85 12 

2005/06 
Rother 60-70 Pa, Cans, 55-70 85 16 

Pl, green, 
Cd 

Lewes >70 Pa, Cans, 65-70 85 21 

Pl, green, 
Cd 

Wealden 60-70 Pa, Cans, 65-70 85 23 

Pl, Green, 
Cd 

Eastbourne 60-70 Pa, Cans, 65-70 85 14 

Pl, Gl, 
green & 
kitchen, Cd 

Hastings 60-70 Pa, Cans, 65-70 85 15 

Pl, green & 
kitchen, Cd 

Brighton & >70 Pa, Cans, 65-70 85 21 

Hove Pl, Green & 

(council) kitchen, Cd 

Total 65-70 55-60 85 19 

2008/09 
Rother >70 Pa, Cans, 70-75 85 21 

Pl, green, 
Cd 

Table 5.5 Assumptions for Level Three kerbside 
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Lewes >70 Pa, Cans, 70-75 85 23 

Pl, green, 
Cd 

Wealden >70 Pa, Cans, 70-75 85 26 

Pl, Green, 
Cd 

Eastbourne >70 Pa, Cans, 70-75 85 26 

Pl, Gl, 
green & 
kitchen, Cd 

Hastings >70 Pa, Cans, 70-75 85 25 

Pl, Gl, 
green & 
kitchen, Cd 

Brighton & >70 Pa, Cans, 70-75 85 25 

Hove Pl, Gl, 

(council) green & 
kitchen, Cd 

Total >70 60-65 85 25 

Table 5.5 Assumptions for Level Three kerbside (continued) 

Years Materials bring Materials Recycling rate Recycling rate 

bank HWRS bring bank (% HWRS (% total 

total waste) waste) 

2003/04 Paper, cans, Paper, cans, 5.6 7.3 

plastic bottles, plastic bottles, 

glass, textiles glass, textiles 
metals, green 
waste, 
cardboard, 
wood 

2005/06 Paper, cans, Paper, cans, 5.6 7.8 

plastic bottles, plastic bottles, 

glass, textiles glass, textiles 
metals, green 
waste, 
cardboard, 
wood, oil 

2008/09 Paper, cans, Paper, cans, 5.6 8.2 

plastic bottles, plastic bottles, 

glass, textiles glass, textiles 
metals, green 
waste, 
cardboard, 
wood 

Table 5.6 Assumptions for Level Three bring bank and HWRS 
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5.3. Results from modelled levels of recycling 

The projected tonnes from the modelling in Figures 5.1 to 5.3 demonstrate that 

considerable quantities of recyclable and recoverable material will require 

management. Segregating and processing these quantities will be necessary to begin to 
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achieve the statutory recycling targets. Whilst the final quantities of material will 

depend upon the strategy adopted by each WCA and the WDA, modelling helps to 

explore the possible alternative outcomes. 

Figure 5.1 Level One (low recycling) projected recycling for the entire county 
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Figure 5.2 Level Two (medium recycling) projected recycling for the entire county 
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Figure 5.3 Level Three (high recycling) projected recycling for the entire county 
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Figure 5.4 Projected waste, residuals and recycling for the entire county from all 

levels (Ll-L3) and years 

5.3.1 Level One: Low recycling 

If the WCAs of East Sussex ignore the legislation, as in Level One and continue with 

the practices as of 2001/02, they will achieve a combined recycling rate of 15%. The 

quantities of waste and recyclables are presented to the nearest thousand tonnes. 

Figure 5 .1 identifies that the largest contribution made by any single material to 
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recycling was by garden waste (compost) at 22,000 tonnes in 2003/04 up to 24,000 

tonnes in 2008/09. The next largest recycled material by weight was paper at 17,000-

18,000 tonnes, followed by glass at 9,000-10,000 tonnes. The majority of the material 

would come from bring bank recycling centres due to the low coverage of kerbside 

schemes. The largest contribution made by any of the kerbside and bring schemes was 

from Wealden at approximately 13,000 tonnes of dry and compostable material. 

Total recycling would amount to a projected 58,000 tonnes in 2003/04, rising to 

60,000 in 2005/06 and 62,000 tonnes in 2008/09 (Figure 5.4). These rises were purely 

the result of projected waste growth and the implications for management were that 

even to maintain the same low recycling rate over a six year period meant that greater 

quantities of material would need to be segregated to keep up. The residual material 

requiring disposal to landfill will be in the region of 320,000 tonnes in 2003/04 rising 

to 340,000 tonnes by 2008/09. 

HWRS recycling was in the region of 29-30% of total site arisings for East Sussex 

sites and 24-25% for Brighton and Hove. Total waste was projected to rise from 

66,000 tonnes in East Sussex WDA sites in 2003/04 to 70,000 tonnes by 2008/09. In 

Brighton and Hove over the same period, the projection was for waste to rise from 

23,000 tonnes to 25,000 tonnes. 

5.3.2 Level Two: Medium recycling 

The same principles of waste growth were applied, however the quantities of material 

to be segregated were considerably larger than modelled for low recycling. In Level 

Two, the recycling rates are achieved by all WCAs in 2005/06 with the exceptions of 

Hastings and potentially Brighton and Hove, which is in the region of 19-20%, once 

HWRS recycling is included. The quantity recycled by the entire area is projected to 

be 76,000 tonnes in 2003/04, 95,000 tonnes in 2005/06 and 112,000 tonnes by 

2008/09 (Figure 5.4). The overall rate aimed for by the WDA in 2008/09 is 30%, 

which does not include Brighton & Hove. This was achieved under the modelled 

conditions, with WDA recycling projected in the 29-30% range. The model predicts 

that the WCAs will need to start collecting garden waste and potentially kitchen waste 

in the urban boroughs to reach this level (Figure 5.2). 
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The material components that made the greatest contribution to recycling were paper 

and garden waste (Figure 5.2). Quantities of paper collected in 2003/04 were modelled 

at 26,000 tonnes but this was rapidly overshadowed by the amounts of garden waste 

collected as the districts began implementing kerbside schemes from 2005/06. 

Amounts of compostable waste, including kitchen waste, were projected to increase 

from 25,000 tonnes in 2003/04 to 41 ,000 tonnes by 2008/09. Kerbside schemes were 

forecast to provide approximately 44-46% of this material, with the majority coming 

fromHWRS. 

Despite the increases in kerbside, participation rates were modelled as mainly staying 

below 70%, whilst capture rates at the kerbside for all materials combined were 

generally low, particularly for districts that have high bring bank recycling such as 

Rother and Lewes. 

HWRS recycling was projected to achieve 35-36% at East Sussex sites and 30-31 % at 

Brighton sites by 2008/09. These rates are likely to be achieved from increasing the 

recycling of all materials with major contributions from metals (5000 tonnes in East 

Sussex), green waste (14,000 tonnes in East Sussex) and with the addition of new 

materials like wood (1000 tonnes in East Sussex). 

5.3.3 Level Three: High recycling 

In the high recycling option, all WCAs and the WDA achieve or exceed their 

recycling targets throughout. By 2008/09, Brighton and Hove and the East Sussex 

WDA area are modelled as achieving in the region of 33% recycling. 

Paper quantities are modelled at 28,000 tonnes in 2003/04, 35,000 tonnes in 2005/06 

and 43,000 tonnes in 2008/09 (Figure 5.3). Green and compostable waste is at 25,000 

tonnes in 2003/04 but due to further expansion of kerbside schemes and higher 

participation, it has reached 35,000 tonnes in 2005/06 and 42,000 tonnes in 2008/09. 

Total recycling therefore achieves 85,000 tonnes in 2003/04, 110,000 tonnes in 

2005/06 and 132,000 tonnes in 2008/09 (Figure 5.4). 
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Participation rates on kerbside schemes were assumed to be high, achieving 70-75% 

in many areas by 2008/09 whilst recycling schemes covered over 70% of the area. 

Capture rates were also high throughout the districts. The recycling levels at bring 

banks were also modelled to increase by 1-2 percent. 

The amount of recycling at HWRS achieves 33-34% for Brighton and Hove sites and 

36-37% for East Sussex sites by 2008/09. This equates to 8,000 tonnes in Brighton 

and Hove and 26,000 tonnes in East Sussex. As in Level Two, the main contribution 

by weight is made by green waste, followed by metals whilst wood waste also makes 

a contribution to recycling of up to 2,000 tonnes. 

The total residual material, with the potential for recovery, (Figure 5.4) is modelled as 

294,000 tonnes in 2003/04, 279,000 tonnes in 2005/06 and 270,000 tonnes in 2008/09. 

Therefore, although under this optimistic recycling option a total of 32-33% was 

diverted overall, a highly significant amount of waste material remains, which will 

require further management and treatment. 

5.4 Discussion of results 

The results of the waste flow projection modelling reqmre further discussion, 

particularly in light of the impact that the management of materials will have upon 

facility provision. Maximum diversion of waste away from landfill is necessary for 

sustainable waste management. This can only be achieved through reduction, 

recycling and recovery, with recycling the most preferable option after reduction. 

These principles are applied in the recycling options to project material quantities that 

determine the type and capacity of the facilities that would be required and the 

quantity of material that can be diverted from landfill. 

5.5 Level One: Low recycling 

Under the conditions modelled for Level One, the districts and the waste disposal 

authority do not make any further progress with recycling and continue to opt for the 

disposal of materials to landfill above recycling. Recycling rates achieve 15% 
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throughout, which falls well short of the 2005/06 and 2008/09 recycling targets for the 

county of 27% and 30% respectively. 

Moreover, because the total waste is increasing, recycling prov1s1on has to be 

expanded to keep pace. The total waste recycled is projected to grow from 58,000 

tonnes in 2003/04 to 60,000 tonnes in 2005/06 and 62,000 tonnes in 2008/09. 

Therefore, further households would need to be incorporated onto recycling schemes 

if the level of 15% was to be maintained. This is because waste growth is assumed to 

take place primarily through increasing numbers of households, and also as a result of 

more waste being generated per household. In order to counter the increase with 

recycling would mean incorporating more households onto kerbside schemes, and 

expanding bring bank sites or emptying existing ones more often. 

5.5 .1 Recycling and composting 

In terms of recycling capacity, a projected 39,000 tonnes of dry recyclable material 

will be obtained by 2008/09. Only 7,000 tonnes of this material will be co-mingled 

from kerbside (Figure 5.5), removing the requirement for a materials recovery facility. 

The bulk of recyclable material will be from bring banks and can be bulked up for 

transport to processors at transfer stations or bulking facilities. The green waste for 

composting is projected to be 23,000 tonnes, which may be best managed through a 

centralised windrow composting facility. 
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Figure 5.5 Level One combined Waste Collection Authority recycling 

5.5.2 Residual waste disposal 

The low level of recycling means that the residual waste remains at 85% throughout 

and requires considerable landfill capacity to be maintained. The quantities requiring 

disposal to land are projected at 320,000 tonnes in 2003/04 up to 340,000 tonnes by 

2008/09. Since this represents the least favoured option and because it is unlikely that 

in practice enough landfill provision could be made up to 2008/09 for such quantities, 

an alternative would be required. Therefore, although not considered in Level One, in 

reality planning consideration would need to be given to a mass bum incinerator or 

energy from waste facility (EfW) with sufficient capacity for the residual material, as 

already indicated by the WDA (East Sussex County Council, 2002; Porteous, 2001). 

Characteristically for such plant, energy would be recovered from the combustible 

components of the waste as power, with 1 tonne of waste equivalent to 500 kWh 

electricity (Porteous, 2001). Average calorific values are 10,600 MJ per kg with the 

combustible waste materials typically comprising up to 71 % of total waste (Porteous, 

1998). 

Analysis of the model results showed 65-66% of total East Sussex waste material to 

be combustible, provided the material from HWRS was included. Therefore, a 

projected maximum of 264,000 tonnes would be contributing to energy recovery from 

the 340,000 tonnes of residual waste by 2008/09 through mass bum incineration. 

However, because of operational limitations, it is unlikely that material would be 
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transported from the 14 HWRS to an incinerator (A. Pettigrew, personal 

communication, April 14, 2003). The impact of this would be to reduce the available 

combustible material to the equivalent of 56-57% or 228,000 tonnes of total waste by 

2008/09. On the basis of total HWRS waste reaching 95,000 tpa by 2008/09 and total 

household waste reaching 402,000 tpa, the incinerator would require a capacity of 

272,000 tonnes per annum i.e. the total projected waste from all refuse collection 

rounds minus recycling. 

Under the conditions modelled in the Level One waste management system, there 

would be a failure to recover energy from 37,000 tonnes of combustible HWRS 

material representing 9% of total household wastes. Further analysis of the 2008/09 

projected HWRS waste flow revealed that it was composed of approximately 17,000 

tonnes of wood waste. Wood waste segregation from MSW for energy recovery has 

been considered in the United States (Tyson et al., 1996). Wood can be readily 

combusted, typically having a lower heating value of 18.6 MJ per kg (McKendry, 

2002) and as biomass, wood waste is predominantly carbon dioxide neutral (Nagel, 

2000; British Biogen, 2000). Furthermore, since wood is biodegradable it would be 

subject to decomposition in the landfill site resulting in the production of methane. 

Therefore failure to utilise waste material would also have implications for the 

environment (Porteous, 2001 ). 

Further consideration was also given to the 2008/09 landfill capacity requirements. By 

sending 69,000 tpa from HWRS, excluding recycling, to landfill and accounting for 

the incinerator bottom ash at 25% of total waste input weight (Porteous, 1998), a 

continued landfill capacity of 136,000 tpa would be required in 2008/09. Therefore, 

even with an option for energy recovery, potentially 34% of total household waste 

would still be going to landfill. The amount could be reduced further if bottom ash 

recycling was employed, as well as magnetic extraction of ferrous metals used in most 

modem plant. If both of these measures were used then bottom ash could be reduced 

to around 15% (Porteous, 1998) although this does not include fly ash from the air 

pollution control system at approximately 4% of total input weight that would need to 

go to hazardous landfill (Porteous, 1998). 
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5.6 Level Two: Medium recycling 

In Level Two, recycling has become much more of a priority for the local authorities, 

although achievement of the statutory targets is not a given. All WCAs achieve the 

2005/06 recycling targets but two possible exceptions were Brighton and Hove (19-

20%) and Hastings (14-15%). The total quantity of waste projected for recycling was 

76,000 tpa in 2003/04, 95,000 tpa in 2005/06 and 112,000 tpa by 2008/09. Therefore, 

the stated WDA target of 30% by 2008/09 had the potential to be achieved, with 

projected recycling falling in the range of 29-30%. The target does not include the city 

of Brighton and Hove and refers only to the WCAs and HWRS. Total recycling across 

the entire East Sussex county area to which the results above refer, was therefore 

slightly lower at 28%. 

5.6.1 Recycling and composting 

In order for these levels to be achieved, the model predicts that WCAs will be required 

to collect green garden waste at the kerbside, whilst in the boroughs of Eastbourne and 

Hastings and city of Brighton and Hove, where levels of green waste were much 

lower, kitchen waste would need to be collected. In addition, green waste collections 

have provision for packaging card to be collected. Consequently, compostable waste 

collection at the kerbside accounts for 22% or 25,000 tpa of total recycling in 2008/09. 

This represents 55-56% of the total projected compostable waste recycled of 45,000 

tpa or 39-40% of total recycling in 2008/09. Such a significant quantity of material 

would require provision to be made for a centralised composting facility using either a 

basic covered windrow system or a more sophisticated in-vessel system. Ultimately, 

this would result in a considerable quantity of biodegradable waste being diverted 

from landfill. 

The dry recyclable material obtained from kerbside and bring bank schemes in WCAs 

was projected to achieve 48,000 tpa in 2005/06, rising to 55,000 tpa in 2008/09 or 50-

51 % and 48-49% of total recycling respectively. The majority of this material was 

paper, such as newspaper and magazines, making up 36,000 tpa or 31-32% of total 

recycling in 2008/09, followed by glass at 11,000 tpa or 9-10%. Other materials 

included cans (5000 tpa), plastic bottles (2000 tpa) and textiles (<1000 tpa). When 
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combined with the dry recyclable materials collected in HWRS total dry recycling 

achieved 60,000 tpa in 2005/06 and 68,000 tpa or 63-64% and 60-61 % of total 

recycling respectively (Figure 5.6). Therefore the proportion of dry materials recycled 

decreased as the percentage of garden waste composted increased. 
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Figure 5.6 Level Two combined Waste Collection Authority recycling 

The facility requirements for the recyclables are bulking and transfer stations for the 

materials collected from bring banks and potentially a MRF of up to 40,000 tpa 

capacity for the co-mingled kerbside recyclables. The design of this facility would 

depend upon the degree of kerbside sorting employed and so ultimately the design 

variables of the service (Noehammer and Byer, 1997). 

5.6.2 Residual waste disposal and recovery 

In relation to recovery and disposal, with recycling levels across the entire county at 

28%, provision would need to be made for managing the remaining 72% of waste. 

With landfill capacity running out and the residual material equating to 289,000 tpa by 

2008/09 it would be necessary for planning consideration to be given to the 

construction of a mass bum incinerator. Furthermore, whilst increased recycling 

between Level One and Two has reduced the residual waste by 13%, the total 

available combustible waste had dropped by 20%. Thus, the quantity of energy 

recoverable waste has decreased from the 2008/09 Level One amount excluding 
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HWRS of 228,000 tpa to 181,000 tpa or from 56% to 45% of total waste. This 

occurred because of the much larger quantities of paper, plastics, card and green waste 

that were to be segregated for recycling. 

The result was that a facility with a total waste throughput of 227,000 tpa would be 

able to recover energy from the household collected waste arising in East Sussex. This 

figure was derived from the total residual waste minus the residual HWRS waste of 

62,000 tpa. Thus, by increasing recycling by approximately 93% on the Scenario One 

level, the necessary incinerator capacity was reduced by around 20%. 

In terms of landfill provision, if assumed that the bottom ash is again 25% of total 

input, then waste going to landfill would include the residual HWRS material and the 

incinerator bottom ash. Therefore, a capacity of approximately 120,000 tpa would be 

required, or 30% of total 2008/09 waste. However, by failing to recover energy from 

the HWRS waste, this waste management system although recycling approximately 

1,000 tonnes of wood, would still contribute 16,000 tpa of wood waste to landfill. It 

would therefore be necessary for the WDA to consider making provision for this 

material at the incinerator or to recover energy from it in a separate facility. 

5. 7 Level Three: High recycling 

In Level Three, recycling is considered to be a priority for the WCAs and the WDA 

and the aim was therefore to achieve or even exceed the statutory targets. All WCAs 

achieved their 2005/06 targets whilst in 2008/09 Brighton and Hove and the East 

Sussex WDA area were modelled as achieving 33% recycling. The total East Sussex 

county area was projected to reach 33% recycling by 2008/09. Therefore the total 

quantities of material recycled were projected as 85,000 tonnes in 2003/04, 110,000 

tonnes in 2005/06 and 132,000 tonnes by 2008/09. 
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5.7.1 Recycling and composting 

When considered in more detail, the projections were that by 2008/09, 87,000 tonnes 

of the total recycled material would consist of dry recyclables, whilst 45,000 tonnes 

would be compostable material from kerbside collections and HWRS. 
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Figure 5.7 Level Three combined Waste Collection Authority recycling 

A further projection of 2,000 tonnes of wood suitable for board manufacture from 

HWRS has also been included amongst the dry recycling. However, this material 

could also be passed to recovery. 

The amount of dry recyclable material coming from kerbside recycling in the WCA 

areas was projected as 25,000 tonnes in 2003/04, 38,000 tonnes in 2005/06 and 50,000 

tonnes in 2008/09 (Figure 5.7). This represents 9%, 13% and 16% of the total WCA 

collected waste of 290,000, 298,000 and 307,000 tonnes in each target year. Materials 

coming from the WCA bring banks totals 23,000 tonnes by 2008/09, whilst material 

from HWRS reached 14,000 tonnes. For such significant quantities, in county 

provision would need to be made for a 50-60,000 tonne capacity MRF to manage co

mingled kerbside recyclables as well as bulking stations to be provided for the bring 

bank materials. 
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Also contributing to recycling in this case was the wood waste collected at HWRS. 

The wood was assumed to be predominantly solid untreated material that could go to 

the board manufacturing industry. However, scope does exist for this material to be 

used in energy recovery plant, since a modelled 2,000 tonnes were collected. 

With large quantities of garden and kitchen waste arising from kerbside, 25,000 

tonnes by 2008/09 and 20,000 tonnes arriving at HWRS, a 45,000- 50,000 tpa 

composting facility would also be required. Overall the compostable waste 

contributed 34% to the total recycling. Achievement of the targets under these 

modelled conditions was not possible without compostable waste collection. In terms 

of the Landfill Directive, biodegradable municipal waste (BMW) must be reduced by 

75% on 1995 levels by 2010. The definition of BMW includes paper, card and garden 

waste. Total amounts of these materials going for recycling in 2008/09 were projected 

at 90,000 tonnes, which represented 22% of total waste projected for 2008/09. Since 

the target was based upon 1995 levels that were much lower, in the region of 340,000 

tonnes (ESCC, 1995), the target was likely to be achieved. 

5. 7 .2 Residual waste recovery and disposal 

Despite the high level of recycling, a significant quantity of residual material would 

still require recovery and disposal. Assuming that recycling of dry and compostable 

material achieved 132,000 tonnes in 2008/09, total residual waste was modelled as 

270,000 tonnes. As in the previous options, this would still be too high to be managed 

entirely by landfill and would need an alternative treatment option, such as 

incineration. 

The combustible component of the total residual material was 205,000 tonnes or 51 % 

of total waste. However, this includes the material from HWRS, which would not 

normally be taken to a mass burn incinerator. Once this stream is subtracted, the 

combustible waste from household collections is projected to be 174,000 tonnes. On 

this basis the incineration capacity would be in the region of 209,000 tpa once the total 

residual waste including non-combustibles was accounted for. Therefore by increasing 

the total recycling across the East Sussex county area by approximately 12% from the 
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Scenario Two level, the projected 2008/09 incinerator capacity was reduced by around 

9% from 227,000 tonnes to 209,000 tonnes. 

Assuming a bottom ash percentage of 25% as before and allowing for the non

recycled HWRS waste, an annual landfill capacity of around 113,000 tonnes would 

still be required. Thus, the equivalent of 28% of total projected household waste 

arising in the county in 2008/09. As in the previous scenario, however, by failing to 

recover energy from the HWRS waste, 15,000 tpa of wood waste, excluding 2,000 

tonnes for recycling, would still be going to landfill. A more sustainable option would 

be to recover energy. 

5.8 Analysis of management options 

Consideration of an integrated and sustainable waste management system for East 

Sussex means that an acceptable balance will ultimately need to be struck between 

recycling, recovery and disposal. Figure 5. 8 demonstrates the capacity of facilities that 

will be required by 2008/09 under each scenario. Recovery through mass burn 

incineration in 2008/09 was at its highest in Level One at 272,000 tonnes (68%) 

dropping to 227,000 tonnes (56%) in Level Two and 209,000 tonnes (52%) in Level 

Three. Recycling in Level One is low at 62,000 tonnes (15%) and high in Level Two 

and Three at 112,000 tonnes (28%) and 132,000 tonnes (33%) respectively. 

Consequently, with high recovery and low recycling, material flowing to landfill was 

highest in Level One at 136,000 tonnes (34%) and lowest in Level Three at 113,000 

tonnes (28%). Furthermore, it was only in Level Three, when 33% recycling was 

achieved, that waste to landfill became less than that flowing to recycling. Therefore, 

if recycling increased beyond this, the waste flow to landfill would continue to 

decrease but not to the extent that landfill will no longer be required. The results 

illustrate that landfill will remain a component of an integrated waste management 

system for many years to come but alternative management options must be used in 

preference to ease the pressure on ultimately finite void space. 
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One, Two and Three. 
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Figure 5.9. 2008/09 combustible components as a percentage of residual waste from 

WCA and WDA when HWRS included under each level. 

The reliance upon landfill could be reduced across all modelled cases if the residual 

HWRS waste was also sent to incineration (Table 5.7). Allowing for the 25% bottom 

ash that would arise, 2008/09 waste flowing to landfill would reduce by 51,000 tonnes 

in Level One, 47,000 tonnes in Level Two and by 45,000 tonnes under Level Three. 

This would have a negative impact on the proportion of combustible waste to non-
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combustible (Figure 5.9) although gross quantities of combustibles would be much 

higher. Figure 5.9 also illustrates that the highest proportion of combustible material is 

to be found in Scenario One at 84% but that the proportion of combustible material is 

similar in Scenario Three at 83% despite the much higher level of recycling. 

Combustible waste materials need to be maximised in the interests of reducing fuel 

heterogeneity and maintaining thermal efficiency (Porteous, 1998). 

However, if this failed to represent a practical solution, an alternative smaller scale 

option could be to divert only the wood waste from HWRS. The wood could be 

segregated by site users into separate containers provided at sites and sent to the 

incinerator or even to a small-scale combined heat and power plant. Although the 

impacts upon waste flow to landfill are not as significant as total HWRS waste 

diversion, some scope is still provided for reducing landfill flows by 13,000 tonnes 

(Table 5.7). 

All Waste (tonnes) 
Recycling Total HWRS Bottom Ash Previous Total New Net 

level Residual to Landfill waste to Total saving to 

Landfill waste to Landfill 
Landfill 

Ll 68,000 17,000 136,000 85,000 51,000 

L2 62,000 16,000 119,000 72,000 47,000 

L3 61,000 15,000 113,000 68,000 45,000 

Wood waste (tonnes) 
Recycling Total HWRS Wood Bottom Ash Previous Total New Net 

level (including recycling) to Landfill waste to Total saving to 

Landfill waste to Landfill 
Landfill 

Ll 17,000 4,000 136,000 123,000 13,000 

L2 17,000 4,000 119,000 106,000 13,000 

L3 17,000 4,000 113,000 100,000 13,000 

Table 5.7 Options for further landfill waste diversion 2008/09 

5.9 Conclusions 

Three cases relating to East Sussex local authority levels of recycling were explored 

using the waste flow projection model. The results show that recycling has the 

potential to divert 33% of the waste on a county wide scale and that this can be 

achieved using integrated waste management methods. 
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Therefore, in the projected waste flow modelling results, summarised by Figure 5.10, 

the ideal management solution was provided by Level Three, the high recycling 

option. It achieved the highest rate of diversion from landfill and would require the 

smallest incineration with energy recovery solution. It also managed to keep the 

proportion of combustibles high so that incineration efficiency would have the 

potential to be maximised. It was therefore, able to strike the best balance in terms of 

material flows to the three main sustainable management options after reduction and 

re-use, of recycling, recovery and disposal that are available to waste managers. 

Crucially, keeping the incinerator capacity smaller than the other cases also provides 

scope for the further reduction of waste and increases in recycling. 
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Figure 5.10 Summary of recycling, recovery and disposal for modelled options in 

2008/09 

Modelling can assist the decision support process by exploring how much recycling 

and recovery will be needed to bring about a significant decrease in the amount of 

disposal since landfill is a least favoured option. However, in order to be able to more 

fully investigate the relative sustainability and impacts of the options, further analysis 

is required that goes beyond the tonnes material output from modelling to 

consideration of some of the logistical and environmental implications. Further 

investigation of the sustainable waste management systems has required consideration 

of the major impacts that result from the flow of recoverable, recyclable and 

compostable materials to facilities (White et al., 1995). 
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The management of the remammg residual material may benefit from the 

implementation of more novel approaches to recovery and recycling. These can now 

be considered because of the detail obtained for modelled waste flows and 

components in the model developed in this thesis. The potential environmental 

burdens can be assessed using various scenarios based on the three levels of recycling, 

used for the management options described in the next chapter and analysed through 

life cycle assessment in Chapter Seven. 
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Chapter Six 

Integrated waste management scenarios 

6.1 Synopsis 

The waste flow data results from the three modelled levels of recycling were 

presented graphically in Chapter Five. The output, expressed in tonnes of material 

needed to be linked to the impacts on logistical operations. Therefore, Chapter Six 

considers the impacts of the recycling levels on flows of traffic and waste container 

provision through the investigation of three main scenarios. Two additional 

management variations for the third scenario are also introduced and the results 

presented. 

6.2 Introduction 

The three levels of recycling developed and modelled in the previous chapter require 

further assessment. Material flows, projected on the basis of differing participation 

and materials capture needed to be related to the integrated waste management options 

and logistics. Thus, the projected impact of recycling and recovering greater quantities 

of material can be evaluated according to the effects upon transport and container 

quantities and the need for waste facilities and treatment. One of the criticisms of 

recycling in environmental terms is that it leads to increases in transport (Bjorklund et 

al,. 1999); this is most significant during collection, but only comprises a small part of 

the total system (Wilson, 2002). Therefore, potential environmental burdens would 

also be assessed later as part of the contribution to a more sustainable waste 

management system. 

The scenarios were focussed on the statutory target years of 2003/04, 2005/06 and 

2008/09 (DETR, 2000a). Therefore, the material flow results from the model relating 

to the statutory recycling targets were used. This enabled the most relevant years to be 

compared between scenarios for the assessment of sustainable waste management. 
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6.3 Integrated waste management scenarios 

A total of five scenanos were developed for further analysis of integrated waste 

management options and environmental impact using life cycle assessment. The 

scenarios are summarised in Table 6.1 . Scenario One provides the reference scenario, 

based on low recycling, which failed to meet legislative requirements. Scenarios Two 

and Three related specifically to the most probable waste management options for 

East Sussex if current legislation and policy were followed, based upon medium and 

high recycling respectively. The remaining scenarios were variations of Scenario 

Three (Three variation 1 and Three variation 2). They were developed to explore the 

impacts of additional investment in processes above and beyond the legal 

requirements. All enabled the representation of future management activities to be 

compared and environmental impacts assessed. To summarise, the scenarios explore 

the relative impacts of possible futures where no improvements are made in recycling 

and waste recovery, where statutory recycling is narrowly achieved, and where 

recycling and recovery beyond the targets takes place. 
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Scenario Description Baseline Key Assumptions Summary 

operational data 

One: Low Base case: Waste and ■ Mean growth for No improvements in 

recycling reference recycling data for total waste of recycling, statutory 

scenario 2001/02 and 1.47% p.a. targets not met 

2002/03 ■ recycling kept at 
2001 /02 rate 

Two: Recycling Waste and ■ Mean growth of Improvements in 

Medium with energy recycling data for 1.47% p.a. for recycling, not enough 

recycling recovery 2001/02 and total waste to meet the statutory 

through mass 2002/03 ■ Recycling rate targets of 2003/04, 

burn increased, 2005/06 and 2008/09. 

incineration. transport and 

HWRS waste container levels 

to landfill. raised in 
accordance 

Three: High Energy Waste and ■ Mean growth of Improvements in 

recycling recovery recycling data for 1.47% p.a for recycling to meet the 

through mass 2001/02 and total waste. statutory targets of 

burn 2002/03 ■ Recycling rate 2003/04, 2005/06 and 

incineration. increased, 2008/09. 2010 

HWRS waste transport and Landfill Directive 

to landfill container levels compliance. 

raised in 
accordance 

Three vl: Maximised Waste and ■ Mean growth of Improvements in 

High energy recycling data for 1.47 % p.a for recycling to meet the 

recycling, recovery 2001/02 and total waste. statutory targets of 

high energy incorporating 2002/03 ■ Recycling rate 2003/04, 2005/06 and 

recovery collected increased, 2008/09. 2010 

household transport and Landfill Directive 

waste and container levels compliance exceeded. 

HWRS waste raised in 
accordance 

Three v2: Intermediate Waste and ■ Mean growth of Improvements in 

High energy recycling data for 1.47 % p.a total recycling to meet the 

recycling, recovery 2001/02 and waste statutory targets of 

intermediate incorporating 2002/03 ■ Recycling rate 2003/04, 2005/06 and 

energy collected increased, 2008/09. 2010 

recovery household transport and Landfill Directive 

waste and container levels compliance exceeded. 

wood waste raised in 

from HWRS accordance 

only. 
Residual 
waste to 
landfill. 

Table 6.1 Outline of scenarios 
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6.3.1 Waste management system components 

The scenario development required specific sets of primary and calculated data as 

inputs. To clarify these, the household waste management system for East Sussex was 

divided into the collection systems and facilities summarised in Figure 6.1. 

Household waste 

I 
I 

Material comvonents. containers. vehicles. transvort distances I 

- - - - - -------------- ------------- -------------- --------- -------------- -------

, r , , , . , . , , , , 

Bring Kerbside Kerbside HWRS HWRS Refuse 

banks dry green green residual collection 

Material comvonents. containers. vehicles. transvort distances 

- - - - - -------------- ------------- -------------- --------- -------------- -------

, , , r , r , r , , , , 

Bulking Materials Compost Landfill/ Landfill/ 

recovery energy energy 

facility recovery recovery 

Material components, 
containers, vehicles, 
transport distances 

- --- - -------------- --------------------------------------------------------------

, r , r 

Reprocessing 

Figure 6.1 Summary of the East Sussex waste management collection systems and 

facilities for household waste 
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The traditional collection of refuse is responsible for managing approximately 67 % of 

the waste, whilst HWRS mixed waste accounts for 17.3 %. Bring bank recycling 

contributes approximately 7.9 %, kerbside recycling 1.8 % and green waste to 

compost from HWRS and kerbside accounts for approximately 5.8 %. 

The collection and treatment systems also have components such as the vehicles and 

transportation distances necessary to collect and deliver the materials to facilities, 

distances travelled by private cars using HWRS and bring bank recycling sites and 

container numbers and types. These components were quantified for the scenarios. 

Further analysis of the environmental impacts of facilities and the waste management 

system was to use life cycle assessment methodology. Therefore, in this chapter the 

scenarios focus upon the collection systems, with facilities referred to in terms of 

materials flow and the baseline position. 

6.3.2 Data collation 

The scenarios exploring the waste management system required data on the main 

collection systems. The types of datasets collected and calculated are summarised in 

Table 6.2 and described in more detail throughout. 

Collection Data sets required for the collection systems 

system Material Vehicles Containers Transfer Recycling Recovery/ 

components and disposal 

collected transport 

Bring bank X X X X X 

Kerbside X X X X 

green 
Kerbside X X X X X 

dry 
recycling 
HWRS X X X X 

HWRS X X X X X 

green 
Traditional X X X X 

refuse 
collection 

Table 6.2 Data required for scenario development 
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The data required to model the scenarios was collated from four principal sources: 

1) The waste flow model already described in Chapter Four, which provided the 

baseline waste material data, 

2) Operational data from 2001/02 recycling, composting and disposal 

3) Logistical /transport 

4) Container systems associated with these operations. 

6.4 Baseline data for scenarios 

The baseline data for the scenarios was collected from the waste management systems 

operating in 2001 /02. The materials data is from the original material flow scenarios. 

It is therefore projected and uses a combination of the modelled residual waste and the 

actual recyclables and total waste data collected from the local authorities. 

The transportation distance data was provided from collection vehicle fleet annual 

odometer readings and estimates of the distances travelled by bring bank recycling site 

and HWRS users . Therefore, car use by recyclers and HWRS visitors was calculated 

from the results of surveys at sites and by using assumptions as necessary. Data was 

also acquired from all East Sussex local authorities for containers used in bring bank 

and kerbside recycling as well as residual waste collection and residual HWRS waste. 

All the data was projected over time to simulate the effects of the growth in waste and 

recycling. 

6.4.1 Materials flow 

Table 6.3 records the materials that pass through the waste management system. The 

total recycling, total bring bank and total kerbside dry recyclable material components 

collected are outlined for the years of 2001/02. Green waste collected from kerbside 

and HWRS is also included in the total recycling column. The data is primary and was 

recorded by the WCAs and WDA in 2001/02. The total waste, residual household 

collected, residual HWRS and total residual material components are all projections 

from the modelling in Chapter Four, and result from subtracting the actual recycling 

data recorded in 2001/02. 
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2001/02 Total Total Total Total Residual Residual Total 

waste recycling bring kerbside hhd HWRS residual 

bank dry collected 

FERROUS METALS 14145 6493 6290 203 5328 2324 7652 

GLASS 28500 9342 8794 548 18942 216 19158 

MISC COMBUSTIBLES 20884 0 0 0 17921 2963 20884 

MISC NON-COMBUSTIBLES 25783 0 0 0 12002 13782 25783 

NON-FERROUS METALS 3647 477 442 36 3023 146 3170 

PAPER 11498 0 0 0 10552 946 11498 

Paper Card excluding liquid cartons 10601 1091 898 193 7723 1786 9510 

Paper Card liquid cartons 915 0 0 0 915 0 915 

Paper (excluding newspaper, magazines) 14251 0 0 0 13935 317 14251 

Paper magazines 18360 6445 4346 2099 10389 1527 11915 

Paper newspaper 26077 10061 6643 3418 15415 601 16016 

PLASTIC DENSE 12589 0 0 0 10730 1859 12589 

Plastic dense clear beverage bottles 4581 327 280 46 4005 250 4254 

Plastic dense coloured beverage bottles 1264 36 36 0 1228 0 1228 

PLASTIC FILM 11004 0 0 0 10230 774 11004 

Putrescibles excluding garden 34116 0 0 0 33258 857 34116 

Cooked foods & U/C putrescible 17768 0 0 0 17768 0 17768 

Putrescibles garden 61071 21032 0 0 36815 3224 40039 

TEXTILES 12268 643 623 20 5612 6013 11624 

FINES 17319 0 0 0 6878 10441 17319 

Wood 15577 111 111 0 0 15466 15466 

Totals 362218 56059 28462 6564 242667 63492 306159 

Table 6.3. Materials collected from East Sussex in 2001/02, with primary recycling 

data combined with modelled 

Certain materials representing very small flows from the model have been 

incorporated into larger categories. This reduced the number of detailed categories and 

made the data more compatible for the LCA. 

6.5 Waste collection systems and facilities 

The waste management system in East Sussex comprised bring bank recycling, 

HWRS green waste collection, HWRS residual waste, kerbside dry materials 

recycling, kerbside green collection and traditional household refuse collection. Each 

of these subsystems had transport and container requirements of their own and the 

resultant material streams required facility provision. These subsystem components 

are now described in more detail. 
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6.5.1 Bring bank recycling sites and HWRS recycling containers 

There were 272 bring bank recycling sites in operation in East Sussex in 2001/02 

(Table 6.4). In addition, the 12 HWRS across the county also had bring bank facilities. 

Information on the number of containers present in each facility was required for the 

analysis. 

Local Authority Number of sites 

Brighton and Hove 97 

Eastbourne 25 

Hastings 9 

Lewes 39 

Rother 36 

Wealden 66 

Total for districts and borou2hs 272 

HWRS 12 

Total for East Sussex 284 

Table 6.4 Bring bank recycling sites in East Sussex for 2001/02 collated from local 

authorities 

The sites contained a variety of containers for collecting the materials described in 

Table 6.5. The table also includes the containers from HWRS bring centres and those 

associated with the diversion of re-use materials in HWRS. Green waste containers 

are included in the section on kerbside and compost. 

Container type Container size (m.,) Total Number Typical materials 
collected 

Wheeled Eurobin 1.1 1,010 Glass 

Wheeled Eurobin 0.24 184 Cans, glass, plastic 
bottles 

Wheeled Eurobin 0.12 153 Cans, glass, plastic 
bottles 

Recycling bank 2.5 152 Paper, books 

Recycling bank 4.0 82 Textiles 

Recycling bank 10.7 42 Cans 

Container 22.9 25 Cardboard 

Skip 9.1 169 Metal, wood, 
cardboard, rubble, 
soil, re-usable items 

Table 6.5 Bring bank recycling containers used in East Sussex 2001/02 
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6.5.2 Waste and recycling containers for household collection 

Data on the numbers and types of recycling and disposal containers being used in East 

Sussex was collated from the WDA and each WCA. Additional assumptions were 

made for the number of households provided with wheeled bins or kerbside boxes 

from 2001 Census data (National Statistics, 2003). The assumptions made are 

presented in Table 6.6. 

Collection system Container type and Districts Assumptions Number per 

use annum 

Traditional refuse 240 litre wheeled bin Wealden 0One per 58,274 

collection household 

Traditional refuse Refuse sack Brighton & Included in -

collection Hove, plastic film waste 

Lewes, 
Rother, 
Hastings, 
Eastbourne 

Kerbside recyclables 55 litre box Wealden, One per 63,000 

Brighton and household 

Hove covered by 
kerbside schemes 

Kerbside recyclables Refuse sack Eastbourne, One per 360,000 

Hastings household per 
fortnight 

Kerbside compost 240 litre bin Wealden One per 27,000 

household 
covered by 
scheme 

Table 6.6 Household collection system containers collated from local authorities 

2001/02 

6.5.3 Private cars and vehicles visiting HWRS and bring bank recycling sites 

Determination of the private vehicle miles associated with bring bank use was 

necessary for analysis of transportation impacts. The problems of allocating impacts 

from journeys for recycling are well known and a standardised methodology does not 

yet exist (Tucker and Speirs, 2000). These data were therefore calculated on the basis 

of 2001 census data for East Sussex numbers of car owning households (National 

Statistics, 2003) whilst assumptions were made from results of primary waste 

awareness research conducted in West Sussex in 2002/03. Additional assumptions for 

the calculations used literature values and all the data sources and calculation results 

6 Corresponds with total number of households (National Statistics, 2003) 
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are listed in Table 6.7. The assumptions relating to diesel and petrol cars were relevant 

for the LCA in Chapter Seven, but were calculated from the scenarios in this chapter. 

Data source Description Total Number Assumptions for 
calculations 

2001 Census Number of car 329,120 329,120 

(National Statistics, owning households 

2003) in East Sussex 

Primary research Percentage of 89% 89% 

West Sussex Waste householders who 

Awareness survey claimed to recycle 

(survey of 7000 
households) 
Primary research Percentage of 62% 62% 

West Sussex Waste householders who 

Awareness survey recycle and use bring 

(survey of 7000 banks for recycling 

households) 
Primary research Percentage of 72% 72% 

West Sussex Waste householders who 

Awareness survey claimed to drive to 

(survey of 7000 bring banks 

households) 
Literature Number of dedicated 23% for HWRS Mean of 16% assumed 

(Speirs and Tucker, journeys to recycling recycling and 9% for 

2001) centres supermarkets 

Literature Market split between 23 % diesel cars 

(SMMT, 2003) diesel and petrol cars 77 % petrol cars 

for 2002 

Primary research Mean Distance 2.4 km round trip 

Bring bank research travelled by car users 

in Brighton and to bring sites 

Hove, 2003 
Total result Calculated 2,020,000km Petrol: 1,550,000 km 

(rounded to nearest Diesel: 480,000 km 

0000km) 

Table 6.7 Information and calculation of private car users visiting bring banks in the 

base year of 2001/02 

6.5.4 HWRS vehicle throughput for residual waste and compost 

The numbers of cars accessing HWRS facilities was calculated from traffic count 

survey data compiled by East Sussex County Council in 2000 (ESCC, 2000a). The 

general assumptions and total vehicle throughput calculation results are outlined in 

Table 6.8. The total transportation distances were calculated by extrapolating the 

vehicle throughputs to all HWRS in the county. This was performed by calculating the 

average amount of waste delivered on a per car basis to the two sites surveyed, then 

dividing this into the total waste arising from all HWRS in 2001/02. 
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Data source/ type Description/ Total Number Assumptions for 

details calculations 

ESCC Over 13 days at 6,659 vehicles Hastings = 512 cars per day 

CA traffic survey two separate sites: (Hastings) Eastbourne = 649 cars per 

2000 (ESCC, 2000a) Hastings and 8,432 vehicles day 

Eastbourne (Eastbourne) Total mean= 581 cars per 
day 

ESCC Operational data 17,363.8 tonnes Hastings = 48 tonnes per day 

Household Waste (Hastings) Eastbourne= 34 tonnes per 

entering Eastbourne 12,385.8 tonnes day 

and Hastings in 2000 (Eastbourne) Total mean = 41 tonnes per 

(ESCC, 2000b) day 

Calculated Mean load per car 0.07 tonnes per car 

ESCC Excludes recycling 78,137 tonnes Estimated cars to nearest 

Total HWRS waste from bring banks 0000 = 1,070,000 cars 

in 2001/02 
(ESCC, 2002a) 
Primary research Mean round trip 5.4km Estimated Total distance (to 

Travelling distances distance travelled nearest 0000km) = 5,780,000 

toHWRS in by site users km 

Eastbourne, 1999 

Calculated Green waste 19.4% Estimated Total distance (to 

Travelling distances (compost) as a nearest 0000km) = 

for compost percentage of total 1,120,000km 

household waste 
entering East Estimates for petrol vehicles 

SussexHWRS = 860,000km 

minus bring bank 
recycling Estimates for diesel vehicles 

= 260,000km 

Calculated Household waste 80.6% Estimated Total distance (to 

Travelling distances excluding green nearest 0000km) = 

for mixed waste waste and bring 4,660,000km 

bank recycling 
Estimates for petrol vehicles 

Petrol/ diesel split = 3,650,000km 

2002 (SMMT, 
2003) Estimates for diesel vehicles 

= 1,120,000km 

Table 6.8 Assumptions and calculation results for private cars/ vehicles using East 

Sussex HWRS for waste and compost 
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6.5.5 Waste and recycling collection vehicles 

The waste disposal authority of East Sussex County Council and each waste collection 

authority provided the data on the numbers, types and annual mileage of their 

collection vehicles. The distance data was therefore collated from the odometer 

readings of every vehicle in each WCA and HWRS fleet. Annual distances covered by 

all the vehicles conducting the waste and recyclables collection service was added to 

provide a combined total annual mileage for each subsystem, as in Table 6.9. 

Collection system Vehicle types Fleet size Combined annual 
distance (km) 

Bring bank recycling 14 x HGV recycling 15 552,470 

vehicle, 
1 x LGV recycling 
vehicle 

Compost (includes 1 x HGV vehicle 11 70,000 

HWRS and kerbside) forHWRS 

10 x refuse collection 
vehicles for kerbside 
(part of normal 
refuse mileage 
included in 
traditional below) 

Kerbside 3 xLGV 8 165,840 

1 x 7.5 tonne LGV 
4 x HGV recycling 
vehicle 

HWRS (mixed 7xHGV 7 490,000 

waste) 
Traditional 99 x HGV refuse 99 2,458,170 

household collection collection vehicles 

(mixed waste) 

Table 6.9 Annual distances of waste and recycling collection vehicles collated from 

local authorities (P. Monk, personal communication, March 28, 2001) 

6.5.6 Waste management facilities for recycling and disposal 

The waste management facilities operated in East Sussex are outlined in Table 6.10. A 

basic infrastructure of small facilities existed in 2001/02, comprising landfill, small 

scale windrow composting, a small MRF and three small bulking stations. No transfer 

facilities existed for household residual waste, with all material from the traditional 

refuse collection being transported directly to either of the two main landfill sites. 
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Description Facility Area/ Approximate Materials 
Districts Total Capacity handled 

(tpa) 

Bring banks and 1 x MRF and bulking Wealden 20,000 Cans, glass, 

kerbside oaoer 

Bring banks and 3 x bulking stations Brighton & 30,000 Cans, glass, 

kerbside Hove, paper, plastic 

Lewes bottles 

Compost 4 x small scale Wealden, 25,000 Green garden 

windrow ( on farm) ESCC waste 

HWRS, 
Brighton 
and Hove 
HWRS 

HWRS 12xsites East 90,000 Glass, cans/ 

Sussex, metals, 

Brighton cardboard, 

and Hove paper, plastic 
bottles, textiles, 
rubble, soil, 
wood 

Traditional Refuse 2 x landfill sites, East 370,000 Mixed waste 

collection composite lined Sussex, 
Brighton 
and Hove 

Table 6.10 Waste management facilities in East Sussex 2001/02 collated from local 

authorities (P. Monk, personal communication, March 28, 2001) 

6.5.7 Reprocessors 

Materials from East Sussex and Brighton and Hove are transported to a variety of 

locations throughout the country, outlined in Table 6.11. These reprocessors remain 

the same throughout the scenarios with the one way road transportation distances 

determined using route planning software. Round trip distances were calculated only 

for the LCA method in Chapter Seven. 
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Collection Material Location of Distance from MRF/ 

systems reorocessor bulkine: station (km) 

Bring banks, Ferrous cans and ANG, Llanelli South 373 

kerbside metals Wales 

Bring banks, Non Ferrous cans AACR, Warrington, 392 

kerbside and metals Cheshire 

Bring banks, Paper, card Aylesford, Kent 91 

kerbside 
Bring banks, Plastic bottles Birmingham 261 

kerbside 
Bring banks Glass Harlow, Essex 111 

Bring banks Textiles Wellingborough, 201 
Northants 

Table 6.11 Materials from East Sussex to reprocessors collated from local authorities 

(P. Monk, personal communication, March 28, 2001) 

6.5.8 Functional units for determining collection system components 

The collection system components of vehicle transportation distances, number of 

containers and waste sacks were converted to functional units of per tonne waste. This 

enabled the components in the scenarios to be calculated in proportion to growing 

waste arisings over the years and also as recycling increased to meet the statutory 

targets. Thus, the method ensured consistency and comparability both within and 

between scenarios. The baseline data required for the scenarios and also for the LCA 

analysis in Chapter Seven is outlined in Table 6.12. 
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Model HWRS B&H WCA WCA Bring ESCC B&H ESCC B&H WCA WCA Total Total Total 

output residual HWRS Kerbside centre dry HWRS HWRS HWRSgreen HWRS Kerbside collection HWRS WCA waste in 

residual recyc/in~ recyc/in~ recyc/inf? recyc/inf? waste J!reen J!reen residual mixed mixed scenario 

Subsystem HWRS HWRS Kerbside Bring bank Bring Bring bank Compost Compost Compost Traditional NIA NIA NIA 

bank collection 

Facilities Landfill Landfill MRFI MRFI bulking MRFI MRFI Windrow Windrow Windrow Landfill Waste 

bulking bulking bulking hall 

2001/02 (t) 47,082 16,410 6,564 18,880 7,379 2,203 11,983 3,163 5,886 242,667 88,221 273,997 362,218 

2001/02 40 x 23C 8 x23C 73,000 X 1010 x 1.1 WB Included Included in 34 x 23C 2 x23C 27,000 X 59,000 X Key: 

Container 169 x 9.lC 0.055KB 153 x 0.12WB inWCA WCA 0.24 WB 0.24WB WB = wheeled bin 

numbers x 184 x 0.24WB plus waste RS = refuse sack 

type (m3
) 

42 x 10.7CB hall KB = kerbside box 

25 x 23PB PB = paper bank 

152 x 2.5 RB TB = textile bank 

82 x 4 TB RB = recycling bank 
CB= can bank 
C = container 

2001/02 DC 1.1 x 10° Combined CV 1.7 x 10' DC 4.8 x 10' Included Included DC 2.7 X 105 Combined Combined CV 2.5 x Key: 

Vehicle PC 3.6 x 106 with LCV 4.3 x PC 1.6 X 106 with with WCA PC 8.6 x 105 with with WCA 106 DC = diesel car 

type and CV 4.9 x 105 ESCC 104 CV 5.5 x 105 WCA CV 7.0 X 104 ESCC traditional PC = petrol car 

distance 
CV = collection vehicle 

(km) 
LCV = light collection vehicle 

Table 6.12 Baseline data from 2001/02 
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6.6 Scenario One: reference scenario, low recycling 

The main parameters used in Scenario One, the reference scenano, are set out in 

summary in Table 6.13. This includes the material flows from the model results in 

Chapter Five and data from the collection systems and processes described in the 

previous section. The information was obtained or calculated from work conducted for 

this thesis. 

Scenario One reflects the impacts of continuing with the current recycling and 

composting activity in all East Sussex districts and HWRS. It is therefore assumed 

that no expansion of recycling and recovery takes place after 2001/02. The scenario 

uses the operational recycling data from 2001/02, whilst the projected waste growth 

profile has been extrapolated from the total household waste arising data recorded by 

the WCAs and the WDA between 1997 and 2003. 

The information used in Scenario One is outlined in the sections below and relates in 

particular to the statutory recycling target years of 2003/04, 2005/06 and 2008/09. The 

purpose of the scenario is to analyse the potential impacts of maintaining an existing 

recycling rate against a profile of waste growth. The main effects were expected to be 

variations in the tonnes of waste and the resultant provision of waste management 

facilities and associated transport required to manage the increased quantities. The 

tables that follow the main parameters in Table 6.13 show the projected material flows 

for each target year. 

6.6.1 Waste management facilities for Scenario One 

The currently available technology in East Sussex determined the types of waste 

management facilities in the scenario. The facilities remain basic, comprising 

composite lined landfill, small scale windrow composting and a small MRF. 

Additional bulking of recyclables takes place at the bulking stations in Lewes and 

Brighton. The limited range of facilities represented a least cost solution that was not 

aimed at achieving higher rates of recycling than already existed in 2001/02. 
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MFA HWRS B&H WCA WCA Bring ESCC B&H ESCCHWRS B&H WCA WCA Total Total Total 

(Model residual HWRS Kerbside centre dry HWRS HWRS green waste HWRS Kerbside collection HWRS WCA waste in 

output) residual recycling recycling recycling recycling green green residual mixed mixed scenario 

Subsystem HWRS HWRS Kerbside Bring bank Bring Bring Compost Compost Compost Traditional NIA NIA NIA 

bank bank collection 

Facilities Landfi ll Landfi ll MRFI bulking MRFI bulking MRFI MRFI Windrow Windrow Windrow Landfill Waste 

bulking bulking hall 

2003/04 (t) 46,960 17,208 6,955 19,950 7,360 2,311 11 ,952 3,317 6,369 256,527 89,109 289,800 378,909 

2005/06 (t) 48,083 17,840 7,140 20,511 7,536 2,395 12,238 3,439 6,534 263,720 91 ,531 297,904 389,435 

2008/09 (t) 49,767 18,787 7,357 21 ,175 7,800 2,523 12,667 3,621 6,728 272,236 95,164 307,496 402,660 

2003/04 40 x 23C 8 x23C 77,000 X IOIOx l.lWB Included Included 34 x 23C 2 x23C 29,000 X 63,000 X Key: 

Container 0.055KB 153 x0.12WB inWCA inWCA 0.24 WB 0.24WB WB = wheeled bin 

numbers x 169x9.JC 184x0.24WB plus waste KB = kerbside box 

types (m3
) 

42 x 10.7CB hall PB = paper bank 

25 x 23PB 
TB = textile bank 

152 x 2.5 RB 
RB = recycling bank 

82 x 4 TB 
CB = can bank 

2005/06 As 2003104 As 79,000 X As 2003104 As As As 2003104 As 30,000 X 65,000 X C = container 

Container 2003104 0.055KB 2003104 2003104 2003104 0.24WB 0.24WB 

numbersx 
types (m3) 
2008/09 As 2003104 As 82,000 X As 2003104 As As As 2003104 As 3 ) ,000 X 67,000 X 

Container 2003104 0.055KB 2003104 2003104 2003104 0.24WB 0.24WB 

numbers x 
types (m3

) 

2003/04 DC 1.1 x 10° Combined CV 1.8 x 10' DC 4.9 x 10' Combined Combined DC 2.7 x 10' Combined Combined CV 2.6 x Key: 

Vehicle PC 3.6 X 106 with LCV 4.6 X 104 PC 1.6 X 106 with with PC 8.6 X 105 with with 106 DC = diesel car 

distance CV 5.0 X 105 ESCC CV 5.7 X 105 WCA WCA CV7.0x 104 ESCC WCA PC = petrol car 

(km) 
traditional CV = collection vehicle 

2005/06 DC 1.2 x 10° Combined CV 1.8 x 10' DC 5.0 x JO' Combined Combined DC 2.7 x 10' Combined Combined CV 2.7 x LCV = light collection vehicle 

Vehicle PC 3.7 X 106 with LCV 4.7x 104 PC 1.6 X 106 with with PC 8.9 X 105 with with 106 

distance CV 5.2x 105 ESCC CV 5.9 X 105 WCA WCA CV 7.2 X 104 ESCC WCA 

(km) 
traditional 

2008/09 DC 1.2 x 10° Combined CV 1.9 x JO' DC 5.2 x JO' Combined Combined DC 2.8 x JO' Combined Combined CV 2.8x 

Vehicle PC 3.9 X 106 with LCV 4.8 X 104 PC 1.7 x 106 with with PC 9.2 X 105 with with 106 

distance CV 5.4 X 105 ESCC CV 6.1 X 105 WCA WCA CV 7.5 X 104 ESCC WCA 

(km) 
traditional 

Table 6.13 Summary of main parameters of Scenario One (reference scenario) 
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6.6.2 Materials flow for Scenario One 

The materials flowing through Scenario One for the years of 2003-09 are outlined in 

Tables 6.14 to 6.16. The dry recyclable material components collected from bring 

banks and kerbside recycling, green waste and the residual components are included. 

Although the recycling rate remained constant throughout all years, the quantities of 

materials had risen because of waste growth. 

2003/04 Total Total Total Total Residual Residual Total 

waste recycling bring kerbside hhd HWRS residual 

dry collected 

FERROUS METALS 14530 6573 6356 217 5608 2349 7957 

GLASS 30019 9824 9261 563 19977 218 20195 

MISC COMBUSTIBLES 21964 0 0 0 18968 2995 21964 

MISC NON-COMBUSTIBLES 26671 0 0 0 12745 13926 26671 

NON-FERROUS METALS 3829 487 448 38 3194 148 3342 

PAPER 12022 0 0 0 11065 956 12022 

Paper Card excluding liquid cartons 11107 1113 915 199 8188 1806 9993 

Paper Card liquid cartons 961 0 0 0 961 0 961 

Paper (excluding newspaper, magazines) 15052 0 0 0 14732 320 15052 

Paper magazines 19264 6772 4546 2227 10949 1543 12492 

Paper newspaper 27526 10641 6998 3643 16278 607 16886 

PLASTIC DENSE 13227 0 0 0 11348 1879 13227 

Plastic dense clear beverage bottles 4825 342 294 48 4231 252 4483 

Plastic dense coloured beverage bottles 1328 38 38 0 1289 0 1289 

PLASTIC FILM 11582 0 0 0 10800 782 11582 

Putrescibles excluding garden 36086 0 0 0 35219 867 36086 

Cooked foods & U/C putrescible 18629 0 0 0 18629 0 18629 

Putrescibles garden 64124 21638 0 0 39227 3259 42486 

TEXTILES 12650 706 685 21 5898 6079 11977 

FINES 17772 0 0 0 7219 10553 17772 

Wood 15743 0 0 0 0 15662 15662 

Totals 378909 58214 29540 6955 256527 64169 320695 

Table 6.14 Material components of Scenario One 2003/04 from Chapter Five results 

for low recycling 
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2005/06 Total Total Total Total Residual Residual Total 

waste recycling bring kerbside hhd HWRS residual 

dry collected 

FERROUS METALS 14923 6748 6526 223 5761 2413 8175 

GLASS 30848 10094 9522 572 20530 224 20754 

MISC COMBUSTIBLES 22580 0 0 0 19503 3077 22580 

MISC NON-COMBUSTIBLES 27417 0 0 0 13111 14306 27417 

NON-FERROUS METALS 3935 500 460 39 3283 152 3435 

PAPER 12344 0 0 0 11362 982 12344 

Paper Card excluding liquid cartons 11417 1141 940 202 8421 1855 10276 

Paper Card liquid cartons 987 0 0 0 987 0 987 

Paper (excluding newspaper, magazines) 15474 0 0 0 15145 329 15474 

Paper magazines 19798 6960 4670 2290 11253 1585 12838 

Paper newspaper 28298 10939 7195 3745 16735 624 17359 

PLASTIC DENSE 13598 0 0 0 11667 1931 13598 

Plastic dense clear beverage bottles 4960 352 303 48 4349 259 4608 

Plastic dense coloured beverage bottles 1364 40 40 0 1324 0 1324 

PLASTIC FILM 11903 0 0 0 11100 803 11903 

Putrescibles excluding garden 37105 0 0 0 36215 890 37105 

Cooked foods & U/C putrescible 19127 0 0 0 19127 0 19127 

Putrescibles garden 65933 22211 0 0 40375 3348 43723 

TEXTILES 12995 725 704 21 6058 6245 12303 

FINES 18255 0 0 0 7414 10842 18255 

Wood 16173 83 0 0 0 16090 16090 

Totals 389435 59793 30360 7140 263720 65923 329642 

Table 6.15 Material components of Scenario One 2005/06 from Chapter Five results 

2008/09 Total Total Total Total Residual Residual Total 

waste recycling bring kerbside hhd HWRS residual 

dry collected 

FERROUS METALS 15458 7005 6777 229 5943 2510 8453 

GLASS 31840 10422 9840 582 21185 233 21418 

MISC COMBUSTIBLES 23336 0 0 0 20136 3200 23336 

MISC NON-COMBUSTIBLES 28419 0 0 0 13543 14876 28419 

NON-FERROUS METALS 4065 518 478 40 3389 158 3547 

PAPER 12735 0 0 0 11714 1022 12735 

Paper Card excluding liquid cartons 11807 1181 976 205 8696 1929 10625 

Paper Card liquid cartons 1018 0 0 0 1018 0 1018 

Paper (excluding newspaper, magazines) 15975 0 0 0 15634 342 15975 

Paper magazines 20452 7190 4825 2365 11613 1649 13261 

Paper newspaper 29220 11297 7432 3865 17275 649 17924 

PLASTIC DENSE 14052 0 0 0 12044 2008 14052 

Plastic dense clear beverage bottles 5123 364 315 49 4489 270 4759 

Plastic dense coloured beverage bottles 1406 41 41 0 1365 0 1365 

PLASTIC FILM 12291 0 0 0 11455 835 12291 

Putrescibles excluding garden 38319 0 0 0 37393 926 38319 

Cooked foods & U/C putrescible 19719 0 0 0 19719 0 19719 

Putrescibles garden 68229 23016 0 0 41731 3481 45213 

TEXTILES 13458 750 728 22 6248 6495 12743 

FINES 18919 0 0 0 7645 11274 18919 

Wood 16818 121 0 0 0 16733 16733 

Totals 402660 61871 31412 7357 272236 68553 340789 

Table 6.16 Material components of Scenario One 2008/09 from Chapter Five results 
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6. 7 Scenario Two: medium recycling with energy recovery 

The conditions for Scenario Two required the use of the same base and operational 

data as Scenario One from 2002/03. Thereafter it was assumed that the local authority 

recycling achieved the recycling levels projected in Chapter Five for recycling Level 

Two. These were that the statutory targets for 2003/04, 2005/06 and 2008/09 were not 

quite achieved by all districts. Residual waste from household collections was 

modelled as going to incineration, whilst residual waste from HWRS was sent to 

landfill as in Table 6.17. These arrangements are taken account of and considered 

further in the LCA in Chapter Seven. 

The following sections provide full details of the data used for Scenario Two. The 

main parameters are summarised in Table 6.17 whilst the detailed material flows from 

Chapter Five are presented in Tables 6.18 to 6.20. 

6.7.1 Waste and recycling collection vehicles for Scenario Two 

The numbers and distances travelled by each type of collection vehicle were 

influenced by the residual waste and the amounts of recycling. Thus, because the 

recycling had risen to meet the statutory targets, the distance travelled by the 

collection vehicles was assumed to have increased to the levels in Table 6.17. This 

was calculated according to the functional unit for waste and recycling vehicles so that 

it could increase as recycling increased. Conversely, as recycling increases, it follows 

that residual waste decreases. However, households will still put refuse out for 

collection, requiring that the refuse vehicles follow the same round. Therefore, it was 

assumed that they would make fewer journeys to tip during the day and that this 

would reduce the distance travelled. 
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MFA ESCC B&H WCA WCA Bring ESCC B&H ESCCHWRS B&HHWRS WCA WCA Total Total Total 

(Model HWRS HWRS Kerbside centre dry HWRS HWRS green waste green Kerbside collection HWRS WCA waste in 

output) residual residual recycling recycling recycling recycling green residual mixed mixed scenario 

{inc. 
wood) 

Subsystem HWRS HWRS Kerbside Bring bank Bring Bring Compost Compost Compost Traditional NIA NIA NIA 

bank bank collection 

Facilities Landfi ll Landfill MRF / bulking MRF/ bulking MRF/ MRF/ Windrow I Windrow/ Windrow I Incineration Waste 

bulking bulking lnvessel Invessel Invessel hall 

2003/04 (t) 44,930 16,398 19,730 19,950 8,527 2,668 12,816 3,769 8,916 241,204 89, 109 289,800 378,909 

2005/06 (t) 44,465 16,770 27,440 20,511 9,385 2,862 14,106 4,042 16,176 233,777 91 ,531 297,904 389,435 

2008/09 (t) 45,542 17,418 34,042 21,175 9,865 3,114 14,827 4,399 24,992 227,287 95,164 307,496 402,660 

2003/04 40 x 23C 8 x 23C 168,000 X 1010 x 1.1 WB Included Included 34 x 23C 2 x23C 39,000 X 63 ,000 X Key: 

Container 169 x 9.lC 0.12WB 153 x0.12WB inWCA inWCA 0.24 WB 0.24WB WB = wheeled bin 

numbers x 184x0.24WB plus waste KB = kerbside box 

types {m3
) 21 ,000 X 42 x 10.7CB hall PB = paper bank 

0.04KB 25 x 23PB 
TB = textile bank 

152 x 2.5 RB 
RB = recycling bank 

82 x 4 TB 
CB= can bank 

2005/06 As 2003/04 As 178,000 X As 2003/04 As As As 2003/04 As 2003/04 82,000 X 65,000 X C = container 

Container 2003/04 0. 12KB 2003/04 2003/04 0.24WB 0.24WB 

numbers x 2 1,000 X 

types {m3
) 0.04KB 

9,000 X 

0.24WB 

2008/09 As 2003/04 As 182,000 X As 2003/04 As As As 2003/04 As 2003/04 161 ,000 X 67,000 X 

Container 2003/04 0.12KB 2003/04 2003/04 0.24WB 0.24WB 

numbers x 21,000 X 

types {m3
) 0.04KB 

14,000 X 

0.24WB 

2003/04 DC 1.1 x 10° Combined CV 6 x 10' DC 5.0 x 10' Combine Combined DC 2.9 x 10' Combined Combined CV 2.5 x Key: 

Vehicle PC 3.5 X 106 with PC 1.6 X 106 d with with PC 9.4 X 105 with ESCC with 106 DC = diesel car 

distance CV 5.0x 105 ESCC CV 5.8 X 105 WCA WCA CV 8.0x 104 WCA PC = petrol car 

(km) 
traditional CV = collection vehicle 

2005/06 DC 1.1 x 10° Combined CV 9 x 10' DC 5.3 x 10' Combine Combined DC3 .2x 10' Combined Combined CV 2.5 x LCV = light collection vehicle 

Vehicle PC 3.5 X 106 with PC 1.7 X 106 d with with PC 1.0 X 106 with ESCC with 106 

distance CV 5.0 X 105 ESCC CV 6.1 X 105 WCA WCA CV 8.4 X 104 WCA 

(km) 
traditional 

2008/09 DC 1.1 X 106 Combined CV 1.1 x 10° DC 5.5 x 10' Combine Combined DC 3.3 x 10' Combined Combined CV 2.6x 

Vehicle PC 3.5 X 106 with PC 1.8 X 106 d with with PC I.IX 106 with ESCC with 106 

distance CV 5.0 X 105 ESCC CV 6.4x 105 WCA WCA CV 8.8x 104 WCA 

(km) 
traditional 

Table 6.17 Summary of main parameters of Scenario Two: medium recycling 
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6.7.2 Waste recycling and collection containers for Scenario Two 

The number of containers for recycling and household collection could also be 

expected to change over time. As recycling rates are increased, the number of 

households participating and therefore the number of containers required will need to 

grow. Conversely, the number of waste sacks necessary for residual material should 

decrease. Functional units were applied to container numbers to maintain consistency 

within scenarios, in a similar manner to the calculation of distances travelled by 

collection vehicles. Waste sacks were assumed to be part of the plastic film material 

stream so were not calculated separately in case of double counting. 

6. 7 .3 Bring bank recycling and HWRS vehicle throughput for Scenario Two 

The numbers of cars accessing the HWRS facilities was also expected to increase as 

quantities of waste and recycled material grew. Although recycling rates from bring 

banks were modelled as remaining constant, private vehicle movements associated 

with these facilities increased as a result of waste growth. 

6.7.4 Waste management facilities for Scenario Two 

The facilities for Scenario Two have been assumed to be more sophisticated than 

those described in Scenario One. Although composite lined landfill is still required as 

the disposal method after incineration, the windrow composting and MRF needed to 

be of much larger capacity to manage the increased quantities of material. MRF and 

compost facility locations were also assumed to occupy the same sites as the original 

small scale facilities . Thus, increases in delivery vehicle distances travelled could be 

attributed solely to increased number of journeys associated with increased 

recyclables. 

6.7.5 Materials flow for Scenario Two 

The waste materials are outlined in Tables 6.18 to 6.20 for the years of 2003/04, 

2005/06 and 2008/09. Also included are dry recyclable material components collected 
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from bring banks and kerbside recycling, green waste and the residual components. 

These waste components are the detailed projections from the results already 

described in Chapter Five. 

12003/04 S2 rrotal rrotal Total Total dry IWCA oc--JWRS rrotal 

rwaste ~ecycling bring 1<erbside ~esidual residual ~esidual 

!FERROUS METALS 14530 8245 6616 1629 4213 2072 6285 

KiLASS 30019 10657 9276 1382 19183 179 19362 

MISC COMBUSTIBLES 21964 0 0 0 18968 2995 21964 

MISC NON-COMBUSTIBLES 26671 0 0 0 12745 13926 26671 

[NON-FERROUS METALS 3829 1525 532 993 2174 130 2304 

PAPER 12022 0 0 0 11065 956 12022 

Paper Card excluding liquid cartons 11107 1985 975 183 7376 1746 9122 

Paper Card liquid cartons 961 0 0 0 961 0 961 

[>aper ( excluding newspaper, magazines) 15052 3131 0 3131 11602 320 11921 

Paper magazines 19264 8841 4590 4251 8933 1490 10423 

Paper newspaper 27526 14168 7013 7155 12782 576 13358 

PLASTIC DENSE 13227 0 0 0 11348 1879 13227 

Plastic dense clear beverage bottles 4825 1087 295 792 3486 252 3738 

Plastic dense coloured beverage bottles 1328 233 38 195 1094 0 1094 

PLASTIC FILM 11582 0 0 0 10800 782 11582 

Putrescibles excluding garden 36086 0 0 0 35219 867 36086 

Cooked foods & U/C putrescible 18629 0 0 0 18629 0 18629 

Putrescibles garden 64124 24674 0 0 37506 1943 39449 

TEXTILES 12650 710 691 19 5900 6039 11940 

FINES 17772 0 0 0 7219 10553 17772 

Wood 15743 1119 0 0 14623 14623 

Total 378909 76377 30026 19730 241204 61329 302533 

Table 6.18 Material components of Scenario Two 2003/04 from Chapter Five results 
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Q005/06 S2 Total Total irotal irotal dry WCA IHWRS Total 

waste trecycling bring !kerbside esidual tresidual esidual 

FERROUS METALS 14923 9550 7217 2332 3669 1704 5373 

GLASS 30848 11464 9605 1858 19268 116 19384 

MISC COMBUSTIBLES 22580 0 0 0 19503 3077 22580 

MISC NON-COMBUSTIBLES 27417 0 0 0 13111 14306 27417 

NON-FERROUS METALS 3935 1945 574 1371 1884 107 1990 

PAPER 12344 0 0 0 11362 982 12344 

Paper Card excluding liquid cartons 11417 2942 1050 186 6731 1744 8475 

Paper Card liquid cartons 987 0 0 0 987 0 987 

Paper (excluding newspaper, magazines) 15474 4564 0 4564 10581 329 10909 

Paper magazines 19798 10718 4771 5947 7604 1476 9080 

!Paper newspaper 28298 16905 7243 9661 10834 559 11393 

!PLASTIC DENSE 13598 0 0 0 11667 1931 13598 

!Plastic dense clear beverage bottles 4960 1493 307 1186 3212 256 3467 

!Plastic dense coloured beverage bottles 1364 354 40 314 1010 0 1010 

!PLASTIC FILM 11903 0 0 0 11100 803 11903 

IPutrescibles excluding garden 37105 0 0 0 36215 890 37105 

Cooked foods & U/C putrescible 19127 0 0 0 19127 0 19127 

IPutrescibles garden 65933 32620 0 0 32437 876 33313 

rrEXTILES 12995 738 718 20 6061 6197 12258 

!FINES 18255 0 0 0 7414 10842 18255 

Wood 16173 1232 0 0 14941 14941 

irotals 389435 94522 31526 27440 233777 61135 294912 

Table 6.19 Material components of Scenario Two 2005/06 from Chapter Five results 

~008/09 S2 Total Total irotal Total dry WCA HWRS Total 

waste ecycling !bring kerbside residual esidual esidual 

FERROUS METALS 15458 10580 7635 2945 3245 1633 4878 

GLASS 31840 12125 9951 2175 19618 97 19714 

MISC COMBUSTIBLES 23336 0 0 0 20136 3200 23336 

MISC NON-COMBUSTIBLES 28419 0 0 0 13543 14876 28419 

~ON-FERROUS METALS 4065 2292 604 1688 1671 102 1773 

PAPER 12735 0 0 0 11714 1022 12735 

Paper Card excluding liquid cartons 11807 4106 1114 190 5910 1791 7701 

Paper Card liquid cartons 1018 0 0 0 1018 0 1018 

Paper (excluding newspaper, magazines) 15975 5726 0 5726 9907 342 10249 

Paper magazines 20451 12433 4952 7482 6505 1513 8018 

Paper newspaper 29220 19391 7496 11895 9261 568 9829 

PLASTIC DENSE 14052 0 0 0 12044 2008 14052 

Plastic dense clear beverage bottles 5123 1817 319 1498 3040 265 3306 

Plastic dense coloured beverage bottles 1406 465 41 424 941 0 941 

PLASTIC FILM 12291 0 0 0 11455 835 12291 

Putrescibles excluding garden 38319 4045 0 0 33348 926 34274 

Cooked foods & U/C putrescible 19719 0 0 0 19719 0 19719 

Putrescibles garden 68229 37370 0 0 30315 544 30859 

TEXTILES 13458 766 746 20 6251 6441 12692 

FINES 18919 0 0 0 7645 11274 18919 

Wood 16818 1295 0 0 15523 15523 

Totals 402660 112413 32858 34042 227287 62960 290246 

Table 6.20 Material components of Scenario Two 2008/09 from Chapter Five results 
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6.8 Scenario Three: High recycling with energy recovery 

Scenario Three examined the impacts of local authorities exceeding or at least 

achieving the recycling levels for the target years of 2003/04, 2005/06 and 2008/09 as 

reported by the results in Chapter Five for recycling Level Three. The main recovery 

option for untreated residual material from the household collection was in a mass 

burn incinerator. The facility capacity was assumed to be of >200 kilo tonnes per 

annum. 

Thus, under the conditions of Scenario Three, the recovery levels were high, although 

final disposal in landfill was needed for incinerator base ash. However, the residual 

waste from HWRS would still be landfilled, as would normally be the case with 

incineration contracts for household waste (A. Pettigrew, personal communication, 

April 14, 2003). The main difference from Scenario Two was that there were higher 

levels of recycling in Scenario Three. The parameters of the scenario are outlined in 

Table 6.21 and detailed material flows are provided in Tables 6.22 to 6.24. 
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MFA ESCC B&H WCA WCA Bring ESCC B&H ESCC HWRS B&HHWRS WCA WCA Total Total Total 

(Model HWRS HWRS Kerbside centre dry HWRS HWRS green waste green Kerbside collection HWRS WCA waste in 

output) residual residual recycling recycling recycling recycling green residual mixed mixed scenario 

(inc. 
wood) 

Subsystem HWRS HWRS Kerbside Bring bank Bring Bring Compost Compost Compost Traditional NIA NIA NIA 

bank bank collection 

Facilities Landfi ll Landfill MRF/ bulking MRF/ bulking MRF/ MRF/ Windrow/ Windrow/ Windrow/ Incineration Waste 

bulking bulking lnvessel Invessel Invessel hall 

2003/04 (t) 44,930 15,819 25,355 21 ,352 8,527 3,248 12,8 16 3,769 8,916 234, 177 89,109 289,800 378,909 

2005/06 (t) 43,365 16,149 38,260 21,935 9,385 3,483 14,106 4,042 18,988 218,720 91 ,531 297,904 389,435 

2008/09 (t) 44,976 16,7 16 50,033 22,626 10,09 1 3,803 15, 166 4,4 13 25,395 209,441 95,164 307,495 402,660 

2003/04 40 x 23C 8 x 23C ]68,000 X 1010 x I.I WB Included Included 34 x 23C 2 x 23C 39,000 X 63 ,QQQ X Key: 

Container 169x9.IC 0.12WB 153 x0.12WB inWCA in WCA 0.24 WB 0.24WB WB = wheeled bin 

numbers x 184 x0.24WB plus waste KB = kerbside box 

types (m3
) 85,000 X 42 x 10.7CB hall PB = paper bank 

0.04KB 25 x 23PB 
TB = textile bank 

152 x 2.5 RB 
RB= recycling bank 

82 x4 TB 
CB= can bank 

2005/06 As 2003/04 As ]78,000 X As 2003/04 As As As 2003/04 As 2003/04 I 16,000 x 65,000 X C = container 

Container 2003/04 0. 12KB 2003/04 2003/04 0.24WB 0.24WB 

numbers x 85,QQQ X 

types (m3
) 0.04KB 

13,000 X 
0.24WB 

2008109 As 2003/04 As ]89,QQQ X As 2003/04 As As As 2003/04 As 2003/04 ]6],000 X 67,QQQ X 

Container 2003/04 0.12KB 2003/04 2003/04 0.24WB 0.24WB 

numbers x 85,QQQ X 

types (m3
) 0.04KB 

]9,QQQ X 

0.24WB 

2003/04 DC I.IX 106 Combined CV 8 x JO' DC 5.4 x JO' Combine Combined DC 2.9 x JO' Combined Combined CV 2.5 x Key: 

Vehicle PC 3.5 X 106 with PC 1.7 X 106 d with with PC 9.4 X 105 with ESCC with 106 DC = diesel car 

distance CV 5.0 X 105 ESCC CV 6.2 X 105 WCA WCA CV 8.0 X 104 WCA PC = petrol car 

(km) 
traditional CV = collection vehicle 

2005/06 DC I.Ix 10° Combined CV 1.2 x 10° DC 5.6 x 10' Combine Combined DC 3.2 x 10' Combined Combined CV 2.4 x LCV = light collection vehicle 

Vehicle PC 3.5 X 106 with PC 1.8 X 106 d with with PC I.Ox 106 with ESCC with 106 

distance CV 5.0 X 105 ESCC CV 6.5 X 105 WCA WCA CV 8.4 X 104 WCA 

(km) 
traditional 

2008/09 DC I.IX 106 Combined CV 1.6 x 10° DC 5.9 x 10' Combine Combined DC 3.4 x 10' Combined Combined CV 2.4 x 

Vehicle PC 3.5 X 106 with PC 1.9 X 106 d with with PC I.IX 106 with ESCC with 106 

distance CV 5.0x 105 ESCC CV 6.8 X 105 WCA WCA CV 9.0 X 104 WCA 

(km) 
traditional 

Table 6.21. Summary of the main parameters for Scenario Three: high recycl ing 
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6.8.1 Collection vehicles, containers and HWRS vehicle throughput for Scenario Three 

The same method of projection was used to determine collection and private vehicle 

distances and collection container numbers as in Scenario Two. Therefore, the residual 

waste and the amount of recycling influenced the numbers and distances travelled. It 

followed that because the recycling had increased to meet the statutory targets and 

beyond, the distance travelled by the collection vehicles was assumed to have increased to 

the levels in Table 6.21. For residual waste, it was again assumed that refuse vehicles 

would make fewer journeys to tip during the day and that this would reduce the distances 

travelled. 

The functional units were also applied to container numbers to maintain consistency 

within scenarios, in a similar manner to the calculation of distances travelled by collection 

vehicles. The recycling rates from bring banks were increased slightly in this scenario. 

Private vehicle movements associated with these facilities would therefore also increase 

as a result of recycling increases and waste growth. 

6.8.2 Waste management facilities for Scenario Three 

The facilities required for Scenario Three would be similar to those described in Scenario 

Two. Composite lined landfill would still be used as the disposal method after 

incineration, but flows of material would be smaller. Conversely, the windrow or invessel 

composting and MRF would need to be larger than in Scenario Two to manage the 

increased quantities of material from recycling. 

MRF and compost facilities were also assumed to occupy the same sites as the original 

small scale facilities. Thus, the locations remain the same. Increases in delivery vehicle 

distances travelled can be attributed solely to greater number of journeys associated with 

increased recyclate quantities. 
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6.8.3 Materials flow for Scenario Three 

The material components are outlined in Tables 6.22 to 6.24 for the years of 2003/04, 

2005/06 and 2008/09. The materials represented in the tables summarise the main flows 

of recycling and residual material from Chapter Five. Dry recyclable materials collected 

from bring banks and kerbside recycling, green waste and the residual components are 

therefore included. It was also assumed that the community based recycling co-operative 

in Brighton and Hove responsible for kerbside textile recycling would have significantly 

reduced its operations due to the competition from the council run scheme. The low 

quantities of kerbside textile recycling were modelled to fall. 

The increases in recycling were primarily the result of greater dry recyclables and green 

waste collection than Scenario Two. Furthermore, it was assumed that kitchen waste 

collection would be necessary in the large urban boroughs by 2005/06 due to lower 

amounts of garden waste. The dry recyclables included collection of glass containers 

from households using 40 litre kerbside containers, whilst mini-recycling centres were 

modelled to be provided for flats in Hastings, Eastbourne and Brighton and Hove. These 

consisted of240 litre wheeled bins for collecting a range of materials. 
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12003/04 S3 Total !Total !Total !Total lwCA IHwRS /Total 

!waste !recycling lbring [kerbside !residual !residual !residual 

kiry 

!FERROUS METALS 14530 8597 6652 1945 3861 2072 5933 

[GLASS 30019 14275 9971 4304 15565 179 15744 

!MISC COMBUSTIBLES 21964 0 0 0 18968 2995 21964 

!MISC NON-COMBUSTIBLES 26671 0 0 0 12745 13926 26671 

!NON-FERROUS METALS 3829 1721 537 1184 1977 130 2108 

!PAPER 12022 0 0 0 11065 956 12022 

[Paper Card excluding liquid cartons 11107 2111 1101 183 7346 1650 8996 

[Paper Card liquid cartons 961 0 0 0 961 0 961 

!Paper (excluding newspaper, magazines) 15052 3983 2 3980 10752 317 11069 

!Paper magazines 19264 9288 4812 4421 8486 1490 9976 

!Paper newspaper 27526 14762 7320 7442 12189 576 12764 

[PLASTIC DENSE 13227 0 0 0 11348 1879 13227 

Plastic dense clear beverage bottles 4825 1822 295 1526 2752 252 3003 

Plastic dense coloured beverage bottles 1328 388 38 349 940 0 940 

[PLASTIC FILM 11582 0 0 0 10800 782 11582 

Putrescibles excluding garden 36086 0 0 0 35219 867 36086 

Cooked foods & U/C putrescible 18629 0 0 0 18629 0 18629 

Putrescibles garden 64124 24674 0 0 37506 1943 39449 

TEXTILES 12650 814 795 19 5850 5986 11836 

FINES 17772 0 0 0 7219 10553 17772 

Wood 15743 1547 0 0 14195 14195 

Totals 378909 83983 31579 25355 234177 60652 294927 

Table 6.22 Material components of Scenario Three 2003/04 from results of Chapter Five 

2005/06 S3 Total Total lfotal !Total WCA IHwRS Total 

waste recycling ~ring !kerbside esidual !residual esidual 

banks dry 

FERROUS METALS 14923 10381 7254 3127 2838 1704 4542 

GLASS 30848 17711 10315 7396 13021 116 13137 

MISC COMBUSTIBLES 22580 0 0 0 19503 3077 22580 

IMJSC NON-COMBUSTIBLES 27417 0 0 0 13111 14306 27417 

IN ON-FERROUS METALS 3935 2333 579 1754 1495 107 1602 

[PAPER 12344 0 0 0 11362 982 12344 

!Paper Card excluding liquid cartons 11417 3352 1184 112 6424 1641 8065 

!Paper Card liquid cartons 987 0 0 0 987 0 987 

[Paper (excluding newspaper, magazines) 15474 5801 3 5798 9347 326 9673 

[Paper magazines 19798 11695 5052 6642 6627 1476 8104 

[Paper newspaper 28298 18063 7553 10510 9676 559 10234 

!PLASTIC DENSE 13598 0 0 0 11667 1931 13598 

!Plastic dense clear beverage bottles 4960 2571 308 2264 2133 256 2389 

!Plastic dense coloured beverage bottles 1364 684 40 644 680 0 680 

[PLASTIC FILM 11903 0 0 0 11100 803 11903 

IPutrescibles excluding garden 37105 1833 0 0 34382 890 35272 

:cooked foods & U/C putrescible 19127 0 0 0 19127 0 19127 

IPutrescibles garden 65933 33248 0 0 31809 876 32685 

/TEXTILES 12995 838 827 12 6017 6140 12157 

!FINES 18255 0 0 0 7414 10842 18255 

Wood 16173 1691 0 14482 14482 

rrotals 389435 110201 33113 38260 218720 60514 279234 

Table 6.23 Material components of Scenario Three 2005/06 from results of Chapter Five 
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2008/09 S3 rrotal Total rrotal rrotal WCA IHWRS Total Total 

rwaste ecycling bring !kerbside esidual tresidual esidual 

dry 

FERROUS METALS 15458 11901 7807 4094 2058 1499 

GLASS 31840 20450 10698 9753 I 1313 76 

MISC COMBUSTIBLES 23336 0 0 0 20137 3199 

MISC NON-COMBUSTIBLES 28419 0 0 0 13543 14876 

NON-FERROUS METALS 4065 2891 618 2274 1080 94 

PAPER 12735 0 0 0 11714 1022 

!Paper Card excluding liquid cartons 11807 4161 1271 38 5981 1665 

Paper Card liquid cartons 1018 0 0 0 1018 0 

!Paper (excluding newspaper, magazines) 15975 7585 3 7582 8052 339 

!Paper magazines 20451 14025 5254 8772 4929 1497 

!Paper newspaper 29220 21574 7819 13756 7088 558 

!PLASTIC DENSE 14052 0 0 0 12044 2008 

!Plastic dense clear beverage bottles 5123 3227 321 2906 1632 264 

!Plastic dense coloured beverage bottles 1406 896 41 855 510 0 

!PLASTIC FILM 12291 0 0 0 I 1455 835 

IPutrescibles excluding garden 38319 4045 0 0 33348 926 

Cooked foods & U/C putrescible 19719 0 0 0 19719 0 

IPutrescibles garden 68229 38078 0 0 29961 190 

rrEXTILES 13458 866 862 4 6214 6377 

flNES 18919 0 0 0 7645 11274 

~ood 16818 1826 0 0 0 14992 

rrotals 402660 131527 34694 50033 209441 61692 

Table 6.24 Material components of Scenario Three 2008/09 from results of Chapter Five 

6.9 Scenario Three variation 1: high recycling with maximised energy recovery 

through mass burn of collected and HWRS residuals 

Scenario Three variation 1 was modelled as an alternative for the management of waste in 

Scenario Three. It explored a more complex energy recovery from waste system for the 

residual material. The same recycling assumptions as Scenario Three for the target years 

of 2003/04, 2005/06, 2008/09 were used, so recycling levels remained the same. The 

main difference was that all residual household collected material and residual HWRS 

waste was sent to energy recovery. The scenario was developed primarily for assessing 

optimisation of combustible waste and determining environmental burdens with LCA. 

The variation scenario also investigated the segregation and energetic recovery of wood 

waste material from HWRS. Thus, the wood projected by the model in the residual 

HWRS waste was to be treated as if it were a single stream biomass input to a CHP 

facility. The remaining mixed residual waste from HWRS would go to incineration. 
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However, to reflect the legislative and regulatory limitations on combustion of treated 

wood waste already discussed, the material is modelled as going to mass burn 

incineration with the residual HWRS material. 

6.9.1 Materials flow, vehicle distances and containers for Scenario Three variation 1 

The flow of the waste materials is the same as for Scenario Three in Tables 6.22 to 6.24. 

However, the 2008/09 year only is explored because it would represent the point in time 

where the highest recovery could be expected. This enabled it to be compared with the 

2008/09 years in the other scenarios. The numbers of containers do not change either 

because the same amount of residual waste is still being managed as in Scenario Three. 

Collection vehicle distances were assumed to be the same, with the incinerator located the 

same distance from the East Sussex HWRSs as the landfill. 

6.9.2 Waste management facilities for Scenario Three variation 1 

The same range of recycling and composting facilities is assumed as in Scenario Three. 

The incinerator would be of a larger capacity because the quantity of waste going for 

combustion was greater in Scenario Three vl. The more bulky HWRS waste may also 

require some size reduction prior to incineration. 

6.10 Scenario Three variation 2: High recycling with optimised energy recovery of 

residual collected and HWRS wood waste 

The final scenario explored the effects of recovering energy from the residual collected 

waste from WCAs and wood waste from the residual HWRSs. Therefore, the energy 

recovery operation was optimised through mass burn incineration and diversion of wood 

waste to energy recovery. The residual HWRS waste excluding wood was sent straight to 

landfill. The recycling and composting levels were high, the same as in Scenario Three 

and Three vl. Scenario Three variation 2 therefore targeted the optimum materials for 

energy recovery with a view to optimising the resource management of biomass carbon in 

the wood waste. 
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To test the effects, the scenario only needed to use the 2008/09 year material flows. Like 

Scenario Three vl , this was because it represented the most relevant year by which these 

conditions of high recycling and recovery could have arisen. It also enabled direct 

comparison with the highest recycling and recovery from the other scenarios. 

6.10.1 Facilities, materials flow, vehicle distances and containers for Scenario Three 

variation 2 

The waste materials were the same as those for Scenario Three in Table 6.22 to 6.24. The 

number of containers required at HWRS for wood was not assumed to increase the total 

number. Thus, a balance with those provided for residual waste was assumed to be struck, 

since segregation of the wood assists in the reduction ofresiduals. A similar principle was 

applied to site users private car distances, since they are unlikely to make specific 

journeys to the site just to deposit wood waste. Moreover, because the energy recovery 

site is assumed to be adjacent to the existing landfill, collection vehicle distances did not 

alter either. Consequently, the only major difference concerned which materials were 

treated at the modelled facilities. 
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6.11 Results and discussion of scenario projections 
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Figure 6.2. Projected number of kerbside containers for each scenario 

The projected number of kerbside recycling containers for dry recycling and green waste 

are summarised in Figure 6.2. The numbers modelled in Scenario Three v I and Three v2 

are the same as Scenario Three because they have the same waste flow. In order to 

achieve the recycling targets in Scenario Three, the number of containers provided to 

householders will need to increase from the reference number by a factor of 4.5. 

The vehicle distances for each target year are presented as a summary in Figure 6.3. 

There was a projected increase in recycling transportation distances across scenarios One 

to Three, that resulted from the increased quantities of materials recycled. For the residual 

material, there was a decrease across scenarios for transport distances because the amount 

of material was projected to decrease. The differences were most marked in 2008/09, 

where the differential between the reference scenario and the high recycling scenarios 

was at its greatest. 
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Figure 6.3. Projected vehicle distances travelled for recycling and residual waste deposit 

and collection 

The total combined projected distances for transport of residual and recycling by site 

users and the collection vehicles for each scenario between 2003/04 is outlined in Figure 
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6.4. The projections in Scenario One demonstrate that transportation distances would 

increase due to waste growth alone. In Scenario Three it can be seen that, although 

recycling reduced the amounts of residual waste, it still generated extra traffic overall. 

Further analysis was therefore needed by LCA to determine whether this impact could be 

offset by the recovery of materials. 
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Figure 6.4. Projected total vehicle distances for transporting combined recycling and 

residual waste 

6.12 Conclusions 

A scenario exploration method was used to investigate the mix of waste treatment options 

within integrated waste management systems for East Sussex. The development of the 

scenarios built upon the materials flow and recycling performance of the WCAs and 

WDA from Chapter Five. The approach considered how the waste management options 

for East Sussex would relate to the collection systems of bring banks, kerbside, compost 

from kerbside and HWRS, HWRS residual wastes and traditional household refuse 

collection. 

Thus, it was necessary to both identify and quantify the components associated with these 

collection systems, such as transport distances, vehicle types and container numbers and 

types. The potential impacts were then explored through projection of transportation 

distances and numbers of collection containers. Increases in total transport distances and 
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container numbers occurred as the amount of waste recycled increased. Corresponding 

reductions in the quantity of residual waste were not sufficient to have a large impact. 

However, it was not possible to consider the sustainability of scenarios on the basis of 

these results alone. Therefore, flows of waste materials through facilities from the 

collection systems were analysed using LCA methodology. The logistical data was also 

used in the LCA to calculate the environmental burdens associated with the management 

of each material stream and the potential impacts are examined in Chapter Seven. 
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Chapter Seven 

Life Cycle Assessment 

7.1 Synopsis 

In Chapter Seven the scenarios developed in Chapter Six from projected logistical data 

and recycling levels from Chapter Five are analysed using life cycle assessment for waste 

management. WISARD software was used in the analysis and the approach of the 

Environment Agency's strategic waste management assessments (SWMAs) was adopted. 

The results from the investigation of the five scenarios are presented as environmental 

impacts and significant inventory flows. 

7.2 Introduction 

The five waste management scenarios were analysed according to the LCA approach of 

the Waste Integrated Systems Analysis for Recovery and Disposal (WISARD) waste 

management software tool. The WISARD LCA software was developed in conjunction 

with the Environment Agency, specifically for the evaluation of UK integrated waste 

management systems. The LCA method is now an established approach for identifying, 

analysing and evaluating the environmental burdens associated with a product or service 

(ODPM, 1999). WISARD is compliant with the ISO 14040 to 43 series of standards for 

Life Cycle Assessments (Ecobilan, 2004): 

ISO 14040 Goal and scope (1997) 

ISO 14041 Life Cycle Inventory Analysis (1998) 

ISO 14042 Life Cycle Impact Assessment (2000) 

ISO 14043 Life Cycle Interpretation (2000) 

The impacts that are quantified by WISARD are global in that the same flows of raw 

materials and emissions are aggregated, regardless of source. For example, air emissions 

of the same gaseous product, such as nitrous oxides from incineration and transport are 

combined together to provide a measure for the greenhouse effect. 
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LCA data cannot be interpreted as if it were individual plant data (Boustead, 2001). 

Determination of local effects would require the flows to be dis-aggregated (ODPM, 

2001) and it is doubtful that the technique could add anything to the usual monitoring of 

unit operations carried out for compliance with local pollution regulations (Boustead, 

2001). LCA also quantifies impacts as potential, since no account can be taken of the 

characteristics of the receiving environment, such as existing levels of contamination and 

capacity for buffering. The results of WISARD therefore need to be used at a level 

suitable for comparing the relative advantages and disadvantages of waste management 

systems (ODPM, 2001). 

The WISARD life cycle inventories contain the environmental burdens associated with 

the activities that comprise an integrated waste management system. The inventories are 

multiplied according to the waste management system and burdens are aggregated and 

related to the potential environmental impacts (ODPM, 2001). The software uses 

foreground data on waste management activities, where the significant parts of the system 

are examined and background data on materials and energy production (ODPM, 2001). 

Therefore, those activities in the foreground are of direct concern in waste management as 

differentiated from those in the general economy, which are in the background (Barton et 

al., 1996). For example, emissions from lorries delivering waste and recyclables to 

facilities are in the foreground whilst the activities associated with the supply of grid 

electricity are in the background (Barton et al., 1996). 

The focus of the analysis is the set of environmental impacts that are generally global in 

nature; the sources are disparate and will vary between each scenario. However, the 

assessment of environmental impacts has its limitations. The WISARD software does not 

address human or environmental safety, legal compliance or nuisance issues (ODPM, 

2001). However, the Environment Agency has used WISARD for Strategic Waste 

Management Assessments (SWMAs) to investigate the environmental impacts associated 

with future waste management scenarios in the South East. The method the Agency 

adopted was restricted to four environmental impacts of air acidification, depletion of 

non-renewable resources, green house effect and photochemical oxidant formation 

(Environment Agency, 2000). The same environmental impacts are used for the analysis 
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of the East Sussex scenarios described below. The aim, therefore, is to identify the 

advantages or disadvantages of each process besides any hotspots that are having 

particularly significant environmental impacts (SEPA, 2003). 

7.2.1 LCA database 

Comparisons of scenarios cannot be made on the basis of the physical materials alone. 

Consideration must also be given to the chemical flows from treatment facilities. 

Therefore, additional data was provided for the LCA database containing the life cycle 

inventory data of the WISARD program. This enabled the eco-balance calculations for 

wood waste to be incorporated within the LCA system boundary. 

7.2.1.1 Wood waste 

The wood waste included in the system was representative of the samples taken from the 

household waste recycling sites and reported in Chapter Three. Therefore, approximately 

86% was estimated as treated wood and the remaining 14% was untreated. Specific 

composition and trace elements were provided by the Energy Centre of the Netherlands 

(ECN) PHYLLIS database and are contained in Appendix III (ECN, 2002). Since the 

chemical composition of the wood treatments was not detected in the samples, an average 

level of contamination needed to be assumed. 

7 .2.1.2 Facilities 

The default LCA database settings were used for the waste management facilities. This 

data is specific to waste management operations and therefore represents the best 

available for this level of scenario analysis. The appropriate waste material throughput 

was assigned to the relevant facility in each scenario. Container numbers and vehicle 

types and distances travelled were also added. 
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7.3 Detailed results of Life Cycle Assessment scenarios 

In the following sections, the detailed results from the assessment function of the 

WISARD LCA software tool between scenario years are presented. The assessments 

examine air acidification, depletion of non-renewable resources, green house effect and 

photochemical oxidant formation, as consistent with the Environment Agency SWMAs 

(Environment Agency, 2000). Results are recorded in relation to the total of each 

ecobalance. 

7.3.1 Scenario One: comparison of years 2003/04, 2005/06 and 2008/09- low recycling 

with landfill disposal 

The main management method in Scenario One is disposal of residual waste to landfill. 

Recycling and composting activities are minimal, with quantities of recyclable material 

increasing only due to increases in waste. The quantities of material landfilled represented 

approximately 85% of total waste. The scenario is primarily used as a reference. 

7.3.1.1 Environmental impacts 

WISARD uses the IPCC greenhouse effect index to determine global warming potential 

(PricewaterhouseCoopers, 2001). The greenhouse effect is expressed in mass equivalents 

of carbon dioxide on a 20 year projection (PricewaterhouseCoopers, 2001). LCA 

projections recorded in Table 7.1 were based upon tonnes equivalent CO2 and suggest 

that the reliance on landfill in all three years would result in high levels of methane, even 

with approximately 36% furnace combustion of the methane for energy. Projections in 

tonnes equivalent CO2 were for approximately 190,000 tonnes in 2003/04, rising to 

210,000 tonnes in 2008/09, due to the increased waste. Levels of avoided CO2, 

attributable to the energy saved through the limited amounts of recycling (15-16%) were 

low at around -10,000 tonnes equivalent CO2• 
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Impact Environmental burden 2003/04 2005/06 2008/09 

Greenhouse effect Carbon dioxide -10,000 -10,000 -10,000 

Tonnes equivalent CO2 Methane 190,000 200,000 210,000 

(to 2 s.t) Nitrous oxide 0 0 0 

Depletion of non- Bauxite (ore) -4 -4 -5 

renewable resources Iron (ore) -40 -40 -40 

Tonnes per year (I s.t) Oil (in ground) 8 8 9 

Coal (in ground) -10 -10 -10 

Natural gas (in ground) 40 40 40 

Phosphate rock (in ground) 8 8 9 

Air acidification Sulphur oxides -5 -6 -6 

Tonnes equivalent H+ (1 Nitrogen oxides 1 1 1 

s.t) 
Photochemical oxidant Hydrocarbons ( except -30 -30 -30 

formation methane) 

Tonnes equivalent ethylene Hydrocarbons 8 8 8 

(I s.t) ( unspecified) 
Ethylene 6 6 6 

Table 7.1 Main environmental burdens for WISARD Scenario One 2003-2009 

The effect upon depletion of non-renewable resources uses the Y index measured in kg or 

tonnes per year. It represents the number of years for which current reserves will suffice 

at the present extraction level (PricewaterhouseCoopers, 2001). The results in Table 7.1 

indicate that the limited amounts of recycling had the effect of producing small avoided 

burdens in the iron ore and bauxite. Coal (in ground) also registered small avoided 

burdens of -10 tonnes, whilst oil (in ground) and natural gas (in ground) had burdens of 8 

and 40 tonnes per year respectively. Phosphate rock (in the ground) had environmental 

burdens for all three years, of 8 to 9 tonnes per year. 

The software calculated the effects of air acidification using the CML Air Acidification 

characterisation method (PricewaterhouseCoopers, 2001 ). The results in Table 7 .1 are 

expressed in tonnes equivalent hydrogen ions (H+) and are low with avoided burdens of 

sulphur oxides recorded as -5 to -6 tonnes of H+ equivalent. Burdens of nitrogen oxides 

were approximately 1 tonne. At these small scales, it is difficult to make comparisons 

between the modelled years for environmental impact. 

WISARD uses the Photochemical Ozone Creation Potential (POCP) index expressed in 

grams of ethylene (PricewaterhouseCoopers, 2001 ). The projected results (Table 7 .1) are 
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of an avoided burden of -30 tonnes equivalent ethylene for hydrocarbons (except 

methane). Similar burdens across all years of approximately 6 tonnes and 8 tonnes 

equivalent ethylene for ethylene and hydrocarbons (unspecified) respectively were 

recorded. Differences between the Scenario One years of 2003/04 to 2008/09 therefore, 

were not discernible. 

7 .3 .1.2 Summary of environmental impacts in Scenario One 

The results of between the years waste management options for Scenario One do not 

exhibit large differences. Most obvious, is the greenhouse effect where it is supported that 

waste growth and reliance upon landfill will be responsible for an increase in 

environmental burdens of methane. Therefore, the reference scenario highlights that 

continuing to manage the same waste in the same way will result in continued and 

potentially worsening environmental burdens. The objective of the analysis in Scenario 

Two and Three, is to highlight the differences that result from introducing different 

management systems for handling the same waste. 

7.3.2 Scenario Two: comparison of years 2003/04, 2005/06 and 2008/09- medium 

recycling with energy recovery 

The main management method explored in Scenario Two was incineration of residual 

waste after recycling. Recycling and composting activities were at medium levels, with 

quantities of recyclable material increasing over time to 28% overall in 2008/09. The 

quantities of material recovered by incineration therefore represented approximately 56% 

of total waste when HWRS residual waste is excluded. 

7.3.2.1 Environmental impacts 

A voided burdens for greenhouse effect C02 were projected at -21,000 tonnes in 2003/04, 

-20,000 tonnes in 2005/06 and -18,000 tonnes in 2008/09 (Table 7.2). The avoided 

burdens resulted from the quantity of material going to energy recovery from incineration 

and to a smaller extent, the recycling that resulted in energy savings from fossil derived 
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sources. The level of waste sent for incineration was highest in 2003/04 where recycling 

is lowest, followed by 2005/06 with the lowest levels incinerated in 2008/09 due to the 

high recycling. Methane burdens were also highest (11,000 tonnes) in 2008/09 compared 

to 8000 tonnes in 2003/04 which signified that despite recycling and incineration, more 

material overall from the HWRSs was landfilled in 2008/09. The HWRS waste had 

increased between 2003/04 and 2008/09 due to waste growth. 

Therefore, according to the LCA the benefits of energy recovery were more pronounced 

than the energy saving effects of recycling for the modelled variations between 2003/04 

and 2008/09. The WISARD results suggest that for the greenhouse effect environmental 

burdens, keeping waste levels low is important. 

Impact Environmental burden 2003/04 2005/06 2008/09 

Greenhouse effect Carbon dioxide -21,000 -20,000 -18,000 

Tonnes equivalent CO2 Methane 8,000 9,000 11,000 

(2 s.f) Nitrous oxide 3,000 3,000 2,000 

Depletion of non- Bauxite (ore) -10 -20 -20 

renewable resources Iron (ore) -50 -60 -70 

Tonnes per year (1 s.f) Oil (in ground) -20 -30 -40 

Coal (in ground) -100 -100 -100 

Natural gas (in ground) 30 40 40 

Phosphate rock (in ground) 0 0 0 

Air acidification Sulphur oxides -20 -20 -20 

Tonnes equivalent H+ (1 Nitrogen oxides 2 2 2 

s.f) 
Photochemical oxidant Hydrocarbons ( except -40 -50 -60 

formation methane) 

Tonnes equivalent ethylene Hydrocarbons -4 -10 -10 

(1 s.f) (unspecified) 
Ethylene -2 -2 -2 

Table 7.2 Main environmental burdens for WISARD Scenario Two 2003-09 

With depletion of non-renewable resources, the differences between avoided burdens for 

bauxite and iron ore were small and associated with 2005/06 and 2008/09, the years with 

the highest projected recycling. The projected values for 2008/09 were - 20 tonnes per 

year for bauxite and - 70 tonnes per year for iron ore. A voided burdens of coal (in ground) 

were projected to be - 100 tonnes per year across all years, with environmental burdens of 

natural gas at 40 tonnes for 2005/06 and 2008/09. 
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For air acidification, the avoided burdens of sulphur oxides were also the same, projected 

to be approximately -20 tonnes of equivalent H+ (Table 7 .2). Environmental burdens of 

nitrogen oxides were negligible for the three points in time. 

The projected results in Table 7.2 for photochemical oxidant formation were for an 

avoided burden of -40 tonnes equivalent ethylene in 2003/04 for hydrocarbons (except 

methane) and -60 tonnes equivalent ethylene by 2008/09. Similar burdens across all years 

of approximately -2 tonnes equivalent ethylene were recorded for ethylene, whilst the 

avoided burdens for hydrocarbons (unspecified) were -4 tonnes in 2003/04 to -10 tonnes 

equivalent ethylene in 2008/09. 

7.3.2.2 Summary of environmental impacts for Scenario Two 

Generally slightly improved environmental burdens were achieved between 2003/04 and 

2008/09 for depletion of non-renewable resources and air acidification. Conversely, a 

worsening set of results of environmental burdens was achieved between 2003/04 and 

2008/09 for the greenhouse effect. This should mostly be attributable to the increase in 

quantities of waste landfilled. 

7 .3.3 Scenario Three: comparison of years 2003/04, 2005/06 and 2008/09- high recycling 

with energy recovery 

The main management method in Scenario Three was the same as Scenario Two, 

incineration of residual waste after recycling. Recycling and composting activities were 

high, with quantities of recyclable material increasing over time to 33% overall in 

2008/09. The quantities of material recovered by incineration, excluding the residual 

HWRS waste, therefore represent approximately 52% of total waste. 
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7.3.3.1 Environmental impacts 

There was a small difference between the avoided environmental burdens of CO2 for the 

greenhouse effect Scenario Three years of 2003/04 to 2008/09, with values projected at -

24,000 and - 23,000 tonnes equivalent CO2 (Table 7.3). The differences between methane 

emissions were small, with burden values of approximately 8,000 to 9,000 tonnes 

equivalent CO2 across all three points in time. Nitrous oxide values were slightly lower in 

2008/09 than 2003/04 at 2,000 tonnes equivalent CO2• 

Impact Environmental burden 2003/04 2005/06 2008/09 

Greenhouse effect Carbon dioxide -24,000 -24,000 -23,000 

Tonnes equivalent CO2 Methane 8,000 9,000 9,000 

(to 2 s.f) Nitrous oxide 3,000 2,000 2,000 

Depletion of non- Bauxite (ore) -20 -20 -30 

renewable resources Iron (ore) -60 -70 -80 

Tonnes per year (1 s.f) Oil (in ground) -40 -60 -80 

Coal (in ground) -100 -100 -100 

Natural gas (in ground) 30 30 30 

Phosphate rock (in ground) 0 0 0 

Air acidification Sulphur oxides -20 -20 -30 

Tonnes equivalent H+ (1 Nitrogen oxides 2 1 1 

s.f) 
Photochemical oxidant Hydrocarbons ( except -50 -60 -60 

formation methane) 

Tonnes equivalent ethylene Hydrocarbons -20 -30 -40 

(1 s.f) (unspecified) 
Ethylene -2 -1 -1 

Table 7.3 Main environmental burdens for WISARD Scenario Three 2003-09 

With depletion of non-renewable resources, the largest avoided environmental burdens 

were for the 2008/09 modelled year (Table 7.3), where the highest recycling would be 

taking place. Consequently, iron ore and bauxite ore avoided burdens increase from 

2003/04 as recycling increases. Natural gas was the main environmental burden across all 

three years at 30 tonnes per year. 

The avoided environmental burdens for air acidification of sulphur oxides were projected 

to be - 30 tonnes of equivalent H+ in 2008/09 compared with - 20 tonnes in 2003/04 (Table 

7.3). Nitrogen oxide burden differences were negligible. 
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For photochemical oxidant formation the differences between years were small. The 

projected results (Table 7 .3) were of an avoided burden of -50 tonnes equivalent ethylene 

in 2003/04 for hydrocarbons (except methane) and -60 tonnes equivalent ethylene by 

2008/09. The avoided burdens for hydrocarbons (unspecified) were -20 tonnes in 

2003/04 to -40 tonnes equivalent ethylene in 2008/09. 

7.3.3.2 Summary of Scenario Three environmental impacts 

Generally slightly improved environmental burdens were achieved between 2003/04 and 

2008/09 for depletion of non-renewable resources, air acidification and photochemical 

oxidant formation. Many of the avoided greenhouse effect environmental burdens, such 

as CO2 and nitrous oxide remained similar between 2003/04 and 2008/09. There was, 

however, a slight trend in the results of decreasing avoided burdens towards 2008/09. 

7.4 Variation in management options: Comparison of Scenario One, Two and Three 

The results for the individual scenarios are combined in Figures 7 .1 to 7.4. The use of 

standard units for each impact, such as tonnes equivalent CO2, in the case of the 

greenhouse effect, enables them to be combined into a total impact for each year. 

Therefore, the environmental impacts of greenhouse effect, depletion of non-renewable 

resources, air acidification and photochemical oxidant formation are presented in the 

Figures 7 .1 to 7.4 as an overall total for each Scenario year. The detail for each total in 

each year, can be seen in the previous tables of 7 .1 to 7 .3. 

7.4.1 Scenario One, Two and Three results for all environmental burdens 2003/04 

The combined results for 2003/04 Scenarios One, Two and Three are presented in Figures 

7 .1 to 7.4. The largest avoided burdens of greenhouse gases were associated with 

Scenario Three at approximately -13,000 tonnes equivalent CO2. Scenario Two, which 

also had lower recycling and higher energy recovery recorded combined burdens of 

-11,000 tonnes equivalent CO2 . There is no incineration with energy recovery as an 

option in Scenario One and consequently there were large burdens (190,000 tonnes) of 
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methane and approximately -10,000 tonnes of avoided CO2, mostly attributable to 

recycling. Differences between scenarios for other avoided environmental burdens, such 

as the depletion of non-renewable resources and photochemical oxidant formation were 

generally only small as recorded in Figures 7 .2 to 7.4. 
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Figure 7 .1 Combined greenhouse impacts for Scenario One, Two and Three 2003/04 to 

2008/09 from WISARD 
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Figure 7.2 Combined depletion of non-renewable resources for Scenario One, Two and 

Three 2003/04 to 2008/09 from WISARD 
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Figure 7 .3 Combined air acidification for Scenario One, Two and Three 2003/04 to 

2008/09 from WISARD 
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Figure 7.4 Combined photochemical oxidant formation for Scenario One, Two and Three 

2003/04 to 2008/09 from WISARD 

7.4.2. Scenario One, Two and Three results for all environmental burdens 2005/06 

Scenario Three again recorded the largest avoided burdens for the greenhouse effect at -

13,000 tonnes equivalent CO2. Avoided environmental burdens in Scenario Two were 

projected as -9000 and 190,000 tonnes equivalent CO2 in Scenario One. As with 2003/04, 

the results of the comparison identify that only small differences exist between scenarios 

for depletion of non-renewable resources, air acidification and photochemical oxidant 

formation. 

7.4.3 Scenario One, Two and Three results for all environmental burdens 2008/09 

The avoided environmental burdens were agam highest in Scenario Three for the 

greenhouse effect CO2 at -12,000 tonnes equivalent CO2, followed by Scenario Two at -

5,000 tonnes and 200,000 tonnes equivalent CO2 in Scenario One (Figure 7.1). The 

avoided burdens of other effects were small , as in the other years with the largest avoided 

burdens resulting from Scenario Three. 
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7 .4.4 Summary of comparison for all LCA assessment scenarios from 2003/04 to 2008/09 

On the balance of the results provided by the WISARD LCA, it is Scenario Three that 

apparently has the least impact through either having the lowest environmental burdens or 

highest avoided burdens. The differences between Scenarios Three and Two, which use 

similar management techniques are not as significant as those between Scenario One and 

Scenarios Two and Three. 

The results identify that the environmental burdens affected most by different 

management options relate to the greenhouse effect. Thus, burdens can be targeted for 

reduction, particularly for methane, carbon dioxide and nitrous oxides. However, the 

results from the assessment for Scenarios Two and Three between 2003/04 and 2008/09 

exhibited a tendency for the avoided burdens to decrease. This was manifested in the 

carbon dioxide and methane. It suggests that in terms of avoidance of green house gases, 

there is an optimum level of recycling and energy recovery. Further analysis exploring the 

introduction of a different recovery operation in Scenario Three variation 1 and 2 was 

therefore necessary and is described in the next section. 

7.5 Comparison of Scenario Three variation 1 and Three variation 2 in 2008/09 

In Scenario Three variation 1, the total residual waste from collection and HWRSs is 

modelled as being sent to energy recovery. In Scenario Three variation 2, only the 

residual wastes from refuse collection and the segregated wood waste from HWRSs is 

sent for energy recovery. Therefore, in WISARD the HWRS waste composition, transport 

distances, vehicle types and containers were combined with the components for waste 

from traditional collection going to incineration in scenarios Three vl and Three v2. Only 

2008/09 is examined in the analysis, which is conducted for the greenhouse effect only. 

This was because 2008/09 represented the year where the highest recycling was achieved 

and was therefore of most interest, whilst the greenhouse effect produced the largest 

variation in results between scenarios. 
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Figure 7.5 Combined greenhouse effect for Scenario Two, Three, Three variation 1 and 

Three variation 2 for 2008/09 from WISARD 

The results presented in Figure 7 .5 record the avoided burdens for the greenhouse effect 

combined. The results for Scenario Three variation 1 and 2 are effectively different 

recovery options from Scenario Three and examine what the effects would be if energy 

recovery levels were to be increased. Combined avoided burdens for Scenario Three 

variation 1 were -55,000 tonnes CO2 equivalent and -42,000 tonnes CO2 equivalent for 

variation 2. Therefore, WISARD calculated that the greenhouse effect in tonnes CO2 

equivalent could be reduced by between 43,000 tonnes CO2 equivalent (vl) and 30,000 

tonnes CO2 equivalent (v2) on the Scenario Three base position through these two 

variations. 

7.6 Comparison of significant inventory flows 

The results of the ecobalance required more detailed analysis of the most significant 

inventory flows. As in the previous sections, these allow consideration to be given to the 

environmental impacts of resource depletion, greenhouse effect, air acidification and 

photochemical oxidant formation as in the Environment Agency S WMA (Environment 
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Agency, 2000). However, the method used the total results from the ecobalances 

calculated by WISARD, rather than the impact assessment function. 

7 .6.1 Comparison of Scenario Two and Three 

The Environment Agency SWMA method usmg the inventory flow data from the 

ecobalances calculated by WISARD, was used to compare avoided CO2 from fossil 

sources. This was conducted for Scenario Two and Three only to investigate the 

differences in recycling levels. 
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Figure 7 .6 Significant inventory flows of carbon dioxide (fossil) 

Scenario Two and Three exhibited only small differences between each other over the 

modelled years (Figure 7.6). However, the results show that as recycling and recovery is 

increased, flows of carbon dioxide from fossil sources will be increasingly avoided. In 

Scenario Three when the modelled maximum recycling is achieved, avoided CO2 will be 

limited to -25,000 tonnes. 
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7.6.2 Comparison of significant inventory flows for 2008/09 

The 2008/09 year was representative of the maximum recycling achieved in Scenario 

Two and Three and therefore a more detailed analysis of the most significant inventory 

flows was required. Scenario One was included at this point to enable comparison with a 

predominantly landfill disposal option. 
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Figure 7.7 Significant inventory flows for Scenarios One, Two and Three, 2008/09 
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Figure 7 .8 Significant inventory flows for Scenarios One, Two and Three, 2008/09 
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The significant inventory flows, illustrated by Figures 7.7 and 7.8 highlighted the impact 

of increased recycling by 2008/09. As the projected quantity of waste available for energy 

recovery incineration decreased between Scenario Two and Three, consumption of coal 

was projected to increase slightly but avoided flows of fossil CO2 and sulphur oxides 

were still higher than for Scenario Two. It can be assumed that burdens of CO2 (biomass) 

are not fossil derived, having been calculated by WISARD to come from biomass derived 

wastes such as paper, card and putrescibles (Environment Agency, 2000). 

7 .6.3 Summary for significant inventory flow analysis 

The significant inventory flow analysis was used to examine whether the increased 

recycling and composting would lead to decreasing environmental burdens from waste 

management, even where it was at the expense of higher levels of energy recovery. The 

results recorded that Scenario Three was potentially of greater environmental benefit than 

Scenario Two. However, the results also showed the limits within the Scenario Two and 

Three waste management options as to how much the pollution associated with different 

management techniques could be minimised. 
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7.7 Comparison of Scenarios Three variation 1 and Three variation 2 for 2008/09 

The avoided environmental burdens for the 2008/09 years in Scenario Three were 

generally higher than for the other scenarios and years. However, it follows that with 

increased recycling comes reduced quantities of material for incineration with energy 

recovery. Since this displaces energy from fossil fuel sources it limits the avoided 

environmental burdens of carbon dioxide. It was therefore necessary to test if the impact 

of Scenario Three could be improved upon by including the incineration and energy 

recovery of residual HWRS waste. To determine how the limiting effects of obtaining 

maximum recycling could be minimised, an assessment was conducted upon the impact 

of recovering energy from the HWRS residual waste in 2008/09. In Scenario Three v 1, 

total mixed waste was examined, whilst in Scenario Three v2 the segregated wood waste 

material from HWRS was analysed. The results of the analysis of significant inventory 

flows are described below. 

7. 7 .1 Results of significant inventory flows for Scenario Three variation 1 and Three 

variation 2 
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Figure 7.9 Significant inventory flows for Scenario Three, Three vl and Three v2 
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Figure 7 .10 Significant inventory flows for Scenario Three, Three v 1 and Three v2 

Avoided burdens of fossil carbon dioxide were highest for Scenario Three v2 at -40,000 

tonnes (Figure 7.9), which incorporated the combustion of the segregated wood waste. 

The Scenario Three vl value was -32,000 tonnes and was lower because WISARD 

subtracts the energy recovered from the fossil fuel derived sources, such as plastics, 

present in the waste. The increase upon the Scenario Three value of -25,000 tonnes is 

therefore an improvement. Thus, whilst combusting all waste produces an avoided C02 

fossil burden of -7,000 tonnes, segregating the wood waste produces an improvement of -

15,000 tonnes. Whilst the Scenario Three v 1 avoided coal, methane and sulphur oxides 

were highest because more material was being combusted, Scenario Three v2 had lower 

nitrogen oxides (Figure 7 .10). 

7.7.2 Summary of significant inventory flow analysis for Scenario Three variation 1 and 

Three variation 2 

The combustion of the residual HWRS material in Scenario Three variation 1 produced 

lower burdens for the environment than delivering the material to landfill as in Scenario 

Three. In terms of flows to the air, it would be most beneficial in the reduction of fossil 

carbon dioxide, sulphur oxides and small amounts of methane. However, because more 

material is combusted it may contribute more nitrous oxides. Scenario Three variation 2 
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contributed less fossil CO2 than variation 1 because the energy was recovered from a 

segregated biomass stream of waste wood which excluded the combustion of plastics. 

7.8 Discussion 

The results from the comparative analysis of waste management scenarios identified 

recycling and incineration with energy recovery to have the potential to reduce 

environmental burdens associated with landfill disposal. High recycling combined with 

incineration had larger avoided burdens than medium recycling and incineration across 

the environmental impacts. Growing quantities of waste also reduced the avoided burdens 

even as recycling increased. 

With regard to management, the limits for avoiding carbon dioxide emissions from fossil 

fuel sources are determined by how much material is recycled and recovered 

energetically. Therefore, in the case of East Sussex Scenario Three, if a maximum of 33% 

recycling is achieved, and recovery is limited to 52%, then the avoided burden of carbon 

dioxide is -25,000 tonnes on the basis of the mix of energy provided in the background of 

the WISARD software tool. The further exploration provided here has shown that using 

more novel management techniques for the available waste can extend this limit to 

between -32,000 to --40,000 tonnes. 

Therefore, these results record that there would be a considerable impact upon carbon 

dioxide burdens expected, if it were possible to segregate wood waste at household waste 

recycling sites and use the material for energy recovery. According to the LCA approach 

of WISARD, the impact would be greater than if the combined residual HWRS waste was 

used because of the materials that are fossil fuel derived that are present in the mixed 

waste. Furthermore, it is not desirable from an operational perspective to send HWRS 

waste for incineration because of the bulky and sometimes hazardous components. The 

negative aspect of this is that more methane would be generated in landfill from the 

residual HWRS material. 
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The results of the analysis therefore highlight that there would be an environmental 

benefit in terms of reduced carbon dioxide emissions from fossil sources by separating 

out and recovering energy from the wood waste at East Sussex HWRS. Moreover, the 

environmental benefit will be at its greatest if the wood waste recovery system is 

incorporated into an integrated waste management system with high recycling, 

composting and energy recovery as in the Scenario Three modelled projections. 

County m Total Total Recycling Impact Greenhouse 

which study waste in energy & assessment gas equivalent: 

based scenario recovery composting total avoided 20 yr impact 

(tonnes) (tonnes) (%) burden of assessment for 

combined combined 
greenhouse emissions 

gas emissions (avoided C02 

(tonnes C02 tonnes per 

equivalent) tonne waste) 

Dorset 291 ,000 174,000 40 -9000 -0.03 

Bedfordshire & 460,000 318,000 30 -84,000 -0.18 

Luton 
East Sussex S3 402,000 209,000 33 -18,000 -0.04 

East Sussex 402,000 270,000 33 -55,000 -0.14 

S3vl 
East Sussex 402,000 226,000 33 -42,000 -0.10 

S3v2 

Table 7.4 Comparison with other WISARD LCA research 

The results are consistent with impact assessment studies undertaken in other areas with 

the WISARD LCA software (Table 7.4). Environmental burdens associated with 

incineration with energy recovery scenarios in Dorset for approximately 174,000 tonnes 

of residual waste were projected at -9,000 tonnes CO2 equivalent for combined 

greenhouse gases (Dorset County Council, 2003). A study carried out in Bedfordshire 

produced results of-84,000 tonnes CO2 equivalent for 12 combined greenhouse gases on 

the basis of incinerating approximately 318,000 tonnes of waste (Bedfordshire County 

Council, 2001). 

For comparative purposes the tonnes of CO2 equivalent per tonne of total waste have been 

calculated in Table 7.4. The method used in Bedfordshire was relatively similar to the 

East Susssex Scenario Three vl in that HWRS waste was also incinerated. The ratio of 
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avoided C02 to total waste was therefore higher for these scenarios since total quantities 

of waste combusted were higher as well as quantities of biomass materials. The Dorset 

analysis did not incorporate HWRS wastes, so materials such as wood were not included 

and total waste combusted was lower. Avoided C02 burdens were therefore more similar 

to East Sussex Scenario Three. 

7.9 Conclusions 

The projected material flows and logistical data from modelling was further evaluated 

from an environmental impact perspective using life cycle assessment. The WISARD 

LCA software program was used for the projections of the greenhouse effect, depletion of 

non-renewable resources, air acidification and photochemical oxidant formation. Landfill 

and low recycling produced the highest environmental burdens, whilst high recycling 

combined with energy recovery incineration produced the lowest burdens. The LCA 

technique enabled an otherwise optimum recycling and recovery scenario to be further 

assessed for the benefits of increased recovery. This identified a further C02 saving of -

7,000 to -15,000 tonnes. 
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Chapter Eight 

Discussion of the sustainable management of waste in East Sussex 

8.1 Synopsis 

In Chapter Seven the results of the LCA of the five waste management scenarios were 

presented and discussed. Scenario Three had lowest environrnental burdens for the 

greenhouse effect and offered the most environmental benefit. Improvements were 

projected by using energy recovery of residual HWRS waste and wood waste in variant 

scenarios. In Chapter Eight, the overall study is discussed. The objectives of the thesis are 

considered in relation to the results and issues of sustainable waste management. 

8.2 Sustainable waste management in East Sussex 

In common with many WDA areas across the UK, land filling of municipal wastes in East 

Sussex is high at approximately 85% of total waste. The amount of household waste has 

historically been growing, linked to population and economic growth. The way to achieve 

sustainable waste management is to reduce waste, re-use and where unavoidable waste 

arises to recycle as much of that waste as possible before recovery. Only after this should 

there be final disposal (DETR, 2000a). 

Therefore, although reduction in waste is a priority, local authorities are unable to 

concentrate on just one approach and will need to involve a variety of options. Balancing 

the conflicting demands of existing infrastructure, financial constraints, political climate, 

social and technical issues, knowledge and contacts is a major challenge for local 

authorities planning in an integrated way for sustainable waste management (Thomas et 

al., 2003). Furthermore, there are the legislative drivers that need to be complied with, the 

Landfill Directive (99/31/EC) (European Union, 1999) and statutory recycling targets 

(DETR, 2000a). Thus, improving recovery levels will be as important as recycling and 

this can, like recycling contribute to resource efficiency by reducing the use of virgin raw 

materials and the consumption of energy from non-renewable sources. 
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If the waste management system is altered it will change the outputs to the environment 

and so they cannot be analysed in isolation but as part of the system they comprise (White 

et al., 1995). The research was concerned with the shift from waste being managed as a 

mixed material to the creation of segregated streams for recycling and composting and 

recovery. Thus, how the system will be able to perform in future and how sustainable 

waste management will be achievable on the basis of future waste flows and facilities, has 

been investigated. 

The household waste management system studied comprised waste streams, facilities and 

vehicles required to manage the wastes that arise in the WDA area of East Sussex. The 

WCA area was the individual unit of the combined East Sussex county waste 

management system. Moreover, HWRS are a major part of the system and so their 

inclusion in the overall analysis was significant because the composition of civic amenity 

site waste is often overlooked in waste analyses (Thomas et al., 2003). 

With incineration as an option for residual wastes according to the waste local plan, (East 

Sussex County Council, 1998), the potential for segregating an additional energy 

recovery stream from wood waste was investigated. Therefore, whilst separating and 

recycling materials according to their properties is of net benefit to the environment 

(DETR, 2000a), the principle was explored with energy recovery of residual wood 

wastes. 

8.3 Wood waste energy recovery processes and technology 

The review of recovery processes investigated the possibility of contributing to renewable 

energy targets. In the UK, current biomass energy provision is around 130 MWe, with a 

further 80 MWe proposed under existing NFFO/SRO contracts. The bioenergy industry 

organisation, British BioGen aims to have 1000 MWe installed by 2010 and 900 MWt 

capacity by the same time. This target is in line with the government's own of 10% 

renewables, of which 2.5% is expected to be supplied by biomass fuels (British Biogen, 

2000). 
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Whilst there is nothing in the definition that would exclude household waste derived 

wood waste from being categorised as a bio-fuel (British Biogen, 2000), emission limits 

on dedicated wood fuelled plant would be problematic (Enviros Consulting Ltd & 

BioComposites Centre, 2004). This is because of the heterogeneous nature of the waste, 

which contains treated material of uncertain chemical composition (Enviros Consulting 

Ltd & BioComposites Centre, 2004). Therefore, it would not qualify for Renewables 

Obligations Certificates (ROC) by virtue of it being unable to be burned in a dedicated 

biomass plant; despite the fact that it meets the ROC criteria of being at least 98% 

biomass (Enviros Consulting Ltd and BioComposites Centre, 2004). However, there is 

likely to be more EU and UK government commitment over the coming years that will 

serve to reinforce the biomass energy sector and provide for research and development 

(Dti, 1999). Moreover, developments are being made in identifying and separating treated 

wood waste (Blassino et al., 2002; Irle et al., 2004; Rochester, 2004). Before long, it may 

be possible for the energy recovery of waste wood to take place in a dedicated combined 

heat and power plant. 

The review of processes in Chapter Two identified that despite the potential advantages 

of gasification and pyrolysis over conventional combustion, too many uncertainties 

remained for deployment in the medium term. Combustion represented a reliable and cost 

effective process, particularly for use over the next 10 years. The advanced thermal 

conversion processes remain under research and development, with some commercial 

deployment already having taken place across Europe (IEA CADDET, 1998). It is likely 

that the numbers of these technologies in use will grow over the next 25 years, 

particularly if they are able to manage heavily treated wood (Helsen et al., 1998). 

8.4 Data collection from waste samples 

The methodological problems in the determination of waste composition are widely 

reported in the literature. The main issue that produces uncertainty in the results is 

variation in quantity and composition and this can be attributed to socio-economic 

variables, seasonality and random factors (Parfitt and Flowerdew, 1997; Tchobanoglous, 
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1993). Furthermore, material types are constantly changing. In packaging for example, 

materials are often substituted by product manufacturers because of the inherent 

relationships between the product and its packaging development. This may entail 

improving convenience, or raising the profile to the consumer in what is a competitive 

market (Sturges et al., 2004). 

The determination of household waste compositions for an area from samples is therefore 

complex and likely to remain so for some time. In this thesis, the sampling method used a 

combination of observational studies of materials entering sites and weight samples 

collected by hand sorting. The aim was to improve sample size and to aggregate the 

complex issues of socio-economic variation into a much simplified difference between 

urban waste and waste from more rural areas. The greatest variation was identified in the 

green waste, with waste from the city of Brighton and Hove containing lower levels of 

garden waste than from Wealden. 

Sampling of household waste was extended to the domestic refuse collection and the 

HWRS facilities so that all material types were represented in the final composition 

(Thomas et al., 2003). A further aim of the samples was to identify the wood waste 

components present since volumetric assessments had suggested amounts of material at 

HWRS were significant. Hand sorting and weighing identified that quantities of wood 

waste in HWRS residual material were large at 24% by weight. Moreover, approximately 

87% of the wood was treated. Mostly treated wood has been reported by other surveys 

(Excelar Ltd, 2002; Enviros Consulting Ltd & BioComposites Centre, 2004). 

Furthermore, in other studies, levels of wood waste available in WDA areas may have 

been unrecorded due to classification in the miscellaneous combustibles waste component 

category (Excelar Ltd, 2002). The result will have been an underestimate of the available 

resource. 

Further techniques were used to place the wood waste and other sampled components into 

the proper context of total HWRS and total household waste. Thus, operational data 

recording quantities of waste recycled and disposed throughout the entire WDA area in 

2001/02 was used. A waste composition prior to any recycling having take place was 
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calculated and used to project the total quantities of material arising using the waste flow 

model described in Chapter Four and discussed in the next section. Failure to carry out 

this procedure would have underrepresented the quantities of recyclable materials 

available. 

8.5 Modelling waste quantities 

The waste flow model was developed to quantify the total amount of waste material in 

East Sussex according to the sampled waste components. The model was designed to aid 

the conceptualisation of the segregated streams and their behaviour under the likely 

conditions of waste growth. It used waste material components flowing from households 

as the input data, which incorporated retrospective recycling quantities from operational 

data. The inputs were balanced with modelled recycling, composting and residual waste 

outputs. The HWRS waste flows were also incorporated, which enabled manipulation of 

the waste projected to go for recycling and residual treatment. 

When the recorded wood waste composition was adjusted to take account of total 

household waste and modelled, it accounted for 15,600 tonnes or approximately 4% of 

total waste in the reference year of 2001/02. The largest single category was the garden 

waste at approximately 61,000 tonnes or 17% of total 2001/02 waste. Combined 

recyclable paper, consisting of newspaper, magazines and paper (excluding newspaper 

and magazines) made up approximately 58,000 tonnes or 16% of total waste. The 

remaining dry recyclable categories for plastics, metals and glass contributed 

approximately 52,000 tonnes or 14%. 

The participation rates and the capture rate controlled the amount of material recycled or 

recovered. These were considered individually for each material type in each district. The 

upper limits of the participation rate were set by the results of research conducted in East 

and West Sussex as part of this thesis and upper limits for capture rates were based on 

Tucker et al., (2002). 
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The model was also used for providing consistency of data for the analysis of recycling 

target achievement and the environmental burdens associated with managing the waste 

differently. The framework proved suited to this use and the simulation of a waste 

management system. Furthermore, the method and framework could be used for any local 

authority across the UK to produce comparative data and further guidance on waste 

flows. 

8.6 Modelled recycling levels 

The modelled recycling levels were developed to simulate the current low recycling, 

landfill dominated waste management system operating in East Sussex and the future 

medium and high recycling and recovery, driven by recycling targets and the Landfill 

Directive. Therefore, three main recycling levels were considered which explored low, 

medium and high commitment to recycling by East Sussex County Council and the 

districts. 

The results from the modelling showed that the highest levels of recycling that were 

likely to be achieved by 2008/09 were 33% (Level Three) based upon a participation rate 

of 60-65% across East Sussex. Medium levels were projected at 28% and low levels 

remained at 15%. Even under the high recycling option, a considerable amount of 

residual waste would still require management. By 2008/09, residual waste was projected 

to be in the region of 270,000 tonnes (Level Three) meaning there was a high demand for 

landfill and incineration. In more detail, the remaining waste consisted of 52% residuals 

for recovery and 15% residual HWRS waste for landfill. 

Moreover, the impact of waste growth remains a threat to sustainable waste management. 

The greatest pressure is on finite landfill capacity, requiring alternatives to be found. 

Whilst energy recovery incineration can reduce the quantity of waste by 75%, the bottom 

ash still requires landfill. It may be possible for recycling of the ash to be achieved, for 

example in cement manufacture (Porteous, 1998). 
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8. 7 Model scenarios and logistical data 

The recycling levels were developed into three mam scenarios that incorporated the 

logistics of waste management. Two variation scenarios were considered for investigating 

the impacts of different management options in the high recycling Scenario Three. Thus, 

the impact of recovering energy for the HWRS waste and wood waste was explored in 

Scenario Three variations 1 and 2. These scenarios present a medium term management 

method for reducing the amount of waste that ultimately goes to landfill, as well as 

contributing to compliance with the Landfill Directive. The results show that a further 

diversion of 45,000 tonnes could be achieved in Scenario Three variation 1 by sending 

the HWRS waste to incineration. 

However, there will be limitations to how much of this material can be recovered because 

of its bulky and often hazardous nature. For example, domestic gas canisters are often 

discarded in HWRS waste and these can cause damage by exploding in the incinerator 

combustion chamber (A. Pettigrew personal communication. April 14, 2003). Therefore, 

many incinerator operators prefer not to handle HWRS waste for health and safety 

reasons. The consequences are that more material will go to landfill, although an 

alternative explored in this thesis is to segregate the wood waste from HWRS for 

incineration. 

Logistical data was required to complete the modelled waste management system since 

changes to the system result in different outputs to the environment (White et al., 1995). 

The collected data on recycling containers and collection vehicle odometer readings was 

provided by WCAs and the WDA. Distances travelled by the public to use bring bank 

recycling centres and HWRS were calculated from results of surveys and literature 

values. 

The operational data available for vehicles involved in kerbside collection was limited 

and needed to be projected for Scenario Two and Three. It was projected there would be 

increasing vehicle distances for recycling as the tonnes collected increased and decreasing 

distances as amounts of residual waste decreased due to recycling. Despite the benefits of 
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recycling, the overall trend remained one of higher total vehicle distances travelled in 

Scenario Two and Three compared with the reference Scenario One. Combined total 

vehicle distances for 2008/09 were projected at approximately 13.8 x 106 km in Scenario 

Three compared with 12.8 x 106 km in Scenario One. 

Whilst this result appears obvious, a little further explanation is required. The explanation 

for this is both operational and a result of the assumptions made. Recycling vehicles 

cannot carry as much material by weight as a refuse collection vehicle. Many segregated 

materials have a high volume to weight ratio, whilst compaction system use on vehicles 

can damage recyclate quality. Vehicle loads are consequently lighter. Also, refuse 

collection was still assumed to be taking place on a weekly basis. If the residual collection 

were switched to a fortnightly operation, then distances would be expected to decrease 

considerably, however, logistical data was not available for this. Thus, scenario modelling 

allows these differences to be explored, but their environmental impact requires a life 

cycle assessment approach, as discussed in the next section. 

8.8 Life cycle assessment for waste management 

The so-called greenhouse gases of methane, carbon dioxide and nitrous oxides are 

currently the subjects of investigation in relation to anthropogenic climate change. Life 

cycle assessment aims to project the burdens of these gases and other pollutants that arise 

from different methods of managing the same waste. The results are obviously 

extrapolations based upon past measurements, (O 'Neill, 1993) however they are useful 

for guidance. The LCA results were obtained using the WISARD software tool for waste 

management and show that continuation with landfill, in the reference scenario, will 

result in significant burdens of methane in particular. Greenhouse effect burdens 

attributed to methane, nitrous oxides and carbon dioxide and other gases combined were 

200,000 tonnes equivalent CO2 in 2008/09. 

The alternative of waste combustion in an incinerator and high recycling, whilst reducing 

methane and CO2, results in the emission of low levels of nitrous oxides. However, 

combined environmental burdens were much lower than the reference scenano. 

239 



Greenhouse effect attributed to methane, nitrous oxides and carbon dioxide and other 

gases combined were -12,000 tonnes C02 equivalent for Scenario Three in 2008/09, 

which resulted from the quantities of methane released as a consequence of landfilling the 

HWRS waste. The combined greenhouse effect was projected at -55,000 tonnes and -

42,000 tonnes C02 equivalent for Scenario Three variation I and Scenario Three 

variation 2 respectively. 

The significant inventory burden results showed that inclusion of wood waste in waste 

streams and LCA has the effect of reducing C02 emissions by -15,000 tonnes on top of 

high recycling and incineration for Scenario Three. The resultant environmental burdens 

from LCA using the significant inventory flows were -25,000 tonnes of fossil C02• 

Diverting residual HWRS waste (Scenario Three variation I) and wood waste (Scenario 

Three variation 2) to recovery at an incinerator could improve upon the levels of avoided 

C02 with levels of -32,000 tonnes and -40,000 tonnes recorded for HWRS and wood 

waste respectively. This is greater than the avoided burdens attributed to recycling 

approximately 62,000 tonnes of mixed recyclables in Scenario One. Moreover, continued 

landfilling of wood has a negative effect through contributing methane to the atmosphere. 

Therefore, in East Sussex, two options are effectively identified for optimising a high 

recycling integrated waste management system. The first is the combustion of segregated 

wood waste in an incinerator or dedicated plant, which will reduce fossil C02 emissions 

by the most. The second option is to incinerate HWRS waste (which includes wood 

waste) in order to have the largest impact upon the extrapolated greenhouse effect. In 

returning to the aim of the research, the results record that energy recovery of wood waste 

is of environmental benefit and contributes to a more sustainable waste management 

system. However, ultimately it will be the logistical and cost implications of these options 

that determine whether they are used in the IWM system. 

8.9 Sustainable development and resource management 

Waste management is moving in the direction of matching specific material properties to 

sustainable forms of recycling and resource recovery. As this takes place, the system will 
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become increasingly integrated. How well this works in practice will remain to be seen, 

however, the results of this research show that improvements can be made to an existing 

household waste management system to maximise efficient resource use and minimise 

pollution. 

Furthermore, the EU Landfill Directive legislation relating to biodegradable waste must 

also be considered, with the European Court empowered to levy substantial penalties and 

sanctions for non-compliance (European Union, 1999). Although modelling suggests that 

the 2010 target will be achievable, since the Directive requires a reduction of 

biodegradable waste entering landfill to 75% of the 1995 levels, the target of 50% by 

2013 and 35% by 2020 appears to be more difficult. 

The protection of the environment is not the sole objective of sustainable development. 

There are also economic and social issues to consider. Developing recycling businesses 

will contribute to economic growth and energy recovery from wood waste may prevent 

local wood recycling businesses from entering the market place. Furthermore, it may 

reduce the material available for social enterprises such the Brighton and Hove Wood 

Recycling Project. However, energy recovery of wood will ideally take place once the 

recycling industry and social enterprises can no longer recover any more value, when the 

material becomes end of life. 

Fundamentally, if increasing recycling brings about increases in the amount of resource 

consumption for certain operations- such as transport distances, then a resource 

management approach must steadily be adopted. The system explored here represents part 

of the drive towards urban resource management where CO2 balance, water, energy and 

waste will eventually be managed in a single optimised system (Wilson et al., 2001). 

Therefore if emissions of greenhouse gases increase in one part of the system, there must 

be a corresponding decrease elsewhere, brought about by thoroughly utilising the 

materials present in the waste stream. 
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Chapter Nine 

Conclusions and future work 

9.1 Synopsis 

Chapter Nine provides an overview and draws conclusions from the completed study. The 

results are presented as key findings and areas suitable for future work are identified. 

9.2 Overview 

Waste continues to grow, whilst landfill becomes increasingly full. The present system of 

waste management in East Sussex is dependent upon landfill with currently around 85% 

of household waste going for landfill disposal. Therefore, the waste management system 

is unsustainable both from the perspective of void space and environmental damage. 

Sustainable waste management is a desired goal of the UK, EU and many industrialised 

nations. It is guided by the waste hierarchy and requires a minimisation of waste through 

decoupling of waste generation from economic growth. Unavoidable waste should then 

be re-used and recycled before final end of life recovery. The UK government is 

approaching this challenge with a series of statutory recycling and recovery targets for 

England and Wales, with local authorities such as East Sussex County Council, obligated 

to contribute. For an integrated waste management system the issue of optimising 

recycling and recovery is important since an overlap exists in material properties and 

there are times when recovery will represent the best practicable environmental option. 

Energy recovery of wood waste represents an end use that has certain benefits. 

The review of energy recovery processes concluded that in the medium term combustion 

represented the most reliable method. Emissions limits would most likely curtail any 

dedicated wood waste burning plant because of the treated and heterogeneous nature of 

the fuel (Enviros Consulting Ltd and BioComposites Centre, 2004). Wood waste could 

still be included in the mass burn incinerator route to recovery. 
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Analysis of waste materials in the household waste of East Sussex recorded high levels of 

materials suitable for dry recycling and composting. Levels of combustible material could 

therefore, be calculated from the residual waste once an assessment has been made of the 

achievable levels of recycling. 

The projection of the quantities of material flowing in the household waste system 

combined data from samples with local authority data on tonnes of residual and recycled 

material in 2001/02. Applying a waste growth factor provided the total waste arising in 

the key target years of 2003/04, 2005/06 and 2008/09. Modelling of recycling schemes 

from recorded participation rates, scheme coverage and contamination was used to 

calculate materials capture and recycling rate. The residual material was then subtracted 

to identify levels of recovery. 

The analysis of a complete waste management system was considered. Three scenarios 

representing local authority levels of recycling, low (reference), medium and high were 

developed. The impacts of the growing waste and recycling were compared against a 

reference scenario using the tonnes of material and the logistical data. This was 

represented by growth in collection and delivery transport and recycling containers. A 

further two variations of the high recycling scenario were modelled to test alternative 

recovery options. Modelling the three scenarios with life cycle assessment assessed 

environmental impacts associated with recycling, whilst the two variations of Scenario 

Three explored altering the management options. 

9.3 Key findings 

Data collection of household waste components recorded levels of wood waste at 24% by 

weight in HWRS. When adjusted to take account of total household waste and modelled, 

this accounted for 15,600 tonnes or approximately 4% of total waste in the reference year 

of 2001/02. The largest single category was the garden waste at approximately 61,000 

tonnes or 17% of total 2001/02 waste. Combined recyclable paper, consisting of 

newspaper, magazines and paper (excluding newspaper and magazines) made up 
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approximately 58,000 tonnes or 16% of total waste. The remaining dry recyclable 

categories for plastics, metals and glass contributed approximately 52,000 tonnes or 14%. 

The use of modelling has identified materials most suitable for recycling and quantities of 

residual waste available for recovery. When modelled as an integrated waste management 

system recycling rates of 33% were projected by 2008/09, in the high recycling Scenario 

Three, at participation levels of 60-65% for kerbside. The remaining waste consisted of 

52% residuals for recovery and 15% residual HWRS waste for landfill. The resultant 

environmental burdens from LCA using the significant inventory flows were - 25,000 

tonnes of fossil C02 • Diverting residual HWRS waste (Scenario Three variation 1) and 

wood waste (Scenario Three variation 2) to recovery at an incinerator could improve the 

levels of avoided C02 with levels of -32,000 tonnes and -40,000 tonnes indicated for 

HWRS and wood waste respectively. 

The combined greenhouse effect was projected at - 55,000 tonnes and -42,000 tonnes 

equivalent C02 for Scenario Three variation 1 and Scenario Three variation 2 

respectively. This compared favourably with Scenario Three, which recorded a combined 

greenhouse effect value of - 12,000 tonnes equivalent C02 which resulted from the 

quantities of methane released as a consequence of landfilling the HWRS waste. 

Therefore, to optimise the East Sussex integrated waste management system, that is 

achieving high levels of recycling and composting, two options are presented. The first is 

the combustion of segregated wood waste in an incinerator or dedicated plant, which will 

reduce fossil C02 emissions the most. The second option is to incinerate HWRS waste 

(which includes wood waste) in order to have the largest impact upon the greenhouse 

effect. The logistical and cost implications of these options will ultimately determine 

whether they are used in the IWM system. However, in returning to the aim of the 

research, the results record that energy recovery of wood waste is of environmental 

benefit and contributes to a more sustainable waste management system. 
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9.4 Future work 

Sustainable waste management is an important consideration in sustainable development, 

and also for UK government policy, which includes renewable energy. Combustion of 

wood for energy recovery displaces energy derived from fossil sources. Moreover, the 

energy recovery of wood waste reduces the environmental burdens associated with an 

integrated waste management system. However, it is unlikely that it is able to benefit 

from renewable status because of the heterogeneous nature of the material and uncertainty 

over treatment levels (Enviros Consulting Ltd and BioComposites Centre, 2004). This is 

unfortunate since wood waste energy recovery offers solutions for the problems of waste 

disposal and renewable energy supply. Furthermore, levels of wood waste available in 

WDA areas may have been unrecorded due to classification in the miscellaneous 

combustibles waste component category (Excelar Ltd, 2002) or even a failure to include 

HWRS waste in household waste analysis (Parfitt, 2002). The result will have been an 

underestimate of the available resource. 

Therefore, the problem will remain that wood waste will continue to be sent to landfill 

and through the process of biodegradation contribute methane to the atmosphere. Future 

work should investigate the developing separation and identification technology for 

treated wood waste. Research is being conducted with CCA treated wood (Blassino et al., 

2002) and other treatments (Rochester, 2004) whilst procedures are being developed for 

the panelboards sector (Irle et al., 2004). 

Work also needs to be done to improve the management at HWRS. Visually identifying 

treated wood from untreated can be difficult. However, the results from sampling show 

that much of the material is comprised of obviously treated material, such as coated board 

products and painted wood. Installation and monitoring of specific separate containers for 

noticeably treated and untreated wood could be undertaken. The pilot studies would need 

to incorporate information for the site users and a more pro-active approach by site staff. 

The methodological framework of the waste flow model and LCA in this thesis provides 

for this. The framework can be adapted and utilised across any region provided data is 
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available for the local waste compositions. Thus, waste flows, the logistics of segregating 

and transporting wood as well as the final treatment can be tested against the results for 

combustion of wood waste already developed. 

246 



APPENDICES 

247 



Appendix I: Energy from wood waste recovery technology: Gasification 

Gas product characteristics according to gasifier type: 

Downdraft gasifier: all products pass through a high temperature zone in conditions of 

maximum turbulence at the throat. It is a configuration that results in a high conversion of 

pyrolysis intermediates and hence a gas that is relatively free of tar (Bridgwater and 

Evans, 1993). 

Updraft gasifier: the hot product gas produced by the gasification of char passes through 

unreacted feed prior to exiting the gasifier transferring sensible heat to the incoming feed. 

This drives off some of the pyrolysis intermediates with the product gas resulting in a 

dirty gas (Bridgwater and Evans, 1993). This configuration is best suited to heat 

production, although it has been used in power plants, such as the 0.6 MWe Daneco RDF 

plant in Italy (Beenackers, 1999). 

Single bed fluid gasifier: tends to produce a gas with a tar content between that of the 

updraft and downdraft gasifiers. Some intermediate pyrolysis products are swept out of 

the fluid bed by gasification products but are then converted further by thermal cracking 

(Bridgwater and Evans, 1993). 

Circulating fluid bed: the fluidising velocity is high enough to entrain large amounts of 

solids with the product gas, which are separated in a cyclone and then re-circulated. The 

entrained char is recycled back to the fluid bed to improve the carbon conversion 

efficiency compared with the single fluid bed design (Bridgwater, 1995). The main 

impetus for development of this technology has been the use of the product gas in lime 

and cement kilns, which have very high heat demands. Consequently, the CFB 

technology is apparently more favourable for gasifiers with fuel capacities exceeding 10 

MWth (Rensfelt, 1997). 

Twin bed gasifiers: these are used to give a higher heating value gas from reaction with 

air than a single air blown gasifier. Product quality is generally good from a heating value 

perspective, but poor in terms of tar loading (Bridgwater, 1995). 

Raw gas clean up systems: 

The raw gas clean up system is necessary so that a sufficiently clean gas can be produced 

for application in an engine or gas turbine. The types of filter and scrubbing system 

suitable for each gasifier type are summarised below (Bridgwater and Evans, 1993). 

• Atmospheric fluidised bed gasifiers using air, have tended to use water scrub systems, 

sometimes in conjunction with a cracker or hot gas filter. These systems will 

inevitably lead to a waste water disposal problem and loss of product sensible heat. 

• Fixed bed gasifiers have also tended to make use of crackers and a water scrub, 

although little information is available on these systems. 

• Pressurised fluidised bed gasifiers use hot gas filters, although these technologies are 

not well developed. There are still technology issues such as filter blocking, cleaning, 

failure and filter life. 
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• Indirect fluidised bed gasifiers using air have tended to utilise water scrub systems 

(Bridgwater and Evans, 1993). 
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Appendix II: ward data for Scenario Two and Three kerbside scheme coverage 

ar ata or ry er s1 e sc eme coverage: W d d fi d k b "d h 2003/04 S cenano WO atlona tat1st1cs, . T (N . 1 S . 2003) 

Total % of total Total % of total 

Wealden households households Lewes households households 

Willingdon 3446 5.9 Lewes Bridge 2036 5.1 

East Dean 986 1.7 Lewes Castle 1942 4.9 

Hellingly 2031 3.5 Lewes Priory 3024 7.6 

Pevensey & W estham 3803 6.5 Newhaven Denton 3014 7.6 

Herstmonceux 1096 1.9 Newhaven Valley 1667 4.2 

Horam 1047 1.8 Seaford Central 2299 5.8 

Heathfield East 933 1.6 Seaford East 2134 5.4 

Heathfield North & 
Central 3284 5.6 Seaford North 2053 5.2 

Uckfield Central 1129 1.9 Seaford West 2036 5.1 

Uckfield New Town 1134 1.9 Seaford South 1872 4.7 

Uckfield North 2212 3.8 Peacehaven East 1913 4.8 

Uckfield Ridgewood 1060 1.8 Peacehaven North 1897 4.8 

Polegate North 2327 4.0 Peacehaven West 2019 5.1 

East Saltdean and Telscombe 

Polegate South 1103 1.9 Cliffs 3110 7.8 

Hailsham Central & 

North 2421 4.2 Kingston 407 2.0 

Hailsham East 1125 1.9 

Hailsham South & west 3424 5.9 

Crowborough East 1955 3.4 

Crowborough Jarvis 
Brook 1064 1.8 

Crowborough North 2010 3.4 

Crowborough St Johns 889 1.5 

Crowborough West 1974 3.4 

Total 40453 69 Total 31423 80 

Allowing for flats @ 
10% 4045 Allowing for flats @J 17% 5342 

Total coverage 36408 62 Total coverage 26081 66 
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Total % of total Total % of total 

Rother households households Eastbourne households households 

Sidley 2289 6.0 Old Town 4445 10.9 

St Stephens 1831 4.8 

St Michaels 1974 5.2 Hampden Park 4335 10.6 

St Marks 2008 5.3 

Sackville 2286 6.0 Meads 5061 12.4 

Old Town 1698 4.5 Ratton 4404 10.8 

Kewhurst 2224 5.8 St Anthony's 4645 11.4 

Collington 1994 5.2 Sovereign 3251 7.9 

Central 2700 7.1 Upperton 4850 11.9 

Battle town 2124 5.6 

Rye 1940 5.1 

Total 23068 61 Total 30991 76 

Allowing for flats @ 
21% 4844 Allowing for flats (a), 35% 10847 

Total coverage 18224 48 Total coverage 20144 49 

Total % of total Total % of total 

Hastings households households Brighton households households 

Ashdown 2048 5.4 Brunswick & Adelaide 5426 4.7 

Baird 2100 5.6 

Braybrooke 2339 6.2 East Brighton 6468 5.6 

Castle 3193 8.5 Goldsmid 7368 6.4 

Central St Leonards 3473 9.2 Hangleton & Knoll 5931 5.2 

Conquest 2064 5.5 Hanover & Elm Grove 6101 5.3 

Gensing 2705 7.2 Hollingbury Stanmer 5029 4.4 

Hollington 2363 6.3 Moulsecoomb & Bevendean 5601 4.9 

Maze Hill 2172 5.8 Patcham 5790 5.1 

Old Hastings 2576 6.9 Preston Park 6142 5.4 

St Helens 2195 5.8 South Portslade 3830 3.3 

Silverhill 1958 5.2 Stanford 3961 3.5 

Tressell 2064 5.5 Westbourne 4315 3.8 

West St Leonards 1992 5.3 Wish 3899 3.4 

Wishing Tree 2230 5.9 Withdean 6139 5.4 

Orde 2132 5.7 

Total 76000 66 

Allowing for flats ~ 47% 35720 

Total coverage 40280 35 

If assumed 50% ofMORs 

accessible 

Total 37604 100 Total 76000 66 

Allowing for flats @ 
36% 13537 Allowing for flats @ 23% 17480 

Total coverage 24067 64 Total coverage 58520 51 
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Ward data for dry kerbside scheme coverage: 2005/06 Scenario Two 

Total % of total Total % of total 

Wealden households households Lewes households households 

Willingdon 3446 5.9 Lewes Bridge 2036 5.1 

East Dean 986 1.7 Lewes Castle 1942 4.9 

Hellingly 2031 3.5 Lewes Priory 3024 7.6 

Pevensey & W estham 3803 6.5 Newhaven Denton 3014 7.6 

Herstmonceux 1096 1.9 Newhaven Valley 1667 4.2 

Horam 1047 1.8 Seaford Central 2299 5.8 

Heathfield East 933 1.6 Seaford East 2134 5.4 

Heathfield North & 
Central 3284 5.6 Seaford North 2053 5.2 

Uckfield Central 1129 1.9 Seaford West 2036 5.1 

Uckfield New Town 1134 1.9 Seaford South 1872 4.7 

Uckfield North 2212 3.8 Ouse Valley & Ringmer 2716 6.8 

Uckfield Ridgewood 1060 1.8 Peacehaven East 1913 4.8 

Polegate North 2327 4.0 Peacehaven North 1897 4.8 

Polegate South 1103 1.9 Peacehaven West 2019 5.1 

Hailsham Central & East Saltdean and 

North 2421 4.2 Telscombe Cliffs 3110 7.8 

Hailsham East 1125 1.9 Kingston 814 2.0 

Hailsham South & west 3424 5.9 

Crowborough East 1955 3.4 

Crowborough Jarvis 
Brook 1064 1.8 

Crowborough North 2010 3.4 

Crowborough St Johns 889 1.5 

Crowborough West 1974 3.4 

Buxted & Maresfield 1985 .0 3.4 

Cross in Hand/Five Ashes 896.0 1.5 

Total 43334 74 Total 34546 87 

Allowing for flats @ 10% 4333 Allowing for flats @ 17% 5873 

Total coverage 39001 67 Total coverage 28673 72 

Total % of total Total % of total 

Rother households households Eastbourne households households 

Battle town 2124 5.6 Old Town 4445 10.9 

Rye 1940 5.1 Devonshire 5568 13.6 

Marsham 1702 4.5 Hampden Park 4335 10.6 

Sidley 2289 6.0 Langney 4359 10.7 

St Stephens 1831 4.8 Meads 5061 12.4 

St Michaels 1974 5.2 Ratton 4404 10.8 

St Marks 2008 5.3 St Anthony's 4645 11.4 

Sackville 2286 6.0 Sovereign 3251 7.9 

Old Town 1698 4.5 Upperton 4850 11.9 

Kewhurst 2224 5.8 

Collington 1994 5.2 

Central 2700 7.1 

Brede Valley 1926 5.1 
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Salehurst 1696 4.4 

Ticehurst & Etchingham 1682 4.4 

Eastern Rother 21 74 5.7 

Total 32248 85 Total 40918 100 

Allowing for flats (a), 21 % 6772 Allowing for flats @ 35% 14321 

Total coverage 25476 67 26597 65 

Total % of total Total % of total 

Hastines households households Brighton households households 

Ashdown 2048 5.4 Brunswick & Adelaide 5426 4.7 

Baird 2100 5.6 Central Hove 5052 4.4 

Braybrooke 2339 6.2 East Brighton 6468 5.6 

Castle 3193 8.5 Goldsmid 7368 6.4 

Central St Leonards 3473 9.2 Hangleton & Knoll 5931 5.2 

Conquest 2064 5.5 Hanover & Elm Grove 6101 5.3 

Gensing 2705 7.2 Hollingbury Stanmer 5029 4.4 

Hollington 2363 6.3 Moulsecoomb & Bevendean 5601 4.9 

Maze Hill 2172 5.8 North Portslade 4156 3.6 

Old Hastings 2576 6.9 Patcham 5790 5.1 

St Helens 2195 5.8 Preston Park 6142 5.4 

Silverhill 1958 5.2 Queen's Park 7408 6.5 

Tressell 2064 5.5 Regency 4980 4.4 

West St Leonards 1992 5.3 Rottingdean Coastal 5907 5.2 

Wishing Tree 2230 5.9 St Peter's & North Laine 7154 6.2 

Orde 2132 5.7 South Portslade 3830 3.3 

Stanford 3961 3.5 

Westbourne 4315 3.8 

Wish 3899 3.4 

Withdean 6139 5.4 

W oodingdean 3822 3.3 

Total 114479 100 

Allowing for flats@ 47% 53805 

60674 53 

Assumed 7% ofMORs 

accessible 

Total 37604 100 Total 114479 100 

Allowing for flats @ 36% 13537 Allowing for flats @ 23% 45792 

Total coverage 24067 64 Total coverage 68687 60 
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Ward data for dry kerbside scheme coverage: 2008/09 Scenario Two 

Total % of total Total % of total 

Wealden households households Lewes households households 

Willingdon 3446.0 5.9 Lewes Bridge 2036 5.1 

Hellingly 2031.0 3.5 Lewes Castle 1942 4.9 

Pevensey & W estham 3803.0 6.5 Lewes Priory 3024 7.6 

Herstmonceux 1096.0 1.9 Newhaven Denton 3014 7.6 

Horam 1047.0 1.8 Newhaven Valley 1667 4.2 

Buxted & Maresfield 1985.0 3.4 Seaford Central 2299 5.8 

Cross in Hand/Five 

Ashes 896.0 1.5 Seaford East 2134 5.4 

Heathfield East 933.0 1.6 Seaford North 2053 5.2 

Heathfield North & 
Central 3284.0 5.6 Seaford West 2036 5.1 

Mayfield 1080.0 1.9 Seaford South 1872 4.7 

Wadhurst 1992.0 3.4 Ouse Valley & Ringmer 2716 6.8 

Rotherfield 973.0 1.7 Peacehaven East 1913 4.8 

Uckfield Central 1129.0 1.9 Peacehaven North 1897 4.8 

Uckfield New Town 1134.0 1.9 Peace haven West 2019 5.1 

East Saltdean and 

Uckfield North 2212.0 3.8 Telscombe Cliffs 3110 7.8 

Uckfield Ridgewood 1060.0 1.8 Kingston 814 2.0 

Polegate North 2327.0 4.0 

Polegate South 1103 .0 1.9 

Hailsham Central & 
North 2421.0 4.2 

Hailsham East 1125.0 1.9 

Hailsham South & west 3424.0 5.9 

Crowborough East 1955.0 3.4 

Crowborough Jarvis 

Brook 1064.0 1.8 

Crowborough North 2010.0 3.4 

Crowborough St Johns 889.0 1.5 

Crowborough West 1974.0 3.4 

Total 46393 80 Total 34546 87 

Allowing for flats @ 
10% 4639 Allowing for flats @ 17% 5873 

Total coverage 41754 72 Total coverage 28673 72 

Total % of total Total % of total 

Rother households households Eastbourne households households 

Battle town 2124 5.6 Old Town 4445 10.9 

Rye 1940 5.1 Devonshire 5568 13.6 

Eastern Rother 2174 5.7 Hampden Park 4335 10.6 

Rother Levels 1958 5.1 Langney 4359 10.7 

Marsham 1702 4.5 Meads 5061 12.4 

Brede Valley 1926 5.1 Ratton 4404 10.8 

Sidley 2289 6.0 St Anthony's 4645 11.4 

St Stephens 1831 4.8 Sovereign 3251 7.9 

St Michaels 1974 5.2 Upperton 4850 11.9 
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St Marks 2008 5.3 

Sackville 2286 6.0 

Old Town 1698 4.5 

Kewhurst 2224 5.8 

Collington 1994 5.2 

Central 2700 7.1 

Salehurst 1696 4.4 

Ticehurst & 
Etchingham 1682 4.4 

Total 34206 90 Total 40918 100 

Allowing for flats @ 

10% 7183 Allowing for flats @ 35% 14321 

Total coverage 27023 71 Total coverage 26597 65 

Total % of total Total % of total 

Hastin2:s households households Brighton households households 

Ashdown 2048 5.4 Brunswick & Adelaide 5426 4.7 

Baird 2100 5.6 Central Hove 5052 4.4 

Braybrooke 2339 6.2 East Brighton 6468 5.6 

Castle 3193 8.5 Goldsmid 7368 6.4 

Central St Leonards 3473 9.2 Hangleton & Knoll 5931 5.2 

Conquest 2064 5.5 Hanover & Elm Grove 6101 5.3 

Gensing 2705 7.2 Hollingbury Stanmer 5029 4.4 

Hollington 2363 6.3 Moulsecoomb & Bevendean 5601 4.9 

Maze Hill 2172 5.8 North Portslade 4156 3.6 

Old Hastings 2576 6.9 Patcham 5790 5.1 

St Helens 2195 5.8 Preston Park 6142 5.4 

Silverhill 1958 5.2 Queen's Park 7408 6.5 

Tressel! 2064 5.5 Regency 4980 4.4 

West St Leonards 1992 5.3 Rottingdean Coastal 5907 5.2 

Wishing Tree 2230 5.9 St Peter's & North Laine 7154 6.2 

Orde 2132 5.7 South Portslade 3830 3.3 

Stanford 3961 3.5 

Westbourne 4315 3.8 

Wish 3899 3.4 

Withdean 6139 5.4 

W oodingdean 3822 3.3 

Total 114479.0 100.0 

Allowing for flats@ 47% 53805.13 

Total coverage 60673.9 53.0 

Assumed 50% of MORs 

accessible 

Total 37604 100 Total 114479 100 

Allowing for flats @ 

36% 13537 Allowing for flats @ 23% 26330 

Total coverage 24067 64 Total coverage 88149 77 
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Ward data for compost kerbside scheme coverage: 2003/04 Scenario Two 

Total % of total 

Wealden households households 

Willingdon 3446 5.9 

Hellingly 2031 3.5 

Pevensey & W estham 3803 6.5 

Herstmonceux 1096 1.9 

Horam 1047 1.8 

Heathfield East 933 1.6 

Heathfield North & 
Central 3284 5.6 

Uckfield Central 1129 1.9 

Uckfield New Town 1134 1.9 

Uckfield North 2212 3.8 

Uckfield Ridgewood 1060 1.8 

Polegate North 2327 4.0 

Polegate South 1103 1.9 

Hailsham Central & 

North 2421 4.2 

Hai lsham East 1125 1.9 

Hailsham South & west 3424 5.9 

Crowborough East 1955 3.4 

Crowborough Jarvis 

Brook 1064 1.8 

Crowborough North 2010 3.4 

Crowborough St Johns 889 1.5 

Crowborough West 1974 3.4 

East Dean 986 1.7 

Buxted & Maresfield 1985.0 3.4 

Cross in Hand/Five 

Ashes 896.0 1.5 

Total 43334 74 

Allowing for flats@ 

10% 4333 

Total coverage 39001 67 
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Ward data for compost kerbside scheme coverage: 2005/06 Scenario Two 

Total % of total Total % of total 

Wealden households households Lewes households households 

Willingdon 3446 5.9 Lewes Bridge 2036 5.1 

Hellingly 2031 3.5 Lewes Castle 1942 4.9 

Pevensey & W estham 3803 6.5 Lewes Priory 3024 7.6 

Herstmonceux 1096 1.9 Newhaven Denton 3014 7.6 

Horam 1047 1.8 Newhaven Valley 1667 4.2 

Buxted & Maresfield 1985 3.4 Seaford Central 2299 5.8 

Cross in Hand/Five 
Ashes 896 1.5 Seaford East 2134 5.4 

Heathfield East 933 1.6 Seaford North 2053 5.2 

Heathfield North & 
Central 3284 5.6 Seaford West 2036 5.1 

Rotherfield 973 1.7 Seaford South 1872 4.7 

Uckfield Central 1129 1.9 Peacehaven East 1913 4.8 

Uckfield New Town 1134 1.9 Peacehaven North 1897 4.8 

Uckfield North 22 12 3.8 Peacehaven West 2019 5.1 

East Saltdean and 

Uckfield Ridgewood 1060 1.8 Telscombe Cliffs 3110 7.8 

Polegate North 2327 4.0 Kingston 814 2.0 

Polegate South 1103 1.9 

Hailsham Central & 

North 2421 4.2 

Hailsham East 1125 1.9 

Hai lsham South & west 3424 5.9 

Crowborough East 1955 3.4 

Crowborough Jarvis 

Brook 1064 1.8 

Crowborough North 2010 3.4 

Crowborough St Johns 889 1.5 

Crowborough West 1974 3.4 

Total 31830 80 

Allowin.e; for flats cm 17% 5411 

Total coverage 26419 66 

Total 43321 74 Grey area 22077 

Allowing for flats@ 
10% 4332 Allowing for flats cm 17% 3753 

Total coverage 38989 67 Total coverage 18324 46 

25 7 



Total % of total 

Rother households households 

Sidley 2289 6.0 

St Stephens 1831 4.8 

St Michaels 1974 5.2 

St Marks 2008 5.3 

Sackville 2286 6.0 

Old Town 1698 4.5 

Kewhurst 2224 5.8 

Collington 1994 5.2 

Battle town 2124 5.6 

Rye 1940 5.1 

Total 20368 53 

Allowing for flats @ 

21% 4277 

Total coverage 16091 42 

Ward data for compost kerbside scheme coverage: 2008/09 Scenario Two 

h'otal % of total rrotal % of total 

Wealden !households households ~ewes !households !households 

Willingdon 3446 5.9 lewes Bridge 2036 5.1 

Hellingly 2031 3.5 lewes Castle 1942 4.9 

Pevensey & W estham 3803 6.5 lewes Priory 3024 7.6 

Herstmonceux 1096 1.9 Newhaven Denton 3014 7.6 

Horam 1047 1.8 Newhaven Valley 1667 4.2 

Buxted & Maresfield 1985 3.4 Seaford Central 2299 5.8 

Cross in Hand/Five Ashes 896 1.5 Seaford East 2134 5.4 

Heathfield East 933 1.6 Seaford North 2053 5.2 

Heathfield North & 

Central 3284 5.6 Seaford West 2036 5.1 

Seaford South 1872 4.7 

Peacehaven East 1913 4.8 

Rotherfield 973 1.7 Peacehaven North 1897 4.8 

Uckfield Central 1129 1.9 Peacehaven West 2019 5.1 

Uckfield New Town 1134 1.9 East Saltdean and Telscombe Cliffs 3110 7.8 

Uckfield North 2212 3.8 Kingston 407 2.0 

Uckfield Ridgewood 1060 1.8 

Polegate North 2327 4.0 

Polegate South 1103 1.9 

Hailsham Central & North 2421 4.2 

Hailsham East 1125 1.9 

Hailsham South & west 3424 5.9 

Crowborough East 1955 3.4 

Crowborough Jarvis 

Brook 1064 1.8 

Crowborough North 2010 3.4 

Crowborough St Johns 889 1.5 

Crowborough West 1974 3.4 
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Total 43321 74 rI'otal 31423 80 

Allowing for flats@ 10% 4332 l-\llowing for flats (a} 17% 5342 

Total coverage 38989 67 rI'otal coverage 26081 66 

rrotal % of total iTotal % of total 

Rother !households households !Eastbourne households households 

Battle town 2124 5.6 Old Town 4445 10.9 

Rye 1940 5.1 Meads 5061 12.4 

Brede Valley 1926 5.1 Ratton 4404 10.8 

Sidley 2289 6.0 Hampden Park 4335 10.6 

St Stephens 1831 4.8 Langney 4359 10.7 

St Michaels 1974 5.2 

St Marks 2008 5.3 

Sackville 2286 6.0 

Old Town 1698 4.5 

Kewhurst 2224 5.8 

Collington 1994 5.2 

Ticehurst & Etchingham 1682 4.4 

Salehurst 1696 4.4 

!Eastern Rother 2174 5.7 

rrotal 27846 67 Total 22604 55 

!Allowing for flats (a)_ 21 % 5848 Allowing for flats (a} 35% 7911 

Total coverage 21998 58 Total coverage 14693 36 

rrotal % of total Total % of total 

Hastin2s !households !households Bri2hton households households 

Ashdown 2048 5.4 Hangleton & Knoll 5931 5.2 

Baird 2100 5.6 Hollingbury Stanmer 5029 4.4 

Hollington 2363 6.3 Moulsecoomb & Bevendean 5601 4.9 

West St Leonards 1992 5.3 North Portslade 4156 3.6 

Ore 2132 5.7 Patcham 5790 5.1 

!Conquest 2064 5.5 Rottingdean Coastal 5907 5.2 

!Hollington 2363 6.3 South Portslade 3830 3.3 

Old Hastings 2576 6.9 Stanford 3961 3.5 

St Helens 2195 5.8 Wish 3899 3.4 

Silverhill 1958 5.2 Withdean 6139 5.4 

rI'ressell 2064 5.5 W oodingdean 3822 3.3 

[Wishing Tree 2230 5.9 

rrotal 26085 69 Total 54065 47 

!Allowing for flats @ 36% 9391 Allowing for flats@ 23% 12435 

rrotal coverage 16694 44 Total coverage 41630 36 
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Ward data for dry kerbside scheme coverage: 2003/04 Scenario Three 

Total % of total Total % of total 

Wealden households households Lewes households households 

Willingdon 3446 5.9 Lewes Bridge 2036 5.1 

East Dean 986 1.7 Lewes Castle 1942 4.9 

Hellingly 2031 3.5 Lewes Priory 3024 7.6 

Pevensey & W estham 3803 6.5 Newhaven Denton 3014 7.6 

Herstmonceux 1096 1.9 Newhaven Valley 1667 4.2 

Horam 1047 1.8 Seaford Central 2299 5.8 

Heathfield East 933 1.6 Seaford East 2134 5.4 

Heathfield North & 

Central 3284 5.6 Seaford North 2053 5.2 

Uckfield Central 1129 1.9 Seaford West 2036 5.1 

Uckfield New Town 1134 1.9 Seaford South 1872 4.7 

Uckfield North 2212 3.8 Peacehaven East 1913 4.8 

Uckfield Ridgewood 1060 1.8 Peacehaven North 1897 4.8 

Polegate North 2327 4.0 Peacehaven West 2019 5.1 

East Saltdean and Telscombe 

Polegate South 1103 1.9 Cliffs 3110 7.8 

Hailsham Central & 

North 2421 4.2 Kingston 407 2.0 

Hailsham East 1125 1.9 

Hailsham South & west 3424 5.9 

Crowborough East 1955 3.4 

Crowborough Jarvis 

Brook 1064 1.8 

Crowborough North 2010 3.4 

Crowborough St Johns 889 1.5 

Crowborough West 1974 3.4 

Total 40453 69 Total 31423 80 

Allowing for flats @ 
10% 4045 Allowing for flats @ 17% 5342 

Total coverage 36408 62 Total coverage 26081 66 

Total % of total Total % of total 

Rother households households Eastbourne households households 

Sidley 2289 6.0 Old Town 4445 10.9 

St Stephens 1831 4.8 Hampden Park 4335 10.6 

St Michaels 1974 5.2 Meads 5061 12.4 

St Marks 2008 5.3 Rattan 4404 10.8 

Sackville 2286 6.0 St Anthony's 4645 I 1.4 

Old Town 1698 4.5 Sovereign 3251 7.9 

Kewhurst 2224 5.8 Uooerton 4850 11.9 

Collington 1994 5.2 

Central 2700 7.1 

Battle town 2124 5.6 

Rye 1940 5.1 

Total 23068 61 Total 30991 76 
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Allowing for flats @ 

21% 4844 Allowing for flats@ 35% 10847 

18224 48 Total coverage 20144 49 

Total % of total Total % of total 

Hastin!!:s households households Brighton households households 

Ashdown 2048 5.4 Brunswick & Adelaide 5426 4.7 

Baird 2100 5.6 

Braybrooke 2339 6.2 East Brighton 6468 5.6 

Castle 3193 8.5 Goldsmid 7368 6.4 

Central St Leonards 3473 9.2 Hangleton & Knoll 5931 5.2 

Conquest 2064 5.5 Hanover & Elm Grove 6101 5.3 

Gensing 2705 7.2 Hollingbury Stanmer 5029 4.4 

Hollington 2363 6.3 Moulsecoomb & Bevendean 5601 4.9 

Maze Hill 2172 5.8 Patcham 5790 5.1 

Old Hastings 2576 6.9 Preston Park 6142 5.4 

St Helens 2195 5.8 South Portslade 3830 3.3 

Silverhill 1958 5.2 Stanford 3961 3.5 

Tressell 2064 5.5 Westbourne 4315 3.8 

West St Leonards 1992 5.3 Wish 3899 3.4 

Wishing Tree 2230 5.9 Withdean 6139 5.4 

Orde 2132 5.7 

Total 76000 66 

Allowing for flats @ 4 7% 35720 

40280 35 

If assumed 50% ofMORs 

accessible 

Total 37604 100 Total 76000 66 

Allowing for flats @ 

36% 13537 Allowing for flats@ 23% 17480 

Total coverage 24067 64 Total coverage 58520 51 
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Ward data for dry kerbside scheme coverage· 2005/06 Scenario Three 

Total % of total Total % of total 

Wealden households households Lewes households households 

Willingdon 3446 5.9 Lewes Bridge 2036 5.1 

East Dean 986 1.7 Lewes Castle 1942 4.9 

Hellingly 2031 3.5 Lewes Priory 3024 7.6 

Pevensey & W estham 3803 6.5 Newhaven Denton 3014 7.6 

Herstmonceux 1096 1.9 Newhaven Valley 1667 4.2 

Horam 1047 1.8 Seaford Central 2299 5.8 

Heathfield East 933 1.6 Seaford East 2134 5.4 

Heathfield North & 

Central 3284 5.6 Seaford North 2053 5.2 

Uckfield Central 1129 1.9 Seaford West 2036 5.1 

Uckfield New Town 1134 1.9 Seaford South 1872 4.7 

Uckfield North 2212 3.8 Ouse Valley & Ringmer 2716 6.8 

Uckfield Ridgewood 1060 1.8 Peacehaven East 1913 4.8 

Polegate North 2327 4.0 Peacehaven North 1897 4.8 

Polegate South 1103 1.9 Peacehaven West 2019 5.1 

Hailsham Central & East Saltdean and Telscombe 

North 2421 4.2 Cliffs 3110 7.8 

Hailsham East 1125 1.9 Kingston 814 2.0 

Hailsham South & west 3424 5.9 

Crowborough East 1955 3.4 

Crowborough Jarvis 

Brook 1064 1.8 

Crowborough North 2010 3.4 

Crowborough St Johns 889 1.5 

Crowborough West 1974 3.4 

Buxted & Maresfield 1985 .0 3.4 

Cross in Hand/Five 

Ashes 896.0 1.5 

Total 43334 74 Total 34546 87 

Allowing for flats @ 

10% 4333 Allowing for flats @ 17% 5873 

Total coverage 39001 67 Total coverage 28673 72 

Total % of total Total % of total 

Rother households households Eastbourne households households 

Battle town 2124 5.6 Old Town 4445 10.9 

Rye 1940 5.1 Devonshire 5568 13.6 

Marsham 1702 4.5 Hampden Park 4335 10.6 

Sidley 2289 6.0 Langney 4359 10.7 

St Stephens 1831 4.8 Meads 5061 12.4 

St Michaels 1974 5.2 Ratton 4404 10.8 

St Marks 2008 5.3 St Anthony's 4645 11.4 

Sackville 2286 6.0 Sovereign 3251 7.9 

Old Town 1698 4.5 Upperton 4850 11.9 

Kewhurst 2224 5.8 

Collington 1994 5.2 
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Central 2700 7.1 

Brede Valley 1926 5.1 

Salehurst 1696 4.4 

Ticehurst & Etchingham 1682 4.4 

Eastern Rother 2174 5.7 

Total 32248 85 Total 40918 100 

Allowing for flats @ 

21% 6772 Allowing for flats@ 35% 14321 

Total coverage 25476 67 Total coverage 26597 65 

Total % of total Total % of total 

Hastings households households Brighton households households 

Ashdown 2048 5.4 Brunswick & Adelaide 5426 4.7 

Baird 2100 5.6 Central Hove 5052 4.4 

Braybrooke 2339 6.2 East Brighton 6468 5.6 

Castle 3193 8.5 Goldsmid 7368 6.4 

Central St Leonards 3473 9.2 Hangleton & Knoll 5931 5.2 

Conquest 2064 5.5 Hanover & Elm Grove 6101 5.3 

Gensing 2705 7.2 Hollingbury Stanmer 5029 4.4 

Hollington 2363 6.3 Moulsecoomb & Bevendean 5601 4.9 

Maze Hill 2172 5.8 North Portslade 4156 3.6 

Old Hastings 2576 6.9 Patcham 5790 5.1 

St Helens 2195 5.8 Preston Park 6142 5.4 

Silverhill 1958 5.2 Queen's Park 7408 6.5 

Tressell 2064 5.5 Regency 4980 4.4 

West St Leonards 1992 5.3 Rottingdean Coastal 5907 5.2 

Wishing Tree 2230 5.9 St Peter's & North Laine 7154 6.2 

Orde 2132 5.7 South Portslade 3830 3.3 

Stanford 3961 3.5 

Westbourne 4315 3.8 

Wish 3899 3.4 

Withdean 6139 5.4 

W oodingdean 3822 3.3 

Total 114479 100 

Allowing for flats (a), 4 7% 53805 

Total coverage 60674 53 

Assumed 7% ofMORs 

accessible 

Total 37604 100 Total 114479 100 

Allowing for flats @ 

36% 13537 Allowing for 60% of flats 32054 

Total coverage 24067 64 Total coverage 82425 72 
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Ward data for dry kerbside scheme coverage: 2008/09 Scenario Three 

Total % of total Total % of total 

Wealden households households Lewes households households 

Willingdon 3446.0 5.9 Lewes Bridge 2036 5.1 

Hellingly 2031.0 3.5 Lewes Castle 1942 4.9 

Pevensey & W estham 3803 .0 6.5 Lewes Priory 3024 7.6 

Herstmonceux 1096.0 1.9 Newhaven Denton 3014 7.6 

Horam 1047.0 1.8 Newhaven Valley 1667 4.2 

Buxted & Maresfield 1985.0 3.4 Seaford Central 2299 5.8 

Cross in Hand/Five Ashes 896.0 1.5 Seaford East 2134 5.4 

Heathfield East 933.0 1.6 Seaford North 2053 5.2 

Heathfield North & 

Central 3284.0 5.6 Seaford West 2036 5.1 

Mayfield 1080.0 1.9 Seaford South 1872 4.7 

Wadhurst 1992.0 3.4 Ouse Valley & Ringmer 2716 6.8 

Rotherfield 973.0 1.7 Peacehaven East 1913 4.8 

Uckfield Central 1129.0 1.9 Peacehaven North 1897 4.8 

Uckfield New Town 1134.0 1.9 Peacehaven West 2019 5.1 

East Saltdean and 

Uckfield North 2212.0 3.8 Telscombe Cliffs 3110 7.8 

Uckfield Ridgewood 1060.0 1.8 Kingston 814 2.0 

Polegate North 2327.0 4.0 

Polegate South 1103.0 1.9 

Hailsham Central & 

North 2421.0 4.2 

Hailsham East 1125.0 1.9 

Hailsham South & west 3424.0 5.9 

Crowborough East 1955.0 3.4 

Crowborough Jarvis 

Brook 1064.0 1.8 

Crowborough North 2010.0 3.4 

Crowborough St Johns 889.0 1.5 

Crowborough West 1974.0 3.4 

Frant Withyham 1919 3.3 

Danehill/Fletching/Nutley 1897 3.3 

Hartfield 1013 1.7 

Forest Row 1972 3.4 

Total 53194 91 Total 34546 87 

Allowing for flats (a), 10% 5319 Allowing for flats @ 17% 5873 

Total coverage 47875 82 Total coverage 28673 72 
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Total % of total Total % of total 

Rother households households Eastbourne households households 

Battle town 2124 5.6 Old Town 4445 10.9 

Rye 1940 5.1 Devonshire 5568 13.6 

Eastern Rother 2174 5.7 Hampden Park 4335 10.6 

Rother Levels 1958 5.1 Langney 4359 10.7 

Marsham 1702 4.5 Meads 5061 12.4 

Brede Valley 1926 5.1 Ratton 4404 10.8 

Sidley 2289 6.0 St Anthony's 4645 11.4 

St Stephens 1831 4.8 Sovereign 3251 7.9 

St Michaels 1974 5.2 Upperton 4850 11.9 

St Marks 2008 5.3 

Sackville 2286 6.0 

Old Town 1698 4.5 

Kewhurst 2224 5.8 

Collington 1994 5.2 

Central 2700 7.1 

Salehurst 1696 4.4 

Ticehurst & Etchingham 1682 4.4 

Total 34206 90 Total 40918 100 

Allowing for flats with mini 

Allowing for flats (m 10% 7183 recycling centres(m 35% 3683 

Total coverage 27023 71 Total coverage 37235 91 

Total % of total Total % of total 

Hastings households households Briehton households households 

Brunswick & Adelaide 5426 4.7 

Baird 2100 5.6 Central Hove 5052 4.4 

Braybrooke 2339 6.2 East Brighton 6468 5.6 

Castle 3193 8.5 Goldsmid 7368 6.4 

Central St Leonards 3473 9.2 Hangleton & Knoll 5931 5.2 

Conquest 2064 5.5 Hanover & Elm Grove 6101 5.3 

Gensing 2705 7.2 Hollingbury Stanmer 5029 4.4 

Hollington 2363 6.3 Moulsecoomb & Bevendean 5601 4.9 

Maze Hill 2172 5.8 North Portslade 4156 3.6 

Old Hastings 2576 6.9 Patcham 5790 5.1 

Preston Park 6142 5.4 

Silverhill 1958 5.2 Queen's Park 7408 6.5 

Tressel! 2064 5.5 Regency 4980 4.4 

West St Leonards 1992 5.3 Rottingdean Coastal 5907 5.2 

Wishing Tree 2230 5.9 St Peter's & North Laine 7154 6.2 

Ore 2132 5.7 South Portslade 3830 3.3 

Stanford 3961 3.5 

Westbourne 4315 3.8 

Wish 3899 3.4 

Withdean 6139 5.4 

W oodingdean 3822 3.3 

Total 114479 100 
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Allowing for flats@, 47% 53805 

Total coverage 60674 53 

Assumed 60% ofMORs 

accessible 

Total 33361 89 Total 114479 JOO 

Allowing for flats @ 10% 3336 Allowing for flats @, 23% 21751 

Total coverage 30025 80 Total coverage 92728 81 

Ward data for compost kerbside scheme coverage: 2003/04 Scenario Three 

Total % of total 

Wealden households households 

Willingdon 3446 5.9 

Hellingly 2031 3.5 

Pevensey & W estham 3803 6.5 

Herstmonceux 1096 1.9 

Horam 1047 1.8 

Heathfield East 933 1.6 

Heathfield North & Central 3284 5.6 

Uckfield Central 1129 1.9 

Uckfield New Town 1134 1.9 

Uckfield North 2212 3.8 

Uckfield Ridgewood 1060 1.8 

Polegate North 2327 4.0 

Polegate South 1103 1.9 

Hailsham Central & North 2421 4.2 

Hailsham East 1125 1.9 

Hailsham South & west 3424 5.9 

Crowborough East 1955 3.4 

Crowborough Jarvis Brook 1064 1.8 

Crowborough North 2010 3.4 

Crowborough St Johns 889 1.5 

Crowborough West 1974 3.4 

East Dean 986 1.7 

Buxted & Maresfield 1985.0 3.4 

Cross in Hand/Five Ashes 896.0 1.5 

Total 43334 74.4 

Allowing for flats@ 10% 4333 

Total coverage 39001 67 
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Ward data for compost kerbside scheme coverage: 2005/06 Scenario Three 

Total % of total Total % of total 

Wealden households households Lewes households households 

Willingdon 3446 5.9 Lewes Bridge 2036 5.1 

Hellingly 2031 3.5 Lewes Castle 1942 4.9 

Pevensey & Westham 3803 6.5 Lewes Priory 3024 7.6 

Herstmonceux 1096 1.9 Newhaven Denton 3014 7.6 

Horam 1047 1.8 Newhaven Valley 1667 4.2 

Buxted & Maresfield 1985 3.4 Seaford Central 2299 5.8 

Cross in Hand/Five Ashes 896 1.5 Seaford East 2134 5.4 

Heathfield East 933 1.6 Seaford North 2053 5.2 

Heathfield North & Central 3284 5.6 Seaford West 2036 5.1 

Rotherfield 973 1.7 Seaford South 1872 4.7 

Uckfield Central 1129 1.9 Peacehaven East 1913 4.8 

Uckfield New Town 1134 1.9 Peacehaven North 1897 4.8 

Uckfield North 2212 3.8 Peace haven West 2019 5.1 

East Saltdean and 

Uckfield Ridgewood 1060 1.8 Telscombe Cliffs 3110 7.8 

Polegate North 2327 4.0 Kingston 814 2.0 

Polegate South 1103 1.9 

Hailsham Central & North 2421 4.2 

Hailsham East 1125 1.9 

Hailsham South & west 3424 5.9 

Crowborough East 1955 3.4 

Crowborough Jarvis Brook 1064 1.8 

Crowborough North 2010 3.4 

Crowborough St Johns 889 1.5 Total 31830 80 

Crowborough West 1974 3.4 Allowing for flats @, 17% 5411.1 

Total coverage 26419 66 

Total 43321 74 Grey area 22077 

Allowing for flats @, 10% 4332 Allowing for flats (ii), 17% 3753 

Total coverage 38989 67 Total coverage 18324 46 
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Total % of total Total % of total 

Rother households households Brighton households households 

Sidley 2289 6.0 Hangleton & Knoll 5931 5.2 

St Stephens 1831 4.8 Hollingbury Stanmer 5029 4.4 

Moulsecoomb & 

St Michaels 1974 5.2 Bevendean 5601 4.9 

St Marks 2008 5.3 North Portslade 4156 3.6 

Sackville 2286 6.0 Patcham 5790 5.1 

Old Town 1698 4.5 Rottingdean Coastal 5907 5.2 

Kewhurst 2224 5.8 South Portslade 3830 3.3 

Collington 1994 5.2 Stanford 3961 3.5 

Battle town 2124 5.6 Wish 3899 3.4 

Rye 1940 5.1 Withdean 6139 5.4 

W oodingdean 3822 3.3 

Total 20368 53 Total 44104 39 

Allowing for flats (j,iJ 21 % 4277.3 Allowing for flats (a). 23% 10144 

Total coverage 16091 42 Total coverage 33960 30 

Ward data for compost kerbside scheme coverage: 2008/09 Scenario Three 

Total % of total Total % of total 

Wealden households households Lewes households households 

Willingdon 3446 5.9 Lewes Bridge 2036 5.1 

Hellingly 2031 3.5 Lewes Castle 1942 4.9 

Pevensey & W estham 3803 6.5 Lewes Priory 3024 7.6 

Herstmonceux 1096 1.9 Newhaven Denton 3014 7.6 

Horam 1047 1.8 Newhaven Valley 1667 4.2 

Buxted & Maresfield 1985 3.4 Seaford Central 2299 5.8 

Cross in Hand/Five 

Ashes 896 1.5 Seaford East 2134 5.4 

Heathfield East 933 1.6 Seaford North 2053 5.2 

Heathfield North & 

Central 3284 5.6 Seaford West 2036 5.1 

Rotherfield 973 1.7 Seaford South 1872 4.7 

Uckfield Central 1129 1.9 Peacehaven East 1913 4.8 

Uckfield New Town 1134 1.9 Peacehaven North 1897 4.8 

Uckfield North 2212 3.8 Peacehaven West 2019 5.1 

East Saltdean and Telscombe 

Uckfield Ridgewood 1060 1.8 Cliffs 3110 7.8 

Polegate North 2327 4.0 Kingston 407 2.0 

Polegate South 1103 1.9 

Hailsham Central & 

North 2421 4.2 

Hailsham East 1125 1.9 

Hailsham South & west 3424 5.9 

Crowborough East 1955 3.4 

Crowborough Jarvis 

Brook 1064 1.8 

Crowborough North 2010 3.4 

Crowborough St Johns 889 1.5 

Crowborough West 1974 3.4 
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Total 43321 74 Total 31423 80 

Allowing for flats @ 

10% 4332 Allowing for flats (a), 17% 5342 

Total coverage 38989 67 Total coverage 26081 66 

Total % of total Total % of total 

Rother households households Eastbourne households households 

Battle town 2124 5.6 Old Town 4445 10.9 

Rye 1940 5.1 Meads 5061 12.4 

Brede Valley 1926 5.1 Ratton 4404 10.8 

Sidley 2289 6.0 Hampden Park 4335 10.6 

St Stephens 1831 4.8 Langney 4359 10.7 

St Michaels 1974 5.2 

St Marks 2008 5.3 

Sackville 2286 6.0 

Old Town 1698 4.5 

Kewhurst 2224 5.8 

Collington 1994 5.2 

Ticehurst & Etchingham 1682 4.4 

Salehurst 1696 4.4 

Eastern Rother 2174 5.7 

Total 27846 67 Total 22604 55 

Allowing for flats @ 

21% 5847.7 Allowing for flats (a), 35% 7911.4 

Total coverage 21998 58 Total coverage 14693 36 

Total % of total Total % of total 

Hastings households households Brighton households households 

Ashdown 2048 5.4 Hangleton & Knoll 5931 5.2 

Baird 2100 5.6 Hollingbury Stanmer 5029 4.4 

Hollington 2363 6.3 Moulsecoomb & Bevendean 5601 4.9 

West St Leonards 1992 5.3 North Portslade 4156 3.6 

Ore 2132 5.7 Patcham 5790 5.1 

Conquest 2064 5.5 Rottingdean Coastal 5907 5.2 

Hollington 2363 6.3 South Portslade 3830 3.3 

Old Hastings 2576 6.9 Stanford 3961 3.5 

St Helens 2195 5.8 Wish 3899 3.4 

Silverhill 1958 5.2 Withdean 6139 5.4 

Tressell 2064 5.5 W oodingdean 3822 3.3 

Wishing Tree 2230 5.9 

Total 26085 69 Total 54065 47 

Allowing for flats @ 

36% 9391 Allowing for flats (a} 23% 12435 

Total coverage 16694 44 Total coverage 41630 36 
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Appendix III: Wood waste data used in the LCA from the ECN PHYLLIS database (ECN, 2002) 

Units Treated wood Untreated wood 

Properties 

DryLHV MJ/kg 18.74 18.8 

Density kg/m3 250 250 

Moisture % 14.6 19.8 

Landfill gas generation kg/kg 0.167 0.167 

Specific composition 

Fossil carbon %dry 0 0 

Biomass carbon % dry 51.5 50.8 

Hydrogen %dry 6.03 6.06 

Nitrogen %dry 1.22 0.36 

Oxygen %dry 41.3 42.7 

Fe %dry 0 0 

Chlorine %dry 0.099 0.055 

Sulphur %dry 0.09 0.07 

Mineral matter %dry 0 0 

Al %dry 0 0 

Trace elements 

As mg per dry kg (ppm) 278.4 1.4 

Cr mg per dry kg (ppm) 296.5 22.6 

Mo mg per dry kg (ppm) 1 7 

Sn mg per dry kg (ppm) 1.7 1.7 

Boron mg per dry kg (ppm) 13.9 10.3 

Cu mg per dry kg (ppm) 129.7 21.9 

Ni mg per dry kg <oom) 52 27.5 

Zn mg per dry kg (ppm) 390.3 50 

Bromine mg per dry kg (ppm) 0 0 

Flourine mg per dry kg (ppm) 0 0.004 

Pb mg per dry kg (ppm) 261.8 29 

Cd mg per dry kg (ppm) 0.9 0.7 

Hg mg per dry kg (ppm) 0.3 0.1 

Sb mg per dry kg (ppm) 3.1 0.8 

Co mg per dry kg (ppm) 4.6 1.9 

Mn mg per dry kg (ppm) 103 .7 180.6 

Se mg per dry kg (ppm) 0.5 1.1 
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