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Energy-from-waste policies can provide an essential part of landfill diversion and climate
change strategies. Many UK waste disposal authorities are currently deciding which energy-from-
waste policies are most suitable for their local areas. Such decisions are challenging since the
environmental, economic and social implications of any energy-from-waste policy must be fully

considered mow that planning guidelines require a full Sustainability Assessment. More

specifically, waste disposal authorities must identify the optimal scale and number of facilities
together with suitable site locations.

This research project has developed a novel decision support system using Geographical
Information Systems and Multi Criteria Decision Analysis and used it to develop and evaluate
energy-from-waste policy options. The system was validated by applying it to the UK
administrative areas of Cornwall and Warwickshire. Different strategies have been defined by the
size and number of the facilities, as well as the technology chosen.

Using sensitivity analysis on the results from the decision support system, it was found that key
decision criteria included those affected by cost, energy efficiency, transport impacts and air/dioxin
emissions. The conclusions of this work are that distributed small-scale energy-from-waste
facilities score most highly overall and that scale is more important than technology design in
determining overall policy impact.

This project makes its primary contribution to energy-from-waste planning by its development
of a Decision Support System that can be used to assist waste disposal authorities to identify
preferred energy-from-waste options that have been tailored specifically to the socio-geographic
characteristics of their jurisdictional areas. The project also highlights the potential of energy-from-
waste policies that are seldom given enough attention to in the UK, namely those of a smaller-scale
and distributed nature that often have technology designed specifically to cater for this market.

Keywords: Energy-from-waste; Geographical Information Systems; Multi-criteria decision analysis;
Decision support systems.
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1. INTRODUCTION

1.1. AIMS OF CHAPTER

This introductory chapter presents the project’s inception, aims, parties involved,
central issues and project justification. Section 1.3 outlines the importance of municipal
solid waste (MSW) as an alternative ‘low-carbon’ fuel for energy recovery and the move
towards the use of more distributed energy production facilities in UK energy policy. The
role of combined heat and power (CHP) is presented as a means of further maximising
reductions in Carbon Dioxide (CO,) emissions. The two main types of thermal treatment
currently available in the UK for processing MSW are presented. Section 1.3 discusses
some of the difficulties encountered in large-scale EfW development in the UK at present,
the need to address the principles of sustainable development and the central role of waste
disposal authorities in EfW decision making. The challenges of EfW development are
clearly summarised in the case study of ‘Project Integra’. Decision support systems (DSS)
as a means to assist WDAs in EfW planning are defined in Section 1.4 and a synopsis of
key points to take into consideration for the development of an EfW DSS at the sub-
regional level is made in Section 1.6 with a statement of project aims presented in Section

1.5. An outline of the thesis is made in Section 1.7 with a summary of the chapter.

1.2. PROJECT INCEPTION

This project has been supported by an EPSRC Industrial CASE award in
collaboration with Compact Power Ltd, a developer of advanced EfW systems located in
the UK. Compact Power’s interest in supporting this work centred in observing how a
distributed approach to Energy-from-Waste policy incorporating the use of their technology
compares with the traditional UK approach of using combustion technology in a more
centralised approach. To assist this work, the company has provided techno-economic and

environmental performance data.
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Significant effort is often required to gather a substantial amount of data to be used
in GIS modelling. To this end, voluntary collaborations were made with Cornwall and
Warwickshire County Councils in order to gain access to the Councils extensive archive of
geographic digital data. The collaborations also established officer working groups that

were formed for the purposes of providing modelling inputs and feedback.

1.3. BACKGROUND

1.3.1. UK ENERGY PRODUCTION AND CLIMATE CHANGE

The Royal Commission on Environmental Pollution (RCEP) started a fundamental
review of Energy Policy with its 22™ report - Energy: The Changing Climate - published in
2000 (RCEP, 2000). Its focus was on the implications of considerable reductions in the use
of fossil fuels as sources of energy by 2050. The report concluded that current UK energy
policies did not meet the combined aims of protecting the interests of generations to come,
and the achievement of higher qualities of life, social justice and industrial competitiveness
(RCEP, 2000). The RCEP also clearly made the link between the use of non-renewable
fossil fuel and climate change, with action immediately required to limit the damage
already caused by global emissions of greenhouse gases.

Following the RCEP report, a report in 2002 from the Government’s Policy and
Innovation Unit (PIU) emphasised the need for security of supply and the need for energy
policy frameworks to address all three objectives of sustainable development — economic,
environmental and social — as well as security of supply (PIU, 2002). Where energy policy
decisions involve trade-offs between environmental and other objectives, then the
environment should tend to take preference. The report also stated that barriers to
renewable and CHP investments must be addressed urgently. One such barrier includes
planning permission and the delays or refusals encountered by EfW proposals. This project
aims to assist the implementation of EfW policy by developing area-tailored options in an
approach that is capable of taking account of the range of stakeholder values encountered in

the planning process.
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1.3.2. THE MOVE TOWARDS DISTRIBUTED GENERATION

The Government’s response to the PIU report was detailed in the Energy White
Paper (DTI, 2003). In its scenario for a 2020 energy system, the paper stated that: “There
will be much more local generation, in part from medium/small community power plant,
Juelled by locally grown biomass and locally generated waste. Plant will also increasingly
generate heat for local use.” This vision presents great challenges for the UK planning
system and is related to the Proximity Principle detailed UK Waste Strategy (Appendix
A.3.1.3). For it to be implemented there must be the following:
a. Identification of power generation sites that can economically exploit local
resources —either in situ or collected from resource catchment areas.
b. Deployment of facility, sized suitably for community integration and the
economic exploitation of resources.
c. Co-operation of the local community in which the plant is to be situated.

d. Effective communication between all stakeholder groups and partners.

In order for the vision above to be achieved, there is clearly a need to support
decision makers involved in developing EfW schemes, since waste is a locally generated
resource. The UK Department of Trade and Industry (DTI) Energy Review of 2006 also
emphasises the potential that ‘distributed’ and smaller-scale systems have to provide
flexibility and to reduce the energy lost in transmission and distribution networks
(definitions of scale and locality are discussed Section 5.3.3). The community basis of
smaller plants can also lead to greater awareness of energy issues, driving a change in
social attitudes and in turn, enabling more efficient use of our energy resources (DTI,
2006b). This project considers smaller-scales of EfW provision from the outset in respect

of the RCEP and PIU recommendations outlined in Section 1.3.1 and above.

1.3.3. THE USE OF WASTE AS AN ALTERNATIVE TO FOSSIL FUELS

The combustion of municipal solid waste (MSW) as well as other wastes can play a
limited but worthwhile role as an alternative fuel and to displace fossil-fuel derived CO,

emissions from electricity production (Oakdene Collins, 2005). These resources form part
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of the group of fuels under the ‘biomass’ designation (Boyle, 2004a), which currently make
only a minor contribution to the UK’s long-term climate change strategy (Gill et al., 2006).
The combustion of biomass is defined ‘carbon-neutral’ and renewable provided the
biomass is replaced in the short term, as the CO; released on combustion is equal to that
captured during growth. EfW is regarded as partly renewable, since approximately 70% of
MSW is defined as of recent biogenic origin (AEAT, 2005). There are indirect emissions
of CO, associated with the use of biomass fuels, originating from road transport for
example, but it is reported that overall emissions in electricity production are considerably
lower than from fossil fuels (RCEP, 2000).

The appreciation of waste within the biomass family of fuels is growing (Gill et al.,
2006). Its negative cost as an input fuel (in that plant operators are paid to dispose of the
‘“fuel’ rather than have to pay a price for its production, as is the case with purpose grown
crops) can assist pioneer projects that have a large part to play in the development of the
infant biomass-to-energy UK industry. In its recent report, the Biomass Task Force
emphasised its support for the use of waste, but commented that the Waste Hierarchy
guidance tool (see Appendix A.3.1.1) does not attach enough importance to EfW (Gill et
al., 2006). The report recommended that the Government takes a clear position that waste
is an asset and that efficient (via use of CHP) and safe recovery of energy (post re-use and
recycling) should be actively encouraged. The RCEP (2000) report also emphasises the use
of EfW CHP plants in two of its four energy scenarios for 2050 and highlights the
associated environmental issues as being very similar to those of other biomass sources.
RCEP acknowledges the increase in related traffic impacts and suggests building small
plants supplied with waste fuel from their immediate vicinities to minimise them. This is

explored in Chapter 7.

1.3.4. THE USE OF CHP TO REDUCE CO; EMISSIONS

UK energy policies have, for far too long, favoured the generation of electricity in
ways that waste vast quantities of heat, and the Royal Commission for Environmental
Pollution suggest that this could be used to heat buildings (RCEP, 2000). CHP must be
encouraged by planning policy to ensure that plants are built in urban locations where heat

can be used and this is explored in Section 6.4.3.5. Local communities should be
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encouraged to establish heating networks where possible (RCEP; 2000) but Clift (2007)
reports on the “general resistance of local authorities and the construction sector to
contemplate anything other than single-dwelling space and water heating”. During the
completion of this project, it was observed that while the WDAs collaborated with did not
understand the implications of CHP at the start, they certainly understood the political
importance of ensuring CHP was taken account of in EfW planning at the end. The PIU
report acknowledges the slow growth of CHP is a problem and has an invaluable role in
carbon emission abatement.

Electricity generation continues to be a primary concern of EfW developers, as the
high value of electricity has a favourable effect on the economic balance sheets of capital-
intensive schemes. However, low electricity generation efficiencies of typically 25%
(Oakdene Collins, 2005) result in a great amount of potentially useful energy being lost in
the form of waste heat. In order to make maximum savings in CO, emissions, it is clearly
sensible to deploy EfW plant in a CHP mode, where efficiencies can reach up to 80%
(Beggs, 2002). Of 19 plants in the UK only 4 are producing heat and electricity. Of the
remaining 15, one plant generates heat only, with the remainder producing electricity only.
The implications of CHP in EfW options are discussed in Section 9.3.1.3.

Despite the low uptake of EfW CHP in the UK, it has been noted that 63% of
operating plants are built on the site of former incinerators and are located in urban areas
with significant potential heat demand (ILEX Energy, 2005). Since, such sites are rapidly
becoming occupied for a variety of land uses including waste management, EfW plants, are
increasingly being built on industrial sites in more sensitive rural/suburban environments,
often more remote from potential heat consumers. This trend may further inhibit the
potential for large EfW plants being able to operate in CHP mode and exploit the energy
efficiency gains. More common smaller-scale heat demands such as schools, hospitals,
leisure-centres, shopping centres and municipal buildings provide numerous opportunities,
but are only suitable for matching with smaller-scale heat producing plants, unless linked
by expensive heating networks that will require significant extra investment (AEAT, 2005).
There is clearly a need for a more sophisticated approach to identifying sites and this

project presents methods and results in Chapters 6 and 7.
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Where district heating networks do not exist, as is often the case in the UK, smaller-
scale facilities are more likely to be successfully deployed in a CHP role. This is illustrated
in a recent survey (DTI, 2006a) where 72% of all | MWe and above UK CHP plants were
between 1 and 10 MWe outputs (28% were greater than 10 MWe). The rate of increase in
numbers of 1-10 MWe plants commissioned between 1996 and 2004 was also higher than
their larger counterparts. This trend has been appreciated within a sensitivity analysis of
EfW options in Section 9.3.1.3. The overall CHP capacity achieved by a number of smaller
systems, however, may not always be greater than a large one where sufficient heat demand
may exist, and the influences that determine this depend very much on the local conditions

of the site.

1.3.5. THERMAL TREATMENT TECHNOLOGIES FOR WASTE

This project takes into account some of the most important implications of using
two types of thermal treatment, namely conventional grate combustion or the emerging
advanced thermal treatment (ATT) technologies. ATT is an acronym that includes many
different designs that can include pyrolysis, gasification and oxidation thermal conversion
processes. Such combined technologies are in effect incinerators, but each step’s reactor
temperature and pressure conditions may be controlled (Williams, 2005). This has the
advantage in that conditions can be optimised to produce desired end products or to
minimise un-desired emissions.

Pyrolysis and/or gasification can not only be used to recover energy but can also
produce gas or oil products that have use in the petrochemical industry. These technologies
fall within the “umbrella” phrase of ATT and also come under the Waste Incineration
Directive (WID) regulations, since incineration is defined as any thermal process dedicated
to the thermal treatment of waste, with or without energy recovery. The use of ATT
instead of conventional combustion has been cited as a means to potentially mitigate public
opposition in the planning process due to higher environmental performance (Malkow,
2004). This project aims to investigate the implications of using ATT or combustion
technology, not solely on the basis of environmental criteria, but also economic and social.

Regardless of the thermal process and technology used, incineration is the oxidation

of the combustible material in the waste, and produces heat, water vapour and carbon
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dioxide. Other emissions include nitrogen oxides, sulphur dioxide, carbon monoxide,
dioxins, furans and heavy metals. Expensive and complex gas clean-up systems are
required to remove these emissions from the flue gases in order to meet the EC WID
requirements (Appendix A.2.4). The public, however, remains quite opposed to the
incineration of waste (Williams, 2005) and local authorities clearly need to demonstrate
they have investigated the alternatives in a transparent approach. Table 1 presents a
summary of the advantages and disadvantages of conventional incineration over landfill
practices.

Table 1: Advantages and disadvantages of incineration over landfill (adapted from
Williams, 2005).

Advantages

Disadvantages

Can usually be carried out near to the point
of waste collection.

High cost and long pay-back periods, due to
high capital investment required.

High capital cost must be tied to long-term
waste disposal contracts causing a lack of
flexibility in long-term choices of waste
disposal options.

Waste is reduced to an ash product that is
10% of its pre-burnt volume and 33% of its
pre-burnt weight.

Incinerators are designed for a certain
calorific value of waste. Recycling
requirements may remove plastic or paper in
the waste and may reduce the calorific value
leading to low incinerator performance.

Produces no methane - a powerful
“greenhouse gas™ and significant contributor
to global warming.

Can be used as a low cost source of energy
to produce steam for electricity, industrial
process heating or hot water for district
heating. This displaces the need to use
fossil-fuel resources.

Public concern of emissions and adverse
effects on health.

Incineration processes still produce a waste
residue that requires management.

Table 1 provides examples of the types of ‘trade-off® issues that are faced by
decision makers requiring EfW solutions to replace existing landfill disposal practices and
demonstrates the need for support in deciding which Efw policy to implement. This
project aims to develop and demonstrate an approach to assist local authorities and the

communities they serve.
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1.3.5.1. Conventional Grate Combustion

Most conventional incinerators are based on grate combustion technology but other
designs include fluidised bed, rotary kiln, cement kiln and starved-air incinerators. Due to
data availability, this project has used grate combustion technology to represent
conventional incineration options. A schematic of the process is shown in Figure 1. This

can be divided into the five main areas of waste delivery, bunker and feeding system;

furnace; heat recovery; emissions control and energy recovery.

Figure 1:
(Williams, 2005).

Refuse collection vehicles (RCVs) deliver waste fuel into a bunker that is large
enough to allow storage to enable balance to be made between intermittent delivery of
waste and continuous operation of the plant. Crane grabs feed waste to hoppers that use
hydraulic rams to transfer feedstock to the furnace. In order to ensure odours are not
emitted, air used for combustion in the furnace is drawn from the delivery hall which keeps
it under a slight negative pressure.

The hot combustion gases heat the waste as it enters the furnace and moisture 1s
driven off. Volatile components of the organic material are produced in the form of
hydrogen, carbon monoxide, methane, ethane and other hydrocarbons. Combustion of
fhese gases occurs above the surface of the waste on the grate in the chamber above.

Complete combustion requires sufficient temperature and residence time. The minimum

25



conditions of two seconds at 850 degrees are set by the WID described in Appendix A.2.4.
Secondary air is added to avoid areas within the furnace of zero oxygen levels that could
lead to hazardous and excessive emissions. The grate is central to the system and serves to
move the waste from in the inlet hopper to the discharge end in its final form as bottom ash,
while providing agitation to loosen combusting materials. The grate is a key process
control mechanism that can adjust residence time of waste in the combustion zone in
response to changes in composition and calorific value.

While the hot flue gases from waste combustion are transferred to a boiler using
ducting in ATT equipment, conventional grate technology have their boiler systems located
above the combustion chamber which is the reason why building heights are higher than for
ATT facilities. Heat recovery is enabled in EfW systems because flue gases must be cooled
before they can discharge through flue gas cleaning systems. Flue gases are passed over
banks of boiler tubes to produce steam that can be used for electrical power generation or
heat production for industrial process or district heating.

Once temperatures have reduced to less than 300 degrees, the flue gases must be
cleaned up to WID conditions described in Appendix A.2.4. Particulate material is first
removed by electrostatic precipitators, followed by acid gas removal by lime scrubbing
which may be of wet or dry type (Williams, 2005). Following scrubbing, activated carbon
is added to adsorb mercury, dioxins and furans. A fabric (or bag) filter is then used to
remove the fine particulate and activated carbon with the adsorbed pollutants. The latter is
flyash and requires disposal to hazardous landfill. Finally, oxides of Nitrogen are removed
by the addition of ammonia ro form inert nitrogen and the flue gases are discharged to
atmosphere via the stack. The height of the stack is a function of WID limit emission
concentrations and the volume of flue gases as well as the topography of the surrounding

arca.

1.3.5.2. ATT, Pyrolysis and Gasification

The main differences between ATT and conventional grate combustion incineration
exist in the furnace and thermal conversion design with most components of process
technology, such as boilers and feeding systems remaining reasonably standard in the
industry. The main difference between combustion, gasification and pyrolysis is the

amount of oxygen supplied to the thermal reactor/s. Table 2 shows further differences in
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the temperatures of the processes and the products.  Incineration based solely on
combustion involves the complete oxidation of waste in an excess supply of air, while

gasification takes place in limited air and pyrolysis in a complete absence of air.

Table 2: Differences in combustion, gasification and pyrolysis processes

Process Oxygen supplied Temperature (°C) Products

Combustion | Excess air 850-1200 Flue gas & ash

Gasification | Limited air/steam/pure | 800-1400 Gas & ash & tar
oxygen

Pyrolysis No air 400-800 Gas & oil & char

While conventional combustion is typically performed in one furnace chamber
shown by Figure 1, ATT can be identified by the staging of the overall thermal conversion
process by using multiple and separate furnace chambers in which pyrolysis and/or
gasification and oxidation of the resultant synthetic gases is performed. The Compact
Power process exemplifies this and is shown in Figure 2. ATT systems may be argued to
provide greater flexibility in that their gas products may also be used as a chemical

feedstock (Williams, 2005) instead of oxidising them to raise steam for energy production.
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Figure 2: Schematic of the Compact Power process (Fichtner, 2004).

While technology used in emissions control will be similar, the extent of air
pollution control equipment can also differ between ATT and conventional grate
combustion.  Perhaps most importantly, pyrolysis/gasification systems can produce
significantly reduced gas volumes for clean-up compared to conventional grate combustion.
This results in scale-down of the gas cleaning system and a resulting reduction in cost. It
can also be observed that while combustion processes require electrostatic precipitators,
scrubbers, fabric filters and NOx reduction, the two ATT technologies on the UK market of
Energos and Compact Power require only fabric filters with minimal NOx reduction and
ammonia injection. Such cost reductions in the gas-clean up requirements have been
argued to make smaller-scales of pyrolysis/gasification/combustion systems more
economically attractive over similar scales of combustion systems (Dawber, 2006).

It is likely that small-scale ATT will be more economically attractive at small-scale
due to the savings accrued from reductions in gas-clean up capital, but both technologies
may be economic if all the energy can be recovered in a CHP or steam/heat only

configuration, since this saves the need for the expensive equipment required in electricity
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generation (Gershman et al., 1986; Dawber, 2006). It is clear that from the outset,
comparisons of performance of alternative EfW technologies as well as different scales of
deployment are required in local authority policy development and appraisal in order to

evaluate such arguments.

1.3.6. THE CENTRAL ROLE OF WASTE DISPOSAL AUTHORITIES

Local authority appraisal studies for residual waste have been conducted due to
increasing public disquiet at the dominance of large-scale incineration EfW policies in the
UK (Wheeler and Jainter, 2006). Studies are also often done with local government in
mind, since the siting of industrial waste treatment facilities has become one of their most
pressing problems (Maniezzo et al; 2008). Commissioned by national organisations such
as the Environmental Services Association and DEFRA, Mc Lanaghan (2002), Livingston
(2002), Fichtner (2004) and Enviros (2004) have also produced studies to inform local
authorities in the selection of EfW technology. With the exception of Fichtner (2004) these
authors provided data that the WDAs could compare themselves with no views or support
on which technology is best for their particular circumstances and for which they could
meet their landfill diversion targets under the Landfill Directive (Appendix A.2.1). In
contrast, Fichtner (2004) concluded that combustion technology was preferable over the
new and novel advanced thermal treatment technologies in terms of commercial risk,
efficiency and operational reliability.

These studies emphasise the central role of WDAs, in that they have often been
conducted with the aim of providing outpufs to support WDA EfW decision making
processes. There is clearly a need to develop the support available. Since WDAs have a
statutory duty to manage waste, it is sensible that they should be identified as the main end-
user of any decision support approach and that methods should be reproducible within

WDA resources for EfW planning.

1.3.7. WDA EFW DECISION MAKING TOOLS

WDAs have previously used Best Practical Environmental Option (Appendix

A.3.1.4). as the basis on which to select waste management options and policies (Williams,
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2005). BPEO has now been replaced by the Planning and Policy Statement 10 (Appendix

A.3.4) requirement to use more inclusive Sustainability Assessment in evaluating waste
policy options (ODPM, 2005). Life Cycle Assessment (LCA) has often been used to assist
in identifying the BPEO (White et al., 1995), in the form of software tools such as
WISARD. In WISARD, waste management scenarios are devised to test the implications
of varying extents of recycling/composting, landfill and energy recovery, the latter being
based on traditional incineration technology (Ecobilan, 2006). Examples of these include
those conducted by Jainter and Poll (2005) and Higham (1999) WISARD does not consider
the emerging ATT technologies based on pyrolysis/ gasification or even conventional EfW
plant below the 250 ktpa capacity (Purser, 2003).

WISARD was replaced by the WRATE software in late 2007 to ensure that new
and emerging technologies are included within the Sustainability Assessment of EfW
options (ERM, 2005). ATT and Combustion technologies along with their advantages and
disadvantages are discussed in Section 1.3.5. Despite the debut of WRATE, there 1s still
need for a decision support system (DSS), which can take into account the local physical,
institutional and population characteristics of any particular WDA area for EfW planning.

DSS are further described and defined in Section 1.4.

1.3.8. EFW POLICY AND MANAGING CONFLICT USING DSS

The counties selected for analysis in this project, Cornwall and Warwickshire, are
moving towards the option of one facility in a central location for EfW provision. This
choice has attracted criticism because it is seen by some to have evolved from decision-
support processes that have not fully considered the merits of using new technology, CHP
or local community-sized facilities. Opposition groups are concerned that the often
preferred WDAs’ centralised approach does not properly address the obligations of climate
change and sustainable development (Larke & BBC, 2008). The most widely used
definition of sustainable development was given in the Brundtland report (WCED, 1987).

"Development that meets the needs of the present without compromising the ability

of future generations to meet their own needs."

30



In essence, this definition requires that decisions made that strike a balance between

the three, often conflicting, objectives of economic activity and avoidance of damaging
impacts on the environment and/or society. Regarding EfW policy, it has been argued that
small-scale distributed ATT EfW options that incorporate CHP and have reduced transport
requirements are more consistent with Sustainable Development, than the typically
followed large-scale centralised approach using combustion technology (Conway, 2006).
A DSS and its results are required to substantiate such claims and this is perhaps, one of the
most significant reasons for the need for an EfW DSS at the local level.

On the other hand, there are the arguments that large-scale facilities enjoy
economies of scale and have a lower impact on the environment overall than a network of
smaller facilities (Wheeler and Jainter, 2006). There is also concern that multiple local
facilities will not all gain public support and face a greater aggregated delay in the planning
process than a single application for a large-scale facility (Paynter, 2006). Planners also
understand the need to achieve competitive cost in their proposals in order to gain Private
Finance Initiative (PFI) credits and have even been advised by DEFRA to consider joining
sub-regional area requirements to focus on building very large-scale schemes of over 500
ktpa (Haggard, 2006). Such an approach fulfils the Regional self-sufficiency principle
(Appendix A.3.1.2), but arguably frustrates the Proximity principle of EU Waste
Legislation (Appendix A.3.1.3)

Due to such pressures, the benefits of distributed EfW policy may be overlooked.
Government policy and strategy documents, as well as stakeholder concern suggest this 1s
not advisable. The DSS developed by this project will include the capacity to include
smaller-scale distributed EfW facility options in addition to the typical large-scale
centralised one (RCEP, 2000; PIU, 2002; DTI, 2003). The results of this analysis are
shown and discussed in Chapter 9.

Transport is considered an important part of waste management planning in general,
and a sensitive issue for the acceptance of any EfW proposal (Gershman et al., 1986). The
WDAs considered in this thesis’ case studies have used consultants’ in-house spreadsheet
models to estimate the associated transport impacts of any waste management strategy and
its constituent EfW policy. Unfortunately, it is often unclear how these models work and

what their underlying assumptions are. This point is generally true of much research and
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analysis that has been undertaken by the WDAs in the production of their chosen strategy.

In addition these studies may not be publicly available and many decisions based on them
are similarly made with minimum public involvement. Any DSS should be transparent in
that its methods and outputs are not too complex to the end that stakeholders can
understand how preferred options have been arrived at.

General secrecy and lack of consultation can very easily lead to distrust and conflict
between actors and stakeholders involved in waste management policy, and particularly
EfW policy (Upreti & van der Horst, 2004). Such distrust and conflict can escalate to the
point that interested parties will actively oppose projects at the planning stage, leading to
possible delays or cancellations to vital EfW infrastructure (Upreti & van der Horst, 2004).
The public can form effective opposition groups, but it has been noted that the groups
observed in the course of this project have not been as concerned about the concept of EfW,
but rather about the scale-related issues such as transport and daily lorry deliveries.

The potential for conflict is exacerbated because EfW planning is a complex policy
area affected by the convergence of many existing policies in the fields of energy, waste,
planning, climate change and other related environmental, economic and social areas. In
addition to this ‘policy junction’, there are many different actors, each with their own
interests or roles in influencing EfW decision-making and the formulation of policy. The
most important of these in a local context are the WDAs whose officers and publicly
elected councillors have a statutory duty to manage waste (Lisney, 2001). Central
government organisations also take an interest in observing how national policies are
influencing local activity. Expert academics and consultants advise each of these public
bodies (Upreti & van der Horst, 2004). In the commercial arena there are large waste
management and technology companies which are interested in winning lucrative contracts
- the UK EfW market has been reported to be worth £7 billion (Pfeifer, 2006). Non-
governmental organisations (NGOs) play an important part in motivating the public and
raising awareness, often from environmental impact perspectives (Upreti & van der Horst,
2004). Any DSS must be able to take account of the values of different actors in the EfW

planning arena.
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1.3.9. PROJECT INTEGRA: CASE STUDY

The key UK case study of Hampshire County Council (HCC) serves to illustrate the
issues outlined in the previous Section. The WDA found that it was necessary to move
from a centralised EfW policy to a more distributed one, in order to find a politically
acceptable solution to stakeholders that could be realised in delivery. Waste management
planning in Hampshire was 20 years in the making after plans were made to close down an
original network of 5 outdated incinerators, and EfW considerations were inherent from the
start of the overall decision making process. Initially, concerns surrounded the
deliverability of the supply company and not the technology itself. Out of county landfill
was also considered as an alternative to EfW located within the administrative boundary
but rejected in the procurement process and on grounds of political moral concerns of
elected members.

In 1989, HCC awarded a contract for a large-centralised EfW plant of 400 ktpa.
HCC had selected a suitable site in Portsmouth and attempted to emphasise EfW as a local
solution that aids self sufficiency. From the outset, however, there were concerns regarding
the environmental impact associated with a large-scale plant, the electricity prices on which
their viability depends and satellite transfer station requirements. These are typical of today
and identical to concerns expressed by WDAs and other stakeholders today, some 15 years
later.

The drivers for the large-scale scheme were the green premium for electricity
generation (worth £24m) and plant economies of scale (Lisney, 2001). It was hoped that
Portsmouth City Council would be ‘euphoric’ in its support to have the Hampshire
centralised scheme within its community, but the proposal was leaked by elected member
politicians (Lisney, 2001). Marches were led by elected HCC members themselves, public
meetings were attended by several hundred people and a very effective opposition
campaign was led by the local newspaper (Lisney, 2001).

The key concerns of the public included increased traffic generation over existing
roads, the effect of EfW on recycling and the overall size of the plant and the height of its
stack. Lisney (2001) notes “The key to the political decision process was held by the
councillors whose political support, originally strong for the centralised scheme, wavered

and succumbed to the pressure of the public”. This supports the view of the need to select
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DSS methods that are capable of taking account the opinions of the public and cannot

simply rely on the input of experts. It also indicates that the public should be consulted in
the formulation of EfW options from the start of the decision making process. In the final
planning decision meeting held in 1992, councillors refused on the grounds of unacceptable
visual impact and recommended an investigation into a series of smaller incinerators
combined with the maximum use of recycling. In effect, local politicians had given a
strong policy lead to implement smaller, multiple plants to cater for the same capacity as
the centralised facility.

The final EfW policy adopted and successfully executed, consisted of three plants
(one 90 ktpa and two 165 ktpa) located in proximity to serve the densely populated urban
areas of Portsmouth, Southampton and Basingstoke. It is disappointing that despite the
lessons of Project Integra, clearly communicated in Lisney (2001), many WDAs remain
indifferent to the experience gained and do not consider the potential of smaller-scale EfW
policies from the outset of strategic planning. This case study shows that pursuing any one
route to EfW within a municipal area without thorough investigation of the merits of
alternative routes can lead to effective criticism. There is need for a DSS methodology that
measures the merits and impacts of different scales and technologies of EfW options

developed for each WDA context.

1.4. DECISION MAKING AND SUPPORT SYSTEMS

It is clear from Section 1.3 that EfW planning is complex and there is need for
support to all interested parties and particularly the WDAs who have a statutory duty to
manage waste. “Decision Making is a process of choosing among alternative courses of
action for the purpose of attaining a goal or goals.” (Turban and Aronson, 2001).
Modelling that may inform this process is called Decision Analysis. Alternatives are listed
with their forecasted contributions to the goal. Multiple goals can be modelled using
techniques such as Multi-criteria decision analysis (MCDA). In the context of this project,
the alternatives are area-tailored EfW options of varying scale and technology. The goal is
to identify the option that performs best on environmental, economic and social criteria as

required by the principles of Sustainable Development (WCED, 1987). A more important
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goal however, is to provide insight and intelligence into the EfW decision making process

to all parties involved at the local level, where policies are to be implemented.

Earlier sections mention the need for a Decision Support System or DSS. “Decision
support systems couple the intellectual resources of individuals with the capabilities of the
computer to improve the quality of decisions. It is a computer-based support system for
management decision makers who deal with semi-structured problems™ (Keen and Morton,
1978). A structured problem is one that is typically repetitive for which standard solution
methods exist. An unstructured problem is complex and has no ‘cut and dried’ solution
methods. A semi-structured problem lies between these extremes. Previous sections
indicate that EfW planning is a semi-structured problem in that although some data can be
used, a simply quantitative and formal approach fails to take account of stakeholder values
and there is no standard solution. DSS are used for long-range and strategic planning and
integrated problems areas. In solving semi-structured problems, DSS are often a *blend’ of
judgment and modelling.

Wey (2005) states that the two main aims of applying DSS is to improve the quality
of the decisions taken, and to supply technical documentation in support of decisions for
both authorities and the public. Nilsson et al. (2005) present five questions on which to

evaluate DSS methods:

1. What functions do the various methods provide and to what extent are they
fulfilling them?

2. Are the methods able to cover sustainability concerns and how can they be
combined to broaden the scope across more dimensions of the problem?

3. Are the methods transparent and formalised enough to enable peer review
with reproduction of results by an external team?

4. Are the methods likely to be considered valid, legitimate and trustworthy by
multiple actor constituencies, given their underlying frames of values?

5. Can the methods facilitate a broader process of involvement of different

types of expertise and stakeholders.
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Freppaz et al. (2004) caution there is a risk that results from a ‘black box’ analysis

may not be understood by non-experts or laymen. In short, the use of more complicated
approaches depends on the level of knowledge and understanding of the audience to whom
the results are directed. If this project is to make a useful contribution, it must consider the
expertise and understanding of the end-user it is aimed at — principally the WDAs.
Previous sections support the use of these criteria to select and test methods for final

inclusion in the DSS to be developed by this project.

1.5. AIMS OF PROJECT

This project aims to develop and test a decision support system (DSS) to assist sub-
regional WDA decision-makers in the formulation and appraisal of EfW implementation
options that incorporate choices about the size, number and locations of facilities as well as
the technology used. In addition, this project also aims to identify if smaller, multiple or
large-scale centralised systems of either Combustion or Advanced Thermal Treatment

technology are preferred options and identify the key factors that may affect this outcome.

1.6. SYNOPSIS OF KEY POINTS FOR DSS DEVELOPMENT

Taking account of the material in this Chapter and the Energy and Waste
Management EU policies in Appendix A, the proposed DSS in this thesis should:

e Identify EfW sites on industrial locations that are in close proximity to waste
production and heat demand.

e Any definition of EfW option capacity must meet local WDA landfill
allowance (LATS) targets.

e Formulate options on the basis that waste minimisation, re-use and recycling
targets are met, thus satisfying the Waste Hierarchy framework.

e Use techniques that can take into account cross sub-regional boundary

phenomenon if required.
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Consider tools that can quantify and/or appraise the environmental impacts

of several waste management options on a consistent basis, including those
associated with transport.

The Environment Agency’s WISARD LCA tool does not consider the
emerging ATT technologies based on pyrolysis/ gasification or even
conventional EfW plant below the 250 ktpa capacity. This DSS should
consider the need to include the emerging thermal technology and smaller-
scale distributed EfW facility options, in addition to the typical large-scale
centralised option.

Be capable of accommodating additional technology options as new
technologies are proven.

Include an appraisal element that can incorporate environmental, social and
economic criteria to assist preferred option outputs to pass through Strategic
Environmental Assessment successfully and ensure contributions to the
objectives of Sustainable Development are maximised.

Be transparent in that its methods and outputs are not too complex for
stakeholders to understand how the preferred options have been arrived at.
Have methods which can potentially take account of the opinions and values
of a range of stakeholder groups, including the public.

Consider WDAs as the main end-user, and hence ensure techniques are

reproducible within WDA resources for EfW planning.

For the DSS to be effective, it must be able to prove its capacity to define what EfW

policy is most suitable and be transparent. To do this the methodology for any one defined

area has:

1.

Identified sites for smaller-scale distributed EfW plants. To do this the following

was required:

a.

Identification of where concentrations of local MSW fuel arise, in order to
minimise transport impact.
Identification of sites that are within planning regulations and are suitable in

technical terms.
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2. Allocated waste resources to their local plant.

3. Compared derived small-scale EfW options with large-scale, together with
implications of technology.

4. Produced a ranking of options to identify which is preferred.

The development and use of a DSS that meets the requirements above could lead to
more widely supported sub-regional EfW policies and could reduce the problems described
in Section 1.3.8. Such a tool would make a useful contribution to the UK EfW planning

arena.

1.7. CHAPTER SUMMARY AND THESIS OUTLINE

This chapter has provided the background and justification for the development ofa
decision support system to help formulate and appraise EfW policy in the UK (Sections
1.3.1 to 1.3.5). Thermal treatments for waste including conventional combustion and the
newer alternatives of pyrolysis and gasification (ATT) were introduced and the importance
of CHP discussed. Section 1.3.6 identified that WDA officers and politicians are in a
central EfW decision making position and that any DSS proposed by this project should be
made suitable for use by them and be capable of taking into account the values of other
interested parties. Sections 1.3.7 and 1.3.8 discussed how the expanse of policy and
legislation in Appendix A can influence EfW decision making at the local level, also how
the range of actors’ values can lead to conflict, delays and public sensitivity to the size and
technology of schemes. As an example of the problems, Section 1.3.9 provided an
important UK case study that described how and why Hampshire County Council moved
from a centralised to a more distributed EfW policy in the 1990s. Section 1.4 introduced
the concept of decision support systems, while Section 1.5 stated the aims of this project
was to develop a DSS capable of formulating EfW policy options for a specific area and
appraise them, ensuring that new and varying scales of technology are considered, while
taking account of the key points summarised in Section 1.6.

Chapter 2 is the first of three literature review chapters and explains why this

project has chosen to use Geographical Information Systems (GIS) and Multi-criteria
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decision analysis (MCDA) with elements of life-cycle assessment (LCA) in an overall

decision support system to assist WDAs formulate and appraise EfW policies.

Chapter 3 reviews GIS methods, criteria and data used in previous Energy DSS
studies that may be adapted to assist EfW policy development and used to solve some of
the problems identified in Section 1.6.

Chapter 4 reviews the criteria typically used, defined, selected and weighted in
previous studies to appraise energy and waste policy as well as the data used to derive
performance scores.

Chapter 5 presents an outline of the EfW DSS proposed by this project, a result of
the review of analyses tools and testing of techniques, criteria and data. This chapter also
provides the parameters in which the DSS is applied to the WDA contexts of Cornwall and
Warwickshire and definitions of scale and technology that are combined to define the EfW
options appraised in this project.

Chapter 6 is the first of two chapters that present the methods and results of the
application of the GIS-based element of the overall DSS. Residual MSW production and
site identification map modelling results are presented for both medium and local EfW
options for both UK WDASs of Cornwall and Warwickshire and discussed. Factors such as
the effects of increased waste production or diversion of waste to alternative disposal routes
are also discussed.

Chapter 7 presents the methods and results of two alternative GIS-based approaches
for estimating the transport impacts associated with each of the EfW options in terms of the
haulage of waste from their allocated catchments and the ash produced for final disposal.
The results of each method are compared and guidance provided as to which method is
preferred.

Chapter 8 presents how the overall MCDA appraisal element of the DSS was
developed in terms of criteria definition, selection and weighting. Also described is how
performance scores for each of the EfW options was derived and data sources. The
procedure for combining weights and scores is also presented.

Chapter 9 provides the results and discussion of the application of the MCDA
appraisal to the Cornwall and Warwickshire WDA contexts. All EfW options have been

ranked in terms of overall score and a discussion has been made regarding the possible
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influences that may change criteria score derivation and ultimately the overall ranking of

options. The chapter concludes by comparing the results of this project with the ‘real” UK
EfW decision making context and explains possible reasons for the difference.

Chapter 10 presents the conclusions of this project in terms of the effectiveness of
the DSS methodology and the results of its application. The chapter concludes with a
discussion of the wider implications for UK EfW policy.

Chapter 11 presents aspects of further work that could be undertaken in order to

improve the DSS methodology as well as topics of further study in their own right.
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2. DECISION SUPPORT METHODS FOR
FORMULATING AND APPRAISING ENERGY
AND WASTE POLICY

2.1. AIMS OF CHAPTER AND REVIEW STRUCTURE

The need to incorporate local considerations has led to an increasing use of
Geographical Information Systems in formulating energy and waste policy options. The
need to add environmental and sustainability elements to decision making has led to the
increased use of Multi-Criteria Decision Analysis (MCDA) and Life Cycle Analysis (LCA)
over methods such as Cost-Benefit Analysis (CBA), Life Cycle Costing (LCC), Material
Flow Analysis (MFA) These solely economic methods have not been the focus of this
review, since they do not address the need to take into account environmental and social
impacts as required by PPS 10 and the requirements of Sustainable Development. EfW is
an area of planning in which environmental issues must be addressed in addition to
economic ones. Environmental Impact Assessment (EIA) studies have also not been the
focus of this review since they are designed for specific site assessment rather than overall
policy implementation and strategy appraisal, while Strategic Environmental Assessment
(SEA) could in principle use several of the analysis tools above (Finnveden & Moberg,
2005) — including the DSS developed in this project.

For these reasons, the review of literature in this and the following two chapters has
concentrated on GIS, MCDA and LCA energy and waste analysis studies. Sections 2.2 to
2.4 provide background to these approaches, while Section 2.5 explains how it is possible
to combine them in order to exploit their relative advantages. Section 2.6 presents the
rationale for the selecting GIS and MCDA as the core tools used in the overall DSS
approach for achieving Points 1 to 4 in Section 1.6. Section 2.7 introduces and reviews

various MCDA methods. Section 2.8 describes software typically used by authors and
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reasons why ArcView GIS and HIVIEW has been selected for use by this project. A

summary of the main review points from this chapter is presented in Section 2.9

2.2. GEOGRAPHIC INFORMATION SYSTEMS

The need to account for local conditions in formulating waste management options
has led to an increasing use of spatial decision tools based on Geographical Information
Systems (GIS) to model baseline waste conditions, identify potential facility locations and
to estimate transport impacts (Cheng et al., 2003; Maniezzo et al., 1998; Matejicek et al.,
2006; Nilsson et al., 2005; Shmelev and Powell, 2006). A GIS is a computer-based system
for capturing, storing, integrating, manipulating and displaying data using digitised maps
(Turban and Aronson, 2001). A distinguishing feature of a GIS, is that it assigns a
geographical location for every object (or feature). GIS users can generate information for
problem solving and decision making by integrating maps of different geographically
located objects and their non-geographic attributes (Turban and Aronson, 2001). GIS has a
unique capacity to integrate and analyse multi-source and subject spatial datasets
(Malczewski, 1999). A common data format output of GIS is mapping, but other types of
output include: text — lists or numbers in response to queries. Queries often result in
numerical results, such as totals, distances, areas and counts (Malczewski, 1999).

GIS analysis is resolution-dependent and it is necessary to consider the appropriate
spatial scale for addressing problems (Graham et al., 2000). A detailed site identification
study, will for example, require much finer-scale data than broader county-wide resource
studies. For many variables of interest, a spatial distribution must be created using at least
one variable (such as population) with geographically explicit (census output areas) dataset,
(Graham et al., 2000). An example of this includes the project example of using the
geographic distribution of human population to estimate MSW in Tyson et al. (1996)

GIS data can be classified as either raster (cell-based) or vector data. Vector data
can be in the form of a ‘point’, ‘line’ or ‘polygon’ and are called objects. A point
represents geographic features that are too small to be depicted as lines or areas. Lines
represent features too narrow to be depicted as areas and polygons represent larger

continuous features. A point can be a small building, lines can be roads or rivers and

42



polygons can be larger area phenomenon such as a bulldlng complex

based cell modelling is typically used for mod

vector based modelling can be useful fornjetw’o’r S or ‘d’i;star‘fcj‘feijueniés; "Ex;ampygg of

vector and raster data are shown in Figure 3.

/ — S5 =
 SPATIAL DATA STRUCTURE.
Line e —
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N

Figure 3: Vector and raster data:repres'cn:tzj:t;idﬁf { zewsk1(1999) -
Centroids are point data representing the ‘centre’ of a polygon area.  Usually they‘- "

are calculated by the geographic latitude and longitude coordinates of the polygon ~

Regarding the inputs to the resource models in Section 6.2. 1, however, Census Output Area'a \

(COA) population-weighted centroids were used - with their attribute numbers of f’

households. The population-weighted centroid is calculated by subdividing the COA 1nto
its population census constituent sub-units (collector's - districts) and calculating the
geographic centroids of these. The population-weighted centroid is found by w‘eightinga the
average of the latitude and longitude coordinates of the sub-unit. centroids by the
populations of those sub-units. This increases the accuracy of where the point is located as
regards the majority of the population resident within the COA polygon area. Hence,

population-weighted centroids have been used to estimate transport impacts for example.
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2.3. LIFE CYCLE ASSESSMENT

In terms of deriving environmental impact of waste management options, much of
the literature makes use of life-cycle assessment (LCA) (Finnveden et al, 2005; Moberg et
al, 2005; Wenisch et al, 2004; Azapagic and Camana, 2005; Consonni et al. 2005b;
Bergsdal et al. 2005; Corti and Lombardi, 2004) and ‘it is clear that the technique has
emerged as a powerful tool in making waste management policy decisions (Rebitzer et al;,
2004; Ekvall et al., 2007). LCA is still an evolving application, with its roots based in
energy analyses of the 1960s (Curran, 1996), but more recently publications have been
made on how to apply LCA to waste management systems (Clift et al., 2000) and more
specifically to energy from waste (Finnveden et al., 2005; Moberg et al., 2005).

An LCA practitioner investigates the environmental impacts by tabulating the
emissions and resources involved throughout the full life-cycle (cradle-to-grave) of a
product or system (Rebitzer et al., 2004; Weisser, 2007) The stages in a life cycle can
include raw material extractions, energy acquisition, materials production, manufacturing,
use, recycling and ultimate disposal (Rebitzer et al., 2004). ‘An application of LCA consists ;
of four different phases that include: Goal definition and scoping. Life cycle inveritjory
(LCD); Life cycle impact assessment (LCIA) and interpretation of the results (Curran,
1996). Specifically within the impact assessment, impact categories indicators and models
are selected and the processes of classification, characterisation and weighting are carried
out (Moberg et al., 2005). Contributions to the impact categories are quantified in the
characterisation.

Characterisation is the assessment of the magnitude of potential impacts for the
chosen impact categories and can be performed using equivalency. The latter is when
models use derived factors to aggregate inventory data with the assumption that aggregated
equivalency factors measure potential impacts. Aggregation of criteria scores is an area of
LCA that can be used within MCDA, for example, the aggregation of sub-criteria to give an
overall score of ‘equivalent’ impact. Such a technique will be used for environmental
criteria such as emissions to air as outlined in Section 8.4.3. Further information regarding

LCA in waste management applications is presented in Appendix B.
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2.4. MULTI-CRITERIA DECISION ANALYSIS

MCDA is a decision making tool that can evaluate a problem by giving an order to
preferences for multiple alternatives on the basis of several criteria that may have different
units (Hermann et al., 2007). The effective application of MCDA to assist decision makers
with multi-criteria problems in both the public and private sectors was spearheaded by the
classic works of Keeney and Raiffa (1976). Their MCDA approach was also applied to site
selection and identification when geographic database DSS were in their infancy (Keeney,
1980). The aim of an MCDA is to compare and rank alternative options and to evaluate
their (environmental, but also social and techno-economic if necessary) consequences
according to the established criteria (Zopoundis and Doumpos, 2002).

When choosing criteria, it is important that their underlying option performance
score are consistent with the importance of the issue being considered and must be
mutually exclusive. The data for scoring the criteria must be collectable within the
limitations of the project resources. Scores can be summarised in a performance matrix, in
which each column describes an option and each row describes the performance of an
option against each criterion (the matrix generated by this project is shown in Table 42).
Scores can simply reflect the directly measurable aspects of an option or may be calculated
with respect to other variables. All are converted into preference values, which express the
extent to which the options achieve the objectives represented by the criterion. For
example, a value of 100 can be given to the top score option, representing the highest
preference, while a value of 0 can be assigned to the bottom score option, indicating lowest
preference.

Value functions are the process by which this conversion is made, which can be
custom defined, but are most often of a linear nature. This can also be seen as normalising
all the criteria scores to a common scale for later comparison. Weights are numerical
values that are assigned to define the relative importance of a shift between the top and
bottom of the chosen value function scale. Mathematical routines are then used to combine
scores and weightings to give an overall assessment for each option. These routines can be
written into computer programs, most of which are commercially available (Dodgson et al.,

1999).  Formal MCDA methods (such as those described in Section 2.7) can be used to
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identify the most preferred option, to rank options or to identify several options worth
further detailed appraisal. |
Figure 4 shows the key stages in any application of MCDA. The order is not a strict
agenda and options for example, can be identified after the criteria are proposed. MCDA,
by reference to an explicit set of measurable criteria can identify preference between
alternatives that can solve a decision problem. MCDA often centres on the judgement of
the decision makers in that they provide choices of objectives, criteria, weights and

assessments of the overall achievement of objectives (Dodgson et al., 1999).

1. Establish the
Decision Context

2. Identify the
Options

3. Identify Objective
and Criteria

|

. Score the Options
against the Criteria

l

5. Create
Value Functions

6. Weight
the Criteria

|

7. Examine the
Results

8. Perform
Sensitivity Analyses

Figure 4: The MCDA process.

2.5. COMBINING ELEMENTS OF GIS, MCDA AND LCA TOOLS

GIS, MCDA and LCA approaches are being increasingly combined within overall
waste management decision support systems to exploit their relative strengths (Elghali et
al., 2007). For example, GIS and MCDA have been used together to identify and prioritise
sites for EfW facilities. Maniezzo et al (1998) and Cheng et al (2003) use GIS to derive
potential sites and MCDA for evaluating the different derived options.

A key area where MCDA and LCA are combined is in the development of
weighting factors. These can be created by using MCDA and then applied to Life Cycle
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Impact Assessment (LCIA) as discussed by Soares et al, 2006. = Another key area of
integration is the aggregation stage of LCIA, where MCDA is applied to LCA output data
to calculate a single overall index (Benoit and Rousseaux, 2003). Hermann et al (2007)
state that the reasons for combining LCIA and MCDA tools lie in their ‘complementary
characteristics’. These include the objectivity and method standardisation of LCA, as well
as the ability for MCDA to take into account subjective elements, such as the opinions of
stakeholders and decision-makers. Hermann et al, 2007 note, however, that for all the
effort required in collecting and analysing a large amount of data for LCA, this will not be
realised but diminished in the MCDA aggregation phase and uncertainty created.
Therefore a key weakness however of combining LCA and MCDA is that the
comprehensiveness of LCA is diminished since a full assessment has not been fully carried
forward and the use of MCDA implies value-laden choices have been made, possibly
influencing the results.

Integration of tools for use by the public with other decision support tools such as
those derived from LCA will be challenging due to the risk of their complexity not being
understood by users. DSS designed for the public sector include Wheeler and Jainter
(2006), Jainter and Poll (2005) and Higham (1999) who used the LCA tool WISARD
(Appendix B.7) for the assessment of environmental impacts associated with waste
management options, but assess socio-economic objectives using in house models and
‘professional judgement’ analyses. The problem with these studies is that they do not
adequately describe their methods or what ‘professional judgement’ is and how it is
justified. The scores from these ‘analyses’ were combined in an MCDA weighted-sum
method (Section 2.7.5) with weights provided by WDA councillors and officers to produce
final rankings of options in closed meetings. The outputs of these tools were often used to
justify the choices for intended technology procurement but are vulnerable to criticism due
to their lack of transparency and exclusion of the values of other stakeholders. They can
also be criticised for not considering emerging EfW technologies.

Despite the potential problems described above, different tools for environmental
systems analysis can focus on modelling different aspects of reality, and a combination of
can provide a more holistic (Ekvall et al., 2007), promising (Hermann et al., 2007) and

comprehensive (Finnveden and Moberg, 2005) picture. The relative advantages of
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different methods are discussed further in Shmelev and Powell (2006) who conclude that
despite the large amount of research done in this area, the application of single methods
employed does not provide a holistic picture of the impacts of municipal solid waste
management systems. A holistic model needs to take into account transportation,
technology and siting issues simultaneously. Nilsson et al. (2005) also conclude that they
complement each other rather than substitute for each other. In responding to these issues
and to enjoy the advantages and strengths of more than one method, this project will use
both GIS and MCDA to take into account transportation, technology and siting issues
simultaneously in an overall DSS approach. The next Section explains why GIS and

MCDA have been used but not LCA.

2.6. A DSS METHODOLOGY USING BOTH GIS AND MCDA

GIS can be used to model the production of waste across a georeferenced area and
the locations of present and planned waste incinerators as well as spatial criteria that can
assist the identification of new site locations such as proximity to suitable road and
electricity networks. In contrast, it is problematic for LCA to include site-and area related
aspects of EfW planning (Finnveden and Moberg, 2005; Weisser, 2007). GIS methods can
be used to formulate EfW implementation options tailored to the unique geographical
characteristics of the study areas. GIS, using local data has been successfully used together
with MCDA to combine the advantages to ensure that area specific concerns are included in
the waste management appraisal of options (Matejicek et al, 2006; Cheng et al., 2003;
Maniezzo et al, 1998; Nilsson et al, 2005; Shmelev and Powell, 2006). Munda (2004)
notes that scale implications of the development of infrastructure and the geographical
context are very important for multi-criteria evaluation. This further justifies the linking of
GIS and MCDA techniques in an overall DSS that is intended to consider scale-related
implications of EfW options from the start. Due to the strong relationship that EfW policy
has with geographic influences for the in Section 1.6, this project has chosen to use GIS as
the key tool in its overall DSS method to formulate EfW policies that reflect the geographic

conditions of the specific WDA area.
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Waste management policy appraisal that includes EfW solutions, has made
extensive use of LCA (Azapagic and Camana, 2005; Bergsdal et al., 2005; Consonni et al.,
2005b; Corti and Lombardi, 2004; Nilsson et al., 2005; Wenisch et al., 2004). But different
actors within the EfW planning arena have different rationales and Nilsson et al. (2005)
note that LCA which is based on a “rationalistic paradigm” has been argued to be ill suited
to a multi-actor environment. The challenge for the analyst in a multi-actor arena is that
different actors will have different perceptions on what is relevant. To this end, Multi-
Criteria Decision Analyses are superior over Life Cycle Assessments in that subjective
political values can be included and scrutinised. This is one of the most important reasons
supporting the decision of this project to use MCDA over LCA. By using MCDA, the
proposed DSS can potentially accommodate the views of a range of stakeholder groups.
The value in MCDA is inherent in that it allows this processing of values from the different
stakeholder groups. Rozakis et al. (2001) have indicated that more criteria should be used
if there is a desire to represent each stakeholder’s viewpoint and LCA which uses
standardised impact categories is unlikely to be able to accomodate this.

LCA is time consuming, as well as data intensive and may not be possible within
WDASs scope of assessment. For example, Shmelev and Powell (2006) argue that LCA
may not able to cover the breadth required in sustainability considerations. There is a need
to create an overall appraisal that requires less detailed data, time and expert knowledge,
but that still provides a comprehensive analysis (Hermann et al., 2007). EfW planning and
policy has technical, economic, environmental, social and political elements and MCDA
can cover the breadth of criteria required within project resources than LCA. MCDA has
also been extensively used to compare different waste management technology options on
technical, economic and environmental criteria. Methods for this vary and the most
popular ones include PROMETHEE (Khelifi et al. 2006), AHP (Dai et al, 2001),
ELECTRE (Norese, 2003) and weighted sum (Dujim and Markert, 2002; Cheng et al,
2003).

Several authors emphasise that value can be derived from MCDA approaches is not
just in the results themselves, but more importantly from the process itself (Keeney and
Raiffa, 1976; Keeney, 1980; Keeney et al., 1987). Section 1.3.8 described the conflict that

can arise in EfW planning and the need for an approach that can mitigate these conflicting
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values and interests and build consensus in the decision making process. Elghali et al
(2007) suggest that MCDA is the best tool to achieve this. Norese (2003) expressed that
participatory MCDA requires active input from all parties, and this led to a more co-
operative attitude towards decision making. The author also reports that MCDA
methodology is also understood by the majority of participants and became a ‘local
language’ which was shared and accepted. To the benefit of this project and the parties
involved, such benefits of MCDA could assist the collection of weights from participating
WDA officers as well as empower then to master the EfW decision making context.
Another advantage of MCDA is that criteria with their own indicator dimensions
can be used and the tool is quite unique in that it includes subjective elements and results in
a single number output, unlike LCA. One of MCDAs potentially greatest weaknesses
however, that must be considered, is the subjectivity of the weighting step that is needed to
value the different criteria (Hermann et al., 2007). Unlike CBA, MCDA cannot show that
an action increases welfare more than it detracts. In principle, a best option from an
MCDA may be inconsistent with improving welfare and therefore, a ‘do nothing’ option
might be preferable (Dodgson et al., 1999). This is not possible within this study however,
when WDASs must divert waste from landfill under European Legislation or face large fines

(Appendix A.2.1).

2.7. MCDA METHODS

Due to the need to include the qualitative views and opinions of conflicting actors
and experts, MCDA methods have remained a useful appraisal tool and this was the
primary reason for using MCDA as the EfW option appraisal element of the DSS and not

LCA. This Section reviews MCDA methods used in energy and waste planning.

2.7.1. DIRECT PERFORMANCE MATRIX ANALYSIS

These analyses output performance tables of techno-economic and environmental
emissions data and can be regarded as a non-compensatory MCDA technique (Dodgson et

al., 1999). These tables have no further analysis worked upon them, but are intended to be
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used for decision-making processes in general, particularly regarding choices in EfW
technologies. Several studies of this type, such as by Mc Lanaghan (2002), Livingston
(2002) and Fichtner (2004) have been rapidly commissioned to assist local authorities make
informed choices on the emerging EfW technologies. The results of these studies are often
summarised in relative advantage tables and normalised to allow comparison. While
straightforward to compare, they do not allow any scope for expressing value judgements
on the relative importance of selection criteria and hence are not suitable for use in this

project where the method must capture the values of stakeholders.

2.7.2. MULTI-ATTRIBUTE UTILITY THEORY

The classic work of Keeney & Raiffa (1976) is the key reference for multiattribute
utility applications (MAUT). The terms attribute and criteria are synonymous. The authors
established a set of fundamental axioms of rational choice, for example, more of a desirable
good is preferred to less of it. Following this with the use of mathematical reasoning, the
authors showed that the only way an individual can act consistently and rationally within
the set of axioms was by choosing the options that provided maximum expected utility.
They acknowledged that because of uncertainty, different options will have potentially
different values (or utilities). A useful summary of MAUT can be found in Dodgson et al.
(1999) and detailed reading can be found in Keeney (1992). This model of rational choice
1s one of the most widely accepted, but is not however extensively used in energy planning
and this may be due to the requirements of the participatory environment in which MAUT
is implemented (Pokehar and Ramachandran, 2004). Its application however in the public
sector (WDA) arena can be costly due to the need for specialist consultants and its methods
are reported as being of greater complexity (Dodgson et al., 1999) than those described in

the following sections.

2.7.3. ANALYTICAL HIERARCHY PROCESS

The Analytical Hierarchy Process (AHP) was developed by Saaty (Saaty, 1980) and
18 a popular MCDA technique for energy and sustainability studies that include Wey (2005)

and Dai et al, (2001). AHP essentially uses pair-wise comparisons to determine the relative
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weights of any single criterion or indicators. A problem is divided into a hierarchy with the
goal objective at the top. Criterion and sub-criterion form the levels of the hierarchy with
alternative decision options at the bottom. Elements at any level are compared in pairs to
assess their relative preference with respect to each of the elements at the next higher level.
Saaty’s ratio scale and verbal comparison are used for the weighting of quantifiable and
non-quantifiable elements. Eigenvectors of the elements are aggregated and computed by
the method until the composite final vector of weight co-efficients is obtained. Final
weight co-efficients reflect the value of each alternative with respect to the goal at the top
of the hierarchy.

After the weight vector has been obtained, it is multiplied by the weight co-efficient
of the element at a higher level and repeated until the top of the hierarchy is reached. The
overall weight co-efficient with respect to the goal for each decision alternative is obtained.
The highest of these indicates which alternative is best. AHP has the advantage of being
able to compute an inconsistency index to assure the decision makers that judgements are
consistent, it is unlikely however, that such a method could be easily communicated to

WDAss and stakeholders that may question how best’ alternatives have been computed.

2.7.4. OUTRANKING METHODS

After AHP, outranking techniques are the most popular technique for academic
energy and waste policy studies (Pokehar and Ramachandran, 2004). These include
PROMETHEE (Preference Ranking Organization METHod for Enrichment Evaluations)
and ELECTRE (Elimination and Choice of Translating Reality) techniques and contextual
studies include Haramlambopoulos & Polatidis, 2003 Barda et al,, 1990, Goumas &
Lygerou 2000, Norese 2003 & Georgopoulou et al, 1997). Reasons for use range from
preventing decision makers asking too many intricate questions (Norese 2003), to ease of
use and decreased complexity (Haramlambopoulos & Polatidis, 2003). There is a risk that
the former of these reasons may be regarded as undermining transparency.

Outranking techniques produce a core of leading alternatives by eliminating less
favourable ones. It is therefore, convenient for decision making problems with a large
number of alternatives with fewer criteria. In the context of EfW planning, it is likely that

the reverse is more useful, where there are fewer alternatives of EfW options to be
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assessed. Outranking techniques can only express alternative A is preferred to alternative
B, but cannot indicate how much. They do not produce a complete ranking of options,
which may be problematic, where decision makers prefer to understand how options
perform in relation to each other. Other methods such as WSM in the next section do not

have this disadvantage (Georgopoulou et al, 1997).

2.7.5. WEIGHTED SUM METHOD

In the review of mathematical methods for MCDA it is noted that WSM is not one
of the most complex MCDA methods in academia, but that generally it is the most widely
used (Pokehar and Ramachandran, 2004). This method is recommended for public sector
decision making by the UK Government (Dodgson et al., 1999) and this supports the use
of this method in a DSS designed to assist WDA officers. Generally, if there are M options

and N criteria, then the best option is the one that satisfies the expression in Equation 1.

J .
Aws,\,/ = Max Z, a;w; fori=123,.N 1)

Where Ay is the WSM score of the best alternative option, N is the number of
decision criteria; ajj 1s the actual value of the it alternative in terms of the jth criterion and
w; is the weight on the ™ criterion. The tota] value of each option is equal to the sum of the
products.

From the review of studies that have used MCDA to appraise energy or waste
managment options, it is clear that authors decide which technique they will use to combine
criterion decision maker weights and performance scores based on perceptions of what the
end decision maker audience will understand and be comfortable with. There is therefore,
no ‘typical’ technique used. While Norese (2003) used ELECTRE because it is “easily
elaborated and understood”, Haramlambopoulos & Polatidis, 2003 used PROMETHEE
instead of ELECTRE due to its ease of use and considered ELECTRE to be complicated
and not easily understood by decision makers. Meanwhile, considerable support exists for
using WSM due to ease of use for handling data and understanding by decision makers and

its application in many fields (Cheng et al, 2003)
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Authors report that decision makers involved when implementing their chosen
technique find the process difficult to understand (Georgopoulou et al, 1997). It is clear
that the method used by this project must be understood by WDA officers and the public if
it is to be fit for purpose in supporting WDAs move towards establishing an EfwW
implementation plan that is generally supported. This was discussed with WDA officers
involved in this project, and it was clear that there was a far better knowledge and
understanding of the WSM method (Lea, 2006b). For this reason, it was decided to use the
WSM MCDA technique within the development of the proposed DSS in this project.

2.8. SOFTWARE: GIS AND MCDA

When authors have included a spatial element in their energy and waste decision
studies, ESRI’s ArcInfo or ArcView has been the GIS software of choice (Noon and Daly,
1996; Varela et al, 2001: Dai et al, 2001; Shmelev and Powell, 2006; Matejicek et al.
2006), since the platform supports both raster (cell based) and vector (line and point based)
modelling. Other software includes the IDRISI (Schneider et al, 2001), which is noted to
be very powerful for cell based modelling and MAPINFO Professional (Voivontas et al.
2001). Others have adapted commercially available emissions dispersal GIS software such
as the ‘add in’: EcoSense 2.0. (Nilsson et al 2005).

Freppaz et al. (2004), Graham et al. (2000) and Matejicek et al (2006) have
specifically programmed GIS modules to carry out customised calculations and
optimisation. The authors use a variety of codes including Visual Basic 6.0 and C++
assisted by ESRI MapObject 2.1 and Microsoft Mappoint 2002 software. Consonni et al.
(2005a) developed their own code for estimating the performances of EfW plants for
energy and mass balance purposes to derive further data for inclusion into LCA procedures.
Other authors such as Wey (2005) and Khelifi et al. (2006) program their own decision
Support systems using a variety of languages such as J ava, Visual Basic, C++ and Delphi.

Since, ESRI GIS software already contains many of the data processing and query
tools necessary to use in spatial decision making and has an inbuilt capacity for authors to
create customised code for tasks that the platform does not support on the usual user

interface, it was decided to use the ArcView GIS software. Choice of software is important
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since many authors use tools and methods already included in the software to carry out both
non-spatial and spatial calculations. ESRI GIS software is also typically used by the
majority of UK WDAs, including Cornwall and Warwickshire.

There are several software packages on the market to aid multi-criteria decision
making including Expert Choice that uses the AHP technique (Section 2.7.3), Decision Pro,
Hipre and Web-Hipre. A well-known and recommended MCDA software tool using the
WSM technique is HIVIEW, developed by the London School of Economics. In HIVIEW,
option scores are normalised to a scale of 0-100 for each criteria, with 100 corresponding to
the most desirable score. The normalised scores are then multiplied by the cumulative
weights. The results for each criterion are finally added to produce an overall result for
each option alternative. HIVIEW uses the weighted sum method (WSM) presented in

Section 2.7.5. The overall value of option i is shown by Equation 2.

V=2 wv, )

Where vj; is the value associated with the value of option i on criterion J and w;
represents the weight assigned to criterion J. This tool was used in a highly publicised
nuclear waste treatment site problem (CORWM, 2006). HIVIEW is recommended for use
by the public sector by the UK Government (Dodgson et al., 1999) and WDA officers
involved in this project were also aware of the software, with some also having experience
of using it themselves (Lea, 2006b). A key objective of this project is that techniques used
can be replicated by WDAs — the intended end-user, hence it ws decided to use this

software.

2.9, REVIEW SUMMARY

° There is a risk that method elements may not be understood by WDA
personnel and the proposed DSS should therefore consider the expertise and
understanding of the WDA end-users when selecting methods for use within
the overall DSS.
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The application of single methods does not always provide a holistic picture
of the impacts of system options. A holistic model using a combination of
methods should take into account transportation, technology and siting
issues simultaneously.

The need to account for local conditions in formulating waste management
options has led to an increasing use of spatial decision tools based on GIS.

In order to enjoy the advantages of more than one method and to extend the
scope of the DSS as much as possible, it was decided to use GIS for
formulating EfW options and MCDA to appraise them in an overall DSS
method.

LCA has been argued to be ill suited to a multi-actor environment, is also
time consuming, data intensive and may not be possible within the scope of
assessment or policy decision studies. It has been argued that LCA may not
able to cover the breadth required in sustainability considerations and will
not be used as a DSS component.

The disadvantages of LCA and the need to include the qualitative views and
opinions of conflicting actors and experts due to the level of conflict
currently encountered in EfWw planning are the reasons for using MCDA
instead of LCA in the proposed DSS. Equivalency and welighting factors
commonly used in LCA will, however, be used to aggregate sub-criteria
scores.

The WSM MCDA method will be used within the development of the
proposed DSS, since it is the most widely used and is recommended for
public-sector decision making.

ESRI’s Arc Info or Arc View has been the GIS software of many authors’
choice. Its inbuilt data processing tools and capacity to create customised
code are also reasons for using the software to develop and test the DSS
described in this thesis as well as its familiarity with the WDAs.

The HIVIEW, MCDA software tool will be used in the development of the
DSS because of its included tools to aid the group-orientated task of

acquiring weights. This software has also been recommended for use by the
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UK public sector and is already known and understood by WDA personnel

engaged in this project.
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3. FORMULATING EFW OPTIONS USING
GIS: METHODS, CRITERIA AND DATA

3.1. AIMS OF CHAPTER

In the context of meeting the requirements in Section 1.6, this chapter has
concentrated on reviewing GIS-based studies that have used methods, criteria and data to
identify suitable sites in Section 3.2. Section 3.3 reviews what methods that can be used to
estimate the associated transport impacts of hauling waste to the facilities in each EfW
options. Upon consultation with WDA GIS officers (Holmes 2005a), the following criteria
have been used to assess whether various approaches to waste resource, site identification
and estimation of policy transport impact are suitable for the intended WDA end-user.
These include: reasonable computer processing times; suitable for application by non-
expert users of GIS software; calculations adaptable to residual MSW; output results at a
suitable resolution for UK WDA EfW decision making; technically executable using tools
already available in ArcView GIS; minimal additional programming requirements and data
availability in the UK context. A summary of the review and selection of methods
identified from the literature for modification and inclusion in this project is made in

Section 3.4.

3.2. SITE IDENTIFICATION

3.2.1. WASTE FEEDSTOCK PRODUCTION MODELS AND PARAMETERS

If EfW sites are to be identified across a study area that can minimise transport
impact and requirement, it is first necessary to develop a baseline map model that shows
where densities of waste production occur across a study area. This project has selected
methods from Tyson (1996), Bergsdal et al (2005) and Shmelev & Powell (2006) on the

basis of meeting the criteria in Section 3.1. They are designed specifically to model waste
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production geographically and use census data sources since these are readily available.
Waste production can be derived directly as a function of census derived variables such as
per capita or per household. In contrast, methods from other GIS-based energy planning
DSS (Dagnall et al, 2000; Graham et al, 2000; Freppaz et al, 2004; Varela et al, 2001) are
not suitable since they are specific to other forms of biofuels such as forestry residues,
energy crops and agricultural residues. They use different underlying data and cannot be
adapted to the MSW context.

Some Bio-energy DSS are very detailed in their GIS-derived calculations of
resource. This project has avoided methods that have a high level of complexity such as
Graham et al (2000). Much detail occurs in the calculation of the costs of resource
production. This is not applicable to waste, since it is a resource where developers are paid
to ‘dispose’ of it rather than have to pay a price for its production, as is the case with
energy crops for example. Highly complex resource models can take several hours to run,
require an expert GIS software developer and use multiple software packages and data
formats. Such levels of detail and requirement are not suitable for the intended WDA end-
user and are not necessary in the process of identifying suitable sites for EfW facilities,
processing thousands of tonnes per annum.

None of the authors above have formalised their spatial waste availability
calculations, but the following equation from Voivontas et al. (2001) summarises the
general mathematical technique used. The total annual production of agricultural wastes in

a region was characterised below,

B =247, (3)

where B (t of residue/yr) is the sum of cultivated area A, for crop n, multiplied by
Y, the residue yield for crop n (t/ha/yr). In the case of waste, Equation 3 can be modified
by replacing A, by the number of households and Y, by the waste production per annum
per household minus target recycling rate. Tyson et al (1996), Bergsdal et al. (2005),
Maniezzo et al. (1998), Wenisch et al. (2004) and Shmelev and Powell (2006) estimate
waste production in this way by using population statistics on size and growth of

households or per capita and extrapolate to a future year value.
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The methods chosen also produce results at a suitable resolution (level of detail) for
siting facilities in WDA areas. Shmelev & Powell (2006) for example, executed their study
at the sub-regional level of Gloucestershire. Despite being applied at the US national and
state level, the method from Tyson et al (1996) is still applicable as long as local
parameters are used. Studies such as Noon & Daly (1996) that have assumed all resources
are aggregated at the US ‘county’ are not suitable for this DSS, where it has been decided
to locate opportunities for multiple small-scale EfW facilities within a study area. The
methods chosen above can output data at a resolution of 1 km?® This contrasts with
unsuitable methods for national studies reviewed that range between 10 km? (Price et al,
2004) and 50 km” (Freppaz et al, 2004).

Key parameters in the spatial resource modelling of MSW availability for energy
generation include assumptions on composting, diversion from landfill and recycling rates
and timescales. These assumptions are often based on WDA landfill diversion targets
enforced by the Landfill Directive. To be fit for purpose, this DSS must assist WDAs meet
their targets. In addition, Consonni et al (2005b) and Bergsdal et al. (2005) agree that
energy recovery is only suitable for residual waste after recyclable components have been
extracted. Gill et al (2006) challenge this and state that EfW should be given greater
priority against recycling in the Waste Hierarchy, since low carbon energy production
(Appendix A.3.1.1) is more important than materials recycling. Some LCA studies
however, do not support this since, energy consumption is saved in the processing of virgin
materials (Boer et al, 2007). From a political point of view, it is in the interests of decision
makers to maximise recycling efforts and size EfW facilities accordingly (Kristiansen,
2006) since this form of recovery is popular with the public who have concerns that EfW
may undermine recycling efforts (Kondakor, 2007). In order to minimise the potential for
conflict, it is arguably worth sizing facilities to residual MSW after recycling to gain public
support for facility planning permissions. The definition of residual MSW waste assumed
for energy recovery after recyclates have been extracted in this project can be found in
Section 5.3.2.

Tyson et al (1996) also takes into account the need to allocate waste production to
existing EfW facilties and that this should be considered when modelling potential

feedstock availability for new plants. To account for this, Tyson et al (1996) located
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existing facilities locations and demands for feedstock tonnages have been subtracted from
the resource maps on a proximity basis. In the interests of preventing a situation where
facilities may compete for feedstock to the point that operational efficiency is
compromised, this project will also use this procedure.

Table 3 shows examples of variables from the literature and illustrates that assumed
parameters for waste production are significantly different. Such variance will have a very
strong influence on final results and variables should be made subject to sensitivity
analysis. This has been explored in Section 6.4.3.2 with respect to recycling rates within
the contexts of the test WDA areas.Regarding per capita growth in waste generation, while
most studies reviewed in Table 3 quote increases in waste growth such assumptions can
depend on seasonal and socio-economic factors and can be very different depending on the

affluence of the country in that developed nations create more waste than developing ones.

Table 3: Waste production variables from the literature.

Authors Country Waste Recycling & Per capita waste
context | growth rate Composting generation
(% p/a) rate (%) (kg/pa)
Murphy & McKeogh, (2004). Ireland 2 326
17%

Tyson et al, (1996) uUsS 25% (scenario)

50% (scenario)
Kirkby and Azapagic (2004) EU 3 250
(Cz%r(l)ssoar;‘_“ ctal, Italy 35% 500
Porteous, (2005). UK 3&4 40%
Wenisch et al, (2004). France 0, 35 and 60% 365

Tyson et al (1996) stress that it is important in any application of EfW DSS to take
into account the waste production characteristics of the geographic area in which the
approach is applied, since identifying locations for particular scales of facility at the local
level can depend on it. As a result, the authors recommended the use of locally derived
waste production parameters for modelling to ensure local conditions are taken into
account. In support of this, Bergsdal et al (2005) used different growth rates for different
municipalities.

In contrast of respecting local conditions, some studies assume that resources are

uniformly arising over the study area (Krukamont & Prasertsan, 2004). In the case of
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MSW particularly, this is simply not true, since urban areas generate more waste than rural
areas as MSW generation is a function of population. This project will apply waste
production and recycling parameters derived from local studies already undertaken by the
individual WDA administrations. These take account of local population growth
expectations due to different housing development forecasts. Recycling rates used in this

project will be set by the WDA targets for 2011.

3.2.2. MODELLING CONCENTRATIONS OF FEEDSTOCK WASTE
RESOURCE

Section 1.6 identified that modelling concentrations of resource is an important
process in identifying suitable sites. Dagnall et al, (2000) and Bergsdal et al, (2005) note
that sites for facilities are only appropriate in geographic locations where suitable
concentrations of fuel occur. Bergsdal et al. (2005) also emphasise that locating
incineration plants where waste is produced reduces the need for transportation. These
references are supported by the recommendations of the PIU (2002) and RCEP (2004)
reports. In contrast, Varela et al. (2001) included in their criteria that facilities should be
sited greater than 20 km away from population centres. In the UK context however, where
population density is relatively high and congestion on roads common, the references made
by Dagnall et al, (2000) and Bergsdal et al, (2005) are more relevant than that by Varela et
al. (2001). This DSS will identify sites for plants that are in fuel concentrated areas.

Sites for new processing facilities have been selected from locations of existing
facilities for energy generation (Noon and Daly, 1996) or more commonly, from pre-study
identified lists of potential locations from regional or local development plans (Wey ,2005
and Jainter, 2005) that already outline suitable areas for the construction of EfW facilities.
These methods have their weaknesses in that they may only have been identified with a
particular scale and type of technology in mind from the outset. The need to satisty both
heat and power production may have been overlooked as well as sites that only have
sufficient area to accommodate smaller-scale facilities.

Some methods of site identification are based only on resource production aspects
and use query-based calculations to identify if suitable economic and technical conditions

exist for supplying a potential facility with fuel from the surrounding procurement area
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(Graham et al, 2000; Freppaz et al, 2004). These methods are not flexible and cannot take
into account different scales of plant, often focussing on large-scale facilities of up to 630
ktpa (Graham et al, 2000). In addition they may be developed for specific biomass fuels
and difficult to adapt to MSW. For example, Graham et al. (2000) identify sites by
assuming the best locations are within 1 km cells that exhibit the lowest marginal cost in
being supplied with feedstock from all the other cells in the study area but note that their
method is not suitable for non-expert GIS users, and hence, may not be suitable for WDA
users.

Resource-only based site identification models include Tyson et al (1996) and
Nuberg and Bugg (2002). These studies use a “scanning program’ that allows a user-
defined radius and MSW capacity of plant. If a particular region has insufficient MSW, the
program moves on to query the MSW in the next region until the required capacity is met.
Both conclude that derived site outputs may not actually be ‘suitable’ but imply that their
approach may be of some use in the strategic site identification role. Unfortunately, no
details on the precise methods or algorithms are given in the literature. In the context, that
WDA decision makers must justify their choices of site for any EfW facility and that they
must meet Planning Policy Statement 10 requirements, use of such models addressing
resource only aspects of facility site identification are not robust enough for this project and
any method must incorporate other criteria. These are reviewed in Section 3.2.3.

Resource-concentration models when combined with other criteria in a GIS overlay
approach are much more promising. These are used to identify potentially suitable sites
(Dagnall et al, 2000; Voivontas et al, 2001; Noon & Daly, 1996). As in the case of Nuberg
and Bugg (2002) they often define a radius in which enough feedstock must arise in order
to judge whether a particular location is desirable. An example of this type of method
using an overlay analysis and maximum radii for identifying concentrations of collectable

feedstock resource is shown in Figure 5.
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Figure 5: Example of overlay analysis from Dagnall et al (2000).

Dagnall et al. (2000), Voivontas et al. (2001) and Cole et al (1996) estimate the size
of the potential scheme at any particular site by calculating the collectable resource for that
point within an economic transport radius that depends on the characteristics of the
feedstock. If the required feedstock of the plant for any set capacity is greater than that in
the surrounding transport radius, the potential plant is rejected. The definition of this radius
is often limited on grounds of cost and is a key factor in identifying sites. Dagnall et al.
(2000), for example, assume that the transport distance in which the feedstock can be
economically moved depends on its energy density and uses results from Tafdrup (1994)
which state that a maximum radius of 40 km is economic for high dry matter (70%)
feedstock while low dry matter feedstock or slurries (<10%) can be transported

economically within a maximum 10 km radius. Within these radii, costs of £1.50/m’ for
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slurries in 20m’ tankers and £7/t for high dry matter feedstock within the 40 km radius in
20t covered trucks were used. Noon and Daly (1996) present a maximum radius of a 120
km radius for mill residues.

Generally, the greater the capacity of the plant, the larger the supply area it will
require. In the case of waste, the overall size of the supply catchment area will also depend
on the density of waste fuel availability within it (Bergsdal et al., 2005). In order to
identify the supply area of any plant, the most commonly used approach is to use a distance
query tool (within the GIS software) in an iterative manner to define a radius that identifies
the area necessary to satisfy the feedstock capacity of the facility. This has the advantage
of identifying radii which are unique to the study area and avoids the inflexibility of
applying a fixed parameter such as those discussed above. Using the algorithm shown in
Figure 6 from Voivontas et al (2001) and adapting it to allow the minimum (not maximum
as is the case with other less available biomass resources) transport distance radii to be
identified for each EfW facility ensures they are located in areas where waste concentration

is high and therefore, transport costs can be minimised.
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Figure 6: Overview of the algorithm for site identification from Voivontas et al (2001).

Once minimum transport radii have been derived, ‘scanning programs’ (Tyson et al,
1996) also described as ‘Collectable Waste Modelling” (Dagnall et al, 2000) can be used to
identify ‘hotspot zones’ in which further criteria can be applied with which to identify
suitable sites. These are versatile models whose methods are easily explained to WDA
officers and the public who may have a specific interest in understanding how sites have

been identified. Data layers and criteria can be added without the need to re-write

programs.
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Testing identified that the Voivontas et al, 2001 algorithm can be successfully used
within the Dagnall et al (2000) approach that overlays concentrations of waste feedstock
modelling layers with other site identification criteria layers such as proximity to: Suitable
transport routes; Heat demand; Electricity grid connection; Environmental and institutional
constraints and Industrial sites (decision rules and definitions of these criteria are reviewed
in Section 3.2.3) within a GIS system. These methods are fit for WDA user purpose, since
they can be applied using query and modelling tools within commercial GIS software
packages and no additional programming is required. These are executable by non-expert

WDA GIS users.

3.2.3. NON-RESOURCE RELATED CRITERIA AND DATA

Section 1.6 identified that technical and planning criteria are important in
identifying sites. This section reviews the use of spatial criteria in previous GIS-based bio-

energy DSS.

3.2.3.1 Proximity to suitable transport routes

In most studies, road is the principal mode of transport for bioenergy and waste
feedstocks but in the UK context a waste-by-rail feasibility study for Cornwall has been
conducted by Capita Symonds (2004). This concluded that within the WDA context, rail
was feasible but at significant cost and risk existed in potential delays in connecting new
infrastructure to the existing national rail network. In an urban context, barges use the
River Thames to transport waste from the city of London to landfill sites in Essex. This
effectively bypasses the problem of city congestion. Within the majority of UK WDA
situations, however, it is by road that most wastes are transported and this DSS reflects that
but uses methods that could be adapted to river and rail transport.

Regardless of mode, studies reviewed take into account the need to locate close to a
good transport route. There is however, some ambiguity with regard to what a ‘good’
transport route is. Dagnall et al. (2000) use the term ‘major roads’ which is further refined
as motorways and ‘A’ roads. Voivontas et al. (2001) and Nuberg and Bugg (2002) present
the opportunities to fulfil this criterion based on ‘primary’ and ‘secondary’ roads. Graham

et al. (2000) simply classify their road network as consisting of either ‘slow’ or ‘fast’ roads.
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Varela et al. (2001) have stated that any type of road should be within 1 km of a facility.
Dagnall et al. (2000) and Cole et al. (1996) also use this distance, except that it must be
from a ‘major’ road. It is clear that authors do not always agree on which level of the road
network is most suitable for proximity to a potential site location. The essence of what is
important is to ensure that the facility is served by a road that has good links to the rest of
the network, and is suitable for heavy goods vehicles. This DSS will include the ‘proximity
to transport route’ criterion and use motorway junction, A and B road data. These can be
reasonably assumed to provide adequate access to any proposed EfW plant within the UK
context. In addition, proximity to good road networks can coincide with industrial sites and
heat demand, since the latter often co-locate in order to assist the supply and manufacture

of goods and services.

3.2.3.2. Proximity to heat demand

Most of the authors reviewed do not take into account proximity to heat demand.
The reasons for this are not clear, but it is possible that researchers do not fully appreciate
the need to utilise the waste heat from energy generation facilities as described in Section
1.3.4. For example, Dagnall et al. (2000) have assumed that it is not possible to sell the
surplus heat from small-scale schemes, but others acknowledge the importance of heat
demand in improving project economics and that heat producers must locate closely with
customers in order to manage distribution costs where existing district heating networks do
not exist (Wenisch et al, 2004).

Bergsdal et al. (2005), however, does include the heat issue and actually makes heat
a key decision criterion in identifying suitable sites by matching waste availability with
equivalent heat demand. Heat demand is estimated by using municipal data on building
type and average floor area. While it would be desirable to include such a technique within
the proposed DSS, no such heat demand data at this geographic resolution exists in the UK
at present (Wiltshire, 2003). A discussion of how heat demand can be included in the

overall DSS approach is presented in Section 6.4.3.5.

3.2.3.3. Proximity to electricity grid connection

Proximity to electricity grid connection is frequently included in studies. Dagnall et

al. (2000) and Cole et al (1996) considered that sites within 5 km of a grid substation are

68



acceptable as potential power-station locations. Nuberg and Bugg (2002) consider the use
of biomass resources within 25 km of the 110kV electricity transmission network, while
Varela et al. (2001) consider proximity of within 15 km to 66kV grid substations. These
rules are only suitable for scales of facility far larger than those anticipated for recovery of
energy from a UK WDAs residual waste tonnage. In the UK context, Dagnall et al. (2000)
assume that if electricity is to be exported in large quantities, then facilities must be
connected to the grid through a 33kV substation. This study assumes that 0.5 to 1 MWe
scale plants are ‘suitable’ for 33kV connection. This is a generalisation, since it is possible
for plants of this size to be connected at the 11kV without grid reinforcement. Authors
often do not acknowledge that different capacity plants require different grid voltages and
costs of connection. Graham et al. (2000) and Freppaz et al (2004) for example, do not
explain if they have accounted for these differences in their GIS cost calculation modules.
After consultation with Central Networks, the local distribution company for the
Warwickshire WDA test area, it was decided that potential plant should be located within 3
km of a bulk supply point (BSP) or 33kV substation. This was desirable from a cost of

connection and cabling perspective (Brown, 2003).

3.2.3.4. Proximity to environmental and institutional constraints

In meeting the requirements of PPS 10 it is important to respect environmental and
institutional constraints when identifying sites. Dagnall et al. (2000), Wey (2005) and
Shmelev and Powell (2006) obtained data of sites of special scientific interest (SSSIs),
national nature reserves (NNRs), special areas of conservation (SACs), special protected
areas (SPAs), and RAMSAR sites within their study areas. In the UK context, Shmelev
and Powell (2006) applied a 5 km exclusion radius around the sites to guard against
emissions related damage from the EfW facilities, while Dagnall et al. (2000) did not apply
any ‘buffer’ zone, simply ensuring no site co-located with a protected one. This DSS has
assumed a 2 km buffer zone, since this represents the limit of the formal consultation zone
(FoE, 1995). Such an assumption enables the DSS to minimise potential conflict which

may occur if facilities are located too close to designated sensitive and protected areas.
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3.2.3.5. Industrial land use

Wey (2005) emphasises that EfW plants need to be sited with respect to local
development plans. This also corresponds to Planning Policy Statement 10 (PPS 10)
guidance (ODPM, 2005), which states EfW facilities should be sited on appropriate
industrial or derelict/brownfield land where possible. Dagnall et al (2000) also propose
siting plants in proximity to industrial areas but use urban area boundary data as proxy.
This criterion will be taken account of and use GIS data representing the locations of
industrial land areas and estates. Ensuring that sites are situated on such a land use within

the proposed DSS may also lead to co-location with potential heat demand.

3.2.3.6. Other criteria

Nuberg and Bugg (2002) have in addition to the ‘standard’ criteria described in
earlier sections stated that being not more than 20 km from a population centre is also
important. Cole et al (1996) introduce an energy crop resource back-up criterion in the
selection of plant locations and use a proximity rule of 60 km to a source of forest residues.
In the context of waste however, this can be rejected since it is likely that operators will
provide preference for processing a fuel they receive revenue for using. The approach from
Varela et al. (2001) used the rules that the distance from plant to a small population
(<20,000) should be less than 20 km and distance from a plant to large populations
(>20,000) should be more than 20 km but with little justification. This DSS will not
consider a minimum distance from an urban area, since proximity is desirable from
transport (Gershman et al., 1986) and potential heat demand perspectives (ILEX Energy,
2005).

3.3. TRANSPORT COST ESTIMATION

Two groups of GIS-based methods for formally estimating transport impact: Planar
Distance and Windage Factor or Geometric Networks were identified in the literature. The
first assumes that the distance between any supply sources is a straight line (planar)
distance to the proposed facility and uses this to define the maximum feedstock supply

area. A ‘windage factor’ (WF) is applied to account for the deviation actual road distances
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have from planar distances (Perlack & Turhollow, 2002). Discussion of quantifying

transport impact is further discussed in Section 7.2. Typical windage factors from the

literature have been reviewed by Bastin (2006) and are presented in Table 4.

Table 4: Example winding factors (Bastin, 2006).

Winding
factor

Source

Application

1.3

Perlack & Turhollow, 2002

Biofuels: Transport of corn stover for ethanol conversion

1.2

Warwickshire County
Council
(pers. comm.)

Default as used in the ACCESSION software

2

Ramirez et al., 2000

Sewage sludge transport — uses ORWARE program

1.32-2.08

Drobne & Paliska, 1998

Study of the effect of local relief and road density on route
circuity in Slovenia

2

Kumar et al., 2005

Biofuels: Wood transport to power plant in Canada

13-14

OPET, VTT, 2001

Biofuels: Forest chip harvesting for incineration, Finland.
Estimates fall as distance increases.

1.45

Prestemon et al., 1999

Forestry: timber haulage to sawmills. Value calculated
specifically for their study by linear regression of network
/Euclidean distances for 25 example paired locations.

1.338

Berens & Korling, 1985

Mathematical investigation: Estimation of inter-city road
distances in Germany

1.13

Love & Morris, 1988

Mathematical investigation: Estimation of inter-city road
distances in Germany

1.16

Love & Morris, 1972

Mathematical investigation: Estimation of inter-city road
distances in US

1.19-1.83

Chalasani et al. 2004

‘Detour factors’ for Euclidean distances from 0 to 100km,
from an analysis of geocoded travel diaries. Values fall as
Euclidean distance rises.

1.22

Qureshi, Hwang et al., 2002

Supply chain routing: Transport distance estimation for
commodity flow between zipcodes in the US

1.12-2.1

Ballou et al., 2002

Average circuity factors for inter-city distances within a
variety of countries (1.4 for England)

1.3/1.14

Levi et al., 2003

Supply chain routing: Recommended values (1.3 within
metropolitan areas, 1.4 across US)

1.2/1.7

Hess, 1997

Pedestrian modelling: Measured values of ‘Pedestrian
Route Directness’ in two contrasting areas of Seattle.

1.4-1.88

Randall & Baetz, 2001

Pedestrian modelling: Measured values of “Pedestrian
Route Directness’ in US cities.

1.21 -1.34

O’Sullivan & Morrall, 1996

Pedestrian modelling: Average circuity factors calculated
for commuter walks to rail stations (40 m — 3.7 km)

Freppaz et al. (2004), Maniezzo et al (1998), and Noon and Daly (1996) use the more

complex geometric network method to enable costs to be calculated using GIS data

representative of the actual road system.

It was desirable to test geometric network

approaches using travel times, and data describing existing traffic conditions of the roads in
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the WDA areas. Unfortunately, although such data exists, it could not be obtained for this
project, since it was considered to be too commercially and politically sensitive. Since
transport is important in EfW planning (Gershman et al, 1986), this project has used both
Planar Distance and Geometric Network approaches to estimating transport costs to
compare the results and consider their strengths and weaknesses (Section 7.3). The
network approach however was tested using typical UK average road speeds due to existing
road traffic data not being available as noted above.

Transport costs have been calculated by Graham et al, (2000) using a raster-based
cell approach (Section 2.2) and have calculated costs from one cell to others using Equation
4), where TC is the cost of transporting feedstock ($/tonne), KF is the fixed cost of
unloading and loading feedstock, KD and KT are the distance and time-dependent costs
($/tonne). DIST and TIME is the road distance and travel time between pixel X and pixel
Y (km one way).

TC,\X.Y }=KF + KD x DIST X.Y}+ KT x TIME {X.Y} @

Freppaz et al (2004) used Equation 5, where Crg is the unit cost for transport
($/kg/km), MV, is the biomass density and Dj is the distance (km) from source location i to
location K computed by the GIS. ®ik is the biomass quantity, in m’/Y that is yearly sent to

the kth plant from the ith source location;

C,=2 . Y, Cu@, MV ,D.u )

Such approaches as the two above, while transferable to waste are complex. They
are reported to have long run times and are not suitable for more casual GIS users. For
these reasons they have been rejected. Alternatively, Bergsdal et al. 2005 used Equation 6
to derive transport ‘need’ (TR) for any one EfW option from calculations of waste flows

(WFL) and distances (DST) from ‘sources’ (waste production points) to ‘sinks’ (plants).

TR =Y WFLx DST 6)
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This calculation is suitable for application to catchments of source waste points to derive
the cumulative distance per annum with less programming requirements. A range of
parameters, such as costs or emissions may be derived from this calculation. Unfortunately
it 1s not clear if a geometric network has been used or straight-line analysis, but the paper
notes that “paths are traced” with no further explanation. This is an example of how GIS
methods for energy planning within the literature can be difficult to interpret. Despite this,
the calculation can be directly applied to the UK context by using the data methods from
Shmelev and Powell (2006), where centroid points of population wards were used to define
the waste generation sources. It is unclear why Shmelev & Powell (2006) suggest that they
use a GIS for estimating transport but do not provide truck capacities, or detail as to
method. Since this work was conducted in the UK context, this is unfortunate, since an
interesting outcome would have been to compare methods.

Dujim and Markert (2002) note that in their transport impact assessment, vehicles
are required to return and hence total demand on transport is twice the distances noted
between waste source and point of disposal. The authors also note the average payload of
trucks is not the maximum capacity of the vehicle. Average payload as well as two journey
parameters should be used in order to not under or over estimate transport impacts.
Parameters of studies not undertaken in the UK context, such as the US work of Noon &
Daly (1996) should be treated with caution since truck designs and capacities can be very
different. In order to ensure such parameters are reasonable in the UK context, data from
Biffa (2002) — a major waste management company (presented in Section 7.2) will be used
in this project. This DSS will assume that all waste is transported by road and will use the
same data sources used by Shmelev and Powell, (2006), while using the calculation from

Bergsdal et al, (2005).
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3.4. REVIEW SUMMARY

Formulation of options

Many authors do not provide detailed equations, algorithms or description to
support their decision support techniques.

Residual MSW resource map modelling can be achieved by the techniques
used by Tyson (1996) and Bergsdal et al (2005) using UK data sources
shown by Shmelev & Powell (2006).

Assumed variable values for waste production should be made subject to
sensitivity analysis due to the range of cited parameters.

In the identification of sites, access to the road network, proximity to heat
demand, co-location on industrial land area and proximity to institutional
constraints are key criteria as discussed in Section 3.2.3.

Modelling methods from Dagnall et al, (2000) and Voivontas et al (2001)
will be combined to produce an overall site identification procedure for
identifying EfW sites of location and scale.

All waste will be transported by road and impact analysis will be done by
combining elements from the methods from Shmelev & Powell (2006) and
Bergsdal et al, (2005). This project will use both Planar and Network

alternative approaches to estimating transport costs.
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4. APPRAISING EFW OPTIONS: CRITERIA
AND DATA

4.1. AIMS OF CHAPTER

Section 4.2 reviews the criteria typically used in previous studies appraising EfW
options and how they are defined. Sections 4.3 and 4.4 review how they can be selected
and weighted. Section 4.5 reviews sources of data that can be used to derive EfW option
performance scores while 4.6 provides a summary of key points leamnt from the review

together with a description of how the project’s contributes to the field of EfW planning.

4.2. CRITERIA USED IN ENERGY AND WASTE POLICY APPRAISAL

4.2.1. EcONOMIC

4.2.1.1. Monetary costs

Studies differ significantly in their choices of monetary cost indicator. Murphy and
McKeogh (2004) considered capital costs and waste disposal revenues but did not take into
account financing over time or apply a discount rate. Nilsson et al. (2005) note that several
authors of the literature “suggest that an economic valuation approach of net present value
(NPV) is needed to evaluate the relative merits of various decision alternatives”. Cheng et
al, 2003 derived a total cost criterion, using the indicators of transportation cost, capital cost
minus potential revenue. In addition, Maniezzo et al. (1998) used operating costs and
summed all costs for each location to yield the total costs for each scenario of potential
sites and plants. Consonni et al. (2005a) provided the most complete study of cost
considerations and revenues from the sale of material products and heat. These were
summarised in an overall gate fee figure (£/t processed). This is a useful criterion
understood by WDA officers and this indicator can use NPV, and hence, is an important

criterion within the DSS to represent the cost of option concern. It can also take into

75



account temporal implications of financing, which is essential when project lifetimes of

EfW facilities can reach up to 25 years.

4.2.1.2. Transport

Regardless of the choice of assessment method, transport is an ambiguous criterion
which is as equally emphasised in some studies (Bergsdal et al, 2005) as it is neglected in
others (Wenisch et al, 2004; Consonni et al, 2005b). When modelling with respect to dense
and scarcely populated areas, Nilsson et al. (2005) attached shorter and longer transport
distances accordingly. Whilst the authors acknowledge this is an overly simplified model
of waste flow, it “serves the purpose of demonstrating the effect of transport”. A deviation
from standard transport impact assessment is described by Wey (2005) and Maniezzo et al.
(1998), in that some authors compute transport costs only on the length of the routes used
from municipalities to waste incineration plants independently of the amount of waste that
has been sent along the routes. This seems too simplistic, since cost can be a function of
both distance and the tonnage of waste transported.

Wheeler and Jainter (2006) do not mention use of a GIS but calculated distance by
using Web-based route planners. The transportation of residues such as bottom ash is not
included in their transportation scenarios. Consonni et al (2005b) have, however,
considered this. This study assumed that all plants regardless of size are located exactly 50
km from the final landfill site for bottom ash residue. This approach does not take into
account the local geographical conditions. Truck capacity was assumed to be 16t. Since,
this study aims to compare the impacts of both large-small-scale facilities of the same
technology type within a defined area, it is likely that differences in overall transport
impact due to the transportation of ash residues from both options would be negligible.
However, since different technologies are used to characterise options in this project, the
transportation of ash should be taken into account. The DSS will assess the impact of both
the transport of waste to supply the facilities and resulting bottom and fly ash from the
facilities to landfill.

Costs of transport can be environmental as well as economic and can include other
externalities such as traffic congestion and deaths caused by accidents. Corti and Lombardi
(2004) note that if a high weight has been applied to the transport criteria, the effects of air

emissions such as NO, can have a great influence on the final score. Dujim and Markert
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(2002) conclude that traffic emissions are a significant source of air pollutant emissions,
even when compared to the cleanest technologies. They also argue that risks relating to
transport (accidents etc) are not insignificant and cannot simply be ignored. This DSS will
include two transport criteria — one representing the ‘external’ environmental impacts and
the second representing an estimation of financial cost will be calculated for all routes. GIS

based methods of calculating transport costs were discussed in Section 3.3.

4.2.2. ENVIRONMENTAL

4.2.2.1. Displacement of Carbon Dioxide emissions

The displacement of Carbon Dioxide (CO,) emissions from conventional fossil fuel
sources in the production of energy is often a key criterion in energy planning studies.
Consonni et al. (2005b) have compared CO, emission savings from using CHP EfW plant
and assume thermal losses of the heating network. This was done for large-scale systems
with no regard to heat output for the small-plant scenarios. There is no explanation for this
and it is reasonably challenged by Kristiansen (2006) who states that heat revenues are a
key factor in ensuring attractive project economics for smaller-scales of plant. It can
therefore be assumed that it is important to use the heat produced wherever possible. The
subject of efficiency in heat and power generation for emerging technologies, such as
pyrolysis and gasification is discussed by Malkow (2004) who suggests that designers aim
to improve fuel utilisation and energy efficiency, while minimising emissions and
hazardous process residues. He also states that the latter often is at an expense of the
former. This indicates that assessing pyrolysis and gasification technologies against
conventional incineration on the criterion of displaced CO; is an important aspect within
the proposed DSS.

Corti and Lombardi (2004) state that in the calculation of displaced CO; emissions
reference to the national electricity generation mix should be made. EfW can offset more
CO, from coal-derived electricity generation than from gas-derived, for example, the latter
releases 62% less CO, to atmosphere than the former (Porteous, 2005). Finnveden et al
(2005) and Moberg et al (2005) argue that coal fired power plants are the base-load

marginal electricity sources whose power generation is most likely to be displaced, but
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using this assumption for the UK as made by the WISARD tool has been justifiably
criticised (Purser, 2003), since electricity generation from other renewable sources such as
wind is expected to increase, thus meaning the environmental benefits of EfW are
exaggerated. In contrast again, Consonni et al. (2005b) used the assumption that
conventional natural gas and oil steam plant derived electricity generation were to be
displaced by the EfW plants. The importance of assumptions cast on the marginal
electricity source is made by Weisser (2007) where he concludes that renewables and
nuclear power plants generate far less CO, than their fossil fuelled counterparts. To avoid
conflict and disagreement, this DSS has assumed an average of all displaced primary fuels

to ensure the CO, savings from EfW are not exaggerated.

4.2.2.2. Air emissions

In addition to CO, the effects of other air pollutants are also important. In their
emissions inventory, Consonni et al. (2005b) comprehensively considered emissions from
the: Stack of the EfW plants; Transport of solid residues to landfill; Building of the plant
and finally from the production of recyclable metals recovered from the bottom ash.
Porteous (2005) argues that while flue gas volumes are up to 40% less for gasification
compared to incineration, there are extra CO, emissions from the transport (separation) and
pre-treatment (shredding) of waste. While it is important to understand the potential
implications of these technical differences, the CO, emissions from the transport and
shredding of feedstock is insignificant compared to the flue gas volumes from facilities
(RCEP, 2004) and these latter factors will not be taken into account within the proposed
DSS. What is important are the flue air emissions and previous studies typically include
CO, NO», PM, SO,, HCL, HF and heavy metals. These are important, and regulated by the
standards in the Waste Incineration Directive (Appendix A.2.4), despite this air emissions
are considered in this project, since they continue to be of concern to WDA officers and the

public (Lea 2006b).

4.2.2.3. Emissions to land

Bottom ash is inert material that is extracted from the grate after thermal processing.
Fly ash arises from from particulate removal using air pollution control equipment and

includes heavy metals and reagents such as lime that is used to remove pollutants from the
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flue gas streams. The hazardous nature of fly ash derives from the use of the lime which is
alkaline and significantly higher fees are charged for its disposal (Williams, 2005). In
contrast, bottom ash is sometimes used as aggregate for road building (Porteous, 2005).
Some controversy surrounds the use of bottom ash production as a criterion. For example,
Porteous (2005) emphasises that this is a useful material for road building and aggregate
and that the UK should recognise this as recycling, as is done in mainland Europe.
Williams (2005) states however, that bottom ash is a low-value recyclate which is difficult
to market in the UK and can require costly landfill disposal (Wenisch et al. 2004, Azapagic
and Camana, 2005, Bergsdal et al., 2005 and Dujim and Markert ,2002) if a market cannot
be found. The DSS will include indicators of both bottom and fly ash, but in a conservative
approach respecting the difficulties and potential costs if a market for the bottom ash
cannot be found, this project will assume that bottom ash production is a negative factor,

where supporting references for its management within the WDA context cannot be found.

4.2.24. Dioxin production

The risks (and perceptions of risk) posed to human health from incinerators are of key
political importance in EfW decision making. Consonni et al (2005b) include dioxin
production from different technologies as a criterion. Porteous (2005), however, argues
that in the present day of extensive monitoring and legislation by the WID, this is no longer
an issue that needs to be considered. In contrast, public perception dictates that it should be
(Barda et al, 1990). Porteous (2005) concludes that EfW is an “extremely low risk,
environmentally benign method of post recycling/composting residual MSW disposal” and
criticises the UK industry for failing to be more proactive in its uptake. It can be argued
however, that it is not the fault of industry, but indeed public perception and WDA fear that
is responsible for the lack of EfW uptake in the UK. The importance of health effects
continues to be a focus of debate, with a specially commissioned government report by
Enviros et al (2004) concluding that there is very little risk to human health from dioxins
from EfW facilities. The methods and risk assessments used in this report however, were
publicly criticised by Thompson and Anthony (2006) in that they were incomplete and not
based on medical science. The disagreements of such reports have little effect in reassuring
the public. Since, such debate exists, credit should be provided for technology options

within the DSS that minimise dioxin production, and hence, can be regarded as most
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effectively managing any potential risk in the absence of scientific consensus (Loosemore

et al., 2006).

4.2.2.5. Site footprint

Dujim and Markert (2002) used the area occupation of site (or site footprint) as a
measure for the “level of distortion and the impact on the cultural and natural heritage”.
They argue that the smaller the area needed, the lesser will be the distortion. The true
importance of this however is questionable, and ease of procurement and cost may be more
of an issue to WDAs. Maniezzo et al. (1998), Shmelev and Powell (2006) and Jainter and
Poll (2005) have also taken into account the impact of land use for waste management in
local studies. Since, this criterion is certainly most relevant at the local level in terms of
WDA procurement (Lea, 2006b); the proposed DSS should take land requirements into

account when comparing options.

4.2.3. TECHNOLOGY

4.2.3.1. Technical maturity and commercial acceptability

This is an important factor to include in the appraisal of EfW options, since WDAs
must deliver solutions in time to meet their landfill diversion targets, or face serious fines.
Consonni et al (2005a) assumed that technologies that were not in ‘commercial
implementation” such as the emerging ATT technologies did not justify an option, and
stated that those chosen for study were derived from those considered by local authorities,
which seemed to be combustion only. This study does not define exactly what ‘commercial
implementation’ means and contrasts with the experience of a UK developer (Compact
Power) of pyrolysis systems that has commercially run a 7.5ktpa facility on clinical waste
for over five years. Despite the proven track record being too small scale, to be of practical
interest in solving UK WDA waste processing needs, there is still considerable interest in
the technology by WDA decision makers (Hopkins, 2008).

The issue of ‘commercial acceptability’ (passage through due-diligence and release
of funds from the banking sector in order to finance a project), does not necessarily lead to
unproven technologies being excluded in option definitions of previous work. Murphy and

McKeogh (2004), Livingston (2002), Mc Lanaghan (2002), Fichtner (2004), Khelifi et al
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(2006), Harbottle et al (2006), Dujim and Markert (2002) and Porteous (2005) assessed the
benefits of ‘new’. ‘novel’ or ‘emerging’ technologies against those that are already
established and considered commercial, but there is still no consensus on what technologies
are superior overall. Murphy and McKeogh (2004), for example, compared the
performance of anaerobic digestion and gasification with conventional combustion
technology. The study concluded that gasification and anaerobic digestion was superior to
incineration in terms of cost and efficiency despite not being commercially proven for
processing MSW. Malkow (2004) agrees that while pyrolysis and gasification are
commercially proven in energy generation, they are not proven for processing MSW.
While Higham (1999) includes gasification but only within a centralised, large-scale
context and stresses that the technology is not established in the UK, the presence of the
Energos 40 to 80 ktpa gasification technology, originating from Norway and their success
in developing smaller-scale distributed facilities in the UK (Dawber, 2006) contradicts this.
The debate regarding commercial acceptability and maturity of new technologies on the
market must be addressed in the design and testing of the DSS developed by this project.
Options to be formulated and appraised will include options of both mature and emerging
technology in order to ensure the DSS is capable of providing reassurance to the public that
their relative merits have been considered.

At the time of writing, two alternative thermal technologies using pyrolysis and/or
gasification developed and commissioned in the UK, is the small-scale 7.5ktpa Compact
Power facility in Avonmouth and Energos gasification plant on the Isle of Wight. It is the
role of the DEFRA New Technologies Demonstration Programme (Appendix A.3.3) to
bring these technologies and others to proven market status at scales that can meet WDA
residual disposal/recovery needs. In contrast, 8 of the 19 UK EfW facilities use
combustion technology and have capacities equal to or greater than 180 ktpa The
remaining 9 plants ranging between 90 and 165 ktpa are also using combustion (ILEX
Energy, 2005). These points show that combustion technology is mature at multiple scales
and represent a greater likelihood of successful project development, commissioning and
operation. WDAs are risk adverse and are likely to show a strong preference towards
technology with proven market status. It would however, be wrong to ignore the support

that new technologies have and appreciate that they are ‘coming to market’. This project
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will also include a ‘Technical maturity’ criterion based on the number of plants operating in
the UK in the appraisal element of the DSS to acknowledge relative commercial

acceptability.

4.23.2. Efficiency

Efficiency has been a much discussed subject within the field (Consonni et al.
2005b; Murphy and McKeogh, 2004; Malkow, 2004; Fichtner, 2004; Porteous 2005).
There is significant risk of double counting regarding this criterion, since it is included in
the derivation of other criteria scores such as economic costs and revenues and
environmental performance in the form of displaced Carbon Dioxide emissions (Section

4.2.2.1). This project has therefore, not included it as a separate criterion.

4.2.3.3. Other

Other criteria in addition to those discussed above include job creation, potential for
public involvement and education. Other qualitative criteria include noise, litter/vermin,
landscape and visual impact, likelihood of implementation within required timescale and
planning/public perception (Jainter and Poll, 2005). The latter are often very subjective,
but seen as necessary criteria to support quantitative analysis of environmental impacts.
Generally other criteria attempt to capture the factors that affect planning permission for
potentially controversial, waste management projects. It can be argued that planning
permission and public perception is a function of many potential criteria, and there is a risk
of double counting (Coulson, 2006). For this reason, the DSS will not have a ‘planning
permission’ criterion, but will allow WDA officers to select from among job creation,
visual impact and technology maturity, since these have been identified as key areas of
concern within EfW decision making (Juniper, 2003; Enviros, 2004; Jainter and Poll,

2005).

4.3. SELECTING CRITERIA

The number of criteria and sub-criteria in any study typically range from between 4 to

7, and 10 to 16 respectively (Azapagic and Camana, 2005; Cheng et al, 2003; Wey, 2005;
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Bergsdal et al, 2005; Norese, 2003; Harbottle, 2006; Corti and Lombardi, 2004). The
number however can reach as high as 39 (Dai et al. 2001) and 45 (Shmelev and Powell,
2006). The DSS developed in this project is aimed primarily for WDA officer use, and the
numbers of criteria used in the Dai et al. (2001) and Shmelev and Powell (2006) studies are
excessive, in that it is important that decision makers understand the significance and
definition of all criteria, in order to select and weight them.

A significant proportion of the criteria used in most studies reviewed are
environmental. Khelifi et al. (2006) note however, that investors are more interested in the
capital cost than the environmental acceptability of a technology, while often people
residing in close proximity to the proposed plant site and the environmentalists have
exactly the opposite viewpoint. Harbottle et al. (2006) cite that there is increasing support
for the inclusion of sustainable development principles when selecting a (remediation)
technology for use on a particular site”. Wey (2005) is one of the few authors that
acknowledge the need for criteria to represent the impacts to social “strata” and effects on
the quality of life of neighbouring residents. Such criteria include effects on local scenic
resources and adjoining land use. This DSS will include a “visual impact” criterion and
include others that encompass the three principle areas of sustainable development:
environment, society and economy, since this is also a requirement of Strategic
Environmental Assessment and PPS 10.

Regarding the choice of criteria, many authors do not describe how they arrived at
their selection but Norese (2003) reported that the final choice of criteria was the result of
stakeholder meetings. This project will organise WDA ofticer working groups to advise
the final selection of criteria within their perspective MCDA models, since Section 1.6

identified WDA officers as the key target end-user of the EfW DSS.

4.4. WEIGHTING CRITERIA

Weights can be based on different methods as discussed in Soares et al (2006) and
include monetary evaluation and public/expert opinion. The latter is the preferred LCA
community approach and involves a ‘panel’ which establishes a hierarchy of impacts

followed by a value allocation (Soares et al, 2006). Nilsson et al. (2005), Wey (2005) and
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Cheng et al. (2003) also used expert groups to qualitatively weight different criteria within
waste management systems. Monetary evaluation weighting can be made on the basis of
costs related to environmental consequences. Monetarisation can include ‘willingness to
pay’ (WTP) surveys or taxes to value the significance of criteria and has been noted as a
convenient method for aggregating health impacts (Spadaro and Rabi, 2001). Such an
approach to weighting is not as useful to represent the values of specific WDA officers, but
may be more suited to capturing the more generalised values of the public.

In previous UK waste management MCDA studies, Higham (1999) and Jainter and
Poll (2005) have used ‘officer experts’ from both the county and district levels of
government. Using the MCDA weighted-sum method (Section 2.7.5), Dujim and Markert
(2002) used expert weights, gathered from questionnaires to reflect actual priorities in
decision making. However, in order to ensure maximum participation, a more direct
method of interaction with WDA officers is required, such as that advocated by Norese
(2003) discussed later in this Section. A limitation of using expert groups in a local
decision making context is that people may not be willing to say what they really believe,
since they are afraid of the consequences in daily life. To manage this, Munda (2004)
suggests the use of anonymous questionnaires is an essential part of the participatory
process.

Norese (2003) expressed that participatory MCDA, where weightings are provided
is extremely difficult in the first meetings, but that the MCDA work routine which requires
active input from all parties, actually led to a more co-operative attitude. The author also
reports that MCDA methodology is also understood by the majority of participants and
became a ‘local language’ which was shared and accepted. It is for these reasons that this
DSS will use participatory MCDA to capture the weights and values of WDA officer

‘experts” within workshops.

4.5. PERFORMANCE DATA SOURCES

Many authors such as Bergsdal et al. (2005), Consonni et al. (2005b), Corti and
Lombardi (2004) and Azapagic and Camana (2005) used data from LCA databases and fill

gaps from the literature or with proprietary sources and patents (Fichtner, 2004).
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Legislation limits, from WID, for example can also be used to assume data values for
criteria. While this is acceptable, care must be taken in order to ensure consistency in the
way data 1s sourced, derived or calculated.

In the UK context, the Environment Agency (2006b) is attempting to disseminate
EfW performance data from technology supply companies. The quality of this data may be
questionable, since it is from commercial sources. It also may be estimated and not
gathered from actual facility operating data. Consonni et al. (2005b) attempt to uphold the
quality of data estimates by basing their measurements of impact from actually operating
(combustion) plants rather than current legislation. Wenisch et al. (2004) obtained data
direct from EfW plant operators and cross-referenced this for consistency with national
data. This approach is sensible, but difficult when data representing the performance
facilities of similar technology and scale is not available. McLanaghan (2002) and
Porteous (2005) emphasise that data on environmental releases from proven technologies is
more readily available, but limited for the emerging technologies.

In order to overcome the difficulties in obtaining data for pyrolysis/gasification
options, this project will use data from Compact Power, (the sponsor of this project).
While such a relationship is useful in order to collect data, it should be noted that the values
are estimates from in-house modelling tools that extrapolate to sizes of
pyrolysis/gasification facilities that have not yet been commissioned and operated. Data
cannot be independently validated until Compact Power build and operate examples of
their technology at the 60 and 30 ktpa capacity. The company currently operates a 7.5 ktpa
facility based on a single line of their modular system and in most cases, data has been
linearly scaled up to required capacities. It is on the performance of this small plant that all
third party appraisals of data are based. This project will use a combination of all the data
collection techniques outlined in this Section to represent combustion technology.
Pyrolysis and gasification will be represented by data from the proprietary Compact Power

source. This will be cross-referenced and compared wherever possible with other sources.
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4.6. REVIEW SUMMARY AND CONTRIBUTION

Appraisal of options

There is little consensus on what EfW implementation option is superior
regarding scale and technology.

This DSS should include criteria that represent the three principle areas of
sustainable development: environment, society and economy, since this is
also a requirement of Strategic Environmental Assessment.

Regarding the choice of criteria, many authors do not describe how they
arrived at their selection. This project will organise WDA working groups
that will be given an opportunity for input on the final choice of criteria.

The number of criteria and sub-criteria in any study can typically range from
between 4 to 7, and 10 to 16 respectively. This indicates there is little
standardisation in how studies appraise options. There is also a need not to
introduce criteria that is not necessary and hence, the number should not
exceed these stated.

Commonly used appraisal criteria include those discussed in Section 4.2 and
predominately fall into the 3 categories of technology, environmental and
economic performance.

The proposed DSS will not have a ‘planning permission’ criterion, since it
can be argued that this is a function of many criteria and its use could lead to
the risk of double-counting.

The proposed DSS will use a combination of all the data collection
techniques outlined Section 4.5, to represent combustion and use the
proprietary Compact Power source to represent an emerging
pyrolysis/gasification technology.

The proposed DSS will use WDA officer ‘experts’ within a participatory

workshop to provide weightings.

To date, no research has been done on comparing the impacts of small-scale and

distributed pyrolysis and gasification with conventional incineration EfW facilities at the
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local (sub-regional) level. With the exception of the regional study by Bergsdal et al.
(2005), the literature does not include appraisal of technology that has been designed to be
economically feasible at small-scale.  Regarding context, studies formulating and
appraising EfW policies in more rural or suburban areas are also missing from the
literature, hence this project will test its methods in the WDA areas of Cornwall and
Warwickshire. Many studies such as (Consonni et al, 2005 & 2005b; Azapagic & Camana,
2005) do not take into account the geographic nature of their areas in the generation of EfW
scenarios — either in choice of site locations, scale or technology.

Section 5.2 presents an overview of the EfW DSS approach developed by this
project. It has multiple tools that can formulate and appraise area-tailored distributed and
centralised EfW options for sub-regional WDAs in the UK. These will incorporate the
emerging, small-scale pyrolysis and gasification systems as well as conventional
incineration technology. The contribution that this project can make has been noted by the

UK Sustainable Development Commission (Porritt, 2006, Appendix D).
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5. DSS OVERVIEW AND PARAMETERS

5.1. AIMS OF CHAPTER

This Chapter familiarises the reader with the overall structure of the proposed EfW
DSS in Section 5.2. Section 5.3 describes the system parameters in which the decision
support techniques are applied and includes definitions of waste feedstock and technology

size as well as the spatial extent and boundary conditions.

5.2. DSS OVERVIEW

The Decision Support System that has been developed for this project has two main
components consisting of Geographical Information System (GIS) and Multi Criteria
Decision Analysis (MCDA) based modelling that is carried out sequentially. These
decision analysis tools have been chosen and combined to exploit their relative strengths
identified in Chapter 2. These are preceded by data acquisition and definition of
specifications and followed by implementation of the results on which recommendations
can be made. An outline of the complete methodology is shown in Figure 7, which consists
of 5 stages:

Step 1: Identification of WDA area boundaries, waste growth trends, composition
and recycling and landfill management tonnages as well as the tonnage of residual waste
destined for EfW either existing or planned. In the case of Cornwall and Warwickshire,
these input parameters for the DSS are discussed later in Sections 5.3.1 and 5.3.2.

Step 2: Assumptions on the tonnage of residual waste destined for EfW are made
and parameters set regarding size of facility and technology are used to define each EfW
option. All options process the same annual tonnage of residual MSW in 2011, since this is
the necessary timescale in which to meet landfill diversion targets. In the case of Cornwall

and Warwickshire, technology input parameters are discussed later in Section 5.3.3.
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Figure 7: Diagram showing the overall DSS methodology.
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Step 3: Involves using the baseline data, waste and technology assumptions from
the previous steps to formulate EfW option locations. Step 1°s collection of baseline data
on a WDA area’s present waste production, recycling and waste growth rate is used to
produce a geographic residual waste resource model following the same principles as
Tyson (1996), Bergsdal et al (2005) and UK data sources from Shmelev & Powell (2006).
The review of GIS methods, criteria and data to identify sites for EfW facilities in Chapter
3 selected elements from Dagnall et al (2000) and Voivontas et al, (2001) on the basis that
they were were best suited to the WDA end user environment using the criteria in Section
3.1. Methods include production of Collectable Waste Map models that identifies “hotspot’
concentrations of collectable residual waste resource within each WDA study area (Section
6.2). Other non-resource related data maps of criteria necessary in suitable site selection
(such as proximity to road and electrical grid) are combined to produce a Potential Site
Identification map across the study area (Section 6.3). The selection of criteria is similar to
other studies (Dagnall et al, 2000; Voivontas et al, 2001; Varela et al, 2000) but have been
finally decided in respect of Planning and Policy Statement 10 (PPS 10) (ODPM, 2005) in
order to make the procedure fit for purpose in the UK context.

This project contributes to the EfW planning area by extending the methods above
by using sequences of overlaying Potential Site Identification maps and hotspot zones of
the Collectable Waste Model Maps to generate Final Site Identification locations for each
EfW facility in a large, medium or local-scale option (Chapter 6). Catchments of waste
resource source points are then allocated to each plant, again using methods proposed by
this study and tools available in most commercial GIS software packages. These extra
elements ensure that EfW options are formulated in the context of the specific population
and other geographic characteristics of the WDA area, thus ensuring that options are ‘tatlor
made’.

Once site locations are finalised, the overall transport impact of hauling waste and
ash to and from each facility in every EfW option is estimated while taking account of the
effect of Waste Transfer Stations (Chapter 8) using two purpose written programs executed
in ArcObjects. Transport impacts and plant performance data for all facilities processing

the same amount of residual MSW are derived and aggregated for each EfW option.
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Step 4: The purpose of the MCDA tool is to compare and appraise the GIS-derived
EfW options. All studies reviewed in Chapter 4, included those mentioned here execute
their policy appraisals with no respect to the geographic and population characteristics of
the areas in which their EfW options are to be implemented. They also do not incorporate
the values of decision makers within any specific WDA context — a factor of great
significance as discussed in Section 1.3.8. It is primarily for these reasons the decision was
taken to use GIS and MCDA in a combined decision support approach.

The criteria for assessment and the underlying data indicators used to represent
them were selected from a review of the literature (Section 4.2) and presented to the
working groups of council officers within each case study WDA in order to give
representatives of the intended DSS end-user an opportunity for input from the start of the
project (Section 8.2). This was to ensure that the choices of criteria were fit for purpose in
the context of the individual WDAs. Some of these criteria are represented by underlying
indicator scores derived as a function of geography and location, such as transport for
example, while others, such as costs and emissions are derived as a function of technology
performance (Section 8.4). The literature review identified WDAs as key target end-users
of such a DSS, and they provided the weightings to the MCDA model (Section 8.6).

Step 5: Evaluates the EfW options that have been formulated and appraised by
identifying key variables, criteria and preferred facility options specific to the WDA study
area (Section 9.3). While the results in Section 9.2 only apply to Cornwall and
Warwickshire, the DSS and its methods is intended for use in any WDA context. A key
contribution to the development of this DSS was to successfully create partnerships with
the relevant local administrations (WDAs) and Voivontas et al, (2001) acknowledges that it
is often difficult to engage participants. However, this was achieved in order to incorporate
views and feedback of officer experts currently working in fields related to EfW strategy in
their areas.

Acquiring planning permission is particularly difficult for EfW plants at the local
level in the UK (Ares and Bolton, 2002). This is particularly true for large and medium-
scale (>5MWe) biomass plants (PIU, 2002). It is intended that the GIS methods within the
proposed DSS could mitigate the difficulties encountered in the planning process by

identifying sites of minimum sensitivity and of a geographic position in which to minimise
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transport impacts. The attitude of local communities to proposals for new energy
developments has been a key factor in determining the success of these projects in gaining
permission (FoE, 2002). The PIU report highlights that community residents must continue
to have their say in the planning process (PIU, 2002). The DSS presented in this thesis
appreciates the need to address local concerns by the inclusion of key decision criteria and
uses an MCDA method that could potentially incorporate public consultation inputs in the

form of weightings (Chapter 4).

5.3. SYSTEM PARAMETERS

5.3.1. SPATIAL EXTENT AND BOUNDARIES

The WDA authorities have a statutory duty to manage waste within their
administrative boundaries. This project uses the same geography in which to formulate
EfW option locations. The assumption means that modelling does not account for any
geographical or population-related factors immediately across the borders, but boundaries
can be extended to include other areas to examine cross-regional influences if required.
Recently, WDAs have been encouraged by DEFRA to merge their decision making
boundaries beyond their own geography (Haggard, 2006). It is therefore likely that cross
boundary consideration will become more important. The techniques in this Chapter can
be applied to cross boundary opportunities, using additional data as required covering the
extended area. In respect of temporal boundaries, all EfW options are considered to be
operational by the year 2011. This year has been chosen since this is the timescale in
which strategic EfW development decisions must be made by the WDAs in order for them
to avoid paying landfill fines (CCC, 2003; Jainter and Poll, 2005).

Other studies have used a different approach, transferring thermal conversion
procurement to outside of the WDA area in which waste is produced, hence avoiding the
challenges of developing EfW infrastructure. Wheeler and Jainter (2006) and Jainter and
Poll (2005) assume residual MSW will be sent to a third party for thermal conversion and
recovery in a power station for example. Such ‘export of waste’ approaches do not adhere

as well to the proximity and self-sufficiency principles of the National Waste Strategy, but
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have been adopted by some WDAs. In contrast, Hampshire believed they had a moral
responsibility to manage their own generated waste. This project will formulate and
appraise policy options that manage WDA waste within their jurisdictional boundaries
unless cross-boundary working is planned. Such different views on waste management
only support the argument that EfW policies should be WDA and area-tailored at the sub-

regional level.

5.3.2. DEFINITION OF WASTE FEEDSTOCK

Residual MSW is the feedstock assumed for all options since its management is a
priority for WDAs in meeting their landfill diversion targets. Residual MSW is municipal
waste that has already had suitable components for recycling and composting separated
from the total MSW arising. EfW policies are often proposed for Residual MSW. This
project has followed the recommendation from Tyson et al (1996) that waste production
and recycling rates should be sourced from local area work. This is particularly justified
since, planned routes for recovery and disposal of MSW are determined by the individual
WDA requirements for Government defined ‘best-value indicator’ landfill diversion
(ODPM, 2006); to meet their landfill allowances targets for 2011. In the specific WDA
case study examples, such local work was conducted in the Warwickshire BPEO study
(Jainter and Poll, 2005) and the Waste Local Plan (CCC, 2003).

To derive the tonnage for residual MSW to be directed to energy-from-waste in
Table 5, deductions from total MSW production tonnage were made to account for the
tonnage diverted for recycling and landfill. 30 and 40% recycling rates were used for
Comwall (CCC, 2003) and Warwickshire (Jainter and Poll, 2005) respectively. In the case
of Cornwall, 49 ktpa are intended for landfill, while in Warwickshire 30 ktpa are intended
for an existing large-scale EfW plant in Coventry. The remaining 180 ktpa is to be
processed by each alternative technology and scale option defined in the next Section. This
project selected Cornwall and Warwickshire as the WDAs in which to test its methods,
since the same tonnage of 180 ktpa destined for energy from waste policies allow
comparison of site identification and transport impact estimates in different geographic

areas.
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Table 5: Waste management routes for Cornwall and Warwickshire

Tonnages per annum for 2011 Cornwall | Warwickshire
Total MSW production 327,000 351,000
Recycling 98,000 140,000
Residual for Landfill 229,000 210,000
Residual for EfW 180,000 180,000

Figure 8 shows the waste projections for Cornwall (CCC, 2003) and Warwickshire
(Jainter and Poll, 2005) and the values for 2011 can be cross-referenced to Table 5. It is
interesting to note that the predicted waste growth projections are different in trend and this
can be explained by the population and household growth conditions of the respective
areas. Warwickshire’s projection is based on an assumption that the number of households
will rise at a constant rate between 2003 and 2011, while Cornwall’s projection assumes
that growth will be relatively higher between 2003 and 2005, but will then decline towards
2011. This is an example of how WDA areas are specific in nature when formulating and
appraising EfW policies based on their individual tonnages of production and other factors.

This again supports EfW planning and the application of the DSS at sub-regional level.
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Figure 8: Growth patterns of MSW in Cornwall and Warwickshire (CCC, 2003 &
Jainter & Poll, 2005).

Many studies have typically assumed MSW compositions with no assumptions of

recycled components already removed before thermal treatment (Finnveden et al, 2005). In
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using WDA provided waste flows for management, this project has used the waste
composition assumed by Consonni et al, (2005a). This composition assumes that 35% of
the weight of MSW is reduced by recycling. This value is within 5% of the WDA
objectives of 30 and 40% materials recovery and the difference is not significant in the
process of deriving overall EfW option scores in an MCDA appraisal method. Consonni et
al, (2005a) have defined their residual MSW composition based on collection of data
provided by waste management authorities. The composition and heating value assumed is

shown in Table 6.

Table 6: Composition and heating value assumed for residual MSW (Consonni et al,

2005a).

. Content in . Volatile LHV Volatile fraction %
Constituent residual MSW Moisture Ash fraction | (MJ/kg) | of weight of total
Paper and cardboard 24.5 14.0 5.0 81.0 13.22 C 27.6
Wood 6.0 22.0 1.5 76.5 13.87 Cl 0.64
Plastic 19.0 6.0 9.0 85.0 26.18 H 3.49
Glass and inert material 3.5 5 95.0 2.5 -0.061 O 19.7
Metals 3.5 5.0 92.5 2.5 -0.122 N 0.15
Organic fraction 31.5 70.0 9.0 21.0 1.719 S 0.06
Fines 12.0 30.0 35.0 35.0 4.395
Residual MSW 100 31.8 16.6 51.6 10.11 Total 51.6
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5.3.3. PROJECT OPTION DEFINITIONS OF SCALE AND TECHNOLOGY

This project principally uses five options representing two different EfW
technologies at three scales of capacity shown in Table 7. Options 1, 2 and 3 utilise
conventional combustion technology with unit capacities of 180, 60 and 60 or 30 ktpa
respectively, corresponding to large, medium and local. Options 4 and 5 use the ATT
design from Compact Power (Section 1.3.5.2) which has unit capacities of 60 and 30 ktpa

(medium and local).

Table 7: EfW options modelled for Cornwall and Warwickshire.

Options
1 2 3 4 5

Description Large Medium Local Medium Local
Technology Combustion Combustion Combustion Py‘rolys%s/ Py.rolys%s/
gasification gasification
Notation L SC M SC Loc SC M S ATT Loc S ATT

Tonnage input
wet MSW (ktpa) 180 60 60/ 30 60 60/ 30
Use of WTS Yes Yes No Yes No
No of plants 1 3 3to5 3 3to5

There is ambiguity in definitions of what is ‘local’. The Energy White Paper (2003)
makes a clear distinction that there will be more local and community plants, but does not
define what this means. The term ‘local’ can be defined as: “Relating or restricted to a
particular area or one's neighbourhood”. ‘Neighbourhood’ is defined as a “district or
community within a town or city”. The term ‘local’ is also given to several layers of
administration. These include the county, district and parish levels. In the case of the local
EfW options, the term ‘local’ is defined in this project to be equivalent to the UK district
level of local government. The locations of the /arge options in both counties are pre-
determined from the local WDA waste management strategies (CCC, 2003; Jainter and
Poll, 2005). These are located on large areas of derelict post-industrial land and been the
subject of much detailed unpublished local planning work.

Performance data on pyrolysis/gasification ATT systems and indeed, all
commercial EfW technologies is difficult to source, but due to the collaboration with
Compact Power Ltd, data was available at the 30 and 60 ktpa capacity. Hence, Local
facilities have capacities of either 60 ktpa or 30 ktpa (determined by the size of the locally
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collectable waste resource using the GIS techniques) and are aggregated to meet the overall
recovery demand of 180 ktpa of residual waste as set by the WDA planning documents.
Many combustion plants are already built across Europe at a multitude of scales and
performance data is much easier to obtain from various sources and the literature. It was
possible to extrapolate scores for combustion technology at 180, 60 and 30 ktpa. A large-
scale ATT scenario was not included as no suppliers are offering this option in the UK
(Cooper, 2003; Dawber, 2006) and WDA officers were insistent that only technology
proved deliverable in the UK context warranted inclusion in EfW decision making.
Detailed design has only been made for smaller-scale (30 to 80 ktpa) ATT facilities,

therefore performance data is not available for a facility of 180 ktpa.

5.4. CHAPTER SUMMARY

This Chapter has provided an overall outline of the proposed EfW DSS and
provided the parameters in which it is applied. WDA areas have been defined in which to
apply this DSS since WDAs have a statutory duty to manage waste produced within their
political boundaries. The techniques within this DSS could be used to accommodate cross-
boundary collaboration of WDA if necessary. Residual MSW feedstock and how the
relative tonnages routed to EfW for each WDA areas were specified. Section 5.3.3 defined
the EfW options in terms of scale and technology that are formulated and appraised by this

project.
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6. FORMULATING EFW OPTIONS USING
GIS: RESIDUAL MSW PRODUCTION AND
SITE IDENTIFICATION MODELLING

6.1. AIMS OF CHAPTER

The aim of this Chapter and Chapter 7 is to present the methods and results of the
GIS-based formulation of EfW options for Cornwall and Warwickshire in terms of residual
MSW production, site identification and transport impact modelling. Collectively, these
Chapters present the findings of Step 3 in the overall DSS approach presented in Section
5.2 and also discuss data collection and analysis issues and how these were overcome.
Sections 6.2 and 6.3 present the methods and results of the residual MSW and Potential Site
Identification modelling and discuss them for both WDA areas. These models form the
basis for deriving the Final Site Identification output for large, medium and local EfW
options (Section 6.4.1). Section 6.4.2 reports the derived locations for medium and local-

scale options. A discussion of the results is made in Section 6.4.3.

6.2. RESIDUAL MSW PRODUCTION MODELLING

6.2.1. METHODOLOGY

The method for modelling the geographic residual MSW production is shown in
Figure 9. It is a result of a review of the literature (Section 3.2.2) and selection of method
elements from Tyson (1996), Bergsdal et al (2005) and Shmelev & Powell (2006). In order
to map MSW production in the UK WDA context, the data sources from Shmelev &
Powell (2006) were used with the exception that census lower output area (COA)
population statistics were used in place of census ward. This was done in order to make

processing times faster and because the extra geographic resolution available at ward level
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does not add any additional benefit to siting facilities processing a minimum of 30,000 tpa

of waste.
Inputs
Recveline rate COA boundary Total county MSW
i/a % data (2001) & No household production rate
rgets of households
Annual waste
growth rates
N\
Processes
Estimate county
household waste
production rate
(tpa)
- Estimate residual waste available
g in 2010/11 from every COA (tpa)
Outputs . ¥ )
Geographical distribution of residual waste for
energy recovery across county area

Figure 9: Overview of residual MSW mapping method.

GIS population data based on 2001 Census Output Areas were used together with
waste growth and recycling rate assumptions from Jainter & Poll (2005) and CCC (2003) to
derive the residual MSW production maps for Cornwall and Warwickshire. Census Area
population-weighted centroids with their attribute numbers of households were sourced for
the study areas from UK Borders (Edina, 2006b) and Casweb (UK Census, 2006). Further
explanation of population-weighted centroids and different GIS data types is presented in
Section 2.2. Waste production as a function of population in a GIS can be referred to as a
‘source’ with the end destination or facility for energy recovery as the “sink’.

The average amount of household waste produced per annum in each WDA was

calculated by dividing the total WDA household waste production (2001) by the total
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number of WDA households (2001). Since such data is dependent on household building
rates, these values are unique to each WDA area. MSW can include other wastes such as
street sweeping and some trade wastes and where this data was available, it was taken
account The annual rate of waste generation was 1.34 and 1.12 tpa for Warwickshire and
Cornwall per household respectively. The Cornwall value did not take into account trade
and street sweeping, since this data was not available. The total residual waste production
for energy recovery in 2011 per COA ‘source’ location was calculated by multiplying the
population (by household) derived waste production by the annual waste growth and
recycling rates in Section 5.3.2. The main output of the waste resource model is a
geographical distribution map of residual waste for energy recovery that has been generated
for each WDA and presented in the next Section. GIS metadata is presented in Appendix
C.

6.2.2. RESULTS

Figure 10 and Figure 11 show the residual MSW production model map results for
Cornwall and Warwickshire. The ‘polygon’ shading symbolises the amount of waste
production per annum from the corresponding Census Output Areas (COAs). These figures
represent the geographic density of waste production, since they are normalised by area.
This is not necessary within the overall facility site identification process, since facilities
are of a scale far greater than individual COAs, (For example, 30,000 tpa plus compared to

an average COA annual waste production 120-130 tpa).
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An important part of the GIS modelling is to derive where distributed EfW facilities
can be sited in order to minimise transport requirements and impacts. To achieve this,
further analysis needs to be carried out upon the residual MSW production results using
‘collectable waste mapping’ iterations. This was achieved by applying Process ‘C’ as
described in Section 6.4.1.1, and is used to identity ‘hotspot’ zones of collectable waste
with a pre-defined distance parameter (Dagnall et al., 2000). To demonstrate the technique
from Dagnall et al (2000), applied to MSW, Figure 12 and Figure 13 show ‘hotspot’ zones
in Cornwall and Warwickshire which are areas where 30 and 60 ktpa of residual waste can
be collected from within the minimum required distance radii. These parameters were

iteratively derived for both county study areas and are shown in Table § .

Table 8: Minimum transport radii for 60 and 30 ktpa EfW facilities.

Min transport radii
(km)
60 30
Cormwall 12 8
Warwickshire 12 4

In Figure 12, Map ‘A’ shows that the area between Camborne/Poole/Redruth
(CPR), Falmouth and Truro can service a 60 ktpa facility from a catchment of only 12 km
radius — denoted by dark blue. Alternatively, Map ‘B’ shows that two, 30 ktpa facilities
could be built in the area between Camborne and Falmouth. These maps illustrate how
EfW facilities can be approximately sized and located within a county according to the
proximity principle of its production (DETR, 2000). No collectable density is shown in the
area between Liskeard and Saltash. This is because the waste after composting and
recycling in this area of Cornwall is assumed to have been sent to Lean Quarry (the nearest

waste disposal facility).
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methods were applied to modelling urban city areas, COAs would be expected to be

smaller, more numerous and have greater annual production.

6.2.3. DiISCUSSION

Data regarding the variability of waste generation throughout the year was not
available since tonnages were provided on an annual basis and waste teams were not
prepared to release unaggregated monthly data for unspecified reasons of sensitivity. This
was more of an issue for Cornwall, since some areas of the county experience seasonal
variability in waste generation due to tourism. In planning EfW policy, it is clear that
capacity needs to be flexible enough to cope with the extremes of demand for disposal, as
well as the changes brought about by recycling or waste minimisation initiatives. Using
fixed assumptions of 40% and 30% of MSW production for recycling rates for the year
2011, may not be fully achieved for several reasons, including: difficulties in procuring and
developing materials recycling facilities (MRFs); finding markets for the recycled products;
and public participation rates (Poll and Oglivie, 2005).

Waste growth projection methods can be ambiguous. While the national rate of
growth is 3% per annum (DEFRA, 2006b), WDA rates have been quoted as between 1 and
3% in any given year between 2003 and 2011 (CCC, 2003; Jainter & Poll, 2005).
Predicting waste production is difficult, since the success of recycling and waste
minimisation strategies, as well as the consequential changes in waste composition, may
affect the volume and calorific value of waste available for energy recovery (Subramanian,
2000). The effects of an overall change in residual waste availability on the final site
location outputs are investigated in Section 6.4.3.2. A major difference in the residual
waste modelling of both WDA areas was the different waste growth rates applied (shown in
Figure 8). These rates are difficult to justify for long time periods and are often
controversial in that some authors argue rates are and will continue to decrease (Kondakor,
2007).

Local waste planning documents often do not make clear how many years worth of
MSW arising data have been used on which to base their extrapolated forecasts or how they
are considering future growth. The Cornwall Waste Local Plan, for example, shows data

collected on MSW production from 1996 (CCC, 2003), and if this is the only data used on
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which to extrapolate for a 10 year period as required by PPS 10 (ODPM, 2005), this may
not be sufficient to make a reasonable forecast. A limit of extrapolation has been cited as
25% before or after of the time period for which you have data (Arrowsmith et al., 2003).
In using waste generation statistics from local-level planning documents, produced by
different authors, it cannot be guaranteed that the methods used to derive input values (such
as baseline waste tonnages) are the same when applying waste resource modelling to
different WDA areas. Such dependence on local studies with regards to these issues as
recommended by Tyson et al (1996) clearly has its disadvantages if WDAs decide to
undertake cross-boundary working as encouraged by DEFRA (Haggard, 2006).

In applying the residual MSW production methods to the two different WDA areas,
it was apparent that Cornwall has a proportion of its waste production from islands
including, most notably, the Isles of Scilly. This factor will not significantly affect the
identification of sites for large, medium or local-scale plant, because production from the
islands constitutes only 1.2% of the total amount of waste represented in the model.
Warwickshire is landlocked; hence, this issue does not arise.

The data in Table 9 shows that the residual MSW production model statistics in
both counties are similar; with the mean residual waste (tpa) production per OA was 129
and 121 in Cornwall and Warwickshire respectively, with standard deviation 23.2 and 19.8.
The deviation indicates that waste production in Cornwall varies more with geography than
in Warwickshire. The spatial distribution of the collectable waste models shown in Figure
12 and Figure 13, are also very different. Warwickshire has four distinctive urban areas of
Nuneaton, Warwick & Leamington Spa, Rugby and Stratford which may be seen as
‘clusters’ of waste production. In Cornwall, however, there are no such obvious clusters -
waste and population is more distributed over Cornwall than in Warwickshire, where waste
production is more concentrated in towns. In essence, Warwickshire provides clearer
indications of where multiple plants may be situated than Cornwall. On the basis of the
baseline residual MSW production models, further GIS analysis is required to identify sites
and estimate transport impact within the WDA specific geographies. Many waste policy
studies do not take such factors into account (CCC, 2003; Jainter & Poll, 2005; Wheeler &
Jainter, 2006).
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Table 9: Overall resource model statistics predicted for 2011 (tpa of residual MSW).

Cornwall Warwickshire
Number of COAs 1776 1740
Min 42 37
Max 331 289
Sum 229,657 210,428
Mean 129
Standard deviation 23.2
RW to alternative disposal p.a. 48,657 29,993
RW for new EfW capacity p.a. 181,000 180,435

Figure 14 has been produced to show an example of the density of COA polygons
in urban areas that are not possible to observe at the resolution of the county level maps in
Section 6.2.2. Like Figure 10 and Figure 11, the grayscale shows waste production
normalised by area, with results in tpa/ha. The urban areas are clearly shown, against the
light grey of the surrounding rural area. Smaller built up settlements such as villages are
also visible. The figure implies that transport times and costs may be much lower when
collecting waste from a dense (more urban) waste production area than less dense (rural)
area. Such detail cannot be seen at the higher county resolution. This is discussed further

in Section 7.3.4.
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Figure 14: Normalised residual MSW resource map of built-up areas.
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6.3. POTENTIAL SITE IDENTIFICATION MODELLING

6.3.1. METHODOLOGY

The residual MSW production identifies areas of high waste production within the
WDA area. Other criteria need to be taken into account when identifying potential sites
such as those reviewed in Section 3.2.3. These include proximity to suitable grid
connection and roads, as well as ensuring that facilities are located in zones of suitable land
use (ODPM, 2005). Other considerations include the need to respect institutional barriers
such as conservation areas. Review of the literature in Section 3.2 identified that
adaptations of the techniques used by Dagnall et al (2000) were best suited to the WDA end
user environment using the criteria in Section 2.2. The selection of criteria above is similar
to other studies (Dagnall et al, 2000; Voivontas et al, 2001; Varela et al, 2000) but have
been finally decided in respect of Planning and Policy Statement 10 (PPS 10) (ODPM,
2005) in order to make the procedure fit for purpose in the UK context. The process used
by the Dagnall et al (2000) study is shown as an example of a GIS ‘overlay’ in Figure 5
(Section 3.2.2). The adapted technique used in this project is shown in Figure 15. The key
difference is the replacement of ‘urban area’ with ‘industrial sites’ map criteria data. This
was because rejection of urban zones presents too great a loss of opportunity for EfW
facility siting, since they can contain industrial land areas which are recommended as
suitable by PPS 10. In addition, industrial users of steam and heat are attractive, since they

can be less seasonal in heat demand. Input GIS metadata is presented in Appendix C.
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Figure 15: Overview of Potential Site Identification modelling method.

All the inputs of this procedure are digital GIS datasets containing the locations of
the features in polygon, line or point format (Section 2.2). In the case of polygon data, such
as industrial sites, data depicts a set of boundaries, in which the area can be calculated.
These data have been collected from several sources, and some required pre-processing
before inputting into the model, the extent of which depended on the area of study. For
example, due to the unusable format of data from Western Power Distribution representing
the electrical distribution grid in Cornwall, it was necessary to manually digitise paper

maps. In the case of Warwickshire, lengthy negotiations of over a year with the electricity
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distribution company enabled the data to be supplied in almost final form, with minimal
needs for pre-processing. There were also several months of delay while an academic
agreement was made in order to successfully access the extensive amounts of Ordnance
Survey data required, which would otherwise have not been possible to acquire due to cost.

GIS analysis using data may not fully reflect the real situation if it is not regularly
updated. This can particularly be a problem for data drawn from non-Ordnance Survey
sources, such as the WDAs, and includes the industrial site data in the Warwickshire model
and the electrical grid data from the distribution companies. Data from the Ordnance
Survey is updated regularly and is more reliable (Edina, 2006a). These problems can be
mitigated by cross-referencing different sources of GIS data and the 1:25,000 mapping was
useful in fulfilling this role.

The first processing task within the GIS is to merge individual datasets into feature
layers. This process assumes that all datasets in any one feature layer are given equal
importance, ie they are not weighted. For example, the roads feature layer contains the
A/B roads and motorway junctions geographic datasets and traffic capacity data which may
be available at the county level is required to justify a greater preference to a particular A
road for example, than a B road. This has been applied, since actual road capacity network
data was not available, despite efforts to secure this from the WDAs due to commercial
sensitivity.

Bulk supply points (BSPs) and primary (11/33kV) substations are merged, as are
institutional constraints such as SSSI (Sites of special scientific interest, SACs (Special
areas of conservation) and RAMSAR sites. Other constraints such as national nature
reserves (NNRs) have been added to the institutional layer as necessary. For example,

there are many more types of conservation areas in Cornwall than in Warwickshire.
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Table 10: Criteria and decision rules for identifying suitable sites.

Criteria ]t)ya;: Source Sub-criteria Reference
e Warwickshire CC o
Industrial Sites Polygon (Holmes, 20052) Within boundary ODPM, 2005
Central Networks
BSPs/Substations | Point | (CooPer, 2006) Within 3 km Brown, (2003)

Western Power
Distribution.

Ordnance Survey Varela et al. (2001)

Roads Line . Within 1 km Dagnall et al. (2000)
(Edina, 20062) Cole et al. (1996)
Institutional Magic
. Polygon (English Nature, Over 2 km FoE, (1995)
constraints 2006)

In order to prepare the layers for an overlay analysis to produce WDA site
identification maps, suitability zones based on proximity decision rules in Table 10 were
created. ESRI’s ArcView provides the necessary geoprocessing tools within its standard
User Interface. A key criterion is that all potential site areas must be within industrial
areas; therefore, in this case, identifying areas in proximity to these input data is not
required.

Two important connectivity concepts used within the elements of buffering and
proximity in order to produce the input layers for the final overlay process are those of
distance and proximity. In ‘buffering’ processes, proximity to a geographic feature is
measured in terms of a straight-line distance. A buffer is a region or zone of specified
width around a point, line or polygon GIS data feature. These widths can be user-defined
(as in Table 10) with output layers depicting circular, corridor or polygon shaped objects.
These represent input points, lines or polygons respectively. For example, Point data
buffering is shown in Figure 16. In general, proximity operations generate boundaries
around objects with equal distance in all directions (Malczewski, 1999). The buffered
output layers are then overlaid to identify sites within the WDA area that meet the criteria

in Table 10.

113




Figure 16: Example of buffering

Initially, the Potential Site Identification models were produced at a resolution of 2
ha, but it was found that the model often failed to take account of the smaller SSSI site
areas. The solution was to regenerate the models at a 1 ha resolution. A further problem
identified at the 1 ha resolution was that a small number of industrial sites were missed.
This was not considered to be an important issue, since small-scale EfW of 30 ktpa
capacity require an area of at least 1.5 ha for development (Enviros, 2004). This may be a
conservative parameter, however, for smaller-scale sites that may require an area as small
as 1 ha (Beswick, 2006). For large-scale facilities, it was necessary to screen the sites from
the Potential Site Identification model to ensure that they were all over 4 ha, since this is

the minimum land area for required for development (Enviros, 2004).

6.3.2. RESULTS

Figure 17 and Figure 18 show locations in Cornwall and Warwickshire, which
correspond to the application of the criteria outlined in Table 10. Result map models are
computed in raster (cell-based) format and comprise of 1 ha cells. 33 and 31 potential site
locations for Cornwall and Warwickshire were identified respectively. This result can
challenge the commonly put forward argument by some waste planning officers that there

are not enough sites for multiple EfW plant options (Wood, 2005).
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can be replaced with other demands from the immediate area. An interesting UK example ;
of this was the closure of the Peugeot manufacturing plant which was supplied with heat
from the Coventry EfW facility situated nearby (Turner, 2005).

The fact that only geographic locations of criteria objects (such as industrial sites)
are taken into account with little attribute data (ownership of land and availability, for
example) is also relevant to other input datasets. This is also an issue regarding use of the
‘electrical’ dataset. This data shows the locations of primary substations and areas in
proximity to them. Its use in the overlay procedure is based on the assumption that
significant grid capacity exists to accommodate inputs of electricity output from plant
situated in close proximity to the primary substations. It is generally assumed that the
further a location is away from a primary substation, the lower the capacity of the
distribution network to accept injections of power (Brown, 2003). In reality, however, all
distributed generation proposals are independently assessed for connection suitability by
the distribution network companies. Feasibility analysis includes the need to take into
account the affects of power injection on fault and voltage levels at any particular 33 or 11
kV network node. These are a function of the total power output, and hence, scale of the
proposed plant (Brown, 2003).

Regarding the GIS dataset representing ‘roads’, some attributes are covered such as
the type of road (A, B or motorway), but others are not. For example, the baseline traffic
load before plant development would have been useful, as it needs to be considered in an
Environmental Impact Assessment required for actual EfW development. The WDA
administrations may also specify preferred routes on which to build infrastructure to ensure
that traffic impacts and congestion are minimised (CCC, 2003). This is particularly
important for large-scale 180 ktpa facilities where deliveries could entail over 90 lorry
movements per day.

The constraining effects of applying the criteria are also worth discussion and these
are summarised in Table 11. After industrial sites, the most constraining influence on the
model derives from the inclusion of electrical grid data. The effect is similar for both
county areas constraining approximately 95% of the total area. This is interesting, since
statements are sometimes made referring to the weakness of Cornwall’s distribution grid.

This may be in terms of large-scale injections of power, but may not be as serious for
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multiple smaller injections as would be the case if medium or local-scale EfW

implementation options were undertaken (Brown, 2003).

Table 11: Effects of site criteria rules results and summary of potential site
identification results.

Cornwall Warwickshire

Roads 30.2 37.6
% of study area BSPs/ Substations 5.5 5.2
available after rule Institutional 39.1 62.9
application constraints

Industrial sites No data 1.0
0 1.1
% of study area Total 0.34

There is much greater contrast between the two counties in the constraining effects
of ‘Roads’ and ‘Institutional constraints’. The road network in Warwickshire is stronger
since only 62% of the total study area is constrained compared with 70% in Cornwall. This
observation however, does not take into account baseline traffic flows or routing, but
reflects the higher number of A and B roads across the county area. The greatest difference
between the two areas is the institutional constraints. Cornwall has over twice the number
of SSSIs than Warwickshire which results in a 61% constraining of area compared to 37%.
The greater number of ‘sensitive’ planning areas could certainly increase the challenge of
finding suitable sites for any scale of plant. Overall, the Potential Site Identification
method produced results that suggest that 1.1% and 0.34% of total land area may be
suitable for EfW development in Cornwall and Warwickshire respectively. These
observations may indicate that Warwickshire is more suitable for identifying potential sites
than Cornwall, but such a conclusion would be premature, since it would be useful to have
more input data layers with detailed attributes. More datasets can increase detail in the
Potential Site Identification modelling and include: Suitability of land for purchase;
locations of derelict or brownfield land; areas of pre-defined suitability by the local
distribution grid company. They were not included due to data availability — either in terms
of cost, actual existence or commercial and political sensitivity.

[t was noted in the literature review that most previous studies do not take into
account the need to use heat, which requires facility co-location within a reasonable

distance to heat demand. In the UK, there is no digital GIS data which shows the location
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of heat demand or its magnitude, although a method has been used to estimate ‘heat

potential’ (Wiltshire, 2003). This study used gas supply data at an aggregated postcode
sector level that makes it difficult to transpose to a site suitability level. In contrast, heat
demand GIS data and mapping has been more greatly developed and used in Denmark
(Moller, 2000) and Norway (Bergsdal et al., 2005), where data is available at the postcode
and individual building levels. Identifying heat demand at the site level resolution can only
be done by site visits and local knowledge in the UK at present. The decision to use
industrial sites mitigates this issue, in that it is reasonable to expect that there are significant
demands for heat within such a land-use. Planning Policy Statement 10 (ODPM, 2005)
also requires that waste management activities are conducted within a land-use zone that is
in keeping with the nature of waste management facilities. An approach to include heat
demand in the DSS has been tested and discussed in Section 6.4.3.5.

In general, regardless of whether it is possible to include higher resolution data into
the overlay anélysis, the results of both models should be regarded as indications of
potential sites which require further investigation to confirm their true suitability. They do
not replace the need for detailed electrical grid or heat load connection feasibility studies.
The analyses used in this project’s DSS, however, would be of significant use at the
beginning of an EfW planning project in identifying areas where investigative efforts could

be concentrated.

6.4. FINAL SITE IDENTIFICATION MODELLING

6.4.1. METHODOLOGY

The third GIS model in Step 3 of the DSS (Section 5.2) uses the residual MSW
production and Potential Site Identification map model results to identify the final site
locations for each EfW option. These final locations are used as inputs for the transport

impact model calculations.

6.4.1.1. Large-scale facilities

An outline of the model applied to identify final sites for large-scale plants is shown

in Figure 21. Several of the processes in Figure 21 are used in iterative techniques to
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identify sites and catchments for medium and local-scale facilities. They have therefore, =

been provided in Figure 21 and Figure 22 (on Page 126) with notation for ease of future
referencing. Process ‘A’ involves making extractions from the residual MSW models to
account for feedstock that is intended for processing in existing waste disposal
infrastructure unique to each WDA area. This may be existing EfW or landfill sites. Waste
source points are allocated to them, on a proximity basis, until the tonnage required 1s met
to satisfy facility capacity. These tonnages have been referenced from the local planning
documents. Process ‘A’ is justified since it may not be sensible to create a market in which

shortages of waste feedstock may make new facilities less financially attractive to develop

(Tyson et al, 1996).
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Figure 21: Overview of final site identification model for identifying large-scale
facilities.

Process ‘B’ is an adaptation of the plant selection/rejection algorithms from
Voivontas et al, (2001) and Tyson et al (1996). They identify the minimum transport radius
required to ‘gather’ sufficient residual waste from within the WDA area to satisfy the scale
capacity of the plant/s in each EfW option. This is iteratively identified using
Neighbourhood Statistics tools within ESRI’s Spatial Analyst extension to ArcView 8.3. In
most parts of the UK, MSW is a more common arising in comparison with the agricultural

waste used in the Dagnall et al (2000) study and large quantities are potentially available
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within short transport distances, particularly in urban areas. In the case of EfW plants, it
was the case that a minimum and not a maximum desired transport radius had to be
identified, and this is the purpose of Process ‘B’. This was because sufficient waste
feedstock was available well within the maximum economic transport radius (with other
biofuels this is often not the case). A minimum transport radius is desirable in order to
minimise the associated cost of haulage.

Process ‘C’ is adapted from Dagnall et al (2000) and can be referred to as
‘collectable waste modelling‘. These models are derived trom the residual MSW maps and
are used to identify zones or ‘hotspots” where concentrations of collectable residual waste.
The map models are generated by laying a grid of square cells across the study area. The
minimum transport radius variable required to supply a facility with waste feedstock
(identified by Process ‘B’) is used to execute a query to sum of the tonnage that could be
potentially ‘collectable’ for an EfW scheme within this distance for every 1 ha cell location
within the WDA study area. Such GIS processes are collectively called neighbourhood
operations — where the result for one location is determined by a calculation involving the
attributes of the surrounding locations within a pre-defined proximity. This process was
also executed using Neighbourhood Statistics tools within ESRI’s Spatial Analyst
extension to ArcView 8.3. The output map identifies which cells have the required plant
capacity feedstock that is collectable within the minimum transport distance.

Process "D’ involves overlaying the ‘hotspot’ zones, (identified from Process ‘C’)
with the potential sites generated as described in Section 6.3.1. In the situation that there is
more than one potential site area within the hotspot zone, Process E introduces extra criteria
shown in Table 12 and selects them using an MCDA and the same technique described in
Section 2.7.5. These include: Area of vacant or derelict land on which development could
take place in accordance with PPS 10 (ODPM, 2005) and the number of potential heat
users (Section 6.4.3.5). These factors and associated data were identified using the 1:25000
Land Ranger mapping. Engineers from Compact Power provided group-agreed weights to
indicate the importance of these. The MCDA technique was applied outside the GIS
environment using the HIVIEW software and was applied only when multiple Potential
Site Identification sites were identified by a hotspot within a Collectable Waste Mapping

iteration.
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Table 12: Weights of criteria in Process E.

Area of Distance to No of potential
Derelict/vacant | centre of hotspot p
heat users
land area zone
Weight (Total % of model) 25 20 55

The weighting applied to the number of potential heat users is twice that of
minimising distance to the high density of waste arising, since the latter has already been
taken into account in Process ‘D’. Weighting on the area of vacant or derelict land was
only believed to be half as important as the number of potential heat customers, in that the
latter can provide heat revenue and improve project economics. MCDA modelling was not
used in order to identify Potential Identification Sites, since the decision was taken to limit

subjectivity in this phase of the project.

6.4.1.2. Medium and local-scale facilities

To identify medium or local-scale sites, there are two process sequences outlined in
Figure 22. The processes which make up the sequences are the same as those for large-
scale, but include the need to introduce new decision rules. The first sequence provided
‘preliminary’ sites for further verification to ‘final’ status in the second sequence after
waste source points had been allocated. The major difference in the first sequence
compared to the second, is in Process ‘B’ where the minimum catchment radius is always
based on supplying a 30 ktpa facility. This is to ensure that multiple areas with the highest
collectable waste density are identified within the WDA study area. The Process ‘B’
iteration is used together with a spatial query, which is used to identify all the waste source
points within this radius of proximity. Points within this queried catchment of proximity to

the proposed plant are then extracted from the overall WDA residual MSW map.
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Figure 22: Overview of final site identification and resource allocation models for
medium and local-scale facilities.
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In Process ‘C’, if a hotspot zone occurs twice within the same admin_i,s.trative"’
government district, which already has a preliminary site from a previous iteration, this site
is upgraded from 30 to 60 ktpa and treated as such in all further processes. This rule was
applied since larger facilities typically benefit from economies of scale in their construction
and can have higher energy generation efficiencies (Consonni et al, 2006a). Iterations of
Process ‘C’ ensure that facilities are sized to the waste recovery requirements of the
surrounding area and community. The processes in Sequence 1 were repeated until enough
preliminary sites had been identified at either 30 or 60 ktpa to sum to the total processing
requirement for the EfW option.

Once preliminary site location had been identified, the first Sequence 2 process uses
ESRI’s Spatial Analyst extension to ArcView 8.3 to execute a Thiessen polygon ‘proximity
operation’ to allocate all the waste ‘source’ COA point locations in the WDA area to
derived EfW sites. Proximity operations generate concentric equidistant zones around a
specified location or set of locations (Berry, 1993). Instead of measuring the distance
between two points, the distance is dealt with as ‘proximity zones’. The Thiessen polygon
procedure is a specific proximity operation that allocates each location to its nearest target
point, in this case an EfW or other disposal facility. The distance between each location
and target point is measured in terms of the “planar’ (straight line) distance. The polygons
are defined geometrically by drawing straight lines between each target point and all of its
adjacent points, and bisecting these with new lines at right angles. An example of this

procedure is shown in Figure 23.
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Figure 23: Example of Thiessen polygon procedure from Malczewski (1999).

Final adjustment of allocated COA waste collection points to meet required facility
capacity thresholds was made using the Geoprocessing “clip” and “merge’ tools using waste
tonnage proximity parameters calculated using the ‘selection’ and ‘spatial statistics’
database query tools available in the ArcView 8.3 interface. An overview of the method is
shown in Figure 24. Another upgrade rule is applied if a catchment of allocated source
points contains a waste tonnage greater than 70% of 60 ktpa, a 30 ktpa facility would be
upgraded to 60 ktpa. The 70 % threshold was chosen since EfW facilities can run at 70%
of their maximum capacity before experiencing considerable operational penalties
(Sweeting, 2006). Processes ‘B’ to ‘E’ were executed again for each EfW facility in order
to verify if the final site location (based on the adjusted allocation of waste source points
and Process D identified potential site location) was the same as the preliminary one. If
not, then the output from the second sequence Process ‘E’ defined the final site location for
that particular facility in the option.

In order to allocate catchments of waste production resource points to and decide
whether any particular Waste Transfer Stations (WTS) was necessary within an EfW
option, a 5 km boundary radius from all WTS site governed the upper capacity limit as well
as deciding whether they should be utilised. This value is reasonable in the UK since Bifta
(a major UK waste management company) has suggested that MSW should not travel

directly from source to management more than 5 km (Biffa, 2002). This is supported by
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Wilson (1981) who more specifically recommended 5.4 km before bulking stations were

necessary in terms of cost.

Inputs [ Final BAW sites |
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{ Finalised catchments of waste resource points for ]
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Outputs
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WTS catchment EfW Plant catchment
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Figure 24: Overview of spatial resource allocation model.
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6.4.2. RESULTS

This section presents the Final Site Identification modelling results for medium and
local-scale EfW options. Section 6.4.3.1 presents the large-scale option results that have
been derived from applying the same procedures but to formulate large-scale (single) plant
options. This was done to compare the results of the techniques in this DSS with those
specified by the local waste management planning studies that have been commissioned by
the WDA administrations. Also shown in the output maps are the Waste Transfer Stations
(WTS) that have been identified as being necessary in mitigating the transport impacts.

The results are summarised in Table 13 and Table 14.

Table 13: Derived final locations of large, medium and local EfW options in Cornwall.

Plant Large Medium Local
No ktpa Location ktpa Location ktpa Location
1 180 St Columb Major 60 Truro 60 Truro
2 60 Camborne 60 Cambome
3 60 Delabole 30 Bugle
4 30 Delabole

Table 14: Derived final locations of large, medium and local EfW options in

Warwickshire.
Plant Large Medium Local
No ktpa Location ktpa Location ktpa Location

1 180 Leam Spa 60 W. Nuneaton 60 Leam Spa

2 60 S. Leam Spa 30 Nuneaton
3 60 W. Rugby 30 Rugby

4 30 Atherstone
5 30 Stratford

Regarding large-scale options, if the project-identified site locations that did not
spatially approximate the ones specified in the local planning documents, these have also
constituted an additional option for appraisal in the MCDA model and this has been the
case for the Warwickshire WDA context.
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6.4.2.1.  Medium-scale final sites

Figure 25 shows the medium-scale EfW option site distribution for Cornwall. The
medium option makes use of the existing WTS at St Austell, Launceston and Newquay. 60

ktpa facilities are located at Camborne, Carnon Downs (between Falmouth and Truro) and

Delabole.

2001 Census Boundary Derived
Datasets (England and Wales).
This work is based on data provided
through EDINA UKBORDERS with
the support of the ESRC and JISC
and uses boundary material
copyright of the Crown.

An Ordnance Survey (Datacentre)
supplied service.

Legend

E @ ©0 kipa EfW facilties
A WIS
) “%Mf—j "Li & LeanQuarry landfil
' C 1 At districts

Data sources:

]
T 1
Figure 25: Map showing final sites for medium-scale EfW in Cornwall.

Figure 26 shows the medium-scale option results for Warwickshire with sites at
Atherstone, Rugby and Stratford-upon-Avon. The grey circle in these maps represents the
location of an existing 230 ktpa incinerator at Coventry, which is a large urban area, whose
borders are partially surrounded by Warwickshire in the centre. These locations take into

account the effect of diverting 30 ktpa to the Coventry incinerator. Note that this option
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makes use of the existing WTS at Warwick. The mitigatory effects of WTS, as well as the

costs of operating them are taken into consideration in Chapters 7 and 9.
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Figure 26: Map showing final sites for medium-scale EfW in Warwickshire.
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6.4.2.2. Local-scale final sites

Figure 27 illustrates the local-scale EfW option site distribution for Cornwall. The
black circles represent 60 ktpa facilities at Camborne and Carnon Downs. The black
pentagon symbols represent 30 ktpa facilities at Bugle and Delabole. The locations of the
medium and local scenarios were significantly influenced by the location of the Lean
Quarry landfill site (shown as a grey circle) and the 49 ktpa of residual waste directed to
this disposal route. Use of existing WTS included Launceston, Newquay and St Austell.
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Figure 27: Map showing final sites for local-scale EfW in Cornwall.

Figure 28 shows the local-scale EfW site distribution for Warwickshire. The black
circle represents a 60 ktpa facility at Leamington Spa, while the black pentagons represent

30 ktpa facilities at Atherstone, Nuneaton, Rugby, and Stratford-upon-Avon. There is no
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use of WTS in this option because the distributions of sites practically co-locate with

existing facilities and, hence, make them redundant in their waste transport role.
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Figure 28: Map showing final sites for local-scale EfW in Warwickshire.
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6.4.3. DISCUSSION

6.4.3.1. Large-scale final sites and locations identified by previous studies

In order to discuss the results, it is interesting to compare the outputs of the Final
Site Identification models with those of other waste planning studies in the two WDA
areas. In the case of large-scale options, the planned sites for centralised EfW indicated in
the local waste planning documents are the ones actually used in the MCDA appraisal
model in order to compare the ‘real’ policy context with the different medium and local-
scale EfW implementation options developed in this study. The GIS techniques of this
project however, were applied to see if they produce a different final site location for a
large-scale centralised facility. A Collectable Waste Model map for 180 ktpa of residual
waste is shown in Figure 29. A minimum 63 km radius of catchment is required in order to
collect residual waste to within the dark grey zone. It should be noted that the proposed
Large-scale Indian Queens site (shown by a black circle) is well inside the minimum
theoretical 63 km collection radius of this zone. The radius is large because Cornwall is a
peninsula and bound by coastline. The elongated shape means that distance-based queries
must be relatively larger to collect the same amount of residual waste than in a more
circular study area like Warwickshire. This observation also suggests that Cornwall may be
an area in which multiple smaller EfW options may be more desirable to reduce transport
requirements.

The closer the potential site location is to the centre of a dark grey area, the lower its
theoretical collection-area radius. Hence, Figure 29 shows that the Indian Queens site
outlined in the Cornwall Waste Local Plan (WLP) document (CCC, 2003) is near to
optimal for a large-scale facility in terms of minimising transport distance for a plant of
large-scale capacity. This observation, however, is made on an analysis using straight line
distances between waste points and the potential plant that did not take into account the
county’s real road network and other topographical influences. The Potential Site
Identification model however, identified an alternative site just 3 km from the one proposed
in the WLP. Both sites are within the defined central area of search (CAS) outlined in the

WLP. Figure 29 shows that both locations are within the ‘hotspot’ and this is useful
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Figure 30 shows the results of large-scale Collectable Waste Model mapping for
Warwickshire. A Process ‘B’ iteration described in Section 6.4.1.1. identified that the
minimum collection radius for a large-scale 180 ktpa facility at the actually proposed
Warwickshire large-scale centralised EfW site was 43 km. The black circle representing
the originally proposed site in Jainter & Poll, (2005) for a large-scale 180 ktpa plant (as
defined in a local study) is outside the minimum theoretical 38 km collection radius. The
location identified by the techniques in this project is illustrated by a black square within
the hotspot zone. The proposed site is not within the minimum collectable distance hotspot
area shown in Figure 30

The closer the potential location is to the centre of a dark grey area, the lower its
theoretical collection area radius. Hence, Figure 30 shows that the alternative potential site
near the centre of the map is an improvement in terms of minimising transport distance. To
judge the consequences of this, a second large-scale scenario (1b) has been added to the
overall EfW options MCDA assessment in Chapter 9. It is acknowledged, that the
proposed site (Scenario la) may offer a good opportunity for a large-scale facility in terms
of its site-specific benefits, such as the availability of derelict land and history in terms of
waste management activity. These factors are outlined in PPS 10 planning requirements
(ODPM, 2005) and such data could be added in future versions of the DSS as it becomes
available. This is an example of how site-specific suitability should be balanced against the
need to be located in a position to minimise the transport haulage requirements of residual

waste from sources to the facility.
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Theoretically, the optimum location derived from the Collectable Waste Model map
is at the centre of the dark grey area. Interestingly, this is close to the existing Coventry
EfW plant. Officers particularly noted this result, since another in-house WDA policy is to
replace the existing 230 ktpa with one of over 500 ktpa to serve both urban Coventry and
semi-rural Warwickshire (Geary, 2006). This would save the WDA potential planning
complications of building new EfW capacity within the borders of Warwickshire itself. In
conclusion, the project-identified alternative site and actually proposed site is 9.5 and 19.6
km respectively from the optimum point for collecting 180 ktpa of residual wastes to a

central location in this study area.

6.4.3.2. Effect of increased residual waste generation

The effect of increased residual waste generation was modelled by decreasing the
recycling rate assumption parameter for Warwickshire from 40 to 30%, while keeping the
EfW capacity requirement constant at 180 ktpa per annum. Table 15 shows that in the
medium-scale option, the Atherstone and Rugby locations stay constant, but Leamington
Spa replaces Stratford. In the local-scale option there are 4 plants instead of 5, as a
consequence of the Nuneaton facility being upgraded from 30 to 60 ktpa. This illustrates
how increased waste generation can activate upgrade rules (Section 6.4.1.2). In the 30%
recycling scenario, Nuneaton was upgraded because its allocated catchment area was 84%
of 60 ktpa. In the 40% scenario, however, Leamington Spa was upgraded instead (it had
83% of 60 ktpa, while Nuneaton had 66%). This illustrates how the outputs of the Final

Site Identification model correspond to changes in waste production.

Table 15: Effect on medium and local-scale site distribution locations of changes in
residual waste generation in Warwickshire.

Option Plant Warwickshire at 30% recycling
No Area/town Capacity

Medium 1 Leamington Spa

2 Atherstone 60

3 Rugby
Local 1 Leamington Spa 60

2 Nuneaton 60

3 Rugby 30

4 Stratford 30
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During modelling it was observed that lower residual waste generation per Census
Output Area (COA) results in the need to increase the Collectable Waste Model search
radius leading to coverage of a greater proportion of rural area in any resulting catchment
zone. This ‘pulls’ the ‘hotspot’ zone further into rural areas. Conversely, when greater
amounts of residual waste are produced per COA source point, the urban areas have a
greater intluence on the Collectable Waste Model results in that the ‘hotspot’ area results
are drawn towards the more concentrated (urban) areas of residual waste production. This
explains the loss of the (predominantly rural) Atherstone 30 ktpa plant in the medium EftW
option and its capacity replacement by an upgrade from 30 to 60 ktpa at the urban town
plant situated at Nuneaton. It also explains the shift from the rural to urban situation of the

Stratford plant to Leamington Spa in the medium option.

6.4.3.3. Effect of other disposal routes on Final Site Identification

Table 16 shows the effects on Final Site Identification distributions before
extracting 49 ktpa from the overall Cornwall residual MSW production model for
allocation to the Lean Quarry landfill site as detailed by the Waste Local Plan (CCC, 2003).
The latter was done in terms of proximity and required a 25.1 km radius for the extraction
of sufficient COA waste production points to meet the required 49 ktpa. The effect of this
on the Final Site Identification results was investigated by repeating the Final Site
Identification modelling using a residual MSW production model which had not had the
Lean Quarry allocation production points extracted. In contrast to the results in Table 13,
Table 16 shows that the distributions are quite different, indicating ensuring correct
information on which to base assumptions of alternative disposal routes is important.

Table 16: Effect on medium and local-scale site distribution locations from diversion
of residual waste to an alternative disposal route in Cornwall.

Option | Plant 30% Recycling
No Area/town Capacity
Medium 1 Camborne

2 Truro 60
3 Bugle

Local 1 Cambome 60
2 Truro 30
3 Bugle 60
4 Callington 30
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In the medium option, the third identified site shifts from Delabole to Bugle. There
was however, no change in the derived locations of the first and second plants. In the local
option, the fourth plant location changes from Delabole to Callington. In addition, the
capacities of the second plant at Truro and the third plant at Bugle change capacities from
30 to 60 ktpa and vice versa respectively.

An observation during modelling was that the effects of other disposal routes are
more pronounced in Cornwall, since the extraction and related area were much larger.
Conversely, in Warwickshire only 30 ktpa is diverted for alternative disposal at the existing
Coventry EfW plant and this is mostly extracted from a rural area with low waste
production density. This extraction, however, also takes some of Nuneaton’s waste
resources which resulted in the derivation of the two separate 30 ktpa plants for Atherstone
and Nuneaton. It is interesting to note that at 30% recycling, the effect is not as sensitive,

and hence, only one larger 60 ktpa plant was identified for Nuneaton.

6.4.3.4. Suitability of derived site locations

In order to show the characteristics of the derived Final Site Identification location
results in more detail and to judge their suitability for EfW further from at the desktop
level, two sites are shown in Figure 31 and Figure 32. Figure 31 shows potentially vacant
land within an industrial works. Adjoining the area is an additional industrial estate and
trading estate. There are also significant opportunities for combined heat and power
generation, since as well as potential industrial demand there are two schools and a hotel in
the vicinity. There is also an extensive residential area nearby, but opposition may be
mitigated by the use of a medium or local-scale of facility, and a technology of lower visual
impact such as ATT. The urban area of Warwick and Leamington Spa comfortably
satisfies the majority waste feedstock requirement of a 60 ktpa facility, hence, this capacity
and catchment area can be quite adequately described as local. This site has been identified
for either Large (180 ktpa) and Medium (60 ktpa) scale facilities by the GIS techniques

used in this project.
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with a facility’s capacity to generate heat that would otherwise be lost to atmosphere in

electricity-only generation. Most CHP capacity in the UK at present is in use for industrial
applications (Boyle et al., 2003). A scheme with a significant industrial load is preferable
for CHP since domestic loads are much more seasonal and intermittent (Poslethwaite,
1980). For this reason, the GIS approach for identifying potential distributed sites for EfW
facilities developed in this thesis has used 1:25000 Land Ranger Mapping and industrial
land data with the assumption that industrial users of space or process heating are likely to
be present.

During the time of the production of this thesis, two heat mapping exercises were
carried out in the UK. The first, by Wiltshire (2003), used gas consumption data of
commercial, industrial and residential users and aggregated these at the postcode sector
level. The second by AEAT (2007) whose method is noted in DTI (2006a) used carbon
emissions data from the EU ETS to estimate heat consumption after taking account of
typical boiler efficiencies and primary fuel type. These estimates were then aggregated to
produce a UK wide map of 10 km? grid cells. Such techniques, however, are of limited use
in guiding the identification of suitable EfW facility locations, since they are of too low a
geographic resolution. This view is supported by AEAT (2005) who note that it is
desirable for direct users of heat to be within 2 km of the generating plant. Not all CHP
schemes have industrial users. Others include government offices, retail parks, universities,
prisons, swimming pools, hospitals, schools and large hotels (Boyle, 2004b; DTI, 2006a).
Beggs (2002) acknowledges the suitability of the above but claims that offices and schools
are generally thought to be unsuitable due to their annual load profiles.

Related to the DSS’s capacity to map collectable waste resource density,
Poslethwaite (1980) highlights that “this low cost fuel is produced in direct proportion to
the number of population and is located where it can be converted into useful energy as
heat or heat and electricity”. In order to explore an alternative approach to mapping heat
users to those studies discussed above, leisure centres, hospitals, prisons, universities and
large hotels in Cornwall and Warwickshire were located by postcode and mapped as shown
in Figure 33 and Figure 34. Overlaid on the locations of potential heat users, is the
collectable waste modelling of Section 6.2.1. 51 and 74% of all identified users in

Comwall and Warwickshire respectively are within areas of highly collectable waste
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In conclusion, regardless of which heat user mapping methods are chosen, the

diverse nature of heat users and the need to use the heat locally where existing district
heating networks do not exist (AEAT, 2005) dictates that a detailed field survey (at any one
potential site) is required to determine the minimum heat load and hence, truly judge the
economic viability of the scheme (Poslethwaite, 1980). However, an attempt at mapping
non-industrial users of heat by postcode could be useful within a strategic approach to
identifying potential EfW locations, especially when combined with industrial land data, or
where industrial land data is not available. Locations of heat demand could be incorporated
into the Potential Site Identification model by introducing an additional layer. This layer
would be a more useful addition to the DSS, if attribute data describing the extent of heat
demand with each location was included. In the case of this project, however, use of
1:25000 Land Ranger mapping with which to identify heat users in proximity to sites
identified by other layers in the Potential Site Identification model was adequate in

ensuring that heat users where included within the GIS approach to identifying sites.

6.5. CHAPTER SUMMARY

This chapter has presented and discussed the results of the residual MSW and
Potential Site Identification modelling for both WDA areas. These formed the basis for
deriving the Final Site Identification output for large, medium and local EfW options. The
effect of increased waste generation and alternative waste disposal routing has been
discussed as well as the characteristics of the output sites themselves and the implications
of mapping potential heat users. Now that locations for facilities of all options have been
identified, it is possible to estimate the transport impacts of each EfW option. The results

of these analyses are presented and discussed in the next Chapter.
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7. FORMULATING EFW OPTIONS USING
GIS: ESTIMATING TRANSPORT IMPACTS

7.1. AIMS OF CHAPTER

The aim of this chapter is to present and discuss the transport impact estimates for
large, medium and local EfW options identified for Cornwall and Warwickshire. This was
done using the methods discussed in Section 7.2 Section 7.3 presents and discusses the
results from the haulage of waste (7.3.1), haulage of ash residues (7.3.2) and compares the
results of using the straight-line and windage factor vs. geometric network approach to
estimating transport distance (7.3.3). Finally Section 7.3.4 discusses the implications of

collection and haulage routes visiting multiple COAs.

7.2. METHODOLOGY

The review of GIS-based energy planning studies in Section 3.3 indicated that the
method from Bergsdal et al (2005) was most suited to assessing the transport impact
associated with different EfW options, since it could be adapted to the UK by using similar
GIS data to that by Shmelev & Powell (2006) and parameters published by Biffa (2002).
The assumption has been made that all waste is transported by road, since there is no rail or
water transport infrastructure currently developed or planned within the WDA areas. These
methods could however, be easily adapted to assess the implications of river or rail
transport albeit with different underlying assumptions.

Considering waste transfer stations (WTS) is important when assessing transport
impact by road, particularly in the case of large scale facility options, since their role in
allowing the bulking of waste from lower capacity collection trucks to higher capacity
Heavy Goods Vehicles can significantly reduce impact (Tchobanoglous et al, 1993).
Planned and actual WTS locations were provided by the two case study WDAs. The cost
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of owning and operating a WTS was assumed to be £5.75/metric ton of capacity, inflated

from Biffa, (2002) and £6.77/metric ton of capacity from Wheeler & Jainter, (2006). Since,

although the Biffa research was independently funded by landfill tax credits and not
commercial interests, it is interesting that the Wheeler & Jainter (2006) study uses a
parameter that is 15% more. Since the difference is significant, in the absence of further
supporting evidence, an average has been taken of the two.

All waste points not allocated to a Waste Transfer Station based on proximity are
assumed to have their production delivered directly to their allocated EfW or other disposal
site facility. All journeys, either waste or ash laden are assumed to be ‘two-way’ (Dujim &
Markert, 2002), hence, for any fixed payload of waste, the truck is empty on the journey to
the waste resource point, but laden to average payload on the return trip to the final disposal
point.

The overall transport distance in any one EfW option is derived from aggregating:

e The collection distances of hauling waste directly from production points to
the Waste Transfer Station.

e The collection distances of hauling waste directly from production points to
final disposal sites (EfW or landfill, existing, planned or derived).

e The bulk transfer distances of hauling waste from the Waste Transfer Station
to the nearest final disposal site.

An overview of a run of the transport impact estimation model for any particular

catchment (WTS of EfW facility within an option) is shown in Figure 35.
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Figure 35: Overview of transport impact estimation model

As described in Section 6.2, GIS points (based on the location of the population
centroid) include attribute data representing the annual waste production from any
particular census output area. These models do not take into account the impact of the
collection round at street level, but assume that the waste arising for haulage is located at
the population weighted centroid of the census area (Section 2.2). The annual waste
production waste source point was in high enough ratio (ie. much greater than 1) with a
typical average payload of a lorry, that the sum of the annual journey distance for one point
is a reasonable estimate for the actual routes (perhaps collecting from 2 to 3 waste source
points), undertaken on a weekly basis over the year. The sensitivity on the final analysis
caused by this assumption is explored in Section 7.3.4.

To investigate if the final ranking of EfW options were sensitive to use of
alternative transport impact estimation method, two different methods were used for
calculating cumulative distance travelled to transport waste to each facility in each EftW
option. The first method uses planar distances (Section 7.2.1) to estimate the cumulative

travel between waste sources and targets, based on Cartesian coordinates and ‘windage’
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factors, the latter of which account for the spatial structure of roads. A second distance

calculation model using geometric networks is presented in Section 7.2.2. These models
differ in the calculation of distance. The transport impact results from using the geometric
network method were used to provide estimates of where the increased traffic impact
occurs (over ambient levels) in a further piece of work and are presented in Bastin and
Longden (2007).

For each EfW option, estimations of journey frequency and lorry distances required
to transport the residual waste from every source point to allocated final disposal point (via
Transfer Station or direct) was made. These models are implemented by extending the
ESRI ArcMap GIS software interface by writing customised VBA tools in Arc Objects.
The planar-distance method model was written by the author, while Dr. Bastin wrote the
geometric network routing model, which is discussed further in Bastin and Longden,
(2007).

A series of input boxes hold the parameters used to estimate the economic and
external costs of transport (see Sections 8.4.9 and 8.4.11). Important input parameters
include the average payload of collection and transfer trucks and the ‘windage’ factor to
account for the tortuosity of the road network. Total journeys required were derived by
dividing the total waste production (tpa) by the average payload of the vehicle. Variables
used for the latter were 21 metric tonnes if a bulked transport (HGV) vehicle or 7 metric
tonnes if it is a collection vehicle (RCV) (Bifta, 2002; US-EPA, 2002). These parameters
can be reasonably cross-referenced with Wheeler & Jainter, (2006) who assume 20 and 10
metric tonnes for HGV and RCV respectively. Lorry kilometres are then the product of the
total number of journeys and the total distance travelled. Lorry kilometres were multiplied
by £0.35 (Strategic Rail Authority, 2003) to derive the monetarised external costs of
transport (£/a), and £1.07 (Biffa, 2002; US-EPA, 2002) to derive the economic costs (£/a).
The multiplier from the SRA was used since this includes other externalites such as road
infrastructure wear, accidents and noise as well as the costs of air pollution.

Section 3.3 identified that previous studies typically did not assess the impacts
resulting from the transport of bottom and fly ash to inert and hazardous landfill sites
respectively and did not justify why. Since tonnages of ash produced are related to the

choice of technology used, this project has taken the transport of bottom and fly ash into
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account within its methodology. The average capacity of a suitable truck for such material

was assumed to be 16 metric tonnes (Consonni et al, 2005a). This was chosen over the 18
metric tonnes assumed capacity used by Wheeler and Jainter (2006), since the source of the
data used was not clear. In Cornwall, where there is a shortage of both inert and no
hazardous landfill sites, the only existing site with voidspace (Lean Quarry) was assumed to
be the destination for bottom ash, while Bishops Cleeve in Gloucestershire was assumed to
the destination for fly ash as indicated by the Waste Local Plan (CCC, 2003). No
assumptions regarding route destinations could be referenced for Warwickshire. Therefore,
this project has assumed that routes from EfW facilities to the nearest landfill site would be
defined on a nearest proximity basis since Warwickshire has several landfill sites licenced
to take both inert and hazardous wastes within and just beyond the county boundary.
Bottom ash may be reprocessed to produce building aggregate (Porteous, 2005) but at the
time of writing no details regarding the locations for these facilities were available; hence,

this project has assumed the actual locations of existing landfill sites.

7.2.1. PLANAR DISTANCE METHOD

In the case of the first transport impact model, the distance (d) between waste

resource point and final destination are calculated on a planar basis using Equation 7.

d=x=x)" + (Y, =y @

Where X, and X, are the coordinates of the waste resource point, Y| and Y are the
coordinates of the final disposal site (WTS, EfW or other facility). The model does not use
the road network, but applies a ‘windage factor’ (WF) to estimate the actual distance
travelled between resource point and destination. A selection of WFs sourced from the
literature is shown in Table 4 of Section 3.3. The Windage Factors used for Warwickshire
and Cornwall are 1.2 and 1.3 respectively. The Warwickshire factor was chosen, based on
local expert advice (Holmes, 2005b), and had been obtained by the Authority from
experimental work for calculating Key Performance Indicators for street works. The 1.2
value is close to that used in several other similar geographic contexts, and is also used as

the default ‘straight-line walk distance factor’ in the UK Department for Transport’s
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‘Accession’ software package (DfT, 2007). A value of 1.3 however, was used for

Cornwall, since the background geography of the study by Purlack and Turhallow (2002) is

a closer fit with the rural nature of Cornwall.

7.2.2. GEOMETRIC NETWORK METHOD

The Geometric network method of estimating transport impact is based on
‘Network Routing’. A network consists of connected linear features. In this project,
networks were created from the ‘roads’ geometry data from the Meridian Ordnance Survey
dataset for both WDA areas. Connectivity attribute data at nodes is important for the
network to simulate the real-world. In this study, particular attention was made to ensure
that motorways could only be accessed at their junctions, for example.

A ‘shortest-path’ method derives routes between industrial source points and final
destinations. A shortest-path analysis essentially finds the path with the minimum
cumulative impedance between nodes on a network (Chang, 2002). The analysis begins
with an impedance matrix between all nodes on the network and is followed by an iterative
process of finding the shortest distance from node 1 to all other nodes (Dijikstra, 1959).
This was done for all Census Output Area (COA) ‘source’ points to their allocated EfW
facility ‘sinks’ and distances of all routes were totalled for each option.

Geometric network results for cumulative travel distances were based on both
“shortest path’ and ‘least-cost” routing basis. The shortest paths through the network were
identified for all COA waste source points to their final EfW facility destinations using the
Dijikstra algorithm (Dijikstra, 1959) using routines embedded in ESRI’s ArcMap 9.1 GIS
software. ‘Least-cost’ routes were identified by the same algorithm but in this analysis
every road link was cost-weighted by type according to the values in Table 17. These are
based on observed average speeds (DfT, 2005) and are inversely proportional to the applied
weight. A multiplication of road link length and the type weight is performed to calculate

the ‘impedance’ value.
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Table 17: Static weights applied to the Geometric Network least-cost routing analysis
(Bastin and Longden, 2007).

These are estimated from UK DfT statistics (2005) and are assumed to represent ease of travel.
They are based on average speeds of rigid and articulated HGVs.

Type of road Average speed: km per hour | Impedance factor
Motorway 54 1.00
A-road 48 1.125
B-road 35 1.543
Minor road 29 1.862
7.3. RESULTS AND DISCUSSION

7.3.1. HAULAGE OF MSW

Table 18 shows road transport cost estimates for each EfW option in Cornwall and
Warwickshire. In Cornwall, monetary and external costs for the large-scale option (1) are
27% higher than the medium-scale options (2 and 4). Overall, the local-scale options 3
and 5) have the lowest transport impact, 34% lower than the Indian Queens large-scale
option and 11% lower than the medium-scale option. In Warwickshire, impacts for the
alternative large-scale option (1b) are 3% lower than its proposed Judkins location (Jainter
& Poll (2005) counterpart (1a). Overall, the local-scale option has a significantly reduced

impact, 60% lower than the Judkins large-scale option.
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Table 18: Total estimated costs of waste transport.

These have been estimated using the cost parameter of £1.07 lorry km (including return journey)
(US-EPA, 2002). External costs of transport have been estimated using the figure of £0.35 per km
travelled from the (Strategic Rail Authority, 2003). The latter includes costs of pollution, road
traffic accidents, congestion, road wear and noise.

Total Monetary External
Total number of Total lorry costs of costs of
Area | Option Description distances ‘zmmer(; km waste waste
(km) ] F /a)y (p/a) transport transport
P (E/pera) | (£/pera)
o = 1 Large 52,280 77,430 1,454,720 1,556,550 509,152
3 ; 2&4 Medium 52,009 68,012 1,067,931 1,142,686 373,776
©TI3&s Local 46,522 68,014 | 953,365 | 1,020,101 | 333,678
Yoy la Large 34,909 60,564 897,220 960,025 314,027
= 1b Alt Large 40,384 57,504 870,905 931,868 304,817
=
é‘ fl2&4 Medium 26,228 54,842 512,903 548,806 179,516
3&5 Local 20,795 51,510 350,731 375,282 122,756
Table 19 shows how the costs of owning and operating waste transfer stations
(WTS) combined with waste transport compares between the options. On a county basis,
Cornwall has significantly higher costs and impacts than Warwickshire.
Table 19: Total estimates of the combined costs of waste transport and operation of
Waste Transfer Stations.
The costs of WTS is on an own and operate basis and is calculated on capacity at £6.26 metric ton
(US-EPA, 2002) - 2006 prices.
Capacity of Costs of
. . Number Cost of WTS waste Total costs
Area | Option Description of WTS z/rg (£/pa) transport (£/pa, K’s)
b (£/pa)
Lo 1 Large Indian Queens 5 129,000 807,540 1,556,550 2,364
5 —§ 2&4 Medium 3 35,000 219,100 1,142,686 1,362
© 3&5 Local 3 35,000 219,100 1,020,101 7 1,239
= la Large Judkins 3 89,000 557.140 960,025 1,517
= 1b Alt Large L. Spa 2 59,000 369,340 931,868 1,301
5% 2&4 Medium 1 35,000 219,100 548,806 768
2 3&5 Local 0 0 0 375,082 375

An interesting result for Cornwall is that waste transfer stations still play a role in
transport for the medium and local-scale EfW approaches, albeit of small capacity. Since
Cornwall already has an extensive network of WTS, it has been assumed that existing

stations will be available for use by all approaches in strategic urban centres if required. St
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Austell and Newquay are examples of this, as shown in the maps of Section 6.4.2. In
Cornwall, the combined costs of road transport impacts and operation of WTS in monetary
terms for the large-scale option (1) are 41% higher than the medium-scale options (2 and 4)
and 47% higher than the local-scale option (3 and 5)

Regarding Warwickshire, the alternative large-scale option (1b) located at
Leamington Spa, saves the need for the Warwick WTS, and hence only two WTS are
required in this option, in comparison with three for the actually proposed Judkins location.
The total cost of waste transfer station and road transport for the project derived
Leamington Spa location are 13% lower than for the Judkins location. This shows that the
techniques used in this project could potentially lead to substancial savings in the
formulation of centralised, single facility EfW options as well as more decentralised
options.

The local EfW options do not use WTS and hence make significant monetary
savings. When considered with the savings in road transport, the local options are 75%
lower in monetary costs than the large-scale Judkins la option. To compare the results in
the context of each county area and between the scale options, Table 20 shows ratios of the

large-scale centralised impact to lower-scale options.

Table 20: Large to lower scale option CT ratios of transport impact.

Area Option ratio Costs of Total costs No of WTS
transport inc WTS

Cornwall Large - - 5
Large to medium 1.36 1.74 3
Large to local 1.53 1.91 3
Warwick- Large - - 3
shire Large to Alterative Large 0.97 1.17 2
Large to Medium 1.34 1.98 1
Large to local 2.48 4.05 0

Regarding the cost of transport (CT) ratios, the most interesting observation is that
Cornwall has a significantly lower large-to-local ratio than Warwickshire. This would
indicate that Warwickshire may acquire greater marginal benefit in following a local-scale
option rather than a large-scale one. Cornwall however, has four plants in its local option,
while Warwickshire has five and this may explain the lower CT ratio of 1.53 compared to

2.48. To determine if Warwickshire’s marginal benefit is confirmed at the local-scale
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option of five plants, cost functions derived from a regression of costs of transport

(excluding any WTS costs) vs the number of plants (shown in Figure 36) can be used. The
large-to-local ratio when Comnwall has 5 plants is 1.61 and this helps to confirm
Warwickshire’s marginal superiority between scale options.

When considering the total cost (TC) ratios (that include the costs of owning and
operating WTS), the difference between the county ratios is even more significant. This is
due to the fact that three WTS have been retained for the Cornish local option by the
decision rules used in this project, namely if existing WTS are greater than 5 km away from
a derived EfW site, they would be used in this study. The latter enables the achievement of
low collection cost targets (Biffa, 2002). Planned but un-built WTS are not assumed,
except in the large-scale options and their locations have been defined in waste planning
documents.

Local options make lower use of WTS and will accrue significant savings over the
large-scale option. This is apparent in the Comwall options, but more so in the
Warwickshire ones in the large-scale alternative site (which reduces the need for a WTS of
a significant 35 ktpa capacity) and local five plant options. As well as the savings, closure
of WTS presents the opportunity to use the sites for alternative waste management
purposes, such as recycling, composting or small EfW facility.

The magnitude of the cost savings presented in Table 19, make it quite clear that the
potential savings in following a local EfW option in Comnwall are greater than in
Warwickshire. This is shown clearly in Table 18, where at the medium-scale; savings are
estimated at £414k per annum but rise to £536k for the local-scale option. The latter
difference though may again be explained by Cornwall’s four plants to Warwickshire’s
five. On this basis, it may be said that in general, it is less expensive to dispose of waste in
local plants within Warwickshire rather than Cornwall. Cornwall’s isolated position in the
UK, however, means it is more worthwhile to dispose of waste locally in any EfW option
(large, medium or local), rather than transport waste for treatment outside its boundary,
even though its geography leads to higher overall in-county costs than local thermal
treatment in Warwickshire.

The curves in Figure 36 illustrate that the relationship between the costs of transport

(excluding WTS) and number of plants is not linear, with the marginal benefit decreasing
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with an increasing number of distributed plants. The Warwickshire curve illustrates this
better than the Cornwall one, the latter of which could be interpreted as being more linear.
In short, making any sound judgment on the nature of the relationship is not possible when
it has been derived using only three or four data points. More work is required to derive
more EfW options (consisting of different distributions of site location, scales and numbers
of plant) on which more data points can be obtained for the county contexts. It would also
be interesting to apply the same analysis on different case study WDA geographies to

investigate how their jurisdictional boundary shapes influence the cost functions.
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Figure 36: Cost functions of the relationship between transport costs (£/pa) and the
number of plants.

Wheeler & Jainter (2006) observed that in Cornwall there is only a 7% reduction in
transport distance travelled if 5 sites are used and 4% if two sites are used. The result is
very different to the 41 and 47% reductions identified for the 3 medium and 4 local plant
sites estimated by this project. This is because their methods have taken into account the
fact that the recyclate products, although lower in tonnage, often have to be transported for

greater distances to their final markets. Essentially, these combined distances required to
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manage different fractions of municipal waste (shown in Table 21) conceal the potential

benefit of locally treating all waste and identifying local markets for recycling products.

Table 21: Average distances for Cornwall’s recyclates to markets.

Material Destination Distance (km)
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