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Abstract 

The landscape for waste collection is ever changing. With constant adjustments in 

Government, increasing budget restrictions and changes in Legislation, Local 

Authorities have to adapt their collection methods to achieve the best recycling rates 

possible. The focus of their efforts is frequently on the cost; however there are many 

other drivers and barriers that they must pay attention to such as legislative 

compliance. 

The aim of this study was to understand the interaction of these drivers and barriers. 

More specifically, the decision making process that they follow. A long term, 

consistent decision making process is required to maximise the amount of recyclate 

they can collect. A study of the decision making methodologies showed that the 

Analytic Hierarchy Process (AHP) was the easiest to understand and implement. By 

having an understandable methodology, the decision maker(s) have clarity and a solid 

reasoning for the choice they make. Also, by using a commonly understood software 

to create a programme meant a clear understanding and ownership of the decision 

made. 

Scenarios were created to understand how the criteria interact and affect the choice of 

waste collection method. The interaction of criteria dependent on the size and type of 

Local Authorities was examined. Of all the criteria that could be taken in to 

consideration, Legislative Compliance, Net Running Costs and the Quality of the 

Recyclate collected were repeatedly the most important. The results gathered from the 

Case Study Authority were checked against these scenarios and it was found that they 

performed in the same manner that was expected from their classification by type and 

size of authority. 

It was concluded that the decision making process, as a whole and in relation to waste 

management, was successfully understood. The novel development of the Analytic 

Hierarchy Process and inception of a decision making tool to clearly define the drivers 

and barriers that face a Local Authority were accomplished. The time sensitive nature 

of the process highlighted the difficulty assuring the right decision is made at any 

given time. Nevertheless, it was successfully applied to a Case Study Authority whose 

decision matched the ideals of the Welsh Government in suggesting a Kerbside Sort 

collection scheme. 
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1.  Introduction 

1.1  Background  

With the population of the world increasing at a rate of 1.2% until 2025 (United 

Nations 2013) and already over seven billion, the amount of land available to deal with 

waste disposal is ever decreasing, thanks to demand for housing, businesses and many 

other enterprises. For this reason, action needs to be taken to keep the space taken by 

landfill as low as possible, with a view to phasing out their use. Methods of reducing, 

reusing and recycling/composting are increasingly being used to achieve this ultimate 

goal across the world, and more specifically within the European Union (EU). Wales, 

as a part of the United Kingdom (UK), has agreed very challenging incremental targets 

to aid the European objectives that have been set, with a view to achieving 100% of 

waste being diverted away from landfill by 2050 (WAG 2009). The decision making 

process behind the methods which will achieve these targets is something that rarely 

comes in to focus. Thanks to a results driven environment, the emphasis is usually 

placed on the economic impact, whereas the increasing rhetoric of global discussions 

is that the environmental issues are addressed. Therefore, the question is which out of 

economic, environmental, social and technological impacts, are the most important 

and how is a well-rounded solution in terms of waste management achieved? 

Waste has been defined in the same way for at least thirty years in the following, as 

defined in Article 3(1) of the revised Waste Framework Directive (rWFD) 

(2008/98/EC) as, 

 “… any substance or object which the holder discards or intends or is required to 

discard…”  

Municipal waste is defined in the Landfill (England and Wales) Regulations (2002) 

as, 

“…waste from households as well as other waste which because of its nature or 

composition is similar to waste from households.” 
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With rising quantities of municipal waste generation in the European Union (EU), the 

need for monitoring was introduced, for which Eurostat was created. Eurostat was 

created in 1959 as a Directorate- General of the European Commission to provide 

statistical data to the Member States of the EU and homogenise the statistical methods 

used in everything from population conditions, to economics, to environmental and 

energy data (Eurostat 2013b).  

Waste itself can be categorised into a few main areas as shown in Figure 1.1, which 

shows the total waste generated by the 27 EU Member States for 2010. There are three 

broad areas of waste which are categorised as Municipal, Industrial and Commercial 

(C&I), and Construction and Demolition (C&D). Eurostat go further than the Landfill 

Regulations in defining municipal waste for the purposes of reporting data as: 

'Municipal waste is mainly produced by households, though similar 

wastes from sources such as commerce, offices and public institutions 

are included. The amount of municipal waste generated consists of 

waste collected by or on behalf of municipal authorities and disposed 

of through the waste management system.' (Eurostat 2012) 

Municipal waste is now referred to as Local Authority Collected Waste (LACW). It 

can be seen that construction waste takes up a large percentage, just over a third, of 

the overall waste generation in the EU, whereas household waste (generally the 

majority of municipal waste) accounts for about 11%, with 220 million tonnes 

generated. All other sectors can be loosely categorised under Commercial with 

Industrial Waste, making up the remainder. 
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Figure 1.1 - Waste generation in the EU27, by category, for 2010 – all weights in 

tonnes. Total tonnage (excluding Mining and Quarrying) is 1.83 billion tonnes 

(Eurostat 2014)  

In the UK, Figure 1.2 displays waste arisings that are composed of 11% municipal 

waste, 48% from C&I and 41% of all waste is from C&D, as of 2010. Although the 

C&D and C&I percentages between the EU and the UK differ, the Municipal Waste 

percentages are very similar and more importantly, are a relatively low percentage of 

waste generation. This raises the question, why is there so much emphasis placed upon 

dealing with municipal waste, when any change will have a low impact on the total 

waste generated? 

One reason for this is because LACW directly affects the general public through 

their being generators. The waste they generate is usually collected by a local 

authority (LA), and therefore their responsibility, having direct contact with 
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householders. Following the financial crisis that started in 2008, public budgets are 

squeezed (Callan et al. 2011) and LAs have to implement EU Directives in the most 

efficient way possible (EEA 2013). 

 

Figure 1.2 - Waste generation in the UK, by category for 2010 – all weights in 

tonnes. Total (excluding Mining and Quarrying) is ~236 million tonnes (Eurostat 

2014) 

As will be outlined later in this chapter, the rWFD also lays out specific goals that 

must be achieved from the recovery of municipal waste by 2020 by all Member States.  

Figure 1.3 shows that the amount of municipal waste generated in the whole of Europe 

increasing from 1995, at 474kg per capita, to its maximum in 2002 of 527kg per capita. 

The Landfill Directive was introduced in 1999 (1999/31/EC) to reduce the amount of 

waste being sent to landfill. The effects were not felt until 2002 (which coincides with 

the inception of the Landfill Regulations in the UK), suggesting that the Directive took 
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about 3 years before being widely transposed into primary legislation for the 

individual Member States of Europe. Figure 1.3 shows that since 2006, there has been 

a steady decline in the tonnage of MSW generated to below 500kg per capita. It was 

assessed that there was an average of 492kg of municipal waste produced per capita 

in the EU member states in 2012, totalling approximately 250 million tonnes of 

LACW (Eurostat 2013a). Comparatively, the UK was producing an estimated 498kg 

per capita in 1995, increasing to just over 602kg per capita in 2004. By 2014 the per 

capita production for the UK was… 

 

Figure 1.3 - Waste Generation of Municipal Waste in Europe and UK from 1995 

– 2012, kg per capita (Eurostat 2014) 

Figure 1.4 shows some of the countries that contributed to the EU statistics. It would 

be expected that the majority would show a trend of increasing waste arisings until 

2002 before decreasing the amount of waste they generate, however in reality this 

varies wildly. Scandinavian countries appear to have increased their waste generation 

until 2008 before bringing it down closer to 2000 levels by 2012. The Mediterranean 

nations show a general increase in the amount of waste generated over the period 

shown, except for Spain which have severely reduced the production of waste by 2012. 

Whilst in general, the central European countries have kept their tonnages fairly 

similar. Comparatively, the UK shows a similar trend with the Scandinavian countries 
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by increasing the tonnage of waste between 1995 and 2000 from 498kg to 577 kg per 

capita, before steadily reducing the amount of waste created to 472kg per capita in 

2012. The figures for the UK fall in line with the introduction of European legislation 

and their subsequent transposition into State law alongside the various other European 

States’ legislative framework, to combat rising levels of LACW generation. 

 

Figure 1.4 - Waste Generation in Europe from 1995 -2012, kg of LACW per 

capita (Eurostat 2014)  

LACW is only a part of the total waste generated in the EU, which totals at around 2.3 

billion tonnes in all sectors (Eurostat 2013c). Although MSW only represents a small 

fraction of the overall waste produced, it is the responsibility of the public sector. With 

increasing budgetary pressures being applied to all member states following the 2008 

economic downturn, there was a large importance placed on finding the most efficient 

way to manage MSW. 
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1.2    Directives and Regulations 

When applied to waste management, historically in the EU and UK, it has been easier 

and cheaper to landfill waste than to make a concerted effort to minimise the amount 

of waste produced and/or increase recycling and recovery rates (DEFRA 2009). The 

standard rate of the landfill tax in 2003/4 was £14 per tonne compared to £80 in 

2014/15 per tonne, (Eunomia and WRAP 2015). With increasing environmental 

strains, such as the destruction of the ozone layer and climate change, such legislation 

was required to change anthropological effects on the environment. The remainder of 

this chapter outlines the legislation that has been created to do so and the effect this 

has on the UK and Wales and it’s Local Authorities (LAs). 

Every country that is a Member State of the EU deals with the legislative framework 

set at the European level, in a different manner. The UK, as a whole, is scrutinised 

from an EU perspective. Further to this, it is composed of devolved governments for 

Northern Ireland, Scotland and Wales (Cabinet Office 1998; Cabinet Office 2006). 

This means that each country has been granted powers, in certain areas, to set their 

own legislation, including waste management. 

The Waste Framework Directive was, relatively speaking, a very basic overarching 

strategy in the mid 70’s. It has now led to many other Directives that cover more 

specific waste streams such as electrical and electronic waste, oil, hazardous waste, 

batteries and many more. This is to ensure that all MSW is dealt with in a homogenous 

way across the whole of the EU and the Directives are then implemented by member 

states through national or primary legislation. To give a Directive force, legislation 

pertaining to the UK must be transposed into domestic law, through the use of 

Regulations, and Measures in Wales now that it has a devolved Government, are 

required to generate primary legislation. Table 1.1 shows the current list of relevant 

UK legislation and the European Directives that they have enacted. Whilst this is a 

non-exhaustive list of legislation relating to waste management, it is a representation 

for the amount of legislation that LAs have to comply with, to achieve their targets. 

Those listed in Table 1.1 have all had revisions and amendments that LAs must keep 

up to date with, to be able to change their methods of collection accordingly.  
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Table 1.1 - Table of UK legislation following from EU legislation 

EU Directives UK Legislation 

Waste 

Framework 

Directive 

(1975–2008) 

Environment Act 1995 

The List of Wastes (Wales) Regulations 2005 

Clean Neighbourhoods and Environment Act 2005 

The Waste Management (England and Wales) Regulations 2006 

Producer Responsibility Obligations (Packaging Waste) 

Regulations 2007 

The Site Waste Management Plans Regulations 2008 

The Waste (England and Wales) Regulations 2011 

The Controlled Waste (England and Wales) Regulations 2012 

Landfill 

Directive 1999 

Pollution Prevention and Control Order 2001 

Landfill Regulations 2002 

The Landfill Tax Regulations 1996 

The Environmental Permitting (England and Wales) Regulations 

2010 

The Landfill (Maximum Landfill amount) Regulations 2011 

WEEE 

Directive 2012 

The Waste Electrical and Electronic Equipment Regulations 

2013 

1.2.1  The Waste Framework Directive and its revisions 

The Waste Framework Directive (WFD) first came into being in 1975, laying out the 

basic need for a reduction in the amount of waste generated and its harmfulness, 

through product manufacturing and techniques for final disposal (75/442/EEC). It also 

states that the recoveries of waste through re-use and recycling of waste should be 

encouraged, alongside the use of waste as a source of energy, creating the beginnings 

of the waste hierarchy.  The WFD has been amended many times since 1975, with the 

most recent in 2008 and is referred to as the rWFD (2008/98/EC), where most notably 

the waste hierarchy is distinctly outlined and defined. Figure 1.5 shows a graphical 

representation of the hierarchy, as outlined in Article 4(1) of the legislation, which is 

widely used throughout the waste management sector. Although it is listed in the 
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rWFD, it can usually be found in this form of a pyramid or inverted, as an easy to use 

reference for the order of priorities of dealing with waste. 

 

Figure 1.5 - Waste Hierarchy Pyramid adapted (2008/98/EC) 

The emphasis of the hierarchy is that the best overall environmental outcome from the 

measures taken should be encouraged. If this requires moving away from the 

hierarchy, where justified with life cycle thinking, the rWFD Article 4(2) allows for 

this (2008/98/EC). 

What is not highlighted in the pyramid is the producer’s responsibility to decrease the 

amount of environmental impact in the design of their product, and where this is not 

possible, they must pay for the externality created. This idea was first formally 

introduced by Thomas Lindhqvist in 1990 (Lindhqvist and Lidgren 1990) for the 

Swedish Ministry of the Environment and further developed in his doctoral thesis 

(Lindhqvist 2000). It is considered necessary, to account for the life cycle costs 

involved in the production and subsequent pricing of a product. This is dealt with in 

Article 8 of the rWFD and explicitly outlines how the producers must take the burden 
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of responsibility and inform waste handlers of the best method for disposing of 

materials. 

After the producer responsibility is accounted for, prevention and minimisation is the 

first cause of concern for those in the waste industry, as a reduction in the amount of 

waste created eases the burden on LAs. A reduction in the volume or mass of waste 

indicates that the householders are thinking more about what they use and how to 

avoid virgin materials being consumed. If items cannot be prevented from becoming 

waste, then re-use is the next favoured option, meaning that the waste in question is 

refurbished if necessary and use for the same purpose it was used for originally. 

Where reuse is not possible, recycling of waste is next to be considered. This involves 

the reclaiming of and repurposing of materials for a new use, e.g. where recycled office 

paper is subsequently used as newspaper. Recycling of waste is the most widely 

advertised and used waste handling option, with the LAs main focus being on this area 

and the decisions required for the best method of recycling constantly being 

challenged. 

Other recovery of waste can mean one of a few options, but the most common is the 

incineration of waste to retrieve energy and heat from residual waste. This is preferred 

over immediately landfilling the residual waste, as it reduces the volume and mass of 

the materials whilst also allowing for energy, heat or any other type of recovery thus 

avoiding the use of fossil fuels for such reasons. The final option, if none of the above 

can be carried out, is to landfill the residual collection, which is the least favoured of 

all approaches. 

The rWFD highlights that waste should be collected separately (Article 3) and undergo 

recovery operations (Article 10) where it is “…technically, environmentally and 

economically practicable (TEEP) and shall not be mixed with other waste or other 

material with different purposes” (2008/98/EC). It also states that by 2015, all Member 

States must have implemented separate collection of plastic, paper, metal and glass, 

and by 2020 the preparation for reuse and recycling of these and any similar 

household-like waste, must be at least 50% by weight. At the time the rWFD came 
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into being in 2008, the average recycling rate across the European States was ~23% 

(Eurostat, 2014) meaning that the Member States of the EU were required to increase 

their recovery of materials at a minimum rate of just over 2% per year.  

In Europe, as at 2012, the weight of municipal waste generated decreased by 12.5 

million tonnes to 246.6 million tonnes, whilst recovery (excluding incineration) 

increased by 6.7 million tonnes to 65.9 million giving a rate of 27% by weight 

(Eurostat, 2014).  Although the UK and other Member States of the EU have made 

large increases in the levels of recovery, other States such as Slovakia, Romania and 

Poland who joined the EU in the last ten years, have not been subject to EU Directives 

as stringently as those who have been a part of the EU for longer. This has kept the 

overall average down, causing a large shortfall in terms of the target required, of 

reaching 50% diversion by 2020 (2008/98/EC). 

  to Regulations and Measures (for Wales) on a constant basis, as presented in Table 

1.1. 

1.2.2   Technically, Environmentally and Economically Practicable 

Collection of Recyclate 

To specifically transpose Article 10 (2) of the rWFD, UK Government amended Waste 

(England and Wales) Regulations 2011 in 2012. This was to introduce into the UK 

legislative framework, the separate collections of waste paper, metal, plastic and glass 

are to be carried out so long as it is Technologically, Environmentally and 

Economically Practicable (TEEP) to do so (DEFRA 2012). The amendment also 

reiterates, from the rWFD, that this must be done pursuant to following the waste 

hierarchy (Article 4) and without a negative effect on the environment (not releasing 

more greenhouse gases) (Article 13).   

The difficulty faced is the slight ambiguity in the definition of ‘separate collection of 

paper, metal, plastic and glass’. Does this mean that they can be collected in a 

commingled form which is all together, but separate from residual and food waste? Or 

does this mean they must be source segregated and collected separately from each 
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other in the first place? The answer was provided through the Judicial Review that was 

passed in March 2013. The explanation for TEEP was given thus (R (on the application 

of UK Recyclate Ltd) v Secretary of State for the Environment Food and Rural Affairs 

2013): 

‘Technically practicable’ means that the separate collection may be implemented 

through a system which has been technically developed and proven to function in 

practice. 

‘Environmentally practicable’ should be understood such that the added value of 

ecological benefits justifies possible negative environmental effects of the separate 

collection (e.g. additional emissions from transport). 

‘Economically practicable’ refers to a separate collection which does not cause 

excessive costs in comparison with the treatment of a non-separated waste stream, 

considering the added value of recovery and recycling and the principle of 

proportionality.” 

This means that so long as there is thorough and clear documentation that the 

collection method complies with TEEP standards, and therefore the WFD, then either 

method of collection is viable.  

In April 2014, Welsh Government launched a TEEP guidance Consultation document 

entitled ‘Consultation on Draft Statutory Guidance on Separate Collection of Waste 

Paper, Metal, Plastic and Glass’ (Welsh Government 2014). The document reinforces 

the message passed in the rWFD of TEEP and gives the explanation for what is meant 

by each element and a non-exhaustive list of examples where Waste Collection 

Authorities (WCA) may consider diverging from the Waste Hierarchy: 

 Cost – The cost of implementing a new method must be compared with the 

possible savings and the subsequent pay-back period. 
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 Congestion of streets, flats and houses – Having a full kerbside sort involves 

many containers and where they are causing congestion, may render the system 

not practicable. 

 Very dispersed communities – This may cause the collection to not be 

economically practicable thanks to high collection costs for low yield. (Welsh 

Government 2014) 

The consultation asks whether the reader considers that the statutory guidelines set 

out clearly, how the Welsh Government has implemented Regulations 13 and 14 

of the Waste (England and Wales) Regulations 2011 and its amendment. 

1.2.3  The Landfill Directive 

By 1999, the Council of the European Union stated that not enough was being done to 

encourage waste prevention through recycling and recovery of waste material. The 

main areas of concern were to reduce the extraction and use of primary raw materials 

and divert waste that still has economic value, from being sent to landfill. In addition, 

the dry recyclables, food and biodegradable waste were all untreated and the potential 

benefits from their processing, were not being realised. The Directive on The Landfill 

of Waste  (Landfill Directive) (Council of the European Union 1999) was brought into 

being, in 1999 to: 

“...prevent or reduce as far as possible negative effects on the environment, in 

particular the pollution of surface water, groundwater, soil and air, and on the global 

environment, including the greenhouse effect, as well as any resulting risk to human 

health, from the landfilling of waste, during the whole life-cycle of the landfill” 

(1999/31/EC). 

The Landfill Directive set the following demanding targets for the disposal of 

biodegradable waste: 

 By 2006 reduce the biodegradable waste landfilled to 75% of that produced in 

1995. 
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 By 2009 reduce the biodegradable waste landfilled to 50% of that produced in 

1995. 

 By 2016 reduce the biodegradable waste landfilled to 35% of that produced in 

1995. 

 Any Member State that placed more than 80% of their collected MSW in 1995 

into landfill, may postpone the targets by up to 4 years. 

The Landfill Regulations (Government 2002) primarily set out pollution control 

regimes for landfills concerning planning permission and associated permits, 

especially when pertaining to hazardous, non-hazardous and inert wastes. It outlines 

the controls for the nature of waste accepted for each of these three varieties of landfill 

and what can and cannot be accepted, e.g. no liquid waste, clinical waste or whole 

used tyres, in Articles 4 to 6, to comply with other EU Directives. The remainder of 

the Directive covers permitting allowances and regulation, cost during operation and 

after closure of the landfill and the obligation of the Member States to report back to 

the EC every three years (1999/31/EC). 

This has since been updated and it was stipulated that the amount of municipal 

biodegradable waste sent to landfill had to be reduced considerably and when 

transposed into UK law, the Landfill (England and Wales) Regulations (2002) were 

formed. These Regulations were a direct transposition and outlined all of the above 

and also the general requirements in specification of a landfill and its monitoring 

procedures. 

1.2.4  Landfill Tax Regulations 

The Landfill Tax Regulations (1996), and numerous amendments, act as a financial 

disincentive for LAs to landfill as the more materials are reused or recycled, the 

amount of waste being sent to landfill decreases, thereby reducing the amount of tax 

paid by the Waste Disposal Authority. Additionally, the positive publicity that the LA 

would receive from saving the tax payer money and improving the environment, due 

to a reduction in pollution and energy savings from waste diversion, acts as an initial 

driver to help achieve targets that have been set. Once the public are recycling more 
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and aware of all that a LA is doing to aid householders and businesses 

environmentally, the potential monetary gains can be identified.  

Although the Landfill Tax Regulations aid the reduction of waste being sent to landfill, 

it was not coherent to the point where the income gained from this legislation can be 

truly directed to focussing waste management in a holistic way (Morris et al. 1998). 

Since Morris et al. findings, these have been addressed further, no more so than in the 

Landfill Regulations, to bring all the legislation that was covered under differing Acts, 

Bills and Regulations, under ‘one roof’. This highlighted under Schedule 5 of the 

Landfill Regulations (2002) which lists the amendments made to previous legislation 

in its formation. 

1.2.5  Welsh Legislation 

Through the devolution of the Welsh Government in Wales, the transposition was 

originally addressed under ‘Wise About Waste – The National Waste Strategy for 

Wales’ (WAG 2002). Whilst not necessarily becoming legislation, it gave direction 

for future Welsh policies. ‘Wise About Waste’ flagged up an over-reliance on landfill 

as an increasing problem that needed to be dealt with (WAG, 2002). It was reiterated 

that measures needed to be introduced to reduce reliance on landfill and start using 

waste as a resource. ‘Wise About Waste’ outlined the following, to comply with the 

European framework: 

 By 2003/04, 15% of municipal waste must be recycled/composted (with a 

minimum of 5% being recycled and a minimum of 5% of source segregated 

materials being composted) 

 By 2006/07, 25% of municipal waste must be recycled/composted (with a 

minimum of 10% being recycled and a minimum of 10% of source segregated 

materials being composted) 

 By 2009/10, 40% of municipal waste must be recycled/composted (with a 

minimum of 15% being recycled and a minimum of 15% of source segregated 

materials being composted)  
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These targets were exceeded with percentage values of 17.7% in 2003/4, 29.9% in 

2006/7 and 40.4% in 2009/10 (Howarth 2011) 

Welsh Government further added to the legislative pressure on LAs with an 

overarching waste strategy for Wales entitled ‘Towards Zero Waste, One Wales: One 

Planet’ (referred to as the ‘Towards Zero Waste’ in the remainder of this thesis). The 

strategy aims for ‘100% recycling, no residual waste and no energy from waste’ 

(WAG 2009) by the year 2050. Figure 1.6 was included in this document and shows 

the changes that were made since Wise About Waste was introduced. In 2002 there 

was a rate of 8.4% for recycling carried out by Local Authorities. Just over 1.5 million 

tonnes of an estimated total ~1.75 million tonnes was sent to landfill and recycling and 

composting constituted the remaining 250, 000 tonnes. However, over the seven year 

period, similar to the whole of the UK, the tonnage of waste going to landfill steadily 

reduced whilst the weight of material recycled/composted steadily increased, coupled 

with an overall reduction in waste arisings. By 2005, the amount of MSW sent to 

landfill reduced by approximately 200,000 tonnes and recycling had increased from 

approximately 150,000 tonnes to 350,000 tonnes. By 2008-09, MSW being sent 

landfill was approximated at just above the 1 million tonne mark, waste to energy 

started to be utilised and recycling and composting had reached about 38% with about 

650,000 tonnes being processed. 
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Figure 1.6 – Municipal Waste Management in Wales from 2002 – 2009 (WAG 

2009) 

Following on from the overarching strategy, Stats Wales (2014) reported that as of 

2014, the recycling, preparation for reuse and composting (or similar treatment) rates 

were: 

 2009/10 – 40.5%  

 2010/11  – 45.3%  

 2011/12  – 50.0%  

 2012/13  – 52.3%  

The Waste (Wales) Measure (2010) outlines and places into legislation, the more 

challenging recycling rates that were agreed in the creation of the Towards Zero Waste 

Strategy, than those originally stipulated at a European level. The remainder of the 

Waste (Wales) Measure 2010, transfers the powers to Ministers to be able to create 

and control legislation for Wales to set and monitor targets, penalise the LAs who do 

not meet them, regulating landfill use and also planning controls (Waste (Wales) 

Measure, 2010). The more stringent targets laid out in this measure are: 
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 58% recovery (recycling, preparation for re-use and composting) by 2015/16 

 64% recovery by 2019/20 

 70% recovery by 2024/25 

It can be seen that these recovery rates include a large jump from the targets outlined 

in Wise About Waste. By 2009/10, it was required that 40% of waste should be 

recovered, whilst by 2015/16 58% must be recovered. This represents a step change 

in the drive forward for the diversion of waste from landfill that reflects the seriousness 

that Wales places on this matter. 

To achieve these targets and drive a sustainable waste economy forward, LAs needed 

to change their longstanding modus operandi from the default of black bag residual 

collection and sending this waste to landfill. Using a one receptacle, black bag 

collection was the easiest method of waste collection for householders. Introducing a 

new collection scheme would require more effort on their behalf and therefore be less 

likely to change their habits (Wilson and Williams 2007). The need arose to create 

campaigns encouraging businesses and the general public to see the potential savings 

that could be made in recycling and reducing waste creation, along with the extra 

benefits of diverting waste from landfill (Miranda et al. 2013). 

Although there are numerous Directives at a European level, Regulations at UK level 

and Measures for Wales, are regularly amended or new legislation is added. For a LA 

there is uncertainty in the changes to legislation that will impact upon their operations. 

For example, should certain waste streams be added to the list of mandatory streams? 

Will the LA have the scope to adjust their infrastructure or collection method? This 

makes long term planning exceptionally difficult and mostly possible to plan in the 

short term. Both of these issues, amongst others, indicate that the LA will struggle to 

have all the information possible to make informed decisions. It is this uncertainty that 

causes the LA to require a robust decision making method that can be easily followed 

and uses as much of the information available, to its maximum potential. 
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With the many drivers and barriers that LAs face, the conflict about which method of 

collection to use, either source segregation or commingled collection, and which is 

acceptable according to the WFD, creates many decision based challenges. 

1.3  Waste management and Materials Recovery – The Challenges for 

Local Authorities 

For a local authority, collection of household waste is a duty to avoid a build-up of 

waste in their locality. For the collection of waste, there are many options available to 

a collection authority, of which the original type was a single household collection. 

All household waste would be placed into this one bag, collected and subsequently 

sent to landfill, thereby bypassing any opportunity to recover any materials or energy 

potential from the waste. 

As outlined above, this was not a sustainable approach to waste management and 

legislation has been the main driver for change. But beyond legislation, what other 

factors influence a LA in deciding how to tackle this issue? 

1.3.1  Diversion from Landfill 

The primary driver for general waste diversion from landfill is the environmental 

benefit gained from reducing pollution of the land, possibly of water courses and the 

air through production of harmful greenhouse gases. On top of this, there is a financial 

gain through the avoidance of paying gate fees to dispose of the waste, levied via 

landfill taxes. If the message is properly advertised that diversion is happening, this 

can have a positive effect on publicity to the general public and encourage them to 

participate more (Quested et al. 2013). 

Equally, there is an added cost associated with recovering waste instead of landfilling 

all materials. Firstly, facilities must be set up and maintained to carry out the recovery 

procedures incurring a large capital cost. Gate fees are a cost consideration and more 

vehicles and employees are required to collect, transport and sort the separated waste 

streams to/at the respective facilities. 
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1.3.2  Reuse and Preparation for Reuse 

When considering reuse and the preparation for reuse of waste, the main benefactors 

are non-governmental companies that receive clothes, bulky waste, electrical items 

and many other categories of waste, and can refurbish them. Many of the general 

public already participate in reuse without realising they are doing so and avoid waste, 

in donating items to the likes of Oxfam, The British Heart Foundation and many other 

charity shops that can be found on the high street. For this reason, it does not take 

much more input from the LA, although many work in conjunction with the third 

sector to try and increase rates, an example of which is Fylde Council in the north west 

of the UK (Fylde Council 2014). Here, the council work in partnership with two 

charities, Helping Hand and Refurb, who reuse and recycle old furniture. For a small 

charge, within 3days of a request being entered they will collect large household items 

such as fridges, cookers and furniture (bulky waste) to prepare for reuse.  

On the other hand, whilst the landfill tax has been set with a floor value of £82.60 per 

tonne for 2015 (HM Treasury 2014) it is still not prohibitive enough to force an even 

higher level of reuse, to avoid materials becoming a waste. 

1.3.3  Food and Green Waste 

When considering food and green waste there are accompanying drivers and barriers 

in composting or digesting such refuse. The gases that are created through aerobic 

composting or digesting can be collected for use as a fuel or similar needs. At the same 

time, this can be done with little odour and destroy pathogens (Siegmeier et al. 2015) 

that can be created if left with other residual waste. Anaerobic digestion also provides 

renewable energy in methane production (DEFRA 2011a) 

However, composting requires a large amount of space to be carried out effectively 

and is a slow process taking around 12 to 36 weeks (Gutiérrez et al. 2015) for the 

process to be completes. In the digestion of food waste, this requires specific 

temperatures with a process that must be constantly monitored by experts in this 

specific field.  
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1.3.4  Recycling 

The drivers behind why a LA should carry out recycling are initiated from the decline 

in available landfill space and its associated environmental harm. Recycling aids the 

removal of a large volume of waste that would otherwise be destined for landfill. 

The LA faces uncertainty in the future of waste management in two major areas. The 

first is that it is also impossible to predict how the market will change with time. As 

this works on a demand and supply basis, a LA cannot know for certain which waste 

streams, when recycled, will give them a significant financial return to make a 

practicable decision. They need to have flexibility to deal with market fluctuations 

which suggests inherent uncertainty and impacts upon the decision, by not being able 

to invest in the most appropriate infrastructure. 

The potential income that can be gained from reprocessed materials can be lucrative, 

especially for non-ferrous metals. Where the markets are doing well and offering a 

high price for a specific material this is shown below. Figure 1.7 shows that cast iron 

and zinc mixed scrap have a consistently high price at £750 and £500 per tonne 

respectively, meaning that a LA knows that they can expect a good return. It also 

shows that through a household collection scheme, the same can be expected from 

clear and a light blue PET and HDPE natural plastics with an average of about £215 

per tonne collected. Equally, if the markets for recycled material are weak, then this 

becomes a barrier to recycling because there may be a lot of effort put in to access 

these materials for little return, or at a cost. In Figure 1.7 pots and trays show a 

consistent cost to the waste collector in disposing of them at £10 per tonne.  
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Figure 1.7 - Prices for Plastic and Non-Ferrous metal for 2014 (letsrecycle 2014) 

The final consideration for a LA is if the price of the material fluctuates. Figure 1.8 

shows the price that could be achieved for ferrous metals in the first half of 2014 

(letsrecycle 2014). The price in January started at £200 per tonne and fell to £165 per 

tonne by February, presenting a difficult decision for the LA. As they do not know 

whether the price is likely to drop in the future or rise again, there is a difficult decision 

to make. As the price dropped further in the following months, to a low of £155 per 

tonne in July, the LA may combat this by stockpiling their goods until the market has 

recovered, and sell it on at a later date. An added driver for recycling is where recycled 

materials can be used to create products and packaging in lieu of the extraction of 

virgin materials, thereby reducing expensive and potentially environmentally 

unfriendly processes. 
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Figure 1.8 - Market Price for Ferrous Metal January to July 2014 (letsrecycle 

2014) 

However, public perception and non-participation in recycling schemes can hinder the 

progression of recycling rates. If householders believe that the waste they are 

separating is not being kept separate from residual waste, then they are likely to stop 

participating or lessen the extent that they do (Cole and Fieselman 2013). This 

misconception can come from seeing recycling bags and residual waste being placed 

into separate compartments in a split body refuse collection vehicle, but believing they 

are entering one container (Oakes 2014a). Also, if the system is too complicated, or 

perceived to be, then participation in a recycling scheme is likely to reduce. For 

authorities that have a large student presence, it can also be difficult to keep high 

capture rates as these students move in to the area for a year or two before moving on 

and may not know what is expected of them. 

Linking back to whether the markets are either strong or weak, contamination can also 

play a large part. If recyclate is not cleaned or rinsed off to remove the majority of 

food stuffs, then the recyclate can become contaminated. Similarly, if non-target 
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that can be gained.  
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Figure 1.9 illustrates the drivers, barriers, targets and areas of concern. This diagram 

shows that there are many different elements that a LA has to contend with to minimise 

the amount of waste entering landfill. Consider that recycling is only part of the waste 

hierarchy, and it becomes clear that many factors affect the decisions made by LAs. 

The ideal course of action is to divert waste from landfill. The infrastructure must be 

in place to enable this to happen whilst legislation drives the LA to make sure it 

does. Following this, the waste hierarchy must be followed as per Figure 1.5 and the 

flow chart in  

Figure 1.9. Firstly a reduction in how much waste is produced in the first place must 

be implemented. This generally requires a nationwide campaign that pressures mainly 

product and packaging producers to reduce the amount used in the first instance. Also, 

focus is on householders to use only what is necessary and little attention is paid to 

LAs in this regard. 

Reuse will influence mainly charitable companies, such as the British Heart 

Foundation and Oxfam as an example of well-known high street entities that enable 

reuse. Whilst landfill tax remains still cheap enough to be able to landfill many 

materials, there exists indifference for LAs to push the promotion of reuse. Although 

some LAs, such as Fylde Council, are partnered with third sector organisations, it may 

not directly benefit the LA to spend on such promotion or they may simply not have 

the funds available. 

Recycling and the processing of biodegradable waste is the responsibility of the LA. 

However, it requires the participation of the public to allow the waste to be recycled 

with added worth. 
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Figure 1.9 - Considerations for Local Authorities in relation to Recycling data 

taken from Statistics for Wales (2014) 
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A reason that waste material needs to avoid being sent to landfill is the environmental 

impact. When materials are left untreated, they decompose in an unorganised manner 

causing the production of methane, odour and potential air and water pollution. 

Although methane and leachate (liquid that has percolated through the waste and 

leached some of its constituents) can be collected and processed, they are unwanted 

by-products. 

1.3.5  Current Methods of Recyclate Collection 

With the drive for higher recycling rates, the method of collection has been expanded 

to accommodate separate dry recyclate collection in two main forms, with many 

variations. The use of a single receptacle or bag forms a commingled collection, where 

all recyclate is placed into it, so long as the authority can sort the recyclate at a 

Materials Recycling Facility (MRF). Any material that does not fall under this 

category must be placed into a residual waste bag or receptacle, which will be sent to 

landfill, or possibly passed through a ‘dirty’ MRF. A dirty MRF is used to extract any 

recyclate that may have been missed by the householder and has subsequently ended 

up in the residual waste. A kerbside sort approach entails numerous receptacles to be 

distributed to households so they can separate recyclate manually before collection. 

This places more of the onus on the householder, as they must segregate the recyclate 

waste streams into these receptacles. Usually, four receptacles will be provided to 

accommodate dry recycling (paper and card, metals, glass and plastics) as per the 

rWFD, article 11 (2008/98/EC) and further receptacles for food waste, garden and 

green waste and residual waste. 

There are many permutations that can exist for the collection of recyclate which blur 

the rigid structure of commingled and kerbside sorting of waste. A commingled 

collection could be carried out with the extra separation of one type of recyclate and 

could be given the name of ‘two-stream commingled collection’. Paper and card may 

be collected separately from all other recyclate, because at a MRF or in the collection 

process, they can easily become contaminated by broken glass or residual food stuffs 

and drinks that have not been rinsed and/or cleaned off from food packaging or drinks 

cartons, bottles and cans. Equally, glass may be collected separately, as the result of 

any breakages would cause contamination of all other recyclate material; this would 
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also be considered as a two stream approach. Hence, there are advantages and 

disadvantages to both systems of collection as outlined below. 

1.3.5.1 Kerbside Sort Collection 

If a kerbside sort collection is introduced, the first benefit is the creation of new or 

more jobs. Thanks to the labour intensive nature of the work, having to sift through 

the material at the kerbside, rather than passing the recyclate through machinery at a 

MRF, more workers are required. This will be of benefit to the economy with, more 

money earned by (hopefully) local residents of the area leading to an injection of this 

money into the local community. This benefits the LA through positive publicity in 

securing more work for local residents. 

By sorting the waste at the kerbside, the collection operatives can also leave immediate 

feedback to the householder by leaving behind undesired items in terms of recyclate. 

This aids the education of the general population, it can be argued, more so than a 

commingled kerbside collection. As the recyclate is taken away and sorted, the LA 

can only have a general overview of what residents are wrongly putting in their 

recyclate receptacle and cannot target those that need further education. With a 

kerbside sort, the householder can immediately see exactly what they should not put 

into the various containers. Alongside this, a higher quality recyclate can be collected 

thanks to source segregation meaning that the various fractions do not come into 

contact with each other and reducing the possibility of contamination. 

A cost benefit of a kerbside sort collection is a lower level of investment required in 

infrastructure. Firstly, smaller collection vehicles are required, leading to lower fuel 

consumption, when compared to a Refuse Collection Vehicle (RCV). They are also 

more manoeuvrable than a RCV leading to easier collection of waste from small lanes 

and any roads that have a narrower width. Secondly, there is no requirement for a 

Materials Recycling Facility (MRF) and so, the LA does not need to invest in 

equipment and large buildings to accommodate such a facility. They do however need 

at least a transfer station or storage facility, to accommodate for the collection of 

recyclate. 
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The increased cost of having to hire more collection operatives than a commingled 

collection is a major consideration for a LA wishing to implement such a collection. 

This means that a larger workforce is required due to inspection of recyclate as well 

as more receptacles that need emptying onto the vehicle. To collect the same amount 

of recyclate (regardless of quality) as a commingled collection there is an increased 

labour cost. The collection vehicles themselves also have a limited volume capacity 

for the recyclate compared to the RCV as well. The ‘bins’ that hold the recyclate are 

more in number, however smaller in volume (WRAP 2008), leading to an increased 

number of trips necessary to a storage facility. This can increase the fuel consumption 

if these are not along the collection route. 

A change in a kerbside sort system requires a great deal of new publicity for 

householders to understand what needs to be done differently from previous methods 

of collection, to keep effective capture rates high. This may also need a new receptacle 

to be delivered to all the households in the LA, which is another logistical and financial 

burden on the authority. Part of the reason for the increased need in promotional work 

is thanks to public perception. Householders may not be willing to recycle material if 

they are not confident in the use of a scheme. Many people cite the lack of space, time 

or knowledge to be able to recycle in a kerbside sort system, as well as having busy 

lives or children to look after for example.  

From the perspective of a LA, a kerbside sort system may lead to lower quality 

recyclate being landfilled. The premise of the kerbside sort is that contracts can be 

created with those who reprocess the waste. This can lead to a higher price being 

demanded thanks to a higher quality of recyclate. If the contract states that a high 

quality recyclate is needed, then the LA will have no choice but to landfill the materials 

that do not achieve the necessary standards. 

1.3.5.2  Commingled Collection 

For a commingled kerbside collection the main benefits are twofold. Firstly, it was 

stated by Waste Resources Action Programme (WRAP) (WRAP 2008; Kinsella and 

Gertman 2008) that the absolute quantity of waste collected can be higher when 

compared to a kerbside sort collection and, in a quicker amount of time. This is most 
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likely due to the collection operatives being able to pick up bags, after a cursory check 

that the items within are of the target materials, and place them into the RCV rather 

than having to sift through material extensively in a kerbside sort. When coupled with 

the ease for the householder of being able to place recyclate in one receptacle, studies 

suggest that the public are likely to place more items in for recycling than when having 

to source segregate (Garbett 2010; Miranda et al. 2011). The material collected can 

then be passed through the MRF to separate out unwanted material and the remainder 

passed on for processing. 

The use of a MRF can also help increase the radius of collection thereby leading to 

less investment in infrastructure required. There are some councils in South Wales that 

use the same recycling facilities which in turn leads to economies of scale. The more 

material that is put through a MRF, the larger the output of recyclate that can be sold 

on, and the more that can be invested in the MRF itself for better technologies. 

As touched upon previously, for the householder, a commingled collection can be less 

of a burden in times of change and in general use. A LA need only release promotional 

material advising of the changes required of the householder, who in turn must either 

stop or start including that new material stream. For example, aseptic packaging was 

challenging for many MRFs in the early 2000’s due to its (general) composition of 

paper, polyethylene and aluminium mix, however many authorities now accept it as 

part of their commingled collection due to the introduction of hydropulping 

(separating layers of plastic and aluminium from cellulosic fibres through the use of 

water (Korkmaz et al. 2009). 

1.3.5.3 What do the Local Authorities Currently Use? 

Table 1.2 shows how the LAs of Wales currently collect their waste. It shows a 

consensus that there is not a ‘one size fits all’ approach. It shows that six LAs favour 

a kerbside sort and six LAs favour a standard commingled collection. The other ten 

have a variation of some description on the kerbside sort collection, commingled 

collection or 2 stream collections. This exemplifies that there are many complex 

decisions to be made for each authority. 
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Thanks to the varying types of pressures from drivers and barriers, and their magnitude 

of impact, there are discrepancies as to how they collect their waste. The two areas 

that are strongly agreed upon is the frequency of collection for recyclate, food waste 

and residual waste. Table 1.2 shows that food waste and recyclate are all collected on 

a weekly basis to encourage the use of the scheme; whilst residual waste is collected 

on a fortnightly basis, to discourage its use by householders. The only discrepancy is 

Gwynedd Council, which has decided to collect residual waste on a 3-weekly 

timescale to further discourage its use. This was implemented in October 2014 and 

was on trial, with a view to extending to the whole council area. If successful, it is 

likely to be implemented by other Welsh authorities, as it is claimed for Gwynedd 

Council will save £350,000 per annum (Roberts 2014). This has now been extended 

to the Meirionnydd area for further testing. 

The collection of green waste is generally undertaken on a fortnightly basis, by ten 

LAs, one LA collects weekly and one does not collect green waste at all. The 

remainder have an opt-in system that requires the householder to either pay a yearly 

subscription to the service or pay for sacks and inform the collection authority when 

the service is required. Analyses of the LA websites suggest that the opt-in services 

are relatively new and again, most of the LAs are moving towards this method of 

collection for green waste.  
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Table 1.2 – Waste Collection methods used by Welsh Local Authorities as of 

October 2014.  

Local Authority Type of Collection 
Residual 

Collection 

Food 

Waste 

Green 

Waste 

Isle of Anglesey 

CC 
Kerbside Sort Fortnightly Weekly Fortnightly 

Blaenau Gwent 

CBC 

2 stream - Paper 

Separate 
Fortnightly Weekly 

Opt in - 

Payment 

Bridgend CBC Kerbside Sort Fortnightly Weekly - 

Caerphilly CBC Commingled Fortnightly Weekly Weekly 

Cardiff CC Commingled Fortnightly Weekly Fortnightly 

Carmarthenshire 

CC 

Commingled - No 

Glass 
Fortnightly Weekly 

Opt in - 

Payment 

Ceredigion CC 
Commingled - No 

Glass 
Fortnightly Weekly Opt in 

Conwy CBC Kerbside Sort Fortnightly Weekly Fortnightly 

Denbighshire CC Commingled Fortnightly Weekly Fortnightly 

Flintshire CC Kerbside Sort Fortnightly Weekly Fortnightly 

Gwynedd Council Kerbside Sort 3 weekly Weekly Fortnightly 

Merthyr Tydfil 

CBC 
Commingled Fortnightly Weekly Weekly 

Monmouthshire 

CC 

2 stream - Paper 

Separate 
Fortnightly Weekly 

Opt in - 

Payment 

Neath Port Talbot 

CBC 
Kerbside Sort Fortnightly Weekly 

Opt in - 

Payment 

Newport City 

Council 
Kerbside Sort Fortnightly Weekly Fortnightly 

Pembrokeshire 

CC 

2 stream - Glass 

separate 
Fortnightly Weekly 

Opt in - 

Payment 

Powys CC Kerbside Sort Fortnightly Weekly 
Opt in - 

Payment 

Rhondda Cynon 

Taff CBC 
Commingled Fortnightly Weekly Weekly 

City and County 

of Swansea 

2 stream - Plastic 

Separate (fortnightly) 
Fortnightly Weekly Fortnightly 

Torfaen CBC 
Commingled - Card 

separate 
Fortnightly Weekly 

Summer 

only - 

Fortnightly 

Vale of 

Glamorgan 

Council 

Commingled Fortnightly Weekly Fortnightly 

Wrexham CBC 
2 stream - Paper 

Separate 
Fortnightly Weekly Fortnightly 
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1.4  Decision Making in the Context of Waste Management 

LAs are under considerable pressure from Government to achieve the best possible 

recycling rates, given the legislation that is passed at a European level and these 

challenges that they face are introduced in this chapter. With so many alternatives for 

residual, biodegradable waste and recyclate collection available for a LA, and much 

conjecture about the best method to use, the decision making process becomes vitally 

important. There are also numerous decision making methods to validate this 

selection, that selecting the right approach is another process altogether. 

Whilst deciding on the method of collection, legislative, economic and environmental 

matters must all be considered at the same time, with uncertainties about the direction 

that must be followed, as highlighted by the consultation in Wales outlined previously 

(Welsh Government 2014). This creates a high pressure situation for LAs that must 

renew their fleet, hire new staff or generally update their service as once the decision 

is made, a change in the near future can prove to be very costly. They require a robust 

and proven methodology to aid with this process and to document why the decisions 

that are made at a given point in time, with the information available, are made. 

The statistics provided by StatsWales, the governmental statistics department for 

Wales, outline that there have been examples of wrong decisions made in the waste 

management sector. These include Flintshire County Council (CC) who from 2006/07 

with a recycling/composting rates of 33.4%, experienced a slight drop in 2007/08 to 

32.8%. In Bridgend CBC these rates in 2008/09 were 34.6% but dropped fairly 

significantly to 31.1% in 2009/10, however both authorities have since increased their 

recycling and composting rates (StatsWales 2014b). The reasons for these drops may 

be linked to a service that needed changing, or disengaged householders that did not 

take part in the scheme. Either way, if there is no documentable evidence as to why 

the rates dropped for a year, how can an effective change be outlined without an 

effective decision making method? 
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Moreover, Powys County Council (CC) experienced sustained regular drops in levels 

of recycling and composting from 2007/08 where they achieved 41.2% to 2010/11 

where they only achieved 36.6%. They have since managed to achieve 41.9% by 

2011/12, which is about the same rates they were achieving four years previously. 

Since Powys is the largest council in Wales by land mass, with a mixture of small 

towns and vast rural areas, stimulation and communication is difficult to achieve, 

leading to obvious inconsistencies. Refocussing and targeting of specific areas have 

increased the recycling rate. 

1.5  Aims and Objectives 

The following bullet points outline the aims of this study, followed by a short 

description of the objectives for each. 

 To understand the decision making process and explore the complexity of 

the decision making process in waste management it can be understood. 

This is done through the literature review, so that logical step by step 

method can be defined.  

 To clarify the Drivers and Barriers and outline the main criteria for Local 

Authorities. 

This is clarified by understanding what areas of importance the LAs focus 

on to undertake their decision making process. This is understood through 

consultation with Welsh LAs, Welsh Government and waste management 

operatives. It is possible to understand how their resources are deployed 

and how that impacts upon their decision making path. This will be 

visualised using a ‘decision making tree’. 

 Develop a tool that implements a decision making methodology, to aid the 

multifaceted process, given the legislative, economic, environmental and 

social pressures, in a kerbside collection. 

To achieve this, a proven and recognised methodology underpinning its 

use must be used. Developing on an existing methodology and adapting it 

for use in the waste management sector, a novel approach to decision 
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making in waste management will be put forward. It will give the user 

robust and documentable decision support, allowing the decision making 

process to be followed easily. 

 To create scenarios for classification of authorities and comparison against 

a case study authority, to judge whether the decision made was correct. 

Using the Drivers and Barriers, scenarios will be created to understand the 

effect these have on the decision making process. To achieve the overall 

aim, this will be applied to a case study authority and compared to the 

scenarios created. Their decision will be broken down to understand where 

their main areas of focus are and what size of impact they have. Their 

decision will also be compared with the method they used previously to 

undertake the decision making process, for the best method of municipal 

solid waste collection.  

1.6  Structure of the Thesis 

Chapter 1 introduces the subject area, Chapter 2 contains the literature review 

outlining decision making in general, followed by how this is currently implemented 

in the Waste Management sector. Chapter 3 will identify the drivers and barriers that 

face local authorities and introduce the case study authority. 

Chapter 4 explains the methodology that was chosen, for its suitability and why this 

was the case. It also takes the reader through the development process of the proposed 

tool for decision making in waste management. Chapter 5 contains a detailed 

discussion of the results, examines different scenarios and the impact these have on 

the decision making process. By examining the effect of differing weightings of 

criteria, what impact this has. Chapter 6 concludes the thesis and proposes areas for 

future research, followed by a reference section. 
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2. Review of Decision Making and Decision Support Tools 

2.1.   Introduction 

At a basic level, decision making takes place in everyday activities, as well as in 

industry. The process itself can be defined as choosing between alternatives based on 

the preferences, morals and values of the decision maker, whilst identifying the option 

that either has the highest probability of success or achieves objectives set (Harris 

1980; Beach 1996). Whether these are subconscious or prescribed as such, everything 

involves decision making. The key to decision making is considering values and goals 

of stakeholders and experts on the matter. This means decision making can garner a 

subjective or objective decision, dependant on the basis of the information used 

(Sauter 1997).  

If this process is formalised, then there is a prescribed method that must be adhered 

to, if it is to be considered as a disciplined decision making (DM) process. The route 

map for such a process is shown in Figure 2.1 and flows from step 1 through to the 

end. However, as and when new information is unveiled, the process may revert back 

to any previous step before carrying on (Baker et al., 2001).  

Most importantly, the problem to be solved must be well defined and if not, then the 

whole process will be inaccurate. All stakeholders must be directly involved in this 

part of the process so that their direction of focus can be included. The stakeholders 

and the decision maker(s) agree on one clearly distinct written statement that includes 

the initial conditions. 

For step two, the requirements that must be achieved are indicated. These are elements 

that must be achieved to accomplish the goal, regardless of any other mitigating 

factors. If the decision making process is carried out by a group, then they cannot be 

viewed as desirable by some, they must be regarded as necessities by all. The third 

step covers any goals, which can be based on opinion, which solving the problem 

should accomplish. These positively expressed elements are surplus to what must be 

and are not necessities in themselves and should benefit the outcome of any decision 

made. 
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Once all criteria that must be achieved are targeted and any goals outlined, the 

alternatives that are solutions to the problem, and transform the initial to the desired 

conditions, must be addressed. These are the elements that are going to be carried out, 

even if this is something as small as giving an answer as yes or no. Equally, this can 

be something with a larger impact on the stakeholders/decision maker(s) such as 

investment in new construction, vehicles, employees etc. These alternatives must 

answer to the requirements and ideally fulfil the goals established in step three.  

The evaluation criteria must be defined for every requirement and goal across the 

board and followed by the individual or the group. This will provide coherent decision 

making so that the process can be followed by others who may wish to be informed at 

a later stage. The evaluation criteria are used to measure and compare the performance 

of each alternative in relation to the requirements and must therefore not depend on 

one another (Baker et al. 2001). 

A methodology can then be selected that best achieves the purpose of the process. 

Factors that must be considered include whether the data at hand is qualitative or 

quantitative, depending on the type of criterion, the comparison can either be 

subjective or objective. Thus the nominated tool may have to deal with qualitative, 

quantitative or a mixture of the two types of data, so that the procedure can be selected 

appropriately. This also means that the selected methodology may be very simple or 

complex. If there are few elements to consider, there is no need to over complicate 

matters by passing information through many stages (Fülöp 2005). Equally, if there 

are many elements to consider a more thorough investigation must be carried out, 

otherwise certain elements may not be considered that should have done and may have 

a very large impact on the final decision made. If there are many requirements, goals 

and alternatives, the complexity of the problem is high, as many comparisons are 

needed to undertake the decision making process and it is almost impossible for a 

rational decision to be made without some form of support. The methodology must be 

as simple as possible, but not so much so that it affects the accuracy of the process and 

the outcome of the analysis, as this will minimise errors occurring if the process is 

particularly complicated (Hall et al. 2007). 

In most cases a Decision Support Tool (DST) is required to aid in this process and can 

be applied to evaluate the alternatives against the criteria set, to find the relative 
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perfomance of each alternative. The application of the DST and its corresponding 

methodology will allow an answer to be given in the selection of one of the alternatives 

as laid out in step four. If it is thought by the decision maker(s) that the selected 

alternative is not the most suitable, the process should be repeated. This could be from 

the very beginning to ensure the goal is the correct one; it may be the requirements 

and the goals have been jumbled and therefore need re-evaluation as to which should 

be which; or there may be alternatives which were not considered and subsequently 

should now be included. 

Once the comparisons are made, then the preferred alternative is offered to the 

decision maker(s) and any stakeholders to review and ensure that it meets all the 

requirements and achieves the goals to an agreeable point. 

The steps, as outlined above, must be adequately performed, with comparisons, 

decisions and agreements/disagreements documented, to ensure all round satisfaction. 

If at any point new information is unveiled, the decision maker(s) can go back to any 

previous point and carry out again the steps in sequence. 

 

Figure 2.1 – The ‘route map’ of the Decision Making Process (Baker et al. 2001) 
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2.2.  Decision Making Methods 

There is a wide variety of decision making methods available and depending on the 

complexity of the problem, along with the knowledge base of the decision maker(s), 

a selection of the appropriate methodology can be made. 

At a basic level, good decisions come from a good decision making process (Buchanan 

et al. 1998).  It is argued by Buchanan et al., that the objective and subjective should 

be separated and move to a more objective approach. It is of the author’s opinion that 

this is not the case and while they must be separated, the key is to use both and allow 

some subjectivity. Whether the personal choices are requirements or goals is up to the 

decision maker (DM); however the alternatives are generally objectively defined. A 

good question is how one obtains the subjective criteria? 

The work of Keeney and Raiffa (1976) is widely accepted as the formative work in 

decision making. Their work which laid out the foundations of multi attribute decision 

making, is referenced by many in outlining and debating methodologies for decision 

making. The methods outlined in this review, are founded on the three basic principles 

of multi attribute problems that Keeney and Raiffa (1976) outlined: 

 Performance matrix – rows and columns that represent the interaction of 

criteria and alternatives in a problem that must be addressed 

 Procedure – to determine whether the criteria are independent of each other 

 Mathematical computation to show the decision makers valuation 

How many criteria and alternatives are to be considered and the type of information 

that each criteria requires, will affect the decision making process to be selected, as it 

may have to deal with quantitative and qualitative data. Quantitative data concerns 

those which can be measured numerically, be it an absolute mass, percentage or 

distance. Qualitative data pertains to the quality of an entity or subjective views of the 

decision maker(s). In the example, the quantitative data narrowed down the options 

but eventually subjectivity was the deciding factor. 
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2.3.  Most Common methodologies 

2.3.1  Single vs Multi Criteria Methods 

If there is one measure that is under scrutiny, this judgement can be highlighted as a 

single criteria decision. A direct comparison of the alternatives, with an easily defined 

best option can yield the required outcome If, for example, the selected criterion was 

the cost of a product/service/item, then the implicit decision is made by determining 

the best value alternative (Zimmermann 1990). 

Where there is a requirement to consider many elements, the decision making process 

falls under a suite of methods named Multi-Criteria Decision Analysis (MCDA). For 

example, a group of decision makers that are contemplating producing a new product 

may first consider all the costs of producing, advertising and shipment of this new 

product. With only one attribute to consider, a direct comparison can be made for the 

decision making process. However, legislation may dictate that they must also 

consider the environmental impacts of this product. Both attributes must then be 

considered simultaneously by a MCDA model, using a common metric. This can 

extend to many more criteria included in an analysis, leading to a systematic review 

requirement of the goal (Hahn et al. 2012). 

MCDA has two sub sections that can be classified as Multi-Objective Decision 

Making (MODM), which considers large, infinite or an uncountable number of 

alternatives; or Multi-Attribute Decision Making (MADM) allowing for small, finite 

or countable alternatives in a decision making procedure (Hopfe et al. 2013). In a 

waste management context, MODM could be applicable. There are innumerable ways 

to count collection scenarios with the possibility of weekly, fortnightly, three weekly 

and monthly collections alongside residual, recycling, food, green and bulky waste 

collections with the ability to apply all possible permutations. On the other hand, using 

certain collection possibilities can be ruled out or minimised, leading to the use of 

MADM. In reality, the two are almost indistinguishable as invariably through analysis, 

certain alternatives are rejected through the various stages of the decision making route 

map. Some of the options are not feasible, legislatively unusable, or socially 

unacceptable. 
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A feature of MCDA is the visual representation of the decisions that are being 

undertaken, involving the generation of a matrix as outlined in Equation 2.1. Each row 

represents the alternatives defined in the DM process whilst the columns constitute the 

criteria that the alternatives must perform against. In any MCDA problem, if there are 

m alternatives and n criteria, let A1, … , Am represent the alternatives and C1 , … , Cn 

represent the criteria. The weighting of each criterion, w1 ,… , wn, defines the 

importance of the criteria that is to be applied to the weighting of each alternative, 

represented as x1 ,… , xm. The weights of the criteria are assumed to be positive and 

are normally subjective, however it is possible for the weightings to be assigned 

relating to quantitative data (Fülöp 2005). The interactions of the criteria and 

alternatives populate the matrix terms of the decisions made, in the form: 

𝒘𝟏 … … 𝒘𝒏

𝑪𝟏 … … 𝑪𝒏

𝒙𝟏

⋮
⋮

𝒙𝒎

𝑨𝟏

⋮
⋮

𝑨𝒎

[

𝒛𝟏𝟏 𝒛𝟏𝟐 … 𝒛𝟏𝒏

𝒛𝟐𝟏 𝒛𝟐𝟐 ⋮

⋮ ⋱ ⋮
𝒛𝒎𝟏 … … 𝒛𝒎𝒏

]
  (2.1) 

Dependent upon the methodology applied, this matrix and its composition may vary. 

It may be the case that criteria are compared to each other first but the method remains 

the same. The basic concept that a solution alternative will be subjected to 

performance evaluation with respect to each criterion holds true through all 

methodologies. The weightings can be qualitative or quantitative and represent the 

decision maker’s opinion or a synthesis of a group’s decision or directly relate to data 

with a higher ranking.  

There must be justification alongside the decision, as to why its benefits are more 

important and the disadvantages are less consequential than others, which are offered 

by using the methodologies as outlined in section 2.3.2. Where there is need for 

computational assistance, decision support systems are required and will be explored 

once some of the available methodologies are outlined. These will start from the 

relatively simple and move on to the more complex, which usually require a Decision 

Support System (DSS) or tool (DST). 
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2.3.2  Elementary methods 

These methods are relatively uncomplicated and usually apply when a single decision 

maker is required, with few alternatives and criteria to consider. Elementary methods 

do not generally require computational aid as the criteria under scrutiny usually do not 

require weightings and can be heavily influenced by individual’s views (Linkov et al. 

2004). These methods are: 

Voting – A very common method which is used to decide many things from 

government, to decisions at a meeting for a company or the decision for what to do for 

a group of friends over the weekend. This is a purely opinionated view to influence 

the outcome of the decision. There must be at least two possible alternatives for a vote 

to take place and the ‘winning’ outcome, is the one that receives the majority. 

Flow Chart – Using a flow chart is a very useful method for laying out the steps that 

must be taken when considering a project. It can involve yes/no answers that lead the 

user to the ultimate destination, a solution alternative. This method is useful when 

there are step by step objectives that must be achieved and is clearest when few 

alternatives are available.  

Pros and Cons Analysis – requires predominantly qualitative analysis and compares 

the good elements with the bad for the alternatives given in relation to discriminating 

criteria. The alternative with the strongest pros and the weakest cons is the preferred 

option and must include documentation justifying these choices. A Pros and Cons 

Analysis can be based on quantitative data, e.g. the cost of an object, but is ultimately 

qualitative, as the decision is made without mathematical input (Baker et al. 2001).  

Maximax and Maximin– Put simply, these comparable methods find the ‘best of the 

best’ solution alternatives and the ‘best of the worst’, respectively. Maximax analysis 

will cause the decision maker to list the alternatives in terms of their respective 

outcomes. The score of its strongest performing criterion that is highest is the preferred 

alternative thereby maximising the maximum standard. Alternatively, Maximin looks 

at the weakest performing criteria of the solution alternatives that could happen and 

chooses the best performing of these, thereby maximising the minimum standard 

(Ossadnik et al. 2012). Examples of how this has been implemented in the assessment 
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of price volatility of energy prices and planning for climate change are outlined by 

Inda et al. (2014) and Green and Weatherhead (2014). 

2.3.3  Non Elementary Methods 

Cost Benefit Analysis is a very useful method to carry out the analysis of financial or 

organisational benefits and their comparison with disadvantages of a project or system. 

It is a systematic quantitative analysis for time, labour and any other factor where a 

financial value can be placed on alternatives, to verify whether they satisfy a certain 

goal or criteria (David et al. 2013). In essence, this is a comparison of the monetary 

benefit against the monetary cost of the alternatives. Adjustments are made for the 

time value of money using net present value. Future cash flows are taken into 

consideration where money today may have a different purchasing power in 

comparison to a decade or more later (Cellini and Kee 2010). Cost Benefit Analysis 

has been used in areas such as health in the evaluation of using emergency 

contraception (Gross et al. 2014) and breast cancer. Also in the environmental sector 

for water and waste  management (Jayasooriya and Ng 2014; Bhatnagar et al. 2014; 

Sanchez Reinoso et al. 2014; Manni and Runhaar 2014) and education (Sword 2013). 

Pareto Optimality Analysis – was introduced by Francis Ysidro and generalised by 

Vilfredo Pareto and originally applied to economics and business situations (Coello 

Coello et al. 2002). It is a vector optimization based on dominance. If vectors are 

assigned to comparative candidate solutions, represented by u and v, then u is Pareto-

dominate if f(u) ≤ f(v), in a minimisation context. For this to hold true and be 

considered Pareto optimal, there must not exist any solution that can dominate it, 

thereby adhering to the ideal of a best solution gives the best value for each criterion 

without affecting others (Ngatchou et al. 2005). 

It outlines the allocation of resources in the most efficient manner, where one 

element’s situation cannot be improved without hindering another. It has been adapted 

to be used in many situations because invariably where choices must be made, the 

improvement of one factor impacts upon another. For example the improvement of an 

environmental factor will generally cost more through investment for infrastructure, 

thereby impacting on the economic side of a project. This set of solutions results in a 

trade-off curve, known as a Pareto frontier that visualises for the decision maker the 
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‘ideal solution across a spectrum of weight combinations’ (Lu and Anderson-Cook 

2014). Figure 2.2 is an example of this in sheet metal forming where the frontier is 

dependent on the strain. 

Pareto optimisation is used in a wide variety of sectors however the documentation 

tends to be specified in the engineering and computer science areas. Examples of 

where it has been used include its use as a comparison tool for gaming interfaces 

(Vorobyov et al. 2012), the calibration of a flow model compared to real life situations 

in gated culverts (Wilsnack et al. 2012) and optimisation of the sheet metal forming 

process (Wei and Yuying 2008). 

 

Figure 2.2 - Example of an optimization curve for sheet metal forming (Wei and 

Yuying 2008) 

2.4.   More Complex Methods 

The two main areas for MCDA are called Multi Attribute Utility Theory (MAUT) and 

Outranking Methods (OM). Both methods work in similar way by suggesting the best 

alternative given the criteria and the subjective or objective weightings applied. 

However MAUT works under the understanding that a gain in one area must result in 

a loss in anther due to the aggregation in the function that leads to compensation (Fülöp 

2005). OM state that alternative Ai outranks Aj, if the main constituent of Ai achieves 
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at least as good a result as Aj, whilst the worst performance scenario is still acceptable 

(Roy 1990). These will be explored in further detail. 

2.4.1 Multi Attribute Utility Theory 

Multi-Attribute Utility Theory (MAUT) integrates qualitative and quantitative data 

effectively whilst giving a structured approach to solving the trade-offs among 

multiple objectives (Kijak and Moy 2004). It takes into consideration a DMs 

preferences in the form of a utility function that is defined over a set of attributes 

(Pohekar and Ramachandran 2004), to give utility unit scales to allow direct 

comparisons of diverse attributes. The solution alternatives are then ranked in order of 

preference, generally on a dimensionless scale from nought to one (0-1), after the 

application of the method chosen. The utility function takes on a vital role in the 

conversion of the performance values to signify those that earn a greater performance, 

having a higher utility value e.g. where cost minimisation is a criterion under 

examination, the lower a cost of an alternative, will result in a higher utility value. In 

some cases, the values obtained can be normalised against the best performing criteria 

to give an straight forward method of comparison. This is important, as the result of 

any methodology provides the best performing alternative as a suggestion, not a 

definitive answer.  

Weighted Sum and Weighted Product Method – The Weighted Sum Method 

(WSM) is the simplest form of MAUT. The first principles required are that the 

performance of each alternative in relation to each criteria can be evaluated and are 

measurable, giving the zmn values as outlined in Equation 2.1. Secondly, they must 

have the same measurable means and finally, assuming that a better performance 

means a higher value number, the alternative with the highest cumulative value is the 

most preferred option (Triantaphyllou and Baig 2005). The most preferred alternative 

calculated is AWSM in Equation 2.2: 

𝑨𝑾𝑺𝑴 =  𝒎𝒂𝒙∑ 𝒛𝒊𝒋𝒘𝒋 , 𝒇𝒐𝒓 𝒊 = 𝟏, 𝟐,… ,𝒎
𝒏

𝒋=𝟏
  (2.2) 

For example, where the implementation cost of an environmental project is being 

compared to the running costs, WSM could be used. If the Carbon Dioxide (CO2) 

output were to also be considered, this has a different means of evaluation and 
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therefore WSM could not be used. Instead, the Weighted Product Model (WPM) 

could. WPM uses ratios between alternatives, for each criterion, to create a 

dimensionless analysis owing to the elimination of any units of measure. Each ratio is 

then raised to the power of the criterion’s corresponding weighting, leading to the 

equation (Miller and Starr 1969): 

𝑹(
𝑨𝑲

𝑨𝑳
) = ∏ (

𝒛𝑲𝒋

𝒛𝑳𝒋

)

𝒘𝒋

𝒏
𝒋=𝟏    (2.3) 

Where 𝑅 (
𝐴𝐾

𝐴𝐿
) represents the ratio between the two alternatives and if  𝑅 (

𝐴𝐾

𝐴𝐿
) ≥ 1 then 

Ak is preferred, assuming maximisation is the goal. The alternative that performs better 

than, or at least equal to all others in all criteria, is the most desirable outcome for the 

decision maker(s). 

This methodology has been applied to fewer areas than others in MAUT as it is mostly 

used in single dimensional problems that are characterised by two criteria that have 

the same unit of comparison (Triantaphyllou 2000).  

Simple Multi Attribute Rating Technique (SMART) – Simple Multi-Attribute 

Rating Technique (SMART) is the next simplest form of MAUT, assigning a ranking 

value, xi, for each alternative, Ai. This is obtained by multiplying the weighting 

assigned, wi, by the performance of each alternative, aij, and dividing this value by the 

summation of the weightings as represented by (adapted from Fülöp (2005)): 

𝑥𝑖 = 
∑ 𝑤𝑖𝑎𝑖𝑗  

𝑛
𝑖=1

∑ 𝑤𝑖
𝑛
𝑖=1

⁄ ,   𝑖 = 1,2,… , 𝑛 (2.4) 

The advantage of SMART is that all variances in criteria values are taken into account, 

thanks to the assignment of numerical values to represent differences such as 

preference and incomparability. However, to not compromise the efficiency of this 

method, a limited number of criteria are suggested to be no more than eight (Edwards 

and Barron 1994). Edwards and Barron improved on the basic application of SMART 

to create SMARTS (SMART using Swing), which was further improved to create 

SMARTER (SMART Exploiting Ranks) (Barron and Barrett 1996). SMARTS 

considers the amplitude of the utility values of the alternatives, thereby adding the 
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Swing element to SMART, and SMARTER adds a justification of rank weights to the 

SMARTS process. This method’s simplicity limits the extent to which it can be used. 

However, SMART and its derivatives have been used in decision making in 

sustainable energy as a comparable method by Wang et al. (Wang et al. 2009) through 

to selecting suppliers in the construction industry (Schramm and Morais 2012).  

2.4.2 The Analytic Hierarchy Process  

The Analytic Hierarchy Process (AHP) was created by Saaty (1980) and has a 

plethora of uses for the decision support method. It is used by the military for 

analysis through to the planning of transportation systems and selecting schools for 

children (Saaty 1980). A valuable benefit of this methodology is that AHP can use 

qualitative and quantitative information together to assess a problem. 

AHP uses pairwise comparison to evaluate the items in pairs and judge which 

alternative is preferred, or has a more beneficial outcome should it be used in lieu of 

the other. It uses a hierarchical tree structure where each element in a higher layer is 

used to compare those elements in the layer immediately below with respect to it. 

Each judgement is carried out using a scale from 1 to 9, shown in Table 2.3. 

Table 2.3 - Importance Ratings and their Definitions adapted from Saaty (1980) 

Importance 

Rating 
Definition Explanation 

1 Equal Importance Two factors have equal importance 

3 
Somewhat more 

Important 

Experience and judgement weakly favour one 

over the other 

5 
Much more 

Important 

Experience and judgement strongly favour one 

over the other 

7 
Very much more 

Important 

One factor is either demonstrably or very strongly 

more important than the other 

9 
Absolutely more 

important 

The evidence favouring one over the other is 

unequivocal  

2,4,6,8 
Intermediate 

values 
When compromise is needed 
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Firstly, an overall goal must be outlined followed by the criteria, Cn, and solution 

alternatives, An, following a similar trend for all MAUT methods. A matrix, A, for 

the comparison of each criterion, in relation to the goal or the associated criterion in 

the level above, must be undertaken. The easiest way to visualise this is to set out a 

hierarchical structure such as Figure 2.3. The four lines that join Criterion 2 to 

Subcriteria 2a, 2b, 2c and 2d represent the matrix that must be created for the 

comparison of the four subcriteria in relation to criterion 2. The same applies for the 

four lines emanating from the four solution alternatives to all six of the subcriteria.  

One compares criterion Ci with Cj using the scale shown in Table 2.3, and let znn 

denote this comparison of criteria to give the matrix: 

𝑪𝟏 𝑪𝟐  … 𝑪𝒏

𝑪𝟏

𝑪𝟐

⋮
𝑪𝒏

[

𝒛𝟏𝟏 𝒛𝟏𝟐 … 𝒛𝟏𝒏

𝒛𝟐𝟏 𝒛𝟐𝟐 𝒛𝟐𝒏

⋮ ⋱ ⋮
𝒛𝒏𝟏 𝒛𝒏𝟐 … 𝒛𝒏𝒏

]
      (2.5) 

 

 

Figure 2.3 - Hierarchical Structure for AHP 

Comparisons of any pair of criteria or alternatives will be subjected to a reversal 

comparison as well i.e. z12 may have been given a value of 3, so what becomes of 

z21? To avoid inconsistency through human error, it is deemed that  𝑧𝑛𝑚 = 1 𝑧𝑚𝑛
⁄   , 

resulting in the bottom half of the matrix comprising of the reciprocals of the 

decisions made. So, if 𝑧12 = 3 then 𝑧21 = 1 3 ⁄ . 
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When an element is compared with itself, it is identical and therefore of equal 

importance giving cii = 1. Thus resulting in the main diagonal of the matrix 

consisting of 1’s, similar to the identity matrix, and the reciprocal of each judgement 

represented in the lower half of the matrix (Saaty and Ozdemir 2003) giving: 

  𝑪𝟏      𝑪𝟐    … 𝑪𝒏

𝑪𝟏

𝑪𝟐

⋮
𝑪𝒏 [

 
 
 
 

𝟏 𝒄𝟏𝟐 … 𝒄𝟏𝒏

𝟏
𝒄𝟏𝟐

⁄ 𝟏 𝒄𝟐𝒏

⋮ ⋱ ⋮
𝟏

𝒄𝟏𝒏
⁄ 𝟏

𝒄𝟐𝒏
⁄ … 𝟏 ]

 
 
 
 
   (2.6) 

Once the matrix is created, a vector of priorities (weightings) may be determined. 

Allowing for inconsistencies in human decision making, mathematically speaking, 

the principal eigenvector is calculated for this task (Saaty 2003). Whilst it is possible 

to calculate the eigenvector accurately and easily for a 2x2 matrix, it can be time 

consuming and when computing the eigenvector for a 7x7 matrix say, this becomes 

unfeasibly laborious. Instead,   there are alternative methods that can give an 

estimate for the vector of priorities. The simplest would be to sum the elements in 

each row and normalising by dividing each sum by the total of all sums. When the 

weightings are analogised by this crude method, the weightings of the priority vector 

are close, but not accurate enough (Saaty 1980).  

For this reason, an acceptable method includes calculating the geometric mean. 

Multiplying the elements (of number n) in each row and taking the nth route, and 

normalising by dividing the geometric means by their total, gives an acceptably 

accurate approximation combined with a relatively uncomplicated calculation 

method. For most cases, when the result is taken to two decimal points, it is identical 

to the exact vector (Saaty 1980). When this calculation has to be carried out many 

times, this method becomes the most logical.  

As decision making in humans can be naturally inconsistent, a method of checking 

for an element of consistency is needed. Where a matrix can be considered consistent 

if it is reciprocal in nature, a near consistent matrix is one where there is only a small 

variance (Saaty 2003). As humans are not robots capable of processing data 

perfectly, this is not detrimental and must be accepted as a variable to deal with. 
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Alonso and Lamata (2006) and Saaty (2002) outline the method and reason why 

𝜆𝑚𝑎𝑥, the principal eigenvalue calculated by finding the geometric mean for 

simplicity, is important for calculating the consistency of the matrix itself. Simply 

put, for an n x n matrix, the closer that 𝜆𝑚𝑎𝑥 is to n, the more ‘perfect’ the 

judgements are. Small changes in 𝜆𝑚𝑎𝑥, and its deviation from n, show the 

uniformity of decisions made and the consistency index (CI) can be evaluated by:   

𝑪𝑰 =  
𝒎𝒂𝒙−𝒏

𝒏−𝟏
    (2.7) 

The CI is then used to define a consistency ratio (CR): 

𝑪𝑹 =  
𝑪𝑰

𝑹𝑰
     (2.8) 

The random index (RI) is defined as the CI of randomly generated reciprocal 

matrices, with scale 1 to 9 and reciprocals forced (Saaty 1980). For the value of RI to 

be used with this method, an average was produced in a combination of studies for 

square matrices of up to order n = 10, of randomly generated reciprocal matrices 

(Saaty 1980), the results of which are shown in Table 2.4.  

Table 2.4 - Average Random Index for a square matrix of order n 

Size of Matrix Random Consistency  Size of Matrix Random Consistency 

1 0  6 1.24 

2 0  7 1.32 

3 0.58  8 1.41 

4 0.90  9 1.45 

5 1.12  10 1.49 

 

Although it is widely assumed that a CR of 0.1 is generally considered ‘acceptable’, 

this was a guideline set when AHP was introduced. Dodd et al. (1993) reassert that it 

was intended to be a tentative measure, especially when the judgements are applied 

to many layers of decision making. It is down to the DM as to what value should be 

deemed acceptable. If any consistency ratios come out above this value, they would 

have to reassess the comparisons and make appropriate changes to fall in line with 
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the guideline value of CR. Needless to say, the reasoning for setting a particular limit 

for the CR and any revisions must be well documented for clarity. 

The literature available shows AHP has been used in a wide variety of applications, 

but is heavily found in the environmental (Stefanidis and Stathis 2013; Tong et al. 

2012)  and energy planning sectors (Tan and Promentilla 2012; Ren et al. 2013).  

2.4.3 Outranking Methods 

Outranking methods (OM) use the same type of information and data as MAUT in 

respect to the use of criteria and alternatives to solve a problem facing a decision 

maker. In principal, these methodologies also use the comparative weightings, zij, and 

weightings, wi.  

ELimination Et Choix Traduisant la REalité (Elimination and Choice Expressing 

Reality – ELECTRE) is the most widely used method of outranking and was formally 

introduced by Roy (1968). Similar to MAUT, OMs build a preference amongst 

alternatives or criteria, to give a suggested ‘best’ approach (Bouyssou 2001). There 

are many versions of the ELECTRE method which all operate in slightly different 

ways (Figueira et al. 2005). However, they are fundamentally underpinned by the same 

principle and they work using thresholds and outranking concepts. 

Assume a set of criteria, gj, for j = 1, 2, … r, and a set of solution alternatives, A. 

Starting with the following basic assumptions and focusing on two alternatives (a, b) 

as elements of A, where: 

a is preferred to b   -  aPb  -  C(a) > C(b)   (2.9) 

a is indifferent to b   - aIb -  C(a) = C(b)  (2.10) 

a cannot be compared to b  -  aJb     (2.11) 

However, there is more to decision making than strict mathematical ideas, such as 'a 

is definitely preferred to b'. For example if two projects are being compared to each 

other and one costs £100 million and the other costs £101 million, is this difference 

enough to say that one project is definitely preferred to the other? To account for this, 
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an indifference threshold, q, is introduced. The value of q is subjective to the decision 

maker and affects preferences as follows (Buchanan et al. 1998): 

aPb   -  C(a) > C(b) + q      (2.12) 

For a to be preferred, it must be more than the value of b plus the subjective 

indifference value. 

aIb   -  |C(a) – C(b)| ≤ q     (2.13) 

The difference between a and b must be less than the value of q, for a and b to be 

indifferent 

aJb   -  Unaffected      (2.14)  

The indifference threshold helps bridge the gap for the decision maker, to account for 

the imperfect nature of human evaluations. Therefore, there is also reason to 

differentiate between when a decision maker hesitates between a strict preference and 

indifference and is represented by p (Roy 1991). This zone measures weak preference, 

Q, and affects the statements thus: 

aPb  -  a is strongly preferred to b   - C(a)-C(b) > q   

          (2.15) 

aQb  - a is weakly preferred to b  - q < C(a)-C(b) ≤ p  

          (2.16) 

aIb  - a is indifferent to b and vice versa  - |C(a)-C(b)| ≤ q 

          (2.17) 

To best reflect decision making environments there is good reason for non-zero values 

of p and q, as it represents the human way of thinking. Some things are preferred only 

a little compared to others. When p and q have been set, ELECTRE creates the 

outranking relation,    S, where aSjb means ‘a is at least as good as b in relation to the 

jth criterion’ 

The final check to be undertaken is that of concordance and discordance. For the jth 

criterion, it is in concordance if, and only if aSb is aSjb therefore: 
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Cj(a) ≥ Cj(b) - qj         (2.18) 

If a is less than b by up to the value of q, it does not contravene the assertion and 

therefore is considered to be in concordance. A criterion is considered to be in 

discordance with the assertion aSb if, and only if, bPja and therefore: 

Cj(b) ≥ Cj(a) + pj        (2.19) 

Thus if b is strictly more preferable than a by at least a value of p, then it is in 

discordance with the assertion aSb. Once this has been carried out for all criteria with 

respect to the alternatives, it essentially shows how many of the j criteria where a is 

preferred to b. A concordance index, C(a,b), measures this assertion and is defined as: 

𝑪(𝒂, 𝒃) =
𝟏

𝒌𝒋=𝟏

𝒓
∑ 𝒌𝒋. 𝒄𝒋(𝒂, 𝒃)𝒋∈𝑪(𝒂𝑺𝒃)   (2.20) 

Where k is the subjectively set weighting of each criteria and C(a, b) lies between 1 

and 0 inclusive (Roy 1990). The concordance index will be 1 when the evaluation of 

a+q is more than b and 0 when a+p is less than b. For any that do not satisfy these two 

evaluations, then the index is defined as : 

𝜽 =  
𝒑𝒋+𝒈𝒋(𝒂)−𝒈𝒋(𝒃)

𝒑𝒋−𝒒𝒋
   (2.21) 

 The various alternatives are considered in a pairwise manner with respect to each 

criterion and their concordance indices are placed in a matrix.   

The major point of conjecture with this method is the allocation of the weightings for 

the criteria. They are applied by the stakeholder using their perception, which means 

that they can skew the outcome accordingly. 

ELECTRE methods have been used in many fields for decision making and most 

recently in areas such as tourism (Chanvarasuth and Boongasame 2014; Mailly et al. 

2014), architecture (Fontenelle and Bastos 2014) and renewable and sustainable 

energy (Jun et al. 2014; Sánchez-Lozano et al. 2014) 

The Preference Ranking Organization METHod for Enrichment of Evaluations 

(PROMETHEE) was developed and formally introduced by Brans in 1982 at 
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L’Engéniérie de la Décision – Elaboration d’instruments d’Aide à la Décision (Brans 

and Mareschal 2005). It is a variation of the ELECTRE method and follows a similar 

pattern to all OM but uses pairwise comparisons for analysis. When two alternatives 

in respect to criteria are compared to each other, there is a preference of one over the 

other, indifference or incomparability (P, I and R respectively). Secondly, weightings, 

wj, must be assigned to each criterion to show importance, but can also be normed so 

that: 

∑ 𝒘𝒋 = 𝟏𝒌
𝒋=𝟏     (2.22) 

A ranking preference for each alternative over another, with respect to each criterion 

must be made via pairwise comparison, with deviations assigned as a value between 

0 and 1. The larger the preference, the closer the value will be to 1 and the more 

negligible the difference, the closer this value will be to 0 (Brans and Vincke 1985). 

Therefore, if gj(a) and gj(b) represents the values assigned for alternatives a and b with 

respect to criterion gj then: 

dj(a,b) = gj(a) – gj(b)   (2.23) 

where dj(a, b) is the deviation between the two alternatives for each criterion. This 

leads on to finding the function for preference of a over b using: 

𝑷𝒋(𝒂, 𝒃) = 𝑭𝒋[𝒅𝒋(𝒂, 𝒃)]  (2.24) 

for all a, b that are elements of A. Where 𝑃𝑗(𝑎, 𝑏) shows the preference for alternative 

a over b as a function of dj(a,b)  and 

𝟎 ≤ 𝑷𝒋(𝒂, 𝒃) ≤ 𝟏   (2.25) 

Therefore, if there are any criteria where b is preferred to a, then Pj (b, a) = 0. Similar 

to ELECTRE, there must also be parameters signifying a threshold for indifference, 

q, and a strict preference threshold where the deviation is no longer negligible, p. 

These help to categorise the decision made into the one of six generalised criteria as 

shown in Figure 2.4. 
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Brans and Vincke (1985) outlined that for most real-world decision problems, these 

six general criteria will sufficiently represent the deviation in preferences in 

alternatives: 

1. Usual criterion – there is strict preference of one alternative over another. 

2. U-shape criterion – there is indifference between two alternatives up to the 

value of q where the preference is strict thereafter. 

3. V-shaped criterion – preference of one alternative progressively strengthens 

until the value of p, where there is strict preference. 

4. Level criterion – there is indifference between two alternatives up to the value 

of q, between q and q+p there is weak preference and after this value, there is 

strict preference. 

5. V-shape with Indifference criterion – there is indifference up to the value of q, 

preference then grows progressively until the value of p where one alternative 

is strictly preferred. 

6. Gaussian criterion – the preference of one alternative grows with the deviation 

between the alternatives. First, q and p must be set and the point of inflection 

of the curve, s, can then be established. The closer to q that s is, the larger the 

effect of a preference of an alternative will have in moving towards strict 

preference. 

The next step is to outline aggregated preference indices across all of the criteria using 

equation 24 (Corrente et al. 2013), where for all a, b that are elements of A: 

 𝝅(𝒂, 𝒃) =  ∑ 𝑷𝒋(𝒂, 𝒃)𝒘𝒋
𝒌
𝒋=𝟏    (2.26) 

Where 𝜋(𝑎, 𝑏) expresses the level of preference for a over b (from 0 to 1) in all criteria 

and it is implied that the closer this value is to 0, the weaker the global preference of 

a over b. Equally, the closer it is to 1, the stronger a’s preference is over b. This leads 

to the calculation of the outranking flows of each alternative. 
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Figure 2.4 - Generalised Criteria applied to all criteria in PROMETHEE method 

– taken from (Behzadian et al. 2010) 

How a outranks (n-1) other alternatives, is termed as its positive outranking flow and 

how it is outranked, is its negative outranking flow. The difference is termed the 

alternatives net outranking flow and all are defined by (Brans et al. 1984): 

Positive Outranking Flow    𝝓+(𝒂) =  
𝟏

𝒏−𝟏
∑ 𝝅(𝒂, 𝒙)𝒙∈𝑨    

          (2.27) 

Negative Outranking Flow    𝝓−(𝒂) =  
𝟏

𝒏−𝟏
∑ 𝝅(𝒙, 𝒂)𝒙∈𝑨   

          (2.28) 

Net Ranking Flow     𝝓(𝒂) =  𝝓+(𝒂) − 𝝓−(𝒂)  

          (2.29) 

It stands to reason, and backed up by Anojkunmar et al. (2014), that the higher the net 

ranking flow, the stronger the alternative has performed overall and the more 

preferable that this alternative becomes. Behzadian et al. (2010) provide a 

comprehensive list of the areas where PROMETHEE is used including environmental 

management, business and financial management, manufacturing and the energy 

industry. 
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As well as the methods outlined above, there are other OM that can be employed and 

a comprehensive survey of these is compiled by Figueira et al. (2005). However, 

ELECTRE and PROMETHEE are the most widely used.  

2.4.4 Life Cycle Analysis 

LCA is not a method of MCDA but is an environmental assessment methodology. 

As outlined in ISO 14040, Life Cycle Assessment (LCA) focusses the awareness of 

the importance of environmental protection and the impacts caused from the 

manufacture of products and their consumption (ISO 14040 1997). It evaluates a 

product or process from ‘cradle’, the extraction of raw materials from natural 

resources, to ‘grave’, its disposal. More than that, LCA covers the whole procedure 

for analysis and interpretation of results. It is used extensively in the analysis of 

energy from waste projects (Evangelisti et al. 2015; Astrup et al. 2011) 

There are certain steps that must be followed for LCA. 

2.4.4.1 Goal and Scope Definition 

The intended application of the study must be outlined and be focussed before 

carrying out an LCA. To whom the results are to be communicated is also important. 

It is at this point that the specifications for how the study will be modelled and a plan 

for the project must be outlined. If ignored, results cannot be fully understood by 

those that need to know (Baumann and Tillman 2012). In the specification of the 

modelling of the project, the functional unit must be outlined. The environmental 

impact must be quantifiable in an understandable way that relates to the function of a 

product system, usually the system’s output (Xie et al. 2013). 

Also, the types of environmental impact that are to be considered must be outlined to 

determine the parameters for data collection that will be carried out through the 

inventory analysis stage (ISO 14041 1998). Finally, the level of detail to be covered 

must also be specified to define whether site specific data will be used, or industry 

standards. 

2.4.4.2 Inventory Analysis 

The life cycle inventory analysis (LCI) involves the building of a model and an initial 

plan for the LCA according to the requirements set out during the goal and scope 

definition. Flow diagrams, similar to Figure 2.5, help to aid this process and provide 
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an incomplete mass and energy balance for the system depicting only the 

environmentally relevant flows. 

Once a flow diagram is created, the relevant data collection can be refined for that 

particular system. Figure 2.5 shows that at every stage, whilst the inputs and outputs 

of each process to be considered is essential, the transportation between each stage 

forms a large part of the analysis and must not be left out. To finish the LCI, resource 

use calculation and emissions of the system is required to produce results of the 

inventory. 

2.4.4.3 Impact Assessment 

The life cycle impact assessment (LCIA) aims to convert the information collected in 

an LCI into actual environmental impacts rather than just resource and energy use. 

Impact categories are created from the LCI results with specific category indicators, 

providing a LCIA profile that shows the ‘environmental issues associated with the 

inputs and outputs of the product system’ (ISO 14042 2006). 

 

Figure 2.5 - Generic flow chart of a system showing the general areas of 

consideration for an LCA - adapted from (Baumann and Tillman 2012) 
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Once categories have been formed they must then be characterised to allow for the 

environmental impact contribution that each group have. Characterisation gives the 

size of the environmental impact of each category and, for example, all processes in a 

system that emit CO2 will be summed to indicate their global warming potential. The 

same will be done with all other category indicators. The emissions and resource 

consumptions are the driving factors and a weighting is applied according to the 

overall environmental impact of each category indicator (Lu and Realff 2013). 

Tunesi (2011) used LCA as the main methodology for a comparison of waste strategies 

in England. This is through the use of software developed by the Environment Agency 

called The Waste and Resources Assessment Tool for the Environment (WRATE). 

The development underlines the fact that a decision on a local waste management 

strategy cannot be made using generic data; however it does show how certain 

strategies can be dismissed if they do not perform beneficially in environmental terms. 

The author states that cost and bankability is outside the scope of the paper, however 

does not state that other factors must be considered as well. Although environmental 

benefit can form part of the decision making process for infrastructure development, 

other factors such as the cost of building facilities and transport costs form a greater 

part of the process. 

The major limitation of LCA is that it focusses solely on environmental issues. 

However, major decisions are rarely made on one such factor. Nearly all major 

projects or endeavours are decided upon with a multitude of different considerations. 

Monetary limitations, social acceptability and legislative constraints are usually 

considered alongside environmental impacts. For this reason, LCA can be helpful as 

a parallel decision aid to a decision analysis tool where required. There are examples 

of LCA having been undertaken in Russia (Tulokhonova and Ulanova 2013), China 

(Xie et al. 2013) and Columbia (Rodríguez and Sánchez 2014) in recent years to help 

aid decision makers in the field. 

2.5.  Decision Making in Waste Management and Associated Tools  

The goal in most cases of waste management is to obtain an objective decision and 

create a balance between cost of service, environmental impact, demands for service 

and societal needs. Anyone involved with production, storage, collection, separation, 

transport, and treatment of waste is a stakeholder. In other words, this includes 
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householders, members of authority concerned with waste collection strategy and 

members of staff. 

There are many options for the treatment and disposal of LACW. These comprise of 

landfill, thermal processing (e.g. incineration, gasification etc.), composting, 

anaerobic digestion, preparation for reuse and recycling. Dependant on local factors, 

a combination of these processes is required to manage LACW. Drivers and barriers 

such as legislation and economic issues, as defined in chapter 1, influence the decision 

making process. No single solution can attain the best diversion from landfill in every 

single Local Authority (LA). 

The flow of information between the Government, LAs and the contractors working 

on behalf of the authorities is not a complete one. Figure 2.6 shows how information 

is passed from one to the other, whilst feedback is not. The quantitative data that is 

reported back to LAs and Government do not tell the whole story.  

 

Figure 2.6 - The flow of information between main stakeholders 

Decision support tools (DST) are used in every industry and at every level, from risk 

to waste management and managers to support staff. The primary objective when 

using such a tool is to keep operational costs low by avoiding wrong decisions being 

taken; ultimately losing time and money or possibly a negative environmental impact. 

Any decision making aid can be classed under the umbrella term of a Decision Support 

System (DSS), which is a system, specifically when computerised, that assists in the 

decision making process for an organisation (Turban et al. 2010). Therefore, in the 

waste industry a DST is not a stand-alone component but rather an amalgamation of 

many processes that involve quantitative and qualitative inputs. It has been recognised 

that MCDA of waste management using DST play a vital role, alongside human 
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decision making, and have become invaluable (Hung et al. 2007; Chen and Chang 

2000).  

Without a robust decision making process, the reasoning behind any choice of 

collection method could be lost and not understood by at least one party. Most of the 

methodologies outlined have been implemented by those concerned with waste 

management. But they have been done so using decision support tools (DSTs) as 

required. The complexity of the methods requires aid so the decision process can be 

followed by stakeholders and the information loop can be closed. 

In the waste sector, DST can be very complicated to create, due to the number of 

variables and complexity of the mathematical models, which include the 

assumptions and constraints required in decision making (Bani et al. 2009). In spite 

of this, there are many different approaches that have been undertaken to try and 

help ease the management of waste, with these varying constraints. 

2.5.1  Decision Support for Oil Well Drill Cuttings 

Decision support is needed to carry out Waste Management Plans (WMP), which 

detail how any operation is to deal with their waste. This includes application of the 

waste hierarchy, operating guidelines, making sure that relevant regulations are 

adhered to and the correct reporting and documentation systems are used (API 1991). 

In a report by Abbe et al. (2011), it was stated that oil well drill cuttings can be a high 

volume solid waste that could be diverted from landfill; if the right decision process 

are followed, with the relevant tool as proposed. This would lead to the waste producer 

being able to save money through landfill diversion, possibly achieve a revenue if it 

can be reused and move towards attaining any waste targets that have been placed 

upon the firm. 

The tool that was proposed is a relatively uncomplicated one, in the form of a flow 

chart, as seen in Figure 2.7.  This method is particularly clear and concise, with very 

obvious steps and procedures that need to be followed at every point. The key point in 

the diagram is the drill cuttings, which is highlighted. At this time, the cuttings 

undertake a detailed characterisation to determine the suitability for reuse and whether 

bioremediation is needed. In particular, it shows there is a need for flexibility in 

dealing with waste and can reflect technological advancement and regulatory changes, 
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which can so often become overlooked where the environmental and economic impact 

may be the critical drivers. The key focus of this tool is on the environmental issues at 

hand, which is one major part of the thought process behind any activities currently 

carried out in the waste sector. However, this is not the only area that needs to be 

considered; the financial aspect is another key player when it comes to deciding how 

to manage waste. Unfortunately, a flow chart, such as this, does not have the capability 

of including the complex method of introducing economic factors into the process, 

which will ultimately form part of the decision making process.  

 

Figure 2.7 - Decision Support Process for Drill Cuttings management (Abbe et al. 

2011) 

2.5.2  ORganic WAste REsearch (ORWARE)  

ORWARE is a simulation tool that was developed in Sweden, modelled using MatLab. 

The code originally, as the name suggests, only meant to deal with organic materials, 

but has since been developed further and can be utilised for inorganic materials too. 

The original main aim was to simulate the handling of organic waste in urban areas 
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(Dalemo et al. 1997). It has since been expanded to aid in the development of new 

waste management systems on any scale and is used to calculate numerous areas 

including costs, environmental impacts and substance flows. It does so by using 

submodels that can be transposed into a ‘master system model, representing the new 

or existing waste management system. Included in the tool is a method for taking into 

account compensatory processes for conventional production i.e. electricity use, 

heating fertiliser production etc. (Eriksson et al. 2002).  

Figure 2.8 shows the concept of the submodel and how it is influenced by the inputs 

necessary to process the waste to avoid/limit the amount of material going to landfill 

and the subsequent uses that it may have. The secondary waste (e.g. incineration ash) 

is taken into account at this point, unlike other models, showing that certain waste 

treatment processes are not water tight solutions, and the consequences must be taken 

into account. Once these submodels are created, they can be located into the model of 

a waste management system, as depicted in Figure 2.9.  

 

Figure 2.8 - Submodel used in ORWARE (Eriksson et al., 2001).  



Review of Decision Making and Decision Support Tools 

64 | P a g e  

 

Figure 2.9 -Conceptual model of a complete Waste Management System 

(Eriksson et al., 2001).  

ORWARE uses a combination of Life Cycle Analysis (LCA), setting the scope, 

undertaking an inventory analysis and impact assessment (ISO 14040 1997), and 

material flow analysis in which the  static situation of different materials flows 

between subsystems in a defined system is described (Eriksson et al. 2002). This 

means that the environmental impact can be assessed of either various or singular 

elements, as they travel through the system and can therefore be compared as the 

system is changed to obtain the best overall outcome. As mentioned previously, one 

of the main advantages of this tool is that it includes emission and resource depletion 

irrespective of where it occurs. Some models can neglect to include this type of 

information if a secondary waste is created further up the chain, whereas it is included 

at every point in ORWARE. Also, the output of results from the model is displayed as 

a radar diagram, depicted in Figure 2.10, which makes comparison of environmental 

impacts much easier to carry out. By normalising all values to the reference scenario, 

which represents an impact value of one, all other outcomes can be compared in a very 

useful schematic. A symmetrical diagram shows equal importance for the criteria. On 

the other hand, ORWARE does not take into account costs associated with LCA, such 

as construction and demolition and loss on capital equipment, which are not included. 

This is a shame, as it is claimed that LCA is an integral part, but this should include 

every issue and not just environmental, if the model is to be used on a wider scale 

further than research. 
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Figure 2.10 - Showing all impact categories from ORWARE in one diagram 

(Eriksson et al., 2002).  

2.5.3  Solid Waste Integrated Management (SWIM)  

The SWIM model was developed specifically with the aim of including and bringing 

together economic, environmental and social (EES) implications when managing 

waste. In particular post-consumer paper and cost analysis of weekly or fortnightly 

collections of recyclables (Wang et al. 1996). SWIM uses MS Excel as a platform and 

has been formed with a user friendly interface, which can be manipulated easily, whilst 

handling questions such as:  

 What is the most economically and/or environmentally viable collection 

system? 

 What effect does a landfill closure have on a system?  

 How effective are recycling systems for reducing waste to landfill  

 ‘How can an economically sustainable, environmentally viable and socially 

acceptable waste management system be achieved considering the various 

options available?’ (Wang, 2001)  
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The SWIM model uses three smaller models within the system, to achieve the 

outcomes for the user. The process flow chart is shown in Figure 2.11, and, as can be 

seen, follows this methodology to ascertain the correct route. The first types are 

Demand Models that portray demand in services needed using generation and 

participation rates in recycling schemes. The second are Supply Models, which 

encompass all areas from operation of collection, to physical systems (e.g. location of 

facilities and collection frequency) and linking them to the demand side. Finally, 

Impact models handle economic data for carrying out the services and environmental 

impact data, in the form of carbon dioxide emissions, which are produced from 

operations. The main advantage of this model is that it sets out to include EES aspects 

of waste management and interlink them to create a system, or evaluate a current one, 

that can perform as well as possible, without being detrimental in any one area. For 

example, the cheapest possible WMS may not perform well environmentally; equally 

the best WMS environmentally, may have serious negative social and/or economic 

consequences. By including them all in one tool, any detrimental effects of one area 

on another can be evaluated and mitigated in the design process, rather than finding 

out after implementing a strategy.  

The major drawback of the SWIM model is that it solely focuses on the collection and 

transportation system and not on the effects of managing waste and the consequences 

that are generated from processing the waste. This is unfortunate as the model, if 

developed, has the potential to become a complete evaluator and aid in the whole 

decision making process and not just the collection side. This may be due to the way 

that waste is dealt with in Australia, and that there is no need to take the analysis 

further, but Wang (2001) does hint at a possible inclusion of the model, within LCA 

analyses in the future which would dramatically improve the scope of the tool.  
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Figure 2.11 - Flow chart methodology of SWIM (Wang, 2001)  

2.5.4  Used Tyres Resource Efficiency Tool  

Through a joint venture between Waste Resource Action Programme (WRAP) and 

researchers throughout the UK, a tool to aid with how to deal with tyres when they 

become waste has been developed. Tyres are a specifically difficult material to deal 

with once they become waste, as legislation now dictates that tyres cannot be landfilled 

in the normal way. The Landfill (England & Wales) Regulations (2002) declare that, 

as of 2006, no whole or shredded tyres may be landfilled, unless for drainage 

applications. Curry et al (2011) state that there are  three main methods in which used 

tyres can be recycled or reused to align with legislation: 
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 Baling – Used in civil engineering, forming highly compressed but lightweight 

blocks, bond by steel wires or straps that can be used as a like-for-like 

substitute for aggregate gabions  

 Retreading – Retread tyres must pass the same safety standards as any new 

tyre and can therefore be assumed to be a direct substitute for new tyres 

 Shredding – Used in civil engineering, cut into 5cm shreds, as back fill material 

in landfill (and act as a drainage blanket). 

 Fuel Source – For example in the cement industry there are energy saving 

capabilities for the use of tyres in concrete production. Tyres can be burnt 

without flame or fumes thanks to the high kiln temperatures and when 

chemically treated, can be reused as a fuel (Bolden et al. 2013).  The tool uses 

LCA when evaluating the impact of each route, taking into account all 

environmental impacts from ‘cradle-to-grave’. Figure 2.12 shows part of this 

procedure, where the inputs and outputs of each method of reuse are outlined 

and their indicative values.  

 

Figure 2.12 - Input and Output for each reprocessing technology (Curry et al., 

2011).  

LCA as a sole evaluator, must be taken with precaution, however, as there is currently 

a lack of guidance on methods and what data to be used is most appropriate for LCA 
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(Pennington et al. 2007). In spite of this, one of the advantages of this decision aid is 

that it takes into account the different types of treatment for the used tyres. Rather than 

requiring three different tools to operate, all analysis can be carried out from one 

central point to realize the best potential, both environmentally and economically, for 

the resources available. This is ideal when the future of the used tyres is undecided 

and if many projects could benefit from their use.  

On the other hand, it has had to be limited to only three uses, as it can be difficult to 

make comparisons between certain applications. For example, during the development 

of the tool, truck tyre crumbing (for use in sports surfaces) had to be removed from 

the process, ‘owing to a lack of comparability between the processes from which data 

were collected’ (Curry et al., 2011). As can be seen here, what is perceived as a benefit 

can also hinder the tool. There needs to be compatibility when comparing processes, 

to give accurate and true outcomes. The tool is straight forward to use and has a user 

friendly interface which can be manipulated very quickly by the user without having 

to read any explanation on how to use it. The information required to be input is that 

which is easily acquirable, if not already in possession by the user and the results are 

understandable, mainly given as equivalent tonnes of carbon dioxide avoided and cost 

savings. It also indicates that should used car tyres be utilised in the place of virgin 

materials, the environmental damage is limited, but that, as expected, the economic 

cost is likely to increase. It is not clear, however, if this is in comparison to the whole 

life cycle of virgin materials and whether the cost of landfill/incineration is taken into 

account.  

The supporting documentation claims that the tool assures ‘the users and/or regulators 

that the outputs of the model are underpinned with a robust and standardised 

methodology’ (Curry et al., 2011). The main benefit of this is that resource efficiency 

is improved with more materials being recovered and used as a substitute for raw 

materials, related to improved information dissemination. The dilemma is that, whilst 

the information gathered is wide and all-encompassing, the technical report cannot be 

accessed which describes this underlying LCA analysis. Recommendations have 

already been made by WRAP, suggesting that if access were granted to ‘the technical 

report, a downloadable spreadsheet with conversion factors, a non-technical briefing 

and how it underpins the estimates’  (WRAP 2006), then the tool would have a much 
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wider appeal. As it is, the tool is likely to only be used at the scoping phase, to get a 

general idea of what might be the best route to take. 

2.5.5  Other Applications 

Over and above these specifically named tools, there are many studies that have 

applied the methodologies outlined above, to various waste management problems. 

The first is the proposal by Hokkanen et al. (1995), who applied the ELECTRE II 

method to a comparison of solid waste disposal methods with the following criteria: 

 Political feasibility 

 technical reliability 

 transport reliability 

 benefits to the national economy 

 employment 

 short and long term environmental effects 

 environmental hygiene 

 resource recovery level 

 cost per tonne of waste. 

After analysis, incineration was found to be the best choice, although the municipality 

they were modelling for decided to use the second best alternative, refuse-derived fuel 

(RDF) combustion coupled with landfill. Hokkanen and Salminen (1997) then used 

ELECTRE III, which allows for imprecise data, again to model a MSW management 

system in Finland, focussing on eight slightly changed criteria comprising: 

 Cost per tonne 

 acidic releases 

 surface water releases 

 technical reliability 

 global effects 

 health effects 

 number of employees 

 the amount of recovered waste. 
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This then gave the result in favour of RDF-combustion and landfill that was 

implemented in 1995. While they do not clarify the municipality in the original paper, 

it is assumed that these are the same case studies and it is a classic example of how the 

tool can be changed to fit for purpose. 

Costi (2004) undertook an analysis using a generic model considering the technical, 

economic, normative and environmental aspects that face decision makers in the 

management of MSW and more specifically, the placement of treatment plants. It uses 

nonlinear optimization thanks to the constraints placed upon the situation. 

De Oliveira Simonetto and Borenstein (2007) created Solid waste COLlection 

Decision Support System (SCOLDSS) to look at vehicle allocation and their routing 

whilst simultaneously studying the amount of waste going to sorting facilities. The 

criteria were to seek optimal routes that reduce the amount of waste going to landfill 

and ensuring a minimum amount of recyclate to the appropriate facilities. It essentially 

uses pairwise comparisons of comparable trips i.e. they start and end at the same place 

as each other. SCOLDSS then uses submodels to model the network created and 

provide results accordingly. 

AHP has been implemented for an analysis of waste treatment options in Boston and 

allowed the development of four situations depending on the contribution of different 

stakeholders (Contreras et al. 2008). Biogasification was found as the most preferable 

method of treatment thanks to a high importance being placed on greenhouse gas 

emissions and limited landfill capacity. The clarity of AHP and its pairwise 

comparison method was found to be highly favoured for the situation. 

Karagiannidis and Moussiopoulos (1997) applied ELECTRE to the waste situation in 

Athens, Greece, and the decision between using landfills only, Materials Recycling 

Facilities (MRFs) or separate collection. Considering the date at which this was carried 

out and for Greece (that have one of the worst recovery rates in the EU), this was very 

forward thinking. They found that the collection of source segregated material came 

out best, as the reliance on MRFs may hinder a commingled collection approach. 

2.6.  Discussion 

Some of the tools outlined for use in waste management, use classic DM methods such 

as Outranking and MAUT, whereas others have less defined structures. It is very 
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difficult to model a whole WM system when taking into account all the general areas 

of criteria (environmental, technical, economy, social), hence models generally focus 

on various aspects of waste management. 

It has been shown that MCDA is very good at handling both qualitative and 

quantitative data whilst making group decision making possible across a broad 

spectrum of industries. For waste management, this is ideal as it is usually more than 

one person who inputs into the decision making process and opinions can affect the 

decision making process in an important manner. Most applications of the methods, 

i.e. the models, look at refining the underlying technique and many of them are very 

theoretical. For a theoretical understanding this is ideal, but for a real world 

application, the methodology would be more suited to looking at how to select solution 

alternatives (De Oliveira Simonetto and Borenstein 2007). The focus needs to be on 

whether the alternatives achieve the goal set out and also that it is acceptable socially, 

economically ideal and environmentally effective. If not, then the type of methodology 

used is irrelevant.   

Also, the very nature of MCDA makes it very difficult to assess if one method is 

unequivocally approved over any other. As a whole, it is very varied and this study of 

the available literature unveils many benefits as well as problems. The first area to 

address is the large number of methods and subsequent tools available to stakeholders 

in waste management, or indeed any decision making environment. Whilst this  can 

be perceived as strength, it could also be construed as a weakness (Guitouni and Martel 

1998). With so many options available, it is nearly impossible to study every 

methodology and decide on which is perfect for the decision making process at hand. 

On top of this, once the DM has narrowed down the options, a decision making process 

in itself is needed to select a method, creating somewhat of a paradox. The question 

is, how can a method be chosen objectively? 

Truthfully, there is no objective method. Once someone understands and affiliates 

themselves with something, they will naturally have an attraction and be more biased 

towards it. However, there are also objective ways in which to discount some of the 

possible methods. For a waste management situation, social acceptance is required, 

thanks to its impact on perception and participation rates in a collection scheme (Hung 



Review of Decision Making and Decision Support Tools 

73 | P a g e  

 

et al. 2007; Nilsson-Djerf 1999). Therefore, qualitative, as well as quantitative data 

will be used, and any method that cannot deal with both can be rejected. 

Some methods of MCDA cannot adequately model the problem outlined. Waste 

management has many layers embedded in its composition and requires segregation 

to be able to understand fully. For example, where cost is a consideration, there are 

many types that input into the decision e.g. cost of fleet, workforce, servicing, fuel etc. 

If this is not provided for, the method can be discarded. 

In a waste management context, the two most likely used methods would be OM (in 

the main ELECTRE) or AHP. Of these outlined methods, ELECTRE and 

PROMETHEE are very capable in their application. However, there are some authors 

who outline a problem in the allocation of weightings, indifference, preference and 

veto thresholds. As these are subjective, they can easily be set to individually affect 

the outcome. In comparison, AHP uses the pairwise comparison to set these 

weightings through the hierarchical nature. 

The use of the concordance and incomparability statement in the OM, is a strength. If 

there is insufficient data to directly compare two criteria, then this is allowed for. In 

contrast, AHP dictates that there must be direct comparison. It can be argued that for 

a meaningful analysis, every part of investigation should be compared and if it can’t, 

it should not be included. In practice, this is nearly impossible as it is not always 

possible to obtain all the data necessary. 

A short coming that was observed with AHP was the phenomenon of rank reversal. 

This involves the introduction of a new alternative that once compared to all criteria 

and alternatives, can completely change the preference order of the alternatives 

(disrupt rank preservation). Saaty shows that by the introduction of an ‘irrelevant’ 

alternative, rank can be preserved if one wishes (Saaty 1994). Alternatively, Saaty and 

Sagir (2009) address the issue further and conclude that sometimes, it is necessary to 

accept that the introduction of a new alternative will indeed require rank reversal with 

examples. 

The starting point for AHP is the definition of its goal and thereby identifying the main 

issue. This falls in line with the decision making framework laid out in Figure 2.1. 

ELECTRE and other OM start with the outline of the solution alternatives as the first 
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step. Not only does this contradict with how a decision making problem should be set 

up, but it can make it difficult to follow the thought process in a logical manner. 

LCA can be used in the waste management context. Although not a method of MCDA, 

it provides analysis for the environmental impact. Financial implications must be 

modelled, social acceptance must be accounted for, legislative compliance must be 

checked and environmental impact should be kept as low as possible. However, an 

LCA is only required, in a Welsh Local Authority context, when specifically trying to 

prove that another manner other than Kerbside Sort collection, is more beneficial. For 

this reason, LCA is undertaken after the decision making process and is not a necessity 

since a number of other key parameters will have a greater impact. 

The author proposes the use of AHP as a method to assist Local Authorities in the 

choice of waste collection method. Quantitative and qualitative data can be processed 

together and an understandable output for the stakeholder(s) can be produced. AHP 

has never been applied to Welsh Authorities in trying to aid the understanding of their 

decision making process. To the author’s knowledge, neither has it been applied in a 

decision support tool with a focus on a suggested best method of collection, given the 

conditions and parameters at the time of study. 

The research is trying to bring objectivity to what is essentially a subjective area. The 

Welsh Government are resolute that Kerbside Sorting is the way forward. With less 

than half of the authorities in Wales using Kerbside Sort collections, their opinion is 

that commingled collection is more appropriate. The research attempts to take in to 

account opinions and data, whilst providing as objective a result as possible at the end. 
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3.   Case Study Authority 

3.1  Introduction of the Case Study Authority 

In the UK, municipal waste is estimated at 21.6 million tonnes and in Wales, there was 

a total of 1.6 million tonnes of municipal waste generated in 2013/14 (StatsWales 

2014a). 

Ceredigion is a rural authority on the west cost of Wales, as highlighted in Figure 3.1. 

It covers an area of approximately 1795 kilometres squared (km2), ranking it the 4th 

largest authority in terms of area in Wales. As per the census of 2011, Ceredigion 

contains 75,922 residents ranking it 19th in terms of population size (StatsWales 2011), 

equating to a population density of 42.3 persons per km2. 

 

Figure 3.1 - Map of Wales showing Local Authority Boundaries with Ceredigion 

highlighted in red (Wikimedia 2014) 
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LACW collection in Ceredigion currently serves 34,500 households leading to a 

generation of 33,828 tonnes of MSW in 2014 (StatsWales 2014b). Figure 3.2 shows 

that the composition is 14,366 tonnes of residual waste, 12,773 tonnes of 

reused/recycled waste, 5,142 tonnes of food waste and 200 tonnes of green waste 

collected in 2013/14. The remainder is composed of non-household waste. The sum 

of recycled, food and green waste is 18,115 tonnes.  When divided by the total 

generation value of 33,828 tonnes, it gives a total combined percentage of 

approximately 54% of LACW from households being diverted from landfill. 

Historically, Ceredigion have the following reuse/recycle/composting rates for 

collection: 

 2008/09  –  48.7% 

 2009/10  –  48.5% 

 2010/11  –  51.4% 

 2011/12  –  58.4% 

 2012/13 –  53.6% 

This shows that rates have steadily been increasing year on year and the Authority is 

ahead of the targets set out in the Waste (Wales) Measure (2010) for 2013/14 of 54% 

diversion through recycling, preparation for re-use or composting. In 2013, the 

definition of the reported rates changed from “municipal waste ‘collected’ for 

reuse/recycle/compost” to “municipal waste ‘sent’ for reuse/recycle/compost” 

(StatsWales 2014), hence a lower rate for 2012/13 than 2011/12. 

Presently, the Authority run a fortnightly collection for residual waste for 

householders own bags, weekly collection for food waste using caddies and garden 

waste on demand using bags where a fee is charged. The recycling is collected via a 

commingled collection weekly using clear bags.  
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Figure 3.2 – Composition of MSW collected by Ceredigion in 2013/14 

3.2  What are the Drivers and Barriers LAs face? 

Before deciding upon the methodology to be used, an understanding of the drivers and 

barriers that affect any Local Authority (LA) was needed. By understanding what 

pressures are applied to LAs in relation to MSW management, a suitable set of criteria 

to analyse the decision making process can be outlined. 

The first question to ask was in theory, when not considering legislation, ‘Why would 

a LA want to divert waste away from landfill, when it is the cheapest and easiest 

option?’ If it were not the cheapest and easiest option of managing waste, other 

methods would have been implemented in the first place. After a study of the literature 

and many meetings with LAs, members of Welsh Government and landfill and MRF 

operators during the initial part of the study, these were identified as outlined in Figure 

1.9. 

Legislation is the main barrier to landfill. The environmental implications of sending 

all waste to landfill are large; mainly in the release of methane from the uncontrolled 

breaking down of organic matter. The release of greenhouse gases (GHG) such as 
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methane and carbon dioxide (CO2), into the atmosphere, has a detrimental effect on 

the environment. The subsequent financial penalties that have been put in place by 

legislation, also contribute as a barrier to landfill. 

The space required for landfill is large. In urban areas and main cities especially, the 

cost of land is very high. This is a major driver for LAs dealing with landfills that are 

close to maximum capacity, to find alternative methods for disposing of materials that 

have become waste. Existing landfill sites, with spare capacity, are not a problem 

logistically, however trying to buy land for new sites is and can be very costly. For 

this reason, land available for new landfill sites is not in abundance and therefore 

capacity is running low (De castella 2011). 

The drivers for a LA to divert waste from landfill begin with the possible monetary 

gains. The conversion of seeing waste as a resource rather than something to be 

discarded allows for a market place for such items. The separation and processing 

(where required) of these materials can create an income through their sale, for the LA 

or the Waste Disposal Authority. As waste management (WM) is an ongoing concern, 

systems and infrastructure have been put in place over many years, in some cases by 

private entities, thereby reducing the amount of initial investment required by the LA. 

In addition, the positive publicity that results from positive environmental actions can 

cause an increase in the participation rates. If the general public believes that what 

they are doing is making a positive impact then they are more likely to participate (De 

Feo and De Gisi 2010).  

The amount of energy saved and the reduction in pollution through diversion of waste 

is also a driver for LAs (WAG 2009). The savings are generally quantified through a 

comparison of the amount of virgin material that would have been extracted against 

the energy used to repurpose the material so that it can be used again. The reduction 

of the production of GHG which occurs in landfill is the main source of the reduction 

in pollution. The commitments of member states to the Kyoto Protocol (UNFCCC 

1997) and its amendments (most recently the Doha amendment, yet to be ratified) 
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drive countries to reduce their pollutant emissions. Effective WM can aid in achieving 

these targets in reducing emissions. 

The barriers to waste diversion are twofold. Is there enough capital to deal with a 

change and also is there enough divertible waste to make this, and further investment, 

viable? Concurrently, the drivers are the legislation set out through the Landfill 

Regulations and Governmental direction through Landfill Tax Regulations and 

accompanying strategies outlining targets. 

The Waste Hierarchy suggests how a LA should deal with MSW. Figure 1.5 outlined 

the hierarchy but when viewed from the perspective of a LA, there is a different 

emphasis. With regards to the reduction of the amount of waste produced, for a LA, 

this can almost be counterproductive. They are set targets for preparation for reuse, 

recycling and composting/digesting according to the percentage of MSW collected. 

The fewer materials that are being disposed of, the less 

reusable/recyclable/biodegradable material that is potentially available to them. 

The biggest barrier facing the implementation of reuse methods is that most publicity 

and the majority of funding are aimed at recycling. This is predominantly (and 

speculatively) because recycling is more readily observable than other forms of 

diversion and impacts greatly on the way that householders dispose of waste. 

However, charities that can use these materials have a lot to gain, partly through tax 

relief and added income. 

Recycling is the level of the Waste Hierarchy that demands the most attention from a 

LA. It is the service that householders are mostly affected by and have a large 

influence over. Figure 3.3 shows more specific benefits and limitations of dry 

recycling i.e. excluding food waste and green waste, and the differing methods of 

collection. The main benefit of a kerbside collection of dry recyclate is the ease of use 

for householders. They do not have to travel to dispose of waste and this is done on a 

regular basis. It is the most economical way, for householders and the LA, to include 

as many households as possible in the collection of waste. 
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In contrast, Figure 3.3 also highlights the logistical issues such as difficulty in 

collecting from flats and if it is a rural authority, they must collect from densely 

populated areas as well as sparse areas. Furthermore, there are the cost implications, 

legislative implications and social issues. Do the householders understand the 

problems with contaminated recyclate? Do they want to participate? The LA must 

consider legislative changes and whether their fleet can accommodate these changes 

too. 

 

Figure 3.3 – Benefits and Limitations associated with the collection of dry 

recyclate  
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The problems mentioned above are from a kerbside collection. The benefit is that this 

leads to greater range of capture and is much easier for the general public than taking 

waste to a bring site. However, a bring site has advantages when used in parallel to a 

kerbside collection. A bring site allows for a more diverse range of waste to be dealt 

with and can aid in achieving recycling targets. It has the added benefit of keeping 

recycling local to the authority which encourages local residents to participate and can 

have the added effect of keeping costs down, which translates to savings to the tax 

payer (local residents). However, there are increased security costs to combat theft of 

valuable materials and may lead to the illegal dumping of trade waste. The 

householders may also question why they should use a bring site when a kerbside 

collection could be used to collect their waste at no added cost to them. 

3.3  The decision made by the Case Study Authority in 2010 

In 2010, Ceredigion County Council (CC) evaluated the recycling facilities they 

provide within the county. This was as part of increasing efficiency and saving on 

costs in their refuse collection service (Cerdegion CC 2010).  

Eight options were considered by the council and the waste management team and 

were highlighted as: 

  (A) – Weekly collection of recyclate in a survival bag, in order to keep this 

stream separate, and residual waste in the same vehicle sent for processing in 

a MRF. Not available to all households in the county. This was the current 

system at the time 

 (B) – As (A) but with a trial of food collection in one town 

 (C1) – Weekly collection of recyclate and food using a split body vehicle and 

weekly collection of residual waste in a Refuse Collection Vehicle (RCV) 

 (C2) – As (C1) but a fortnightly collection of residual waste using RCVs 

 (C3) – As (C1) but a kerbside sort collection of recyclate 

 (D) – As (C1) with no separate food collection 
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 (E) – A hybrid system. For urban areas, as (C1). For rural areas in the South of 

the county, as (A) and for rural areas in the North, no kerbside collection. All 

rural areas would be offered a home compost bin 

 (F) – As (A) but for the whole county 

These options immediately represent the logistical problem of dealing with a region 

that had both rural and urban areas. With differing population densities within the 

authority boundaries, identifying optimal collection routes using a homogenous fleet 

of vehicles was very difficult. Options A, B, E and F require specialist routes and 

vehicles that differ depending on the area. 

At the time, the Welsh Assembly Government (WAG) offered an increased 

Sustainable Waste Management Grant (SWMG) of £752,021 to aid in their drive to 

comply with the EU Landfill Directive (Cerdegion CC 2010). A portion of this amount 

was provided specifically for the collection and treatment of food waste. In view of 

the SWMG and to align the authority’s collection scheme with that of the WAG, the 

decision was taken to exclude options A, D and F from the evaluation as they did not 

feature a separate food collection. 

Other drivers for the initiation of this evaluation included the authority needing to 

decide on the future direction of their waste collection, so new tenders for waste 

management contracts could be formed. This was partly because the current fleet at 

the time was overdue for replacement and the decision for the type and number of new 

vehicles was required. Also, how food waste was to be treated was still in question 

and a decision was required on how much food waste could be collected that would 

help form the decision for the method of treatment. 

All the costs involved for the remaining five options were then calculated, as were 

the likely environmental and diversion performances in achieving the targets set by 

WAG through the Waste (Wales) Measure (2010).  

Figure 3.4 shows that in the long term, none of the options were predicted to achieve 

the target of 70% diversion for recycling/composting by 2025 set by WAG or the 12% 
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target for food collection. In hindsight, these values were incorrect as the rates were 

incremental, outlined in Section 3.1, rather than a step change and plateau. The rates 

also surpassed these estimates. 

It was concluded by the council, that all the options would require an increase in cost 

of operations (Ceredigion CC 2010). Option C2 was adopted as it predicted the best 

outcome in diversion rates, environmental performance and the increase in cost could 

be offset against the future savings in disposal costs and avoided penalties. Also, with 

a fortnightly collection of residual waste, it was thought that public participation 

would be improved as this would encourage the use of the recycling and food 

collection services. It was stated that for these statistics to come to be realised, a robust 

communications campaign would be required as the data provided was based on high 

performing models across the UK. 
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Figure 3.4 – Indicative performance of options against WAG targets for (a) 

recycling/composting and (b) food waste (Cerdegion CC 2010) 

a - Recycling/Composting 

b – Food targets 
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3.4  Summary 

As per the Guidance given by Welsh Government in a consultation document 

regarding the separate collection of recyclate streams (Welsh Government 2014), 

“The terms “necessary”, “practicable”, and “all reasonable measures” are 

value judgements. The relevant establishment or undertaking will need to 

consider local conditions and look at what can be achieved in comparable 

situations elsewhere in Wales or the rest of the UK.” 

This paragraph emphasises the need to consider the situation for each authority 

individually and consider the influencing factors that drive the decision making 

process. All of the considerations summarised in this chapter must be incorporated 

into the decision process of a LA. There are many issues and they vary from 

quantifiable criteria, such as cost, to criteria that require a judgement based on the 

expertise of those involved in the decision making process. This has to be in a logical 

manner that can express all of the benefits, limitations and other issues for the 

collection of MSW, in a comparable way. 

By outlining the need for a recognisable methodology in the Decision Making Process, 

a local authority can follow a logical route and avoid the trap of focussing solely on 

financial implications. 
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4. The Iterative Methodological Decision Making Process 

4.1. Introduction 

As previously outlined in Chapter 3, there are many methodologies that can be used 

to solve various aspects of decision making related to solid waste management 

(SWM). Analytic Hierarchy Process (AHP) was selected for the following reasons. 

1) Ease of use – The methodology was viewed to be the most logical to use when 

viewed from a user’s perspective. The difficulty with the other methods is that 

they require specialist knowledge in their use. The ease of understanding 

means the decision maker can appreciate what information they are entering 

and what input this has to the process. It avoids the blind entering of numbers 

into a computer program to get a result, giving ‘a more reliable outcome. 

Simpler tools are easier to use and therefore more likely to give accurate results 

(Edwards and Barron 1994). 

2) Apposite for the decision – AHP structures the decision making process for 

SWM very well. It allows a clear breakdown of criteria and sub-criteria to 

model waste management and allows a clear comparison of the alternatives. 

3) Effective modelling – The methodology is easily implemented in full in a 

Decision Support Tool (DST) and could be done through software that is in 

common use. This allows a certain amount of familiarity, rather than having to 

use a new type of software for user input. 

4) Quantitative and Qualitative data – Both types of data are required when going 

through the decision making process of selecting a SWM system. AHP 

comfortably deals with either type of data in a way that can easily be 

understood. It also allows for their simultaneous use. 

5) AHP starts with the definition of a goal and not from the selection of criteria – 

This is ideal because there are many aspects to SWM and deciding which area 

to focus on is most important. In this case, it is the collection of waste that is 

of interest and by defining exactly what is required of the methodology, the 

decision making process can be studied. 
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The process for using AHP was outlined in section 3.4.2. The remainder of this chapter 

is devoted to the development of the decision making process with the development 

of AHP and the tool. First, the decision making route map is followed to outline the 

determination of the evaluation criteria, the alternatives to be used and the 

development of a subsequent DST using MS Excel. A typical process flow sheet that 

a user must follow is highlighted in Figure 4.1.  

4.2  Limitations and Initial Assumptions of AHP 

As with every methodology, there are some limitations in using AHP and some 

assumptions must be made before embarking on the decision making process. 

4.2.1. Limitations 

The following limitations apply: 

1) It is not possible to carry out full analysis of frequency of collection due to 

sheer number of permutations of collection variables. This has been decided to 

not be necessary since the increasing general agreement that recyclate and food 

waste is collected weekly with residual fortnightly. Therefore, a more basic 

version can be used in the process.  

2) The method cannot currently study food waste collection at the same time as 

recyclate. To directly compare these two waste streams is very difficult, 

especially as there is separate legislation and very diverse cost differences. 

However, food waste collection will still be used as a checking mechanism. 

3) The method cannot undertake route optimisation. Other methods must be used 

to obtain a large amount of data for the analysis, in terms of cost and 

environmental effects. 
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Figure 4.1 – Typical Process Flow Chart with iterative routes highlighted in red 

arrows 
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4.2.2. Assumptions 

The following assumptions are made: 

a) The frequency and types of collection can be modelled in a realistic way. In 

practice this needs to be done, however it takes a whole entity (such as WRAP) 

to undertake this. 

b) For each criterion or solution alternative, the performance in relation to each 

other can be evaluated on a common ratio scale and can be quantified. 

c) The user will not be biased towards their current method of collection. 

These assumptions were formed to initiate the development of the DST. They will be 

re-evaluated after testing phases as outlined in this chapter.  

4.2.3. Impacts of Limitations and Assumptions 

The first limitation has the effect of restricting the scope of the study. It requires huge 

amounts of data collection to be able to model the various combinations of municipal 

solid waste (MSW) collection. With over twenty options of recyclate collection 

coupled with the possibility of separately collecting food, recyclate and residual waste 

on weekly, fortnightly and three weekly bases, there is the potential for over 500 

permutations of MSW collection. For the case study Local Authority (LA) to gather 

information of that scale is not plausible and would not be necessary. This is also not 

necessary. They can realistically narrow the number of scenarios that need to be 

studied, by eliminating those that would never be implemented. 

To overcome the limitation of analysing food waste collection and disposal, it will 

eventually be used as a method to check the validity of the best outcome. This will not 

become clear until the fourth iteration of checking the process; however, it is important 

to address this issue early on. If the mode of collection, with a basic analysis of food 

waste, matches the best outcome for recyclate collection, then there is consistency in 

the results. This provides a ‘bottom up’ analysis in comparison to the ‘top down 

approach’, employed in the analysis of recyclate collection. 

With the case study LA undertaking a route optimisation exercise, there can be a 

narrowing down of the available options. If certain methods of collection are not 

operationally possible due to the layout of the county, it aids in the reduction of the 
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number of possible alternatives and provides much of the information required for 

analysis. The impact is that the decision maker(s) begin to understand the areas they 

must contemplate, in addition to the data at hand, to form the final decision. 

By assuming that all the criteria and alternatives can be compared on a ratio scale, the 

decision making process is simplified for the user. This should allow for a better 

understanding of which criteria supersede others and by carrying out pairwise 

comparisons in this way, it will guide the user to choose whether they want the 

individual criteria included in the analysis. 

The bias that can be shown by a stakeholder can have an effect on the outcome. For 

the case study LA, it can be a natural step to have favouritism towards their current 

method of collection, as they know it currently works. Data for other collection 

methods may be correct in theory, but there is an element of the unknown as to whether 

they work in practice. Subjective judgements are, in their essence, based on opinion, 

but these must be made without prejudice against an alternative without sound 

reasoning. Otherwise, the decision making process is compromised regardless of the 

methodology and the result will not truly reflect the real world situation. 

These assumptions and limitations are revisited after testing the methodology and DST 

throughout this chapter. 

4.3  Setting up the Hierarchy – The Decision Making Route Map 

The first issue to tackle was setting out the problem in terms of the decision making 

route map. Going through the process in the eight step manner, provided a way to 

document clearly how the final criteria and solutions were to be laid out. This was 

carried out for recyclate collection specifically. Although food collection is very 

important to the collection process, it is somewhat dictated to, by the method of 

recyclate collection. For example, if the recyclate collection is chosen to be a kerbside 

sort (KSS), then the use of a split body vehicle is not required and a dedicated food 

vehicle is most likely to not be required also. Instead, it will be used as ‘bottom up’ 

approach to check the decision made using the ‘top down’ approach of the AHP, 

outlined later in the chapter. The check will be in terms of whether the recyclate 

collection decision matches real life decision making logic, rather than trying to 

appease the mathematical process. 
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To aid in the definition of the problem, Figure 1.9 showed the drivers and barriers to 

each step of the hierarchy and hence the route to the approach. This was achieved 

through research, progressive meetings with Councils and various external 

discussions. The overall definition of the problem for AHP is ‘What is the best method 

of MSW collection for a Local Authority?’ From a decision making perspective, this 

is the most crucial part. If the aim is not clear, the decision process is compromised 

from the very beginning causing confusion when trying to understand how drivers and 

barriers affect the decision making process. 

4.3.1  Requirements 

In terms of the requirements of the solution alternatives they are as follows. They must: 

 Be in line with legislation – Any alternative considered must comply with EU 

legislation and subsequent UK and/or Wales specific transpositions as outlined 

in Chapter 1. 

 Be environmentally beneficial – The alternatives to be considered must have a 

positive impact (i.e. reduce CO2 equivalent emissions). This must include the 

potential savings from diversion of waste from landfill with the outlay of 

emissions from all aspects of collection considered. 

 Involve separate collection of recyclate – Any alternative that is to be 

considered must collect MSW in a manner that separately collects recyclate, 

residual and food waste. This includes using various types of commingled 

collections or a kerbside sort approach where the householder separates the 

recyclate rather than using a single receptacle. 

 Be publically acceptable – As stated in Chapter 3, the general public must 

accept the decision as their participation will dictate the diversion rates. If they 

are not happy with the service provided, find it difficult to understand or find 

any other reason to not participate, the results will be severely affected. 

 Differentiate the collection styles – There are many ways to collect residual, 

recyclate and food waste. There is also the consideration of green waste. Must 

all four types be undertaken? Can two of them be collected together? These 

questions are important, as this determines the types of vehicle used and, due 

to differing vehicle sizes, the routes that they can take. 
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4.3.2. Goals 

The goals are not mandatory to the process. However, the ideal outcome would be one 

which is in line with Government’s direction. Through the Welsh Government’s 

‘Towards Zero Waste’ (WAG 2009) document, the preference is for a KSS approach. 

Whilst it would be ideal for the case study Local Authority (LA) to have the same 

outcome, however, this is not mandatory.  

4.3.3. Identification of the Alternatives 

The alternatives are the approaches that will solve the problem. In a SWM scenario, 

these are the methods of collection. To identify the alternatives, it is relatively 

straightforward, as outlined in chapter 1. The three basic methods of collection are a 

mixed waste collection and recyclate collected separately either as one stream or 

through source segregation. The aim is to separate at least the four main streams of 

recyclate (metal, paper/card (referred to as paper), glass and plastic), food waste and 

minimise the amount of residual that ends in landfill. For the identification of 

alternatives to be used they must be more clearly defined. The first two methods are a 

commingled collection of recyclate (CC) and kerbside sort collection (KSS). The CC 

provides one receptacle for the householder where all the recyclate is placed and 

collected. The KSS requires the provision of two to four separate receptacles for at 

least paper, glass, plastic and metal to be placed in, and the collection operatives 

separate the four materials into ‘pods’ on the stillage vehicle. 

Further to these two methods, are the considerations of variations in the 2-stream 

collection approach. This works in much the same way as commingled collection, 

however there is a second receptacle to collect and keep one stream separate from the 

others. Another 2-stream variation is where two receptacles are provided for the 

householder, but the streams are collected in pairs, an example of which is glass 

collected with metal and paper with plastic. All of these permutations also involve 

separate collections for food and residual waste. 

A mixed waste collection (one bag collection (OBC)) involves placing all the waste 

into one bag and therefore recyclate is mixed with residual and food waste. It would 
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subsequently pass through a dirty MRF.  Although this may seem like an abnormal 

choice of waste collection in view of legislation, it must be included as a possibility. 

When first deciding upon which alternatives were to be used, the following 

permutations were considered: 

 Kerbside sort (KSS) 

 Commingled (CC) 

 2-stream with Paper collected separately (2S – Paper) 

 2-stream with Plastic collected separately (2S – Plastic) 

 2-stream with Glass collected separately (2S – Glass) 

 2-stream with Metal collected separately (2S – Metal) 

 2-stream with Paper and Glass collected together and Metal and Plastic 

together (2S – Pa/G & Pl/M) 

 2-stream with Paper and Metal collected together and Glass and Plastic 

together (2S – Pa/M & Gl/Pl) 

 2-stream with Paper and Plastic collected together and Metal and Glass 

together (2S – Pa/Pl & M/Gl) 

 One Bag collection (mixed waste collection) (OBC) 

To decide upon which of these would be included in the research study, various people 

in differing job specifications within LAs, SWM facilities (Materials Recycling 

Facilities (MRF) operators and/or landfill operators) and Welsh Government were 

consulted through meetings. They were asked to specify which of the above 

alternatives they would not specifically avoid and may practicably be considered. For 

waste management facilities, it was felt that if they were asked which they would use, 

only one or two alternatives would be selected. The results are shown in Table 4.1, 

where the separate colours highlight the four types of stakeholder. The advantage in 

asking various stakeholders in SWM is so that the choice of alternatives cannot be 

skewed by external factors. 

Table 4.1 – Preferred methods of MSW collection with colour differentiation 

between types of stakeholder 



The Iterative Methodological Decision Making Process 

 

94 | P a g e  

 

Voter One 
Bag  

CC KSS 2S - 
Paper 

2S - 
Plastic 

2S - 
Glass 

2S - 
Metal 

2S - 
Pa/M & 

G/Pl 

2S - 
Pa/Pl & 

M/G  

2S - 
Pa/G & 

Pl/M 

LA #1           

LA #2           

LA #3           

LA #4           

LA #5           

WM facility #1           

WM facility #2           

WM facility #3           

WM Facility #4           

WG #1           

WG #2           

General Public #1           

General Public #2           

General Public #3           

General Public #4           

 

The results show all but two people were against collecting paper and glass being 

collected together and would never be considered in a two stream approach. The 

reason being that when glass breaks, it creates a large amount of contamination of the 

paper materials, which is very difficult to separate at any stage of post processing and 

would therefore be counterproductive. Otherwise, the two options that are most 

favoured are 2-stream with paper separate (unanimously) and 2-stream with glass 

separate collections. 

The LAs preferences may be influenced by contractual agreements however they show 

a fairly similar pattern with the majority preferring most of the 2-stream approaches, 

CC and KSS. Welsh Government, in line with their “Towards Zero Waste”, has a 

focus on the source segregation and keeping as close to that as possible. 

As a comparison, the question was also put to some members of the general public. 

Whilst the number used is not enough to state that it is reflective of the whole 

population, it does provide a guidance view. The general notion that the easier it is for 
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the householder, the more likely they are to recycle, is reinforced (De Feo and De Gisi 

2010).  

However, preference is not the only matter for consideration and all methods of waste 

collection must be considered for analysis. Viewing the results, and because the 

following are widely accepted, the author decided to include: 

 CC 

 KSS 

 2-stream with paper separate 

 2-stream with plastic separate 

 2-stream with glass separate 

 2-stream with paper and metal collected together and glass and plastic together 

 OBC 

Although an OBC directly contravenes article 11 of the revised Waste Framework 

Directive (WFD) (2008) and this practise is no longer carried out across Wales as at 

2014, it was included as it provides a baseline for comparison. 

4.3.4. Development of the Evaluation Criteria 

The best way to visualise the development of the evaluation criteria was through the 

use of a decision tree. This is a flow chart style of diagram that shows the user of the 

hierarchy of the decision process, such as in Figure 4.2. It starts with the goal at the 

top followed by the criteria and sub criteria through to the alternatives. By doing this, 

it is possible to break down the real world situation and more easily understand what 

is being studied. By focussing on and understanding each component in turn, 

eventually a sound global understanding of the decision making problem can be 

gained. In the following diagrams each layer represents the pairwise comparisons that 

need to be undertaken. 

After the problem was defined and the alternatives selected, it was decided by the 

author, for easy identification that the layers of the hierarchy model wold be: 

 First layer  –  Options 
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 Second layer –  Drivers and Barriers 

 Third layer –  Operations 

 Fourth layer –  Solution Alternatives 

These titles best represent the criteria or alternatives in these layers. They are colour 

coded to aid in identification of the different layers of the hierarchy.  The second layer 

which is red, and labelled as Drivers & Barriers, is one of the most important. It 

defines the decision making process in terms of understanding the choices the case 

study LA, or any user, makes 

The criteria that are selected show how the user defines the problem. Particularly with 

a concentrated view to the drivers and barriers and how they respond to these. Firstly 

through the pairwise comparisons, the immediate importance of each criterion is 

identified. But the inclusion and exclusion of certain criteria also give an insight into 

the problem of selecting the most appropriate collection method. 

The following diagrams of the hierarchy were created following many stages of 

consultation with the stakeholders as outlined previously in this chapter. The first 

problem to overcome was that of understanding what needed to be included at the 

beginning of the decision making process, to represent the solution to the main aim. 

Section 4.3.5 explains the boxes contained in Figure 4.2 which shows the first version 

of the hierarchical structure. 
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Figure 4.2 – The initial decision tree 

4.3.5. Modules 

In reference to the decision trees that are used to illustrate the decision making process 

in this chapter, the blue, red and purple boxes within these figures are called modules. 

A module represents a criterion that has pairwise comparisons undertaken of criteria 
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in the layer below, with respect to it. The brown outlined boxes that are at the bottom 

of each diagram represent the solution alternatives, which feed in to other modules. 

When the pairwise comparisons in a certain layer (or area thereof) are undertaken, the 

weighting assigned to each module is in relation to its ‘parent’ criterion. When 

multiplied by the weighting of the ‘parent’ criterion, this provides a global weighting 

i.e. the weight of that criterion, with respect to its parent criterion, with respect to the 

overall goal. 

The best way to visualise this is to focus on one route through the decision tree. Firstly, 

in Figure 4.3, the 7 modules in the Options layer undertake pairwise comparisons, 21 

in total, with respect to the overall goal. This will provide the global weightings for 

each module in the Options layer. 

 

Figure 4.3 – Pairwise comparison for the 7 Options with respect to the overall 

problem 

In Figure 4.4, the 7 drivers and barriers will form a matrix to create the 21 pairwise 

comparisons, with respect to the ‘Dry Recyclate, Food, Green and Residual’ module. 

This will give a weighting for each of the 7 drivers and barriers (when summed, 

totalling 1.000) and when multiplied by the weighting of the ‘Dry Recyclate, Food, 

Green and Residual’ module, a global weighting in relation to the overall problem is 

identified. The 21 pairwise comparisons of the Drivers & Barriers layer are then 

undertaken a further 6 times, with respect to the remaining 6 modules in the Options 

layer. 
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Figure 4.4 – Pairwise comparison for the 7 Drivers and Barriers with respect to 

the Dry Recyclate, Food, Green and Residual module 

Next, focussing on the ‘Running Cost’ module, pairwise comparisons must be 

undertaken between the criteria that it is ‘parent’ for. In Figure 4.5, the 3 criteria in the 

Operations layer, ‘Work Force’, ‘Fleet’ and ‘Advertising and Promotion’ are analysed 

through pairwise comparison. Again, their weightings must equal 1.000, and when 

multiplied by the global weighting of the ‘Running Cost’ module, they will each be 

assigned a global weighting in relation to the overall goal. 

 

Figure 4.5 – Pairwise comparison for the 3 criteria under the 'Running Cost' 

module 

In Figure 4.6, the focus is on the ‘Work Force’ module. The 7 alternatives are 

compared in a pairwise manner against each other, in relation to the cost of the work 

force, in this instance. The weightings of the alternatives are multiplied by the global 

weighting of the parent criteria, giving the global weighting of the alternative, in 

relation to the overall problem defined. The modules in the Drivers & Barriers layer, 
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that have no ‘children’ criteria in the Operations layer, will have a pairwise 

comparison of the alternatives in relation to them. 

 

Figure 4.6 - Pairwise comparison of the alternatives with respect to the Work 

Force module 

4.4     Decision of the Hierarchy 

Following the many discussions with LAs over the first year of study, the author 

decided that for the collection of waste, the majority of emphasis is placed on how 

recyclate is collected. This opinion is backed up by the provision in Wales, of the 

Sustainable Waste Management Grant (SWMG). It is a grant provided by the Welsh 

Government for LAs, to aid in helping to achieve the 70% diversion of recyclate from 

landfill rate, set in ‘Wise About Waste’ policy document (WAG 2002), which is now 

a statutory target, by 2025 (Welsh Government 2010). Although food waste is also a 

major component of the decision making process, it will be dealt with separately and 

as a confirmation tool for the decision taken. 

Owing to the nature of waste collection, the collection of food waste is somewhat 

dictated by the collection of recyclate. If KSS is used, then food waste will be collected 

by a pod on the stillage vehicle. If CC or any 2-stream approach is used, a LA will 

likely use a mixture of split body Refuse Collection Vehicles (RCV) and dedicated 

food collection vehicles. By carrying out a separate analysis of the food collection, it 

should concur with the choice of recyclate collection. In the event that the two results 

do not match up, this would count as new information being brought up and would 

cause the decision maker (DM) to go back, however many steps necessary, as per the 

decision making route map outlined in Figure 3.1, to re-evaluate. This provides a 
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further method for checking consistency in making decisions, over and above that 

provided for in the AHP. 

The Options layer shows the methods in which waste can be collected in general. This 

level of comparison uses the DMs experience and subjective views as to which option 

would be most preferable. The reason for allowing this stage to use qualitative data is 

mainly in the collection of green waste. As this is usually either carried out seasonally 

or as a pay-per-use service, it can greatly bias the decision if it were based on cost as 

a quantitative data input. The decision at this level could be based on previous data or 

which of the methods has proved most beneficial in the past. 

The interconnection, and partial lack thereof, between the Options layer and the 

Drivers and Barriers layer shown in Figure 4.2 is a point of interest, due to two of the 

modules included here. The modules representing a ‘Residuals Only’ collection and 

‘Food/Green and Residuals’ bypass the following two layers and lead in to a 

comparison of the solution alternatives directly. This is because they do not have the 

necessity of comparing the other criteria of collection, and thereby analysis, of 

recyclable material. In essence, there would be no need for comparison, as a black bag 

collection would be the only solution for ‘Residuals Only’ and a two bag collection 

for ‘Food/Green and Residuals’. Although permissible in terms of the methodology, 

this was perceived as a weakness and was changed in due course. 

The Drivers and Barriers layer was the most difficult to define. As pairwise 

comparison requires direct judgements between all criteria at this level, they must be 

comparable in terms of perceived importance to the DM. This is, again, a qualitative 

step. It may seem at first that cost, for the LA, is the main issue as they must work to 

budgets, but legislative compliance is manifestly important, as are other factors. It 

must be remembered that the decision making process must try to encompass all areas 

that are of most importance to the DM and not just monetary influence.  

As can be seen in Figure 4.2, through consultation with three LAs in November 2012, 

the first seven criteria were chosen to initiate the study (Oakes and Keenan 2012; 

Greenhalf 2012; Wheeler 2012). Various costs of operation feature heavily in the form 

of ‘Implementation Cost’, ‘Running Cost’ and ‘End Cost’ modules. A measure of how 

well this service is carried out, includes how much of the target materials are collected 
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and also, the quality of that recyclate. The more tonnage of recyclate that can be 

collected, it can be assumed that the collection is working effectively. Equally, the 

cleaner the recyclate is, the more likely it can be reprocessed rather than being 

incinerated thereby providing maximum environmental benefit, in line with ‘Towards 

Zero Waste’ (WAG 2009). Therefore the ‘Quality of recyclate’ and ‘Quantity of 

recyclate’ collected modules feature. 

The ‘Variety’ module signifies the number of different streams that can be collected 

by a Waste Collection Authority (WCA). As the LAs work to budgetary constraints, 

as any business entity does, it is clear why the analysis of cost of services provided is 

included. The variety of the number of streams that are collected can also be an 

indicator for performance of a collection system demonstrating the efficiency of the 

processors to react to market fluctuations. At this first checkpoint, these were the 

criteria agreed as being most pertinent overall, although entirely theory based at this 

stage. 

The ‘Legislative Compliance’ module represents the regulatory drivers and barriers 

placed upon the LA in collecting recyclate. Where there are targets to meet, 

alternatives which cannot be used or methods that should be followed, are represented 

in the decision making process by this module. Together, these seven modules are 

compared to each other via pairwise comparison, with respect to each of the modules 

in the Options layer. 

The third layer represents the Operations of a waste collection and contains sub-

criteria to the Drivers & Barriers layer. They are grouped according to their ‘parent’ 

criteria as shown in  

Figure 4.7a-d. These comparisons are carried out as per their groupings i.e.: 

 The cost of vehicles and equipment are compared with respect to 

‘Implementation Cost’ of a scheme 

 The importance of Toward Zero Waste (TZW), The Waste Hierarchy, The 

Segregation of Waste (Regulation 13 of Waste (England and Wales) 

Regulations) and The Landfill Regulations are compared with respect to 

‘Legislative Compliance’ 
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 The cost of the work force, fleet and advertising costs are compared with 

respect to the ‘Running Costs’ 

 The cost of rejects and gate fees are compared with respect to the ‘End Costs’ 

of waste 

Again, LAs were approached to ascertain these sub criteria to reflect their 

considerations, in reference to the drivers and barriers they face. 

Once all of the above pairwise comparisons are carried out, the final round of decision 

making is of the Alternatives layer. A pairwise comparison of the solution alternatives 

with respect to the following modules would have to be undertaken: 

 Vehicles 

 Equipment 

 TZW Targets 

 Waste Hierarchy 

 Segregation of Waste 

 Landfill Regulations 

 Work Force 

 Fleet 

 Advertising and Promotion 

 Rejects 

 Gate Fee 

 Quantity of Recyclate 

 Quality of Recyclate 

 Variety 

4.5  Development of the DST in Excel 

Once the hierarchy was set up, a computer program was created to carry out the methodology 

itself. The software used was Microsoft Excel with Visual Basic Access, on account of its ease 

of use, flexibility and ability to create a user friendly interface. Excel is also widely used, 

creating a familiarity for the user. 

Before any development occurred, through a personal communication (Oakes 2012) it was 

thought that although the quality of the recyclate was important, it was not actually considered 

by the LA. At the time, the LA was collecting MSW from households via a commingled 

collection and held a contract with a MRF to process the collected recyclate. Therefore, it was 

assumed that the quality was not of importance to the LA, as the MRF could handle any 

contaminated recyclate. Consequently, before the creation of the DST, the ‘Quality of 

Recyclate’ module was removed from Figure 4.2. 
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Figure 4.7 – Pairwise comparisons occurs between subcriteria  

Matrices were created for the pairwise comparisons to be undertaken. This was a basic 

Excel document meaning that the user had to physically click through each tab and fill 

in the matrices. An example matrix is shown in Error! Reference source not found. 

for the Drivers & Barriers layer where the value of 1 is entered in to the diagonal of 

the matrix. These are the comparisons of criteria against themselves. 

The basic functions were entered to carry out the AHP calculations and the pairwise 

comparisons are then carried out dependant on whether the value is based on 

subjective or objective data input. To reduce inconsistency, the bottom half of the 

matrix is composed of the reciprocals of the corresponding values. In Error! 

Reference source not found., the comparison for ‘End Market’ against ‘Quantity of 

 

  
 

 

 

a - in relation to End Cost 

criterion 

b – in relation to Legislative Compliance criterion 

c – in relation to Running Cost criterion 

d – in relation to 

Implementation Cost criterion 
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Recyclate’ is in cell D14, and the reverse comparison is in cell C15, containing the 

equation: 

Reverse comparison    1/D14       (4.30) 

Following the methodology of the AHP, once the matrix is completed, the geometric 

mean is calculated by taking the nth route of the product of the row. Therefore, it 

follows that the formula found in cell K14 in Error! Reference source not found., 

for the geometric mean (geomean) of ‘End Market’ is: 

Geomean  (C14*D14*E14*F14*G14*H14*I14)^(1/7)   (4.31) 

The weighting is found through a simple division of the individual geometric means 

by their total sum. In Error! Reference source not found., the sum of the geometric 

means is held in cell K21, therefore cell M14 reads as: 

Calculation of the weightings  K14 / K21     (4.32) 

As a quick form of confirmation that the calculations are correct across the whole 

vector, they are summed, and should equal 1, as shown in cell M21, in Error! 

Reference source not found..  

The consistency measures are the last to be calculated. For A a multiplication of the 

eigenvector by the matrix, in Figure 4.8, to aid in the calculation of the principle 

eigenvector, cell N14 reads:  

A  (C14*M14) + (D14*M15) + (E14*M16) + (F14*M17) + (G14*M18) + 

(H14*M19) + (I14*M20)       (4.33) 

For the calculation of A, the vector representation of the matrix, the division of A by 

is calculated. Therefore, O14 contains the equation: 

A   N14 / M14        (4.34) 

The approximation for 𝜆𝑚𝑎𝑥, the principal eigenvector, is required to estimate the 

consistency of the decisions made. Following through matrix theory (Saaty 2002), 

where a matrix contains ones along its diagonal and is consistent, then small variations 

in the zmn will keep the largest eigenvalue, 𝜆𝑚𝑎𝑥, close to n, and the remaining 
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eigenvalues close to zero. 𝜆𝑚𝑎𝑥 can be calculated as the geometric mean of the vector 

A. Therefore cell O23 reads as: 

𝝀𝒎𝒂𝒙   (O14*O15*O16*O17*O18*O19*O20) ^ (1/7)   (4.35) 

The consistency index (CI) is calculated where small changes in the zij imply small 

changes in the 𝜆𝑚𝑎𝑥. The deviation of 𝜆𝑚𝑎𝑥 from n is a measure of consistency. This 

is represented by the deviation formula found in cell O25 in Figure 4.8: 

𝝀𝒎𝒂𝒙−𝒏

𝒏−𝟏
    (O23-7) / (7-1)       (4.36) 

Finally, to calculate the Consistency Ratio (CR), the average Random Index (RI) and 

CI are used. Table 3.3 gives the values for the average RI, depending on the order 

matrix. Seeing as this is a matrix of order 7, cell O28 in Figure 4.8 reads: 

CR  O25 / 1.32        (4.37) 

The guideline provided (Saaty, 1980) is that if the CR value is below 0.10, then the 

decision made is generally accepted. In Figure 4.8, the value is 0.025 and is below the 

acceptable level. 

 

Figure 4.8 – Consistency Calculations in the DST 

This is repeated for every set of pairwise comparisons required. These are tabulated to 

give a result for the best method of collection with respect to the criteria and the 

solution alternatives selected. 
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Figure 4.9 shows a sample of possible results where all the matrices were filled, for 

example purposes. Cell R14 shows the weighting given to the option ‘Dry Recyclate, 

Food, Green, Residuals’ in the ‘Options’ layer and cells R13, T13, U13…AF13 

represent the global weightings assigned to the respective modules in the ‘Drivers & 

Barriers’ layer of the hierarchy. Firstly the value is retrieved from the appropriate 

sheet and if necessary, multiplied by another to give the global weighting, leading to 

one of the following operations: 

Retrieval of value  ′𝑻𝒂𝒃𝑵𝒂𝒎𝒆′! 𝑪𝒆𝒍𝒍𝑹𝒆𝒇    (4.38) 

Retrieval of value  ′𝑻𝒂𝒃𝑵𝒂𝒎𝒆′! 𝑪𝒆𝒍𝒍𝑹𝒆𝒇 ∗   𝑪𝒆𝒍𝒍𝑹𝒆𝒇   (4.39) 

The global weighting is the weighting of a criteria or alternative in relation to the goal. 

When carrying out the pairwise comparisons, this gives a weighting with regards to 

the parent criteria. This value must be multiplied the weighting for the parent criteria 

to give its impact in the overall analysis. For example, for the ‘Dry Recyclate, Food, 

Green, Residuals’ value, cell R14 contains the operation: 

Retrieval of value  ‘1 - Methods'!M16     (4.40) 

And for the global weighting of ‘Quantity of Recyclate’: 

Retrieval of value   ('2 -Em-Q-I-R-L-V-Ec'!M15) * R14  (4.41) 

The numbers from the weightings given in the pairwise comparisons between ‘End 

Market’ (Em), ‘Quantity of Recyclate’ (Q), ‘Implementation Cost’ (I), ‘Variety’ (V), 

‘Legislative Compliance’ (L), ‘Running Cost’ (R) and ‘End Cost (Ec)’ are 0.352, 

0.241, 0.160, 0.104, 0.068, 0.045, 0.031 respectively, as per Error! Reference source 

not found.. The weighting for ‘Dry Recyclate, Food, Green, Residuals’ is (0.350). 

This is reflected in the values in cells R13 to AF13 in Figure 4.9 of 0.1230, 0.0844, 

0.0558, 0.0108, 0.0237, 0.0364, 0.0157. This signifies that ‘End Market’, with respect 

to ‘Dry Recyclate, Food, Green, Residuals’ has a global weighting of 12.3%. 

Therefore, in this case, it has been decided that the end market opportunities will have 

a relatively large influence on the decision compared to the end costs which only have 

a weighting of about 1.6%.   
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Similar actions are performed for the remainder of the table as shown in Figure 4.9, 

multiplying the weightings from pairwise comparisons at the Operations layer by 

those of the Drivers & Barriers layer and the Alternative’ layer by the Operations or 

Drivers & Barriers layer. 

Once all values are entered into the table, the values in rows 5 to 11 represent the 

global weightings of the solution alternatives, with respect to all criteria through the 

hierarchy. Therefore, to obtain the final weighting of importance for each of the 

alternatives, the program sums the values along the rows. Figure 4.10 shows the table 

used to represent these and cells DK5 to DK11 each contain the following formulae, 

where # represents the number of the row, as highlighted in Equation 4.14: 

Check value for weightings  SUM (B#:DI#)    (4.42) 

These weightings should add up to 1 and if they did not, there would be a mistake 

somewhere in the final results table. Figure 4.10 shows this not to be the case, due to 

cell DK14 showing a value of 1.000. The weightings give the best suggested 

alternative, based on the judgements made. The higher the value of the weighting, the 

more preferential the alternative. It is important to remember that the methodology 

gives the best suggested alternative with regards to the criteria and alternatives chosen 

and not a definitive choice. The impact of this can be large when two alternatives that 

divide opinion, result in similar weightings. On the other hand, if one can be chosen 

with very good reason, then the decision can easily be made. 

In Figure 4.10, the example shows KSS offered as the most favoured alternative with 

a value of 0.268. However, a Residuals Only collection has a weighting of 0.245 which 

is very close to the value assigned to KSS. These two are far ahead of the next best 

performing alternative, a commingled collection with paper separate at 0.122. 

With two options so closely weighted, it is at the discretion of the decision maker(s) 

to decide which alternative best suits their needs. In this case, the choice is an obvious 

one. The Residuals Only collection does not meet with legislative restraints, especially 

with regards to the separate collection of recyclate (Article 11 of the WFD and 

Regulation 13 of the Landfill (England and Wales) Regulations 2011) and will most 

likely be disregarded, creating a clear favourite in KSS. 
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Figure 4.9 – Sample of the tabulated 

results of the matrices created 

through pairwise comparison 
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Figure 4.10 – Calculation of the weightings for the Alternatives in the DST 

4.6  Initial testing and Feedback – The Second Iteration  

4.6.1. General Assumption 

Once the tool was in a position to be checked, consultation with the Case Study 

Authority was carried out. This led to further assumptions than those initially outlined 

in section 4.2.2 that needed to be made. By focussing solely on recycling, it was found 

that under ‘Legislative Compliance’, the Operations layer could be streamlined. The 

‘Waste Hierarchy’ module, representing Regulation 12 of the Waste (England and 

Wales) Regulations (2011), suggests that waste should be managed through 

prevention and minimisation first, secondly through reuse and preparation for reuse 

before thirdly, using recycling. The purpose of this decision support tool is for a LA 

to understand what might be their best method of MSW recyclate, food and residual 

collection. For this reason waste minimisation and (preparation for) reuse were not 

part of the decision making process, thereby negating the need for ‘The Waste 

Hierarchy’ module. 

This automatically excludes the need to include consideration for reuse and 

minimisation. In reality, waste minimisation could affect the choice of alternative for 

MSW collection. Minimisation, in particular, can affect the decision of MSW 

collection. By reducing the frequency of residual waste collection it was believed that 

it will encourage minimisation through extended use of recyclate and food collections 

(Date 2014b; Moore 2014). However, it was assumed to have a negligible effect at 

this point. 
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The ‘Segregation of Waste’ module was also assumed as a necessity and did not enter 

into the decision making process. This is supported with all of the LAs in Wales 

providing at least a basic level of segregation of waste in all collection methods, shown 

in Table 1.2. Therefore it did not enter in to the decision making process for LAs. 

Furthermore, in Wales since 2001 when the SWMG was first introduced, the decision 

for the LA is directed so that waste must be collected separately. Without the aid of 

the grant, the implementation of new MSW collection methods would be very costly 

and difficult. This is especially true since the economic downturn in 2008, where 

budgets for LAs have been continually cut (Callan et al. 2011). The ‘Segregation of 

Waste’ module, representing Regulation 13 of the Waste (England and Wales) 

Regulations (2011) in the pairwise comparison process, could therefore be removed. 

4.6.2. Assumptions in relation to the LA 

The following two assumptions have the effect of changing the decision tree to 

streamline the decision and make it more applicable to the case study LA. 

Having access to a dirty MRF can have a large impact on the decision, due to decreased 

levels of residual waste going to landfill and boosting recycling rates. A dirty MRF is 

one that draws out recyclate from residual waste as well as sorting a mixed recyclate 

stream. It is therefore necessary to assume whether the LA has the benefit of a dirty 

MRF or not, as it changes the meaning of the criteria. 

If the authority has access to or a contract with a privately owned ‘dirty’ MRF, when 

a bag of residual waste is collected, it can be processed. Owing to this fact, when 

looking at the Options of collection, a change was needed. Instead of regarding a 

single bag collection as that of solely residuals, the thought process was altered to view 

it as all potentially recyclable materials in one receptacle. Hence the change from 

‘Residuals Only’ and ‘Food/Green & Residuals’ to ‘Materials Only’ and ‘Food/Green 

& Materials’ respectively, as represented in Figure 4.11.  

It was assumed that the LA would be using an external contractor to carry out the 

waste collection and subsequent disposal. The impact of this assumption is that many 

of the costs can be amalgamated and covered by one value. This simplifies the decision 

making process itself and avoids confusion in the entry of data. 
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The LA expressed the need to consider what costs would be borne through using a 

third party. A third party in this instance could be a Waste Collection Authority (WCA) 

collecting the MSW on behalf of the LA, a Waste Disposal Authority (WDA) who 

processes the recyclate ready to be sold for an income or both. Whichever service that 

an external contractor is used for, there will be a cost incurred by the LA. Hence, the 

inclusion of a ‘Contract Costs’ module as part of the ‘Running Costs’ module to 

account for this financial outlay during the decision making process. Again, these 

changes are all represented in Figure 4.11. 

4.6.3. Effect of New Assumptions 

These assumptions divert the focus towards recycling. Although recycling is the main 

aim of the research, the LAs have a wider remit therefore setting the assumptions, help 

direct focus on recycling. The testing revealed that this was the area with the most 

contention and the decision making process focusses mostly on recyclate collection 

and disposal. The assumptions streamline this idea and provide more direction to the 

stakeholders and the DST. They also show how external factors must change the 

course of a decision, for example, where access to a ‘dirty’ MRF is assumed. Without 

documenting this assumption, there is no reason to consider all LACW at kerbside as 

potential recyclate. By doing so, it allows the analysis to bring together all the criteria 

in the top layer effectively in the AHP process, rather than bypassing the analysis. 

The same is true of accounting for third parties being involved in collection and 

disposal of the LACW. It allows the amalgamation of concerns over the disposal of 

recyclate that could divert focus from important criteria, which must be analysed in 

the collection LACW as a whole. The initial assumptions all hold true up to this point 

and the limitations are still relevant. 

4.6.4  Extra Considerations 

The question of what is done with recyclate after it is collected and sorted was raised. 

This created a module to cover the end market for post processing. How do the solution 

alternatives affect the product that will be sold on? It was also necessary to be 

compared with the costs of getting the materials to market; leading to the creation of 

‘End Market’ module and its relevant sub-criteria in Figure 4.11. 
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It was also discussed with the LAs that the participation of the public must be included. 

How the householders interact with the collection scheme will affect the decision 

making process for the LA. This could be viewed as a driver, a barrier or part of the 

cost perspective. The public’s perception of a scheme will influence their level of 

involvement. Thus, if they are satisfied with the scheme supplied then they are more 

likely to participate, aiding in increasing the diversion levels. Alternatively, if they are 

unsatisfied with the scheme, participation can decrease and affect the rates for that 

particular authority. 

At this point in time, November 2013, this could affect the cost to a LA. The more 

recyclate that is collected by the LA, the more cost effective the scheme is. Conversely, 

should the participation rate drop, then this will cost the LA as they will be sending 

vehicles round on routes that are collecting recyclate at levels lower than predicted. 

With this in mind, the routes are planned to be optimised, meaning that the vehicles 

are working most economically by being as full as possible, when finishing a certain 

route. This is done through predicting the weight of recyclate and residual waste that 

will be collected on a certain route. These routes through a county that collect from all 

of the target houses, are fine tuned to travel the least distance possible. If participation 

is low, the vehicles will collect less recyclate than expected, creating routes that could 

have been otherwise avoided and increasing the cost in running the service.  

4.6.5   Clarity 

Following on from the second version of the hierarchy, the model was reviewed once 

more to improve clarity, especially in relation to how the modules are perceived. 

Therefore, the first change was to the ‘Variety’ module which provided an analysis for 

the number of different streams that could be gathered by the various methods of waste 

collection. The naming of this module caused confusion as to what exactly was 

inferred. It was changed to ‘Number of Streams Collected’. For further clarity, in the 

top corner of Figure 4.12, an explanation for what the word ‘materials’ means in the 

Options modules, was added. 

The ‘End Costs’ module has been changed, joined by the removal of its reliant 

pairwise comparison in the Operations layer. The original reason for the ‘Rejects’ 

module was to represent the cost incurred of rejects from a MRF, if materials cannot 
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be processed and must subsequently be sent to landfill. The ‘Gate Fee’ module 

represented the cost of sending residual waste to landfill. After further meetings, it 

was revealed that to attain the targets set by Welsh Government, as well as adhering 

to the Waste Hierarchy, then residual waste would have to be passed through a ‘dirty’ 

MRF (Oakes 2014a; Anon 2014). The potential recyclate needs to be picked out of the 

mixed solid waste to reduce the amount of waste sent to landfill. The rejects from this 

process will be sent to landfill and the cost transferred into a gate fee. Consequently, 

any waste that is sent directly to landfill or after processing will all have a gate fee 

attached. For this reason, they were amalgamated, leading to Figure 4.12. 
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Figure 4.11 – Changes to the initial decision tree, highlighted by purple boxes 
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Figure 4.12 – Improvements for clarification of the Hierarchy (Third Iteration) 
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4.7     Testing 

The DST was now at a stage where it could be tested. This was undertaken using 

qualitative data. The reason for this was that there is a large amount of data required 

with regards to a waste collection scheme, which was not yet collected by any of the 

LAs approached. The main aim of this test was to check whether the program 

accurately reflected the decision making process of the LA. The tool was taken to three 

LAs and a MRF operator to ascertain how well the tool reflected their decision making. 

One of the most surprising outcomes revealed that the ‘End Market’ module was 

viewed as being of negligible importance at this time. It was revealed that although it 

is considered, this is only the case in a casual way. It does not enter the formal decision 

making process when selecting a collection scheme. This is generally because the 

importance for the LA is to solely separate that which is required of them or they pass 

the responsibility on to a third party. This was not the case however for a MRF 

operator. As would be expected, for the enterprise to work, they must turn a profit. For 

this reason, MRF operators must be sensitive to market fluctuations and large scale 

changes (such as a new material having high demand). Due to the aim of the study 

being directed at LAs, the ‘End Market’ module and its corresponding modules could 

be removed.  

The ‘End Costs’ module was reconsidered, in terms of its inclusion in the tool. The 

amount of recyclate and residual waste collected for each collection method is 

estimated by the LA. With a KSS approach, there are no rejects collected (in theory), 

and waste which ends up in landfill constitutes the gate fees. For a CC, a certain 

percentage is assumed to become rejects through a contractual agreement and 

converted into a cost. The cost would then be borne by the LA and can hence be 

projected and be considered as a net running cost instead. This brings the ‘End Costs 

– Reject/Gate Fee’ module under the ‘Running Cost’ module for pairwise comparison 

with other financial concerns, as ‘Rejects’ module in Figure 4.13. 
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Figure 4.13 – Changes to the Hierarchy and DST, taking into account 

Environmental Consultants recommendations and after testing (Fourth 

Iteration)  



The Iterative Methodological Decision Making Process 

 

119 | P a g e  

 

4.8  Changes after testing and Recommendations of Environmental 

Consultants  

Following on from testing, a few more changes were made to the hierarchy 

following notes made by the author during conversation with LAs. Meetings were 

also set up with two consultant companies that provide aid to LAs through analysis 

and research. The primary aim of these meetings was to provide an impartial view on 

the decision making process. As a result of all previous meetings and having to carry 

out an in depth explanation for the module titles, the secondary aim was to be able to 

show the hierarchy to anybody and they should be able to understand the meanings 

implied by their titles. Where this was not the case, an explanation would have to be 

provided as part of the DST. The changes put forward by the consultants are 

represented in Figure 4.14. Whilst these recommendations were very useful, they 

were not all implemented in the DST. Where they were used, the changes to the 

hierarchy in relation to the DST are shown in Figure 4.13. 

4.8.1  Environmental Consultant Recommendations 

When the environmental consultants were presented with the hierarchy, it was obvious 

to them that there was much collaboration with LAs. It is understandable that any LA 

approached, will focus mainly on the cost aspect of waste management, thanks to the 

strict budget that they must adhere to. These consultations with LAs, whilst necessary, 

also skewed the development of the decision support tool and methodology. There 

was a large emphasis on the various cost factors thus far. This is represented by four 

out of seven modules in the Drivers & Barriers layer evidenced in Figure 4.2, 4.16 

and 4.17. Interestingly, up until this point, consultations with MRF operators, a landfill 

operator and the Environment Agency Wales (now Natural Resources Wales) did not 

highlight this skew in emphasis. When presented with the various versions of the 

hierarchy, they were mostly in agreement that these were indeed the main areas that 

they take into consideration for a MSW collection scheme. 

It was thought that the bias in favour of cost could be reduced by merging these into 

one module, ‘Net Running Cost’ in the Drivers & Barriers layer as per Figure 4.14. 

The running length of a collection scheme that a LA will operate is over a certain time 

period, generally four or five years before re-evaluation. This allows one off costs to 
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be spread evenly over this time period. All initial costs can therefore be evaluated as 

a net running cost and be compared to other one-off costs as well as regular 

expenditures that have to be made throughout the life-span of a scheme, such as the 

work force expense.  

Also, the end of the recycling process could be merged too. Whereas there were end 

market considerations and end costs of processing, their results are interlinked. This 

led to the suggestion of a module called ‘End Market & Costs’ in Figure 4.14. It would 

consider the ‘Gate fees’, ‘Marketable Product’ creation and ‘Transportation Costs’ 

modules in pairwise comparison, under this new module. 

Taking note of the suggestions, the first change was for the ‘Running Cost’ module. 

Renamed as the ‘Net Running Costs’ module in the Drivers & Barriers layer, its 

meaning was reformed slightly by Figure 4.13. The ‘Contract Costs’ module was 

altered to include the consideration of tenders and their financial impact; thus creating 

a new title for this particular module of ‘Contract/Tender Costs’. This includes the 

procurement of equipment needed such as the three B’s: bins, bags and boxes. 

The consideration of the initial outlay of vehicles was also merged with the running 

cost of a fleet. The price and depreciation, if purchased rather than hired, would be 

factored across the lifespan of the scheme, allowing this merger. These modifications 

are seen in losing the ‘Implementation Cost’ and associated modules in Figure 4.12 

and a redefinition of what is represented by the ‘Fleet’ module in the Operations layer 

in Figure 4.13. 

The consultants believed that the Waste Hierarchy should also be included in the 

process. Although this is indicated in Figure 4.14, as stated earlier, it was decided that 

this would not feature in the program due to the focus on the recycling aspect. 

However, the ‘Legislative Compliance’ module did gain another point of comparison 

in the evaluation of whether a scheme is technically, environmentally and 

economically practicable (TEEP). 
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Figure 4.14 – The Hierarchy according to external Environmental Consultants 

The ‘TEEP Regulations’ module was introduced at the ‘Operations’ level to allow for 

the consideration of Regulation 13 of the Waste Regulations. This states that any entity 

collecting paper, metal, plastic or glass must do so separately, and undertake recovery 

operations in accordance with Articles 4 and 13 of the WFD (2008) (in line with the 
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Waste Hierarchy and protecting human health and the environment) and complying 

with the TEEP ethos. 

Article 11.2(a) of the WFD (2008/98/EC 2008) states: 

‘by 2020, the preparing for re-use and the recycling of waste materials 

such as at least paper, metal, plastic and glass from households…shall 

be increased to a minimum of overall 50% by  weight…’ 

This was transposed by the Waste Regulations where Regulation 13(1) states the same 

as above, ensuring the separate collection of the four main streams, but by 1st January 

2015, so long as it is TEEP (The Waste (England and Wales) Regulations 2011). 

Regulation 13(2) provides more clarity on how this can be achieved: 

‘For the avoidance of doubt, co-mingled collection (being the 

collection together with each other but separately from other waste of 

waste streams intended for recycling with a view to subsequent 

separation by type and nature) is a form of separate collection’ 

This Regulation explicitly allows any of the aforementioned methods of collections. 

However, the transposition and amendment of the Waste Regulations, in particular 

Regulation 13, was hotly contested and underwent a Judicial Review in 2013 (R(UK 

Recyclate Ltd & Others) v SSEFRA & Welsh Ministers, 2013). The issue was the 

wording and what was implied by practicable to separately collect the four main waste 

streams, where the claimants believed that a CC does not adhere to this. The judgement 

was that the transposition was clear and adhered to the WFD and allowed such a 

collection. Therefore, whether a collection is TEEP must be included in the decision 

making process and is much more important than previously thought.  

Regulation 13 was subsequently amended in 2012 (The Waste (England and Wales) 

(Amendment) Regulations 2012) to change paragraph 2. They now read as: 

‘(2) Subject to paragraph (4), an establishment or undertaking which 

collects waste paper, metal, plastic or glass must do so by way of 

separate collection.  
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(3) Subject to paragraph (4), every waste collection authority must, 

when making arrangements for the collection of waste paper, metal, 

plastic or glass, ensure that those arrangements are by way of separate 

collection’ 

There is no longer any specific reference to what the meaning of separate collection 

exactly is in this paragraph of legislation. Welsh Government have deemed that the 

‘default’ meaning for this, is a kerbside sort (KSS) collection. If a LA wishes to deviate 

from this, then they have to prove that a KSS collection is not TEEP and that a CC is. 

Therefore, Figure 4.13 reflects the absolute necessity to consider Regulation 13 of the 

Waste (England and Wales) Regulations 2011, with the inclusion of the ‘TEEP 

Regulations’ module. 

At this point it must also be noted, there was ongoing discussions of stakeholders in 

waste management, about the environmental benefits for diverting waste from landfill 

whilst limiting cost (Quayle 2014). The consideration of environmental factors 

however, has not yet figured in the hierarchy at all. This reveals much about the actual 

priorities of stakeholders when it comes to making the decision and where these are 

actually placed. Environmental impact is dealt with in legislation as a whole. The 

initial drivers for much of the European legislation including the WFD, and 

subsequently the Waste Regulations in the UK, are for the betterment of the 

environment. The assumption by LAs, and others in the industry, is that legislation 

forces beneficial environmental effects through waste management (Oakes 2014b). 

Could it be that the drive of higher targets in recycling, reducing the amount of waste 

to landfill and doing so in the cheapest possible way whilst maintaining high quality 

recyclate, removes the onus of environmental impact from LAs? At this point, yes. 

However, environmental impact is always in the peripheral vision of the LAs  

Figure 4.14 shows the changes that would have been made by the external, impartial 

company. Whilst not included in the progression of the hierarchy with respect to the 

DST, it is clear by Figure 4.13, that elements as described above were incorporated. 
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4.8.2  Further assumptions 

These changes reflect further assumptions that are made whilst testing the tool. Firstly, 

the heavy emphasis on the cost elements of a MSW collection scheme is assumed. 

Hence, the bringing together of all the cost criteria under one ‘parent’ module to limit 

the extreme effect of having many cost criteria may have. 

Secondly, it is assumed that quality of recyclate is no longer of concern to the LA. The 

diversion away from considering quality in the process shows that the onus is no 

longer, at this time, on the LA. As stated in Section 4.6.2, the use of a 3rd party to carry 

out collection and disposal is the most likely reason for this shift in focus. So long as 

the third party accept the recyclate and can process it, there is no cause for concern to 

the LA. Also the environmental impact of a scheme is still assumed to have no direct 

influence on the decision made. 

4.9  Fifth Iteration 

4.9.1  Alterations to the Decision Tree 

The fifth incarnation of the hierarchy is show in  
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Figure 4.15, where the user could decide what to include in their comparison. The 

overriding issue was that from month to month, various criteria are relevant to the 

decision making process for LAs. A good example of this is the quality of recyclate 

collected as a criterion for comparison. When the methodology was selected, it was 

thought to be important and necessary for inclusion. Upon revision in November 2013 

after, quality of recyclate did not enter into the decision making process for a waste 

management collection scheme. Finally, by July 2014, it was a necessity to re-

introduce it after continued governmental pressure. This mirrors the natural 

indecisiveness present in human decision making (Saaty 2000) and the inherent 

uncertainty in the future directions of waste management. This does not directly affect 

the nature of the hierarchy, but does affect how the program works. 

Firstly, the changes that were made since the fourth iteration are considered. With the 

inclusion of the ‘TEEP Regulations’ module featured as part of ‘Legislative 

Compliance’, the quality of the recyclate collected must be considered. If it were to be 

excluded from the decision making process, Regulation 13 of the Waste Regulations 

could not be adhered to. It could be argued that the quality of the recyclate could 

therefore be a legislative compliance consideration. The Sampling and Testing for 

Material Facilities (WRAP 2014) guidance states that by sampling input and output 

materials can improve quality of recyclate. However, there is no direct legislation 

giving a quantifiable measurement for quality. The author decided that the ‘Quality of 
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Recyclate’ module be based on qualitative inputs and included in the Drivers & 

Barriers layer of the hierarchy.  

After further consideration, supported by the literature studied (WAG 2009; De Feo 

and De Gisi 2010), public perception can play a large role in the decision making 

process for a LA, and may affect more than solely the cost standpoint. It is, in its 

essence, a driver for the LA if householders are accepting of the scheme or a barrier if 

not. 

This highlights the difficulty of selecting criteria and at what level they must be at. 

One justification for the movement of this module is that the public’s perception of 

any of the solution alternatives, could affect legislative compliance (as targets may not 

be achieved), quantity and/or quality of recyclate (through misuse of the scheme) as 

well as the net running costs. Due to its far reaching implications, it was more practical 

that the ‘Public Perception’ module be moved up to the Driver & Barriers layer. 

As mentioned previously, a considerable amount of emphasis was placed upon the 

environmental impact of any collection scheme and yet, it has not figured in the 

decision making process thus far. It also forms part of the debate over which of the 

alternatives performs best, and complies with legislation outlined, thereby impacting 

upon their suitability. With this in mind, the ‘Environmental Benefit’ module was 

created under ‘Legislative Compliance’. This will be based on user judgements for the 

purpose of this study. In future, it could be used to incorporate LCA, should the LA 

and developer deem it necessary. 

Towards the end of the process, changes were made to the Options layer. The 

modules in this layer no longer represented viable collection methods and did not aid 

in the decision making process. All LAs in Wales have moved towards an opt-in, 

paid collection of green waste, this is no longer a cause for concern in terms of 

general collection. It is agreed that to encourage further use of food and recyclate 

collection systems, they will be set as weekly collections.  

Figure 4.15 shows the change of the Options layer and its comparison of the collection 

of residual waste on a weekly, fortnightly and three weekly bases. The fourth criterion 

studies the effect of not collecting glass as part of the kerbside collection. Instead, 
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glass bring banks would be placed around the area and householders would take their 

glass to these. The WCA could then collect glass from these banks.  

This re-introduces the use of collection frequency into the process. This invariably has 

a cost impact on the collection method. The less often you collect something such as 

residual waste, the cheaper it becomes. Assuming that the cost element is a major part 

of the decision process, this will invariably have an impact on the final outcome. 

Also, the alternatives highlighted in Figure 4.15 have changed from previous 

iterations. Consultation with the case study LA led to these being the best 

alternatives. The alternatives must be specific to the entity undertaking the study, 

otherwise the analysis is pointless and these alternatives were viable options in their 

MSW collection. By including the ‘Business as Usual’ alternative, the LA can 

compare what they are doing now, with future possibilities. 

4.9.2  Food collection 

As outlined in Section 4.3 food collection is used as a bottom up consistency check, 

so as to not ignore the impact of food collection. This is done using a less complicated, 

with less criteria and alternatives, form of AHP as shown in Figure 4.16. If the 

outcome of this AHP comparison shows that the pod on a stillage vehicle is the most 

preferred method of food collection, then one would expect to see KSS collection as 

the most preferred recyclate method of collection. Alternatively, if the dedicated 

vehicles and split body alternative proves strongest, then any form of commingled 

collection will be expected to be the strongest in recyclate collection. This effectively 

reflects the opinion of the LA, as quantitative data does not feature. 
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Figure 4.15 – Final Iteration of the Hierarchy 

 

Figure 4.16 – Food Collection AHP as a 'bottom up' approach for testing the 

result 

If the two results do not align then the decision maker(s) can reconsider previous 

decisions and review their results. This is in line with the explanation of the decision 

making route map, where any new information causes the decision maker(s) to revisit 

certain steps of the process. In this case, it could either be to re-evaluate the weightings 

or the inclusion/exclusion of any criteria, shown in the new process flow chart in 

Figure 4.17. The iterative steps if the two decisions, regarding food collection and 

recyclate collection, do not match up, are shown by red arrows indicating the previous 

steps that must be revisited. 
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Figure 4.17 – Updated flow sheet including a consistency check with food 

collection 
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4.9.3  Final Assumptions 

Following these final changes, the following assumptions were made: 

 Food collection and recyclate should match – The alternative that performs 

best in terms of recyclate collection, will dictate to a certain degree the method 

of food collection. In reality, the two affect each other through cost and 

logistical considerations. However, it is easier in decision making to separate 

these two and carry out separate pairwise comparisons, for food and for 

recyclate. Therefore, one can be used to check the result of the other. If the 

results of these analyses match, then it can be most probable that the decision 

maker(s) have been consistent in their evaluation. 

 Frequency is important and can be included – This addresses a limitation at the 

beginning of the process. Although frequency of collection is not included in 

full (i.e. that frequency of collection for recyclate, residual and food are all 

considered), it has been included. The decision to change the Options layer 

was to make sure the DST was relevant. Whilst under review, the combination 

of what could be collected was more important; however by the final iteration, 

it was generally agreed that recyclate and food must be collected on a weekly 

basis to achieve targets set. Therefore, it was more pertinent to investigate how 

the change in residual collection would affect the results. 

 Quality is important – Throughout the study, quality of recyclate collected was 

a contentious issue. It was flagged as a necessary consideration in the 

beginning. As meetings progressed, it became apparent that quality did not 

present as an issue for consideration. Inevitably, as time progressed, quality of 

recyclate could not be ignored through legislative pressure by Welsh 

Government with respect to The Waste (England and Wales) Regulations 

(2011). The quality of the recyclate gathered ended up being included for 

consideration, but the results may show that it does not have a large impact. 

 Environmental impact is considered – Similarly to the quality of the recyclate 

collected, the environmental impact is also included by the final iteration of 

the decision tree. The LAs deemed that it is a cause for concern but again, the 

results will show whether this has a small or large impact in their choice for 

MSW collection. 



The Iterative Methodological Decision Making Process 

 

132 | P a g e  

 

4.10  Creating versatility in the Program  

Minor adjustments were made to the program to reflect the development of the 

hierarchy. It was not until the final modification of the hierarchy where major changes 

were made in terms of the calculation of the weightings, consistency checks and the 

input of quantitative and qualitative data. Extra changes were also made to give 

versatility to the user, allowing for the exclusion of criteria. An example of the final 

version is shown in Figure 4.18. There is a primary matrix, secondary matrix, 

calculation of the weightings from pairwise comparisons and subsequent consistency 

checks. 

The comparisons are entered into the primary decision matrix through the pop-up 

forms and the program calculates everything else. The bottom matrix, termed the 

secondary matrix, allows the user to switch criteria (or solution alternatives) on and 

off, dependent upon if they are included in the pairwise comparison. At the same time, 

it is used for the calculation of n, the number of criteria. 

4.10.1  Input methods 

The input forms were also updated to reflect the changes in the general program. 

Examples of these are shown in Figure 4.19. The first is for the entering of data for 

the number of vehicles that would be used for any given collection method. The second 

is an example for the input of the pairwise comparisons. To avoid confusion, only the 

top half of the matrix is presented to the user. This allows them to enter the values they 

assign, as a comparison of those along the left of the matrix to those along the top, 

which will automatically transfer to the primary matrix and the corresponding 

reciprocal values. 
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Figure 4.18 – An example of the primary and secondary matrices, calculation of 

weightings and consistency checks 
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Figure 4.19 – Examples of the input forms for the final version of the DST 
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4.10.2  How values are entered into the Secondary matrix 

The secondary matrix is a copy of the primary matrix with a slight difference. The 

secondary matrix values state whether the corresponding cell in the primary matrix, 

contains a 1 or any other value. In Figure 4.20, D15 corresponds to D33 (the 

comparison of ( a , b )), E15 to E33 etc. If there is a 1 in the primary matrix, the value 

of 0 is assigned to the corresponding cell in the secondary matrix. If the value is 

anything but 1 in the primary matrix, the secondary matrix will assign the value of 1 

to the corresponding cell. For example in Figure 4.20 the value of 4 in H17 has a 

corresponding cell H35 containing a 1. Note how the value in E20, the reverse 

decision, has also changed, thereby changing the corresponding value in the secondary 

matrix, in E38, to a 1. 

The exception to this is the diagonal of the secondary matrix. These must always 

remain as a 1 for logic reasons, explained later in this chapter. 

 

Figure 4.20 – Proof of Secondary Matrix mechanism 
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4.10.3  The Sum Column 

The column I33:I39 is the ‘sum column’ of how many 1’s are in each row of the 

secondary matrix. It signifies the number of values that have been allocated anything 

other than an equal weighting in the primary matrix, plus the 1 in the diagonal.  

4.10.4  Calculating n using the Switch Column 

To calculate n, one cannot use the value in the sum column. If any pairwise comparison 

is valued as equal (i.e. allocated a 1), Figure 4.21 shows the problem caused. Some of 

the values show the correct value for n as 6, however cells I34 and I38 show an 

incorrect value of 5 due to one equal comparison. Therefore, column J33:J39 is 

required and is called the ‘switch’ column. Using an IF function: 

Switch column  𝑰𝑭(𝑪𝒆𝒍𝒍𝑹𝒆𝒇 > 𝟏, 𝟏, 𝟎)     (4.43) 

In cell J33  𝑰𝑭(𝑰𝟑𝟑 > 𝟏, 𝟏, 𝟎)      (4.44) 

It asks if the immediately previous cell has a value of 1 or not. Where the sum of the 

row is more than 1, assign a 1 in the switch column i.e. turn the criteria on. Where it 

is equal to 1, i.e. the only value in the row in the secondary matrix is the pairwise 

comparison that has been set ((a, a) , (b, b) etc.), assign a zero in the switch column. 

This negates any rows that are not wanted in the primary matrix. 

For the calculation of n, a simple COUNTIF is required to ascertain whether there is 

a value of more than zero in the cells in column J33:J38. Any cell containing a 1, 

signifies that the criterion has been ‘switched on’. Therefore the COUNTIF statement 

is as follows: 

Calculation of n  𝑪𝑶𝑼𝑵𝑻𝑰𝑭(𝑱𝟑𝟑: 𝑱𝟑𝟖, " > 𝟎")    (4.45) 

This means that for every cell that has a value greater than 0 in the range given, count 

and sum, giving n. 
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Figure 4.21 – Discrepancy between value for n and sum of rows 

It has the added benefit of being able to identify switched off criteria. The difficulty is 

understanding whether a 1 implies an actual pairwise comparison or an unwanted 

criterion. If, as per Figure 4.22, there is a row/column of 1s in the primary matrix, it is 

assumed that this is not to form part of the process and will assign 0s in the secondary 

matrix. The corresponding cell in the sum column (I38 in Figure 4.22) will have a 

value of 1, meaning the user has decided to not include that particular criterion in the 

analysis. The 1 in the sum column represents the 1 in the diagonal of the matrix. It can 

therefore be ignored and ‘switches’ this row off by showing a 0 in the switch column. 

In Figure 4.22 criteria f is switched off as shown by 1s in its column, H15:H20, and 

row, B20:H20.  
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Figure 4.22 – Turning off one criterion with a row of 1s  

4.10.5  How the matrices differentiate between switching off and a single 

comparison 

There is the possibility that a criterion may enter the pairwise comparison, but have 

mostly equal weightings assigned. An example is shown in Figure 4.23. If criteria f 

was assessed to be equal with b, c, d and e then n still remains as 6 as there has been 

a comparison with a. Although in practice this would be considered as poor decision 

making, here it is for illustrative purposes. It can be seen that although criterion f is 

included in the pairwise comparison, many of the comparisons are assumed as equal. 

The sum column for f shows a 2, thereby keeping f switched on. 
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Figure 4.23 – How the secondary matrix does not turn off the f criterion 

4.10.6  Consistency Checking and the Secondary Matrix 

Figure 4.24 shows a matrix with no weightings undertaken in the primary matrix, i.e. 

populated with 1s, to prove it turns the criteria off. This leads to there being a zero 

vector for the Geometric mean (column J15:J20) because the formula is: 

Calculation of geomean  

 𝑰𝑭(𝑪𝒆𝒍𝒍𝑹𝒆𝒇 = 𝟎, 𝟎, (𝑪# ∗ 𝑫# ∗ 𝑬# ∗ 𝑭# ∗ 𝑮# ∗ 𝑯#)^(𝟏/𝑱𝟑𝟗))  

          (4.46) 

𝑰𝑭(𝑱𝟑𝟑 = 𝟎, 𝟎, (𝑪𝟏𝟓 ∗ 𝑫𝟏𝟓 ∗ 𝑬𝟏𝟓 ∗ 𝑭𝟏𝟓 ∗ 𝑮𝟏𝟓 ∗ 𝑯𝟏𝟓)^(𝟏/𝑱𝟑𝟗)) 

          (4.47) 
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Meaning if J33 is a zero value (i.e. that no judgement has been passed on criterion a), 

the geomean will have a value of zero, to negate the overall criterion from being part 

of the process, likewise for each subsequent criterion. Otherwise, calculate the 

geometric mean from the pairwise decisions made, and use the value in J39 for n. 

For the calculation of the weighting in L15:L20, the following equation was used: 

Calculation of weighting  𝑰𝑭(𝑪𝒆𝒍𝒍𝑹𝒆𝒇 = 𝟎, 𝟎, 𝑪𝒆𝒍𝒍𝑹𝒆𝒇/𝑱𝟐𝟐)  (4.48) 

𝑰𝑭(𝑱𝟏𝟓 = 𝟎, 𝟎, 𝑱𝟏𝟓/𝑱𝟐𝟐)   (4.49) 

This refers back to the geomean. If the geomean is a zero, then the criterion has been 

switched off and the weighting must be a zero so that it does not impact on those 

involved in the comparison. Otherwise, carry out the division of the geomean for 

criterion a, in equation 4.21, by the total sum of all the geomeans. 

For the consistency checks, an IF function was used again, which referenced the 

weighting. Therefore, for criterion a: 

Multiplication of the matrix by the weightings  

𝑰𝑭(𝑳𝟏𝟓 = 𝟎, 𝟎, (𝑪𝟏𝟓 ∗ $𝑳$𝟏𝟓) + (𝑫𝟏𝟓 ∗ $𝑳$𝟏𝟔) + (𝑬𝟏𝟓 ∗ $𝑳$𝟏𝟕) + (𝑭𝟏𝟓 ∗

$𝑳$𝟏𝟖) + (𝑮𝟏𝟓 ∗ $𝑳$𝟏𝟗) + (𝑯𝟏𝟓 ∗ $𝑳$𝟐𝟎))   (4.50) 

If the weighting is 0, then 𝐴𝜔 will also equal 0. Otherwise, multiplication of the matrix 

by the weighting vector will occur. For the A vector, it is slightly different for cell O15 

the formula is: 

Calculation of A   𝑰𝑭(𝑳𝟏𝟓 > 𝟎,𝑵𝟏𝟓/𝑳𝟏𝟓, 𝟏)    (4.51) 

If the weighting is more than 0, then divide N15 by L15, otherwise enter a 1. For 𝜆𝑚𝑎𝑥, 

it is reliant on the value of n. If this value is at least 3, then 𝜆𝑚𝑎𝑥 will be calculated as 

taking the geometric mean of the values in O15:O20, otherwise a value of 0 will be 

entered. Shown by equation below: 

 𝝀𝒎𝒂𝒙  𝑰𝑭(𝑱𝟑𝟗 > 𝟐, (𝑶𝟏𝟓 ∗ 𝑶𝟏𝟔 ∗ 𝑶𝟏𝟕 ∗ 𝑶𝟏𝟖 ∗ 𝑶𝟏𝟗 ∗ 𝑶𝟐𝟎)^(𝟏/𝑱𝟑𝟗), 𝟎) 

          (4.52) 
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The Consistency Index check is then reliant upon 𝜆𝑚𝑎𝑥. If the value of 𝜆𝑚𝑎𝑥is 0, a 0 

is entered into cell O26, otherwise the ratio of change between n and  𝜆𝑚𝑎𝑥 is 

calculated as per the following equation:  

Consistency Index  𝑰𝑭(𝑶𝟐𝟒 = 𝟎, 𝟎, (𝑶𝟐𝟒 − 𝑱𝟑𝟗)/(𝑱𝟑𝟗 − 𝟏))  (4.53) 

In AHP, the Consistency Ratio (CR) is calculated by dividing the Consistency Index 

(CI) by the Random Index (RI) as outlined by Saaty (1980). The table for the RI is 

included on every tab in the program for ease of reference. The equation in O28 reads 

what the value for n is in cell J39. It then references the array (cells Q12 to R22), find 

the matching number in the Q column and the corresponding value in the R column. 

The equation used in cell O28 is: 

Consistency Ratio   𝑶𝟐𝟔/𝑽𝑳𝑶𝑶𝑲𝑼𝑷(𝑱𝟑𝟗,𝑸𝟏𝟐:𝑹𝟐𝟐, 𝟐)  (4.54) 

4.10.7  No use of 0s in the primary matrix and in the A vector 

It has been stated throughout this chapter that certain elements use 1 as a value where, 

for simplicity and understanding it may have been easier to use 0s. This section 

explains why this has not been the case. 

The first issue to address is why 1s are used in the primary matrix. Figure 4.25 shows 

a fully functioning matrix and its associated calculations, with example numbers 

entered in to the primary matrix. The second part of Figure 4.25 shows what happens 

if 0s are used to switch off any of the criteria, f in this instance, and the effect it has in 

comparison to a matrix with comparisons entered. Through the use of multiplication 

to evaluate the geomean and weighting, a 0 in any cell within the primary matrix will 

cause a value of 0 to be entered in to the associated geomean or weighting cell. If used 

across a whole column (and by association a whole row), this leads to all values in the 

geomean column becoming 0s. 

For further clarity, Figure 4.26 shows just one cell, H17, containing a 0, where this is 

the pairwise comparison ( c , f ). It has caused the weighting for both criteria 

involved to become 0 and therefore given negative values for CI and CR, which are 

not plausible.  
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Figure 4.24 – A matrix with no pairwise comparisons yet undertaken 
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Figure 4.25 – Fully functioning primary matrix compared with a primary matrix 

containing 0s 
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Figure 4.26 – A primary matrix containing a 0 for the comparison of ( c , f ), 

causing a wrong value for 𝝀𝒎𝒂𝒙 and negative values for CI and CR 

It is to combat these problems that the program has been developed to use a 

row/column of 1s to signify a switched off criteria. Equally, if a matrix was to be 

populated solely with 1s, it would create an equal weighting for all the criteria or 

alternatives, in relation to their parent criterion. As a result, this would not impact on 

the final result and adds support to their use in terms of logic. 

For the same reason, 1s are used in the representation of the vector A, when a criterion 

is switched off.  For the calculation of the estimation of 𝜆𝑚𝑎𝑥, the elements of this 

vector are multiplied and the nth route is taken. If any of the elements in the 

multiplication are presented as a 0, then the result is 0. If this was the case, the 

consistency checks would be incorrect. Therefore, a 1 is entered as an element of A, 

so that it does not affect the calculation of the estimation of the eigenvalue, 𝜆𝑚𝑎𝑥.   

4.11  Summary 

The decision on the final structure of the hierarchy and composition of the matrices 

was an iterative process, and also highly time dependant. The changing nature of the 

requirements on the LA through legislation amendments meant that at various points, 

new decisions on the areas of importance had to be made. These include budget 

changes, legislative amendments, social acceptance and numerous other external 

factors that changed the route taken by the case study LA through time. This translated 
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into problems when creating the decision support tool. The developer may think that 

it has been perfected for a particular study but in reality, further changes are almost 

certainly needed in the future. 

As priorities and external factors change over time, so the process must evolve to 

reflect them. This is shown by the constant re-evaluation of the assumptions and 

associated changes in the decision tree. The initial limitation that food waste could not 

be addressed was reviewed and a simple analysis has been able to be included. The 

frequency was assumed to be able to be modelled and eventually was included. 

Through testing, the focus of the case study LA was narrowed and clearly defined on 

recycling in the main, followed closely by residual and food waste. 

By reviewing the direction of the decision making route at regular intervals, these 

assumptions were revisited and revealed the shift in focus that occurred many times 

over. The assumptions made at each step reflect this course of actions. Without 

documenting the reasons for these changes in the decision tree, they would have no 

context. In this way, the case study LA can prove the reasoning behind why they make 

the decisions they do and show how it affects other areas. An example of this is the 

movement of the ‘Public Perception’ module. It originally started as a criterion under 

‘Running Costs’. After deliberation, it was deemed to have a more widespread impact 

than solely on the cost of a scheme, as outlined in section 4.9.1 , and moved up to the 

Drivers and Barriers layer. 

To try to account for this, the tool was made to be adjustable and the user can decide 

to opt in/out of using certain criteria. This provides flexibility to the user depending 

on the current circumstances when a new decision is to be made. This is particularly 

highlighted in the inclusion-exclusion-inclusion of the quality of recyclate collected, 

in the decision making process. For the support tool to be truly user friendly, and 

correctly model ‘real world’ situations, the options must be available for the user to 

include whichever criteria and solution alternatives that they desire. 

This follows the idea that decision making in this area is time dependant and the DST 

cannot be used once every four or five years. If run on a yearly basis for example, 

minor adjustments to a scheme (outside of contractual obligations) can be made, and 

subsequent reasoning can be justified. If a methodology is used to rationalise the 

implementation of an alternative, the use of the same methodology a year later brings 
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consistency to the decision making process. It can be argued that the same criteria and 

options must be used to allow for comparable results. Equally, criteria and alternatives 

can be changed to reflect legislative changes in the ‘real world’. 

The One Bag collection method, whilst not legislatively viable, was included in order 

to allow for rank preservation. However, if the user does not want to consider this as 

an alternative and cares not for rank preservation, it can be left out, as described in this 

chapter. 

The final version of the hierarchy that was created, accurately covers the areas for 

consideration for a LA when considering a MSW collection scheme, by November 

2014. It takes into account the time sensitive issues they face, whilst allowing 

flexibility to enable its use in a continuous evaluation procedure. Moreover, there is 

the capability to compare qualitative and quantitative data alongside each other, to 

allow the user’s expertise to form part of the decision making process. 
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5.  Results & Discussion 

5.1  Introduction 

Preliminary results were gathered in tandem with the development phase of the 

decision tool and methodology outlined in Chapter 4. This iterative process helped to 

form the various decision trees seen in the previous chapter. The knowledge gained 

through testing, allowed the decision making process to be mapped and understood, 

depending on the factors deemed important by the decision maker(s). This also 

reflected the external pressures that changed over time, such as Government direction 

(WAG 2009) and legislative changes. 

In Section 5.2  the characteristics of the decision making weightings are created. There 

are four types of characteristic that are based on how the weightings of the criteria are 

spread. These characteristics will later aid the explanation of the impact that criteria 

have on the decision making process. 

In Section 5.3 the classification of LAs, dependent on their features is undertaken. 

Subsequently, analysis of the gathered results from questionnaires, concerning their 

views on the drivers and barriers they face is completed. 

The LAs are separated into small, medium and large by population and whether they 

are predominantly rural, urban or compact urban authorities. The effects this has on 

their decision making process, provides evidence of the importance of each of the 

criteria for the LAs in Wales. How differing geosocial challenges impact upon the 

choices the authorities make, gives the first point of analysis.  

In Section 5.4 the interaction of criteria from the drivers and barriers in relation to each 

other is examined to create scenarios. In these scenarios, one or more of the criteria 

are deemed more important than the others. The classification and characteristics of 

authorities are applied to the criteria to show how they affect the choice of solution 

alternative. Furthermore, the weighting of certain criteria on their sub-criteria shows 

the impact of their global importance. Their interaction and how the methodology 

impacts on the choice of solution alternatives, is the second point of analysis of the 

decision making process. In analysing how the characteristics and likely scenarios 
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affect the different types of authority, an understanding of how the elements of 

importance affect the decision making process in waste collection is formed.  

The scenarios are then compared to the decision making process of the Case Study 

Authority in Section 5.5 By comparing the decision they make to that of the results of 

the scenarios, it can be seen whether this particular authority reacts similarly to others 

of the same size and type, or not. The ‘results’ of the recyclate collection scenarios 

can then be paralleled to the decision made by the Case Study authority, giving a 

profile of the main areas of concern. In addition, the basic comparison of the food 

collection alternatives and its criteria are checked against the Case Study Authority’s 

decision. The consequences of the results borne from this comparison, to that of the 

recyclate collection, will give an approximation to the accuracy of the decision made. 

The results from these two comparisons should be complementary to give a truly 

consistent choice with regards to waste collection. Finally in Section 5.6  the 

possibility of reclassification of the boundaries of the LAs of Wales is studied and the 

possible effects this may have on waste collection in Wales. 

5.1.1  Decision Making Weightings 

There are two areas of concern. Firstly, the actual decision making process itself and 

secondly, how the criteria interact with each other. Once these are understood 

separately, they can be interlinked to understand how the decision making process 

guides the interaction of drivers, barriers and any other criteria that face a LA, in a 

waste management context. 

Criteria selection is very important. The drivers and barriers facing any LA informs 

their decision making process. Usually, short term reactive measures are taken by 

these authorities. To implement a successful collection scheme, proactive long term 

planning is required. Setting the correct criteria can positively affect an authority in 

the long term, leading to consistent decisions being made over an extended period of 

time. It is then only the solution alternatives, the methods of collection, that need to 

change as circumstances dictate. 

As set out in Section 2.4.1, the description of the Analytic Hierarchy Process (AHP), 

the decision making weightings are the relative importance of each criterion in a set 

of pairwise comparisons, and their sum must equal 1.000. The set of pairwise 
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comparisons in the Drivers & Barriers layer, which are carried out on a subjective 

basis by the decision maker(s) lead the decision making process. Figure 5.1 shows the 

decision tree and highlighted are the criteria that form the drivers and barriers.  

 

Figure 5.1 - The Decision Tree with the Drivers and Barriers encircled in green 

The sub-criteria, in the Operations layer, under Legislative Compliance are pairwise 

compared subjectively, to show which is most important to the decision maker(s). The 

sub-criteria for Net Running Costs are pairwise compared using quantitative data, 

where numerical values are substituted by weightings. For clarification, depicted in  

Table 5.1 are the relative sub-criteria for each parent criterion. These 2 sets of 

weightings for the sub-criteria, are multiplied by the weighting obtained in the 

pairwise comparison of the Drivers & Barriers for Net Running Costs and Legislative 

Compliance. In Figure 5.2, the global weighting results are circled in red, for an 

example set of weightings. 

Next, the set of solution alternatives are pairwise compared to each other, with respect 

to the remaining four criteria in the ‘Drivers & Barriers’ layer, not including Net 

Running Cost and Legislative Compliance. The solution alternatives are also pairwise 

compared with respect to the nine sub-criteria of  

Table 5.1, providing a total of thirteen sets of weightings. These comparisons are 

multiplied by the weightings shown, circled in red, in the cells B12 to N13 in box in 

Figure 5.3. They give the global weighting of the solution alternatives, with respect to 

each parent criterion in achieving the goal, finding the best method of waste collection. 
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These thirteen sets of comparisons are the values that populate the main body of the 

table, highlighted by the red boxes. 

 

Table 5.1 - Parent Criteria and their sub-criteria 

Parent Criterion Sub-criteria 

Legislative Compliance Regulation 13 of the Waste Regulations 

– TEEP Regulations 

Toward Zero Waste (TZW) Targets  

Financial Penalties  

Environmental Benefit  

Net Running Costs Gate Fees 

Contract/Tender Costs 

Work Force 

Fleet 

Advertising, Promotion and 

Enforcement 

 

 

Figure 5.2 - Sub-criteria weightings highlighted in red 

 

When the rows are summed, this provides the overall weighting for each solution 

alternative. The alternative that has the highest value is the suggested best option to 

achieve the goal with this set of criteria, with these decisions. These values are circled 

in yellow, in Figure 5.3. If the residual collection is not previously decided, this is 

carried out a further three times if residual waste is collected, fortnightly, three weekly 
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or monthly, due to the financial implications of this specific variation. An average of 

the four sets of AHP analyses can be taken or, if the collection of residual waste has 

been decided and agreed, the process need only be carried out once. 
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Figure 5.3 - Global weightings that contribute to the weightings of the Solution 

Alternatives 
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5.1.2  What do the Criteria Represent 

Whilst the criteria are generally self-explanatory, clarification on their exact meaning 

in the context of the study must be made. When making pairwise comparisons, their 

meaning must be understood depending whether the criterion is part of the comparison 

or if it is a parent criterion. Where the criteria of the Drivers & Barriers layer are being 

pairwise compared, the question is how important is criterion a to the decision 

maker(s) over criterion b, in the collection of recyclate. If the solution alternatives or 

sub-criteria are being compared, the question is how well does option a achieve the 

criterion from the Drivers & Barriers layer, over option b. The definitions below are 

the meanings of the criteria when pairwise compared to each other: 

 Legislative Compliance is the judgement that all legislation must be appeased. 

 Number of Waste Streams is how many types of recyclate are collected. 

 Quantity of Recyclate is the absolute mass of recyclate collected. 

 Net Running Cost is the overall cost of delivering a collection scheme, when 

all costs (unless otherwise stated) are taken in to consideration. 

 Public Perception is the acceptance (or likelihood of acceptance) of the general 

public, of the collection scheme. 

 Quality of Recyclate is the quality of recyclate collected. 

When considered as parent criteria, the sub-criteria/solution alternatives are given a 

higher pairwise comparison in the following way: 

 Legislative Compliance – which of the sub-criteria/solution alternatives meet 

the legislative targets. 

 Number of Waste Streams – which of the solution alternatives collect the 

widest range of recyclate streams. 

 Quantity of Recyclate – which of the solution alternatives collect the highest 

mass of recyclate in a given time frame. 

 Net Running Cost – which of the sub-criteria have the highest cost. 

o The lower the solution alternative costs, when pairwise compared with 

regards to the sub-criteria, the higher the weighting attained. 

 Public Perception – which of the solution alternatives is most likely to be 

accepted by householders. 
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 Quality of Recyclate – which of the solution alternatives achieves the highest 

quality recyclate. 

5.1.3  What do the comparisons mean? 

Dependent on the number of criteria in the set that are being compared, the value 

assigned has different meanings. If there are four criteria, any criterion weighting over 

the value of 0.400, will have a large influence. This means, for the decision maker(s), 

this criterion is of high importance. It should be satisfied by giving more attention than 

the other criteria, as it is believed to be the main driver in achieving the goal or 

appeasing the parent criterion. For example, if Legislative Compliance has a weighting 

of over 0.400 in relation to the goal, then achieving legislative mandates is expected 

before all else. Addressing all legislation, regardless of cost, social acceptance and any 

other factors, must be completed first. Only then can the decision maker(s) address the 

next highest weighted criterion. In achieving the second ‘favourite’ criterion, the first 

must not be adversely affected, in this example Legislative Compliance.  

If the second, third or more criteria are evaluated to be closely weighted, they may be 

considered in tandem with each other. Using the above example, if Net Running Cost 

and Quantity are a close second and third; by keeping running costs as low as possible, 

a drive for an increase in the quantity of recyclate collected may compliment this, 

whilst not adversely affecting legislative targets/regulations. 

The same is true if there are five criteria, with any weighting of 0.300 or more having 

the largest influence. If there are six criteria, a weighting over 0.250 will have the 

largest influence. As the number of criteria increase, the necessary value of their 

weighting decreases, for an increase in the influence it has over the route taken and 

the selection of a solution alternative. 

The decision making weightings have an effect on the representation of data in 

different ways, depending on whether they are calculated based upon quantitative or 

qualitative data. 

5.1.3.1 Quantitative 

If they are quantitative data based criteria, such as Quantity of Recyclate collected and 

the sub-criteria of Net Running Costs, the weightings are based upon absolute 
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numerical values. Therefore there are limits set, representing whether one criterion is 

deemed to be unequivocally superior, slightly better or the same as another. If the 

numeric values of two criteria are the same, or within a specified tolerable amount, 

then their pairwise comparison will be recorded as a 1. Where there are differences in 

numeric values between two criteria, then it is at the discretion of the decision 

makers(s) to set the interval gaps, which define the pairwise comparison allocation for 

that set. 

The programme was tested with intervals of £0 - £10,000 between two criteria 

represented by 1 in the pairwise comparison, £10,001 - £20,000 represented by 2 in 

favour of the cheapest criterion, etc. It was found that these intervals were too narrow 

and one criterion was given all 9s, which did not accurately represent the importance 

of each criterion. To give an accurate representation, the calculation of these intervals 

is sum of total monetary cost and then divided by seventeen, the number of potential 

weightings between 9 and 1/9. 

Using quantitative data to carry out the pairwise comparisons will automatically give 

consistent results, so long as the intervals are truly representative of the data. The 

methodology will follow that if criterion a costs less than criterion b (giving a a higher 

weighting than b), and criterion b costs less than criterion c (giving b a higher 

weighting than c), then criterion a will cost less than criterion c (giving a a much 

higher weighting than c). It follows that the weightings will be:  

If:  a>b  then: b>c   and: a>>c   (5.55) 

The weightings will always be consistent, reflected by a low Consistency Ratio (CR). 

This gives extra confidence in using the method because it is easily understandable for 

a decision maker. 

5.1.3.2 Qualitative 

Where qualitative data is used, the opinions of the decision maker(s) are required to 

decide the weightings of the criteria. Where the most importance is placed requires 

careful consideration so that the relative importance of the criteria included can be 

truly assessed. It differs from quantitative based weightings because opinion based 

weightings do not always follow Equation 5.1. For example, if person X was asked 
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which they prefer out of apples, bananas and pears. Person X may prefer apples over 

bananas, bananas over pears but pears over apples. This does not follow the convention 

for calculating weightings using quantitative data. The qualitative data reflects the 

decision maker’s opinion which is important in the waste management sector, owing 

to the input necessary of experienced stakeholders. Sometimes human decision 

making cannot be completely consistent! 

5.1.4  Which areas are likely to be of most importance? 

The outcome of the comparison between the criteria of the Drivers & Barriers layer 

is the most important as the priorities dictate the direction of the hierarchy (Saaty 

1980). This is a subjective choice. It outlines to the user, where the overriding 

emphasis or emphases of their decisions lie. As explained in Section 4.5, the iterative 

testing phase led to the decision to include only these six criteria as the drivers and 

barriers and these seven solution alternatives. The Net Running Cost will likely be a 

very important area of concern due to continual budgetary pressures on LAs, through 

diminishing available funds, whilst maintaining levels and standards of recyclate 

collection. Legislative Compliance may be high in importance due to the potential 

fines of not achieving targets. This could then lead on to further action against 

authorities, should legislation not be adhered to. Public Perception may figure highly, 

as without increased householder’s knowledge and acceptance of a scheme, the 

recyclate collection can diminish (Emery et al. 2004). 

The ordering of the Net Running Cost sub-criteria is important as the financial 

components can vary greatly, i.e. the Work Force usually costs more than Advertising, 

Promotion and Enforcement (APE). With increasing yearly financial restrictions 

imposed on LAs, invariably monetary implications will be of great interest. These 

comparisons are predetermined due to the use of quantitative data. 

Under Legislative Compliance, this will reveal which areas of legislation are most 

important to the authority and therefore what they want to achieve as a priority. If it is 

Regulation 13 of the amended Waste (England and Wales) Regulations (2012), then 

quality should be of importance. If it is the recycling targets outlined in the Waste 

(Wales) Measure (2010), then quantity should be important.  
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The alternatives must be truly representative of the possible choices that are available 

to the LA. If there are too many or there is too much information, the decision making 

process becomes cumbersome and confusing, leading to a poor decision (Hall et al. 

2007) thanks to a ‘watered down’ result. With too many solution alternatives, it may 

diminish the strength of the favoured choice or cause the choice of a collection scheme 

that is actually less favourable overall. The solution alternatives must previously have 

been narrowed down to the main contenders, as per the decision making route map in 

Section 1.2. In the instance of the Case Study Authority, this has been carried out. 

The ‘Business as Usual’ solution alternative, or any slight variation thereof, will likely 

be considered as forefront in the view of most authorities. Using a current system 

represents the least financial expenditure and householders are already using the 

system. This does not necessarily mean that it is the best choice for a waste collection 

method. There may be improvements on the service that increase the quantity and/or 

quality of the recyclate collected. Legislation may have changed and therefore requires 

a change in collection. Whatever the reason, a full appraisal of the system and, more 

importantly, the decision making process, is required. 

5.2  Characteristics through Weightings 

Once the weightings have been calculated, they can be organised into characteristics, 

to better aid understanding. These express the type of decision made in relation to 

whether the criteria are considered fairly similar, or if stronger disparities in 

importance are expressed. Also characteristics can be used to see how these influence 

the decision made, with regards to the type of authority and their collection methods.  

The examples that follow contain pairwise comparisons that are as close to ‘perfect’ 

as possible. In practice, this may not happen, however it serves the purpose of giving 

weightings that can be categorised into the characteristics. The criteria are referred to 

generically in the following cases as a, b, c, d, e and f. Where a – f represent the 

solution alternatives, the pairwise comparisons show how well one collection method 

achieves the criterion compared to another. Where a – f represent criteria, the pairwise 

comparison shows the importance of one criterion over another in the success of a 

collection scheme in the opinion of ‘the authority’. 

Hypothetically, the weightings are ‘reverse engineered’ i.e. the result is known and it 

is assumed that the order of importance is a, b, c, d, e, f from most to least important, 
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the characteristics can be built to study the impact of various types of weighting. These 

are titled: 

- Linear Weighting characteristic suggests that the weightings from pairwise 

comparisons are in regular steps. This means the comparison a:f would have a 

weighting of 9 and a:b would have a weighting of 2. The other three pairwise 

comparisons would be linearly incremental between these two values. When 

the weightings are calculated, a reasonably linear line can be seen. 

 

- Top Heavy Weighting characteristic suggests that one criterion has a much 

higher importance than the remaining five (in the example of six criteria under 

comparison). If one criterion is evidently more important, either the majority 

of its pairwise comparisons or all of them will be valued as 8s or 9s. The 

remaining criteria would be assessed in the usual fashion. 

 

- Proximate Weighting characteristic suggests that the weightings are very close 

together. The full range of values may not be necessary (no 8s or 9s are 

assigned as weightings) and the criteria are considered to be similar in 

importance. It would be expected that the pairwise comparisons would 

contains values mostly in the region of 1-3. 

 

- Split Weighting characteristic would signify that there is a clear division 

between one set of the criteria under comparison, to the other. It is similar to 

Top Heavy weighting, however there must be more than one criterion that is 

set apart, in terms of importance from the rest. It follows that if two criteria, a 

and b for example, are more important, comparisons a:c and b:c will have 

values of 7 upwards, a:b will be either equal, a value of 2 or a ½ and the 

remainder would be assessed in the usual fashion. There are many pairwise 

comparison permutations that may occur in this characteristic, but the split of 

the weightings is key. 

A more in depth explanation of these characteristics and their significance to the 

decision making process follows. 



Results & Discussion 

 

159 | P a g e  

 

5.2.1  Linear Weighting Characteristic 

If a is the most important and f the least, in a hypothetical situation it can be assumed 

that it is likely the user would input a 9 for comparison a:f. If the difference between 

each criterion is linear, and assuming there are no equal importance criteria, then the 

comparisons would be translated into a matrix, giving Table 5.2. Although the 

pairwise comparisons are incremental and linear, the weightings are almost doubling 

from one to the next. This means that criterion a, as expected, is deemed to be the most 

important. Moreover, criteria d, e and f have a relatively small impact on the decision. 

When summed, these three have a similar impact as criterion c, highlighting this. The 

criteria d, e and f in this case are relatively small values, signifying they are deemed 

to be of little importance to the decision maker.  

If the decision is as per Table 5.2, the CR is valued at 0.009, showing that the decisions 

are extremely consistent. While in theory this could be possible, it is unlikely, as 

human decision making is inherently inconsistent (Summerfield and Tsetsos 2014). In 

practise, the pairwise comparisons may not be so linear, however the weightings can 

still end up with a Linear Weighting characteristic. With a Linear Weighting 

characteristic, the weightings assigned to the criteria start high and have a slow 

decrease towards the least important criterion, shown in Figure 5.4. In terms of the 

decision making process, the criteria will each have an ever decreasing impact. When 

translated into the global weightings, they will have the similar effect to the solution 

alternatives i.e. a will contribute much more to the alternative’s final weightings than 

f.  

 

Table 5.2 - Linear weighting pairwise comparison matrix 

  a b c d e f    (weighting) 

a 1     2     3     5     7     9       0.413 

b  1/2 1     2     3     5     7       0.255 

c  1/3  1/2 1     2     3     5       0.154 

d  1/5  1/3  1/2 1     2     3       0.090 

e  1/7  1/5  1/3  1/2 1     2       0.054 

f  1/9  1/7  1/5  1/3  1/2 1       0.033 

CR = 0.009 
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Figure 5.4 - Graphical representation of the Linear Weighting Characteristic 

5.2.2   Top Heavy Weighting Characteristic 

For a Top Heavy Weighting characteristic, criteria a is assumed to be of highest 

importance. This translates to the criterion a having a pairwise comparison of 9 with 

every other criterion, as shown in Table 5.3. The remainder are compared by the 

decision maker(s) to decide on the weighting of each criterion. The effect this has is 

that criterion a will have the largest influence upon the decision. The graphical 

representation of the hypothetical weightings is shown in Figure 5.5, where a has a 

weighting of 0.606. This translates to the sum of the remaining criteria at about 0.4. 

Therefore, criteria b through f will have little impact on the overall outcome 

individually. This translates to criterion a having a large impact on the global 

weightings for the selection of a solution alternative, with the remainder having little 

input. 

In relation to the decision making process, the majority of the criteria will have a 

minimal input to the final weightings of the solution alternatives. If a to f indicate the 

solution alternatives in Figure 5.5, then the contribution will mainly be from a, and 

aid in strengthening the weighting of the alternative represented by a. The remainder 

will have an almost insignificant contribution to the weighting of the remaining 

alternatives. Table 5.3 has a CR of 0.063, showing it is still a consistent decision 

matrix. 

0.000

0.050

0.100

0.150

0.200

0.250

0.300

0.350

0.400

0.450

a b c d e f



Results & Discussion 

 

161 | P a g e  

 

Table 5.3 - Top Heavy pairwise comparison matrix 

  a b c d e f    (weighting) 

a 1     9     9     9     9     9       0.606 

b  1/9 1     2     3     4     5       0.150 

c  1/9  1/2 1     2     3     4       0.102 

d  1/9  1/3  1/2 1     2     3       0.067 

e  1/9  1/4  1/3  1/2 1     2       0.045 

f  1/9  1/5  1/4  1/3  1/2 1       0.030 

CR = 0.063 

 

Figure 5.5 - Graphical representation of the Top Heavy Weighting Characteristic 

 

5.2.3  Proximate Weighting Characteristic 

Proximate weighting will give the criteria under scrutiny a similar impact scale on the 

overall decision to be made. None of the criteria, through pairwise comparison, 

extremely outweigh each other, meaning that they are of a very similar importance. In 

Table 5.4, the pairwise comparisons are within a very small range of numbers, and 

none exceed the value of 3 (and inversely 1/3), strengthening the argument that the 

criteria are similarly valued. Figure 5.6 shows the weightings of a to f, although 

decreasing slightly, are all similar. 

It means that the solution alternatives will all have a fairly even contribution to their 

weightings, from this criterion. The effect this has on the decision making process is 
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almost negligible because the weightings of the solution alternatives, when 

represented as a to f, are increased by similar values, thus negating a benefit to any 

one alternative. The weightings are all between 0.222 and 0.137. The CR value of 

Table 5.4 is 0.073. Even though there are a couple of discrepancies in terms of logic, 

where comparisons b:c and c:f are reciprocals, this is allowed if the limit for the CR 

is 0.1.  

Table 5.4 - Proximate Weighting pairwise comparison matrix 

 a b c d e f    (weighting) 

a 1     1     1     2     1     3       0.222 

b 1     1      1/2 1     2     2       0.184 

c 1     2     1     1     1      1/2   0.164 

d  1/2 1     1     1     1     1       0.146 

e 1      1/2 1     1     1     1       0.146 

f  1/3  1/2 2     1     1     1       0.137 

CR = 0.073 

 

Figure 5.6 - Graphical representation of the Proximate Weighting Characteristic 

5.2.4  Split Weighting Characteristic 

Split Weighting characteristic signifies that two or three of the criteria are much more 

important than the remaining criteria. In Table 5.5, three criteria are deemed similarly 

more important than the other three and shows how these weightings may occur. It is 

clear from comparisons a:b, a:c and b:c that these three are considered similar in 
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importance to each other from the assigned weightings of 1, 2 and 1 respectively. In 

the same way, criteria d, e and f are considered similar in importance through the 

assigning of 2, 3 and 2 to comparisons d:e, d:f and e:f. The comparisons between a, b, 

c and d, e, f reveal the split in importance. With comparisons of no less than 5 and 

going up to 9, the weighting of each criterion shows the split between the two sets of 

three criteria and is further illustrated by Figure 5.7. 

This means that a, b and c have a large impact on the decision of solution alternative, 

however the others bear little to no impact. When one criterion has a weighting of 

0.315 compared to 0.028, there is a difference of more than 10 times. Invariably, the 

impact is much greater for criterion a than that of criterion f on the final decision made. 

Again, consistency in the decision is shown by a CR of 0.025, much below the 0.1 

threshold. 

 Table 5.5 - Split Weighting pairwise comparison matrix 

  a b c D e f    (weighting) 

a 1     1     2     6     6     8       0.315 

b 1     1     1     5     8     9       0.292 

c  1/2 1     1     6     7     9       0.262 

d  1/6  1/5  1/6 1     2     3       0.062 

e  1/6  1/8  1/7  1/2 1     2       0.041 

f  1/8  1/9  1/9  1/3  1/2 1       0.028 

CR = 0.025 

 

Figure 5.7 - Graphical representation of the Split Weighting Characteristic 
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5.3  Local Authority Classification depending on Size and Type 

5.3.1  Introduction  

The unitary authorities in Wales can be categorised in two ways, either by size of 

general public population or by type. In size they can be classed as small, medium or 

large with populations of 120k or less, between 120k and 140k, and 140k or larger 

respectively. The type of authority can be predominantly rural, predominantly urban 

or a compact urban authority (an authority that is predominantly a major city). 

Using these methods of grouping the authorities are ranked in  

Table 5.6. There are 8 small, 7 medium and 7 large authorities and there are 7 urban, 

10 rural and 5 compact urban authorities. In terms of interaction of the two types of 

classification it can be seen that the majority that are classified as small are also rural, 

the medium classification are a mixture of urban and rural and the large classification 

are mostly also compact urban authorities. 

At a glance, an authority that is predominantly rural with a small population faces the 

challenge of higher costs of collection per tonne of recyclate, on account of a relatively 

low amount of recyclate for the large distance and difficult terrain traversed. This 

drives up the cost per tonne of recyclate collected, as the vehicles must cover a higher 

mileage to reach different towns and villages that are spread throughout the authority. 

On the other extreme, a compact urban authority with large population is more densely 

populated, such as Cardiff for example. The waste collection scheme for such an 

authority can gather more recyclate whilst covering less mileage, potentially lowering 

the cost of collection per tonne of recyclate. However, for such an authority, the type 

of housing tends to be more diverse and can consequently become a problem. There 

is likely to be more flats to contend with and so, would a kerbside sort collection, with 

many receptacles, be plausible for such residents? Also, if there is a communal bin 

area where waste and recyclate is collected from, there is anonymity in the deposition 

of waste. This causes difficulties when trying to direct feedback to householders, as 

the operatives cannot leave messages to particular individuals that have misused the 

service. 
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A medium authority generally has a mixture of rural and urban areas, with pockets of 

denser populations and also larger rural areas to cover. Their basic issues are centred 

on how to provide a service that best caters to a varied landscape such as this. The 

management of rural areas will require different techniques to those employed in urban 

areas. How do the criteria impact on their decision?   

 

Table 5.6 - Classification of all Welsh Authorities by Size and Type (StatsWales, 

2014) 

Local Authority Population  Type of Authority 

Isle of Anglesey 69,751 (Small) Rural 

Blaenau Gwent 69,814 (Small) Urban 

Bridgend 139,178 (Medium) Urban 

Caerphilly 178,806 (Large) Urban 

Cardiff 346,090 (Large) Compact Urban 

Carmarthenshire 183,777 (Large) Rural 

Ceredigion 75,922 (Small) Rural 

Conwy 115,228 (Small) Rural 

Denbighshire 93,734 (Small) Rural 

Flintshire 152,506 (Large) Compact Urban 

Gwynedd 121,874 (Medium) Rural 

Merthyr Tydfil 58,802 (Small) Urban 

Monmouthshire 91,323 (Small) Rural 

Neath Port Talbot 139,812 (Medium) Urban 

Newport 145,736 (Large) Compact Urban 

Pembrokeshire 122,439 (Medium) Rural 

Powys 132,976 (Medium) Rural 

Rhondda Cynon Taff 234,410 (Large) Urban 

Swansea 239,023 (Large) Compact Urban 

Torfaen 91,075 (Small) Urban 

The Vale Of Glamorgan 126,336 (Medium) Rural 
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Wrexham 134,844 (Medium) Compact Urban 

 

At a conference in August 2014, all Welsh authorities were present and represented 

by staff in various positions within their authorities. They were handed a 

questionnaire, to place the criteria in order of those which are most important to them 

down to those they believe are least important. They had to identify the authority they 

represent by the above classifications. The criteria are those found in the Drivers and 

Barriers layer and are taken as those that are considered by all authorities. The 

findings from these questionnaires led part of the changes within the tool and the 

decision tree, as outlined in Chapter 4. Dependent on the user, and therefore the 

classification of the authority they represent that would use the methodology, directly 

impacts upon the results that can be extracted. These classifications are necessary to 

understand the interaction of drivers and barriers that influence their decisions. This 

later gives the opportunity to link them up with the characteristics defined in Section 

5.2  to create scenarios. 

The University Ethical Policy was adhered to when the research was first put forward, 

leading to the Studentship Agreement shown in Appendix 1. The University’s policy 

is included in Appendix 2. As per the section ‘Issues to consider when providing 

information to Potential Participants’, these bullet points were explained to the 

participants before they gave their answers. 

Of the returned questionnaires, the issue must be addressed as to whether they are 

enough (in number) and are they representative of decision makers that would use 

the methodology. With regards to enough, there are less replies from the large 

authorities and compact urban authorities, this was unavoidable. Whilst it would 

have been preferable to obtain more, participation in such activities was very 

difficult. However, a simple statistical analysis reveals that for the population of 48 

across all authorities at the 95% confidence level, a sample size of at least 17 is 

required, allowing a margin of error of 15%. This means the sample size of 19 

responses obtained is satisfactory. 

With regards to whether the sample was representative, although participation was 

anonymised, there were many who were unwilling to put their preferences down and 

be named. However, the author ensured that those who did fill in the questionnaires 
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were decision makers in their area of waste management, for their authority. 

Therefore, it can be assumed that the answers that were given can be classed as 

representative (McDonald 2012). 

5.3.2  Classification by type 

If the authorities are classified by type, the emphasis is on whether they are a rural, an 

urban or a compact urban authority. The geographical issues this raises provides a 

second method of comparison. It would be expected that rural authorities, which have 

to cover further ground or deal with geographical hindrance (e.g. hills) to collect 

waste, will have pressures on cost per tonne of recyclate or waste collected. An urban 

authority will likely focus their attention on the public perception as they have shorter 

distances to travel to collect waste. A compact urban authority has differing 

demographics and many varied household types, such as flats, terraced housing, 

detached housing etc., to contend with. The focus here may be more on the alternatives 

that can cope with these challenges.  

Stakeholders in the collection of waste in LAs were asked to prioritise the criteria of 

the Drivers and Barriers using a simple additive method. This meant that the criteria 

in the Drivers and Barriers were rated from 1 to 6, with respect to which the 

stakeholders believe are the most important in relation to their authority. The most 

important was valued at 6, through to 1 being the least important. The results of the 

authorities using this method are shown below.  

The characteristics outlined in Section 5.2 are used to begin to show the opinions given 

by the authority. The values that were attained are converted in to percentages to give 

an importance rating. The percentage is calculated by dividing the Sum Weighted 

Method value assigned, by the maximum possible. The maximum possible is 6 

multiplied by the number of people that returned the questionnaire for that 

classification. The higher the percentage, the more important the authority 

classification, as a whole, considers that criterion to be, in achieving the best method 

of recyclate collection. 
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5.3.2.1 Rural Authorities 

It can be seen in Table 5.7 for the rural authorities, there is a Split Weighting 

characteristic where the Net Running Costs and Quality of Recyclate are considered 

more important than the remaining four. Scores of 20 and 19 out of a possible 24 place 

them at 83% and 79% of importance rating. In theory, this would lead to a 

determination to drive down the cost of collection as much as possible, whilst 

increasing the quality of recyclate collected. If these were both to be the ideals of a 

rural authority, there is a contradiction in direction. To gain better quality, more time 

is needed to inspect the recyclate or newer technology is needed to better sort it. This 

leads to either a higher cost through more operatives needed or further investment in 

technology thereby driving up spending. 

If the authority were to focus on driving down costs, then the quality would likely 

suffer. Less frequent collection of residual waste would bring down costs for the LA, 

but may also reduce the quality of recyclate. Householders could have a reduced 

confidence in the service and use recyclate receptacles to dispose of residual waste. 

Equally, if less operatives were used on a collection route, the inspection of recyclate 

would have to be quicker, and therefore of a lower standard, if they were to complete 

the collection round in the same amount of time. 

Of the other four criteria, Legislative Compliance is ranked as fourth, with a score of 

50%. This suggests that the legislation in place, while of just lower importance than 

the Quantity of Recyclate collected with 58% and just above the Number of Waste 

Streams collected with 46%, is not stringent enough or being enforced. In theory, 

Legislative Compliance would be of paramount importance in this instance, as non-

compliance would lead to fines. This would increase the net running cost of the 

service, which they consider to be most important of all the criteria, implying that 

compliance is not strictly enforced and for this reason falls lower in the order. When 

transferred to AHP Weightings, this Split Weighting Characteristic can be seen more 

clearly in Figure 5.8, a result of the matrix in Table 5.8. Net Running Cost and Quality 

of Recyclate account for 0.728 of the overall weighting.  
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Table 5.7 – Importance of Drivers and Barriers for a Rural Authority 

          Total Importance 
Rating 

Net Running Cost (a)  6 6 5 3      20 83% 

Quality of Recyclate (b) 5 4 6 4      19 79% 

Quantity of Recyclate (c) 5 1 3 5      14 58% 

Legislative Compliance (d) 4 3 4 1      12 50% 

No. of Waste Streams (e) 2 2 1 6      11 46% 

Public Perception (f) 3 1 2 2      8 33% 

Table 5.8 - Pairwise comparisons based on questionnaire findings 

 a b c d e f  Weighting 

a 1 2 4 6 7 9  0.403 

b 1/2 1 5 6 7 8  0.325 

c 1/4 1/5 1 3 4 6  0.131 

d 1/6 1/6 1/3 1 2 4  0.069 

e 1/7 1/7 1/4 1/2 1 3  0.047 

f 1/9 1/8 1/6 1/4 1/3 1  0.025 

 

 

Figure 5.8 - Split Weighting Characteristic for AHP weightings in Rural 

Authorities 
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5.3.2.2 Compact Urban Authorities 

For the compact urban authorities, there is a clear distinction between one criterion 

and the remainder as shown in Table 5.9, giving a Top Heavy Weighting 

characteristic. The first is Legislative Compliance on its own with a value of 38 out of 

a possible 42, giving an importance rating of 90%; followed by Quality of Recyclate 

(69%) and step changes from Net Running Cost (60%), Quantity of Recyclate (50%), 

Public Perception (43%) and the Number of Waste Streams collected (38%) at the 

bottom. This means that although there is one stand out criterion that is most influential 

on the choice made, the remainder are not insignificant. 

With Legislative Compliance being the most important, changes in the Regulations 

would have the most disruption in the opinion of the compact urban authorities that 

returned the survey. In order to maintain compliance the authority must therefore be 

able to adapt to alterations in legislation and have a flexible service. This might lead 

to a favouring of commingled collections to more easily allow the flexibility of new 

materials to be collected or possibly a hybrid system of kerbside sort and commingled 

collection. 

This is key to an authority that has many various types of dwelling to service. For a 

uniform collection across a compact urban authority, alterations to the service due to 

legislative changes, coupled with mixed housing, must by its definition be adaptable. 

The quality of the recyclate collected cannot drop however. As it is second most 

important for this classification, then the input is still significant and narrows the likely 

choice of solution alternative. With the Net Running Cost being of lower importance, 

it may also mean that the authority type is willing to invest in extra fleet or processing 

facilities to easily cope with any changes in legislation and therefore, to its service. 

With Quality and Quantity of Recyclate collected and the Net Running Cost being 

closely grouped, the authority could consider these in tandem with each other. When 

considered in the same way that rural authorities consider Quality of Recyclate and 

Net Running Cost to be almost as important as each other, a compact urban authority 

can do so, with the inclusion of Quantity of Recyclate. This can aid in the running cost 

of a scheme. If the cost is considered in terms of cost per tonne of recyclate collected, 

then the higher the quantity, the cleaner the recyclate and more efficient the round is, 

the cheaper it will be. Quality is still second in the opinion of the compact urban 
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authorities. Therefore, the quantity of recyclate that would be collected cannot be 

increased with complete disregard for its quality. On the other hand, if a rise in quality 

is sustained, then there is an argument that the cost per tonne collected can decrease. 

Less reprocessing that is required of recyclate can lead to a drop in costs and a higher 

quality receives a higher price at market. 

With three criteria being of significant importance, if considered together, their impact 

on the decision can be influential on the choice of alternative. Again, with Public 

Perception and the Number of Waste Streams being so far below the previously 

mentioned criteria, their influence will be minor, maybe to the point of negligibility. 

Table 5.10 and Figure 5.9 show the AHP weightings based on the questionnaire 

findings. Legislative Compliance has a weighting of 0.516, giving it a large influence 

over the other criteria.  

 

Table 5.9 - Importance of Drivers and Barriers for a Compact Urban Authority 

          Total Importance 
Rating 

Legislative Compliance (a) 3 5 6 6 6 6 6   38 90% 

Quality of Recyclate (b) 4 6 4 4 2 4 5   29 69% 

Net Running Cost (c) 6 2 2 5 1 5 4   25 60% 

Quantity of Recyclate (d) 5 3 5 3 3 1 1   21 50% 

Public Perception (e) 2 1 3 1 5 3 3   18 43% 

No. of Waste Streams (f) 1 4 1 2 4 2 2   16 38% 
 

Table 5.10 - Matrix for Pairwise Comparisons of Compact Urban Authorities 

 a b c d e f  Weighting 

a 1 5 6 7 8 9  0.516 

b 1/5 1 3 4 5 6  0.212 

c 1/6 1/3 1 3 4 5  0.127 

d 1/7 1/4 1/3 1 3 4  0.075 

e 1/8 1/5 1/4 1/3 1 2  0.042 

f 1/9 1/6 1/5 1/4 1/2 1  0.029 

CR = 0.077 
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Figure 5.9 – Top Heavy Weighting Characteristic for AHP weightings in 

Compact Urban Authorities 

5.3.2.3 Urban Authorities 

For urban authorities, as seen in Table 5.11, the weighting is similar to that of a Top 

Heavy Characteristic. The Net Running Cost was found to be of the utmost importance, 

with a score of 41 out of 48 giving an importance rating of 85%, by a clear margin. 

This would lead to changes in the potential cost of providing a service having the 

largest impact on alterations on the selection of alternative. Where the authority must 

try to save as much money as possible, it is understandable that it comes to the 

forefront of urban authorities. When combined with the effect of progressively tighter 

budgets for authorities in Wales, the relative importance is increased. 

The remaining five criteria were within the range of 29-23 (60% - 48% in importance 

ranking), indicating that they all have a similar impact on the decision making process 

for predominantly urban authorities. Legislative Compliance and Quality of Recyclate 

were found to be quite close in importance. This is understandable now that the quality 

of the recyclate collected forms part of the legislative selection process under the 

Waste (Wales) Measure (2010). Although not clearly defined as to what is accepted 

or not in terms of quality, its consideration must form part of the decision making 

process. In this case, they are both influential in selecting the appropriate solution 

alternative. 
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The impact, if transferred to the Analytic Hierarchy Process (AHP), of the five criteria 

excluding the Net Running Cost, would be low. The Top Heavy Characteristic in 

Figure 5.10 shows how these findings would be translated to AHP. The Net Running 

Cost criterion has a weighting of 0.518. Combined, the other five criteria only have a 

weighting of 0.482 and thus, individually, would not have an impact on the choice 

made.  

 

Table 5.11 - Importance of Drivers and Barriers for an Urban Authority 

          Total Importance 
Rating 

Net Running Cost (a) 5 5 5 6 4 6 4 6  41 85% 

Legislative Compliance 
(b) 

6 2 1 3 1 5 6 5  29 60% 

Quality of Recyclate (c) 2 4 3 4 5 3 3 3  27 56% 

Quantity of Recyclate 
(d) 

4 1 6 1 6 2 2 2  24 50% 

Public Perception (e) 1 6 4 5 2 1 1 4  24 50% 

No. of Waste Streams (f) 3 3 2 2 3 4 5 1  23 48% 

Table 5.12 - Matrix of Pairwise Comparisons for Urban Authorities based on 

findings 

  a b c d e f    (weighting) 

a 1     5     6     7     7     8       0.518 

b  1/5 1     3     4     4     5       0.207 

c  1/6  1/3 1     3     3     4       0.122 

d  1/7  1/4  1/3 1     1     2       0.058 

e  1/7  1/4  1/3 1     1     2       0.058 

f  1/8  1/5  1/4  1/2  1/2 1       0.037 

CR = 0.049 
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Figure 5.10 – Top Heavy Weighting Characteristic for AHP weightings in Urban 

Authorities 

5.3.3  Summary 

As previously stated, it can be seen from the above tables that the Legislative 

Compliance, Net Running Costs and Quality of Recyclate criteria consistently scored 

highest. Whilst this is expected, interestingly, the individual scores are quite erratic. 

As only four respondents returned the questionnaires for the rural authorities, the final 

importance rating is not as reliable as the other two. It would have been ideal if there 

were more returned, to see if a wider opinion corroborates the findings. For the 

compact urban authority, Legislative Compliance predominantly comprises 6’s and 

Quality of Recyclate contains 4’s and above, except for one 2. This places confidence 

in the outcome as the two most important criteria for these authorities. The remaining 

criteria sub-scores is much more varied. If there could have been more responses, this 

would again place further confidence in the remaining order. 

For the urban authorities, the same is true for Net Running Cost as the highest 

importance ranking. The other five criteria contain a very mixed set of sub-scores. 

This explains the close values of importance ranking. There may be two reasons for 

this mix of sub-scores. Either what the criteria represent was not truly understood, 

thereby causing a mixed set of results or, more likely, the individual urban authorities 

really do place there importance on various criteria. This would again reinforce the 
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fact that urban authorities have an eclectic mix of drivers for their choice of waste 

collection. 

Even though it is on ‘instinct’, the respondents were the decision makers of their 

authorities. Their choices are what guide the selection of alternatives alongside 

decision making aids. By documenting their choices on a basic level, the validity of 

the choice of criteria can be confirmed. 

5.3.4  Classification by Size 

Using the same results from the questionnaires, the value judgements made by 

stakeholders in the LAs can also be classified by size. As mentioned previously, a 

small authority is one that has a population below 120,000 residents, a medium 

authority has between 120,001 and 140,000 and a large authority is classified as above 

140,001 residents. The main aim of analysing LAs by virtue of their size is the 

variation in the collection ideals, judging by the mass that is collected. Although not a 

hard and fast rule, it can be assumed that the more people that are present in an 

authority, the more waste that needs to be collected. 

5.3.4.1 Small Authorities 

The priority order for small authorities can be seen in Table 5.13. Interestingly, the 

two criteria that are most important are Net Running Cost and Quality of Recyclate 

collected, with importance ratings of 73% and 71% respectively. This again brings up 

the issue of how to appease one of the criteria, without having a detrimental effect on 

the other. Is it possible to balance the needs of both these criteria? One could argue 

that they cannot, unless a third criterion joins these two, to mitigate the contrasting 

stand points of the impact that they have on the selection of an alternative. Also, it is 

understandable that Net Running Cost is most important as with a relatively lower 

absolute mass of recyclate to collect, their costs may increase per tonne collected. 

Table 5.13 shows Legislative Compliance and the Quantity of Recyclate collected have 

the same importance rating, 63%. When their importance is evaluated alone, there is 

some continuity. The targets that are set in ‘Towards Zero Waste’ (WAG 2009) and 

the Waste (Wales) Measure (2010), ask for an increasing proportion of the waste that 

is collected to be segregated recyclate, year on year. This makes logical sense in the 
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decision making process. Their values of 30 out of a possible 48 are slightly behind 

that of the previous two criteria valued at 35 and 34. This suggests that the small 

authorities take all four of these criteria to be of high importance. When evaluated in 

this way, a more complete picture forms.  

The main focus is on bringing costs down. However, the increasing legislative 

pressure on LAs to collect a higher percentage of high quality recyclate each year, is 

a driver for the stakeholders. The barrier comes in the form of financial cuts each year 

and can be seen in Table 5.13, to form the axis of the small authorities’ attention. The 

public’s perception of how they do this comes low on their order of priorities. Could 

this be because the general consensus for these authorities is that in time, the public 

tend to accept whichever service is provided to them? 

The Number of Waste Streams they collect comes last of all, and has a relatively 

similar score to Public Perception. This suggests that they are likely to try and recover 

the minimum of four streams required to achieve the goals that they are given. This 

may be because these small authorities are given smaller budgets, on account of having 

a smaller population. It is more probable that the Number of Waste Streams criterion 

features so low in the decision making process because they do not get the variety of 

waste streams in their authorities.Table 5.14  gives a likely matrix that would ensue 

based on the findings. Figure 5.11 is a graphical representation of the weightings. An 

almost Liner Weighting Characteristic is evident, except Legislative Compliance and 

Quality of Recyclate have very similar weightings with 0.129 and 0.121 respectively. 

However, Net Running Cost’s weighting of 0.403 would mean that it of a much higher 

importance than any other criterion. 

 

 

 

 

 

Table 5.13 - Importance of Drivers and Barriers for Small Sized Authorities 
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          Total Importance 
Rating 

Net Running Cost (a) 6 6 6 2 2 5 5 3  35 73% 

Quality of Recyclate (b) 5 4 4 6 4 2 4 5  34 71% 

Legislative Compliance 
(c) 

4 3 3 5 6 6 2 1  30 63% 

Quantity of Recyclate 
(d) 

5 1 5 3 5 4 1 6  30 63% 

Public Perception (e) 3 1 2 1 3 1 6 4  21 44% 

No. of Waste Streams 
(f) 

2 2 1 4 1 3 3 2  18 38% 

Table 5.14 - Matrix of Pairwise Comparisons for Small Authorities based on 

findings 

  a b c d e f    (weighting) 

a 1     2     4     4     8     9       0.403 

b  1/2 1     3     3     7     8       0.279 

c  1/4  1/3 1     1     5     6       0.129 

d  1/4  1/3 1     1     4     5       0.121 

e  1/8  1/7  1/5  1/4 1     4       0.043 

f  1/9  1/8  1/6  1/5  1/4 1       0.024 

CR = 0.054 

 

 

Figure 5.11 - Graphical Representation of Weightings for Small Authorities 
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5.3.4.2 Medium Authorities 

For the medium sized authorities, Table 5.15 shows that the criteria are all very 

similarly weighted within the range of 20-29 out of a possible 42 giving importance 

ratings between 69% and 48%. Taking in to account all the authorities that responded, 

their importance is much more evenly distributed amongst the criteria. There is a slight 

split between three of the criteria compared to the other three giving a cross between 

a Split Weighting and Proximate Weighting characteristic. Similar to the opinions of 

the small authorities Quality of recyclate, Net Running Cost and Legislative 

Compliance are of main concern to medium sized authorities. The difference is that 

the Quality of Recyclate and Net Running Cost are of equal importance and Legislative 

Compliance is slightly less so.  

However, the Quantity of Recyclate collected, the Number of Waste Streams and the 

Public Perception have a strong effect on the operations of these authorities. With the 

valuations being so close, they would have a significant impact on the choice of 

alternative. The reason for this is that those authorities that have a middling population 

size have many more variables to consider. Unlike the small authorities, they have 

more residents to consider, which may be from different ethnic backgrounds that do 

not traditionally recycle and more varied age (Emery et al. 2004) and unlike the other 

authorities, they have pockets of urban elements. They have towns that are spread out 

within their authority boundaries. This provides a challenge of itself, in that the 

collection method must be productive in these urban areas and also able to be 

translated to the areas that are more rural. This partly explains why the grouping of all 

six criteria is so close. With a diverse area to deal with, it can be difficult to identify 

one or two driving forces in the decision making process.  

When the findings are weighted through AHP, there is a clear Split Weighting 

characteristic, with one anomalous weighting, Legislative Compliance. The top two 

criteria have force majeure with weightings of 0.309, as highlighted in Table 5.15, 

thereby stating they must equally be appeased to satisfy the decision maker(s) choice. 
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 Table 5.15 - Importance of Drivers and Barriers for Medium Sized Authorities 

          Total Importance 
Rating 

Quality of Recyclate (a) 6 4 4 2 4 4 5   29 69% 

Net Running Cost (b) 5 3 5 1 5 6 4   29 69% 

Legislative Compliance 
(c) 

4 1 6 6 6 3 1   27 64% 

Quantity of Recyclate 
(d) 

3 5 3 3 1 1 6   22 52% 

No. of Waste Streams 
(e) 

1 6 2 4 2 2 3   20 48% 

Public Perception (f) 2 2 1 5 3 5 2   20 48% 
 

Table 5.16 – Matrix of Pairwise Comparisons for Medium Authorities based on 

findings 

  a b c d e f    (weighting) 

a 1     1     2     4     5     5       0.309 

b 1     1     2     4     5     5       0.309 

c  1/2  1/2 1     3     4     4       0.193 

d  1/4  1/4  1/3 1     2     2       0.084 

e  1/5  1/5  1/4  1/2 1     1       0.053 

f  1/5  1/5  1/4  1/2 1     1       0.053 

CR = 0.0.11 

 

Figure 5.12 – Graphical Representation of Weightings for Medium Authorities 
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5.3.4.3 Large Authorities 

For large authorities, the criteria were ranked as per Table 5.17, where there is a clear 

divide between two of the criteria and the remainder, giving a Split Weighting 

Characteristic. Legislative Compliance and Net Running Cost have significantly 

higher weightings with importance rating values of 92% and 72% respectively. It is 

unsurprising that these two have come out on top for the large authority. With a higher 

number of residents to cater for, invariably there is a larger service to deliver. The 

financial stress this puts on the authority, in relation to their budget, would be very 

important. With Legislative Compliance so closely weighted, the large authorities 

must also consider the difficulties similar to compact urban authorities. With the likes 

of Cardiff, Newport and Swansea authorities in this classification, the pressure is on 

these authorities to perform. The large authorities account for over half of the 

population of Wales. If they are not achieving the targets set out in Toward Zero Waste 

(WAG 2009), quality compliance and creating environmental benefit, then Wales as a 

whole, will suffer environmentally. 

Quality of Recyclate, the Number of Waste Streams collected and Quantity of 

Recyclate collected gradually decrease as a set, below the first two criteria. Of notable 

interest is how low the Quantity of Recyclate criterion is considered at 42% importance 

rating. It must be a given certainty, in the eyes of the decision makers, that there will 

be a high quantity of recyclate placed out for collection by householders of their 

authorities. It has featured as being more important in the medium and small sized 

authorities. Public Perception comes lowest of all with a rating of 29% and most of 

the authorities considering it of least importance out of all the drivers and barriers. 

This reinforces the idea that they believe that the public will eventually accept a 

recycling scheme with time, without adversely affecting their quantity or quality 

collected. 
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Table 5.17 - Importance of Drivers and Barriers for Large Authorities 

          Total Importance 
Rating 

Legislative Compliance (a) 5 6 5 6      22 92% 

Net Running Cost (b) 6 4 6 3      19 79% 

Quality of Recyclate (c) 3 3 3 5      14 58% 

No. of Waste Streams (d) 4 5 1 2      12 50% 

Quantity of Recyclate (e) 2 2 2 4      10 42% 

Public Perception (f) 1 1 4 1      7 29% 

Table 5.18 - Matrix of Pairwise Comparisons for Large Authorities based on 

findings 

  a b c d e f    (weighting) 

a 1     3     5     6     7     9       0.441 

b  1/3 1     5     6     7     8       0.299 

c  1/5  1/5 1     2     4     6       0.116 

d  1/6  1/6  1/2 1     2     4       0.072 

e  1/7  1/7  1/4  1/2 1     3       0.046 

f  1/9  1/8  1/6  1/4  1/3 1       0.025 

CR = 0.072 

 

 

Figure 5.13 - Graphical Representation of Weightings for Large Authorities 
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5.3.5  Summary 

Overall, when authorities are classified by virtue of their type, the three criteria that 

are once more consistently considered as the three most important are Quality of 

Recyclate, Legislative Compliance and Net Running Cost. However, the discrepancy 

between these three and Public Perception, Quantity of Recyclate collected and the 

Number of Waste Streams collected is not substantial. Figures 5.14 and 5.15 show an 

overlay of the results above for comparison. 

Of particular interest is the low ranking of importance of Public Perception. The 

collection of householder’s food waste, recyclate and residual waste is a service that 

relies on the public to participate. It would be rational to assume therefore, that if the 

scheme was not accepted by the public it would be detrimental to the collection targets 

to be achieved. However, unanimously, the public perception and acceptance of a 

scheme is very low on the order of priorities for councils. The presumption from this 

result is that experience shows this to not be the case and whatever scheme the LA 

decides to use, would be accepted in the long run. 

Equally, the Number of Waste Streams ranks very low, suggesting that the authorities 

are most likely to collect only what is necessary. The biggest discrepancy is the 

importance of Legislative Compliance. A large, urban authority will consider it to be 

of most importance, whereas a small, rural authority will have it low on their 

importance. 

Quality of Recyclate is the most unpredictable of all the criteria in determining how 

important it is. The closest link can be found between large and compact urban 

authorities, who place it low in importance. With exception of urban classification, the 

Net Running Costs criterion was of high importance for all classifications of authority. 
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Figure 5.14 – Overlay of the results by type 

 

Figure 5.15 – Overlay of the results by population size 

Although authorities by classification and characteristic broadly give agreement when 

the individual scores are scrutinised, it can be seen that these are more erratic than the 

overall decisions. This highlights the fact that the decision making process is a highly 

personal one. Each authority may share similar traits with others, but is ultimately 

unique. It follows that a one size fits all approach cannot be the perfect answer. 

This reinforces the notion that a decision making process that is well documented is 

required. To clearly document these and be able to discuss which drivers and barriers 

truly most affect the choice taken by stakeholders, enable a logical process. At the 
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very least, it is needed to select the criteria that are of utmost importance to a LA when 

deciding on a waste management scheme. The next logical step would be to ask the 

authorities to rank the solution alternatives in the same way. However, at the time, this 

was not possible, as the consideration required is very specific and requires a lot of 

time for deliberation, which this author found that authorities were unwilling to do. 

By mixing characteristics with classifications, scenarios can be built to represent the 

most likely outcomes form Local Authorities, dependant on size, type and decision 

making weightings. The analysis can give suggested alternatives depending on the 

criteria that are most important to the authority, hence the scenarios can be employed. 

Any combination of importance order of the six criteria, in theory, could come to 

fruition. By examining these combinations and relating their effect to rural, urban, 

compact urban, small, medium and large classifications, the decision making process 

can be clarified.  

The interaction of the criteria can be examined in these situations and can also be 

carried out with the possible solution alternatives. Rather than second guessing the 

exact weightings that may come from a case study, the classifications can be used to 

give standardised outcomes. This has been suggested earlier, but more in depth 

analysis of the subtle differences is now carried out. In the main, this is done by using 

two of the drivers and barriers in a Split Weighting Characteristic e.g. Net Running 

Cost and Public Perception together as the highest weightings. What would be the 

likely issues concerned? What effect does this have on differing size and type of 

authorities? Does it make more sense if there is a third criterion in the Split Weighting 

Characteristic? How could it affect the choice of solution alternative? 

Following on from this, how is the decision making process affected if the weightings 

are proximate? The sub-criteria become more important and can also be compared and 

evaluated at the same time and as will be seen, in some scenarios. How do they affect 

the choice of the solution alternative when their weights vary and if the parent criterion 

has a low or high weighting? 

5.4  Drivers and Barriers Scenario Setting  

Setting the scenarios will be done in the following way. The criteria from the drivers 

and barriers will be taken in tandem or in groups. In each situation, two criteria will 

be put forward in a Split Weighting Characteristic and the various characteristics will 
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be applied. They are studied from the perspective of each classification giving the 

various scenarios. In this way, the likely effect and reasoning can be studied. This will 

then be applied to the classifications, by type and/or size. A third criterion may be 

included to better argue the reasoning why the first two may be selected as the two 

most important. A suggested solution alternative may be given in each case, where 

possible. In some cases, there is not a clear distinction in the choice that can be made 

and the process would need to be applied in a case study to give a suggested solution 

alternative. The results are then be compared against the Case Study Authority and 

whether the theory aligns with the practical application of the decision making process. 

The study showed that the Legislative Compliance, Net Running Costs and Quality of 

Recyclate criteria are consistently the three most important. Therefore, the main 

consideration will be given to when two of these three criteria are highest in the 

following scenarios. The nuances in the decision making process of the remaining 

drivers and barriers are considered. Each criterion can affect authorities in differing 

ways, leading to different selections of solution alternatives and the effects that this 

has on their selection. It would be remiss not to consider the effects of a Split 

Weighting characteristic scenario involving the other criteria as most important. For 

completeness, these scenarios will also be considered and evaluated. 

In addition, the interaction of the two suggested, most important criteria, can have 

significant issues from different aspects. It may be the choice of the solution 

alternative is of most concern, or it may be that the size or type of authority is the main 

point of comparison. The following sections create a total of sixteen scenarios. Firstly, 

the effect of a Proximate Weighting Characteristic is observed. The remaining fifteen 

sections examine the reasoning why two criteria would be deemed most import, the 

effect on the likely selection of solution alternative and the effect on authorities 

depending on their classification. 

5.4.1  Proximate Weighting  

If the Drivers and Barriers have a Proximate Weighting characteristic the criteria are 

deemed to be of similar importance. Their effect on the selection of solution alternative 

is nullified. The emphasis is then placed solely on the alternatives themselves and how 

they achieve each criterion in the opinion of the stakeholder(s). The single alternative 

that best achieves all criteria will be the suggested outcome. 
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It is possible to suggest that a commingled collection would be preferred by compact 

urban and urban authorities. Only one receptacle is needed and, assuming that urban 

and compact urban areas have a high majority of terraced housing and flats for 

example, the space constraints would dispose them to this method. This type of 

collection offers much more flexibility in the provision of the service at a relatively 

lower cost than changing a Kerbside Sort scheme (KSS) too. 

A rural authority may prefer a KSS collection owing to the relative space and non-

reliance on a Materials Recycling Facility (MRF) being available. However, the 

decision will be solely based on the qualitative and quantitative data provided by the 

authority. Also, the choice would heavily rely on whether a MRF is available for use 

for an authority. Where it is, there may be a preference for commingled collection. 

Where there isn’t, then a KSS collection becomes more attractive. Therefore, no 

meaningful suggestion for the choice of solution alternative can be made in terms of 

the classification of authority. 

5.4.2  Net Running Costs & Legislative Compliance 

According to the previous data, these are the most obvious choice of criteria for high 

priority. It is common knowledge that the delivery of a service must be as cheap as 

possible. The continued cut backs in funding provided by the Government to LAs and 

pressure from the public to keep costs down are combined drivers for the service to be 

as cheap as possible. Therefore, costs are the likely to be the main centre of attention. 

By adhering to legislation, it may not always be the case that the cheapest option can 

be perused. Again, there are many variables to consider for the cheapest option. Let it 

be assumed that the LA contract out the sorting of waste/recyclate and is standardised 

i.e. not a cost concern. For the cheapest collection, a one-type bag collection would be 

the easiest and best choice. Operatives need not spend any time in the inspection of 

waste or for any other matter, allowing for a particular route to be covered in a short 

period of time. This would be the cheapest option for collection. However, Waste 

Regulations (Waste (England and Wales) Regulations 2011) do not allow this. It 

stipulates that glass, metal, paper and plastic must be collected separately. Therefore, 

the cheapest collection cannot be pursued blindly. It therefore acts as a barrier in this 

Split Weighting characteristic. 
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Currently, LAs do not adhere to this method of thinking. The penalties associated with 

non-compliance are low, to the point of not being adhered to. These penalties, financial 

or otherwise, are not stringent enough to be detrimental to a collection method and/or 

are not enforced. In actuality, Cardiff Council and Rhondda Cynon Taf Council were 

due to pay a combined fine of £1.3 million, for non-compliance with achieving 

recycling targets. They were spared the fine due to demonstrating they intend to 

improve their figures (Moore 2015). Once examples such as this stop occurring, the 

LAs will change their decision making methods and subsequently their methods of 

collection. 

This example is simplified dramatically and only occurs if all other variables are 

ignored. From a cost perspective, if the sorting of waste is contracted out, there is still 

an effect on the Net Running Cost criterion. The LA must pay a third party for the 

service of separation and processing, which lead to the inclusion of the 

Contract/Tender Cost sub-criterion. All the sub-criteria must be evaluated to gain a 

true understanding of the priorities for Net Running Cost. This supports the need for a 

decision making process to allow for barriers that affect the decision undertaken. 

Any changes in legislation may require changes to the service provided. In this way, 

a commingled collection may be the most obvious choice for a LA. It provides the 

flexibility to be able to change the streams that are collected, whilst only requiring a 

relatively small outlay (when compared to fleet/equipment changes needed in a KSS 

collection) in the release of promotional material. 

For a small authority, this is less of an issue. If Net Running Costs are high on their 

priority, then a change in equipment is less in cost when compared to that of a large 

authority, due to less households being served. However, the cost of fully changing a 

collection method for small, medium or large authorities, would still be higher when 

compared to that of releasing promotional material to change the streams collected or 

to achieve an increased target. The same applies to authorities when they are classified 

by type. 

For the above reason, the expected outcome for selection of alternative would be a 

commingled collection. The argument is strengthened if Quantity of Recyclate or 

Number of Waste Streams collected joins as the third criterion in a Split Weighting 
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characteristic, as commingled collections perform better at achieving these criteria 

(WYG-Environment 2012).  

5.4.3  Net Running Costs & Quantity of Recyclate collected 

If there is a Split Weighting characteristic where Net Running Cost and Quantity of 

Recyclate are the two most favoured options, the decision is clear. As well as providing 

the service within budget, the decision is to focus on reducing the cost per tonne of 

recyclate collected. An increase in the quantity of recyclate collected, with maximal 

cost suppression, will help to keep the cost per tonne collected down. For a compact 

urban authority, these two criteria complement each other. The routes travelled will 

be less than the other two classifications by type and have more recyclate in a more 

compact area. For urban authorities, the cost increases for the collection of the same 

mass of recyclate and for rural authorities it becomes more still (Waste Awareness 

Wales and AEA 2011). This is a similar principle to economies of scale. In any 

industry economies of scale is the inverse relationship between cost of production and 

the per-unit fixed cost, i.e. the greater the number of units produced, the smaller the 

cost per unit is. For waste collection, the less distance required to travel and time taken 

to collect a specified mass of recyclate, the cheaper the collection will be due to less 

fuel usage and a lower wage bill for operatives. Therefore, for a compact urban 

authority with large population, the cost per tonne of recyclate collected will be less 

than that of a rural, small authority, when taking into account the Work Force and 

Fleet criteria, which predominate the influence of Net Running Cost.  

The question is, which is more important to the authority? If Quantity of Recyclate is 

of more importance, then it would be expected that an authority will place a higher 

significance than usual on the Advertising, Promotion and Enforcement (APE) sub-

criterion of Net Running Costs. With a higher level of knowledge, and education from 

a young age, of what can be placed in to recycling receptacles by householders, the 

quantity of recyclate collected will be higher (Maddox et al. 2011). Thus validating 

the decision of these two criteria being most important. This holds true regardless of 

the selection of the solution alternative.  

If Net Running Costs and Quantity of Recyclate are regarded as the most important, it 

would also be expected that Quality of Recyclate would be of higher importance too. 

A Split Weighting Characteristic with these three is likely. For the costs to be kept low 
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with a high quantity of recyclate, the costs of reprocessing would need to be kept low. 

A higher quality of recyclate will achieve lower reprocessing costs, connecting the 

three criteria in importance. 

The above means that the likely selection of alternative could go either way. There is 

an argument that commingled collections tend to create a higher rate of capture than 

kerbside sort collection schemes (WYG-Environment 2012). In addition, more 

households can be covered in the same amount of time than a kerbside sort scheme 

thereby increasing the likelihood of being able to collect more recyclate in a shorter 

period of time. It can be argued that the reprocessing is of no concern to the LA, if it 

is contracted to a third party and thus does not enter into the decision making process, 

strengthening the choice of a commingled collection. But this must have been agreed 

and the reasoning documented before embarking on the process. 

On the other hand, it is argued by WRAP (WRAP 2008) that with a vastly reduced 

amount of reprocessing required from recyclate collected through a kerbside sort 

scheme, the actual time taken to achieve a ‘final product’ that can be used, is very 

similar. Furthermore, the quality of the recyclate tends to be lower from a commingled 

collection, especially in relation to paper (Miranda et al. 2013). Thus, where a 3-

criteria Split Weighting characteristic is assumed, with the Quality of Recyclate 

criterion as highest importance, then the KSS scheme may be the chosen alternative. 

This highlights the necessity to agree on the boundaries and assumptions taken, before 

the decision making process is undertaken. If this is not clear, then there can be 

uncertainty in the final choice because counter arguments can arise. The assumptions 

that are made at the very beginning of the process must be clearly defined and justified. 

5.4.4  Net Running Costs & Quality of Recyclate collected 

As stated previously, if Net Running Cost and Quality of Recyclate were to be chosen 

as the two most important criteria, there exists a slight dichotomy. For the quality of 

the recyclate collected to be high, significantly more investment is predominantly 

required in labour or infrastructure. The sorting of waste manually is the most effective 

way of ensuring a high quality of recyclate. With enough man power, all waste can be 

sorted perfectly. In a KSS scheme, this is done on the routes, with more operatives 

present than in a commingled kerbside collection. They inspect all recyclate before 

placing it in to the stillage vehicle. When compared to a commingled collection, the 
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sorting is carried out by a mix of plant and human operatives. This gives a varying 

degree of quality. There is no minimum quality standard as DEFRA have allowed the 

market to determine the standards required (Date 2014a). Regardless of the choice of 

alternative, the net running costs are driven up, with respect to all the sub-criteria, if 

quality of recyclate is ensured.  

Therefore, to bring the two closer, the analysis for these two criteria being of high 

importance is likely to be associated with a third, namely Legislative Compliance. 

Regulation 13 of the Waste (England and Wales) Regulations (2011), requires a 

certain standard of quality from the recyclate collected. Whilst Net Running Cost, in 

this situation, is of high bearing, the likely combination with Quality of Recyclate 

would be down to being ‘forced’ to have to consider it. By adhering to legislation, and 

thereby believing the TEEP Regulations sub-criterion to be most significant, it is 

logical then that Quality of Recyclate and Net Running Cost criteria can both be 

considered high in importance. This would likely show in a Split Weighting 

Characteristic with these three being much higher than the other three criteria. 

When considering the choices by classification of authority, this scenario is a likely 

one for a compact urban authority, which will struggle to ensure the quality of the 

recyclate they collect. With a diverse range of housing their preference would be for a 

flexible service that accommodates all types. A commingled collection would be the 

most probable outcome for them with an emphasis on the APE criterion, to aid in 

achieving a high quality of recyclate collection. For urban and rural authorities, 

keeping costs as low as possible is likely to be more of a cause for concern. When 

classified by size, this has no direct bearing on the quality of recyclate. But as the size 

increases, so do the relative costs incurred. Therefore, a large authority will place more 

importance on the Work Force and Fleet sub-criteria than a small or medium authority. 

The small authority will most likely be able to spend more on APE to ensure a higher 

quality of recyclate. 

The likely choice of solution alternative is very much dependant on the type of 

authority and the assumptions made. It could be that KSS is the overwhelming choice 

for the quality of recyclate it achieves. It is dependent upon the description of quality 

and what is acceptable to the authority, as to whether the KSS collection is preferred 

over a commingled collection. 
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5.4.5  Net Running Costs and Number of Streams collected 

This scenario is very unlikely to occur in practice. It is more likely to be plausible if 

there was a Linear or 3-criteria Split Weighting characteristic alongside the Quantity 

of Recyclate collected criterion. With more streams collected, a higher quantity of 

separate recyclate may be possible. In theory, for an increased Number of Streams 

collected in a recyclate scheme, a commingled collection would be most suited over a 

KSS scheme. 

There is a small community in Japan, Kamikatsu, that must sort their waste in to 34 

categories to be recycled (Harrabin 2008), showing that it is possible to collect a large 

number of streams. However, would this be practicable in an urban setting and would 

it be accepted? Highly unlikely and this is an extreme illustration. However, if for 

example, an authority wanted to collect seven or eight streams of recyclate, would it 

be cost efficient to give every house that many receptacles? Would the householders 

be able to store that many boxes or bags in their house? This kind of option would 

require a large initial outlay, thereby driving up the cost of providing the service and 

contradicting the emphasis of this scenario. No matter the classification of authority, 

if Net Running Cost and Number of Streams Collected were the two most important 

criteria, a commingled collection would be the most likely choice of alternative. 

5.4.6  Net Running Costs & Public Perception 

The selection of Net Running Cost and Public Perception criteria as the two most 

important criteria is favourable in the eyes of an authority for publicity purposes. The 

likelihood is that a method of recyclate collection that has the lowest running cost is 

most likely to be accepted by the public. Waste collection services are one of the most 

visible council led services to the public. A saving in the delivery of such a service 

will create a possible expectation that council tax will decrease or the public will see 

a financial benefit elsewhere.  

If Net Running Cost and Public Perception are chosen as the two most important 

criteria in the decision making process, then there is a high likelihood that Advertising, 

Promotion and Enforcement is considered important in the sub-criteria of Net Running 

Cost. Where there are savings made on the delivery of service, the council will want 

to advertise this, if the public’s perception and acceptance is important to them. Also 
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it has been suggested by Emery et al. (2004) and AEA (2011), that residents would 

like to receive more feedback. Furthermore, the study revealed that engagement with 

residents over participation in recycling and re-use initiatives, is one of the services 

most hit by austerity measures. The more empowered and included they feel in the 

betterment of their area and the environment, the more they are likely to participate. 

In reality, this is an unlikely scenario to occur, based on the information gathered in 

Section 5.3 Public Perception was found to be of the second lowest importance in 

general, whilst Net Running Cost criterion was always near the top, regardless of size 

or type of authority. However, it is a possibility that the Quantity of Recyclate criterion 

would complement the choice of these two criteria, in a 3-criteria Split Weighting 

characteristic. It is rational to assume that with public acceptance and approval of a 

recyclate collection scheme, they are more likely to participate and therefore more 

recyclate may be collected.  

Due to the back and forth nature of which is the most suitable method of collection 

(letsrecycle 2013), it is near impossible to predict which alternative would be the most 

likely outcome in this situation. Firstly, it depends upon the stakeholders within the 

authority. Only a survey of householders in the given authority could determine 

whether a KSS or commingled collection would be preferable, as well as checking the 

cost effectiveness of a change. Equally, in terms of net running costs, it cannot be 

mutually agreed across the sector as to which method of collection is cheapest to run. 

All of these reports have differing views depending on the criteria that are taken in to 

account. It is therefore up to the decision maker(s) to decide the relevant assumptions.  

5.4.7  Legislative Compliance & Quantity of Recyclate collected 

If Legislative Compliance and the Quantity of Recyclate criteria were considered key 

in selecting the best method of waste collection, the targets that are set out in 

legislation (Welsh Government 2010) will be high on the priorities for a LA. This 

means that the Toward Zero Waste sub-criterion of Legislative Compliance will likely 

have a Top Heavy Weighting characteristic, when pairwise compared with the other 

sub-criteria. The Toward Zero Waste targets outline step percentage increases year on 

year, in the collection of recyclate as a whole of waste collected. Therefore in this 

scenario, the authority is placing a heavy emphasis on exceeding the targets set by 

Welsh Government. 
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However, the remaining sub-criteria of Legislative Compliance cannot be ignored. If, 

as in the example in Figure 5.16, Legislative Compliance has been given the highest 

weighting, achieving legislative demands is the highest priority for the authority. 

Depending on the emphasis placed on these sub-criteria, they can influence the choice 

of alternative. Figure 5.16 shows Legislative Compliance to have a weighting of 

0.4405. The sub-criteria in this example have a Linear Weighting characteristic. As 

there are only four sub-criteria under scrutiny, the weighting of TZW is 0.467, 

translating to a global weighting of 0.2056. Therefore, the option that achieves the 

percentage targets laid out in ‘Towards Zero Waste’ has the highest weighting, 

followed by the remainder. The effect the other sub-criteria have can be seen in the 

global weightings. The values, none of which are above 0.0262, have a relatively small 

impact when compared to those of options 1-4 under TZW. Whilst they cannot be 

discounted, some have a negligible impact. 

Table 5.19 - Linear Weighting Characteristic for the weightings of sub-criteria 

for Legislative Compliance 

  TZW 
Fin. 
Pen 

TEEP 
Env. 
Ben  

 
 (weighting) 

TZW 1     2     3     4       0.467 

Fin. Pen  1/2 1     2     3       0.278 

TEEP  1/3  1/2 1     2       0.160 

Env. Ben  1/4  1/3  1/2 1       0.095 

CR = 0.011 

  

Figure 5.16 – Extract from the programme – weightings of sub-criteria of 

Legislative Compliance 
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Whenever Legislative Compliance has a high weighting, the alternative that best meets 

all legislative conditions will be the most opportune choice. When paired with 

Quantity of Recyclate then the method that collects the most recyclate, whilst 

appeasing legislation is the best outcome. 

5.4.8  Legislative Compliance & Quality of Recyclate collected 

In the same way that a Split Weighting characteristic of Legislative Compliance and 

Quantity of Recyclate would create a focus on the sub-criteria, the same is true of 

Legislative Compliance and Quality of Recyclate. Regulation 13 of the Landfill 

(England & Wales) Regulations (2011) states that metal, plastic, paper and glass must 

all be collected separately. This is to ensure a higher quality of recyclate collected at 

kerbside. It follows that if these two are considered the most important two criteria in 

the Drivers and Barriers, the TEEP Regulations sub-criterion will have a high value 

weighting when pairwise compared to the relevant sub-criteria. 

This will have a direct effect on the selection of a solution alternative. The most likely 

alternative to be selected in this case, regardless to classification of authority, is a KSS 

scheme. The nature of this collection follows Regulation 13, where four separate 

receptacles can be used to collect each stream. The quality of the recyclate will be 

high, on account of lower potential for contamination e.g. broken glass with paper. 

However, there is the possibility that should these two criteria be considered most 

influential on the decision, a commingled collection may be used.  

Commingled collection of recyclate appeases Regulation 13, as it can be used to 

collect the four streams separately. The recyclate is subsequently sorted. If the 

authority could prove that the recyclate can be separated into the four streams, with a 

high standard of quality, commingled kerbside collection could be a viable choice. In 

practice, this is doubtful. It is undeniable that having separate receptacles for separate 

streams will reduce the likelihood of contamination thereby giving high quality 

recyclate. If the findings from Section 5.3 are applied, a 3-criteria Split Weighting 

characteristic are to be used, the Net Running Cost criterion would be involved. The 

dynamic changes little. If there is no MRF in the vicinity of the authority, the cost of 

setting one up or transporting to the nearest (providing the quality can be assured), 

will be much higher than setting up a new KSS scheme.  
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5.4.9  Legislative Compliance & Number of Waste Streams collected 

In a scenario where Legislative Compliance and Number of Waste Streams are the two 

most important, the authority would be looking to maximise the number of streams 

they collect in the recyclate. This is another unlikely scenario to occur. To achieve 

legislation, only the minimum of four streams needs to be collected. Therefore these 

two are unlikely to be seen together as the two most import criteria in the Drivers & 

Barriers layer. If Quantity of Recyclate collected were to join in a 3-criteria Split 

Weighting or Linear Weighting characteristic, it may be more realistic. 

By trying to collect more recyclate, one method of achieving this is to collect more 

streams. This involves less work for the householders. They can have confidence that 

if unsure about whether an item can be recycled, the more likely that it can, they are 

more likely to place it in the recycling receptacle. For all classification of authorities, 

a reduction in residual waste could be seen in this scenario. This can help them keep 

to the national landfill allowance targets set in The Landfill (Maximum Landfill 

Amount) Regulations (2011) further justifying the high importance of Legislative 

Compliance. 

It would be expected that TZW would be the most important of the sub-criteria of 

Legislative Compliance in this scenario, as per Figure 5.17. The Split Weighting 

characteristic can be seen with weightings of 0.4043 and 0.3471 for the two criteria. 

The solution alternative weightings from Number of Waste Streams is a direct result 

of pairwise comparisons and divided accordingly. However, due to sub-criteria under 

Legislative Compliance, the impact of its weighting is split between 28 weightings 

rather than 7. Figure 5.17 shows TZW having a higher impact than the remainder, 

highlighting this.  
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Figure 5.17 – Extract from the programme – Legislative Compliance and Number 

of Waste Streams Scenario, with TZW showing high importance 

5.4.10  Legislative Compliance & Public Perception 

This is again another unlikely scenario to take place in reality. The suggestion for an 

authority to consider absolute legislative compliance and the public’s perception could 

be a very difficult one. The LA may have to take action that is against the public’s 

want. If this situation arose, which direction does the authority follow, if these two 

criteria have been rated as equally (or closely) important? 

On the other hand, it could be argued that the public will always be in favour of the 

LA achieving legislation. The cost of non-compliance could be high. If the public were 

to assume that non-compliance with EU and UK legislation could result in a raise in 

cost to them or a diminished service, then they may be in favour of an authority 

achieving legislation come what may. 

In terms of a suggested solution alternative or the effect of classification, there is little 

influence from these two criteria, unless it is explicitly stated in legislation in the future 

or a survey of preference of householders.  

5.4.11  Quantity of Recyclate & Quality of Recyclate 

A Split Weighting characteristic that has Quantity of Recyclate and Quality of 

Recyclate as the most important criteria has an interesting dynamic. The message is 

clear, at any cost, regardless of legislation and public opinion, attain as much recyclate 

as possible, as cleanly as possible. Where cost is not an issue, then a hybrid of 

commingled collection and KSS could be used. With a close inspection of a two stream 

collection the quantity received could be kept high, through ease of use to 
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householders. An example may be with paper collected separately from the other three 

streams (collected in one receptacle). The most common contamination problem for 

paper is glass, metal, liquid and food residue (Miranda et al. 2013). By keeping paper 

separate, which is usually the highest percentage of recyclate by mass, a high quality 

can be maintained. 

This solution could work well for rural and urban authorities. It is less likely for 

compact urban authorities. If it is assumed that these authorities are mainly comprised 

of a city, evidence suggests (Waste Awareness Wales and AEA 2011) that people of 

this classification want as little variance as possible. If the authority is most interested 

with quantity and quality of recyclate, then participation is crucial and appeasing 

residents can achieve this.  

5.4.12  Quantity of Recyclate & Number of Streams 

The partnership of these two criteria as predominant, are complimentary. At a basic 

level, the more types of waste that the public can place into their recyclate, the more 

likely they are to keep the quantity entering these receptacles high. Although unlikely 

as the most important two criteria, it may be for an authority that at the time has a low 

recycling rate. It becomes an important factor to up the quantity of recyclate that they 

collect. The decision maker(s), in this scenario, evidently believe that by increasing 

the number of streams they collect, the higher their quantities will be. 

Taking in to account a Split Weighting characteristic, it becomes important if there is 

a third criterion in the top half. If the third was to be Legislative Compliance, the TZW 

targets are at the forefront of concern. It would be expected that emphasis would be 

made on this sub-criterion, as well as Quantity of Recyclate and Number of Waste 

Streams, as seen in Figure 5.18. This shows the main contributors, as outlined, and the 

influence they have when compared to all the other criteria, upon the choice of 

alternative. In this case, solution alternative Option 1 is the best outcome. Of its final 

weighting, 0.352, the three criteria outlined contribute 0.2811 to this value of 

importance. The Quantity of Recyclate and Number of Waste Streams criteria 

contribute 0.2473, the majority. 

 Judging by the figures, as per StatsWales (2014), the type of authority that is in need 

of increasing the quantity of recyclate they collect is compact urban. This provides the 
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basis of the classification of authority that may come out with a decision that places 

most emphasis on these two criteria. The discrepancy, as at 2014, is only very slight 

as their overall rate is 52%, only 2% below the average across Wales. 

If the third criterion were Net Running Cost, one would expect to see an increased 

emphasis on the Advertising, Promotion and Enforcement (APE) criterion, circled in 

yellow in Figure 5.19. To ensure a higher participation in a recycling scheme, the more 

educated the public are with regards to what they can and cannot recycle (and reuse), 

the higher the quantity of recyclate that can be achieved (Maddox et al. 2011). In a 

similar manner to TZW criterion, this would contribute more and have more influence 

in the selection of the alternative. 

The paradox is that APE is based on quantitative data. Therefore it is unlikely to have 

a large impact, as the expenditure here is normally substantially lower than for Work 

Force and Fleet. The decision maker(s) could therefore go back in to the programme 

and adjust the pairwise comparisons manually, to come in line with the scenario. 

For the suggestion of a suitable solution alternative, a commingled scheme would be 

the most appropriate. This type of collection provides the flexibility of being able to 

collect new streams with little change in the method of collection. Publicity to 

announce what new additions may be disposed of in the ‘usual manner’ means less 

disruption to service, less confusion in changing receptacles and also a lower cost to 

the authority. 
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Figure 5.18 - Extract from the programme – Emphasis placed on Quantity of 

Recyclate, Number of Waste Streams and Towards Zero Waste Targets 
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Figure 5.19 – Extract from the programme – The effect of APE on the scenario 
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5.4.13  Quantity of Recyclate & Public Perception 

These two criteria are another example where their choice is complimentary. For the 

quantity of recyclate collected to be high, the public must participate in the proposed 

scheme. If the level of householder engagement is low, then no matter which solution 

alternative is used, the quantity of recyclate collected will be low. When the public 

perception of a scheme is high the users will be more inclined to use the service to the 

best of its abilities. Therefore, there is a positive correlation in the public perception 

and the quantity of recyclate collected. 

A potential problem that could arise is that the quantity collected could be high, but 

the quality of this recyclate may suffer. The reason why the public may prefer one 

option over another is in its use. A commingled collection allows householders to 

dispose of waste in an easy fashion, using only a single receptacle. If the residual waste 

collection is not as regular as the recyclate collection, it may cause people to start 

disposing of non-recyclable waste in the recycling receptacle. If not policed properly, 

this waste can pass unnoticed on the collection round and the more this happens, the 

more a householder may carry on this practise. If the LA can deal with the separation 

of this non-recyclable waste, then this may be the preferred solution alternative. 

On the other hand, if the authority cannot deal with this contamination of recyclate, 

there may be a Split Weighting characteristic with 3 criteria. In this scenario, it would 

be logical that Quality of Recyclate would become the third most important criterion. 

With this third criterion being on the upper side of the Split Weighting characteristic, 

it lessens the impact that Quantity of Recyclate and Public Perception have on the 

choice of alternative. 

The effect is that the three criteria still have the same influence overall, on the selection 

of solution alternative. The nuance is that the reliance, for a particular alternative, is 

then spread among more than just two criteria. It can be seen in Figure 5.20 and 5.19, 

that the values that contributed to commingled collections, circled in green, have been 

lessened with the introduction of Quality as a third criterion in the Split characteristic. 

Inevitably, this would lead to a stronger case for KSS, however maybe not to the point 

where it is the preferred solution over commingled. This is because the two most 

important still have a strong influence in that direction. What can be noted is that 
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should Public Perception diminish in the future, then it may not be as strong an 

argument for that choice.  

The values for any of the criteria are split between the seven solution alternatives, to 

calculate their weightings. A higher weighting of the third strongest criterion indicates 

that it can have more effect on the choice of solution alternative. In Figure 5.20 a and 

b, the final weighting of the solution alternatives remains the same. How these values 

are attained differs. Quantity of Recyclate and Public Perception have weightings of 

0.3847 and 0.3428 respectively in Figure 5.20a, an example of a 2-criteria Split 

Weighting Characteristic. When compared to Figure 5.20b, where a 3-criteria Split 

Weighting characteristic can be seen, these have a lower weighting yet remain the 

strongest two criteria, in this instance, with weightings of 0.3687 and 0.3131. Quality 

of Recyclate now has a weighting of 0.2520 indicating a higher importance than 

previously, of 0.1551 in Figure 5.20a. Even though the final weighting of the solution 

alternatives remain the same, the additive value from Quality of Recyclate is more in 

the 3-criteria Split Weighting characteristic. Option 1 is shown to be the best outcome 

overall however the ‘reliance’ on Quantity of Recyclate and Public Perception is less 

in Figure 5.20b than it is in Figure 5.20a. 

5.4.14  Quality of Recyclate & Number of Streams collected 

There is little reason to believe that there these two criteria would be found to be most 

important. The problem being that they are very conflictive. If the number of waste 

streams collected were to be maximised, it would most likely cause a drop in the 

quality of the recyclate received (Eunomia 2011). 

There is also a split in the direction of which solution alternative would be most 

suitable. It is argued that KSS will provide a higher quality of recyclate to be collected 

(Eunomia 2011). Commingled collection allows for a higher number of streams to be 

collected. Therefore a hybrid system would likely appease this scenario. The 

inspection of streams such as paper and plastic to ensure no contamination and all 

remaining streams that wish to be collected, sorted at a later time, this could be a viable 

solution. 
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(a)      (b)   

Figure 5.20 - Split Weighting Characteristic with (a) a 2 criteria as most 

important and (b) a 3-criteria Split Weighting characteristic with Quality of 

Recyclate in the top half of importance (right)
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5.4.15  Quality of Recyclate & Public Perception 

This scenario is similar to that of the Quantity of Recyclate collected and Public 

Perception scenario. If the public are inclusive of a scheme and want to participate, 

they are more likely to take ownership and therefore ensure that the quality is high. 

The householders will more likely understand what is permitted in to the receptacle(s) 

for recycling and give a higher quality and less contaminated recyclate. 

This scenario is easier for small authorities, as there are less residents to appease. The 

best solution for this is the choice of a kerbside sort scheme. The quality is assumed 

to be better than commingled collections, so long as the public’s perception from any 

given authority, is high. The KSS collection also requires more thought than a 

commingled collection thereby increasing the likelihood that the householder wants 

to participate. This is of course a subjective matter.  

5.4.16  Public Perception & Number of Streams collected 

This scenario is the least likely of all to happen when the results from Section 5.3 are 

considered. All the authorities place a very low importance rating on these two criteria. 

It is therefore a possibility in theory, but almost certain to not happen in practice. In 

theory, if there are more streams that can be collected, the public have to think less 

and may be more likely to participate. However, in this scenario, there is no thought 

to cost, targets, legislation or trying to increase the amount of recyclate collected by 

the authority. Whilst these two criteria are important in conjunction with any of the 

other four, on their own, there is no real driver to push the collection of recyclate 

further. 

5.4.17  Summary 

By setting these scenarios, the Quality of Recyclate, Net Running Cost and Legislative 

Compliance criteria have shown that they complement each other. To consider two of 

them as most important generally requires the third to understand the significance. 

This re-affirms the instinct decisions made by the stakeholders in Section 5.3 In turn, 

this gives confidence that those making the decisions in these authorities are focussing 
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on more than just costs or reactive measures, which can cause the wrong long term 

decisions. 

Through each scenario, similar problems arise for a LA in the collection of waste and 

recyclate. These problems are based on how to appease the remaining criteria when 

two, or sometimes three, are the main point of focus. It is true that if the decision 

making process is undertaken, there will be some that are of more importance to an 

authority. Whilst the remaining criteria have much less influence, it does not mean 

they can be ignored. All criteria have a contributory effect to the choice of recyclate 

collection (solution alternative). A key example is the Public Perception criterion. 

Whilst this generally is assumed to be low on the list of priorities of authorities, it must 

be taken into consideration at least. Without public input, any scheme is doomed to 

failure. 

A lot of emphasis is placed on the costs involved with providing a waste collection 

service. This happens in any industry, however when budgets are constantly being 

squeezed and reduced, providing a better service than the previous year becomes 

harder. This is the demand and the main cause of concern, made by the Toward Zero 

Waste targets in Wales (WAG 2009). Authorities can change small things, for example 

collecting a new type of plastic, in the short term. In the long term, periodic radical 

overhaul is usually required. Sometimes, this is because plant needs replacing. It 

provides the perfect opportunity to research whether the same collection method can 

be used; or, because of changes in the industry, new technologies, new methods of 

reprocessing or any other reason, if a new collection method need to be implemented? 

Of course, cost is not the only issue. By using the above scenarios, an authority can 

try to foresee the impact of considering various criteria in tandem. It is not concrete, 

as authorities have many variants to consider; but can provide the basis for the decision 

on a new type of collection in comparison to a current scheme. 

There are small variations that occur depending on the emphasis of the decision being 

made. It is these variations that cause conjecture between the Government, and the 

direction they want to take, and Local Authorities. Although sixteen scenarios are laid 

out above, in theory, there are many more. When the consideration of residual waste 
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is taken in to account as well, this creates sixty four scenarios. Including food 

collection, this number increases to one hundred and twenty eight scenarios. It is clear 

that this is a very complicated process. By concentrating on the implications of the 

choice of recyclate collection, the decision is manageable. Residual waste collection 

and food waste collection can be used as a confirmation exercise, as will be shown 

with the Case Study Authority.  

It has been shown that focus on different criteria can mean different things to different 

types of authority; there can be variations when the most important criteria are the 

same. By organising the decision making process in terms of the criteria, the argument 

for the choice of solution alternative can be categorised. To check the validity of the 

scenarios, they are compared against the decision making process of the Case Study 

Authority. The following section is the result of their use of the programme and gives 

a suggested outcome. Although commingled recyclate collection and kerbside sort 

collection are covered in general in the scenarios, the Case Study Authority has more 

detailed versions of each type of collection, for comparison purposes. 

5.5  Case Study Authority 

Ceredigion is classed as a small authority by size and a rural authority by type. 

Previously it had been decided that a weekly commingled collection would be used, 

with a fortnightly residual waste collection. The reasoning for this is outlined in 

Section 3.4. The most pertinent questions are what have changed in the five years since 

then. Have the drivers and barriers changed? Are the alternatives considered then, the 

same as now? If not, why not, and how are the new solution alternatives different? 

Further to these questions it is important to compare the two decision making 

processes, enabling an evaluation of how the decision making process has evolved 

over time. With the same final goal in the process undertaken by the Case Study 

Authority back in 2010 as now, this can easily be done. 

5.5.1  Following the Decision Making Process Route Map 

Alongside the research that was undertaken, the decision maker(s) in the Case Study 

Authority were asked to consider the route map outlined in Section 2.1. They were 

responsible for outlining the first four steps of the route map. The consultation process, 
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which was defined in Section 4, aided the selection of the criteria, as per step five. 

Step six, the utilisation of a decision making tool, is defined in Section 2 along with 

justification for using the AHP methodology. The remainder of this section shows the 

application and appraisal of the decision made, following steps seven and eight of the 

decision making route map. 

5.5.2  Defining the Problem – Step One 

The decision to be made was defined as the following: 

“Welsh Government insist that a Kerbside Sort approach to MSW collection is the 

best way forward. Is this the case for Ceredigion County Council? If not, what are the 

options available that are within legislative regulations and are within budgetary 

boundaries? 

5.5.3  Requirements the solution must meet – Step Two 

The chosen alternative must be accepted by the Welsh Government. The solution 

alternative must collect glass, paper, plastic and metal recyclate separately and the 

amount of biodegradable waste entering in to landfill must be within legislative 

targets.  

5.5.4  Goals that should be accomplished – Step Three 

The chosen solution alternative does not have to be the cheapest method, but the less 

expensive it is, the more favourable it will be. The solution alternative should be 

flexible to be able to cope with changes that may be needed over the course of its 

service life. 

5.5.5  Selection of the Alternatives – Step Four 

The options were chosen at a workshop involving senior officers and the Council’s 

portfolio member for waste. The selection of solution alternatives started with 

Business as Usual (BAU, the current method of collection) as the baseline. Next, the 

standard Welsh Government blueprint was added (Kerbside Sort with food collected 

on the same vehicle). The method of collection that the Case Study Authority thought 

would be the service they were hoping to offer (BAU plus glass collected weekly and 
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BAU plus glass collected fortnightly). A very basic option (recyclate collected 

fortnightly) was included to show the lowest possible price. Finally, a variation on the 

Welsh Government’s Blueprint (Kerbside Sort with food collected on a separate 

vehicle) was included as another comparison. 

5.5.6  Criteria Selection – Step Five 

During the development of reviewing the decision making process in local authorities, 

the criteria were selected as Legislative Compliance, Quantity of Recyclate collected, 

Quality of Recyclate collected, Number of Waste Streams collected, Net Running Costs 

and Public Perception. Of these, the sub-criteria of Net Running Costs are Fleet, Work 

Force, Advertising, Promotion and Enforcement (APE), Contract Costs and Gate Fees 

and for Legislative Compliance the sub-criteria are TZW Targets, TEEP Regulations, 

Financial Penalties and Environmental Benefits. 

5.5.7  Decision Making Tool – Step 6 

The explanation for this the selection of methodology and development of that tool 

are outlined in Sections 2 and 4. 

5.5.8  Application – Step 7 

Before the tool is implemeneted and the decision making process can be undertaken, 

assumptions, agreements and disagreements must be documented to ensure clarity. 

These assumptions must be adhered to at all times to allow fairness in pairwise 

comparisons. Below are the assumptions and agreements made. 

 Residual Waste 

The programme allows the user to consider different methods of 

recyclate collection alongside weekly, fortnightly, 3 weekly or monthly 

residual collections. For the Case Study Authority, only fortnightly 

residual waste is considered. There is a contract with the current MRF 

for this provision for another 5 years. The compensation required to 

break this contract is vastly more than projected savings and income 

from a change to another. Should the authority carry out the decision 

making process at the end of this contract, they would consider all 
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recyclate collection types with the four frequencies for collection of 

residual waste.  

 Income 

Leading on from the contract with the MRF, there is no income to the 

authority from the processed dry recyclate to consider. The MRF 

receives all recyclate and any income gained from selling processed 

recyclate goes directly to the MRF. So long as the quality is of a 

sufficient level, acceptable by the MRF, then financial impacts are 

unaffected. It was noted that if the council were to change their mind 

and set up transfer stations to process recyclate themselves, then quality 

becomes important for a better income. 

 Landfill allowance and penalties 

Up to the present time, letters have been sent out to notify an authority 

for exceeding their landfill allowance. The same is true for not meeting 

targets, however, no financial penalties have been given. The process 

will be undertaken on the assumption that this will still be the case 

going forward. 

 Budget for the Local Authority 

It is believed that in time, budgets will increase again. The public sector 

funding tends to see a lag when compared to private sector 

organisations in budget setting, due to tax revenue delay (Oakes 

2014b). The money collected is not readily available to councils and 

forms the budgets a year or two later. The Case Study Authority are 

working on the assumption that now that the economy is recovering, 

the public sector will benefit from less budget cuts in the near future. 

With these assumptions in place, information was input to the programme. The 

quantitative data used could not be included due to political sensitivity.  
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5.5.8.1 Entering information in to the programme 

There is a 2-criteria Split Weighting characteristic, clearly defined in Figure 5.21. This 

is most similar to Large and Urban authorities in terms of characterisation. This is 

clearly not what was expected. A reason why the Case Study Authority results may 

not conform to the classification and characterisation results may be the time sensitive 

nature of the process. The results for characterisation and classification were attained 

about ten months before the final results. Over this time period priorities may have 

changed, however individual ideals and, more likely, contractual commitments 

confirm that there will never be conformity across all authorities in Wales; highlighted 

by the decision made by the Case Study Authority. There are many mitigating factors 

that affect a decision and the following studies the weightings assigned to all the 

criteria, sub-criteria and alternatives. 

 

Figure 5.21 - Graphical Representation of the weightings for the six main criteria 

With the data entered the results are shown in Figure 5.22, showing the two criteria 

that are most important to the Case Study Authority are Net Running Cost and 

Legislative Compliance with values of 0.373 and 0.338 respectively. This is not 

exactly in line with the expected outcome. A small rural authority would be expected 

to come out with Net Running Cost and Quality of Recyclate as the two most important 

criteria. For the Case Study Authority, the criterion Quality of Recyclate is fourth in 

importance behind Quantity of Recyclate collected as third in importance. 
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This is explained by the current contract that is in place with the MRF. Quality of 

Recyclate is not a priority, as only the minimum requirement requested by the MRF is 

acceptable to the authority. At present, a commingled collection satisfies the MRF’s 

requirements. On the assumption that at least this standard will be achieved in the 

future, less importance is placed on quality. It has been noted that should, at the end 

of the contract, it be decided that looking to receive an income from the processing of 

recyclate be a priority for the LA, then the quality  of recyclate collected would 

definitely become more important. However, it might not necessarily be more 

important than the quantity that can be attained. To maximise income, a large quantity 

of high quality recyclate would be required. The decision making process, at that time, 

would be required to make a judgement. 

5.5.8.2 Net Running Costs 

The pairwise comparisons of the sub-criteria are undertaken with the higher monetary 

value of one sub-criterion in comparison to another, leading to a higher importance 

weighting. When the solution alternatives are pairwise compared, with respect to the 

parent sub-criterion, the lower the cost of the alternative, the higher it’s weighting. 

This difference is important. One of the goals for the council is looking to provide a 

service that is (preferably) as economical as possible. Whilst the sub-criteria that has 

the highest value overall is the most important, the alternative chosen should provide 

the service as inexpensively as possible. 

Of the sub-criteria, the cost of the Fleet is vastly more important with a weighting of 

0.609, seen in Figure 5.23, supplying a global weighting of 0.2273 in Figure 5.24, as 

it is the most expensive element. This is by far the largest contributing criterion (Top 

Heavy Weighting characteristic), with a weighting higher than those in the layer 

above, except Legislative Compliance. This emphasises the notion that authorities 

place so much importance on the cost of providing a service. The Work Force, 

Contract/Tender Costs and Gate Fees criteria have very similar weightings of 0.0447, 

0.0356 and 0.513, and APE is near to insignificant. 

The global weightings of the alternatives seen in Figure 5.24 are very small values, 

most of which are below 0.01 except in the Fleet column. Individually, they have a 

small input on the final weightings of the alternatives. If they are summed horizontally, 
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they then begin to have more significance as a whole. Alternatives 2 and 6 stand out 

as the highest in weightings with 0.1292 and 0.0776 respectively. Alternative 1 is the 

next step down with a value of 0.050 followed by alternative 7 with a value of 0.0368. 

Alternatives 3, 4 and 5 have similar values of 0.0295, 0.0274 and 0.0229. 

In Table 5.20, there is a comparison of the final weightings of the alternatives and the 

order of importance given by the net running costs. They nearly follow the same 

ordering of importance with clear exception of alternative 1, the BAU option. This is 

another point that emphasises the cost of providing the service, dominating the 

decision making process for this local authority.  

Focussing on the alternatives, alternative 6 is the cheapest to run in terms of the work 

force cost and the contract costs. Alternatives 2, 5 and 7 send the least amount of waste 

to landfill and have the highest rate of recyclate capture. These alternatives have the 

highest and fairly similar weightings in the Gate Fees criterion. This underlines the 

idea that the cheapest service to run, alternative 5, is not necessarily the best choice as 

costs may be presented elsewhere. 
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Figure 5.22 - Excerpt from the programme of the final Case Study Authority 

Decision 
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Table 5.20 - Comparison of the order of importance for the alternatives, between 

Net Running Cost and overall 

Alternative 
NRC 

weighting 
 Alternative 

Final 
Weighting 

2 0.1292  2 0.230 

6 0.0776  6 0.158 

1 0.0500  7 0.138 

7 0.0368  3 0.130 

3 0.0295  5 0.129 

4 0.0274  4 0.125 

5 0.0229  1 0.089 

 

Figure 5.23 - Excerpt from the programme of the pairwise comparisons for Net 

Running Cost sub-criteria 

 

 

Figure 5.24 - Global Weightings of the solution alternatives for Net Running 

Costs, excerpt from the programme 
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In the decision making process, practically speaking, this is the decision made. 

However, what would the results be like if such an anomalous result is removed? 

With the weightings from the Fleet criterion zeroed, Figure 5.25 shows the 

weightings of the alternatives in this hypothetical situation. It shows how large an 

effect that one criterion, or sub-criterion in this instance, can have on the outcome of 

the whole decision. Ceteris paribus, the final weighting of the alternatives are very 

close, with the exception of alternative 1. 

The reason for alternative 1 being much lower is the assumption that the current 

method of MSW collection will not achieve the targets set out, going forward. 

Therefore, alternative 1’s weightings under TZW and Financial Penalties are very low. 

Alternative 5 has the weighting 0.125 and alternative 6 has a weighting of 0.111. Of 

the alternatives that are not BAU, there is only a difference of 1% weighting between 

the highest and lowest. This is miniscule.  

Figure 5.25 goes a long way to explaining why the cost of a service is nearly always 

the deciding factor. All the criteria are important and, when viewed in this way, are 

achieved to varying degrees, by the alternatives in this process. It is then the cost, and 

in particular the purchase/hire and running of vehicles that makes the final determining 

factor due to size of input on the decision in weighting. 

It is very easy to accept that cost can be the determining factor. However, as has been 

stated many times in this chapter, ideals, motivations, criteria and targets are 

constantly changing in the decision making process for waste management. An 

iterative approach is required, wherever possible. 

5.5.8.3 Legislative Compliance 

The next highest criterion by weighting is Legislative Compliance. For the Case Study 

Authority, it was deemed that the alternatives all slightly excel what is required of 

them in regulations. The only anomaly to this is alternative 1, which will not achieve 

the targets set out and will not satisfy the necessity of collecting all four basic types of 

recyclate together. Therefore, in Figure 5.26, the weightings are much lower than the 

other six alternatives with 0.0019, 0.0019 and 0.0017 compared to 0.0169, 0.0169 and 

0.0153 for each sub-criterion. Environmental Benefit is not compared as the Case 

Study Authority deemed it as a non-important criterion, thereby negating at that time. 
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Figure 5.25 - Excerpt from the programme of the Final Case Study Authority 

Decision, with the Fleet criterion negated 
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Figure 5.26 - Global weightings of Legislative Compliance, excerpt taken from the 

programme 

5.5.8.4 Quantity of Recyclate 

Quantity of Recyclate is the third most important criterion with a weighting of 0.1276. 

The Case Study Authority believed that the actual quantity of recyclate they can 

achieve is sufficient enough in all cases. Whether one alternative captured more 

recyclate than another was irrelevant to them due to the contractual agreement with 

the MRF. The analysis is therefore currently insignificant with respect to the global 

weightings gained by the alternatives and as such are, equal across all alternatives.  

5.5.8.5 Quality of Recyclate 

The quality that is gained from the solution alternatives is what led to the weightings 

shown for the Quality of Recyclate criterion. The pairwise comparisons were 

undertaken as judgements by the decision makers. Currently, it is very difficult to 

quantify and compare the quality of recyclate that is collected by kerbside collection 

schemes. It could be calculated by the percentage of rejects. However, different 

reprocessors will accept differing levels of contamination. Therein lays the difficulty 

in agreeing what quality means exactly.  

Figure 5.27 shows alternatives 2 and 7 giving the highest quality in the opinion of the 

decision makers, both with 0.0187. As they are KSS options it follows the assumption 

they will offer a better quality, in general, of recyclate. Alternatives 3 and 4 are 

‘hybrid’ methods of KSS and commingled collection, returning the next best quality 
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and hence have a higher weighting than alternatives 1, 5 and 6 that are variations of 

commingled collections. 

 

Figure 5.27 – Global weightings of Quality of Recyclate, excerpt taken from the 

programme 

The Quality of Recyclate criterion does not have a large impact in the decision. The 

contractual agreement with the MRF drives the reason for such a low weighting when 

compared to other criteria in the Drivers and Barriers layer. However, the authority 

did state that they must consider the quality of the recyclate they can achieve when 

that contract runs out. Otherwise, the global weightings across all the alternatives 

would have been identical. 

5.5.8.6 Public Perception and Number of Waste Streams 

The weightings attained by Public Perception and Number of Waste Streams follow 

the ideals of all the authorities in the classifications. With weightings of 0.0407 and 

0.0321 respectively, they are not important to Local Authorities. Of interest in Figure 

5.28 are alternatives 3 and 4 having significantly higher weightings, with respect to 

public perception than the remaining alternatives. These are the two options that are 

most similar to BAU, but including a glass collection. It is believed that the public are 

more likely to be accepting where little change to their use of the service is involved.  
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Figure 5.28 - Weightings for Public Perception, excerpt taken from the 

programme 

5.5.9  Checking the result with Food Collection 

As a very basic method of checking the results from the decision, Figure 5.29 

represents the preference of the decision makers of how to collect food waste. The 

higher the weighting of the option, the higher the preference in this instance. Using a 

compartment on a split body vehicle aligns with alternatives 1, 3, 4 and 5. A separate 

dedicated vehicle aligns with alternatives 6 and 7, whilst stillage vehicles are used for 

alternative 2. 

The decision makers are in favour of split body vehicles in this case. As the food waste 

can be collected simultaneously with either residual or recyclable waste, a separate 

route is not required, thus lowering the cost of collection. The same is true for the use 

of stillage vehicles. In the same way, there is also less environmental impact using 

split body or pods on stillage vehicles as a single vehicle is used in a route.  

The result here does not align with alternative 2 being the favoured alternative; neither 

does it agree that alternatives 6 and 7 second and third highest in weighting/preference. 

This does show that the opinion of decision makers cannot necessarily over-rule the 

effect of cost, for choosing a collection method. Therefore this proves that bias can be 

negated to a certain degree. 
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Figure 5.29 - Food collection preferences, excerpt from the programme 

5.5.10  Compared to the appropriate scenario 

Compared to the scenario created earlier in this chapter, the decision can be 

scrutinised. Firstly, progressive cutbacks in funding to LAs in Wales can be attributed 

to Net Running Costs being highest on the priorities. Also, the yearly targets that need 

to be achieved are principal on the Case Study Authorities goals. With alternative 2 

being the favoured option, it is forecast to achieve both criteria.  

The main problem that the authority would face is the standing contract with the MRF. 

The cost of breaking the current contract has not been accounted for in this decision 

because the exact cost has not been agreed upon and moreover, it may be possible to 

not break the contract completely. If residual waste is still sent to the MRF, recyclable 

waste can still be extracted, however the exact details are still unclear. As the Case 

Study Authority is currently exceeding targets, a major cause for concern is that a 

commingled collection may not be an acceptable form of collection in the future. This 

reflects the constantly changing drivers and barriers they face. 

The Quantity of Recyclate criterion is third in importance. As stated in Section 5.4.2, 

again a commingled option would likely return a higher quantity of recyclate. It would 

have been expected that the addition of glass collection to the BAU, i.e. alternatives 3 

and 4, would have gained a higher weighting. A similar collection service and fleet as 

the current one could be used and in terms of advertising and promotion, simple 

communications could be released as the householders would carry on almost as usual. 

Again, this outcome is blocked by the influence of the Fleet criterion.  By looking at 

Figure 5.25, which negates the Fleet criterion, alternatives 2 and 3 have nearly the 

same weighting (0.123 and 0.120) whilst alternative 5 (a three stream collection) is 
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slightly above both with a weighting of 0.125. As alternative 5 is a ‘hybrid’ collection 

between strict KSS and commingled collections, it would provisionally seem to satisfy 

all sides. Vehicle procurement and maintenance has such a large influence, it would 

all depend on the cost of breaking the current contract and the effect this would have 

on the decision. 

In this scenario, it was predicted that a commingled collection would most likely be 

chosen. The large influence of the Fleet sub-criterion is the main reason why a 

commingled collection was not the most favoured option as it is estimated that the cost 

of vehicles in a KSS collection is much cheaper; otherwise a form of commingled 

collection would have had the highest weighting. 

5.5.11  Summary  

5.5.11.1 The Result 

Alternative 2 is the preferred solution alternative, as evidenced by a final weighting of 

0.230 in Figure 5.22. This is solely due to the vehicles that are to be used in this method 

of collection cost much less than the other alternatives. When considering the decision 

making process however, there are many complex areas that must be considered. The 

overriding criterion of the cost of the vehicles has skewed the decision in favour of 

this one alternative.  

Figure 5.25 shows that with the fleet excluded, the pairwise comparisons and 

subsequent final weightings are very similar. However, this is for theoretical 

comparison methods only and cost is a component of the process. Therefore, it must 

be accepted that in this process, alternative 2, the Welsh Government Blueprint, is the 

preferable method of recyclate collection given these criteria, these solution 

alternatives and at the time the process was undertaken. Were any extra costs of 

changing the method of selection included, the process would need to be repeated and 

checked. This is particularly true of the cost of breaking the current contract with the 

MRF. 

5.5.11.2 Accuracy 

It must be noted that this was the decision taken at a particular point in time, for that 

particular authority. This result cannot be transposed to another authority or to another 
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scenario. The process has to be repeated if the alternatives or the criteria selection 

change. To properly validate the scenarios and the criteria chosen, the tool would need 

to be tested with as many authorities in Wales as possible. 

There are many reasons why this has not been done in this work. An authority must 

be in the process of evaluating or changing their collection method. Also, this process 

requires a lot of time. No decision maker will collect data and state preferences if they 

are not in the process of changing their method of collection, no matter how much you 

try to convince them! There was a reluctance by other authorities to undertake the 

process. They seemed keen at first, but were either not willing to give the time to 

undertake the analysis. This may partly be because they didn’t want to take the chance 

that the result may contradict their reasoning for choosing a commingled collection. 

They also cannot necessarily state what their alternatives to be considered are either. 

To test the scenarios with the classifications would require many years to collect the 

information necessary. 

By collecting more information and more results from authorities, the methodology 

can be better validated. With a higher number of results, the scenarios can be tested 

further and additional different decisions can be compared. Where results are the same, 

the differences between the reasoning behind their choices could be examined. 

5.5.11.3 How the thought process changed  

There was only one major area where the thought process changed for the Case Study 

Authority during this study. In 2011 when the consultation process with the Case 

Study Authority began, the concentration was completely on performance, no matter 

the cost. There were grants achievable that were financially attractive and it was 

thought best to exceed legislative targets. Now, in 2014/15, the decision makers 

question the need to spend, for example, an extra £1million to maybe achieve an extra 

1% capture of recyclate? When the final results were attained, meeting statutory 

targets, not exceeding them, with the cheapest option was the mind-set. 

5.5.11.4 Checking the Answers  

Once the comparisons were made, then the preferred alternative was offered to the 

decision makers and any stakeholders to review and ensure that it meets all the 

requirements and achieves the goals to an agreeable point.  
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The decision to change the method of collection is a time sensitive process. The 

constraints are constantly changing and the motivations for achieving targets always 

change too. In the final meeting to obtain results, it was stated that in the previous 

decision the Sustainable Waste Management Grant (SWMG) was a driving factor. The 

amount of money on offer to the council to change their collection method was a great 

enough sum to adhere to its stipulations. At the present time, the decision makers 

believe that the changes asked for, to be eligible for the SWMG grant, are not suitable. 

Savings that equate to the extra income can easily be made elsewhere. Whilst the 

specifics of this were not clarified, it shows that the council’s decision this time, is 

guided less by the grants on offer by the Welsh Government. 

In spite of this, previously, options that did not align with the Welsh Government 

stance were initially considered (although immediately rejected before analysis). 

Compared to this process, all options had to be acceptable to Welsh Government, if 

not in complete concurrence with their blueprint, from the beginning of the decision 

making process. 

A commonality of the two decisions is that they were triggered due to the need for a 

renewal of the fleet. Whilst contractual agreements are longer lasting, the fleet needs 

replacement approximately every four years. In light of this, it is understandable why 

the Fleet sub-criterion is so important. The cost involved is the trigger for making 

waste management decisions. The decision makers in the Case Study Authority said 

they would revisit the costings of the fleet, in light of this analysis and process. 

Previously, only two criteria were considered, the cost of implementation and the 

environmental benefit they would bring. Both of these factors have been taken into 

account in the new decision making process. However, environmental benefit has now 

become quite insignificant in the view of the Case Study Authority. This is mainly 

because all the alternatives considered are conducive to a positive environmental 

outcome. 

As stated in Section 3.5, there is still the possibility of falling into the trap of 

concentrating excessively on the costs of provision of the service. It is undeniable that 
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cost is very important but it seems that in this case, the authority has allowed costs to 

primarily drive the decision.  

5.5.11.5 Was it the Right Decision? 

As this is a very subjective area, it is hard to say whether the outcome was the right 

decision. LAs would prefer a single type of bag collection that has all the material 

together and is sorted by a MRF. In cost terms, it would be the cheapest to implement 

and there would be very little promotional costs. For householders, it would be the 

easiest. For recyclate capture rates, it would 100%. However, the quality of recyclate 

would suffer due to high contamination rates and legislation ends this from being a 

choice of waste collection for LAs. Going forward, it is this author’s belief that the 

quality of recyclate collected will become even more important. 

It is the author’s opinion that the cost assumptions that have been made are not a true 

and accurate reflection of what will happen if the alternatives were used. The relatively 

large saving that has been predicted by moving to a KSS collection is unlikely to be 

so large. If it is a true reflection of what could happen, the author believes that the 

Case Study Authority have fallen in to the trap of allowing cost to be the overriding 

criterion to make the decision. The global weighting of Net Running Costs is only just 

more than Legislative Compliance, but the one sub-criterion, Fleet, is the determining 

factor. One must also acknowledge that it is easier said than done in trying to reduce 

the dependency of the decision on cost alone for a LA. 

The author also believes that although a high priority is placed on Legislative 

Compliance, it does not contribute to the choice of alternative. The sub-criteria are all, 

more or less, ‘switched off’ in the decision, thereby giving no contributory effect to 

the selection of alternative. The message this puts across is that achieving legislative 

targets and adhering to constraints is important but does not actually contribute to the 

overall decision. In reality, this is not the case. The choice of alternative can directly 

influence the percentage of waste that is recycled and subsequently collected. The 

difficulty is that without physically implementing the collection type, only estimations 

for the recycling rates can be made. If the recycling rates of the KSS collections can 

be achieved, then the pairwise comparisons of the alternatives, in relation to the sub-
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criteria of Fleet, are accurate. If they cannot, then the pairwise comparisons are wrong 

and would be revisited in future analysis. 

Going forward, there is an increased focus on the quality of recyclate that is collected. 

In this decision, the Case Study Authority have placed a very low importance on the 

quality of the recyclate. The MRF contract will allow a certain amount of 

contamination. Therefore, in the opinion of the author, the Quality of Recyclate 

criterion should have a higher weighting overall and be on a par with the Quantity of 

Recyclate criterion. It is the author’s opinion that this will be the case in the future. 

If it is assumed that the assumptions and information is correct and an accurate forecast 

of implementation of all the alternatives, then the argument for the Welsh Government 

is strengthened. The perceived cost, environmental benefit and legislative target 

achievement agree that the KSS collection, Alternative 2, is the most appropriate 

choice for the Case Study Authority. It is contradictory to the anecdotal opinions 

voiced by the decision makers. The recommendation put forward by the author is to 

revisit the assumptions made and if they are agreed to be correct, the decision should 

be to implement a Kerbside Sort collection. 

As it agrees with WG, it will be difficult to say that commingled should still be used 

going forward. WG will be applying more pressure to LAs to conform to one united 

method of collection across Wales. With an increasing amount of legislation, this 

author believes that it will become very difficult for LAs to implement commingled 

collections in the near future. The WG will likely use the restructuring of authority 

boundaries to help in this manner. It would seem that over time, householders end up 

accepting whichever collection method is used in their authority. The recycling rates 

have continuously gone up over an extended period of time. It is the author’s view that 

there is nothing to suggest that a Wales-wide collection method would adversely affect 

their participation. 
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5.6  Restructuring of Local Authorities 

In January 2014, it was found by a Commission (Williams 2014), that there should be 

a restructuring of Local Authorities in Wales. This would see the authorities combined 

in different ways to provide their public services, with one example being: 

 Anglesey & Gwynedd 

 Conwy & Denbighshire 

 Flintshire & Wrexham 

 Ceredigion, Carmarthenshire & Pembrokeshire 

 Powys 

 Monmouthshire & Newport 

 Blaenau Gwent, Torfaen & Caerphilly 

 Merthyr Tydful & Rhondda Cynon Taf 

 Cardiff & Vale of Glamorgan 

 Neath Port Talbot & Bridgend 

 Swansea 

If these new Local Authorities are created by 2018, as the commission suggests, what 

does this mean in terms of waste management? 

If there is an imbalance in the landfill tax, this can create a migration of waste across 

borders so that the authorities can achieve targets and avoid penalties. Wales will be 

able to set their own taxes, including that of Landfill Tax to mitigate this dilemma 

(Hutt 2015). What effect would this have on the provision of waste collection? When 

coupled with the drive for the Welsh Government Blueprint, is this the opportunity for 

all of Wales to have the same method of waste collection? It certainly looks that way. 

With the amalgamation of authorities, there is uncertainty whether waste management 

could it be run from two or three separate entities and remain ‘business as usual’. Or 

would it have to be centralised in the new authorities? Centralisation would most likely 

occur over an extended period of time if the LA boundaries were to be reassigned. 

This would allow for budgets to be renegotiated, employees to be reassigned and 

eventually a decision making process to be followed for the choice of waste 

management service. 
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This would lead to further cost implications such as how to run a fleet over a larger 

area? How would the facilities be managed? If there is a MRF available in one ‘old’ 

authority, could process all the waste collected from the new larger one? The 

authorities that merge may be running two different types of scheme. All of these 

factors would factor in to a new decision making process that could potentially have 

many more criteria than outlined previously. A judgement would have to be made with 

regards the quality of recyclate collected over a much larger area. Finally, there could 

be disagreements regarding legislative compliance. Whilst some authorities are over-

achieving, if they are paired with one or two authorities that are under-achieving 

targets set out in regulations, there may be some discord. All of these would have to 

be resolved before the decision making process could be undertaken. 

At the present time, just over half of the councils in Wales are using a commingled 

collection. If a restructure presented the opportunity for the Welsh Government to 

force the use of Kerbside sorting, what would the consequences be? Firstly, the MRFs 

would all become ‘dirty’ MRFs, sorting only residual waste from Wales. The 

throughput would fall drastically and they would most likely start bringing 

commingled recyclate from England. Otherwise, their revenues would fall drastically, 

due to decreased demand from the Welsh Authorities, and possibly lead to a loss of 

jobs. If this series of events were to come to fruition, then there could be public 

criticism in not supporting local jobs. 

However, the counter argument is that there would be more scope for jobs as 

operatives of the KSS collection. Those that may lose jobs at MRFs could be retrained, 

if they so wished, for working in collection to mitigate this loss. This is all dependent 

on the participation of householders. 

If householders who were using commingled collections accepted and participated in 

the new collection scheme, then the quality and quantity of recyclate could increase. 

This in turn would lead to the demand for more collection operatives. The opposite 

could also be true. The householders may prefer a commingled collection as it 

generally involves less work for them. If it were forced upon them to change and 

participation rates dropped, less operatives would be needed. 
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It is impossible to predict how the situation would evolve. One thing is for certain at 

the current time. The Welsh Government believe that Kerbside Sort collection is the 

future for Wales. This can be analysed using the three most expected scenarios 

outlined in Section 5; starting with the most likely, Net Running Cost and Legislative 

Compliance Split Weighting characteristic. 

For the new authorities, it may be hard to achieve legislative compliance at first. This 

is dependent on their recycling rates and the collection systems that the two or three 

‘old’ authorities have. If one of these authorities are below legislative recycling 

targets, it will bring the average of the ‘new’ authority down. It is likely that the first 

aim for ‘new’ authorities will be to ensure their rates are achieving the requirements. 

The Welsh Government (WG) will, in all probability, provide a grace period to allow 

for the change. The WG will possibly use the merging of authorities as an opportunity 

to use legislation to get new authorities to adopt KSS collection as well. Again, to 

appease and incentivise authorities, they may offer many grants, similar to the 

Sustainable Waste Management Grant, to aid in transition. 

When considering Net Running Cost and Quality of Recyclate, the quality of the 

recyclate may suffer at first. When large scales of operation are first introduced, there 

is a potential for confusion for householders. If the residents have become used to a 

certain method of collection, transition to a new one may cause a dip in quality. 

Nevertheless, this should not be any more the case than the introduction of a new 

scheme in current authority boundaries. If a KSS collection is used, then a drop in the 

quality will cause a drop in the income attained from reprocessed recyclate, thus 

negatively affecting the Net Running Cost criterion weighting. 

Lastly, the Legislative Compliance & Quality of Recyclate scenario can be considered. 

If these two criteria were considered most important, it strengthens the argument for 

selecting a KSS collection scheme. If legislation were introduced that quantifies the 

level of quality in recyclate, KSS would lend itself as there would be lower levels of 

contamination. If this came to fruition it would raise the question, in the decision tree, 

should the Quality of Recyclate criterion become a sub-criterion under Legislative 

Compliance? 
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Whatever the outcome of the restructuring of local authorities in Wales, there will be 

a period of time where it is ‘Business As Usual’ with regards to the collection of 

household waste. The ‘new’ authorities will take a year or two to amalgamate their 

collection methods and decide on the best method for them. At that time, analysis 

using the tool outlined in this thesis, along with the setting of scenarios for comparison 

will give a comprehensive decision making method that can be repeated in the future. 
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6.   Conclusions and Recommendations 

6.1  Conclusions 

Constant changes in legislation and the repatriation of powers to a more devolved 

Wales have led to significant changes across the economy. Waste management is 

involved in this continuous change. The Welsh Government have outlined that all 

authorities should carry out the same method of kerbside collection, Kerbside Sort, to 

allow for greater efficiencies. However, only seven out of twenty-two authorities have 

decided that this method is most appropriate for them. With a large number of 

variables to consider, the decision is complex. 

This thesis has examined decision making process in the context of waste management 

and particularly recyclate collection where the Analytic Hierarchy Process is used as 

the methodology. As a method, its effectiveness in implementation and understanding 

is a major strength yet it has been proven as a robust decision making method. AHP 

allowed the criteria to be compared in a way that the user could understand to give 

meaningful results by the Case Study Authority. 

6.1.1  Conclusions of Scenarios 

The criteria were selected through a lengthy iterative process to understand what areas 

of importance are taken in to account by Local Authorities. By starting with as many 

drivers and barriers to waste management as possible, the decision makers could 

narrow down on the areas they considered important. Through repeated meetings with 

various authorities and decision makers to test the programme, the final six criteria 

that were agreed upon. 

The scenarios created represent an expressive way to understand the decision making 

process. By classifying the authorities by size and by type, a more generic picture is 

revealed in how waste management can be structured in similar authorities. More 

comparisons of these scenarios to Case Study Authorities is required to ascertain how 

accurate they are. 
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It was clear that no ‘one size fits all’ approach will work well. The individual 

characteristics of each authority mean that their main area of focus, other than cost, 

will never be the same. The decision making process needs to be carried out when 

there are changes in circumstance and an alteration in the method of collection is 

required. It was expected that they would find that criteria Net Running Costs and 

Quality of recyclate as the most important. In fact they found Net Running Costs and 

Legislative Compliance as most important. Their use of a MRF meant that quality of 

the recyclate they collect is of less importance to them. This proves that even when 

narrowed down by type, authorities will not always be able to conform to expectations, 

even if they would like to. 

6.1.2  Case Study Authority 

For the Case Study Authority it was found that the Welsh Government’s favoured 

approach, a Kerbside Sort collection, is most favourable. The main driving factor is 

the cost of vehicles being so much lower. Aside from this, the weighting and 

preference for all the solution alternatives were very similar. With compliance of 

legislation being high on their priorities, it would be wise to start using a method that 

is flexible enough to deal with unknown changes in the future. 

There was a change in mind-set from the beginning to the end. This process is time 

sensitive, as can be seen in the case study. Due to current contracts, there is no focus 

on quality. If they look to receive an income in the future, then quality and quantity of 

the recyclate they collect will become more important. No two decisions with any 

considerable time between them will ever be the same. Equally, no two councils will 

be the same. However, they will generally conform to their type. 

 

6.1.3  Have the Aims and objectives been met? 

 To understand the decision making process and explore the complexity of 

the decision making process in waste management it can be understood. 

The literature review provides a comprehensive review of decision making 

as a whole and how decision making has been applied to waste 
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management. By understanding these two points, a novel approach to 

researching the decision making process for the collection of kerbside 

collected waste could be identified. The Analytic Hierarchy Process was 

developed successfully through the creation of the ‘decision tree’ and it’s 

refinement to accurately map the decision making process.  

 To clarify the Drivers and Barriers and outline the main criteria for Local 

Authorities. 

The consultation with Local Authorities, waste operators and the Welsh 

Government led to the refinement of the decision tree to its final iteration. 

The time sensitive nature of decision making in waste management means 

that this constantly had to be revised, to reflect the current conditions the 

authorities are working under. In testing the tool, it was clear that LAs 

sometimes contradicted themselves. An example is that Legislative 

Compliance was considered important to the Case Study Authority, 

however the subcriteria that feed in to it were not and therefore ignored. 

This should clearly not be the case. 

 Develop a tool that implements a decision making methodology, to aid the 

multifaceted process, given the legislative, economic, environmental and 

social pressures, in a kerbside collection. 

Using AHP as the underpinning methodology to a new tool has proven 

successful. The decision outcome was not completely accepted by the case 

study authority as a true reflection of their choices. It highlighted 

discrepancies in the cost assumptions that have been made, which will be 

reviewed by them. How the outcome can easily be skewed by cost, was 

evidenced by the Fleet sub-criterion and the comparison when it was 

negated. It is this comparison that was accepted as being a closer reflection 

of the opinions of the decision makers in the Case Study Authority. The 

main limitation is that the tool needs to be expanded to include food 

collection as part of the main consideration.  
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 To create scenarios for classification of authorities and comparison against 

a case study authority, to judge whether the decision made was correct. 

The scenarios create a clear understanding of the potential shifts in focus 

in relation to criteria. They create comparable areas for authorities that are 

ultimately unique. The results of the Case Study Authority somewhat 

agreed with the scenarios but needs more testing with a wider range of 

authorities to improve accuracy. Compared to the previous decision 

making method the one proposed is more complex and reflected the 

current decision process. This method can be accurately repeated in the 

future to map changes in criteria and choices to make.  

6.1.4  Other nuances? 

Ironically, there was a lot of indecision in the selection of the criteria. An example of 

this is the consideration of the Quality of Recyclate criterion. As described in the 

iterative process, it was included, excluded and then included again in the decision 

tree. For the Case Study Authority, they would not consider quality of recyclate at 

the time of analysis. However, due to external pressures it was re-inserted. It was 

understood that the time sensitivity would cause regular changes to the decision 

making process, but one would not expect them to be over such a short period of 

time. This creates the validity of a decision to be short lived causing difficulty in 

committing to a service that will be provided over approximately four years. 

This thesis has made a contribution to the field as looking in to waste management in 

this distinct way has not been done before; applying a particular decision making 

process for the collection of recyclate in this way, directly to an authority, rather than 

trying to make a generic one that fits all. Many decision making tools in the industry 

focus solely on cost and maybe include environmental benefits. This is not necessarily 

a true reflection of the decision making process. The actual decisions that are 

undertaken also consider other areas such as those outlined, especially those of the 

Drivers and Barriers outlined in this study. 
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6.2  Future Work 

It is recommended that future research in this area considers the following: 

 To select the criteria, it would be preferable to have a wider audience for the 

selection of criteria all authorities, preferably all authorities in Wales, having 

an input. In this way, if it were to be tested with all of them, the tool and 

methodology would be relevant to all. Also, having a longer timescale would 

be necessary as the decision making process constantly changes with time; 

 

 More comprehensive modelling and inclusion of food waste. This could be 

done through the inclusion of food in the decision tree or creating a second, 

parallel, decision making tree specifically for food. The basic food checking 

method could be developed for this and the results would have to match for a 

correct decision; 

 

 The use of Life Cycle Analysis should an authority wish to prove that another 

method of collection, other than Kerbside Sort, is more efficient. If an authority 

has a severe aversion to the use of Kerbside Sort collection a Life Cycle 

Analysis should be included. This could either be as an add on and considered 

separately, or included as a module/criterion in the Drivers & Barriers layer; 

 

 Carry out analysis with more Case Study Authorities to validate the scenarios 

and have an opportunity to gather results for weekly, fortnightly, three weekly 

and monthly collections of residual waste. The accuracy of the outcome is not 

validated due to this. By applying more case studies, the scenarios can be 

validated and adjusted to more definitively reflect situations in Wales  
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8.  Appendices 

8.1  Appendix 1 – Studentship Agreement 
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8.2  Appendix 2 – University Ethical Policy 

Ethical Approval of Research with Human Participants, Human Material or Human 

Data within the School of Engineering at Cardiff University 

Background 

In 2003, following a review of the existing University procedures for research 

management and for considering ethical aspects of research, it was decided by the 

University Research Committee that a more consistent approach should be adopted 

throughout the University.  The University now requires that all non-clinical research 

involving human participants or human material or human data is subject to formal 

ethical review and approval before such work can be started. 

Who does it apply to? 

This guidance applies to all staff and students in the School of Engineering 

undertaking research in their capacity as members of Cardiff University. 

In the case of students, it covers research undertaken by a student currently 

registered for a degree within the School as a recognised part of his or her degree 

programme.  However, it does not apply to work carried out as part of the teaching 

of the programme, for example, students conducting established experiments as part 

of their learning. 

In respect of non-student research, the University policy of ethical review and 

approval of non-clinical research with human participants, human material or human 

data applies to all individuals carrying out research under the aegis of Cardiff 

University.  This includes all University employees, whether the work is undertaken 

within or outside University premises and all visiting researchers of the University 

irrespective of whether they are employed by the University, including persons with 

honorary positions, conducting research within, or on behalf of, the University.  

What research does it cover? 
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This guidance covers all non-clinical research involving human participants or 

human material or human data (clinical research is referred to NHS ethics 

committees for approval).  It applies whether the research is funded or not and 

whatever the source of funding.   

The ethical review process does not include research where the information about 

human participants is publicly and lawfully available, e.g. information published in 

the census, population statistics published by government departments, personal 

letters, diaries etc held in public libraries. 

Non-clinical human research in this context is taken to be research which is 

generally not concerned with medical treatment of patients but which applies 

systematic procedures of investigation to human beings, human material and human 

data, whatever the nature of the research; whether, for example, it be biological, 

social or psychological. 

Research involving the following must be referred to a NHS research ethics 

committee:  

 (a) patients and users of the NHS.  This is intended to mean all potential research 

participants recruited by virtue of the patient or user’s past or present treatment by, 

or use of, the NHS.  It includes NHS patients treated under contracts with private 

sector institutions; 

(b) individuals identified as potential research participants because of their status 

as relatives or carers of patients and users of the NHS, as defined above; 

(c) access to data, organs or other bodily material of past and present NHS 

patients; 

(d) foetal material and IVF involving NHS patients; 

(e) the recently dead in NHS premises; 

(f) the use of, or potential access to, NHS premises or facilities; 

(g) NHS staff recruited as research participants by virtue of their professional 

role. 
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Neither School nor University Research Ethics Committees are empowered to give 

permission for researchers to conduct research involving any of the above.  Although 

it is expected that non-clinical research involving any of these categories would be 

rare, where such research is proposed the researchers must apply to the relevant NHS 

research ethics committee.  Making such application is the responsibility of the 

principal researcher. In cases of doubt, applicants should contact the secretary to the 

University Research Ethics Committee for further guidance.  

How do I get approval for a project?  

If you are planning a project that involves human participants, human data or human 

materials, you will need to get ethical approval.  You will receive this approval by 

completing a pro-forma that gives details of your research and any related ethical 

issues, and submitting your application by one of two routes: either via the School 

Research Committee, which will deal with staff and PGR projects and act on 

recommendations from the School Ethics Officer; or alternatively, for UG and PGT 

students, by submitting an application direct to the School Ethics Officer, who will 

approve or reject proposals and report outcomes to the Research Committee.   

The procedure for making an application is provided in the Appendices. Pro-formas 

for applying for ethical approval can be obtained from the ENGIN Research Office.  

Role of the School Ethics Officer 

The School of Engineering has designated a School Ethics Officer responsible for 

the management of ethical issues in research in the School.  The responsibilities of 

the School Ethics Officer are as follows: 

(a) ensuring that there are effective mechanisms to bring any policy, guidelines 

or procedures developed with or through the University Research Ethics Committee 

and the School Research Committee to the attention of staff and students for whom 

the School is responsible.  These mechanisms are intended to clarify that it is a 

University requirement that these policies, guidelines and procedures are followed; 

(b) keeping School ethical issues in research under review; 

(c) managing and monitoring the procedures in practice; 
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(d) ensuring that appropriate records of applications, practices and decisions are 

made and kept;  

(f) reporting to the School through the Research Committee; 

(g) reporting on an annual basis on behalf of the School to the University 

Research Ethics Committee; 

(h) conducting a three yearly review of School ethical procedures and reporting 

the outcome to the University Research Ethics Committee; 

(i) being eligible for membership of the University Research Ethics Committee 

which entails attending meetings of the University Research Ethics Committee and 

dealing with the work of that Committee. 

The contact details for the School Ethics Officer are given below. 

Role of School Research Committee 

The School Ethics Officer will report to the ENGIN Research Committee.  The 

Research Committee will receive applications for ethical approval with 

recommendations on approval from the School Ethics Officer.  

Terms of Reference 

The terms of reference of the Research Committee in relation to ethical approval and 

in conjunction with the School Ethics Officer are:  

(a) to consider non-clinical research proposals from staff and PGR students 

involving human participants, human material or human data;  

(b) to receive reports of UG and PGT projects involving human participants, 

human material or human data that have been approved by the School Ethics Officer;  

(c) to either give written approval for staff/PGR proposals in the form of minutes 

or provide written information as to why approval has not been given; 

(d) to consider revised submissions; 
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(e) to refer to the University Research Ethics Committee cases which cannot be 

satisfactorily resolved or about which there is uncertainty; 

(f) to operate procedures no less rigorous than those suggested or required by 

relevant professional bodies or other organisations in the subject domain (e.g. 

sponsoring bodies).  

(g) to inform the University Research Ethics Committee of any changes in the 

ethical codes of professional bodies in relevant discipline areas, in order that the 

University’s procedures remain valid. 

Operation of the Research Committee in relation to ethical approval procedures 

i)  Staff and PGR Projects 

The Committee will consider applications for ethical approval of projects and the 

recommendations of the School Ethics Officer.   

The project will be either approved as it stands, accepted subject to specified 

alterations, or rejected.  If your project is approved subject to specified alterations, 

you may not proceed to start the research until these changes have been approved by 

the Research Committee.  

Any recommendations and/or revisions will be recorded.  Following the meeting, the 

Secretary will draft a response for each application including the decisions of the 

Committee and any revisions required. Responses will be approved by the 

Chair/Convenor before being returned to the applicant and, in the case of research 

student projects, the supervisor.  

Proposals approved by the Committee may commence immediately. In the case of 

proposals subject to recommendations and revisions, researchers will be given 

details of the required alterations and must confirm that such alterations have been 

made, in writing, to the Committee Secretary, prior to the next meeting.  Revised 

proposals will be approved, on the recommendation of the School Ethics Officer, at 

the next meeting.  
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ii) UG and PGT Projects 

In order to process UG and PGT projects in a timely fashion, such projects may be 

approved by the School Ethics Officer.  If the School Ethics Officer is satisfied that 

the proposal raises no ethical issues, the project may go ahead.  However, if the 

School Ethics Officer believes that there are ethical issues, the project must be 

referred to the Research Committee.    

UG and PGT students should complete an ethical approval pro-forma, to be signed 

off by the School Ethics Officer.  Copies of approved applications should be 

submitted to the Secretary to Research Committee in order to be reported the 

Committee.   

Membership 

As per usual Research Committee membership, plus the School Research Ethics 

Officer :  

Prof P J Tasker (Chair)  

Prof H R Thomas (HoS) 

Prof R A Falconer  

Prof D Jiles  

Prof L D M Nokes  

Prof J A Chambers  

Prof J C Miles  

Prof B L Karihaloo 

Dr D Kennedy  

Dr A Porch  

Dr K M Holford 

Dr L Bartlett 
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Prof P N T Wells (School Ethics Officer)   

Mrs P Donovan  

Mrs J McMillan  

Mrs F Pac-Soo  

Ms C Summers  

Mrs S Stockman (Secretary)  

Decisions on ethical approval 

The School Ethics Officer and the Research Committee will make decisions on 

ethical approval based on the information provided by the applicant.  The Committee 

is guided by the University’s policy on ethical research and by relevant professional 

body guidelines and legal requirements.   

The pro-forma for applying for ethical approval of projects is designed to highlight 

any potential ethical problems arising from the proposed research, but the researcher 

also has a duty to raise any additional ethical issues for consideration by the SEO 

and the Research Committee.  

Timing 

Staff/PGR projects: applications must be submitted to the Research Office at least 

one month prior to the date of a Research Committee meeting in order to be 

appraised by the School Ethics Officer and considered for approval at that meeting.  

Applications and recommendations will be circulated to Committee members in 

advance of the meeting. Dates of Research Committee meetings can be found in the 

School calendar of meetings.  

UG/PGT projects: applications can be submitted to the School Ethics Officer at any 

time.   

Appeals 
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If you are dissatisfied with the decision made by the School Research Committee 

you should in the first instance discuss this with the School Ethics Officer.  If 

discussion is unable to resolve the issue satisfactorily an appeal against the decision 

of the School Research Committee may be made to the University Research Ethics 

Committee via the School Research Committee and the Head of School.  However, it 

should be noted that the University Research Ethics Committee will not normally 

interfere with a School Research Committee decision to require revisions to the 

project, such as to amend an information sheet or consent form.  The University 

Research Ethics Committee is concerned only with the general principles of natural 

justice, reasonableness and fairness of the decision made by the School Research 

Committee. 

Consideration of the application by the University Research Ethics Committee 

The University Research Ethics Committee will provide general advice to the School 

Research Committee and will refer the matter back to them with that advice for them 

to make a decision.  In such cases, to avoid additional delay to the applicant, the 

School Research Committee may consider the application between meetings if 

necessary. 

Monitoring of projects requiring ethical approval  

Projects that require ethical approval will be monitored on an annual basis by the 

School Ethics Officer to ensure that agreed standards are being met.  Researchers 

will be required to report on projects and provide evidence of the research methods 

adopted as appropriate.   

Contacts 

Who to contact in the School:   

To submit applications (staff and PGR students): Sheila Stockman, Secretary to the 

Research Committee - Research Office, ext. 74930, Stockman@cardiff.ac.uk  

To submit copies of UG/PGT projects approved by the SEO: Sheila Stockman, 

Secretary to the Research Committee - Research Office, ext. 74930, 

Stockman@cardiff.ac.uk 
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To seek further information/advice: Fiona Pac-Soo, Research Administrator, ext. 

77336, Pac-SooF@cardiff.ac.uk or School Ethics Officer, Prof Peter Wells, 

WellsPN@cardiff.ac.uk, ext. 74154.  

APPENDIX A 

CARDIFF SCHOOL OF ENGINEERING  

PROCEDURES FOR ETHICAL APPROVAL OF RESEARCH  

Staff 

1) Complete the ethical review pro-forma, available from the Research Office.   

(This can be done at the stage of applying for funding.  PIs will be asked to indicate 

in research grant checklists whether or not a project involves human participants, 

materials or data, and will be sent ethical approval pro-formas as appropriate.)  

2) Submit the pro-forma and any supporting documents to Sheila Stockman, 

Secretary to the ENGIN Research Committee, at least one month prior to the next 

meeting of the committee, for consideration at that meeting.  

(Meetings of the Committee are published in the School’s Calendar of Meetings at 

the start of each session).  

3) The School Ethics Officer will consider applications and make 

recommendations on approval to the Committee (in time for paperwork to be 

circulated to Research Committee members one week prior to the meeting) 

4) The Research Committee will review the application and recommendations 

from the School Ethics Officer at the meeting.  

5) Following the meeting, applicants will either receive approval from the Chair 

or recommendations for revision of the proposal.  

6) Projects approved by the Committee may commence immediately.  
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7) Where proposals require revision, applicants will be given written guidance 

on the alterations recommended by the Committee.  Revised proposals should then 

be submitted to the Committee Secretary for approval at the next meeting.  

Research Students  

Research students should follow the procedure outlined for staff applications, but 

should, in addition, obtain the signature of their supervisor on the form, prior to 

submitting the application to the Committee Secretary.   

Ethical review application forms will be available from the Research Office.  

Applications should be made ahead of the start of any project.   

Undergraduate and Postgraduate Taught Students  

UG and PGT students should also complete the pro-forma and submit this to their 

project supervisor, who will seek approval from the School Ethics Officer, via the 

Research Office.  A copy of the approved application should be submitted to the 

Secretary of the ENGIN Research Committee.  Approved UG and PGT projects will 

be reported to the Committee.  

Guidance on completing the ethical approval pro-forma (available from the Research 

Office) can be found in Appendix B.   

APPENDIX B 

CARDIFF SCHOOL OF ENGINEERING  

GUIDLELINES ON PREPARING AN ETHICAL APPROVAL APPLICATION 

Introduction  

The University requires all Schools to have in place procedures for the ethical 

approval of non-clinical research project involving human participants, human 

material or human data.  In ENGIN, the School has established procedures for 

applying for ethical approval of research projects (see Appendix A) and has 

appointed a School Ethics Officer who will report to the Research Committee.    

What happens if I want to publish the research? 
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There are ethical issues involved in respect of publishing research.  

You must tell the proposed research participant in advance if you have any intention 

of publishing the results of the project.  You must also explain the extent to which, if 

at all, any identifying information about the research participant will appear in the 

publication.  If identifying information about the research participant is intended to 

be published, you must obtain and keep specific written agreement to this from the 

research participant.  Preferably these issues should be addressed in the information 

sheet and consent form that are given out before the research starts.  This will 

prevent any disappointment if the individual, when asked later, chooses not to agree 

and therefore reduces the value of the information that can be published. 

In most cases you will not be the only person with an interest in publishing the 

results.  Research is a collaborative activity and, in the case of student work, 

supervisors may expect to claim some contribution. 

Informing Research Participants of the Results of Research 

You are encouraged to consider the issue of informing research participants of the 

results of the research or where they may be able to get access to this information, 

although research participants may not be able to be given their individual results.  

Taking part in non-clinical research is a voluntary matter requiring good-will on the 

part of the community and it is appropriate for research participants to be able to 

receive feedback on research they have been involved in where this is possible. 

Human Materials  

The use of human materials in research is governed by the Human Tissues Act.  It is 

the responsibility of researchers to ensure that they comply with the requirements of 

the Act.  

Human Data 

Confidentiality, privacy and data protection are the key issues here.  Links to sources 

of guidance such as the Data Protection Act can be found in the Research Ethics 

pages of the Cardiff University website – see below for link.  
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Confidentiality 

The University is committed to rigorous and objective inquiry and supports 

academics in pursuing their research in an environment that affirms academic 

freedom.  The University also acknowledges the importance of confidentiality as a 

guiding principle in research involving people, human material and human data.  

Duty of Confidentiality 

A duty of confidentiality will exist between researchers and participants such that 

confidential information revealed by a participant to a researcher can only be 

disclosed to others if the party providing the information has given specific 

authorisation or the researcher is under a legal obligation to disclose it.  In some 

cases researchers may be under a professional obligation to disclose information to 

third parties.  Whether information is confidential will depend on the circumstances 

but the key factor is whether or not the provider of the information would have 

considered it as confidential and would expect it to be treated as such.  If the answer 

to both questions is “yes”, then the duty of confidentiality will arise.  The duty also 

arises when the researcher has volunteered to keep confidential the information 

and/or the identity of the provider. 

As a result of this duty there is a need for researchers to be aware of any 

circumstances, such as professional codes of practice, that preclude them from being 

able to give absolute assurances of confidentiality.  

Obligations on Researchers: 

In the light of the above paragraph, it is important that researchers: 

(a) do not convey personally identifiable information obtained in the course of 

research work to others, except with the express permission of the research 

participant unless either alternative arrangements have been agreed by a research 

participant (see (b) below) or where the researcher is subject to a legal obligation to 

disclose that information; 
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(b) do not give unrealistic guarantees of confidentiality and anonymity and be 

aware that legal challenge may prevent you from honouring such a guarantee.  In 

some circumstances it may be necessary to inform research participants of 

obligations under law, such as the possibility that the researcher will be required to 

give evidence or reveal documents, which may make it impossible for certain 

information to be kept confidential without breaking the law.  In other cases, it may 

be that the researcher’s professional obligations would require the disclosure of 

information, for example, where the welfare of a child is concerned.  The research 

participant needs to be made aware of the possibility of future disclosure in order to 

be able to decide whether to take part in the research.  If the researcher has made it 

clear that information may be passed on as a result of legal or professional 

obligations and the participant nevertheless agrees to take part, the researcher may 

pass on that information even if the participant subsequently objects.  However, 

passing on confidential information without the express permission of the participant 

is not to be undertaken lightly and legal and professional advice must be sought 

immediately if this is contemplated; 

(c) where possible, anticipate threats to the confidentiality and anonymity of 

research data.  The identities and research records of those participating in research 

should be kept confidential whether or not an explicit pledge of confidentiality has 

been given.  Researchers should also consider whether it is either necessary or 

appropriate to record certain kinds of sensitive information; 

(d) take appropriate measures to store research data in a secure manner.  

Researchers should have regard to their obligations under the Data Protection Act 

1998 and ensure that appropriate methods for preserving the privacy of data are used 

while also allowing participant access to information where this is requested by a 

participant; 

(e) take care to prevent data being published or released in a form which would 

permit the actual or potential identification of research participants.  In 

circumstances where it is difficult to protect the anonymity of informants and 

research participants, they must be informed of this fact before they are asked to take 
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part or, if the possibility of publication had not arisen at that time, they must be re-

contacted and their agreement obtained; 

(f) ensure that the designated Ethics Officer is informed of any research proposal 

that might raise questions about guaranteeing participant confidentiality.  If there are 

significant queries about this matter they should be brought to the University 

Research Ethics Committee for consideration and guidance; 

(g) ensure that data collected is used only for legitimate academic purposes; 

(h) are aware of the need to limit the University’s potential liability in the event 

of a breach of confidentiality. 

Further guidance  

Further information and guidance on ethical considerations in research involving 

human participants, human data and human materials is available on the Cardiff 

University website at: 

http://www.cardiff.ac.uk/schoolsanddivisions/divisions/racdv/resgovethics/ethics/iss

ues.html 

Codes of conduct for ethical research are also published by some professional 

bodies.  See 

http://www.cardiff.ac.uk/schoolsanddivisions/divisions/racdv/resgovethics/ethics/pro

fessional.html for links to relevant codes in the field of science and engineering.  

 

 

 

 

 

 

 


