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Despite a remarkable progress in economic status of countries around the world, there
are significant negative implications on the environment resulted from the escalation and
complexity of solid waste generated. The development of common strategy to understand the
interactions of solid waste management factors has become increasingly challenging due to the
differences of city’s realities and local waste circumstances.

There are many factors that influenced such differences, how the systems evolved
overtime and shaped the future systems. Although various factors of solid waste management
are applicable at a basic level in every country, the strength of each factor and depth of
interaction with other factors are unique in each local context.

The overall study aims to identify sets of fundamental factors and their interactions
between one to another that are impacted the development of solid waste management in
terms of their visibility and influence. Visible factors are commonly considered in the
development of SWMsolid waste management which are measurable by specific indicatorsor

scale, quantifiable by measuringmethods, considered indecision makingand implementation
processes, published for awareness and available for relevant access by public. Influence of
factors refers to the impact of each factor on the development of S¥WMsolid waste management.

This study employs a two rounds Delphi to seek global experts’ views from developed and
developing countries. This study has identified 43 fundamental factors with regard to the
development of SWMsolid waste management systems and classified them via a PESTLE
(political, environment, social, technology, legal and economic) system. Glebal-expertsclassified
these-factors-interms-oftheirvisibilityand-irfluence-The analysis of influence and visibility of

fundamental factors in S\WM-solid waste management shows the different interactions of

factors thatimpacted-the-development-of S\WM-in developed and developing countries.

A conceptual models on waste management status are employed to provide insights on

how the ideal combination of fundamental factors can impacted in different conditions. Findings
highlights on the need to adopt new perspectives in the selection of factors considered in regard
to local waste management systems. Recognising and making use of selected invisible factors
within a local context may hasten the implementation and effectiveness of initiatives taken



towards the development of SWM systems. Factors in waste management may vary in influence
and change dynamically alongside urbanization; this dynamic varies from one country to another
and so factors need to be re-evaluated periodically. Alongside the use of a reliable evidence-
base, addressing the factors in terms of their visibility and influence is crucial if municipalities in
developed and developing countries are to move towards more effective and locally optimised
sustainable waste management systems.
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Chapter 1

Chapter 1: Introduction

1.1 Introduction to solid waste management

All human activities generate waste. Principally, the terms used in defining solid waste describe the
intention of the holder to eliminate waste from visibility and has to be complemented with the
concept of waste and how waste is perceived by the holders (Pongracz and Pohjola, 2004; Turner,
2016). Solid waste can be in the form of solid, liquid (in the form of sludge), semi-liquid or in a free
chemical phase (Turner, 2016). Generation of solid waste is an inevitable consequence of all
processes where materials are used (Shekdar, 2009; Williams, 2015a). The rate of material use
today is escalating, both with regard to the total amounts and calculated as an average on per
capita generation, that the waste generated will impact on the environmental quality and human

health globally if it is not managed properly (Lagerkvist and Dahlén, 2012).

A phenomenal growth in the amounts of waste generated has been observed in various regions of
the world (Afroz et al., 2011; Ramachandra et al., 2018; Taweesan et al., 2017), drawing various
countries and environmental organisations attention (Maddox et al., 2011; Muchangos et al., 2015).
With approximately 2.01 billion tonnes on waste generated globally and estimated average of waste
generated per person per day ranges from 0.11 to 4.54 kilograms (Kaza et al., 2018), poor
management of solid waste can lead to public health risks, adverse environmental impacts and leads
to depreciate the water quality and other socio-economic problems (Ramachandra et al., 2018). The
development of common strategy to understand the influence of solid waste management factors
has become increasingly challenging due to the differences of city’s realities and local waste

circumstances (Contreras et al., 2010; Wilson, 2007).

1.2 The importance of solid waste management

Solid waste management refers to the supervised handling of waste material from generation at the
source through the recovery processes and finally to disposal (Sreenivasan et al., 2012) , in a manner
that is in accordance with the best principles of health, economics, engineering, conservation,
aesthetics, and other environmental considerations, and that is also responsive to public attitudes
(Hwa, 2007). Solid waste collection process includes not only the gathering of waste from the

source, but also the transportation of these waste to common collection sites (Chaudhary et al.,
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2019). A number of global issues make the management of solid waste a priority environmental

stream. These are briefly discussed in the following section.

1.2.1 Resource depletion

The extraction and consumption of resources has an impact on the quality of life and well-being of
both current and future generations (Bruckner et al., 2012). The mass consumption of resources
resulted from the industrialization had caused threat of massive waste generations and material
depletion. The values of materials had gradually increased alongside with the increase rate of
material consumption (Marshall and Farahbakhsh, 2013). The per capita level of resource
consumption had changed dramatically whereby per capita waste generated across sectors varies
evident from 0.54 kg/cap/day in household, 0.018 kg/m2/day in commercial, 0.015 kg/m2/day
institutional and 0.47 kg/m2/day in small and medium scale industries (Ramachandra et al., 2018).
With world population at 7,750 million people in 2019 (United Nations, 2019), it is expected that
greater demand on resources will continue to escalate in the near future in relations to the increase

of waste generation (Moh and Abd Manaf, 2014).

The link between urbanization and increased generation of waste has been well-known, however
the impact of resource consumption intensity has yet been fully explored and understood
(Gharfalkar et al., 2015; Lehmann, 2011). Waste was seen as threat to human health and
environment, however, shifting perception of materials scarcity and dire need to conserve natural
resources, waste is identified as valuable resources (Demirbas, 2011). In today’s consumption-
dominated society, resource use has outstripped population growth significantly. Depletion of
natural resources has lead to the implementation of more effective waste management practices
and solutions (Romero-Hernandez and Romero, 2018). Recycling, reuse and materials recovery has
emerged as philosophical shift towards waste as resource, rather than burden to the environment

(Paz et al., 2013).

A circular economy has been introduced as a sustainable alternative to our current linear economic
system. Resources are kept in use for as long as possible to extract the maximum value from them,
then produce new products at the end of resources’s life (Williams, 2015a). Some of the factors that
triggers the promotion of circular economy ambitions are the lack of resources, insufficient use of
recycled materials, and poor national strategy on mitigating the resource depletion, accompanied by
the desire for sustainable economic growth (Sakai et al., 2011). Key challenges are to go beyond the

perception of waste as problem to waste as valuable resources (Williams, 2015a). Circular economy



Chapter 1

principles emphasize on the improved design and production practices as a means to enhance
resource efficiency through resource recovery from products at the end of their life cycle (Romero-
Hernandez and Romero, 2018). Figure 1.1 illustrate the transition from linear to circular economy
concept. Creating a circular economy helps to increase revenue using by-products previously
discarded.

|
[MOU2]

From a linear to a circular economy

Linear economy Circular economy
Natural resources Natural resources
‘ - ’
Landhil Landfill
and incinerate and incinerate

Transition towards a circular economy

Figure 1.1: Transition from linear to a circular economy (Potting et al., 2017)

1.2.2 Health impact

Human activity generates waste and improper waste management poses threats to human health
(H. Yang et al., 2018). Historical evidence of disease and epidemics caused by improper waste
disposal and treatment (Louis, 2004), which proved the potential adverse impact of waste onto
human health (Albanna, 2012; Giusti, 2009; Melosi, 1981). The impact are non-specific and there are
variations in resistance and sensitivity of individual towards waste-related contamination or
pollution (Saffron et al., 2003). The increase concerns of human health has initially sparked the
objectives of the waste management development (Periathamby et al., 2009b). Uncontrolled
burning of solid waste, improper incineration as well as decomposition of organic waste at landfills
contributes significantly to urban air pollution (Sandhu, 2014). For example, gases emitted from

landfill sites, consist of methane and carbon dioxide, with other gases, such as hydrogen sulphide
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and mercury vapour being emitted with a mixture of volatile organic compounds (Rushton, 2003).
Solid waste can pollute air, water and soil, lead to various environmental impacts and cause health
hazards as a result of poor storage, spillage during transportation and improper disposal method. In
order to reduce the impacts to human health resulted from the inappropriate waste disposal and
treatment, huge investment is much needed to develop more highly technological waste treatment
facilities that have minimal impact on the environment and human health (Giusti, 2009). Residence
or employment near the source of pollution caused by waste (e.g. landfill sites, incinerators or any
waste disposal facilities), lead to concern regarding links between waste management practices and
health outcomes (Saffron et al., 2003). A summary of health hazards, exposure routes and health

impacts is shown in Figure 1.2.

Exposures
(uptake by people)
¢ Ingestion (soil, food, drinking water)
¢ Inhalation

e Skin contact

o Fire or explosion

Figure 1.2: Pathways from health hazards to health impacts (Saffron et al., 2003)
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1.23 Environmental impacts

Poor waste management can affect the environment at different scales as well as being detrimental
towards human health and safety (Gupta et al., 2015). For example, leachate seepage into the
ground resulted from open dumping of wastes can contaminate nearby water bodies with organic
and inorganic pollutants (Albanna, 2012). As the waste generation increased rapidly and waste is
disposed of untreated into the environment, the capacity of the natural environment to absorb and
process these materials has increasingly burdened. Figure 1.3 shows the potential contribution of

emissions from different stages of waste treatment and disposal.

Contribution from waste to climate change

Figure 1.3: Contribution from waste to climate change (United Nations Environment Programme,
2004)

The disposal and treatment of waste can produce emissions of greenhouse gas (GHG), which
contribute to global climate change (Turner, 2016; Vergara and Tchobanoglous, 2012). The most
significant GHG produced from waste is methane which is released during the breakdown of organic

matter. Other forms of waste disposal also produce GHG but these are mainly in the form of carbon
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dioxide (CO,), which considered as a less harmful GHG (Ramachandra et al., 2018). The benefits of

waste prevention can outweigh the benefits derived from any other waste management practices.
For example, prevention of waste avoids GHG emissions from treatment and disposal of the waste,
whilst and recycling and reuse can reduce GHG emissions by reducing the need for raw resource

extraction and manufacturing, respectively (United Nations Environment Programme, 2010).

1.3 Current and emerging issues in solid waste management

13.1 Differences in solid waste management development between developed and

developing countries

The conditions, issues and problems of solid waste management in the developed and developing
countries are different (Mmereki et al., 2016) (see Table 1.1). Wilson (2007) and McDougall et al.
(2001), for example, highlighted that waste management practises in developed countries focus on
optimization of strategies for resource conservation and urban mining. Approaches to waste
management in developing cities are often characterised as highly underdeveloped (Badgie et al.,
2012; Di Maria et al., 2018a), operationally inefficient, and inadequately managed with limited
knowledge and expertise (Guerrero et al., 2013; Zurbriigg and Schertenleib, 1998). These distinct
gaps have led to an urgent need for developing countries to seek guidance and advice to shaping
waste management systems that are workable and acceptable in the local waste management
system (Di Maria et al., 2018a). Solid waste management in developing countries serves basic
priorities; to protect public health and environment by eliminating uncontrolled disposal (Wilson and
Velis, 2014). Many of the developing countries had faced greater challenges in managing their
rapidly-increasing waste generations alongside rapid urbanization and economic growth, limited
resources and insufficient financial allocations (Sukholthaman and Shirahada, 2015; Vij, 2012).
Developing countries had historically looked to developed cities as exemplary models for rapid
solutions of their waste management problems; straight adaptation of the system may lead to
disastrous consequences due to the differences in the systems and background (Mukhtar et al.,
2015). Alas, the adaptation requires high capital investments in terms of financial funding,
developing expertise and skills transfer from developed countries as well facilities and technological
application (Badgie et al., 2012; Valencia-Vazquez et al., 2014). Adopting best practices from others
experiences may not address local characteristics, customs, peculiarities or waste composition

(Periathamby et al., 2009b).
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Table 1.1. Summary of performance of solid waste management systems in developed, developing
and lesser developing countries

Issues Developed countries Developing countries Lesser developing
countries
Governance Systematic transformation  Fragmented organizations = Weak organizational
and multifaceted and governing bodies structures
approach
Legal Systematically Broadly implemented Scarce policies and ad hoc
implemented and SWM policies approaches

overarching strategic
development guidelines

Promotion of integrated
initiatives in waste

management
Leaders’ Policy-makers have Limited interest to Not embraced
interest in developed policies and stimulate sustainable optimum reuse, recycling
solid waste identified gaps and trends  approaches and recovery programmes

Have diverse interests
towards achieving targets

Technologies Designed and applied Mass burning and Inefficient SWM

available integrated methods and landfilling: limited technologies and
techniques as well as technology environmentally polluting
sophisticated technologies solutions such as mass

burning and landfilling.

Shortages of sanitary
landfills and landfill sites in
urban areas forcing
authorities to look for
alternative waste
management systems

Public Promotion of Limited public awareness Limited public awareness
awareness community awareness and

capacity building as well as

community consultation

Suitable Adequate disposal and Limited availability of No readily available
infrastructure treatment infrastructure treatment and disposal disposal and treatment
facilities facilities

Source : Mmereki et al. (2016)

The potential sustainable solution to manage the escalating amount of waste generated and
complexities of waste characteristics are very much dependent on the local circumstances (Badgie et
al., 2012). Understanding how the local waste management operates and the factors that underpin
the changes may become fundamental to strategizing towards the sustainable waste management
(Periathamby et al., 2009b; Wilson, 2007). Integrating the local elements and global factors that

influence the development of waste management could possibly produce holistic solutions to the

7
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problem as well as reducing the gap in efficiency of waste services and knowledge between

developed and developing countries.

1.3.2 More bigger cities and population expansion

The size of individual cities is increasing rapidly; which creates bigger cities or megacities. Megacities
are the cities that have more than 10 million of people (Ziv and Cox, 2007). There were 4 megacities
in 1975, 17 megacities in 2000 and likely to be 39 megacities by 2025 (Mavropoulos et al., 2012).
Only 30 percent of the world’s population living in urban areas in 1950; this proportion had
increased to 55% in 2018 and expected to reach 66 percent in 2050 (United Nations, 2018; Wilson
and Velis, 2014). The increased size and numbers of large cities are significantly correlated with
economic growth and income level of a country, so is the generation of solid waste within urban
areas. Waste management is required to be effective, transparent manner and must work well with
communities (Mavropoulos et al., 2012). Rapid population expansion had caused exhaustive
consumption of resources and lead to severe damage to the environment (Sakai et al., 2011).
Globally, an average of 120 - 130 billion tons of natural resources are consumed every year and
around 3.4 - 4 billion tons of municipal solid waste are produced (Song et al., 2015). Decoupling of
raw material usage from economic growth is considered a necessary step towards achieving
sustainable development and a low carbon economy (Sustainable Europe Research Institute (SERI),
2009). With continued growth of resource consumption, increasing complexity of waste

characteristics is anticipated, hence a need for more innovative and rapid solutions.

133 Application of waste hierarchy

Waste hierarchy is a tool used to evaluate processes intended to protect the environment alongside
resource and energy consumption, ranked from the most favourable to the least favourable actions
(Van Ewijk and Stegemann, 2016). Ideal waste management means following the waste hierarchy
(Figure 1.4), i.e with preference for the prevention of waste, followed by its preparation for reuse,
recycling, energy use and finally disposal (Polanec et al., 2013; Williams, 2015b). The aim of

the waste hierarchy is to extract the maximum practical benefits from products and to generate the
minimum amount of waste (Williams, 2014). Application of the waste hierarchy can help to prevent
emissions of greenhouse gases, reduces pollutants, save energy, conserves resources, create jobs
and stimulate the development of green technologies. Following the waste hierarchy will generally
lead to the most resource efficient and environmentally sound choice but refining decisions within
the hierarchy or departing from it can lead to better environmental outcomes (Farmer et al., 2015).

For instance, life-cycle thinking and assessment can be used to support decision-making and to
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identify the best environmental options that suits local circumstances (Turner, 2016). Life-cycle
thinking can be applied to the five stages of the waste management hierarchy. It involves looking at
all stages of a product’s life to find where improvements can be made to reduce environmental

impacts and improve the use, reuse and recovery of resource.

Most preferred options

Recover energy

Waste
treatment

Waste
disposal

Least preferred
options

Figure 1.4 : Waste hierarchy (Cole et al., 2014)

Whilst ultimately striving to optimize the waste reduction (Figure 1.4), the benefits of circular
economy concept are actually more multidimensional. As discussed in Section 1.2.1, circular
economy concept extends the resource use in the cycle to optimize its value in the resource stream.
Van Ewijk and Stegemann (2016) argued that waste hierarchy is insufficient foundation for waste
and resource policy to achieve absolute reductions in material amount. The adoption of the waste
hierarchy can be further emphasized through stringent policies and regulation on the least preferred

options of disposal and adaptation of value-based concept of waste practices.

1.3.4 Appropriate decision making tools for solid waste management

The key of waste management plan is to establish an acceptable cost whilst balancing

environmental, economic, technical, regulatory, and other social factors (Allesch and Brunner, 2014).
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Table 1.2. Description of the assessment methods in solid waste management

Assessment Description

method

Life cycle LCA addresses the environmental aspects and potential environmental impacts (e.g.
assessment use of resources and environmental consequences of releases) throughout a product’s
(LCA) life cycle, from raw material acquisition through production, use, end-of-life treatment,

recycling, and final disposal (ISO 2006)

Cost benefit
analysis (CBA)

The essential theoretical foundations of CBA are defining benefits as increases in
human wellbeing (utility) and costs as reductions in human wellbeing. All benefits are
converted to monetary units. The cost component is the other part of the basic CBA
equation

Multi-criteria-
decision-
making
(MCDM)

MCDM is a decision-making tool that facilitates choosing the best alternative among
several alternatives. This tool evaluates a problem by comparing and ranking different
options and by evaluating their consequences according to the criteria established

Benchmarking

Benchmarking is a continual comparison of products, services, methods, or processes
to identify performance gaps, with the goals to learn from the best and to note out
possible improvements

Cost
effectiveness
analysis (CEA)

CEA evaluates alternatives according to both their cost and their effect concerning
producing some outcome (Levin and McEwan, 2000). CEA allows the consideration of
intangible effects.

Eco-efficiency

Eco-efficiency analysis (Eco-Eff) denotes the ecological optimisation of overall systems

analysis while not disregarding economic factors. The Eco-Eff analysis by BASF quantifies the
(Eco-Eff) sustainability of products and processes, considering the environmental impacts and

economic data concerning a business or national economic level (Saling et al., 2002)
Emergy Emergy is the amount of available energy that is used up in transformations, directly

analysis (EA)

and indirectly for a service or product. The EA is an evaluation method that considers
both environmental and economic values

Environmental

EIA is a method that has to be performed before consent is given to a project.

impact Significant effects on the environment by virtue, inter alia, of their nature, size, or
assessment location are made subject to a requirement for development consent and for an

(EIA) assessment concerning their effects (Directive 2011/92/EC).

Exergy The exergy method evaluates the qualitative change from the available energy to the
analysis unusable one in the form of work

Life cycle LCC is an economic analysis method in combination with LCA. This method is a tool for
costing (LCC) accounting the total costs of a product or service over a long life span

Risk RA is an integral part of the overall organisation’s performance assessment and
assessment measurement system for departments and for individuals. The goal is to provide a
(RA) comprehensive, fully defined, and fully accepted accountability for risks (ISO 2009).
Statistical The statistical entropy analysis is a method that quantifies the power of a system to
entropy concentrate or to dilute substances

analysis

Strategic SEA is a method to provide a high level of protection to the environment and to
environmental contribute to the integration of environmental considerations into the preparation and
assessment adoption of plans and programmes, with an aim to promote sustainable development
(SEA) by ensuring that an environmental assessment of certain plans and programmes, which

are likely to have significant effects on the environment, is performed (Directive
2001/42/EC)

*Adapted from Allesch and Brunner (2014)
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Assessment tools and methods are able to support decision-making in solid waste management by
identifying weaknesses or strengths of existing systems in a structured way (Zurbrigg et al., 2014).
Hence, for evaluation of the system, economic boundary, local circumstances and sustainability
aspects (social, technological, environmental) need to take into consideration. Decision makers are
often in a dilemma to choose the most appropriate and cost effective method for reaching the goal
and targets of solid waste management (Li, 2007). The most popular sustainable decision making
models are life-cycle assessment, cost—benefit analysis and multicriteria analysis. Life cycle analysis
calculates the environmental impact of all processes of the waste treatment from “cradle to grave”;
cost—benefit analysis considers the monetary dimension, while multicriteria decision analysis
compares social, economic, and environmental criteria (Morrissey and Browne, 2004; Tsydenova et
al., 2018). Ultimately, considerations of all relevant factors in solid waste management within local
circumstances is vitally important to determine the success or failure of the selected assessment
methods for decision making (Zurbriigg et al., 2014). In developing countries, where problems
associated with solid waste management are more challenging than in developed countries (Badgie
et al., 2012; Gupta et al., 2015), existing tools should be more flexible to make them simpler and
cheaper to apply. Limitations and gap of knowledge are identified in developing countries;
adaptation of existing system or technology from developed countries that could lead to disastrous
consequences without detailed preparatory research (Wilson and Velis, 2014). Assessment methods
are not only required for the development of a new solid waste management system or plant, but
also to evaluate existing situations. Several tools are available, with several applications to waste
management (Table 1.2). However, some limitations and gaps of knowledge are identified, requiring
a serious work of researchers and practitioners to overcome challenges and to facilitate a positive

application in low- and middle-income countries.

The issues highlighted in this section indicate that there are increasingly complex chellenges related
to solid waste management that require attention to further avoid its negative consequences to the
environment and public health. Nevertheless, the sector also offers great opportunities for private
sector participation and for revenue-making businesses. It is important to understand the historical
and evolution of solid waste management system, focusing on the factors and their interactions that
drive such changes. This is vital for decision making regarding the design of strategies and systems to
manage solid waste that would maximise the recovery of resources with minimal impacts on public

health and environmental quality.
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1.4 Research framework

14.1 Research problem

The acceleration of industrialization on a global scale during the last century, the population
expansion and the resulting intensification of urbanization, have transformed the relationships
between the environment and society (Guerrero et al., 2013). Despite remarkable progress in
economic status of countries around the world, there are significant negative implications on the
environment resulted from the escalation and complexity of solid waste generated. The challenges
of sustainable solid waste management are well knbown (e.g Ai, 2011; Cohen, 2006; Guerrero et al.,
2013; Gutberlet, 2017; Khatib, 2011; Le Courtois, 2012; Vij, 2012; Wilson and Velis, 2015). However,
Mwanza and Mbohwa (2017) stated studies that analyze the drivers of solid waste management
literally are relatively few. Enhancement of the solid waste management system can be amplified by
identifying and interpreting the drivers and barriers (Mwanza and Mbohwa, 2017; Periathamby et
al., 2009b; Wilson et al., 2001). In developing countries, the management of waste is becoming more
complex as a result of rapid urbanization and the increasingly heterogeneous nature of consumer
products. Expansion of global population, rapid urbanization, increasing economic activity and an
uprise in society’s living standards, particularly in major cities in developing countries have led to
substantial growth in waste generation (Di Maria et al., 2018b; Khatib, 2011). On the contrary, waste
management in developed countries are often described as systems with efficient policy
frameworks, well-organised, facilitated with well-engineered infrastructures and technology, experts

and funding (Mmereki et al., 2016).

There are many factors that influenced such differences, how the systems evolved overtime and
shaped the future systems. Most of the reviewed studies have focused on the contribution of factors
in isolation. Past studies have listed factors into different classification and unique in each waste
management scenario, for example, within the context of a municipality, city or entire country.
Although various factors of solid waste management are applicable at a basic level in every country,
the strength of each factor and strength of interaction with other factors will be unique to each local
context. Thus, the main aim of this study is to identify the factors in different localities that serves as
the starting point to design waste management strategy or policies based on tangible local trends or
evidence. There is a need to design a framework where combinations of various factors that works
efficiently in different set of waste management system can be identified. In this study, the
commonly-highlighted factors, which are quantifiable and measurable, are identified as “visible”.

Whilst most attention has been paid to measurable factors in solid waste management, there are
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also factors that influenced the system but receive little attention. These factors can only be
identified through the historical evidence or waste managers’ experiences that provide different
perspectives of the development of the system. In this study, we identified the non-measurable and

non-quantifiable factors as “invisible”.

1.4.2 Aims and objectives

In order to address the research problem outlined in previous section, the overall study aims to
identify sets of fundamental factors and their interactions between one to another that are

impacted the development of solid waste management in terms of their visibility and influence.

Aim 1:
Identify and critically review the fundamental factors that are visible, and influence, the

development of SWM system in developed and developing countries.

Objectives:
1.1 Identify and characterize the fundamental factors that are relevant in the development of solid

waste management.

Aim 2:

Analyse the visibility and influence of the fundamental factors to demonstrate a conceptual

framework illustrating the interactions of factors that influence the solid waste management.

Objectives:
2.1 Classify and critically review the visible and invisible factors in solid waste management in

developed and developing countries.

2.2 Investigate the interactions of visibility and influence of factors to establish the ideal

combinations of factors that works best in the development of solid waste management.

143 Research questions

The research questions provide the main themes and direction of this study. An exploration of the
experiences of respondents highlights the influence of various factors on the development of solid
waste management system within each local context. The research questions are developed based

on the literature and as elucidated below:
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RQ1. What are the important factors in the development of solid waste management
system?

RQ2. How these factors interact with each other and how intense the connections are?

RQ3. What are the ideal combinations of factors that efficiently drive the waste systems

towards sustainability?

There is a need for planners and decision-makers to understand their current waste management
status and identify what are the important and influential factors that were excluded from being
considered in the local waste management policy and strategy. Knowledge about the visible and
invisible factors might help planners in identifying factors within its areas of responsibility and
addressed the issues more precisely and effectively. The analysis of visibility and influence of the
factors may be able to provide better understanding on the ideal combination of factors that works

best within a local circumstances.
Key aspects of the research scope include:

a) This thesis is concerned with the management of solid waste, principally municipal solid waste
(MSW), hence, the management of wastewater and electrical/electronic waste are not

considered.

b) This thesis addresses factors that impacted the development of municipal solid waste
according to PESTLE (political, environment, social, technology, legal and economic) analysis. It
is necessary to concentrate and focus on selected classification method for more thorough

investigation and discourse on those topics.

c) This thesis explores the interactions of factors in terms of their visibility and influence in order
to identify the important factors that impacted the development of solid waste management

in developed and developing countries.

d) The analytical framework and supporting information are intended to be used to support
decision making by different factors, including private companies and entrepreneurs, local

governments and national governments.
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1.5 Structure of thesis report

This thesis conveys together the fundamental parts of the research conducted in order to fulfil the

study aims and objectives. This thesis is presented in seven chapters and is structured as follows:

e Chapter 1 comprises a brief introduction to the research field and defines the primary
research aims and scope of this thesis. Section 1.1 and 1.2 provides the introduction and
importance of solid waste management. In Section 1.3, a brief explaination on the current
and emerging issues of solid waste management that builds the fundamental design of the
research problem and questions as outlined in section 1.4. Section 1.5 oulined the structure
of the thesis.

e Chapter 2 presents the literature review that provides the broad context of the research.
Section 2.1 briefly explained the historical evidence of solid waste management in selected
cities/countries. Section 2.2 provides the variety definitions of solid waste management
around the world with examples from selected cities. The different classification of solid
waste are explained in Section 2.3 while Section 2.4 focusing on the municipal solid waste
management, which is the main subject matter in this study. In Section 2.5, the past
literature on factors that are important in the development of solid waste management
which builds the list of factors employs in this study were discussed.

e Chapter 3 describes the methods employed in the study, which includes the data collection,
statistical analysis and the justification of the selected methods. The discussions include the
assessment and justifications of the selected methods in conducting the survey and data
analysis.

e Chapter 4 presents the partial results from Delphi study which focusing on the analysis of
visibility of factors in the development of solid waste management. This chapter was
partially presented and published in the Proceedings of the Sixteenth International Waste
Management and Landfill Symposium, Sardinia Italy, October 2-6 2017 under the title
“Visible and invisible factors of solid waste management in developing countries”. This
chapter fullfilled requirement of aim 1 (objective 1.1) by establishing a comprehensive list of
factors from the literature and classify these according to the PESTLE (political,
environmental, social, technological, legal and economic) system. It also partially fulfilled
aim 2 (objective 2.1) by identifying and classifying the factors as “visible” or “invisible” in
practice through a Delphi study.The partial work from this chapter also has been peer-

reviewed and published as:
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Mukhtar, E.M., Williams, I.D., Shaw, P.J., 2018. Visibility of fundamental solid waste
management factors in developing countries. Detritus 1, 162-173,

doi.org/10.26403/detritus/2018.16

Chapter 5 presents the partial results from the Delphi study on the factors that influence the
development of solid waste management. The work presented in this chapter fulfilled the
aim 2 (objective 2.2) by investigating the interactions of visibility and influence of factors.
This chapter had first quantifies the influence of fundamental factors in solid waste
management through a Delphi study. It also assessed the factors that are influential in
consideration of its visibility in relation to the demonstrate the interactions of factors.
Chapter 6 discusses and evaluates the overall findings of Chapter 4 and 5 within the context
of conceptual model and its relation to the main study aims. It also demonstrates the
application and consideration of the identified factors in selected case studies.

Chapter 7 presents the overall summary and recommendations from the research project as

a whole are presented, along with suggestions for further research.
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Chapter 2: Literature review

2.1 History of global solid waste management development

A profound examination of solid waste management can reveal the development of solid waste
management through its historical evolution (Louis, 2004). Scholars viewed that early waste
management in the United States has received systematic attention (Barles, 2010; Louis, 2004;
Melosi, 1981; Wilson, 1976), but limited number of research on other regions (Velis et al., 2009).
Evaluation of historical evidence provides insights on some of the important factors that have

influenced the development of solid waste management in different cities around the world.

211 From the emergence of ancient cities to Pre Industrial Revolution (1000-1800)

From the earliest civilizations, burial of wastes has always been considerably easy in rural areas,
whilst in larger cities, disposal problems become difficult with increase of population density
(Wilson, 1976). In the early period of human development, streets were covered with organic
waste, household waste, animal and human manure, that mixed with stagnant water, and hence
caused foul-smelling mud (Barles, 2010; Louis, 2004). The needs to create an organize solid
waste management came alongside with the development of the new cities and town with the
concentration of population and increase of land use (Louis, 2004; Melosi, 1981). For example,
the Greeks organized its first municipal dumps by 500 B.C with a basic waste collection using
wagons (Wilson, 1976) and disposal to dump pits located at rural areas (Melosi, 1981). The
Chinese cities were reported to have “disposal police” responsible for enforcing disposal laws by

200 BC (Marshall and Farahbakhsh, 2013).

Initiatives to clean the streets were taken; streets pickers were assigned by the authorities to
clean the streets (Melosi, 1981). In England, for instance, wastes were collected from property
owners, which were mainly rich people who paid for the services (Wilson, 2007). Residual and
organic waste were sent to the farmers for use as fertilizers or as animal feeds, whilst
‘consumer’ and any resellable items were either repaired, reused and sold to provide a source of
income to the pickers (Velis et al., 2009; Wilson, 2007). In small communities, the wastes were
treated individually by the generators, either being disposed into water bodies or simply buried

(Marshall and Farahbakhsh, 2013). However, as the urban areas expanded and developed into
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towns and cities, unsafe and improper waste disposal started to cause significant public health
problems as well as creating odours and attracting rodents and pests (Louis, 2004; Seadon,
2006). Poor sanitation and improper waste disposal caused the plagues that affected most of the
Europe between the 14" to 16 centuries (Wilson, 2007). The Black Death! was partially caused
by streets littering and waste dumping into waterbodies that caused contamination and
indiscriminately claimed lives more than 2000 people a day at its peak (Gottfried, 2010; Marshall
and Farahbakhsh, 2013). Sir Edwin Chadwick, through his publication, Enquiry into the Sanitary
Condition of the Labouring Population of Great Britain in 1842, linked the public health with
degraded, unsanitary environmental conditions and believed that organized and improved
waterworks, sewers, clean paved streets, and ventilated buildings were necessary to control the
epidemics that had plagued London throughout the late 18th and early 19th centuries
(Chadwick, 1965). Chadwick’s work has influenced researchers in the America to emphasized on
the importance of public health through good sanitation and controlled littering (Louis, 2004).
Epidemics were reported; the yellow fever outbreak in Philadelphia in 1793 that claimed more
than 5600 lives and also cholera outbreaks in New York in 1832 and 1849 that caused more than
100,000 deaths (Louis, 2004; Sandhu, 2014). The primary causes of these diseases were believed
to be associated with poor sanitation, littering and improper disposal of waste (Hezri, 2010; Velis

et al., 2009).

2.1.2 Early Industrial Revolution (1800-1900)

In the late of 18™ century, the development of solid waste management systems appeared to be
more aggressive with emerging concern on public health, resource value and recovery (Velis et
al., 2009) that resulted from the Industrial Revolution in the late 18" and early 19*" century
(Williams, 2015a). Before the beginning of Industrial Revolution, the quantity of waste were
generally small with unsatisfactory collection methods and disposal, which caused disturbance
towards public comfort (Barles, 2010). The Industrial Revolution and rapid urbanization in most
part of the Western world led to the high demand of material and expansion of the waste
management services in the cities (Wilson, 2007). Velis et al. (2009) and (Herbert, 2007) claimed
that London dust-yard was the first large scale of zero waste system and set example of a semi-
formal and organised method to waste management (Figure 2.1). Residual waste, which was

largely composed of coal ash from domestic fires, was generated and was in demand for both

! Black Death was the greatest natural disaster in European history. The plague was caused by a
combination oif bubonic, pneumonic and septicaemic plague strains. It devastated the Western countries
from 1347 to 1351 by killing almost 60% of Europe’s population (Gottfried, 2010).
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brick making and soil conditioner (Herbert, 2007). Soil from the dust yard were sent to the
farmers to be used as fertilizers while other household items were repaired and later sold (Velis
et al., 2009). These collection networks were mainly carried out by the informal pickers that
efficiently removed the major components of waste from the cities. According to (Herbert,
2007), calls for the establishment of a municipal authority with waste removal powers were
inititied as early as 1751 by Corbyn Moris, who proposed to standardize the cleaning of London
under one public management as a move towards efficiency. The dust-yard system had been
working successfully up to middle 1850s, when the market value of ‘dust’ collapsed coincide
with the emergence of the sanitation movement. (Velis et al., 2009). Waste was then collected
by the municipality, hence, many controversional and different types of contractual agreements
existed between the private and public sector (Velis et al., 2009). During the late 18™ and early
19" centuries, technological advancements in waste collection and disposal methods included
the development of “destructors” (incinerators) and crude sanitary landfills started to replace
the traditional practice of open dumping (Herbert, 2007; McAllister, 2015). The first incinerator
was built in England in 1874 which later expanded to other countries such as Germany and

America (Wilson, 1976).

VIEW OF A DUST YARD.
(Frem a Steteh taken on the spot)

Figure 2.1. The sifting process of ashes at a dust yard in London in 19t century (Velis et al.,2009).

2.13 Urbanization and Industrialization Era (1900-1970)

The Industrial Revolution brought large increases in population in cities around United States of

America; in 1790, city dwellers in 24 cities accounted for 5.1% of total population and in 100
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years later, the number had increased to 10.8% of total population who resided in 131 cities
(Louis, 2004). The escalation of urban population was mainly due to the technology expansion
and industrialization which has bloomed rapidly in the late of 19" century, when 50% of the
countries’ goods were manufactured in urban areas hence contributed to the increased of
industrial and domestic waste (Louis, 2004). From the 1830s onwards, technological optimism
was obvious in the west, which had implications for natural resource management. However,
after 1945, in most part of the Europe, awareness of environmental problems emerged along

with the “sustainable development” movement (Kollikkathara et al., 2009).

The development of proper sanitation infrastructure and institutional arrangement on waste
management were implemented on regional scale in the 1870s (Melosi, 1981). However, due to
high investment on water sanitation infrastructure, waste were managed at local level; the
similar system that still persists today in most of the American cities (Louis, 2004). In some parts
of the world, systems for waste management developed at different rates. In Japan, prior to the
World War Il, the initiatives started with providing public sanitation and then proper solid waste
management and disposal were developed. Incineration of solid waste was implemented as
early as 1930 when the Waste Cleansing Law enforced compulsory incineration of solid waste as
a result of limited areas for landfills (Williams, 2015a). The World War Il had destroyed all
infrastructure and facilities,hence rapid changes had occurred since then. Japan now has one of
the most modern and technologically advanced systems for waste management in the world.
Other Asian countries (India, China and Indo- nesia) have responded to the challenges of waste
management as their populations have grown, become richer and more urbanized. However,
large parts of the world still have little or no effective systems for safely collecting, treating and
disposing of waste from anthropogenic activities, with open dumping and uncontrolled burning

and composting widespread.

2.2 Definitions of solid waste

Defining solid waste can be simple and often negligible, but addressing it within the local context
is important (Pongracz and Pohjola, 2004). The definition has to be sufficiently wide to cover all
relevant activities with regard to waste but not be too wide to avoid over-regulation (Cheyne
and Purdue, 1995). Definition is said to be the only adequate method of characterising a

scientific concept (Hempel, 1966).
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Table 2.1. Definitions of solid waste according to selected world organisations and countries

Organisations

Definitions

European
Union

Any substance or object which the holder discards or intends or is required to discard (European
Commisssion, 2008)

Organisation
for Economic
Co-operation

Materials that are not prime products (that is, products produced for the market) for which the
generator has no further use in terms of his/her own purposes of production, transformation or
consumption, and of which he/she wants to dispose (OECD, 2014)

United
Nat!ons Substances or objects which are disposed of or are intended to be disposed of or are required to
Environment be disposed of by the provisions of national law (United Nations Environment Programs, 1994)
Program
Countries Definitions
United . . . . . . .
Kingdom Any substance or ob'Ject which the holder d|§cards or intends or is required to discard
(Department of Environment Food and Affairs (DEFRA), 2012)
Any scrap material or other unwanted surplus substance
or rejected products arising from the application of any process; any substance required to be
Malaysia disposed of as being broken, worn out, contaminated or otherwise spoiled; or any other material
that according to this Act or any other written law is required by the authority to be disposed of
(Malaysia Government, 2005)
Any solid, semisolid, or contained gaseous substance or material resulting from production, daily
life and other activities, which lose its original utilization value, or which does not lose utilization
China value but is discarded, and substance or material regulated as solid waste by laws and

regulations (Ministry of Commerce of the People’s Republic of China Department of Foreign
Investment Administration, n.d.)

United States

Any garbage or refuse, sludge from a wastewater treatment plant, water supply treatment plant,
oe air pollution control facility and other discarded material, including solid, liquid, semi-solid, or

of America contained gaseous material resulting from industrial, commercial, mining and agricultural
operations, and from community activities (US EPA, 2013)

Switzerland Any moveable material disposed of by its holder or the disposal of which is required in the public
interest (The Federal Council, 2019)

Singapore A substance or object that is proposed to be disposed of; or disposed of; or required by any

written law to be disposed of (Singapore Government, 2019)

South Africa

Any substance, material or object, that is unwanted, rejected, abandoned, discarded or disposed
of, or that is intended or required to be discarded or disposed of, by the holder of that
substance, material or object, whether or not such substance, material or object can be re-used,
recycled or recovered and includes all wastes as defined in Schedule 3 to this Act; or any other
substance, material or object that is not included in Schedule 3 that may be defined as a waste
by the Minister by notice in the Gazette, but any waste or portion of waste, referred to in
paragraphs (a) and (b), ceases to be a waste— (i) once an application for its re-use, recycling or
recovery has been approved or, after such approval, once it is, or has been re-used, recycled or
recovered; (ii) where approval is not required, once a waste is, or has been re-used, recycled or
recovered; (iii) where the Minister has, in terms of section 74, exempted any waste or a portion
of waste generated by a particular process from the definition of waste; or (iv) where the
Minister has, in the prescribed manner, excluded any waste stream or a portion of a waste
stream from the definition of waste (South African Government, 2014)
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There are various definition of solid waste, based on various perceptions (Amasuomo and Baird,
2016; Zaman and Lehmann, 2011); it can be categorized according to type of generator and
source (Ai, 2011), substances and composition (Boer et al., 2010), territorial limits and economic
activities that generates waste (Buenrostro et al., 2001) and type of collectors or service
provider (United Nations Human Settlement Programme, 2010). The variation in definitions of
solid waste creates confusion and leads to different interpretations. Therefore it is important to
understand local definition in order to address the relevant issues precisely. Table 2.1 provide
the list of definitions of solid waste according to the selected world organisations and
countries.Waste can be considered the useless by-product of human activities which physically
contains the same substance that are available in the useful product (White et al., 1995). Wastes
are not only defined as any product or material which is useless to the producer, but also as by-
products that were generated from inefficient production processes which lead to the loss of
resources (Amasuomo and Baird, 2016). Principally, the terms used in defining solid waste
describe the intention of the holder to eliminate waste from visibility and has to be
complemented with the concept of waste and how waste is perceived by the holder(s). The term
‘waste’ is often subjective, with the designation of a material or substance as being waste
dependent on the situation and the value recognized to the material or substance by its owner

in that situation, i.e. what may be waste to one person may not be waste to another.

Despite of all broad variations in defining waste, certain limits has to be set on how far the
definition can be stretched and suitable to its purpose (Cheyne and Purdue, 1995). Nevertheless,
to hypothetically describe waste is not the main purpose of these definitions. The label ‘waste’
does not necessarily mean that something is an ultimate waste, rather, it means that it will be
treated as waste. It appears that it is not possible to create or identify a comprehensive
definition that explicitly categorises every discarded object as either waste or resource (Pongracz

and Pohjola, 2004).

2.3 Classifications of solid waste

Solid waste is commonly described as solid state of the waste (Turner, 2016). According to
Turner (2016) and Periathamby (2001), the classification of solid waste depending on schemes as

follows:

a) physical form (solid, gaseous, liquid, etc.)
b) source of generators (household, commercial, industries, etc.)

c) original use (packaging, garden waste, food waste, etc.)
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e) physical properties (biodegradable, combustable, recyclable, etc)

f) safety parameters (hazardous, non-hazardous or radioactive)

Table 2.2. Sources, generators and type of solid waste generated

Source Waste generators Types of solid wastes

Residential Single and multifamily dwellings Food wastes, paper, cardboard, plastics, textiles,
leather, yard wastes, wood, glass, metals, ashes,
special wastes (e.g., bulky items, consumer
electronics, white goods, batteries, oil, tires), and
household hazardous wastes (e.g., paints, aerosols,
gas tanks, waste containing mercury, motor oil,
cleaning agents), e-wastes (e.g., computers,
phones, TVs)

Industrial Light and heavy manufacturing, Housekeeping wastes, packaging, food wastes,
fabrication, construction sites, construction and demolition materials, hazardous
power and chemical plants wastes, ashes, special wastes
(excluding specific process wastes
if the municipality does not
oversee their collection)

Commercial Stores, hotels, restaurants, Paper, cardboard, plastics, wood, food wastes,
markets, office buildings glass, metals, special wastes, hazardous wastes, e-

wastes

Institutional Schools, hospitals (non-medical Same as commercial

waste), prisons, government
buildings, airports

New construction sites, road
repair, renovation sites,
demolition of buildings

Street

Construction
and Demolition

Wood, steel, concrete, dirt, bricks, tiles

Street cleaning, landscaping,
parks, beaches, other recreational
areas, water and wastewater
treatment plants

Municipal
Services

Street sweepings; landscape and tree trimmings;
general wastes from parks, beaches, and other
recreational areas, sludge

All of the above should be included as municipal solid waste. Industrial, commercial, and institutional (ICl)
wastes are often grouped together and usually represent more than 50% of MSW. Construction and
demoliation waste is often treated separately: if well managed it can be disposed separately. The items
below are usually considered MSW if the municipality oversees their collection and disposal.

Process Heavy and light manufacturing, Industrial process wastes, scrap materials, off-
refineries, chemical plants, power  specification products, slag, tailings
plants, mineral extraction and
processing
Medical Hospitals, nursing homes, clinics Infectious wastes (bandages, gloves, cultures,
swabs, blood and body fluids), hazardous wastes
(sharps, instruments, chemicals), radioactive waste
from cancer therapies, pharmaceutical waste
Agricultural Crops, orchards, vineyards, Spoiled food wastes, agricultural wastes (e.g., rice

dairies, feedlots, farms

husks, cotton stalks, coconut shells, coffee waste),
hazardous wastes (e.g., pesticides)

Source : Hoornweg and Bhada-Tata (2012)
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Each of these aspects has the effect of the type of waste management that is required, favored,
or legally prohibited for a given waste flow (Turner, 2016). The focus of this study is on municipal
solid waste (MSW), which comprises waste from households and other waste that are similar in
nature to household waste. MSW is conceptualized as the solid waste generated within the
territorial limits of a municipality, independently of its source of generation (Buenrostro et al.,
2001). Table 2.2 shows the sources, generators and types of waste generated to further explain
the source of generators considered in MSW. As mentioned above, solid waste can be classified
as being either hazardous or non-hazardous. Whilst MSW may contain small amounts of
hazardous wastes, it is predominantly non-hazardous (Hoornweg and Bhada-Tata, 2012). Waste
may be classified hazardous if it is potentially harmful to human health, living organisms, or the

environment (Turner, 2016).

Examples of hazardous waste includes:

e asbestos, batteries, electrical equipment containing ozone depleting substances (e.g.
fridges and freezer and cathode ray tubes), fluorescent tubes, oils and oil filters, paints,
inks, and resins, pesticides and solvents (Turner, 2016)

e form of paints, vehicle maintenance products, mercury-containing waste,
pharmaceuticals, batteries and many other diffuse products (Mmereki, 2015; Slack et al.,
2005)

These hazardous substances in household waste are not strictly controlled under hazardous
waste regulations and commonly disposed of to landfill along with other household waste (Slack
et al., 2005). The risk of disposal at landfill are often negligible due to insignificant amount of
hazardous substances in the waste stream (Mmereki, 2015). According to (Pitchel, 2005), MSW
are classified as hazardous if they consists one or more of the following characteristics:
ignitability, corrosivity, reactivity and toxicity. In this study, MSW includes waste generated from

residential, industrial, commercial, institutional and municipal sources.

24 Municipal solid waste management

In the European Union, solid waste management (SWM) is defined under Article 1 of the Council
Directive on waste (75/442/EEC) that modified by Directive (91/156/EEC) on waste as
“....collection, transport, recovery and disposal of waste, including the supervision of such
operations and after-care of disposal sites and including actions taken as a dealer or broker”
(European Union Law, 2013). SWM includes elements associated with control of waste

generation, storage, collection, transport or transfer, processing and disposal of solid waste
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materials (see Figure 2.2) in a way that best addresses the range of public health, conservation,
economics, aesthetic, engineering and other environmental considerations (Kreith and
Tchobanoglous, 2002; Pitchel, 2005). It involves multidisciplinary approach in order to reduce
the adverse impacts of waste materials on human health and environment as well as supporting

the economic development and superior quality of life (McAllister, 2015).

Generation of wastes . .
. . On-site handling,
from residential, .
. storage and Collection
commercial and rocessin
institutional P J
Recycling ] [ Processing Transportation
Disposal

Figure 2.2. Functional activities in solid waste management (Khan and Samadder, 2014)

Municipal solid waste management (MSWM) is known to be an important contributor to
environmental and public health problems (Dinie et al., 2013; Li et al., 2009). The objectives of
MSWM are to consider human safety, resource conservation and the reduction of the
environmental burdens of MSWM (Q. Yang et al., 2018). White, Franke and Hindle (1995) argued
that collection, treatment and disposal of MSW is considered as an important service by
politicians and local government. MSW is wastes collected for local authorities from domestic,
commercial and household sources (Amasuomo and Baird, 2016). MSW also reflects the
lifestyles and customs of the people that produces it, which has negative impact on the well-
being of the public and the environment if not properly managed (Vergara and Tchobanoglous,

2012).
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According to Demirbas (2011), a MSWM concept including the following goals:

1. Reduction of total amount of waste by reduction and recycling of refuse.

2. Recycling and re-introduction of suitable groups of substances into production cycles as
secondary raw material or energy carrier.

3. Re-introduction of biological waste into the natural cycle.

4. Best-possible reduction of residual waste quantities, which are to be disposed on
“suitable” landfills.

5. Flexible concept concerning fluctuations in waste quantities and the composition of
domestic waste. New developments in the field of waste management must be included

into the system.

Various factors that determine the characteristics of municipal waste generated includes the
socio-economic background of the generators (Zen et al., 2014), type of dwellings (Timlett,
2010), geographical location as well as habits of the population such as cultural practices (Martin
et al., 2006), religion (Mohamad et al., 2012) and consumerism patterns (Vij, 2012).
Identification of general characteristics and composition of waste generated is essential to
determine the further steps of managing the waste including collection frequency, manpower,
type of collection vehicle fleet, storage capacity at transfer stations, treatment and disposal
methods (Dinie et al., 2013). Knowledge on waste characteristics, generation patterns,
composition and type of waste sources are vitally important as a baseline of planning purposes
and systems operations to progress towards efficient management of the waste (Mmereki et al.,
2016). Integrating MSW with other external elements are essentially relevant in managing the
complexity and enourmous amount of waste generated. This requires a modern and systematic
approach to waste management with aims towards achieving sustainable waste management in
economically viable, socially accepted and environmentally friendly manner (Asefi and Lim,

2017).

It is important to understand the factors that influence the development of MSW, variables that
influence its generation, collection and disposal methods in order to help avoid the negative
impacts associated with MSW. Even more important is an understanding of how these factors
interact to affect decisions that would maximise the recovery of resources with minimal ethical
malpractices, health and environmental impacts. A review of literature reveals a number of
factors that influence the decision makers in selecting the best assessment method to ensure

the selection or decision is optimal. It is impossible to list all possible factors as factors are
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differently categorised by researchers, based on different circumstances. Factors that influence

the MSW development in past literature are discussed in section below.

2.5 Factors that are important in the development of solid waste management

The increasing global population has resulted in an increase of daily consumption of resources
and raw materials (Troschinetz and Mihelcic, 2009). The better standards of living lead to greater
resource consumption, hence, one can expect greater demand on resources in the near future
(Balatsky et al., 2015). The accumulation of waste and the ‘throw-away-philosophy’ has resulted
in several environmental problems, health issues and safety hazards hence, preventing
sustainable development in terms of resource recovery and recycling of waste (Lehmann, 2011;
Seik, 1997). Primary responsibilities to manage solid waste generated safely are mainly under
the jurisdiction of local authorities (Ezeah, 2010). Proritization is often on the effective removal
of waste from neighbourhood residences and disposal of the waste outside the cities’
boundaries (Kaza et al., 2018; Taherzadeh and Rajendran, 2014). Resulting from the Industrial
Revolution, there was a significant increase in the consumption patterns and huge disposal of
waste that went beyond the social acceptability and the absorption capacity of local and global
sinks (Marxsen, 2001). Hence, initiatives and perspectives are aimed at and focusing on the
sustainable development in the use of resources which directly influence the management of
solid waste, which has been gradually implemented through policy guidelines and directives at

national levels (Taherzadeh and Rajendran, 2014).

Past studies indicated significant interest in evaluating factors in solid waste management. Some
scholar have addressed the factors that influence the elements of MSW systems. According to
Liu et al. (2019), the generation of waste is influenced by family size, their education level and
the monthly income. Barr (2007) has commented upon the sets of situational and psychological
variables that influence the household attitudes and behaviour related to waste reduction, reuse
and recycling. Collection, transfer and transport practices are affected by improper bin collection
systems and location, poor route planning, lack of information about collection schedule
(Olukanni et al., 2016). Waste collection systems can be effectively improved by integrating the
informal sectors with other service providers as suggested by Wilson et al. (2006) and Guerrero

et al. (2013).
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Figure 2.3. MSW generations rate in selected countries, in kg per capita per day

In relation to recycling and waste reduction, Troschinetz and Mihelcic (2009) identified twelve
factors that influence the sustainable recycling of MSW management in developing countries:
government policy, government finances, waste characterization, waste collection and
segregation, household education, household economics, administration, personnel education,
MSWM plan, local recycled-material market, technological and human resources, and land
availability. Minghua et al. (2009) concluded that the government is responsible to establish
good markets for recycled materials and increasing professionalism in recycling companies to
increase recycling rates. In Figure 2.3, most of the developed countries produce more wastes

than developing countries, which connected to the socio-economic status of the countries (Liu et
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al., 2019). Economic development of a country is positively related to the per capita generation
rate of SW, the rate of consumption of commercial goods and levels and patterns of growth

(Bovea et al., 2010).

Improper waste management and limited public awareness, especially in developing countries
are linked to the fragmentation of MSW management, such as limited corporation and
coordination of stakeholders function, weak governance, redundancy of jobscope as well as
institutional management structures and capabilities (Mmereki et al., 2016). Challenges faced by
the developing countries in managing their solid waste as reported in past studies include the
primitive treatment technologies and disposal methods, low coverage of collection services, lack
of governmental commitment and low public participation in waste management (Guerrero et
al., 2013). As reported by Badgie et al. (2012), most of the developing countries are still
struggling with the initial steps of MSW management such as waste quantities and
characterization, treatment and disposal, whilst developed countries have generally
implemented effective and well-functioning systems to effectively manage the waste. In
developed countries, waste management systems are focused on the integrated and sustainable
approaches to resource management rather than ad hoc approaches in developing countries

(Guerrero et al., 2013).

The terms “factors” in MSW management are also known as “drivers”, which refers to factors
that positively (facilitators) or negatively (constraints) alter an existing waste management
system (Periathamby et al., 2009b; Wilson, 2007). Past studies have identified and classified
factors into different categories. For instance, Wilson (2007) studied sustainable waste
management in several European cities and then classified the factors into six broad categories
of MSW drivers in developed and developing country contexts. Wilson (2007) also pointed out
that it is important to understand the past development of solid waste management which can
provide much needed context and insight for how best to move forward in the future. The six
factors that influence sustainable waste management includes: public health, environmental
protection, resource value of waste, closing the loop, institutional and responsibility issues,
public awareness. Periathamby et al.(2009b) re-organized the six categories from Wilson (2007)
into four, which were human, economic, institutional and environmental and expanded on
them, from the Asian perspective. It was concluded that in Asia, especially in the developing

countries, the economic driver has the highest impact. However, recent environmental and
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political trends have increased the impact of the environment driver, which now motivates

sustainable waste management.

The legislative infrastructure and its enforcement which is linked to the effectiveness,
enforcement and practicality of laws related to sustainable waste management, often has
different impacts on the MSW system (Periathamby et al., 2009b). The drivers have to be
interpreted in the local context to be effective, especially in decision making process. MSW
management factors are inter-connected and dynamic in nature; therefore, the actual influence
of an individual factor may not be seen in dynamic waste management development trends
(zaman, 2013). For example, social acceptance and willingness to participate on the national
solid waste management plan can influence the success of waste minimisation program (Han et
al., 2019). Policy of the government and fund allocations for waste management activities are
important towards achieving the sustainable waste management (Mmereki et al., 2016;
Periathamby et al., 2009b). Developed countries such as Denmark, Sweden, United Kingdom and
Japan have moved away from landfilling as method for disposal, mainly due to the sufficient
allocations of fund as well as changes in the national policy with regards to the environmental
protection and preservation (Taherzadeh and Rajendran, 2014). On contrary, developing
countries such as India, Bangladesh and Malaysia are still depending on landfills for waste
disposals (Johari et al., 2014; Kumar et al., 2017); limitations are not only on the funding and
government support, but are also influenced other factors such as low acceptance of the public,
inefficient collection coverage and political conflict (Nunn, 2012). Social behaviour in following
the new laws and plans with regards to the MSW management is important, however the level
of acceptance is different between localities (Razali et al., 2017). For instance, acceptance on the
separation of waste at source may be influence by the socio-economic factors, awareness and
education, availability of facilities as well as willingness of society to follow such regulations
(Storey et al., 2015). Introducing new concept or changes in the current systems can spark
resistance among the public. Economic motivation is needed to change public perception and
behaviour, while, commercial sector need to be forced through legislation (Taherzadeh and

Rajendran, 2014).

Mismanagement in the municipalites as the authorized institutions to manage effectively the
solid waste management also captured the interest of researchers (Guerrero et al., 2013). Local
authorities can have an inadequate institutional structures capacity, which are leaders’ interest,

insufficient budget, accountability, poor policy performance, transparency, management
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structures and commitment Mmereki et al. (2016). However, there is very limited information
on this issues, therefore, it is extremely difficult to gain an insight into the complex problem

which remains to be solved.

Understanding the factors and their interactions with other factors that influenced the
development in waste management in the past, and how dynamic the changes are in the
present system are important in understanding how best to move forward in developing
sustainable waste management systems globally. There is no single factor that can be seen as a
‘principal factor’; rather, all factors are potentially important and the balance between them will
vary between countries and depend on local circumstances. The next appropriate steps towards
developing an integrated and sustainable waste management system will still need to be

determined for each local situation.
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Chapter 3: Methodology

3.1 Overall methodology

This study used a quantitative and positivist approach. It was decided at the early stages of the study
to generate data and findings with hard evidence which provides factual and descriptive
information. Hence, a quantitative research design was deemed appropriate for several reasons.
One, the approach would enable the collection and analysis of extensive sources of data. Secondly,
the approach allows for the generation of empirically-testable data whose nature facilitates the
investigation and analysis of the associations between factors. Thirdly, a quantitative approach
would permit replication of the study in different circumstances. Finally, a quantitative approach
enhances the generalisation of the results to the whole study population and facilitates comparisons

of the variables both spatially and temporally (see Albers (2017) and De Vaus (2002)).

3.2 Reliability and validity

Reliability and validity are two important factors to consider when developing and testing a
guestionnaire. Reliability and validity are the measurement of adequacy and accuracy of indicators
used in a social study. A measure can be reliable but not valid, if it is measuring something very
consistently but in the wrong construct. Likewise, a measure can be valid but not reliable if it is
measuring the right construct, but not consistent (De Vaus, 2002; Ongondo, 2011). Using the
analogy of a shooting target, where the center of target representing the aim of the study, Figure 3.1

shows graphical presentation of possible combinations of validity and reliability.
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Valid and reliable Fairly valid but very reliable

The research methods hit the center of The research methods hit the center of the
the target (aim) and repeated attempts target fairly close, but repeated attempts
all hit the same target (similar results) provide scattered results (not reliable)

Reliable but not valid Neither reliable nor valid

The research methods do not hit the center The research methods do not hit the center
of the target, but repeated attempts of the target and repeated attempts are
provide almost the same but wrong results scattered and unfocused

Figure 3.1. Graphical presentation of possible combinations of reliability and validity (Bolarinwa,

2015)

3.21 Reliability

Reliability is where we obtain the same result under the same conditions on different occasions. It is
the expectation that there will not be any different findings each time the measure is used assuming
that nothing has changed in what is being measured (Carmines and Zeller, 1979; De Vaus, 2002). It is
most commonly used to determine the reliability of multiple Likert questions in a questionnaire that
form a scale (Bhattacherjee, 2012). Reliability implies consistency but not accuracy (Ongondo,
2011). Reliability of the questionnaire is usually carried out using a pilot test. The best methods of
testing the reliability of indicators is to measure the concept rather than single-item indicators (De
Vaus, 2002). Reliability could be assessed in three major forms; test-retest reliability, alternate-form

reliability and internal consistency reliability.
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a) Test-retest reliability

Test- retest method is the only way to check the reliability of single questions by asking the same
guestions at the lapse of two to four weeks. For example, people might be asked about their opinion
on how social factors had influenced the development of the waste management and were asked
the same questions two weeks later in which the correlation of both answers on both occasions
were calculated. If the correlation is high (typically an r value of 0.7 or above), it is assumed that the
question is reliable (Bolarinwa, 2015; De Vaus, 2002; Ongondo, 2011). Test-retest correlation
provides an indication of stability over time (Bolarinwa, 2015). However, this method is often
considered as poor and not relevant as the respondent is expected to provide the same answers,
potentially leading to artificial reliability of the questionnaire (De Vaus, 2002; Okoli and Pawlowski,

2004).

In this study, it was not deemed necessary to use the test-retest procedure(see Section 3.3 for full
justification and explanation of adopted Delphi methodology). The complex issue requires
knowledge from people who understand the factors that impacted MSW from different perspectives
which are political, environmental, social, technology, legal and economic. Thus, a Delphi study

answers the study questions more appropriately.

b) Alternate-form reliability

The alternate-form reliability is measured by administering at least two equivalent tests (e.g. a
guestionnaire) to one group of people on different occasions. The respondents can be either the
same group or different group. It uses differently-worded or differently-order questions to measure
the same attribute or construct (Bolarinwa, 2015; De Vaus, 2002). A high degree of correlation
between both sets of test indicate the measure is deemed to be reliable. Preparing two equivalent

tests to measure can be difficult, thus, this method is seldom implemented (Ongondo, 2011).

This method was ruled out due to the types of data that the questionnaires utilised aimed to
capture; there was no perceived value in asking the same respondents the same questions in two

different ways.
c) Internal consistency reliability

Internal consistency is a test or instrument that measures the same thing and is considered to be
the most commonly-used statistical method to estimate reliability. For example, when measuring
the respondent’s attitudes towards a particular issue, it is expected that the answers are consistent
across all the items measuring that same construct (item-item correlations). This test is applied to

groups of items that are regarded as measurements of different aspects of the same concept.
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Hence, it is an indicator of how well the various items measure the same issue (Ongondo, 2011;
Ursachi et al., 2015). Internal consistency is measured by Cronbach’s alpha index and in some
research, split-half reliability index and Kuder—Richardson formula 20 (KR-20) index was used
(Bolarinwa, 2015; Ursachi et al., 2015). The reliability of a measure concerns the extent to which it

yields the same result on repeated trials.

The split/half reliability index estimate requires dividing up the test into two parts (e.g. odd/even
items or first half of the items/second half of the items), administering the two forms to the same
group of individuals and determining the correlation of the responses. Coefficient alpha and KR-20
both represent the average of all possible split/half estimates. The difference between the two is
when they would be used to assess reliability. Specifically, coefficient alpha is typically used during
scale development with items that have several response options (i.e., 1 = strongly disagree to 5 =
strongly agree) whereas KR-20 is used to estimate reliability for dichotomous (i.e., yes/no;

true/false) response scales (Bhattacherjee, 2012).

Using several statistical analysis software, KR-20 and Cronbach alpha can easily be estimated. The
Cronbach’s alpha value of more than 0.70 is deemed to be reliable, although it may decrease to 0.60
in an exploratory research (Hair et al., 2016). The more items included in a scale to measure the
construct of interest, the more reliable the scale will become. However, the problem with simply
increasing the number of scale items when performing applied research is that respondents are less
likely to participate and answer completely when confronted with the prospect of replying to a
lengthy questionnaire (Bolarinwa, 2015). It is important to develop a scale that completely measures
the construct of interest which may lead to the higher levels of respondent participation and
comprehensiveness of responses to produce a rich pool of data that answer the research questions

(Ongondo et al., 2011).

Internal consistency reliability was not applied in this research work since the questionnaire items
were not of the multi-item type nor did they have to be; it was not the aim of the various case

studies in the research to measure any single or group of constructs regarding a particular issue.

3.2.2 Validity

Validity refers to the ability of an instrument to measure what it is aimed to measure and how
accurate the measurement is. It is not the measure that is valid or invalid but the use to which the
measure is put. In other words, an instrument that is invalid on one construct may be valid on

another construct (De Vaus, 2002; Ongondo, 2011). For example, measuring age of respondents to
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reflects their behaviour on waste management might not be valid, conversely, it is more suitable to

measure the educational background may influence how they manage their waste at home.

Validity of a questionnaires usually divided into several types. It can be measures either by
establishing a panel of experts (theoretical construct) or the use of another survey in the form of
field test (empirical construct). Two subtypes of validity under theoretical construct are face validity
and content validity, while the commonly used empirical construct are criterion-related validity and
construct validity (De Vaus, 2002). These four most common validity types are briefly discussed
below. Measuring the validity of an instrument is difficult and none are entirely satisfactory. The

method chosen are vary by situation (Bolarinwa, 2015; Ongondo, 2011)

a) Face validity

Face validity involves the expert on the research subject reviewing the items in the questionnaire
and concludes that the test is a valid measure of the concept (characteristics or trait of interest).
This form is often said to simple and least scientific; many researchers do not consider this as an
active measure of validity. Hence, it is subjective and is not a very scientific way of assessing validity

(Bolarinwa, 2015; Gravetter and Forzano, 2011).

Despite its shortcomings, face validity was confirmed through the review questionnaires used in the
study by selected academic and non-academic experts with previous experience in designing and

administering survey questionnaires.
b) Content validity

Content validity is another subjective method to understand how well a set of items is measuring the
different aspects of the concept. it is assessed by careful assessment of the measurement method
against the conceptual definition of the construct (Bolarinwa, 2015). Inclusion of at least five experts
in the relevant field would be useful to judge the content domains of a scale through use of rating

scales (Yaghmaie, 2003).

Similar to face validity, content validity was ensured by assessment of questionnaires used in the
study by various academic and non-academic experts knowledgeable in the subject area under

study, and with previous experience in designing and administering survey questionnaires.

c) Criterion-related validity
Criterion-related validity is assessed when one is interested in determining the relationship of scores

on a test to a specific criterion or well-accepted measures of the concept. In other words, this test is
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about comparing one’s own test with well-establish and similar test; the new measure is valid when
both new and the established measures are highly correlated (Ongondo, 2011). However, there are
problems related to this approach. The validity of old measures need to be assumed beforehand. It
may appear that the old measures are not valid, and when comparing with the new measures, the
correlation might now represents the validity of the new measures. Commonly, new measures are
developed because the old measures are unsatisfying, thus, it is self-defeating to compare the old to
the new ones (De Vaus, 2002). If the other measures are available at the same time (concurrent) as
the new measures, then concurrent validity is established. Also, predictive validity is the ability of a
test to measure some event or outcome in the future (Bolarinwa, 2015). Unfortunately, for many

concepts, finding well-establshed and similar study might be challenging.

Criterion-related validity was assured in this study by thoroughly reviewing the literature to identify

factors that would eventually answers this study’s research questions (see Chapter 4).

d) Construct validity

Construct validity estimates how well a measures conforms to theoretical expectations. This
approach may be difficult; first, finding a well-established theory and conforms with the new
measures can be either prove that the the theory is wrong or that the new measures are invalid.
Second, there is no benefit of validating a new measures if the theory is not well supported and

later, use the new measures to confoms the theory (Ongondo, 2011).

By employing a Delphi method, construct validation is ensured by asking experts to validate the
researcher’s interpretation and categorization of the variables. As Delphi is not anonymous thus

allows validation to be conducted among experts.

3.3 Data collection, analysis and reporting

3.3.1 Selection of Delphi method

The Delphi method is a popular technique for forecasting and an aid in decision-making based on the
opinions of experts. It was first developed by Dalkey and Helmer (1963) at the Rand Corporation in
the 1950 (Hsu and Sandford, 2007). This method was conceived as a group technique aimed to
obtain the most reliable consensus of opinion of a group of experts through series of intensive
guestionnaires with controlled feedback to deal with a complex problem (Hsu and Sandford, 2007,

Landeta, 2006; Linstone and Turoff., 1975). The questionnaires are designed to focus on problems,

39



Chapter 3

opportunities, solutions, or forecasts. According to Landeta (2006), the main characteristics of
Delphi study are as follows:

a) Itis a repetitive process, so the experts must be consulted at least twice on the same
question. This will allow them to reconsider their answer with information provided by other
experts.

b) It keeps the anonymity of either the participants’ details or their answers. The group
coordinator will process the answers and communicate accordingly to selected experts
whenever necessary.

¢) This method provides controlled feedback, where group coordinator will carry out the
communication and exchange of information between experts.

d) The results are processed quantitatively and statistically.

Although we could conduct a traditional survey to gather input from experts, we judged the Delphi
method to be a stronger methodology for a rigorous query of experts and stakeholders. In this study,
the Delphi method was employed due to following reasons:

a) This study explores the fundamental factors that are impacted in the development of solid
waste management, where experts with related knowledge and experience are required to
answers complex questions related to the topic.

b) This study involves global experts who were scatteredly across the world. Delphi is selected
as it does not require the experts to meet physically, which could be impractical for
international experts. The survey was conducted fully on online basis where experts were
contacted via emails.

c) Experts have sufficient time to complete the survey at their convienience.

d) There is no agreement on the panel size for Delphi studies, nor recommendation or
standand definition of small or large samples (Hsu and Sandford, 2007; Paliwoda,

1983). Delphi panel size requirements are modest, and it would be practical to solicit up to
four panels from 10 to 18 members in size (Okoli and Pawlowski, 2004).

e) The Delphi study is flexible in its design, and amenable to follow-up interviews in several

rounds. This permits the collection of richer data leading to a deeper understanding of the

fundamental research questions.

The comparison between traditional survey and Delphi method are listed in Table 3.1.
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Table 3.1. Summary of comparison between traditional survey and Delphi method

Evaluation

Traditional survey

Delphi method

Summary of procedure

The researchers design a questionnaire
with questions relevant to the issue of
study. There are numerous issues
concerning validity of the questions they
must consider to develop a good survey.
The questionnaire can include questions
that solicit quantitative or qualitative data,
or both. The researchers decide on the
population that the hypotheses apply to,
and selects a random sample of this
population on whom to administer the
survey. The respondents (who are a
fraction of the selected random sample
due to non-response by some) fill out the
survey and return it. The researchers then
analyze the usable responses to
investigate the research questions.

All the questionnaire design issues of a survey
also apply to a Delphi study. After the
researchers design the questionnaire, they select
an appropriate group of experts who are
qualified to answer the questions. The
researchers then administer the survey and
analyze the responses. Next, they design another
survey based on the responses to the first one
and readministers it, asking respondents to
revise their original responses and/or answer
other questions based on group feedback from
the first survey. The researchers reiterate this
process until the respondents reach a
satisfactory degree of consensus. The
respondents are kept anonymous to each other
(though not to the researcher) throughout the
process.

Representativeness of
sample

Using statistical sampling techniques, the
researchers randomly select a sample that
is representative of the population of
interest.

The questions that a Delphi study investigates
are those of high uncertainty and speculation.
Thus, a general population, or even a narrow
subset of a general population, might not be
sufficiently knowledgeable to answer the
questions accurately. A Delphi study is a virtual
panel of experts gathered to arrive at an answer
to a difficult question. Thus, a Delphi study could
be considered a type of virtual meeting or as a
group decision technique, though it appears to
be a complicated survey.

Sample size for
statistical power and
significant findings

Because the goal is to generalize results to
a larger population, the researchers need
to select a sample size that is large enough
to detect statistically significant effects in
the population. Power analysis is required
to determine an appropriate sample size

The Delphi group size does not depend on
statistical power, but rather on group dynamics
for arriving at consensus among experts. Thus,
the literature recommends 10-18 experts on a
Delphi panel.

Individual vs. group
response

The researchers average out individuals’
responses to determine the average
response for the sample, which they
generalize to the relevant population.

Studies have consistently shown that for
questions requiring expert judgment, the
average of individual responses is inferior to the
averages produced by group decision processes;
research has explicitly shown that the Delphi
method bears this out.

Pretesting

Reliability and
response revision

An important criterion for evaluating
surveys is the reliability of the measures.
Researchers typically assure this by
pretesting and by retesting to assure test-
retest reliability

Pretesting is also an important reliability
assurance for the Delphi method. However, test-
retest reliability is not relevant, since researchers
expect respondents to revise their responses.
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(Continued Table 3.1)
Evaluation

Traditional survey

Delphi method

Construct validity

Construct validity is assured by careful
survey design and by pretesting.

In addition to what is required of a survey, the
Delphi method can employ further construct
validation by asking experts to validate the
researcher’s interpretation and categorization of
the variables. The fact that Delphi is not
anonymous (to the researcher) permits this
validation step, unlike many surveys.

Anonymity

Respondents are almost always
anonymous to each other, and often
anonymous to the researcher.

Respondents are always anonymous to each
other, but never anonymous to the researcher.
This gives the researchers more opportunity to
follow up for clarifications and further qualitative
data.

Non-response

Non-response issues

Researchers need to investigate the
possibility of non-response bias to ensure
that the sample remains representative of
the population.

Non-response is typically very low in Delphi
surveys, since most researchers have personally
obtained assurances of participation.

Attrition effects

For single surveys, attrition (participant
drop-out) is a non-issue. For multi-step
repeated survey studies, researchers
should investigate attrition to assure that
it is random and non-systematic.

Similar to non-response, attrition tends to be
low in Delphi studies, and the researchers
usually can easily ascertain the cause by talking
with the dropouts.

Richness of data

The richness of data depends on the form
and depth of the questions, and on the

possibility of follow-up, such as interviews.

Follow-up is often limited when the
researchers are unable to track
respondents.

In addition to the richness issues of traditional
surveys, Delphi studies inherently provide richer
data because of their multiple iterations and
their response revision due to feedback.
Moreover, Delphi participants tend to be open
to follow-up interviews

Source : Okoli and Pawlowski (2004)

The Delphi method involves multiple steps and are briefly explain as follows:

a) Selection of experts

As mentioned above, a Delphi is a group decision mechanism requiring qualified experts who have

experiences and knowledge of the selected topic. Therefore, it is critical to carefully select the

qualified experts. The experts are selected based on their background and experience in waste

management sectors. Experts were divided according to major categories, for example, academics,

practitioners, government officials and NGOs. These groups probably would have different

perspectives. Since it is a goal to obtain a reasonable degree of consensus, it would be best to have

panels that separate into these groups. Nevertheless, there are experts who may have experience or

knowledge in more than one categories, which may lead to redundancy of data, thus, this study will

not take this categories as results for analysis.
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b) Communication with the experts

The only method as means of communication with the experts was email. The objective is to contact
people in these organizations who are experts themselves, and who can provide additional contacts
within and outside their own organizations. Emails were sent to experts as an invitation to
participate in the survey and later, followed by a link of the online survey to be completed by the

experts. Responds from the experts as consent to participate were also noted.

c) Design of the questionnaires

Responses from experts were recorded using various scoring methods. The most commonly
employed linear numerical scales is Likert scales (see Hsu and Sandford, 2007; Ribeiro and
Quintanilla, 2015; Verhagen et al., 1998). A Likert scale asks respondents to indicate their levels of
agreement with a declarative statement (De Feo and Polito, 2015). In this study, a 5-point Likert
scale was adopted. Designing a questionnaires requires brainstorming, narrowing and ranking the
list of identified factors. In this study, the survey was divided according to six PESTLE elements;
political, environmental, social, technological, legal and economics. This approach lead to the
subsequent evaluation of studied factors within the established and proven PESTLE system (Kolios
and Read, 2013; Srdjevic et al., 2012; Zalengera et al., 2014; Zhang, 2011; Zhang et al., 2011). The

statistical analysis of data is discussed in Section 3.3.2.

d) Iteration and time requirement

Conducting a Delphi study is time-consuming as it consists a large number of statements.
Researchers recommend that a minimum of 45 days for the administration with two weeks for
experts to respond to each round is encouraged (Hsu and Sandford, 2007). Theoretically, the Delphi
method can be conducted in as many rounds as required until consensus is achieved. However, up
to three iterations are often sufficient to collect the needed information and to reach a consensus in
most cases (Hallowell and Gambatese, 2010). This study employed a two rounds of Delphi to achieve

the study aims and answer the research questions.

e) Conducting the survey

This study employed a two rounds of Delphi; the first round focusing on the visibility and influence
of factors in MSW management while the second round of Delphi is mainly on finding the best
combinations of factors that are most effective in the development of MSW management. The

description of both Delphi rounds as follows:
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Delphi round 1

In round 1, an online questionnaire survey was conducted using iSurvey, a survey generation and
research tool for distributing online questionnaires made available by the University of Southampton

(https://www.isurvey.soton.ac.uk/). The questionnaire was divided into two parts; questions on

factors’ visibility and influence. Similar applications of questionnaire tools have been applied in
previous studies, e.g. Gregg et al. (2017); Grote et al. (2017). A pilot study was conducted to conform
to professional standards. For a pilot study, respondents were asked to complete the questionnaire.
Pilot studies frequently result in substantial revisions being made in the survey design, better
estimate for the time to complete a questionnaire and the questionnaire can be shortened or
questions deleted if the time taken to complete the pilot study was found to be too long (Barry et
al., 2009). The first questionnaire in this study was piloted by five participants. The participants
included the supervisory team and researchers from similar field. Several changes were made to the
questionnaire after the pilot. The changes were mostly to ensure that the questions were
understandable and that there was no duplication of factors. For questions on factors’ visibility,
respondents were presented with a list of factors and asked to classify them as “visible” or
“invisible” according to stated definitions. For questions on factors’ influences, experts were asked
to evaluate the influence of identified factors by applying Likert scale to state opinions based on
their experience and expert knowledge (Hartley, 2014; Li, 2013; Lozano et al., 2008). A bipolar Likert
scale was employed to secure experts’ views. Participants were required to choose a value ranging
from “O=not at all influencial” and “4=extremely influencial”. Experts were asked to use a slider to
position their views on each question according to their own interpretation and experience (Cook et
al., 2001; Rodrigues et al., 2015). The latters’s responses were redefined in the result analysis for
better interpretation and understanding, where intermediate value were redefined as follows:

“1=slightly influential”, “2 = somewhat influential” and “3=moderately influential”.

Delphi round 2

Before initiating Delphi round 2, experts were asked again for their consent to participate in Round
2. Invitation to participate with the survey link was only sent to those experts who have agreed to
participate. In round 2, the results from round 1 were reported back to the experts for further
evaluation via multi-criteria decision analysis using 1000Minds software
(https://www.1000Minds.com). The 1000Minds software uses the mathematical algorithm PAPRIKA
(Potentially All Pairwise Rankings of All Possible Alternatives) to derive weights for each PESTLE

factor using results from series of pairwise comparisons that randomly select pairs of all possible
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combinations (Hansen and Ombler, 2009). The value model or the preference values are
represented by the relative importance ‘weight’ of the criteria that is calculated via mathematical
methods (Golan et al., 2011). With the PAPRIKA method, users are allowed to choose one alternative
between just two, which is easier and natural as in ordinary daily decision-making (Johnson et al.,
2012). The PAPRIKA algorithm can process any number of pair-wise rankings of the hypothetical
alternatives required to establish experts’ preferences, which therefore presents better confidence
in decision-making (Golan et al., 2011; Isma’ili et al., 2016). Through iterative discrete pair-wise
choices, the decision analytic software is able to assign relative weights to the criteria (Johnson et
al., 2012). This study employed PAPRIKA method due to the robust, clear and less complex format of
pair-wise comparison that generates individual weights for every decisions and combinations.
1000Minds is the only software that supports PAPRIKA method (Isma’ili et al., 2016; Taylor et al.,
2013).

3.3.2 Data analysis and reporting

Primary data for the study were predominantly collected from survey using Delphi method. In
addition, secondary data from various sources were used (see Chapter 4). The descriptive and

specific statistical tests used to analyse the data and report the findings are briefly discussed below.

a) Test of normality

In all cases, data were tested for normality and equal variance, and parametric or non-parametric
tests subsequently applied as appropriate. Normality tests are used to determine if a data set is

a normal distribution (Ghasemi and Zahediasl, 2012). Statistical tests used to determine normality
are Kolmogorov-Smirnov (K-S) test, Lilliefors corrected K-S test, Shapiro-Wilk test, Anderson-Darling
test, Cramer-von Mises test, D’Agostino skewness test , Anscombe-Glynn kurtosis test, D’Agostino-
Pearson omnibus test, and the Jarque-Bera test (Oztuna et al., 2006). K-S is a commonly used test

and can be conducted in the SPSS Explore procedure (Thode, 2002).

b) Two tailed t-test for independent samples

A two-tailed t-test for independent samples was employed to determine whether the classification
of factors was statistically significant different between comparator groups, which are the experts
from developed and developing countries. This statistical test was employed for analyses to
determine the influence of factors in the development of MSW according to the experts from
developed and developing countries. This is applicable to a normally distributed data. Means of two
comparator groups (developed and developing countries) were compared to see if there was a

significant different between both groups. A two-tailed t test is the most important and frequently
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used statistics to compare the difference between two samples when the variances of two normal
distributions are not known (Kim, 2015; Ringwalt et al., 2011). According to Winter and Dodou

(2012) and Leung (2011), t-test is commonly used in a Likert point questionnaire studies.

In this thesis, t-test was necessary to perfomed to determine the level of agreement among experts
from developed and developing countries when classifying the degree of influence of factors in MSW

management. This test was employed in Chapter 5.
¢) Chisquare

The Chi-square test of independence, which also known as the Pearson Chi-square test is one of the
most useful statistics for comparing observed frequencies with theoretically predicted frequencies,
i.e., it tests whether two variables forming a contingency table are associated. Chi-Square is one of
the most important and frequently used statistics to assess association between ordinal and nominal

(categorical) measures (Mchugh, 2013; Ongondo, 2011).

In this thesis, Chi square test was employed in Chapter 4 to determine the difference of factors’
classification as visible or invisible by the experts. The data analysed was as nominal, hence Chi-
Square was the most suitable nonparametric statistical test to utilise to test for associations

between variables
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Chapter 4: Classification of visible and invisible factors of

solid waste management using PESTLE system

4.1 Introduction

Waste management requires long-term planning due to its complexity and the dynamic changes that
occur in the societies. Rapid urbanization and the diversity of consumer products contribute to this
complexity, whilst the quantity and composition of waste often reflects socio-economic status
(Taherzadeh and Rajendran, 2014). Waste management systems therefore differ in developing and
developed countries, albeit with some commonalities (Asase et al., 2009; Mukhtar et al., 2016). The
fundamental factors in waste management systems can vary due to the differences in cities’
characteristics (Contreras et al., 2010). Some factors are measurable and can contribute to efforts in
projecting future conditions. Other factors, in contrast, exist that potentially influence the
development of waste management systems but are qualitative (e.g. understanding and awareness).
Such factors may be important but are frequently overlooked due to the limitations of financial, lack
of experts and knowledge, lack of appropriate and continuous studies and low government support
(lacovidou et al., 2017; Maloba, 2012); it is a major logistical challenge -with little hard evidence- to
suggest how real and significant impacts can be achieved by emphasizing these factors.
Nevertheless, these factors should be recognised and addressed in the design and implementation
of waste management systems. Defining which factors are critical to the success of MSW
management can be difficult and complex due to the differing circumstances and realities at a local

scale.

Numerous factors are known to have fundamental roles in sustainable practices on waste
management (Barr, 2007; Periathamby et al., 2009b; Wilson, 2007). Research studies have
previously addressed the significance of factors in MSW including: policy and strategy (Rudden,
2007; Taherzadeh and Rajendran, 2014; Wilson et al., 2001), age and aging communities (Pickerin
and Shaw, 2015), community behaviour and interactions (Shaw, 2008), the socio-economic impacts
on waste generation (Bandara et al., 2007), recycling (Johari et al., 2014), waste to resource
initiatives (Storey et al., 2015), the collection of municipal waste (Coffey and Coad, 2010) and

disposal of waste (Zurbrigg and Schertenleib, 1998). The impacts of some factors are evidently
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visible. There are also “invisible” factors that are not easily quantifiable, but nonetheless have
potential to influence changes in local waste management practices and behaviour. The influence of
such invisible factors may be uncertain and challenging to determine. In principle, however, the
recognition and utilisation of invisible factors is potentially very important; it is a starting point for
the design of a waste management strategy or policies based on tangible local trends or evidence,
rather than adopting practices from elsewhere which may not address local characteristics, customs,

uniqueness or waste composition (Mukhtar et al., 2016).

Table 4.1. Definitions of visible and invisible factors in MSW

Factor type Definition

Visible Factorsthatare measurable by specific indicatorsorscale, quantifiable by
measuringmethods, considered indecision makingand implementation processes,
published forawareness and available for relevant access by public.

Invisible Factors that are not considered at all in any of waste management processes,
however, haveinfluence thesocial behavioral and philosophical perceptions on solid
waste management and practice

In this study, fundamental factors in waste management are classified as visible or invisible as
defined in Table 4.1. Due to the influence of these factors in specific situations at a local scale, the
influences exerted by invisible factors may differ in terms of their significance; the importance and
roles of invisible factors may vary depending on the combination of other factors under local
circumstances. Consequently, an approach that is successful in one setting may not be successful in
a different setting: direct adoption should not occur without recognising and responding to local
circumstances (Mukhtar et al., 2015). The approaches for setting up suitable collection systems,
treatment methods and public awareness-raising may need to take into consideration both visible

and invisible factors to achieve optimum results.

The first aim of this study was to establish, from the literature, a comprehensive list of factors
pertinent to MSW and classify these according to the PESTLE (political, environmental, social,
technological, legal and economic) system. The second, subsequent, aim was to seek experts opinion
regarding whether these factors are considered to be visible or invisible in practice, and whether the
classification differed between experts in developing and developed countries. It is envisaged that

subsequent recommendations can be made with regard to if and how the status of MSW factors
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(invisible, visible and/or PESTLE classification) may be taken into account to improve MSW

performance and fitted to the contrasting situations in developing and developed countries.

4.2 Methods

Data was collected in two Delphi rounds, the focus of which was informed by published research.
Initially, a comprehensive literature review was carried out in order to identify similar studies and
factors that were highlighted in the past studies. Methods employed in this part of the sudy are as

explained below.

4.2.1 Literature review and factors classification according to PESTLE

First, factors associated with MSW management were identified through a review of
multidisciplinary literature (see Section 2.5). A holistic view of the development of MSW
management requires an understanding and an appropriate consideration of a wide range of the
possible factors involved in and influencing MSW management. In order to provide such a view, a
multidiciplinary literature review of the possible determinants was undertaken and it was found that
it is necessary to group the factors for structured analysis. This study employs a political, economic,
social, technology, legal and environmental (PESTLE) approach to ensure that all idisciplines involved
are duly considered and potentially factors are identified. The factors were categorised according to
the PESTLE system as a platform for subsequent comparison of factors within and between PESTLE
classifications. A PESTLE analysis is a framework or tool used to analyse and monitor the macro
factors that may have a profound impact on a system performance (Zalengera et al., 2014; Zhang,
2011). This approach thus builds upon prior evaluation of fundamental factors in MSW within the
established PESTLE classification system (Kolios and Read, 2013; Srdjevic et al., 2012; Zalengera et
al., 2014; Zhang, 2011). The categorised set of MSW factors was subsequently employed as the basis
of a Delphi study in which the factors identified were presented to a global expert panel to seek their

views regarding the visibility of the factors at hand.

4.2.2 Delphi method

This study employed a two rounds of Delphi; the first round focusing on the visibility and influence
of factors in MSW management. The second round of Delphi is mainly on finding the best
combinations of factors that are most effective in the development of MSW management. This

chapter presents and considers the results of first round of Delphi, spesifically for questions on
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factors’ visibility. The first round of Delphi method was employed to provide an expert overview and
authoritative scrutiny of the visibility or invisibility of factors in MSW (Hsu and Sandford, 2007). This
method is an interactive way of identifying and classifying factors that systematically utilises the
knowledge, insights and experiences of selected experts (Chowdhury and Dhawan, 2016; Joos et al.,
1999). Candidate participants were selected using an online search to identify persons with expert
knowledge, including members of editorial panels from waste management-related journals,
academics in higher education and established professionals from selected waste management
companies and municipal authorities. Invitations to participate were sent to individuals via email.
Respondents were presented with a list of factors and asked to classify them as “visible” or
“invisible” according to stated definitions (Table 4.1). Respondents were also asked to provide
information regarding their own role, expertise and experience in MSW management. The Delphi
guestionnaire was administered by iSurvey, a survey generation and research tool for distributing
online questionnaires made available by the University of Southampton

(https://www.isurvey.soton.ac.uk/) (see Appendix A for the survey form). Similar applications of

guestionnaire tools have been applied in previous studies (e.g Arifin, 2016; Behan et al., 2016;

Cruickshanks et al., 2013). The survey was conducted in two rounds starting from 15 January 2017
and ended on 7 April 2017; first round started from 15 January to 30 January 2017 and the second
round is from 7 March to 7 April 2017. In this chapter, attention will be focused on the visibility of

the factors, which were addressed in the first round of the Delphi.

4.2.3 Statistical analyses

Statistical analyses were performed using the Statistical Package for the Social Sciences (version
24.0; SPSS, IBM Corp., Armonk, N.Y., USA); a widely applied software package for statistical analysis
of data (e.g Gouda, 2015; Grazhdani, 2016; Hutner et al., 2017; Marouf et al., 2014; Mira et al.,
2013). A chi square test was employed to determine whether the classification of factors was

statistically significant different between comparator groups (see Section 3.3.2).

4.3 Results

43.1 PESTLE classification of factors in MSW management

The 43 identified fundamental factors are listed and briefly described in Tables 4.2 - 4.7. The

observations do not represent an exhaustive list of factors or a quantitative profile; the specific
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purpose to hand was to identify fundamental factors and to inform and guide the subsequent

survey, providing a structure for the Delphi study (i.e the PESTLE classification) and definitive

descriptions for each factor. The classification of factors into PESTLE are based on the established

general definition for each PESTLE components.

Table 4.2. General and specific definitions of political factors in MSW management

Political factors

Description/Notes

References

General definition

The ability and roles of government to affect
management and regulation

P1 Government
stability

Strong government can hold its power and
control over the country with minimal external
influence

Plata-Diaz et al. (2014);
Wilson et al. (2001)

P2 Corruption

Fraudulent conduct for personal benefits,
typically related to bribery

Taherzadeh & Rajendran
(2014);
Jones et al. (2010)

P3  Accountability of

Responsible and trusted leaders

Jones et al. (2010)

leaders

P4  Local government The plan for future development of the local area  Rudden (2007)
plan Wilson et al. (2001)

P5 Government Focus and attention on specific issues by the Moh & Abd Manaf (2016)
priorities government

P6 Influence of Effect of politicians’ behaviour and character on Taherzadeh & Rajendran
politicians specific issues (2014)

P7 Bureaucracy

Excessively complicated administrative
procedure

Godfrey & Scott (2011)

Table 4.3. General and specific definitions of environmental factors in MSW management

Environmental factors Description/Notes References
General definition The ability of environmental elements and
resources to influence waste management
behaviour and directions
EN1 Environmental Local/national guidelines that set specific Li (2007)
guidelines environmental standards
EN2  Environmental Specific goals on environmental standards to be Li (2007)
targets achieved within certain period of time
EN3  Climate change Changes in global and regional climate patterns Zaman (2013)
resulted from unsustainable human activities Johnson et al. (2011)
EN4  Geographical Different features of the part of the earth Li (2007)
landform
EN5  Local weather Specific weather conditions at a particular Emery et al. (2003)
place/time
EN6 Environmental Awareness on the adverse impacts onto the Triguero et al. (2016)

awareness

environment resulted from unsustainable human

activities

De Feo & De Gisi (2010)
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Table 4.4. General and specific definitions of social factors in MSW management

Social factors Description/Notes References
General The functionality of humans and their responses
definitions towards changes in waste management.
S1 Seasonal Specific annual celebrations at particular times of the Gomez et al. (2009)
variations year to celebrate a change of weather, season, crop Emery et al. (2003)
harvesting and also racial, religious or ethnic affiliation
which may or may not officially recognized by the
government
S§2  Religion System of faith and worship to personal God Fatimah Mohamad et
al. (2011)
Mohamad et al. (2012)
S$3  Cultural Social behaviour, belief, traditions of particular group of = Thyberg & Tonjes
people (2015)
Martin et al. (2006)
S4  Ethnicity A particular group of people with same races, religious Perry & Williams
and origin that may have different culture from other (2007)
groups of people of a country
S5 Local/national Special days of celebration include national holidays, Gibson & Wong (2011)

events

commemoration and also racial or ethnic affiliation
which are officially recognized by the government

S6 Discrimination A practice of unfair treatment of a group of people to Ma & Hipel (2016)
other people, mainly with regards to the socio-economic Sembiring &
status Nitivattananon (2010)
S§7 Socio-economic  Changes in particular demographic components which Triguero et al. (2016)
indicators are measured periodically Pickerin & Shaw (2015)
S8 Resource Changes of natural resources use for human activities Taherzadeh &
consumption within particular period of time Rajendran (2014)
patterns
S9 Shared norms Rules of behaviour that are considered acceptable in Binder & Mosler (2007)
group of society
$10 Rural-urban Movement of people from rural to urban areas on daily  Henry et al. (2006)
daily migration basis, mainly due to the economic and tourism factors
S11 Philosophical The evolving thoughts and feelings on particular issues Wilson et al. (2001)
change that reflected in the changing in behaviour
S$12 Attitude- Difference of individual values or understanding on Triguero et al. (2016)
behaviour particular issues does not correlate with their actions Jones et al. (2010)
change Barr (2007)
S$13 Resistance to Actions taken by individuals or group of people when Taherzadeh &
change they perceive or interpret change as a threat to them Rajendran (2014)
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Table 4.5. General and specific definitions of technological factors in MSW management

Technological factors

Description/Notes

References

General definitions

The ability to apply suitable technology towards the
improvement of waste management

T1 Skilled workers and  Workers with specific knowledge, skills and ability Periathamby et al.
experts to perform best in their work, while experts are (2009)
someone who widely recognized as a reliable source
of technique and skills
T2 Application of Application of the appropriate technology that are Contreras et al.
suitable best designed for efficient operation (2010)
technology Wilson et al. (2001)
T3  Facilities Adequate number of facilities are developed for Taherzadeh &
availability specific use of the people Rajendran (2014)
T4 Rate of technology Development of the related technology over certain  Zaman (2013)
change period of time
T5 R&D Activities New innovative research that change the utilization, Periathamby et al.

performance, management and practices

(2009)

Table 4.6. General and specific definitions of legal factors in MSW management

Description/Notes References
Legal factors
Genaral The attributes and obligations of local authority and
definition as institutions responsible to comply with waste
management guidelines.
L1 International Environmental guidelines and instructions drafted by  Contreras et al. (2010)
directives international organizations to create uniformity in Rudden (2007)
actions
L2 Local policy Policy that sets guidelines that determine the Taherzadeh & Rajendran
decision and actions on relevant matter (2014)
L3 Producers Approach taken by the producers in managing waste  Triguero et al. (2016)
responsibility as by products
L4 Consumer Responsibility of consumers in buying, consume and  Triguero et al. (2016)
accountability managing the waste from the products
L5 Relevant SWM Compliance and enforcement of the law towards Contreras et al. (2010)

law

environmental protection and social considerations

Bai & Sutanto (2002)
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Table 4.7. General and specific definitions of economic factors in MSW management

Description/Notes References
Economic factors
General The ability of economic status to determine the
definition marketability of recovered materials and waste
products
EC1 Potentialincome  Monetary benefits from waste Periathamby et al.
from waste (2009)
EC2 Trade restrictions Limitation on trade activities to selected waste Ray (2008)
on waste
EC3  Third sector Limitation on trade activities to non-formal business ~ Williams et al. (2012)
restrictions organizations
EC4  Availability of Financial assistance offered on particular projects or  Taherzadeh & Rajendran
funds initiatives (2014)
Wilson et al. (2001)
EC5 Interest and tax Application of interest and tax on goods and services Jones et al. (2010)
EC6 Economic growth Changes in the amount of goods and services Johnson et al. (2011)
patterns produced per head of the population over a period
of time
EC7 Incentives Rewards offered on appropriate actions Jones et al. (2010)
4.3.2 Delphi respondent profile

The Delphi respondent group comprised professionals from academia, private MSW consultants and
companies, regulatory, local authorities and national government, charity organizations, business
and trade and politics. In line with the specific aims 1 and 2 of this study (i.e focusing on the impacts
of different factors between developed and developing countries), participants were classified
according to their current location and its associated economic status (Table 4.8). The classifications
of countries are based on the economic status which determined by the gross net income (GNI) per

capita per year (The World Bank, 2015) as follows:

e Developing countries: Low-income — GNI per capita of $1,025 or less to $12,476

e Developed countries: High-income - GNI per capita of $12,476 and above.

Respondents are clearly guided that their opinion on the survey questions are based on their
location where they get their most experiences in solid waste management. In this regard, the
location indicated in the demographic profile question will be considered as their localities (see

Apendix A, Section 7, Question 7.2).
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Table 4.8. Classification of Delphi survey participants’ current location and national economic status

Continents Countries Economic status Classification No of
according to GNI per respondents
capita

Africa Mozambique Low-income Developing 1

Tanzania Low-income Developing 1
Togo Low-income Developing 1
South Africa Upper-middle income Developing 1
Asia Hong Kong High-income Developed 1
India Lower-middle income Developing 1
Indonesia Lower-middle income Developing 1
Japan High-income Developed 2
Malaysia Upper-middle income Developing 3
South Korea High-income Developed 1
Vietnam Lower-middle income Developing 1
Europe Denmark High-income Developed 1
Germany High-income Developed 2
Greece High-income Developed 3
Italy High-income Developed 6
Netherlands High-income Developed 3
Poland High-income Developed 1
Slovenia High-income Developed 1
Spain High-income Developed 1
Sweden High-income Developed 2
Switzerland High-income Developed 2
United Kingdom High-income Developed 19
North America Canada High-income Developed 1
United States High-income Developed 7
Oceania Australia High-income Developed 1
New Zealand High-income Developed 1
South America Argentina Upper-middle income Developing 1
Brazil Upper-middle income Developing 1
Chile High-income Developed 1
Peru Upper-middle income Developing 1

A total of 70 respondents participated in the survey from the 200 contacted, comprising 83%

respondents from developed countries and 17% respondents from developing countries. The

classification of countries by gross net income (GNI) is appropriate and convenient for the purpose

of this study. There were unequal number of respondents representing developed and developing

countries. Generating a representative data in a survey was challenge due to individual
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predispositions, contextual factors and the topic of the survey (Lupu and Michelitch, 2018).
Candidate participants were selected using an online search to identify persons with expert
knowledge, not to address spesifically where their experience mostly come from. Thus, it was
difficult to determine the expected number of participants that represented developed or
developing countries at the beginning of the study. In addition, as this is an online survey, one of the
major issues with online surveys is having an updated and accurate email address list for potential
participants (Bista, 2017). Often, experts, especially academicians, tend to have more than one email
address and not all such email are frequently checked. Also, due to the work commitments, emails
with survey invitations are often set aside for later completions. However, online surveys are the
most common methods due to the rapid technology growth and the access of internet is extensive.
On a global scale, online surveys are the most cost-effective way to reach the greatest number of
people (Austin et al., 2013; Mccrea et al., 2016). Besides, the survey structure also influenced the
rate of participation; the survey form is prepared in English, which may caused language barriers
that may deter candidate participants, especially those from developing countries. Limited
information is available about how response rates vary, especially in the developing countries across
space and time, what techniques help increase participation and the extent to which non-response
induces bias (Lupu and Michelitch, 2018). In this study, as the data is not normally distributed, chi

square test is statistically appropriate for unequal sample size (Mchugh, 2013).

4.3.3 Determination of factors as visible or invisible with PESTLE classification

Respondents’ classification of factors as visible or invisible is presented in Figures 4.1- 4.6. Each
group of factors is considered in relation to PESTLE class. The horizontal axis shows the percentage
of respondents’ agreements. The left vertical axis shows political factors and the right vertical axis
shows the ranking of the factors according to level of visibility. The sign of “=” means the factors are

equally ranked.

Figure 4.1 shows the proportions of how Delphi respondents classified political factors as visible or
invisible. The majority of respondents indicates that local government plan and government
priorities in MSW management as the most visible factors and they were top ranked across all
political factors. The influence of politicians and corruption in the management of solid waste were
the most invisible factors. There was no overal consensus between respondents from developed and

developing countries in classifying government stability and bureaucracy as either visible or invisible.
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All political factors were also consistently ranked by experts from developed and developing

countries.
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Figure 4.1. Proportions of Delphi survey participants classifying the political factors as visible or

invisible.

Respondents strongly agreed that the establishment of environmental guidelines and clear targets
were the most visible environmental factors (Figure 4.2). Climate change was classified as an
invisible factor by experts from developed and developing countries, while respondents from
developed countries also classified local weather and geographical landform as invisible factors.

Respondents from developed countries have almost equal percentage of agreement on 4 of 6
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environmental factors; climate change, geographical landform, local weather an environmental

awareness. All environmental factors were ranked inconsistently by particpants experts.
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Figure 4.2. Proportions of Delphi survey participants classifying environmental factors as visible or

invisible.

Figure 4.3 shows the proportions of respondents classifying social factors as visible or invisible.
Respondents from developed countries agreed on a consistent ranking and classification of social
factors, with the majority (8 of 13 factors) being considered as invisible, indicating a clear emphasis
on and consideration of key social factors in local SWM systems. Local/national events and resource
consumption patterns were marked as highly visible in developing countries; 4 out of 5 respondents
regarded these factors as visible. Experts from developing countries had aclassified 9 of social factors
as visible, with religion and discrimination as the most invisible factors. Experts from both countries
had agreement on on classifying 4 factors as visible; seasonal variations, socio-demographic
indicator, resource consumption patterns and philosophical shift. There were 4 factors were

classified by respondents as invisible; religion, ethnicity, discrimination and shared norms.
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Figure 4.3. Proportions of Delphi survey participants classifying social factors as visible or invisible
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The majority of technological factors were classified as visible, with facilities availability and suitable
application of technology ranked as the most highly visible (Figure 4.4). Experts from developing
countries ranked the need for skilled workers and experts that contribute to the efficiency of the
MSW management system as highly visible as compared to the experts from developed countries.

There were inconsistent ranking of factors despite of high agreement on factors’ classification.
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Figure 4.4. Proportions of Delphi survey participants classifying technological factors as visible or

invisible.

Figure 4.5 below shows the proportions of respondents classifying legal factors as visible or invisible.
Experts from developing countries classified all five legal factors as visible; 4 out of 5 legal factors
were classified as visible by respondents from developed countries. Relevant solid waste
management law and local policy were both considered visible factors by more than 95% of all
respondents. Experts from both developed and developing countries have inconsistently ranked the
all the legal factors. Experts from developed countries had classified consumer accountability as the

most invisible legal factor.
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Figure 4.5. Proportions of Delphi survey participants classifying legal factors as visible or invisible.

Figure 4.6 shows the proportions of respondents classifying economic factors as visible or invisible.
The majority of the respondents viewed most of the economic factors visible; however, the factors
were ranked differently. In developing countries, experts regarded all of the economic factors as
visible except for trade restrictions on waste. A strong agreement on the importance of available
funds allocated for waste management was observed in developing countries; all respondents -

without exception — considered this factor to be visible.
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Figure 4.6. Proportions of Delphi survey participants classifying economic factors as visible or

invisible.

4.3.4 Association between factors within PESTLE classification as visible or invisible

In order to investigate the association of factors between developed and developing countries, a Chi
square test was employed and factors with significant association according to chi square p-value
<0.05 are listed in Table 4.9. Lists of chi square p-values of all factors are in Appendix B. Statistically,
there were associations between developed and developing countries for 8 factors; government
stability, local weather, cultural, attitude-behaviour change, R&D activities, international directives,
consumer accountability and trade restrictions on waste. These associations were significant at the

P<0.05 level where chi-square was applied.
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Table 4.9. List of factors with significant association according to chi square p value <0.05.

PESTLE Factor Counts Developed Developing Chi P

classification countries countries square value
Visible Invisible Visible Invisible

Political Government  Observed 17 35 11 7 4500 0.03
stability Expected 20.8 31.2 7.2 10.8

Environmental Local weather Observed 22 11 30 7 4.421 0.04
Expected 24.5 8.5 27.5 9.5

Social Cultural Observed 10 42 8 10 4450 0.04
Expected 134 38.6 4.6 134

Attitude- Observed 10 42 8 10 4450 0.03
behaviour Expected 134 38.6 4.6 134

change

Technological R&D Observed 31 21 11 7 4421 0.03
Activities Expected 31.2 20.8 10.8 7.2

Legal International  Observed 44 8 11 7 4387 0.03
directives Expected  40.9 11.1 14.1 3.9

Consumer Observed 12 40 9 9 4.615 0.03
accountability Expected 15.6 36.4 5.4 12.6

Economic Trade Observed 36 16 8 10 4519 0.03
restrictions Expected 32.7 19.3 11.3 6.7

on waste

4.4 Discussion

44.1 Overall factors classification by experts in developed and developing countries

Table 4.10 summarises the cumulative percentage of respondents’ agreement in classifying factors
in MSW according to PESTLE. The cumulative percentage of agreement were obtained by calculating
the total score of agreement percentage for all factors with each of PESTLE components. Social
factors were classified equally as visible and invisible according to experts from developing
countries, whereas, experts from developed countries had classified them as invisible. For political
factors, experts from developed countries had classified them as invisible whereas experts from

developing countries considered them as visible.

Social and political factors are important but difficult to measure or assess (Chu et al., 2016). Social
fragmentation in terms of ethnicities, cultural, religions (Figure 4.3) and geographical locations
(Figure 4.2) resulted in different social perceptions, practices and behaviours relating to MSW; the

distinct differences are more apparent in developing countries (Figure 4.3). In addition, waste
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management practices such as separation at source and recycling are encouraged as daily behaviour
based on necessity and not on legal obligation as in many developed countries. Therefore, there was
conflicting evidence globally on the view of social factors due to the differences of social background

and characteristics (McAllister, 2015).

Table 4.10. Overall summary classification of factors according to PESTLE classification analysis in the

Delphi survey.

Factors in SWM Developed countries (n=57) Developing countries (n=13)
Percentage of Overall Percentage of agreement Overall
agreement classification classification
Visible Invisible Visible Invisible
Political 48% 52% Invisible 63% 37% Visible
Environment 63% 37% Visible 69% 31% Visible
Social 36% 64% Invisible 50% 50% Equal
Technology 71% 29% Visible 71% 29% Visible
Legal 72% 28% Visible 75% 25% Visible
Economy 68% 32% Visible 74% 26% Visible

Of all the listed political factors, local government plan and government priorities were fully agreed
by all experts as visible . A documented SWM plan, which is visible and accessible, is important to
the development of local waste management systems (Zotos et al., 2009). Undoubtedly, government
plays a fundamental role in waste management in terms of planning and providing required services
as well as ensuring safe disposal of waste (Mukhtar et al., 2017). Government priorities in waste are
commonly set through legislation, allocation of funding and facilities development. A local waste
management plan that outlines the governmental framework, initiatives, implementation plan and
targets the development of local waste management, alongside a demographic database and waste
data trends, is commonly considered as the main point of reference for decision-makers and
planners (United Nations Environment Programme, 2009). Unstable political circumstances appear
to reduce the importance of environmental issues on a national agenda (Tsiko and Togarepi, 2012).
Changes of government can clearly influence plans and their implementation at both local and
national scales. A stable government with a well-established, highly-professional civil service and
related institutions allows the establishment and maintenance of good relationships between
politicians and authorities, ensuring better co-ordination of efforts in planning and development of

efficient waste management services (Mohee and Simelane, 2015). However, government stability is
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relative and may not always determine political stability (Wilson et al., 2001). There was a large
difference in respondents’ classification of visibility for government stability between developed
(38%) and developing countries (62%). To illustrate, the recent so-called “Brexit” of the United
Kingdom from the European Union and the subsequent re-election of the Prime Minister that caused
political instability in the United Kingdom did not cause governmental institutions to be severely
affected as they are strongly underpinned by a professional civil service with well-established local
government plans (Cowell and Flynn, 2017). In such circumstances, politicians or appointed leaders
generally were obliged to implement established national policy at a local level, including policies
that affect waste management. This ensures that a federal government’s plan can be broadly aligned
throughout the country (Watson and Bulkeley, 2005), with minor alterations to take into

consideration the local circumstances.

In contrast, Malaysia had experienced political instability after the 2008 General Election which
resulted a contrast in political relations in some of the states between (i) states in the same political
coalition as the federal government and (ii) states ruled by the opposition party and not aligned with
the federal government (Nadzri, 2018). During this period, waste management in Malaysia was
centralized to federal government, in line with the implementation of Solid Waste and Public
Cleansing Management Act (SWPCMA) 2007, for better control of management and development of
services and administration, and development of facilities (Sakawi, 2011). The instability caused
resistance in states ruled by the opposition party (Penang and Selangor) as these states intended to
keep the waste management under local control and not aligned with the national local waste
management plan. As a result, different institutions emerged in waste management across the
country and this caused non-uniformity with respect to implementation of the long-awaited Solid

Waste and Public Cleansing Management Act (Sreenivasan et al., 2012).

The majority of respondents regarded resource consumption patterns as visible. Higher resource
consumption relates to the stronger consideration of its consequences on local waste management
in developing countries (Figure 4.3). Economic prosperity is commonly associated with demand for
products and materials for consumption, especially amongst so-called “Millennials” (The Students
and Staff of the Centre for Environmental Science, 2017), which in turn leads to higher demands on
SWM systems. Preventing or inhibiting high rates of consumption and avoiding a “throw-away”
mentality could reduce waste generation by enhancing reuse, resource recovery and recycling

(Williams and Shaw, 2017). Apart from this, cultural and attitude behaviour change were statistically
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associated between developed and developing countries. Cultural factors may present opportunities
to transform waste management behaviour through social groups and communities which may be
incorporated in SWM policies and practices, depending upon location (Crociata et al., 2015).
Respondents from developing countries indicated that factors are not necessarily independent.
Although culture, religion and ethnicity may well be closely associated in terms of behaviour and
values regarding resource consumption and waste management, cultural factors are more

commonly recognised and incorporated in SWM (Figure 4.3).

The experts from developed and developing countries had similar agreement on classifying the
visibility of environmental, technological, legal and economy factors, suggesting that these four
categories have emerged as important in our modern economy. Experts from developing countries
generally considered most environmental factors to be visible - with the exception of climate change
— suggesting that the adverse impacts of waste management activities on the environment are not
clearly acknowledged and considered in local waste management systems. The majority of
respondents from both developed and developing countries regarded environmental guidelines and
targets as visible factors. This outcome indicates agreement that clear guidelines, which provide
procedures and methodologies for monitoring and enforcing regulations with regard to
environmental issues, are vital for improving MSW systems. Hence, having achievable and realistic
targets is essential to drive initiatives towards improvement. We note that there was an association
between experts from developed and developing countries on classification of local weather. For
developing countries located within the tropics where humid weather is prevalent, deterioration of
collection vehicle fleets and other MSW facilities may reduce their durability and thus influence
economic costs of maintenance, breakdown management and replacement (Kumar et al., 2009; Seik,
1997). These results indicate that although such impacts are largely negative, they are classified as
visible and commonly considered in planning and operations and, in principle, measures should
therefore be in place to mitigate or avoid impacts on the economic value of investment, quality of

operational services provided and selection of suitable waste treatment and disposal methods.

Advances in technology have proven to be effective for developing comprehensive waste
management operations. With our growing human population and the enormity of waste that
human generate, technological solutions for SWM are imperative. Suitable facilities for SWM permit
resource recovery from the waste stream and thus contribute to more sustainable resource use

(Abraham Lingan and Poyyamoli, 2014). Research leads to development and localization of
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technology that drives the development of new waste management practices (Periathamby et al.,
2009b). A lack of research and development activities can cause the selected technology to not
operate effectively (or at all), thus wasting the resources allocated. Due to limitations on finance,
expertise and research on applications of technology to wastes in developing countries (Badgie et
al., 2012), there are fewer suitable and available facilities and hence they are less visible. Conversely,
a lack of suitable facilities can contribute to stagnation or decline of local SWM systems; the

availability of appropriate facilities enables and can motivate public participation.

Consumerism is related to purchasing power; however, little attention may be given to deciding the
essential daily needs, durability, product origin or environmental consequences derived from the
purchases. Advertising and promotion creates a desire to follow trends and fulfil personal desires
and hence materials can be disposed for being perceived as old-fashioned or lacking durability -
creating a wasteful society (Mukhtar et al., 2015). Developing countries lack a wide range of
sustainable/green products in the market as well as the capacity to manage discarded items from
unsustainable consumerism. ]Hence, accountability of consumers was considered a visible factor
(62%) by experts from developed countries|s3]. There was also an association between developed
and developing countries on consumer accountability as a MSW factor, hence justify the

contradiction of experts’ views when classifying this factor as either visible or invisible.

In developing countries, experts regarded all of the economic factors as visible except for trade
restrictions on waste (no clear consensus). Strong agreement on the importance of available funds
allocated for waste management was observed in developing countries; all respondents - without
exception — considered this factor to be visible. There are more sources of financial support to
develop SWM systems in developed countries (Periathamby et al., 2009b; Wilson, 2007; Wilson et
al., 2001). Funds are not always available and appropriately allocated to SWM in developing
countries, the operations and available resources are often disproportionately allocated to the high-
income areas with higher tax yields where residents have stronger political influence. Trading of
waste between developed and developing countries became an alternative solution to disposal for
developed countries. This relationship was, in principle, beneficial to both partners; developing
countries were generating income from recovery of resources from waste whilst developed
countries secured reduction in disposal and treatment costs. However, this rapidly led to immoral
and unethical practices that resulted in damaging human health and environmental impacts in

developing countries. Thus, the importance of trade restrictions on waste in developed countries are
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more invisible as compared with developing countries and there is a significant association between

both types of country for third sector restrictions.

Stringent environmental standards and regulations have led to an increase in the application of
technology in the waste sector, which proportionately increases the costs to run the operations.
Policies, including both regulations and incentives, were shown to be effective in promoting MSW
(Figure 4.1). However, in reality, the effectiveness of these policies was limited by implementation
issues and differed from location to location. The potential economic benefits from waste/resource
recovery resulted the market bloomed in waste trading and recovery. Synergetic business
networking between developed and developing countries had benefitted not only in terms of

financial and monetary, but also in securing the circular cycle of resources.

4.5 Conclusions

This chapter has identified 43 fundamental factors with regard to the development of SWM systems
and classified them via a PESTLE system. Global experts classified these factors in terms of their
visibility. We defined a visible factor (Table 4.1) as usually measurable by specific indicators or scales,
quantifiable, considered in decision-making and implementation processes, and publically
accessible. An invisible factor is defined as not usually measured or quantified but is still likely to

influence waste generation, behaviour and operational practices, and perceptions about waste.

Experts from both developed and developing countries agreed that 24 factors are visible: local
government plan, government priorities, environmental guidelines, environmental targets,
environmental awareness, seasonal variations, local/national events, socio-demographic indicators,
resource consumption patterns, philosophical change, skilled workers and experts, application of
suitable technology, facilities availability, research and development activities, international
directives, local policies, producers responsibility, relevant SWM law, potential income from waste,
trade restrictions on waste, incentives from waste, availability of funds, interest and tax, and
incentives. They also agreed that 8 factors are invisible: corruption, influence of politicians, climate
change, religion, ethnicities, discrimination and shared norms. Experts from developed and
developing countries generally agreed on the visibility of environmental, technological, legal and
economic factors, suggesting that these four categories have emerged as important. The

classification of political and social factors showed less consistency between developing and
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developed countries; social and political factors are important but difficult to measure or assess

because of their complexity.

This chapter highlights the need to adopt new perspectives in the selection of factors considered in
regard to local waste management systems. By definition (Table 4.1), invisible factors are not
currently recognised as contributors to waste management systems and even though they may be
locally very important, they may have been neglected in decision-making processes. Recognising and
making use of selected invisible factors within a local context may hasten the implementation and
effectiveness of initiatives taken towards the development of SWM systems. Factors in waste
management may vary in influence and change dynamically alongside urbanization; this dynamic
varies from one country to another and so factors need to be re-evaluated periodically. Different
combinations of factors influence the development of SWM systems. Alongside the use of a reliable
evidence-base, addressing the factors — visible and/or invisible - that strongly influence local
conditions is crucial if municipalities in developed and developing countries are to move towards
more effective, locally optimised sustainable waste management systems. Further studies are
required to evaluate the influence and interactions of these factors within local conditions in order

to optimise the best combinations of factors as a means to aid decision-making.
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Chapter 5: Factors that influence the development of solid

waste management

5.1 Introduction

The development of MSW has historically been related to the factors that had influence in the past
and continue to shape contemporary waste management systems (Mukhtar et al., 2017). Although
there have been various studies of factors that influence solid waste management (e.g. (Afroz et al.,
2011; Barr, 2007; Chen Liu and Wu, 2011; Periathamby et al., 2009b; Taherzadeh and Rajendran,
2014), there is a gap in understanding the interactions of factors that significantly influence the
development of local waste management systems. There is also a need to highlight the factors that
are not only visible, but also significantly influence the development of local waste management
(Mukhtar et al., 2018). Previous scholars have identified factors influencing different elements of
waste management systems; however, studies are largely limited to either single case studies or
single elements of waste management. For instance, successful recycling systems are regarded to be
influenced by waste separation behaviour (Stoeva and Alriksson, 2016), culture (Crociata et al.,
2015), social self-interest and behaviourial change (Czajkowski et al., 2017; Tucker and Speirs, 2003),
the use of situational factors — infrastructure, service provision and behaviour change - when
developing waste policy (Timlett and Williams, 2011), as well as effective communications and

education programs to educate the public (Kirakozian, 2016; Nguyen et al., 2017).

Meanwhile, waste generation rates are closely related to the changes in behaviour and attitudes
(Barr, 2007), which are also influenced by the age distribution of the population (Shaw, 2017) and
other socio-economic and demographic aspects (Afroz et al., 2011; Chen Liu and Wu, 2011). There
are several policy instruments that effectively influence the development of solid waste
management, e.g. policy tools such as waste regulations, legislation and specific penalties for non-
compliance (Bai and Sutanto, 2002; Jones et al., 2010) and the introduction of revenue taxes on
consumer accountability (Kirakozian, 2016; Welivita et al., 2015). The involvement of the
government in terms of strategizing the regulation, policies and framework is a critical factor on the
successful development and implementation of a local solid waste management plan (Gonzalez-

Torre and Adenso-Diaz, 2005; Shekdar, 2009; Taherzadeh and Rajendran, 2014). There is a clear
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need to comprehensively study all the possible and relevant factors in MSW management to assess

their potential contribution towards general improvements of systems at a local level.

The aim of this chapter is to quantify the influence of fundamental factors relevant to the
development of MSW in developed and developing countries. This chapter is an extension of the
work from Chapter 4 which has identified 43 fundamental factors concerning the development of
MSW as a basis for experts’ evaluation on the influence of factors through Delphi study. In Chapter
4, factors were classified according to their visibility (Table 4.1), which refers to the factors that are
measurable and quantifiable and been considered in decision-making and implementation of
national solid waste management plan. In this chapter, the influence of factors refers to the
magnitude of impact that each factor contributes towards implementation of the national plan. It is
noted that considering the factors’ visibility and influence will lead to better evaluation of the impact

that each factor has in the MSW development

5.2 Methods

5.2.1 Factors identification and PESTLE system

In Chapter 4, factors were derived from a multidisciplinary literature review in order to establish a
list of fundamental factors associated with solid waste management. These factors were then
classified according to the established and proven PESTLE system. PESTLE classifications are generic
in nature; however, this analysis is useful as a transitional method to systematically give detailed
guidance to decision-makers on the factors that are likely to influence MSW development. Despite
its relative strength in terms of describing multi-dimensional aspects, the use of PESTLE analysis is
inevitably narrative; analysis is restricted to the identification and conceptual evaluation of the
relative influence of factors in MSW in order to determine those that should be subject to a more
detailed analysis (lacovidou et al., 2017). In this Chapter, the same factors were further evaluated

with regards to their influence (see Chapter 4, Section 4.3.1, Tables 4.2 — 4.7).

5.2.2 Delphi study

This study adopted a two-rounds of Delphi that employed global experts on waste management as
participants to seek their opinions regarding the influence of identified factors. The Delphi method is

one of the best-known and most used as an effective tool for gathering expert opinions on a variety
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of topics in different domains (Chowdhury and Dhawan, 2016; Toppinen et al., 2017). A Delphi study
typically uses a series of questionnaires that involves paper-and web-based surveys or both (Okoli
and Pawlowski, 2004; Ribeiro and Quintanilla, 2015; Strand et al., 2016), with feedback given to the
experts after each round (Strand et al., 2016; Toppinen et al., 2017). The key characteristics of a
Delphi study includes selection of the expert panel, anonymity and controlled feedback as well as
statistical group responses (Muchangos et al., 2015; Strand et al., 2016). The panel was selected
using online search to identify experts with relevant MSW knowledge, including editorial members
of waste management related academic journals, academicians in higher education, politicians,
officers from municipalities and waste management companies. The survey was run online between
December 2016 and March 2017 using a questionnaire for the first round and choice experiment
survey for the second round. Invitations to participate were sent with a link to online surveys.

Respondents who were interested and agree to participate were later sent the survey link via email.

Delphi round 1

In round 1, an online questionnaire survey was conducted using iSurvey, a survey generation and
research tool for distributing online questionnaires made available by the University of Southampton

(https://www.isurvey.soton.ac.uk/). Similar applications of questionnaire tools have been applied in

previous studies, e.g. Gregg et al. (2017); Grote et al. (2017). This chapter only discussing the results
of first round of Delphi, spesifically for questions on factors’ influence. Experts were asked to
evaluate the influence of identified factors. Likert scale questions were employed to enable
participants to state their opinions based on their experience and expert knowledge (Hartley, 2014;
Li, 2013; Lozano et al., 2008). A bipolar Likert Scale was employed to secure experts’ views. Experts
were asked to use a slider to position their views on each question according to their own
interpretation and experience (Cook et al., 2001; Rodrigues et al., 2015). Participants were required
to choose a value ranging from “O=not at all influencial” and “4=extremely influencial”.
Nevertheless, the latters’s responses were redefined in the result analysis for better interpretation
and understanding, where intermediate value were redefined as follows: “1=slightly influential”, “2 =

somewhat influential” and “3=moderately influential”.

Delphi round 2

Prior to start Delphi round 2, experts, who participated in Delphi round 1, were again asked for their
consent to participate in Delphi round 2. In round 2, the results from round 1 were reported back to

the experts for further evaluation via multi-criteria decision analysis using 1000Minds software
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(https://www.1000Minds.com). The 1000Minds software uses the mathematical algorithm PAPRIKA
(Potentially All Pairwise Rankings of All Possible Alternatives) to derive weights for each PESTLE
factor using results from series of pairwise comparisons that randomly select pairs of all possible
combinations (Hansen and Ombler, 2009). The value model or the preference values are
represented by the relative importance ‘weight’ of the criteria that is calculated via mathematical
methods (Golan et al., 2011). With the PAPRIKA method, users are allowed to choose one alternative
from just two (Figure 5.1), which is easier and natural as in ordinary daily decision-making (Johnson

et al., 2012).

Which of these 2 below are more influential on the implementation of solid waste management system?
(all else being equal)

Politic Politic
Government stability Government priorities

Economy Economy
Economic growth Availability of funds
patterns

OR
this combination is impossible this combination is impossible
« undo last decision skip this question for now »
82% complete *

Figure 5.1. An example of choices presented in the round 2 Delphi study.

The PAPRIKA algorithm can process any number of pair-wise rankings of the hypothetical
alternatives required to establish experts’ preferences, which therefore presents better confidence
in decision-making (Golan et al., 2011; Isma’ili et al., 2016). Through iterative discrete pair-wise
choices, the decision analytic software is able to assign relative weights to the criteria (Johnson et
al., 2012). Each respondent made an average of 13 choices to rank each of the 144 possible
combinations of two pairs of PESTLE classifications. This study employed PAPRIKA method due to the
robust, clear and less complex format of pair-wise comparison that generates individual weights for
every decisions and combinations. 1000Minds is the only software that supports PAPRIKA method
(Isma’ili et al., 2016; Taylor et al., 2013).

74



5.3 Results[WI4]

5.3.1 Delphi’s respondents location profile

Chapter 5

As mentioned in Chapter 4 (section 4.3.2), 70 experts from 31 countries took part in the survey, out

of 278 invitations sent in Delphi round 1. While, in Round 2, 53 experts from 23 countries had

participated, out of 70 invitations sent.

Table 5.1. Classification of Delphi survey participants’ current location for both Delphi rounds

Continents Countries Classification Involved in Delphi rounds
First Second

Africa Mozambique Developing v

Tanzania Developing v

Togo Developing v

South Africa Developing v v
Asia Hong Kong Developed v

India Developing v v

Indonesia Developing v

Japan Developed v

Malaysia Developing v v

South Korea Developed v

Vietnam Developing v v
Europe Czech Republic Developed v v

Denmark Developed v v

Germany Developed v v

Greece Developed v v

Italy Developed v v

Netherlands Developed v v

Poland Developed v v

Slovenia Developed v v

Spain Developed v v

Sweden Developed v v

Switzerland Developed v v

United Kingdom Developed v v
North America Canada Developed v

United States Developed v v
Oceania Australia Developed v v

New Zealand Developed v v
South America Argentina Developing v v

Brazil Developing v v

Chile Developed v v

Peru Developing v v
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Table 5.1 shows the list of Delphi participants for both rounds. A total of 39 experts (75%)
participated from developed countries while the remaining 14 experts (26%) are from developing
countries. The determination of countries’ classification is consistent with round 1 of the Delphi
survey (see section 4.3.2). We note that there was 25% decrease number of participating experts in
Delphi round 2. Prior to initiating the survey, we had anticipated a dropout rate of 20-25% over the
two rounds of consensus development based on previous studies (Day and Bobeva, 2005; Hsu and
Sandford, 2007). In Delphi exercises, a minimum of 12 respondents is generally considered to be
sufficient to enable consensus to be achieved; larger sample sizes can provide diminishing returns

regarding the validity of the findings (Vogel et al., 2019).

5.3.2 Selection of factors

Factors employed in the first round were adopted in Chapter 4. Factors employed in the second
round of Delphi were derived from the first round of Delphi study, where all factors with mean value
of more than 3 (u>3.0) were selected as highly influential factors. Selected factors for both rounds of
Delphi are as shown in Table 5.2. The number of factors selected in Delphi round 2 were reduced to
ensure the questionnaire is convenient for experts to complete. PAPRIKA immediately identifies all
possible pairs of hypothetical alternatives that can be pair-wise ranked. The number of questions to
answer depends on the number of criteria and levels: the more criteria and/or levels, the more
decisions. For instance, if calculating the possible pairwise for 43 factors (Table 5.2, round 1 of
Delphi) with a maximum of 10 levels, there were approximately 6,048 questions that need to be
answered by participants. Hence, the number of factors need to be reduced to ensure the questions

were minimized, without jeopardizing the results (Hansen and Ombler, 2009).
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PESTLE class

Factors selected in Round 1 of Delphi

Factors selected in Round 2 of Delphi

Political

Government stability
Corruption
Accountability of leaders
Local government plan
Government priorities
Influence of politicians
Bureaucracy

Local government plan
Government stability
Government priorities

Environmental

Environmental guidelines
Environmental targets
Climate change
Geographical landform
Local weather
Environmental awareness

Environmental awareness
Environmental guidelines

Social

Seasonal variations
Religion

Cultural

Ethnicity

Local/national events
Discrimination
Socio-economic indicators
Resource consumption patterns
Shared norms

Rural-urban daily migration
Philosophical change
Attitude-behaviour change
Resistance to change

Philosophical change
Resource consumption patterns

Technological

Skilled workers and experts
Application of suitable technology
Facilities availability

Rate of technology change

R&D Activities

Skilled workers and experts
Rate of technology change
Facilities availability

Legal

International directives
Local policy

Producer responsibility
Consumer accountability
Relevant SWM law

Local policy
Relevant SWM law

Economic

Potential income from waste
Trade restrictions on waste
Third sector restrictions
Availability of funds

Interest and tax

Economic growth patterns
Incentives

Availability of funds
Economic growth patterns
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5.3.3 ][WIS]DeIphi round 1: PESTLE classification and influence of factors

Figure 5.2 shows the percentage of influence for overall factors according to their PESTLE
classification. The majority of experts agreed that most of PESTLE factors were influential. Experts
from developing countries regarded political factors as the most influential, with 82% of the experts
ranked the factor as either moderately influential and extremely influential, while technological
factors were seen as the least influential with highest percentage (7%) of agreements as either not
at all influential or slightly influenctial among the experts. Conversely, experts from developed
countries agreed on technological factors as the most influential; 4 out of 5 experts agreed that
these factors were either moderately influential or extremely influential, while social factors were
the least influential with close to 20% of the experts agreeing that these factors are as either not at
all influential or slightly influenctial. Technological factors were viewed as more influential by
experts in developed countries than by experts from developing countries. Overall, the distinct
differences in agreement of quantifying the influence of factors indicates how developed and
developing countries identify and consider the factors within their local settings, which provides the

basis for further development of sustainable waste management.
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Figure 5.2. Proportions of Delphi responses on influence of MSW factors according to PESTLE
classification in developed and developing countries.
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Figure 5.3. Proportions of Delphi responses on influence of political factors according to developed

and developing countries.

The influence of political factors were inconsistently ranked by experts from developed and
developing countries (Figure 5.3). Governmental stability was regarded as highly influencial by
experts in both developed and developing countries, with 4 out of 5 experts’ agreeing in this regard.
Nevertheless, the accountability of leaders was considered as the least influential by experts from
developed countries, while all of the political factors were generally influential in MSW development
according to experts from developing countries. There were differences of experts’ views on the
influence of corruption, accountability of leaders and political influences on the development of
MSW strategies and policies, where experts from developing countries indicated higher agreement

on these factors than those from developed countries.

Figure 5.4 shows the proportions of Delphi responses regarding the influence of environmental
factors according to the experts from developed and developing countries. The importance of
environmental guidelines and awareness was regarded as highly influential by the majority of
experts from both developed and developing countries. Experts from developing countries,
however, have stronger agreement than those in developed countries on the influence of

environmental guidelines and awareness; 9 out of 10 experts had ranked these factors as either
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moderately influential and extremely influential. Of all environmental factors, local weather was
regarded as the least influenctial factors by experts in developed countries; 28% had ranked these
factors as either not at all influential or slightly influential. Overall, experts from developed countries
regarded climate change, geographical landform and local weather as the least influential
environmental factors, while experts from developing countries has acknowledged that all of the

environmental factors influence their waste management systems.
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Figure 5.4. Proportions of Delphi responses on influence of environmental factors according to

developed and developing countries.
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Figure 5.5. Proportions of Delphi responses on influence of social factors according to developed and developing countries
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Social factors were ranked inconsistently among experts from developed and developing countries
(Figure 5.5). Resource consumption patterns were agreed as highly influential factors by slightly
more than half of all experts from both developed and developing countries. Experts from
developed countries also viewed societal behaviour such as shared norms, philosophical change,
attitude behaviour gap and resistance to change were highly influential; an average of 30% of all
respondents agreed that each of these factors was extremely influential in their local waste
management system. Apart from resource consumption patterns, daily migration of residents from
rural to urban was viewed as extremely influential (53%) to the waste management system
development. Religion was regarded as the least influential by experts in both developed and
developing countries; more than 60% of respondents viewed religion as either not at all influential
or slightly influential. There were six factors ranked to be more influential in developed countries
than in developing countries: resource consumption patterns, shared norms, socio-demographic

indicators, philosophical change, attitude-behaviour gap and resistance to change.
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Figure 5.6. Proportions of Delphi responses on influence of technological factors according to
developed and developing countries.

All technological factors were regarded as highly influential in solid waste management systems,

with more than 60% of the experts from both developed and developing countries agreeing that
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technological factors were either extremely influential or moderately influential (Figure 5.6). The
availability of facilities was ranked as influential, with more than 90% agreement among experts.
Nevertheless, the changes in technology was regarded as least influential due to the uncertainty of

the likely pace in technology change over the coming decades.
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Figure 5.7. Proportions of Delphi responses on influence of legal factors according to developed and
developing countries.
The etablishment of documented local policy and implementation of relevant SWM law were the
most highly influential legal factors with more than 80% agreement of experts from both developed
and developing countries (Figure 5.7). Application of international directives and producers’
responsibilities were ranked as least influential with 55% and 62% of agreement respectively by
experts from developed and developing countries. There was a significant difference on the
influence of international directives: experts from developed countries had stronger agreement,
with more (35%) the experts ranking this factor as extremely influential than for experts from
developing countries (8%). Similarly, the implementation of relevant SWM law was also significantly
more highly ranked as extremely influential by 55% of the experts in developed countries as

compared with 30% of the experts from developing countries.
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Most of the economic factors were ranked inconsistently by majority of the experts (Figure 5.8).
Experts from developed countries viewed changes in economic growth patterns as highly influential,
with 9 of 10 experts’ viewing this factors as either extremely influential or moderately influential.
Conversely, experts from developing countries agreed on the influence of funds availability in their
waste management development, with close to 85% of experts stating this factor to be either

extremely influential or moderately influential.
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Figure 5.8. Proportions of Delphi responses on influence of economic factors according to developed
and developing countries.

5.3.4 Association on factors influence with PESTLE classification

In order to investigate the association of factors between developed and developing countries in
terms of their influences on the development of MSW, a t-test was employed. Factors with
significant association according to the p-value <0.05 are listed in Table 5.3. Lists of t-test p-values of
all factors in terms of their influences are in Appendix C. There were only 7 out of 43 factors that

were statistically associated in terms of their influence.
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Table 5.3. List of factors with significant association according to t-test p value <0.05.

Factors
t-test for Equality of Means
t df Sig. (2- Mean Std. Error 95% Confidence
tailed) | Difference | Difference Interval of the
Difference
Lower Upper
Local Equal variances -1.301 68 0.018 | -0.28846 0.22166| -0.73077 0.15385
assumed
i‘ljavfmme”t Equal variances 1.443]36.350 0.018| -0.28846| 0.19993| -0.69380| 0.11688
not assumed
Equal variances 1.078 68 0.025 0.43590 0.40444| -0.37116 1.24295
Government | assumed
stability Equal variances 1.084 | 29.946 0.027 .43590 0.40200| -0.38515 1.25694
not assumed
Equal variances 3.790 68 0.000 2.33761 0.61680 1.10680 3.56841
Local weather assumed
Equal variances 3.614 | 27.342 0.001 2.33761 0.64684 1.01118 3.66404
not assumed
Equal variances 0.103 68 0.018 0.07051 0.68329| -1.29297 1.43400
ul | assumed
ultura Equal variances 0.106 | 31.054 0.016| 007051| 0.66587| -1.28744| 1.42847
not assumed
Equal variances 0.624 68 0.045 0.17094 0.27398| -0.37577 0.71765
Research and |assumed
development | Equal variances 0.651| 32.063 0.040 0.17094 0.26256| -0.36384 0.70572
not assumed
Equal variances -1.117 68 0.028 -.23718 0.21240| -0.66101 0.18665
Relevant SWM | assumed
law Equal variances -1.044 | 26.516 0.020 -.23718 0.22716| -0.70368 0.22932
not assumed
Equal variances 0.236 68 0.014 0.05342 0.22640| -0.39835 0.50519
Availability of |assumed
funds Equal variances 0.223 | 26.953 0.025 0.05342 0.23959| -0.43822 0.54506
not assumed
5.3.5 Delphi round 2: Interaction of factors according to their influence
5.3.5.1 Ranking of entered alternatives

It is important to evaluate individual’s preferences of selecting the highly influence factors for each
PESTLE classification. In order to establish the preferences of factors according to individual choices,
all possible alternatives (combination of factors) were entered and results gathered represent the
actual alternatives that were ranked by individual experts in the survey. We have listed top 5

combination of factors that ranked by experts from developed and developing countries (Table 5.3).
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Table 5.4. Combination of factors that are ranked by experts according to developed and developing countries
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Developed

Developing

1st Government Environmental Resource consumption | Facilities availability Relevant SWM law = Economic growth
priorities guidelines patterns patterns

2nd Government Environmental Resource consumption | Skilled workers and Local policy Availability of funds
priorities guidelines patterns experts

3rd Local government | Environmental Philosophical change Facilities availability Relevant SWM law  Availability of funds
plan guidelines

4th Government Environmental Resource consumption | Skilled workers and Relevant SWM law | Availability of funds
priorities awareness patterns experts

Sth Government Environmental Philosophical change Skilled workers and Relevant SWM law | Availability of funds

priorities

guidelines

experts

1st Government Environmental Resource consumption | Facilities availability Relevant SWM law = Economic growth
priorities guidelines patterns patterns

2nd Local government | Environmental Resource consumption | Facilities availability Relevant SWM law | Availability of funds
plan awareness patterns

3rd Government Environmental Resource consumption | Skilled workers and Relevant SWM law | Availability of funds
stability guidelines patterns experts

4th Local government | Environmental Resource consumption | Facilities availability Local policy Availability of funds
plan guidelines patterns

5th Local government | Environmental Resource consumption | Facilities availability Local policy Economic growth
plan awareness patterns patterns
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Experts from both developed and developing countries had similarly ranked the combination of
factors. Combination of PESTLE factors that were highly ranked by experts were governmnet
priorities, environmental guidelines, resource consumption patterns, facilities availability, relevant
SWM law and economic growth patterns. Notably, there were differences of factors ranking from
second to fifth ranks. Experts from developed countries had 80% agreement on the factors ranking
for all PESTLE factors except for social and technological. While, experts from developing countries
had full agreement on factors ranking for social, whereas political, environment, legal and economic

had least agreement of factors ranking.

5.4 Analysis of visibility and influence of factors

Based on the findings in Chapter 4 and results from section 5.3.3, the visibility of factors was
classified and the influence of each factors was quantified via the Delphi study. This section discusses
the analysis of factors within PESTLE classifications. The analysis focused on how these factors were
classified according to both their visibility and influence. An influence and visibility matrix analysis
has been applied to establish the interactions of factors that effectively can accelerate the
development of SWM. This matrix is based on the percentage of agreement of Delphi respondents
on (1) classifying factors as either visible or invisible and (2) quantifying their influence. This is done
by positioning factors in relative terms according to the two broad criteria in a two-by-two matrix.
This exercise in positioning the factors will indicate the degree of importance of each factors by
evaluating the consideration of factors in the National SWM plan and how impactful the factors are
in implementation of the plan, according to the experts from developed and developing
countries.The application of the matrix will be able to help decision-makers in prioritizing factors
that are important according to their local circumstances and context. Factors were later categorised

into four sections as shown in Figure 5.9.
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Figure 5.9. Details on sections in analysis of matrix on factors’ visibility and influence

Brief explanations of each sections of the matrix (Figure 5.9) are as follows:
e Section A: Low visibility, High influence
0 Factors in this section were categorised as potentially of importance and not
commonly included in the national SWM plan due to insignificant impacts to the
development of local SWM. Nevertheless, the impact can be significant if the
factors were appropriately and correctly emphasized or combined with other
factors. Factors in this section can dynamically accelerate the development of SWM
with appropriate emphasizes within the local SWM context.
e Section B: High visibility, High influence
0 Factors in this section were categorised as important and are vitally considered in
the development of SWM for optimization of improvement efforts. Factors listed in
this section were ranked as important and must be included in the national SWM

plan for desirable result within a certain period of time.
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e Section C: Low visibility, Low influence
0 Factors in this section were categorised as negligible with the least significant
contribution to the development of the SWM system. Factors ranked in this section
have insignificant impact but, nevertheless, cannot be ignored. It is worth
considering these factors in future studies as factors in waste management changes
dynamically alongside the urbanization and other supporting elements that
contributes to the development of waste management.
e Section D: High visibility, Low influence
0 Factors in this section were categorised as perceptible and were mainly considered
in the development of SWM. However, the impacts were relatively low and may not

be significant in certain local circumstances..

5.4.1 Political

Figure 5.10 shows the influence and visibility of political factors according to the experts from both
developed and developing countries. Generally, political factors have important roles in improving
SWM efficiency (Mmereki et al., 2016). The majority of the experts had similar agreement on all
political factors as both potential (high influence, low visibility) and important (high influence, high
visibility) factors in the development of SWM. Fundamentally, the existence of documented
evidence, i.e. local government plan and government priorities on the relevant issues on waste
management, were deemed to be classified as important factors. Also, experts from developing
countries had viewed government stability and bureaucracy as important; something developed
countries had least considered. While political stability was desirable as means of financial support
and visible in developing countries, it may open the opportunity for cronyism with impunity and
increase the susceptibility of corruption; this is a dilemma that may affect the administrative,
decision-making process as well as authoritative process in waste management (Di Maria et al.,
2018b; Hussain, 2014). With stronger political engagement to address the functionality of
government institutions in the development of SWM, developed countries may not experience

similar situations.
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Figure 5.10. Matrix of influence and visibility of political factors in developed and developing

countries.

Both bureaucracy and corruption are viewed as equally important but considered differently by
experts from both developed and developing countries. The influence of politicians and leaders in
the government much depend on how they emphasize their priority in issues related to waste and
investment of related waste treatment facilities development, which align with their political
interest/agendas; hence, this factor was considered to be a potential factors by experts. Politicians
tend to take the path of least resistance to get influence and votes by making desirable shifts of
environmentally-friendly SWM practice into a more economical and efficient solution. However,
implementation of the proposed plan will determine the public trust of the government institution,
thus politicians’ influence can attain public interest and engagement in the success of the national
SWM plan. In developing countries, this strategy had worked to influence people to believe that the
change is real and positively improved, not only for the SWM services and system, but also for their
social and economic status (Zurbriigg, 2003). Despite differences in specific local policies and plans
across countries, national priorities for waste need to be consistently moving towards driving up the
waste hierarchy, thus making a transition and a move to sustainability. Setting up priorities in waste
management requires allocation of funding, ensuring effective implementation of policies and

execution of the local waste management plan. This has summed up that the needs of the local
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government plan and government priorities in the development of SWM were vitally important in
both developed and developing countries. Nevertheless, whilst most of political factors are of high

influence, their consideration in the development of waste management are somehow limited.

5.4.2 Environmental

Experts from both developed and developing countries ranked the environmental guidelines and
targets as important (high influence, high visibility) (Figure 5.11). Efficient planning of SWM systems
requires accounting for the complete set of environmental effects and burden associated with
activities that generated waste (Emery et al., 2007); hence environmental guidelines and targets
were deemed important environmental factors in the development of SWM. The specifications of
environmental standards and guidelines, complemented by achievable and realistic targets, can be
useful tools for organisations, operators and other stakeholders in the waste sector. The established
targets display the government’s priorities on waste sector in providing adequate waste services,
minimizing adverse impacts resulted from waste disposal and treatment, as well as encouraging

public engagement in waste management at local level (Moh and Abd Manaf, 2016).

With the development of awareness of environmental pollution and various consequences of
climate change, a sustainable SWM system is critically important. Good resource management and
climate change were observed in some of the developed countries such as Switzerland and
Scandinavia (Wilson, 2007), nevertheless, the absence of new-vision and long-term international
directives related to combatting climate change resulted from waste sectors activities in developing
countries (Marshall and Farahbakhsh, 2013). This led to the results where environmental factors
were ranked by experts as important in developing countries, with the exception of climate change.
Overall, the establishment of clear environmental guidelines and realistic targets for environmental
standards related to waste sector are the most important environmental factors in waste

management development.
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Figure 5.11. Matrix of influence and visibility of environmental factors in developed and developing

countries.

5.4.3 Social

Figure 5.12 shows the influence and visibility of social factors in developed and developing countries.
Social factors relevant to SWM were classified and distributed inconsistently with significant number
of factors not clearly agreed among experts. Developing countries had more uncertainties on the
importance of social factors as compared with developed countries. There was no agreement among
experts from both types of the countries on any factors that were deemed to be important; the wide
variety and unique social backgrounds and characteristics from one country to another lead to
specific approaches addressing social engagement and influence in local SWM. Social activities such
as celebrations of events, daily migration of people from rural to urban areas, and resource
consumption patterns are regarded as important factors by experts in developing counties. Whilst,
with more reliable sources of database on social characteristics as compared with developing
countries (Mukhtar et al., 2016), relevant indicators on social characteristics are deemed as
important. Socio-demographic indicators seemed to have effects generally on the waste generation
rate, resource consumption, operational planning of waste management services as well as

infrastructure planning and development. For instance, in the case of households’ education level
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and income, those with high education, perhaps not necessarily, have a greater concern for the

environment and are more likely, potentially, to be able to pay for waste management services, if

required, as compared with those less well educated (Triguero et al., 2016).
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Figure 5.12. Matrix of influence and visibility of social factors in developed and developing countries.

Resource use, waste production and environmental degradation are accelerated by population

growth and increasing consumption of resources (Mmereki et al., 2016). Understanding the changes

and complexity in resource consumption is important to not only sustain the utilization of natural

resources, but, ultimately, to reduce the amount of waste generated and the associated

environmental pressures. Religion and ethnicity were closely agreed by experts from both type of

countries as negligible or not important. Ethnicity and religion prejudices in waste behaviour are

sensitively addressed although were significantly different in terms of potential for improvement

(Mohamad et al., 2011). Religious institutions have potential for enhancing public behaviour in terms

of good practice in waste management through the systematic institutional operation and

conducting programmess (Mohamad et al., 2011; Mukhtar et al., 2017). Successful case studies in

this area are extremely limited, therefore, optimism for religion to influence waste management

development need to be better understood (Mohamad et al., 2012).
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Similar to religion, different ethnicity backgrounds have different influence on waste behaviour, and
the complexity and their impact on multi-ethnic interactions in a community is hard to recognize and
measure. Most of the developing countries were multi-ethnic (Fearon, 2003); where, perhaps oddly,
this does not appear to be considered to be influential by the majority of the experts. Perry and
Williams (2007) reported that significant differences exist between attitudes and awareness of
different generation ethnic minorities. Potentially, further understanding and specific approaches to
different ethnic groups in order to educate and disseminate information on waste management
practice may prove to be successful initiatives. Developed countries had put substantial
consideration on the occurrence of events, despite its low influence in the overall development of
the system. Operationally, these factors may impact the system, but it do not influence the
development of the system. It may appear as good publicity to the waste operators and a city’s
image. Developed countries had considered social factors as invisible, but evidently when comparing
these factors in terms of their influence on the system, there were factors that are potentially
considered as highly influential. Developing countries had stronger motivation on social factors to be
influential in the development of waste management systems, with 8 out of 13 social factors ranked

as important in the matrix.

5.4.4 Technological

Technological factors were generally regarded by experts from developed and developing countries
to be of high influence, high visibility (important), indicating how technology plays fundamental roles
in modern SWM globally. Figure 5.13 shows the matrix analysis of influence and visibility of
technological factors in developed and developing countries. The majority of the experts from
developed countries had ranked all factors as important in SWM. Availability of facilities and their
suitability with local waste circumstances are important in modern SWM system. Research and
development activities related to SWM were highly influential but invisible in developing countries;
the contributions of research activities in improving local waste conditions were not fully
acknowledge and recognized (Periathamby et al., 2009b). An absence of experts, lack of support
from the government and industries as well as low number of facilities and research institutions has

limits on the significant needs of research activities.
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Figure 5.13. Matrix of influence and visibility of technological factors in developed and developing

countries.

Knowledge transfer from developed to developing countries is important to equalize the
development of global waste management system, however, it does comes with high costs that
most of the developing countries could not afford to pay. Apart from this, the incompatible or
inadequate facilities as well as the different characteristics of waste, local condition and social
backgrounds are the main challenges for a beneficial exchange. Overall, despite the strong emphasis
on the importance of technological factors as shown in Figure 5.13, there are remaining challenges
to uplift the application of technology, especially in developing countries which are substantially
related to the lack of financial support (Figure 5.15), implementation of relevant policies (5.14),

socio-status (Figure 5.12) as well as political conditions of the countries (Figure 5.10).

5.4.5 Legal

Majority of legal factors were marked as being of high influence and high visibility, with exceptions
of international directives and producer responsibility in developing countries. Strong emphasis,
consideration and implementation of the policies, regulations and law were important to establish
uniformity in the local waste management system. Compliance of environmental legislation with
regards to SWM are important to determine weather it can expedite or limit any waste management

policy implementation (Periathamby et al., 2009b; Wilson et al., 2011). Laws and regulations on
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waste in developed countries are more stringent and influenced by the international and regional
directives that set uniform standards across all member countries (James, 1996). Waste laws were
reported to be inefficiently implemented in developing countries due to the weak implementation
institutions, lack of understandings among the stakeholders, interference of politics as well as
limited available resources for implementation activities (Marshall and Farahbakhsh, 2013;

Muchangos et al., 2015).
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Figure 5.14. Matrix of influence and visibility of legal factors in developed and developing countries

Results indicated that the establishment of local policy and relevant law were deemed to be
important in both developed and developing countries. There were several factors that ranked
similarly in terms of visibility but with different degrees of influence. There was some consideration
of consumer accountabilities, producer responsibilities and the implementation of international laws
in shaping the legal enforcement of waste management in developing countries, as agreed by the
experts. Lack of implementation of or compliance with the international law forces developing
countries to emphasize more the implementation of local law instead. Developed countries have
addressed their SWM by implementing effective and functioning policy frameworks and
comprehensive local policy. rThe clarity in defining terms and regulation able to guide enforcers’
authorities to efficiently implement the outlines laws in the same ultimatum. [s7]In contrast,
developing countries experienced low efficiencies in governmental institutions that are not

financially adequate and lack co-operation and co-ordination among stakeholders. Therefore,
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emphasizing the appropriate and required legal factors, especially on the efficient implementation
of the appropriate regulations, proved to be crucial for developing countries. The roles of legislation
and relevant law on SWM are to initiate the systems that help to decide, evaluate and monitor the
conditions of local waste system. International agreement will be able to assist in promoting
sustainable development by optimizing resources use, facilitating best waste management practice
and encouraging the development of the necessary corresponding legislation and regulations
(Meyers et al., 2006). However, poor enforcement of regulations was seen as a way to execute daily
operations such as disposal and collections of waste at affordable costs as well as increasing

revenues for the authorities (Vij, 2012).

5.4.6 Economic

Most of economic factors were ranked as being of high influence and high visibility (Figure 5.15).
Waste is part of the economy which provides input through material or energy recovery. Conversely,
the management of waste has economic implications in terms of productivity, capital investment
and environment. We note that availability of funds is important according to the experts in from
developing countries. Funds were always important, however, financial mismanagement leads to
persistent lack of funds for improving services and capacity-building (Henry et al., 2006). Positive
economic growth could potentially seed the development of facilities; investments in appropriate
waste treatment facilities could minimise impacts on the environment (Kumar et al., 2017), thus
generating potential job opportunities for society (lon and Gheorghe, 2014). Trade restrictions were
debated aggressively in developed countries, which motivates the argument of public and
environmental health concern against economic and financial profit in particular. Economic factors
related to monetary offerings (incentives, potential income from waste and interests) were proved
to be the most important in global waste management. Potential income from waste was ranked as
the least important economic factor by experts in developed countries. In developed countries, the
primary aim of waste management concerns protecting public health, rather than generating income
from waste (Marshall and Farahbakhsh, 2013; Velis et al., 2009). Experts from developing countries
viewed potential income generated from waste as moderately influential. Influence of restrictions
on waste trading was ranked as moderate. Movement of waste across countries has negative
impacts, especially to the developing countries as the trading activities can increase the exposures to
hazardous pollutions in exchange for opportunities to stimulate their economic development

(Mukhtar et al., 2017; Ray, 2008).
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Figure 5.15. Matrix of influence and visibility of economic factors in developed and developing

countries.

Due to the insignificant cases or evidence, the negative impacts resulting from waste trading were
not widely discussed and were outstripped by the publicity to portray developed countries as main
resource exporters to developing countries (Ray, 2008). Developed countries had unclear consensus
on the influence of restrictions on third sector and waste trading as well as potential income from
waste, despite encouraging growth, interest and benefits on those trades. This may have resulted
from various international responses to problems associated with global waste trade and argument

to regulate it over the years.

5.5 Discussion

In the result section, factors were analysed within the PESTLE classifications. While in this section,
the factors were classified using the similar matrix, the discussion mainly focused on the interactions
of factors within countries classifications. Using a Delphi approach, experts from all over the world,
including both developed and developing countries, have reached certain consensus on the
influence and visibility of factors that are important to the development of global SWM. Figures 5.16

and 5.17 showed, in the form of a matrix, a visual representation of how visibility and influence were

98



Chapter 5

cross-analysed with respect to PESTLE factors in developed and developing countries, respectively
classified as: low visibility and influence; low visibility and high influence; high visibility and low
influence; or high visibility and influence. Experts from developed countries had classified 21 out of
43 factors (49%) as high visibility and influence (Figure 5.16), whereas experts from developed
countries had classified 34 out of 43 factors the same (79%) (Figure 5.18). Factors classified as high
visibility and influence by both experts from developed and developing countries were mainly
relevant to the roles and responsibilities of government institutions in providing adequate facilities
as well relevant policies and strategies as the effective tools in driving the initiatives towards
improvement of the local waste system. For instance, the establishment of local policy and relevant
SWM law that were supported by the implementation of local government plan and environmental
guidelines on standards of compliance concerning the waste sector activities are similarly considered
as important (high visibility and influence) in the development of SWM globally. This observation
emphasizes the task relevant to policy implementation with proper guidelines and plan by the
authority demonstrates the clear direction of initiatives towards achieving sustainable SWM (Hezri
and Nordin Hasan, 2006). There are significant differences in the proportions of factors considered
as potential (high influence, low visibility) classified by the experts from developed countries with 18
factors (42%); experts from developing countries considered only 8 out of 43 factors the same way

(19%).

Experts in developing countries had clear agreement to consider almost all factors related to solid
waste management development to be either important or potential. The dispersion of factors
across the matrix indicates that substantial numbers of factors were considered differently in the
development of SWM across developing countries; developing countries are progressively taking all
the possible factors that can accelerate the development of SWM. ’This claim might be bias as
compared with how experts in developed countries had classified their factors; this can be related to
the comparison on the chronological evidence of the earlier development of SWM in developed
countries.[ss] Developed countries started to initiate their waste management strategies early in the
18th century as awareness of public health issues and the value of resources emerged (Kollikkathara
et al., 2009; Louis, 2004; Velis et al., 2009). There are clear differences in waste management
systems between developed and developing countries. Wilson (2007) and McDougall et al. (2001)
highlight that waste management practices in developed cities now focus on optimization strategies
for resource conservation. Developing countries, often categorized as “underdeveloped”, need

urgent and impactful strategies to cope with the massive generation of waste. With along historical

99



Chapter 5

evidence and long-established waste management systems, developed countries had shifted their
attention to be more focused on higher impact factors rather than taking a holistical approach.
Majority of the factors ranked as potential by respondents in developed countries were mainly
political and social factors related to social behavior, for example, philosophical change and social
resistance to change, which were acknowledged as high influence, but not commonly considered in
the planning or implementation processes. Experts from developing countries had classified
occurrences of disruption in SWM systems. Corruption, discrimination and interference of politicians
in the SWM process had potential to influence the SWM system. Although, these factors are
considered as invisible, however may delay the implementation of improvements in general. Also,
the social perceptions of the waste which fundamentally underpinned the waste behaviour was
potentially an influence on the development of the system. The influence of religion and diverse of
ethnicity has insignificant impact on SWM in general. Experts from developed countries had
classified the management of waste generated from events and seasonal celebrations of festivals as
not significant influences, but, for certain reasons, these factors were visible in the SWM systems.
Overall, developing countries had more wide-ranging considerations of factors in their waste
management planning and strategy which were validated by the mixture of factors that were

considered important and of high influence in their local waste conditions.
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Experts from both developed and developing countries have different perspectives and

Chapter 5

interpretation regarding classifying factors as either visible, invisible or no clear consensus, as well

as quantifying the influence of factors. Table 5.5 summarizes the number of factors that are

classified by Delphi respondents in both developed and developing countries. The purpose is to

highlight the similarities and differences in factors’ classification according to the four sections of

the matrix. This also serves as a starting point to develop a common ground of understanding of

the interactions of factors that are important in the development of SWM in developed and

developing countries. By understanding the important factors in waste management as well as

fitting the consideration of factors to the local context, available resources and capability of the

authority, decision-makers will be able to establish their own checklist of the impactful factors

that are projected to motivate initaitaives towards sustainability.

Table 5.5. Summary on number of factors that were classified by Delphi respondents according to
PESTLE classification

No of factors Matched
Sections PESTLE Developed Developing f;:‘t:r:;
countries countries
experts
Section A-Potential Political 5 3 3
(High influence, Environmental 2 1 1
Low visibility) Social 7 4 3
Technological 1 - -
Legal 1 - -
Economic 1 - -
Total 17 8 7
Section B-Important Political 2 4 2
(High influence and Environmental 3 5 3
visibility) Social 3 8 3
Technological 4 5 4
Legal 4 5 4
Economic 5 7 5
Total 21 34 21
Section C-Negligible Political - - -
(Low influence and Environmental 1 - -
visibility) Social 2 1 1
Technological - - -
Legal - - -
Economic - - -
Total 3 1 1
Section D-Perceptible  Political - - -
(Low influence, Environmental - - -
High visibility) Social 1 - -
Technological - - -
Legal - - -
Economic 1 - -
Total 2 0 0
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Table 5.6. Summary of fundamental factors that are important in the development of SWM

according to developed, developing countries and their matched factors between

both types of countries.

PESTLE class

Developed countries

Developing countries

Overall matched

Political

Local government plan
Government priorities

Government stability
Local government plan
Government priorities
Bureaucracy

Local government plan
Government priorities

Environmental

Environmental guidelines
Environmental targets
Environmental awareness

Environmental guidelines
Environmental targets
Geographical landform
Environmental awareness

Environmental guidelines
Environmental targets
Environmental awareness

Social

Seasonal variations
Resource consumption
patterns
Socio-demographic
indicator

Resource consumption patterns

Rural-urban migration
Socio-demographic indicator
Seasonal variations

Cultural

Local national events
Attitude behavior gap
Resistance to change

Seasonal variations

Resource consumption patterns

Socio-demographic indicator

Technological

Skilled workers and experts
Application to suitable
technology

Facilities availability
Research and development

Skilled workers and experts
Application to suitable
technology

Facilities availability
Research and development
Rate of technology change

Skilled workers and experts
Application to suitable
technology

Facilities availability
Research and development

Legal International directives Local policy Local policy
Local policy Producers responsibility Producers responsibility
Producers responsibility Consumer accountability Relevant SWM law
Relevant SWM law Relevant SWM law

Economic Availability of funds Availability of funds Availability of funds

Trade restrictions on waste
Economic growth patterns
Incentives

Interest and tax

Trade restrictions on waste
Third sector restrictions
Economic growth patterns
Interest and tax

Incentives

Trade restrictions on waste
Economic growth patterns
Interest and tax

Incentives

Data shown in Table 5.5 show that experts from developed and developing countries had highest

agreement on the factors that are considered important. The experts from both developed and

developing countries had similarly classified 21 factors as important, which indicated that these

factors are vitally important in the global development of SWM, despite the range of localities of

respondents. Among all the factors that are matched across all respondents, legal and

technological factors are widely agreed as being important, whereas social factors are not

universally-agreed as important in global SWM. Differences of social backgrounds makes social

factors difficult to define and incorporated in the development of SWM. Hence, specific

approaches need to be carefully evaluated prior implementation if significant impact is to follow.
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Table 5.6 shows the summary of important factors in developed and developing countries with
the overall matched factors to indicate common agreement on factors that impacted the
development of SWM. Overall, above results revealed that the fundamental factors in SWM are
interconnected, with variations over time and localities. Economic factors were the most strongly
agreed by experts from developed and developing countries. This indicates that the integration of
circular economy in resource recovery and urban mining related to the waste management has
emerged towards positive progress. Hence, experts were of the view that decision-makers and
implementation authorities were now gaining momentum, not only in the developed countries,
but also among developing countries, albeit slowly. This approach is expected to achieve efficient
economic growth while minimizing environmental impacts. Notably, the circular economy has
mainly been recognized as a strategy for waste management or for the implementation of
environmental policies and has been accompanied by increasing policies which are geared
towards resource efficiencies. Factors that are relevant to the development of SWM should not
be taken considered in isolation. The extent to which and how the factors interact as well as how
they affect decisions on designing future waste management systems vary by country type.
Hence, due to the nature and interactions of the factors, it is not possible to conclude generically
which factors are more important than others. Although these factors are generic to the
respective regions, differences (in some cases significant) at the country level should be expected.
Recognition of these factors and their interactions is crucial in decision-making when designing

systems and strategies

5.85.6  Conclusions

This chapter aimed to quantify and compare the fundamental factors that influence the
development of SWM within and between developed and developing countries. Due to paucity of
similar research, the findings from this chapter constitute a preliminary evaluation on the
influence of SWM factors which demonstrates the PESTLE analysis contribution to the assessment
of SWM. Results indicate that there are similarities and differences in the classification of factors
according to their influence and visibility. The majority of the experts had high agreement on
economic factors as the high influence and visibility; the application of circular economy is proven

in bringing together the over-arching aims of secure access to resources, societal welfare,
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economic growth and environmental protection. Application of the PESTLE model in classifying
the factors into six broad groups has led to more structured analysis and provides more holistic
perspectives in quantifying the influence of factors in different SWM conditions.
Acknowledgement of factors according to their influences in the SWM was able to establish a
common ground for the evaluation of factors in both developed and developing countries.
Furthermore, a single approach in evaluating factors that influence the development of SWM may
not be adequate to support the development of planning and decision making for development of
policies and strategies of SWM, hence further analyses are required to address and emphasizes all
relevant factors that are not only highly influential, but also considered/visible within the local
context of SWM. Understanding the factors that influence the development of SWM is important
in making decision on choices of SWM which to be implemented whether at local-, national- or
even global level. Emphasizing on the less important factors with low influence could lead not
only to wasting resources and time, but also to disastrous consequences through disruption of the
current system. The fundamental factors in SWM are also interconnected and varies over time
and localities. Factors that are relevant to the development of SWM should not be considered in
isolation. The extent to which and how the factors interact as well how they affect decisions on
designing future waste management systems are vary by country type. Hence, due to the nature
and interactions of the factors, it is not possible to generically conclude which factors are more
important than others. It is also important to evaluate the application and considerations of the
fundamental factors in existing waste management plans and strategies in different localiaties so
that the effectiveness of actual implementation can be measured and improved by emphasizing

the correct combination of factors that works best.
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Chapter 6: General discussion

6.1 Introduction

This thesis addressed the analysis of fundamental factors in MSW in developed and developing
countries by evaluating the interactions of visibility and influence of identified factors. This has
been achieved by conducting a Delphi study to get experts’ views from developed and developing
countries on factors’ classification according to their visibility and influences, contribute towards
the fulfilment of the research aims and objectives. This chapter will give an overview of the
factors identified and assessed in Chapters 4-5 discussed in the context of how various factors
interact to influence the development of solid waste management. The main findings of Chapters
4-5 will first be briefly recapped after which a detailed discussion of the nature and interactions of

the factors will follow.

6.2 Overview of results

In Chapter 4, a list of fundamental factors in the MSW was established from the literature. The
factors were classified according to PESTLE (political, economic, social, technological, legal and
economic) for clarity in results analysis. The factors were then classified as visible or invisible by
the participants (experts), who represented developed and developing countries. Among six
PESTLE categories’ factors, environmental, technological, legal and economic factors were
similarly classified as visible by experts from both developed and developing countries. No clear
classification by experts from developing countries on social factors where they were equally
classified as visible and invisible according to experts from developing countries. Experts from
developed countries had classified them as invisible. For political factors, experts from developed
countries classified them as invisible whereas experts from developing countries considered them
as visible. There was agreement among experts on classification of factors as visible, with
exception of social factors. These findings indicate that social background differences influence
the consideration of factors in national solid waste management plans and their implementation.
Classification of factors as visible or invisible provides significant information to the decision
makers and implementation authorities. It indicates that there is no single globally generalizable
approach that could be taken to addressing MSW issues. The approach taken by a country

towards g SWM issues needs to be addressed within local circumstances and context. An

107



Chapter 6

approach to addressing MSW issues in one locality will have different impacts and consequences
compared to another as different PESTLE and visible/invisible factors have different local
significance. However, there were also 8 factors with significant associations between both
developed and developing countries; government stability, local weather, cultural, attitude-
behaviour gap, research and development, international law, consumer accountability and trade
restrictions on waste. These associations indicate that some factors have global reach and have
common importance globally.The investigation of fundamental factors that are important in the
development of MSW are insufficient by just classifying the factors as visible or invisible. The
classified factors were then futher assessed according to their influence by experts. In Chapter 5,
experts were asked to evaluate the degree of influence of each factors from a Likert scale of 0 to
4. Technological factors were considered as the most influential factors and social as the least
influential factors. Results indicate that there are similarities and differences in classification of
factors according to their influence and visibility. The majority of the experts had high agreement
on economic factors having both high influence and visibility; the application of circular economy
is proven in bringing together the over-arching aims of secure access to resources, societal
welfare, economic growth and environmental protection. The extent to which and how the
factors interact as well how they affect decisions on designing future waste management systems
vary by country type. Hence, due to the nature and interactions of the factors, it is not possible to
generically conclude which factors are more important than others. The results have established
common ground in identifing (in)visible and (non-)influential factors to support decision making in
the development of MSW in developed and developing countries. Finding the fundamental
factors and its interactions that are highly influencial in both developed and developing countries
provides better insight to planners and decision makers in selecting factors with significant impact
to accelerate the future development of local solid waste management system. Making the right
decision in selecting factors is vital to avoid the possibility of e.g. extra costs, false assumptions,
operational errors, selection of incorrect infrastructure or services, and adverse social or
environmental consequences that could jeopardize improvement strategies towards achieving

sustainable waste management

6.3 Considerations of fundamental factors in selected MSW plan and

strategies

From the foregoing discussion, it can be presumed that the extent to which the factors interact
and the nature of those interactions and how they affect the decision and development of waste

management vary by country and time. For example, between 14" and 16" centuries, the earlier
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development of waste management in western countries such as United Kingdom and United
States of America were underpinned by the environmental and public health concern due to the
uncontrolled disposal of waste. The public had urged towards the establishment of proper waste
management system, which has led to the authorities priorities of setting up services and legal
framework. Likewise, the historical evolution of waste management in developing countries such
as Malaysia and China were also underpinned by the similar reasons as western countries, but in

much later period, approximately during mid of 19" centuries.

While some of the factors are commonly recognized and addressed in general waste management
plan (visible factors), there are also factors that are not commonly considered but potentially
influence the efficiency of local waste management if appropriate attention is given (invisible
factors). It is not possible to conclude generically which factors are more important than others;
regional, environmental background, social characteristics, legal, political circumstances,
technology application and economic status dictate which factors are of highest relevance on a
case-by-case basis. The considerations of factors in waste management plan and strategies varies
between localities and time; such considerations are depending on the time and capabilities of
the authorities. Though the task of managing solid waste has global ramifications, different
countries and regions have different priority areas that they need to consider in order to deal with
the challenge. In addition, though only a handful of country examples have been highlighted in
this study, previous studies suggest that similar challenges exist in other countries in the various
continents. The evidence suggests that there are similarities and differences in terms of

considerations of factors in the national SWM strategies and plans (Table 6.1).

In general, strong emphasis was observed on environmental, technological, legal and economic
factors, which are commonly considered in waste management plans. Ultimately, efforts towards
achieving sustainable waste management aim to protect the environment via: (1) mitigating the
adverse impact of waste management activities and (2) advocating efficient resource
management. However, each locality has its unique path, with its own sequence and overlap of
development stages, in accordance with local characteristics and priorities. While considerable
attention has been paid to environmentally-focused and sustainable waste management, what
motivates the implementation is very much influenced by the legal tools and economic benefits
that drive the engagement and interest of the stakeholders. Although some of the countries had
consider the same factors in their waste management plan regardless their locations and status as
illustrated in Table 6.1, overall, the considerations of factors may not be clearly emphasizes in the

plan
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Table 6.1. Application of fundamental SWM factors in selected SWM plan and strategies

Chapter 6

PESTLE class

Developing countries

Developed countries

Malaysia

England

Hong Kong

Australia

New Zealand

National SWM Plan 2013

Waste management Plan
for England 2013

Blueprint for
Sustainable Use of
Resources 2013-2022-
Use Less, Waste Less

National Waste Policy
2009 -

Less Waste, More
Resources

The New Zealand Waste
Strategy - Reducing
Harm, Improving
Efficiency 2010

Political

Local government plan
Government priorities

Local government plan

Local government plan
Government priorities

Environmental

Environmental targets
Geographical landform
Environmental awareness

Environmental targets

Environmental targets

Environmental guidelines
Environmental targets

Environmental guidelines
Environmental awareness

Social

Resource consumption
patterns

Resource consumption
patterns

Technological

Application of suitable
technology

Facilities availability R&D
Activities

Application of suitable
technology
Facilities availability

Facilities availability

Facilities availability

Local policy
Relevant SWM law

Local policy
Producer responsibility

Producer
responsibility

International directives
Producer responsibility

Interest and tax
Incentives

Legal Relevant SWM law Local policy
Relevant SWM law
Availability of funds Trade restrictions on waste | Availability of funds - Potential income from
. Availability of funds Incentives waste
Economic
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For instance, although social factors are not at all addressed in any of the selected waste
management plans, however, the ultimate goal of the plan is protecting public from the adverse
consequences of waste management activities. Social factors are generally neglected or comprise
marginal considerations, more so in developed than developing countries. However, as cities
grow, public health becomes a major concern and a driving force in shifting the focus of waste
management towards higher efficiency. If and when environmental concerns become prominent
in public and political view, environmental protection becomes a key goal for solid waste
management policies. This results in development and application of engineering control
measures for the reduction of negative environmental impacts of waste disposalHowever, as
cities grow, public health becomes a major concern and a driving force in shifting the focus of

waste management towards higher efficiency.

As environmental concerns become more prominent in public and political arenas (Figure 5.11),
environmental protection has become a key goal for solid waste management policies. This has
resulted in the development and application of engineering control measures for the reduction of
negative environmental impacts of waste disposal. However, these technologies are costly, so,
ironically, once they are installed, most city policies seek to minimise the amounts of waste that
require disposal. This, in combination with growing concerns about depletion of natural
resources, serves to create a renewed focus on resource management in the form of recycling
and, more recently, on prevention and reuse.The same policy instrument can be designed and
implemented in many different ways, however, the influences of different factors and how the
factors are considered in their plans and strategies on SWM development may influence its
effectiveness. For example, the considerations that impact the availability of facilities are vitally
important; however, the main factors that differentiate implementation is the affordability to
authorities in terms of providing adequate and workable facilities to suit local needs. A reliable
approach is critical in recognizing the factors that are important within the local context; to start
from the existing strengths of the city and to design a local own system upon them. Observing
from other countries’ experiences and practice provides an opportunity to ‘pick and mix’,
however, the adaptations and implementations of the solutions need to work in a particular local
situation. The key here is to identify simple, appropriate and affordable solutions that can be
implemented progressively with appropriate considerations of local circumstances, especially in

terms of recognizing the role of influential but invisible factors.
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6.4 Application of conceptual model on waste management status as

factors’ evaluation on decision support

For the purpose of discussion, a conceptual model on waste management status was adopted
from Mukhtar et al. (2016). The conceptual model presented in this thesis is used to demonstrate
the current waste behaviour of the society in different timeline and anticipated population
growth. However, it is possible to extend it further as a useful model to aid policy makers and
waste management practitioners in decision making. A model based on society’s waste behaviour
would help visualise the current status for managing waste from timeline and aid in predicting the
likely direction of local initiatives towards achieving sustainability on waste management. This
could be related to the considerations of the fundamental and important factors discussed in
Chapter 5, in the national waste management plan, strategies and policy. Identifying the most
important factors in SWM within the local context could help to create the ideal combination of
factors that would maximise the efficiency of initiatives in improving the system within desirable
timeline. Figures 6.1 and 6.2 shows the predictive route from wasteless to wasteful and ultimate
aim, towards wastingless society, in two different conditions; least/inefficient consideration of
factors (Figure 6.1) and efficient consideration of fundamental factors (Figure 6.2) in SWM
(Mukhtar et al., 2016). The conceptual model was used to predict the possible route and timeline
towards achieving sustainability in waste management. In Figures 6.1 and 6.2, population growth
is represented by the increasing gap between the curved solid lines. The horizontal dashed line
represents the threshold between sustainable and unsustainable waste management practice.

” u

Periods of waste management characterized by “wasteless”, “wastefu

III

and “wasting less” status
are delineated by vertical dotted lines. The indicative current positions of a local waste

management on the route from wasteless to wasting less status are shown as black dot.

Various information and data need to be incorporated prior to determining the current waste
management status; consideration of historical data and evidence can be useful to illustrate the
development of local waste management. Ideally, every local waste management plan targeted to
move towards sustainability within a short period of time and existing resources. However, due to
various limitations within the local circumstances, for example, funding, facilities availability and
social engagement, some countries might take longer time to make sustainable waste
management to materialize. In Figure 6.1, when least or inefficient consideration of factors, the
consequences are not only in terms of longer time required, but also more resources are wasted,

thus jeopardizing inspiration towards sustainability. Developing countries, for example, have
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looked upon developed countres’ experiences and tend to implement similar practices without
prior considerations of local circumstances. Adaptability and customization of others’ experiences
may take longer time to suit with the local circumstances , wasting more time and resources. Even
worse, if the authority continues to incorrectly emphasize certain factors within the local context,
alongside increased population and waste generation, the sustainability of waste management
status will be far more difficult to achieve. It is more important to understand the interactions of
factors that are impactful in implementing such initiatives. Using findings from Chapter 5 (Figure
5.16 and 5.17) and the conceptual model as a basis for developing waste management plans, the
practitioners can exhaustively identify the key factors for successful selection of appropriate

sustainable waste management systems in the local context.
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Figure 6.1. W[M9}\[ME10] conceptual model representing the evolution of waste management in a
least/inefficient consideration of factors

Initiatives towards achieveing sustainable waste management status can be rapidly expediated
with appropriate and efficient considerations of factors that are important within the local
context. As dicussed in previous sections, preparation of waste management plans and strategies
are very complex and unique to each localities. Decision makers would create their checklist of

factors based on the classifications of important factors according to their influence and visibility
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(Figure 5.16 and 5.17) within the PESTLE system. Ultimately, based on their desirable outcomes
and current status of waste management, decision makers would be able to identify the
important factors that need to be taken into consideration when developing a local waste
management plan and strategies. The final important point is to determine the most important
and relevant factors that suit with the local waste circumstances supported by authoritative
background data. The purpose of a checklist is to illustrate some common factors and their
interactions that drives the initiatives more rapidly. However, to further support the decision

makers, an advanced decision support system is proposed and described below.

Sustainable

Waste management status

Unsustainable

Wasteless

Wastetul

Wasting less

Present

Time

Figure 6.2. W[Mll]\[MElZ] conceptual model representing the evolution of waste management in
efficient consideration of factors

A model based on society’s waste behaviour would help to visualise the current status for
managing waste and aid in predicting the likely direction of local initiatives towards achieving
more sustainable waste management. This could be related to the considerations of the
fundamental and important factors (Table 5.6 ), in the national waste management plan,
strategies and policy. Identifying the most important factors in SWM within the local context
could help to create the ideal combination of factors that would maximise the efficiency of
initiatives in improving the system within desirable a timeframe. Historical data need to be

incorporated prior to determining the current waste management status; consideration of the
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historical data and evidence can be useful to illustrate the development of local waste
management. The guide described in this section is aimed primarily at the waste practitioner.
From a waste management point of view, the primary aim of the following decision support by
application of the conceptual model is to influence the interaction of factors so as to ultimately
achieve the best possible decision outcomes for developing a localised waste management plan.

In its simplest form, the decision support model consists of 3 basic steps:

1. Evaluation of current waste management status
2. Assessment/analysis of influencing factors; and

3. Developing decision tree using PESTLE factors

Step 1: Evaluation of present waste management status

The first step by the waste practitioner would be to understand and evaluate the present waste
management status. This can be accomplished by gathering the background data that would
enable the assessment of initiatives taken in the development of local waste management. By
trailing the historical data and evidence, the decision makers can position themselves according to
the waste management status (sustainable/unsustainable) and social behaviour
(wasteless/wasteful/wasting less). Apart from this, the projected demographic patterns, such as
population expansion, changes in social characteristics (e.g age of the population, education
background, number of households, etc) and economic growth are also required to illustrate the
projected waste generation and anticipated changes in the future waste behaviour. The
evaluation of waste management status can be undertaken by self-position according to Figure

6.1 and 6.2.

Step 2: Assessment/analysis of influencing factors

Using the conceptual framework as a guide, the practitioner would exhaustively identify the
factors influencing the waste management system to further plan for improvement. These factors
and the supporting evidence for their inclusion are listed in Table 6.2. For basis of comparison, we
use the factors that were classified as important by Delphi experts to compare with the factors’
considered in the present waste management plan in Kuala Lumpur. The important factors that
are already considered in the waste management plan are shown red and ticked off (v').
Alongside with the urgency to rapidly improve their waste management system to equalize with
the urbanization and aspiration of sustainability in waste management, the drastic improvement

are required. By establishing the comparison as shown in Table 6.2, the waste practitioner will
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then make their decision on further considerations of factors that are important and tailor them
according to their local context. The checklist (Table 6.2) gives a clear indication not only on which
key factors the practitioner has to take into consideration, but to reconsider factors that are not
important but currently included in the present waste management plan. By accomplishing this
step, the projected time of route towards sustainable waste management status can be reduced,
as shown in Figure 6.2. The purpose of the checklist is to illustrate some common factors that
could influence the further improvement of waste management status. Considerations of
historical evidence and background data need to be included to aid the designing of action plan

and framework.

Table 6.2. Comparison of factors consideration between existing waste management plan and

factors that listed as important by the Delphi experts for developing countries

Kuala Lumpur (Malaysia)
Factors that are important in

Actual considerations of factors

PESTLE developing countries according
in the National SWM Plan 2013 to Delphi
(Table 6.1) (Table 5.5)
Local government planv’ Government stability
o, Government prioritiesv’ Local government planv’
Political

Government prioritiesv’
Bureaucracy

Environmental

Environmental targetsv’
Geographical landform
Environmental awarenessv’

Environmental guidelines
Environmental targetsv’
Geographical landform
Environmental awarenessv’

Social

Resource consumption patterns
Rural-urban migration

Technological

Application of suitable
technologyv’

Facilities availability v/
R&D Activities

Skilled workers and experts
Application to suitable
technologyv’

Facilities availabilityv’

Local policy v/
Relevant SWM lawv’

Local policyv
Producers responsibility

Legal Consumer accountability
Relevant SWM lawv”
Availability of fundsv’ Availability of fundsv’
. Interest and tax
Economic

Economic growth patterns
Incentives

Step 3: Developing decision tree using PESTLE

The guidance described in this section is aimed primarily at the waste practitioner. From a waste

management point of view, the primary aim of the following decision support model is to
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consider the interaction of factors according to PESTLE using the conceptual model so as to guide
decision makers to ultimately achieve the best possible decision outcomes when designing their
waste management plan and strategy. The environmental, technological, legal and economic are
the important factors that commonly agreed in global waste management (Table 5.5). It is
essentially important for waste planners to consider these four group of factors when designing
their plans and strategy, despite of differences in waste management settings. The diagram
represents all the elements of PESTLE and showing the relationships between the key factors in
existing waste management plan and strategy in Kuala Lumpur (Figure 6.3). Social factors are
currently not fully considered in the system, although the ultimate aim of designing the system is
to protect public health and environmental. Political factors are focusing more on the government
institutions’ responsibilities to establish legal framework that influence the technological and

economic factors.
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Figure 6.4. Projected emphasizes of waste management in Kuala Lumpur.
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To move forward, by considering important and correct factors in SWM the decision-making can
be improved. By evaluating their current waste management status and factors that are
important within the local context, waste practitioner can position the factors according to their
interactions to aid further decision making. Application of the proposed conceptual model and
their application to aid decision makers can be the basis of an important decision support tool
since it offers an alternative approach to contextualise the present situation whilst offering
insights on how to rethink strategies to best manage it by evaluating factors that are important in
the waste management. Furthermore, decision making process as well plays a pivotal role in
ISWM since decision makers decides on the appropriate technologies in addressing waste
management issues. These are extremely difficult and perhaps impossible to value in monetary
perspective, however, they should be given consideration alongside the financial impacts in policy

formulation and decision making.
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Chapter 7: Summary

This PhD study has achieved both of its main aims. The first aim of the study was to critically review
the fundamental factors that are relevant on the development of SWM system. Based on the
research presented in Chapters 4 and 5, these two chapters highlights the fundamental factors that
historically underpinned the factors that significantly impacted the development of SWM in
developed and developing countries. The identification of fundamental factors that are relevant in
the SWM was achieved through an extensive literature review of past studies that highlighted single
case studies or emphasizing of selected factors that were significantly influence in the development
of SWM. Secondly, the study aimed to investigate the interactions of visibility and influence of
factors can contribute to the development of SWM systems. Chapters 4 and 5 elucidated the factors
in terms of their visibility and influence in both developed and developing countries. The overall
conclusions drawn from this study in relation to each of the study objectives are presented in the

following sections.

Objective 1.1: Identify and characterize the fundamental factors that relevant in the development
of SWM

The study perfomed in Chapter 4 has lead for the first time to the establishment of 43 fundamental
factors that are generally influencial in terms of the development of global SWM. The
comprehensive list of SWM factors were then classified according to the PESTLE (political,
environmental, social, technological, legal and economic) system for more detailed classification and
to enable more effective insights. The list of factors was established to inform and guide the

subsequent survey, providing a structure of Delphi study with definitive description for each factor.

Objective 2.1: Classify and critically review the visible and invisible factors in SWM in developed
and developing countries

The assessment of factors in Chapter 4 has critically defined each of the identified factors in SWM
within the study context in order to guide the panel experts in the Delphi survey. By fulfilling this
objective, findings provide a clear classification of factors according to the PESTLE system, and
subsequently show that there are factors which may classified as visible and invisible in developed
and developing countries. This new approach to classification is the first time invisible factors have
been identified as potentially influentialto SWM. By classifying factors as visible or invisible, from the

waste management point of view, it can explore a broader horizon of factors’ evaluation and
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emphasize the selection of important factors to be considered at local level. This aims to ultimately
achieve the best possible decision outcomes. It has been shown that there are similarities and
differences on factors’ classification as either visible or invisible by experts from developed and
developing countries. The importance of understanding and recognising selected factors within the
local context that can accelerate the implementation and effectiveness of initiative taken towards

the development of SWM was also emphasized and discussed in the chapter.

Objective 2.2: Investigate the interactions of visibility and influence of factors to establish the ideal
combinations of factors that works best in the development of SWM

In Chapter 5, the influence of fundamental factors in SWM via Delphi study were evaluated. The
influence of factors were ranked according to their contributions in the development of SWM by
experts from developed and developing countries.This work can guide planners and decision makers
to select the most important and locally effective factors that can accelerate the improvement
towards sustainability of SWM. The discussion was illustrated with the matrix analysis of visibility
and influence of factors in Chapter 6 to establish the ideal combinations of factors that potentially
works best towards developing a sustainable waste management system, particularly in developed

and developing countries.

7.1 Contributions to the body of knowledge

This research has contributed to existing knowledge and thinking in its subject area in various ways,

some of which have already been published in peer-rewviewed journals, as outlined below:

The critical assessment on the evolution of SWM with comparison of selected developed

and developing countries (Chapter 2).

. Identification of 43 fundamental factors that are relevant in the development of SWM in
developed and developing countries (Chapter 4).

. Employing PESTLE analysis for clear categorisation of factors for further investigation of
factors that are important in the development of SWM (Chapter 4 and 5).

° Establish a clear list of factors that are important in the development of SWM in

developed and developing countries (Chapter 5).

° Identification, recognition and classification of SWM factors as either visible or invisible.
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Statistical comparison on the significant different of Delphi respondent’s views on
classification of factors in terms of visibility and influence between developed and
developing countries (Chapters 4 and 5).

Employing Delphi study to seek experts’ views from various countries across the world on
classification of factors as visible and invisible as well as quantifying and ranked the
influence of different factors in SWM (Chapters 4 and 5).

Formulation of matrix analysis between visibility and influence to establish ideal
combination of factors that works best in different type of SWM can be established
(Chapter 5).

Formulation of a framework on the application of conceptual model on waste
management status as decision support tool by evaluating important factors in SWM
(Chapter 6)

Development and demonstration of a decision support model for decision/policy makers

and waste practitioners for the development of waste management plan (Chapter 6)

Recommendations

The outcomes of this thesis provide the basis for further investigations into a variety of research

topics, which are discussed below:

7.2.1

7.2.2

Extension of geographic application
The evaluation of factors in SWM in terms of visibility and influence in this study are
highlighted within developed and developing countries SWM context. The outcomes of
this research has fundamentally proven that there are different factors that affect the
development of SWM in different local settings. Further research is required to investigate
broader geographical areas across the world to characterize the localize factors that are

works best to efficiently improve the local SWM systems.

Extension of investigation on different functional elements in SWM

Six functional elements in waste management are: (a) waste generations, (b) waste
handling (sorting, storage and processing at the source), (c) collection, (d) sorting,
processing and transformation of solid waste,(e) transfer and transport and finally (f)
disposal. In order to improve each of the elements in SWM towards the overall

improvement, there is a need to addressed and investigate different combination of

121



7.23

7.2.4

Chapter 7

factors that have significant impact in different elements in SWM. Such research may be
applicable to all SWM settings, however considerations of local settings need to be

included for accurate projections and reflected actual local conditions.

Exploration of factors investigation on different activities of waste management

There are numerous activities related to waste sectors, for example waste recovery,
recycling, waste minimization, separation at source, application of treatment technology,
zero waste etc. Each of the activities were underpinned by different sets of factors that
can accelerate the improvement initiatives towards sustainable SWM in general. Local
settings of SWM need to be considered when exploring and investigating the impact of

factors according to visibility and influence as well.

Further investigation on each of the PESTLE factors

This study categorised factors according to PESTLE for analysis. Such approach provides
deeper analysis on the macro factors that influenced SWM system. In depth research on
each of the PESTLE factors that affected the system and development of SWM are
needed in order to further emphasize on the specific PESTLE factors for further
improvement. Separate PESTLE factors can be evaluated by researchers from various
background, which opens the opportunities for expansion of this study to multi-

disciplinary researchers with regards to SWM development.
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Appendix A: Questionnaires for Chapter 4 and 5

INFLUENTIAL FACTORS IN SOLID WASTE MANAGEMENT (SWM)

Dear participants,

Thank you for agreeing to participate in this online survey. This is voluntary
participation and you have the right to withdraw at any time if you wish.
General information:

1. Please answer each question to your best knowledge and experience
in your expert skills. All information provided will be kept
confidential.

2. The purpose of this study is to evaluate the influential factor in solid waste
management and should take about 15-30 minutes to complete. Please
attempt to answer all the questions.

3. Inorder to progress through this survey, please use the navigation links:

e Click the Next button to continue to next page
e Click the Previous button to return to the previous page
¢ C(Click the Done button to submit your survey

Participant's consent:
By completing this questionnaire, you are consenting to have your results used in this
study. Inrelations to the Data Protection, as a participant of this study, you
declare that you:
e agreetotakepartinthisresearch projectandagreeformydatatobe
usedforthe purposeofthis study
e understand my participation is voluntary and | may withdraw at any time
without my legal rights being affected
e arehappytobecontactedregardingotherunspecified research
projects.thereforeconsentto the University retaining my personal
detailsonadatabase, keptseparately from theresearch data detailed
above. The ‘validity’ of my consent is conditional upon the University
complying with the Data Protection Actand lunderstand that | can
request my details be removed from this database at any time.

Participant info section:

Researcher : Erni Mariana Mukhtar

Ethics number : 21160

Please read this information carefully before deciding to take part in this research. If
you are happy to participate, you will be asked to sign a consent form.

1. What is the research about?

123



Appendix

This study aims to classify and investigate how selected factors may
influence, impact and contribute towards the improvement of solid waste
management systems. The results of this study will be able to find the
interactions of these factors that serves to specific local waste
conditions.

2. Why have | been chosen?

Youhave been chosenasapotential participant because ofyourexpertise
andexperiencerelatedto this stud area, which is one or more of the
following: solid waste, politics, environment, social-based activities,
technology development or application, legal and economy.

3. What will happen to me if | take part?

This study consists of two online survey rounds. The first round is an
online questionnaire administered via iSurvey, which will require you to
evaluate influential factors in solid waste management using a 5-point
Likert scale. Insome parts of the questions, you will be asked to classify the
factorsasvisibleorinvisibleaccordingtothedescriptiongiveninthe
particularquestions.The overall process will take approximately 15 to
30 minutes of yourtime.

Thesecond round ofthe survey involves acomparison ofthe most
important factorsidentified in round | usinganonlinecomparison
method. Participants will beshown pairsoffactors and will be asked to
select the most important combination. The overall process will take 15 to
30 minutes of your time. From thistwo-round datacollection phases, the
mostmeaningful combinationofinfluential factors in waste
management will be identified.

4. Are there any benefits in my takingpart?
As an appreciation of your participation in this survey, you are welcome to
receive asummary report for each of data collection phase.

5. Are there any risks involved?
Norisks have been identified.

6. Will my participation be confidential?

All data collected during this study will be confidential, and handled in
compliance with the Data Protection Act and University policy. Data
will be stored on a password-protected computer, and will only be used
for the purposes of this study. Only those involved with the study will
be able to access information. Whilst complete anonymity cannot be
promised, all files containing any personal information will bemade
anonymous to prevent identification of participants. Confidentiality will
be maintained as the data will remain anonymous in any publication
of results.
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7. What happens if | change mymind?
You have the right to withdraw at any time without affecting your legal rights.
Participants involved in the first round can withdraw before or during the
second round without any prior consent.

8. What happens if something goes wrong?
Inthe unlikely case of concern or complaint, kindly refer tothe Research
Governance Manager, University of Southampton, UKat 02380 595058 or
email to rgoinfo@soton.ac.uk

9. Where can | get more information?

Ifyou have any concerns or inquires regarding the questionnaire, please
contact the principal researcher Erni Mariana Mukhtar atemm 1v1

3@soton.ac.uk

Thank you.

By clicking onthe "next" button here below, participants are recoding their
informed consent to take partin this survey
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Appendix

Section 1: Political

For question |.1to 1.12, please rate how influential are the subfactors related to
political on the implementation of local SWM system.

Question 1.1
How influential is a government stability on the implementation of SWM local strategy?

Notatall (o ) Extremely

. : 1 i I | . -

influential g 1 ) 3 4 influential
Question 1.2

How influential are the existence of SWM policies on the implementation of SWM system?

Not at all __T__:?__-__ _- _ : _. e o - ) Extremely
. . 1 I | . ;
influential g 1 3 4 influential

Question 1.3
How influential are the effective implementation of SWM policies on the implementation of

SWM system?

Not at all __T::?__-__W_-_ : _, | ST - ) Ext]'gmely
influential g 1 3 4 influential

Question 1.4

How influential are the fair award of SWM contracts on the implementation of SWM system?

Not at all 7;fifiﬁffj,,,1',',' _ i..]. e I T Extremely
1 2 3 4 influential

influential g

Question 1.5

How influential is a close monitoring on funds distribution of SWM projects on the implementation
of SWM system?

. 5 1 I | . -
influential g 1 3 4 influential

Question 1.6

How influential are the accountability of national leaders on the execution of local SWM
plan?
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Not at all ________?__-__ - : _ ;A - 1 Ext]'emely
. : 1 I | . -
influential g 1 3 4 influential

Question 1.7

How influential are the local political conditions on the implementation of SWM system?

Notatall H O Extremely
. 5 1 I | . -
influential g 1 3 4 influential

Question 1.8

How influential are the government priorities on SWM issues in regards to the
implementation of SWM system?

Not at all ________?__-__1___ - _ ! B _ N Ex[]'emely
. : ] . .
influential g 1 3 4 influential

Question |. 9

How influential are the politicians influence on the implementation of SWM local plan?

Notatall T | Extremely
. ; 1 I | . .
influential g 1 3 4 influential

Question 1.10

How influential are the politicians on the SWM contracts awarding process?

Not at all A e Extremely

influential g 1 Jz 11, 4 influential

Question 1.11

How influential is bureaucracy on the decision making of SWM issues?

Not at all ________?__-__ ___ = _, | E— T - ) Extremely
. : 1 I | . ;
influential g 1 3 4 influential
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Question 1.12

How influential is bureaucracy on the approval process of SWM project fund distribution?

Not at all r__j_- -___-____ ]- B, B _ I - — ) Ex‘trﬁmely
influential g 1 4 influential

ho—
W

Question 1.13

For question no 1.13, please classify the following political factors as VISIBLE or
INVISIBLE in the context of solid waste management according to the description
given below:

* Visiblefactorsinwaste managementare defined asfactorsthatarc
measurable byspecific indicatorsorscale, quantifiable by measuring
methods, considered indecision makingand implementation processes,
published forawareness and available for relevant access by public.

* Invisible factors are defined as factors that are not considered at
all in any of waste management processes, however, haveinfluence
thesocial behavioral and philosophical perceptions on solid waste
management and practice.

Visible Invisible
Government stability
(Strong government can hold its power and control over the country
with minimal external influence)

Corruption
(Fraudulent conduct for personal benefits, typically related to bribery)

Accountability of leaders
(Responsible and trusted leaders)

Local government plan
(The plan for future development of the local area)

Government priorities
(Focus and attention on specific issues by the government)

Influence of politicians
(Effect of politicians’ behavior and character on specific issues)

Bureaucracy
(Excessively complicated administrative procedure)
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Section 2: Environmental

For question 2.1to 213, please rate how influential are the subfactors related to
environment on the implementation of local SWM system.

Question 2.1

How influential arethe specifications onenvironmental standards inSWM guidelines
withregards tothe waste collection operations?

e dfll e ey —
I I I | . .
influential g 1 2 3 4 influential
Question 2.2

How influential are the SWM guidelines with specifications on environmental
standards inregards to the waste treatment operations?

Nt sl -——-—-] N T Extremely
I | I . .
influential g ) 3 4 influential
Question 2.3

How influential are the SWM guidelines with specifications on environmental
standards in regards to the waste disposal operations?

e fll e ey ——
I I I | . .
influential g 1 2 3 4 influential
Question 2.4

How influential are the specific environmental targets on the sustainable SWM initiatives?

Notatall ___.__] i) Extremely
| | | . .
influential g ) 3 4 influential
Question 2.5

How influential are the awareness on the climate change impact on the sustainable SWM
initiatives?
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Not at all - . , | E— i | Extremely
. 5 1 I | . -
influential g 1 3 4 influential

Question 2.6

How influential are the awareness on the climate change impact on the development of
appropriate SWM infrastructure?

. : 1 I | . .
influential g 1 3 4 influential

Question 2.7

How influential is the geographical landform on the solid waste operational planning?

Not at all ________?__-__ ___ : _, ;S T - ) Ext]'emely
. 5 1 ] | . -
influential g 1 3 4 influential

Question 2.8

How influential is the geographical landform on the solid waste operational costs?

. . 1 ] | . -
influential g 1 3 4 influential
Question 2.9

How influential is the geographical landform on the development of SWM infrastructure and
facilities?

Not at all ________?__-__ - - _, ! B _ N Ex[]'emely
, 5 1 i I | . .
influential g 1 3 4 influential

Question 2.10

How influential is local weather on the solid waste characteristics?

Not at all ________?__-__ - - _, ! E— _ N Ext]'cmely
. : 1 I | . .
influential g 1 3 4 influential
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Question 2.11

How influential is local weather on the solid waste generation rate?

fCTrTe 1 | — .__._.1 N I A i ——— Extremely
influential g 1 2 3 4 influential

Question 2.12

How influential is the local weather on the development of solid waste treatment facilities?

Notatall S — - Extremely
1 I I | . .

influential o ) 3 4 influential

Question 2.13

Not at all " - , i ) Extremely
T I I | . .

influential g 1 2 3 4 influential

e B I ) Extremely
1 I I | . .

influential g ) 3 4 influential

How influential is the environmental awareness on changing public attitudes towards
sustainable waste management practices?

Notatall [ --—-—-] M I i) Extremely
influential g ) 3 4 influential

Question 2.14

For question no 214, please classify the following environment factors as VISIBLE or
INVISIBLE in the context of solid waste management according to the description
given below:

* Visiblefactorsinwaste managementare defined asfactorsthatarc
measurable byspecific indicatorsorscale, quantifiable by measuring
methods, considered indecision makingand implementation processes,
published forawareness and available for relevant access by public.

* Invisible factors are defined as factors that are not considered at
all in any of waste management processes, however, haveinfluence
thesocial behavioral and philosophical perceptions on solid waste
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management and practice.

Visible Invisible

Environmental guidelines
(Local/national guidelines that set specific environmental standards)

Environmental targets
(Specific goals on environmental standards to be achieved within
certain period of time)

Climate change
(Changes in global and regional climate change patterns resulted from
unsustainable human activities)

Geographical landform
(Different features of the part of the earth which makes the terrain)

Local weather
(Specific weather conditions at a particular place and time)

Environmental awareness
(Awareness on the adverse impact onto the environment resulted
from unsustainable human activities)

Section 3: Social

Forquestion 3.1to03.28, please rate how these subfactors related to social does
influence the local solid waste management systems.

Question 3.1

How influential are local seasonal events on the changes, either temporarily or
permanently (or both), in solid waste generation rate?
(Note . Local seasonal events refer to the specific annual celebrations at
particular times of the year to celebrate a change of weather, season,
crop harvesting and also racial, religious or ethnic affiliation which
may or may not officially be recognized by the government )

R ] A ——— —

. . | i I | . g

influential g 1 ) 3 4 influential
Question 3.2

How influential are local seasonal events on the changes, either temporarily or
permanently (or both), in solid wastecharacteristics?
(Note . Local seasonal events refer to the specific annual celebrations at
particular times of the year to celebrate a change of weather, season, crop
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harvesting and also racial, religious or ethnic affiliation which may or may
not officially be recognized by the government)

T r::..__._.__.:__._..__"T____.”. 5 s —— Pitiely

. . | | | . .

influential g 1 ) 3 4 influential
Question 3.3

How influential are local seasonal events on the changes, either temporarily or

permanently (or both), in solid waste operational (collection and transfer) system?
(Note . local seasonal events refer to the specific annual celebrations at
particular times of the year to celebrate a change of weather, season, crop
harvesting and also racial, religious or ethnic affiliation which may or may
not officially be recognized by the government)

Ry d = 5 S —— Ptfeinely

. . ] i I | . -

influential g 1 2 3 4 influential
Question 3.4

How influential are local seasonal events on the changes, either temporarily or
permanently (or both), in solid waste treatment processes?
(Note . local seasonal events refer to the specific annual celebrations at
particular times o[the year to celebrate a change of weather, season,
crop harvesting and also racial, religious or ethnic affiliation which
may or may not officially be recognized by the government)

R g 5 e ————— Piireinely

, 5 ] i I | . -

influential g 1 2 3 4 influential
Question 3.5

How influential are local seasonal events onthe changes, either temporarily or
permanently (or both), in solid waste disposal methods?
(Note . Local seasonal events refer to the specific annual celebrations at
particular times of the year to celebrate a change of weather, season,
crop harvesting and also racial, religious or ethnic affiliation which
may or may not officially be recognized by the government )

e L) Extremely
] I I | . .
1 2 3 4 influential

Notatall
influential g
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Question 3.6

How influential are religions on the SWM practices in the society?

Notatall T | Extremely
. ; 1 I | . .
influential g 1 3 4 influential

Question 3.7

How influential are cultural practices in the society on waste generation?

Notatall N I Extremely
. 5 1 I | . .
influential g 1 3 4 influential

Question 3.8

How influential are cultural practices in the society on waste characteristics?

Not at a]]Ff:g;flf:__l_lf_.f'.'. _ 12_ _I s |J Extremely

influential g 3 4 influential

Question 3.9

How influential are cultural practices in the society on public waste behaviour?

Not at all Fj___”__.___j______'ll_'___._".'. 12 P _I I |J Extremely

influential o 3 4 influential

Question 3.10

How influential are different ethnicity practices in the society on waste generation?

Notatall I A Extremely
. 5 1 I . .
influential g 1 3 4 influential

Question 3.11

How influential are different ethnicity practices in the society on waste characteristics?

Not at all ________?__-__ ___ = _, | E— _ - ) Extremely
. : 1 I . .
influential g 1 3 4 influential
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Question 3.12

How influential are different ethnicity practices in the society on public waste behaviour?

vt Gl — 5 s —— L
. . | . .
influential g ) 3 4 influential

Question 3.13

How influential are the celebrations of local and national events on the changes, either
temporarily or permanently (or both), in solid waste generation rate?
(Note. Local and national events refer to special days of celebration includes
national holidays, commemoration events and also racial or ethnic affiliation
which are officially recognized by the government)

Notatall C ::”_".'_':'_'_"__.___1._'_'...'." _'_] - Extremely
influential g 1

| . )
2 3 4 influential

Question 3.14

How influential are the celebrations of local and national events onthe changes, either
temporarily or permanently (or both), in solid waste characteristics?
(Note . Local and national events refer to special days of celebration includes
national holidays, commemoration events and also racial or ethnic affiliation
which are officially recognized by the government)

Not at all — I . ) Extremely
. : ] I | . .
influential g 1 2 3 4 influential

Question 3.15

How influential are the local and national event on the changes, either temporarily or

permanently (or both), in solid waste operational (collection and transfer) system?
Note . Local and national events refer to special days of celebration includes
national holidays, commemoration events and alsoracial or ethnic affiliation
which are officially recognized by the government)

P r,_:,'f",',,_':,,f,,i i —— Pytiiely
influential g 1 4 influential

N —
w— |
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Question 3.16

How influential are the local and national event on the changes, either temporarily or
permanently (or both), in solid waste treatment processes?
(Note . Local and national events refer to special days of celebration includes
national holidays, commemoration events and also racial or ethnic affiliation
which are officially recognized by the government)

Not at all r__j__-___-_-__- s O . - ) Extrgmely
. . ] I | . ;
influential g 1 2 3 4 influential

Question 3.17

How influential are the local seasonal event on the changes, either temporarily or
permanently (or both), in solid waste disposal methods?
(Note . Local and national events refer to special days of celebration includes
national holidays, commemoration evenlsand alsoracial or ethnic affiliation
which are officially recognized by the government)

iy [+ 1711 — ) Extremely

. 5 T T I | . -
influential g 1 ) 3 4 influential

Question 3.18

How influential are social-economic status on the quality of waste management services
provided?

Notatal (T ) Extremely
. ; ] I I | . .
influential o 1 2 3 4 influential
Question 3.19
How influential is the size of population on waste generation rate?
Al e I Extremely
. s} ] i I | . :
influential g 1 ) 3 4 influential
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Question 3.20

How influential are the number of people living in the same house/premise on waste
generation rate?

NotatallP:-”-_-'-::-_——T'-:----- : ’_..]. e I — |J Extremely
influential g 1 3 4 influential

Question 3.21

How influential is the age factor on waste generation rate?

NotatallF-::-::——W'-'._.----- SO e, I T |J Extremely
influential g 1 3 4 influential

Question 3.22

How influential is education background on waste generation rate?

Notata]]F::':::__T'_'_'...... S ] I ) Extremely
influential g 1 3 4 influential

Question 3.23

How influential are resource consumption patterns on waste generation rate?

Not at all F__:__:?____T e I . - IJ Extremely
influential g 1 3 4 influential

Question 3.24

How influential are shared social norms on public waste behaviour?
(Note . Shared social norms are rules of behaviour that are considered acceptable in
group of society)

influential g 1 3 4 influential

Question 3.25

How influential is daily rural-urban migration (mainly due to economic and tourism factors) on
waste generation rate in the city?
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Notat all © f:_”_".'_':'_'_"__.___].__’..'.f’ 71 N i = I) Extremely
influential g 1 influential

Question 3.26

How influential are the individual views on good waste management practices on their waste

behaviour?
Notatall I Extremely
. . ] i I | . -
influential g 1 ) 3 4 influential

Question 3.27

How influential are the changes inlocal waste management system on public
willingness inimproving their waste behaviour?

Not at all r,_::":,_:',,f,,i e B T i e I] Extremely
influential o 1 4 influential

hN—
w—

Question 3.28

How influential are the changes in waste management change the waste behaviour of the
public?

T e 1 e

. - sy Extremely
. . ] ] I |
influential g 1 2 3

4 influential

Question 3.29

For question no 3.29, please classify the following social factors as VISIBLE or INVISIBLE

in the context of solid waste management according to the description given
below:

* Visiblefactorsinwaste managementare defined asfactorsthatarc

measurable byspecific indicatorsorscale, quantifiable by measuring
methods, considered indecision makingand implementation processes,
published forawareness and available for relevant access by public.
Invisible factors are defined as factors that are not considered at

all in any of waste management processes, however, haveinfluence

thesocial behavioral and philosophical perceptions on solid waste
management and practice.

Visible Invisible
Seasonal events
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(Local seasonal events refer to the specific annual celebrations at
particular times of the year to celebrate a change of weather,
season, crop harvesting and also racial, religious or ethnic
dffiliation which may or may not officially be recognized by the
government)

Religion
(System of faith and worship to personal God)

Cultural
(Social behaviour, belief, traditions of particular group of people)

Ethnicity
(A particular group of people with same races, religion, origin that may
have different culture from other groups of people of a country)

Local/national events

(Local and national events refer to special days of celebration
includes national holidays, commemoration events and also
racial or ethnic affiliation which are officially recognized by

the government)

Discrimination
(Apracticeof unfairtreatment ofagroup of peopletootherpeople, mainly
withregards to the socio-economic status)

Socio-demographic indicators
(Changes in particular demographic components which are
measured periodically)

Resource consumption patterns
(Changes of natural resources use for human activities within
particular period of time)

Shared norms
(Shared social norms are rules of behaviour that are considered acceptable
in group of society)

Rural-urban daily migration
(Movement of people fromruraltourbanareasondaily basis, mainly dueto
the economic and tourism factors)

Philosophical change
(The evolving thoughts and feelings on a particular issues that reflected in
the changing in behaviour)

Attitude-behaviour gap
(Difference of individual values or understanding on particular issues does
not correlate with their actions)

Resistance to change

139



Appendix

(Actions taken by individuals or group of people when they perceive or
interpret change as a threat to them)

Section 4: Technology

Forquestion 4.1to 4.5, pleaseratehowinfluentialare the subfactorsrelatedto
technologyonthe implementation of local SWM system.

Question 4.1

How influential are the skilled workers and experts in waste management on improving the

local SWM
Not at all — ____] - - ] i _I _ i Extremely
influential g 1 ) 3 4 influential
Question 4.2

How influential is the application of suitable technology on the implementation of SWM?

Notatall[ -——-—-] o L ) Extremely
| | | . .
influential g ) 3 4 influential
Question 4.3

How influential are the availability of SWM facilities on the SWM system?

Notatal T ) Extremely
1 I I | . .
influential o ) 3 4 influential
Question 4.4

How influential is the application of the latest technology on the implementation of SWM

system?
Notatan (T ) Extremely
I I I | . .
influential g 1 5 3 4 influential
Question 4.5

How influential are the research and development activities on the implementation of SWM
systems?

140



Appendix

Notatall L - i — Extremelv
. : ] i I | . g
influential g 1 ) 3 4 influential

Question 4.6

For question no 46, please classify the following technology factors as VISIBLE or INVISIBLE in the
context of solid waste management according to the description givenbelow:

* Visiblefactorsinwaste managementare defined asfactorsthatarc
measurable byspecific indicatorsorscale, quantifiable by measuring
methods, considered indecision makingand implementation processes,
published forawareness and available for relevant access by public.

* Invisible factors are defined as factors that are not considered at
all in any of waste management processes, however, haveinfluence
thesocial behavioral and philosophical perceptions on solid waste
management and practice.

Visible Invisible

Skilled workers and experts

(Workers with specific knowledge, skills and ability to perform

best in their work, while experts are someone who widely recognized
asareliable source of technique or skill)

Application of suitable technology
(Application of the appropriate technology that are best
designed for efficient operation)

Facilities availability
(Adequate number of facilities are developed for specific use of the people)

Rate of technology change
(Development of the related technology over certain period of time)

Research and development activities
(New innovative research that change the utilization, performance,
management and practices)

Section 5: Legal
For question 5.1to 5.5, please rate how influential are the subfactors related to

legal on the implementation of local SWM system.
Question 5.1
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How influential are the international SWM directives on the implementation of SWM system?

[ || . -——-—-] o R O A Extremely
| | | . .
influential g ) 3 4 influential
Question 5.2

How influential are the SWM policies on the implementation of SWM system?

Notatall[ -——-—-] o B T . Extremely
| | | . .
influential g ) 3 4 influential
Question 5.3

How influential are the producers responsibility on taking sustainable approach
fortheir products with regards to the implementation of SWM system?

Rora gl -——-—-] e : :-.]. B I e I) Extremely
influential g 2 3 4 influential
Question 5.4

How influential are the consumer awareness on proper management of post-consumer
waste on the implementation of SWM system?

v 1 || —— -——-—-] I I R P ——— Extremely
] | | . .
influential g ) 3 4 influential
Question 5.5

How influential are the SWM law in the implementation of SWM system?

Nt sl -——-—-] I T A e Extremely
I | | . .
influential g ) 3 4 influential
Question 5.6

For question no 56, please classify the following legal factors as VISIBLE or INVISIBLE in
the context of solid waste management according to the description given below:

* Visiblefactorsinwaste managementare defined asfactorsthatarc

measurable byspecific indicatorsorscale, quantifiable by measuring
methods, considered indecision makingand implementation processes,
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published forawareness and available for relevant access by public.

* Invisible factors are defined as factors that are not considered at
all in any of waste management processes, however, haveinfluence
thesocial behavioral and philosophical perceptions on solid waste
management and practice.

Visible Invisible

International directives
(Environmental guidelines and instructions drafted by
international organizations to create uniformity inactions)

Local policy
(Policy that sets guidelines that determine the decision and
actions on relevant matter)

Producersresponsibility
(Approach taken by the producers in managing waste as by products)

Consumer accountability
(Responsibility of consumers in buying, consume and managing the waste
from the products)

Relevant SWM law
(Compliance and enforcement of the law towards environmental
protection and social considerations)

Section 6: Economy

For question 6.1to0 6.7, please rate how influential are the subfactors related to
economy onthe implementation of local SWM system.

Question 6.1

How influential are the awareness of potential income from waste on the public waste

behaviour?
sy B — S N S ——— —
. . ] i I | . i
influential g 1 ) 3 4 influential
Question 6.2

How influential are the trade restriction onselected waste as secondary resources in
regards to the implementation of SWM system?

T r_f:_'_".'_':'.'_"_._.____.1._'_'..'.'ﬁ B Menh—— I._.. I |) S
influential g 1 4 influential

ho—
W
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Question 6.3

How influential are the restrictions applied onto non-registered and informal sector on
the market growth of resource recovery?

Not at all f___”__.___f__'__w'_'_'...f'.'. I | Extremely
. . | . )
influential g 1 3 4 influential

Question 6.4

How influential are the financial assistance on facilities development in regards to the
implementation of SWM system?

Not at all ________?____T . ] L/ B - _I - |J Extremely
influential g 1 2 3 4 influential
Not at all f___"__._'_f'_'__w'_'_'.._"f. _ i..] | I i |J Extremely
influential g 1 ) 3 4 influential

Question 6.5

How influential are the implementation of tax on waste trade on the implementation of SWM

system?
Notatall N I | Extremely
. : 1 i I | . -
influential g 1 2 3 4 influential

Question 6.6

How influential are the changes in economic growth patterns on the waste generation rate?

Not at all f___”__.___f__'__w'_'_'...f'.'. B I _I | Extremely
influential o 1 3 4 influential

Question 6.7

How influential are the suitable incentives offered on waste reduction initiatives in
regards tothe public waste behaviour?

Not at all ____:__?____T : , 1: A i I... - - |J E)(tremely
influential g 1 3 4 influential
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Question 6.8

For question no 68, please classify the following economy factors as VISIBLE or
INVISIBLE inthe context of solid waste management according to the description
given below:

¢ Visiblefactorsinwaste managementare defined asfactorsthatarc
measurable byspecific indicatorsorscale, quantifiable by measuring
methods, considered indecision makingand implementation processes,
published forawareness and available for relevant access by public.

* Invisible factors are defined as factors that are not considered at
all in any of waste management processes, however, haveinfluence
thesocial behavioral and philosophical perceptions on solid waste
management and practice.

Visible Invisible

Potential income from waste
(Monetary benefits gain from waste)

Trade restrictions on waste
(Limitation on trade activities to selected waste)

Third sector restrictions

(Limitation on trade activities to non-formal business organizations)
Availability of funds

(Financial assistance offered on particular projects or initiatives)

Interest and tax
(Application of interest and tax on goods and services)

Economic growth patterns

(Changesintheamount ofgoodsandservices produced perhead ofthe
populationover a period of time)

Incentives

(Rewards offered on appropriate actions)

Section 7: Participant details

Before finishing this survey, please fil1in some information about you. All information
collected will be kept confidential.

Question 7.1

Are you?
Male Female
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Where did your waste management experiences mostly come from?

0

loNelelNeooeoNeooNoloNolNolololNeloNoohoNoNoNoNoNololNolNolNolNolNoNolNolNe)

Afghanistan
Albania

Algeria

Africa Samoa
Andorra

Anguilla

Antartica

Antigua and Barbuda
Argentina

Armenia

Aruba

Australia

Austria

Azerbaijan
Bahamas
BahrainBangladesh
Barbados

Belarus

Belgium

Belize

Benin

Bermuda

Bhutan

Bolivia

Bosnia and Herzegovina
Botswana

Bouvet Island
Brazil

British India Ocean Territory
Brunei

Bulgaria

Burkina Faso
Burundi

Cambodia
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Cameroon

CanadaC

Cape Verde

Cayman Islands

Central African Republic
Chad

Chile

China

Christmas Island

Cocos (Keeling)Islands
Colombia

Comoros

Congo

Cook Islands

Costa Rica

Cote D'lvorie (lvory Coast)
Croatia (Hrvatska)

Cuba

Cyprus

Czech Republic
Democratic Republic of Congo (Zaire)
Denmark

Djibouti

Dominica

Dominican Republic

East Timor

Ecuador

Egypt

El Salvador

Equatorial Guinea
Eritrea

Estonia

Ethiopia

Falkland Islands (Malvinas)
Faroe Islands

Fiji

Finland

147

Appendix



ol elNelNeolNoohNohoNoNoNolNoNololololNeolNoNeoNeohoNeoNoNoNolNolololNolololoNololNolNoNe)

France

France, Metropolitan
French Guinea
French Polynesia
French Southern Territories
Gabon

Gambia

Georgia
Germany

Ghana

Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guinea
Guinea-Bissau
Guyana

Haiti

Heard And McDonald Islands
Honduras

Hong Kong
Hungary

Iceland

India

Indonesia

Iran

Iraq

Ireland

Israel

Italy

Jamaica

Japan

Jordan

Kazakhstan
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Kenya
Kiribati
Kuwait
Kyrgyzstan
Laos

Latvia
Lebanon
Lesotho
Liberia

Libya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali

Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia
Moldova
Monaco
Mongolia
Montserrat
Morocco
Mozambique
Myanmar (Burma)
Namibia

Nauru
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Nepal

Netherlands
Netherlands Antilles
New Caledonia

New Zealand

Nicaragua

Niger

Nigeria

Niue

Norfolk Island

North Korea

Northern Mariana Islands
Norway

Oman

Pakistan

Palau

Panama

Papua New Guinea
Paraguay

Peru

Philippines

Pitcaim

Poland

Portugal

Puerto Rico

Qatar

Reunion

Romania

Russia

Rwanda

Saint Helena

Saint Kitts And Levis
Saint Lucia

Saint Pierre And Miguelon
Saint Vincent And The Grenddines
San Marino

Sao Tome And Principe
Saudi Arabia
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Senegal

Seychelles

Sierra Leone
Singapore

Slovak Republic
Slovenia

Solomon Islands
Somalia

South Africa

South Georgia And South Sandwich Islands
South Korea

Spain

Sri Lanka

Sudan

Suriname

Svalbard And Jan Mayen
Swaziland

Sweden

Switzerland

Syria

Taiwan

Tajikistan

Tanzania

Thailand

Togo

Tokelau

Tonga

Trinidad And Tobago
Tunisia

Turkey

Turkmenistan

Turks and Caicos Islands
Tuvalu

Uganda

Ukraine

United Arab Emirates
United Kingdom
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United States
UnitedStatesMinorOutlyinglslands
Uruguay

Uzbekistan

Vatican City (Holy See)
Venezuela

Vietnam

Virgin Islands (British)
Virgin Islands (US)

Wallis And Futuna Islands
Western Sahara

Western Samoa

Yemen

Yugoslavia

Zambia

OO0 0000000000000 O0

Zimbabwe

Question 7.3

How long you have been working in your experts areas? You can answer more than one of the
options given.

5 § £ 8 % 2
: 0§ 0F 2 % o
=2 -+ ©
s 3 3 S5 g§ ¢
o [ wn P = o
I & 8 & 8B 3

Experts field 2 < e £ 3

S 5 8 3
7] Y] a v
w

Private consultant 0 0 0 0] 0 0

Private SWM companies 0 0 0 0 0 0

Regulatory 0 0 0 0 0] 0]

Local authorities 0 o) 0 0 0 0]

National government 0 0 0] 0] 0] 0]

Academics 0 o) 0 0 0 0]

Third sector 0 0 0 0 0] 0]

Politics 9] 0 0] 0] 0] 0]
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Charity and community 0 o) 0] 0 0 0]

Question 7.4

What isyourage group?

O Below 18 yearsold
O Between 25to44yearsold
O Between 45to64yearsold
O Above 65 yearsold

Question 7.5

As a follow up to this survey, would you be willing to participate in the second round of
this survey?
Yes No

0]0)

Thank you for taking time to participate in this survey.

END OF SURVEY
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Appendix B: Statistical analysis for Chapter 4

Appendix B1: Chi-Square results for association of political factors

Factor Developed Developing countries Chi square P value
countries
Visible Invisible Visible Invisible

Government stability 17 35 11 7 4.500 0.03
20.8 31.2 7.2 10.8

Corruption 14 38 5 13 0.005 0.94
14.1 379 4.9 13.1

Accountability of 17 35 6 12 0.002 0.96

leaders 17.1 34.9 5.9 12.1

Local government plan 51 1* 18 0.3* n/a 1.00
51.3 0.7 17.7 0

Government priorities 47 5 16 2 n/a 1.00
46.8 5.2 16.2 1.8

Influence of politicians 10 42 5 13 0.580 0.45
11.1 40.9 3.9 14.1

Bureaucracy 20 32 11 7 2.780 0.09
23.0 29.0 8.0 10.0

Appendix B2: Chi-Square results for association of environmental factors

Factor Developed Developing countries Chi square P value
countries
Visible Invisible Visible Invisible

Environmental guidelines 48 4* 18 0* n/a 0.57
49.0 3.0 17.0 1.0

Environmental targets 48 4% 16 2% n/a 0.64
47.5 4.5 16.5 1.5

Climate change 24 28 6 12 0.897 0.34
22.3 29.7 7.7 10.3

Geographical landform 27 10 25 8 0.071 0.79
27.5 9.5 24.5 8.5

Local weather 22 11 30 7 4.421 0.04
24.5 8.5 27.5 9.5

Environmental 27 25 12 6 1.178 0.28

awareness 29.0 23.0 10.0 8.0
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Appendix B3: Chi-Square results for association of social factor

Factor Developed Developing countries Chi square P value
countries
Visible Invisible Visible Invisible

Seasonal variations 35 17 10 8 0.804 0.37
33.4 18.6 11.6 6.4

Religion 6 46 2% 16 n/a 1.00
5.9 46.1 2.1 15.9

Cultural 10 42 8 10 4.450 0.04
13.4 38.6 4.6 13.4

Ethnicity 13 39 3 15 0.527 0.46
11.9 40.1 4.1 13.9

Local/national events 35 17 13 5 0.150 0.70
35.7 16.3 12.3 5.7

Discrimination 5 47 1* 17 n/a 1.00
4.5 47.5 1.5 16.6

Socio-economic 41 11 12 6 1.079 0.29

indicators 394 12.6 13.6 4.4

Resource consumption 31 21 14 4* n/a 0.25

patterns 334 18.6 11.6 6.4

Shared norms 19 33 6 12 0.06 0.80
18.6 334 6.4 11.6

Rural-urban daily 27 25 10 8 0.07 0.79

migration 27.5 24.5 9.5 8.5

Philosophical change 8 44 3* 15 n/a 1.00
8.2 43.8 2.8 15.2

Attitude-behaviour 10 42 8 10 4.450 0.03

change 13.4 38.6 4.6 13.4

Resistance to change 12 7 40 11 1.691 0.19
14.1 4.9 37.9 13.1

Appendix B4: Chi-Square results for association of technological factors

Factor Developed Developing countries Chi square P value
countries
Visible Invisible Visible Invisible
Skilled workers and 32 20 14 4> n/a 0.26
experts 34.2 17.8 11.8 6.2
Application of suitable 44 8 14 4* n/a 0.49
technology 43.1 8.9 14.9 3.1
Facilities availability 50 2* 16 2% n/a 0.49
49.0 3.0 17.0 1.0
Rate of technology 27 25 8 10 0.299 0.58
change 26.0 26.0 9.0 9.0
R&D Activities 31 21 11 7 4.421 0.03
31.2 20.8 10.8 7.2
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Appendix B5: Chi-Square results for association of legal factors

Factor Developed Developing countries Chi square P value
countries
Visible Invisible Visible Invisible

International directives 44 8 11 7 4.387 0.03
40.9 11.1 14.1 3.9

Local policy 50 2% 17 1* n/a 1.00
49.8 2.2 17.2 0.8

Producers 31 21 12 6 0.281 0.59

responsibi“ty 31.9 20.1 111 6.9

Consumer 12 40 9 9 4.615 0.03

accountability 15.6 36.4 5.4 12.6

Relevant SWM law 51 1* 17 1* n/a 0.45
50.5 1.5 17.5 0.5

Appendix B6: Chi-Square results for association of economic factors

Factor Developed Developing countries Chi square P value
countries
Visible Invisible Visible Invisible

Potential income from 40 12 12 6 0.736 0.39

waste 38.6 13.4 13.4 4.6

Trade restrictions on 36 16 8 10 4.519 0.03

waste 32.7 19.3 11.3 6.7

Third sector 18 34 7 11 0.106 0.74

restrictions 18.6 33.4 6.4 11

Availability of funds 43 9 16 2 0.388 0.53
43.8 8.2 15.2 2.8

Interest and tax 44 8 13 5 1.358 0.24
42.3 9.7 14.7 3.3

Economic growth 31 21 12 6 0.281 0.59

patterns 31.9 20.1 111 6.9

Incentives 42 10 15 3 0.058 0.809
42.3 9.7 14.7 3.3
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Appendix C : Statistical analysis for Chapter 5

Appendix C1. T-test results for association of political factors

t-test for Equality of Means
t df Sig. (2- Mean Std. Error 95% Confidence
tailed) Difference | Difference Interval of the
Difference
Lower Upper
Equal variances .646 68 .520 .25214 .39031 -.52672 1.03100
Corruption assumed -
Equal variances .647 | 29.716 .523 .25214 .38963 -.54390 1.04818
not assumed
Equal variances 1.717 68 .090 .53419 .31105 -.08649 1.15487
Accountability | assumed
of leaders Equal variances 1.710| 29.402 .098 .53419 .31237 -.10430 1.17267
not assumed
Local Equal variances -1.301 68 .018 -.28846 .22166 -.73077 .15385
government assumed_
plan Equal variances -1.443 | 36.350 .018 -.28846 .19993 -.69380 .11688
not assumed
Equal variances .227 68 .821 .04701 .20668 -.36542 45944
Government | assumed
priority Equal variances .214 | 26.791 .832 .04701 21957 -.40368 49770
not assumed
Equal variances 1.503 68 137 .59615 .39660 -.19525 1.38756
Influence of assumed
politician Equal variances 1.550| 31.349 131 .59615 .38456 -.18780 1.38011
not assumed
Equal variances -.658 68 512 -.30769 46733 | -1.24023 .62484
Bureaucracy assumed_
Equal variances -.736 | 37.057 .466 -.30769 41787 | -1.15433 .53895
not assumed
Equal variances 1.078 68 .025 .43590 40444 -.37116 1.24295
Government | assumed
stability Equal variances 1.084 | 29.946 .027 .43590 .40200 -.38515 1.25694
not assumed
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Appendix C2. T-test results for association of environmental factors

Appendix

t-test for Equality of Means

t df Sig. (2- Mean Std. Error 95% Confidence
tailed) Difference | Differenc Interval of the
e Difference
Lower Upper

Equal variances -.799 68 427 -.40812 51082 | -1.42744 61121
Envi | ouid assumed

nvironmentalguide o lvariances not | -.853|  33.544 400 _40812| 47857 -1.38118 56494
assumed

Equal variances 1.896 68 .062 .92949 49023 -.04876 1.90773
Cli h assumed

Imate change Equal variances not | 1.724|  25.453 097 92949| 53902| -17964|  2.03862
assumed

Equal variances -1.017 68 .313 -.22650 .22268 -.67084 21785
Envi | assumed

nvironmentaltarget I o lvariances not | -.950|  26.476 351 -22650| 23839 -.71609 26310
assumed

Equal variances .334 68 .740 .22436 .67259 | -1.11777 1.56649
Geeographical assumed

landforms Equal variances not .345 31.548 732 22436 .65001 | -1.10041 1.54912
assumed

Equal variances 3.790 68 .000 2.33761 .61680 | 1.10680 3.56841
Local h assumed

ocal weather Equal variances not | 3.614| 27.342 001 233761| .64684| 1.01118| 3.66404
assumed

Equal variances .197 68 .844 .04915 .24939 -.44851 .54680
Environmental assumed

awareness Equal variances not 171 23.925 .865 .04915 .28698 -.54324 .64153
assumed
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Appendix C3. T-test results for association of social factors

Appendix

t-test for Equality of Means

t df Sig. (2- Mean Std. Error 95% Confidence
tailed) Difference Difference Interval of the
Difference
Lower Upper
Equal variances .834 68 .407 .90812 1.08923 | -1.26540| 3.08164
Seasonal assumed
variations Equal variances not .758 25.441 .455 .90812 1.19804 | -1.55712| 3.37336
assumed
Equal variances -.448 68 .656 -.13889 31026 | -.75801 .48023
. assumed
Religion -
Equal variances not -.448 29.706 .657 -.13889 .30978 -.77180 49402
assumed
Equal variances .103 68 .018 .07051 .68329 | -1.29297| 1.43400
assumed
Cultural -
Equal variances not .106 31.054 .016 .07051 .66587 | -1.28744 | 1.42847
assumed
Equal variances -.977 68 .332 -.70513 72196 | -2.14577 .73551
. assumed
Ethnicity -
Equal variances not -.928 27.176 .362 -.70513 .76003 | -2.26411 .85386
assumed
Equal variances 1.197 68 .235 1.34188 1.12095 -.89494 | 3.57870
Local national | assumed
event Equal variances not 1.262 32.698 .216 1.34188 1.06358 -.82276| 3.50652
assumed
Equal variances 797 68 .428 .23932 .30037 | -.36006 .83869
Discriminati assumed
Iscrimination e - al variances not 815| 30.884 421 23932 29357| -35951| 83814
assumed
Socio Equal variances -.845 68 .401 -.76709 90768 | -2.57834 | 1.04415
demographic assumed
S grap Equal variances not -.898 33.272 .375 -.76709 .85379 | -2.50360 .96941
indicator
assumed
Equal variances -.149 68 .882 -.03205 .21507 -.46122 39711
Resource assumed
consumption Equal variances not -.162 34.989 .872 -.03205 19745 | -.43290 .36880
assumed
Equal variances -1.479 68 .144 -.37393 .25285 -.87848 .13062
Shared assumed
arednorms e . ual variances not 1.287| 23.972 210 -37393 29051| -97355| .22568
assumed
Equal variances .854 68 .396 23291 27270 -.31126 77707
Rural urban assumed
migration Equal variances not 794 26.287 .434 23291 .29333 -.36973 .83554
assumed
Equal variances -.206 68 .838 -.04060 .19749 -.43469 .35349
Philosophical assumed
change Equal variances not -.205 29.471 .839 -.04060 .19807 | -.44541 .36421
assumed
Equal variances 161 68 .873 .03846 .23897 -.43839 51531
Attitude assumed
behavior gap Equal variances not .165 31.033 .870 .03846 23296 | -.43664 .51356
assumed
Equal variances -.118 68 .906 -.02350 .19852 | -.41965 .37264
Resistance to assumed
change Equal variances not -.124 32.236 .902 -.02350 .18973 -.40986 .36285
assumed
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Appendix C4. T-test results for association of technological factors

Appendix

t-test for Equality of Means

t df Sig. (2- Mean Std. Error | 95% Confidence Interval
tailed) | Difference | Difference of the Difference
Lower Upper
Equal variances -.728 68 .469 -.14316 .19667 -.53561 .24928
Skilled workers | assumed
and experts Equal variances -.633| 23.940 .533 -.14316 .22619 -.61007 .32374
not assumed
. Equal variances -.542 68 .590 -.12821 .23665 -.60044 .34403
Application of
suitable assumed
Equal variances -.462 | 23.359 .648 -.12821 .27752 -.70182 44541
technology
not assumed
Equal variances | -2.865 68 .006 -.52778 .18423 -.89540 -.16015
Facilities assumed
availability Equal variances | -2.041| 19.465 .055 -.52778 .25862 | -1.06821 .01265
not assumed
Equal variances -.081 68 .936 -.02137 .26351 -.54719 .50446
Rate of
technology assumed
Equal variances -.074| 25.682 .941 -.02137 .28794 -.61360 .57086
change
not assumed
Equal variances .624 68 .045 .17094 .27398 -.37577 .71765
Research and assumed
development Equal variances .651| 32.063 .040 .17094 .26256 -.36384 .70572
not assumed
Appendix C5.T-test results for association of legal factors
t-test for Equality of Means
t df Sig. (2- Mean Std. Error | 95% Confidence
tailed) | Difference | Difference Interval of the
Difference
Lower | Upper
Equal variances -1.300 68 .198 -.41880 .32214 | -1.06161 | .22401
International assumed
directives Equal variances -1.194 | 25.803 .243 -.41880 .35087 | -1.14029 | .30268
not assumed
Equal variances .066 68 .947 .01496 .22565 | -.43532| .46523
Local polic assumed
policy Equal variances 1066 | 29.324 948| 01496 22695 | -.44898 | 47890
not assumed
Equal variances .830 68 410 23291 .28065 | -.32712| .79294
Producer assumed
responsibility Equal variances .814 | 28.674 422 23291 .28596 | -.35223| .81804
not assumed
Equal variances -.041 68 .967 -.01068 .26067 | -.53085| .50948
Consumer assumed
accountability Equal variances -.040| 27.940 .969 -.01068 .26975| -.56329| .54192
not assumed
Equal variances -1.117 68 .028 -.23718 21240 | -.66101| .18665
assumed
Relevant SWMlaw e o Variances | -1.044 | 26.516 020 -.23718 22716 -.70368] .22932
not assumed
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Appendix C6. T-test results for association of economic factors

Appendix

t-test for Equality of Means

t df Sig. (2- Mean Std. Error 95% Confidence
tailed) Difference | Difference Interval of the
Difference
Lower Upper
Potential Equal variances .864 68 391 .23718 27451 -.31060 .78496
income from assumed.
waste Equal variances .850| 28.787 402 .23718 .27906 -.33374 .80810
not assumed
Equal variances -.129 68 .898 -.03205 .24830 -.52752 46342
Trade
restrictions on assumed -
waste Equal variances -.152| 42.007 .880 -.03205 .21039 -.45664 .39254
not assumed
Equal variances 1.627 68 .108 .39744 24422 -.08990 .88477
Third sector assumed
restrictions Equal variances 1.610| 29.077 .118 .39744 .24682 -.10732 .90219
not assumed
Equal variances .236 68 .014 .05342 .22640 -.39835 .50519
Availability of | assumed
funds Equal variances .223| 26.953 .025 .05342 .23959 -.43822 .54506
not assumed
Equal variances -1.675 68 .099 -.43162 .25769 -.94584 .08260
Interest and assumed
tax Equal variances -1.478 | 24.417 152 -.43162 .29196| -1.03366 .17042
not assumed
. Equal variances -.283 68 778 -.06624 .23399 -.53316 .40069
Economic
growth assumed.
Equal variances -.278| 28.746 .783 -.06624 .23807 -.55333 .42085
patterns
not assumed
Equal variances 1.052 68 .296 .29487 .28027 -.26440 .85414
Incentives assumed -
Equal variances 1.040| 29.021 .307 .29487 .28357 -.28508 .87482
not assumed
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A Tale of Two Cities: The Emergence of Urban Waste
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Abstract Developing cities have historically looked to developed cities as exemplary models for
waste management systems and practices without considering the consequent resource requirements
or the key characteristics of the local setting. However, direct adoption of developed cities” approaches
without proper consideration of the local circumstances may kead to unsustainable futume waste
management in developing cities. This study evaluates waste management in London and Kuala
Lumpur, representing developed and developing cities, focusing on the integration of policy changes,
socio-economic background and waste data trends on a multi-decadal scale. This analysis reveals
the gradual implementation of initiatives, the challenges faced and the attempted solutions that
were applied differently in both cities. Conceptual models of waste management status in different
scenarios for both cities were developed. These models highlight that societal behaviour shifts
from minimal waste generation (wasteless) to throw-away society (wasteful) and a drive to achieve
sustainable waste behaviour with integration of resource recowery and waste minimization (wasting
less). A detailed understanding of the evolution of waste management sy stems towards fulfilling
public needs alongside rapid urbanization can provide new perspectives on fulure waste scenarios,
especially in developing cities. Ultimately, reliable and accurate data are crucial to avoid inaccuracies
in planning for future waste managenent

Keywords: wurbanization; urban waste management; waste management evolution; policy:
sustainability; developing cities; developed cities

1. Imtroduction

LUrbanization, rapid economic growth and increasing urban populations have resulted in a marked
escalation in quantities of waste generated, heterogeneity and complexity [1,2]. Inadequate waste
management has impacted adversely on public health [3] and has caused erwironmental degradation
and resource depletion [4). The challenge of designing localised waste management strategies that
are economically viable, environmentally effective and socially acceptable continues to be of major
concern to municipal authorities [5,6].

Them are clear differences in waste management systems between developed and developing
cities. For instance, waste management practices in developed cities curmently focus on optimization
strategies for msource conservation [7,8] whilst approaches to waste management in developing
cities are often underdeveloped [9], operationally inefficient, and inadequately managed, with limited
know ledge and expertise to hand [1,10]. These distinet shortcomings have led to an urgent need for
developing cities to seek advice tow ards shaping waste management systems that are workable and
acceptable in local settings.
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Integrated waste management can be applied in both developed and developing cities depending
on local cincumstances and factors that have influenced preceding initiatives [11]. Developing cities
have historically looked to developed cities as exemplary models for waste management systems and
techniques. However, when trying to select a suitable, durable and sustainable approach to waste
management, it is important for decision-makers to (i) understand the local seenario; (i) evaluate
the adaptability of management systems and practices from developed cities; and (iii) consider the
consequent resource and logistical requirements, including human and technical resources. Previous
studies have addmessed the evolution of waste management systems from the view points of societal
background [12], policy design [13], echnological development and system inmovations [14] and the
experiences of a single country or city [6,15-19]. To facilitate the improvement of future systems,
there is a meed to compare the evolution of waste management systemns between developed and
developing cities in a comprehensive manner, particularly relationships between socio-economic
developments, strategy, policy changes and waste arisings.

This study reviews the history of urban waste management in developed and developing cities,
focusing on the integration of policy changes, socioeconomic background and waste data trends.
Im this comtext, we specifically appraise historical evidence over a 44-year period (1970-2014) for
London and Kuala Lumpur, representing developed and developing cities, respectively These cities
wemn selected because

#  After more tham 300 years of British colonial rule, theme has been a strong British influence on
administrative systerns in Malaysia

#  Malaysia has been a member of the Commonwealth since 1957, status which has facilitated the
maintenance of a British-modelled government administration.

#  Development in Kuala Lumpur has followed, with a substantial time-lag, a similar trajectory to
London in terms of its population and development.

Through long-term historical comparison, the development of waste management systems may
be evaluated as a means to question whether developed cities can influence positively the adoption of
waste management systems in developing cities. Evolution of their waste management systems is thus
examnined in terms of waste generation, composition, collection systems, disposal methods, reoycling
and the overarching waste strategies implemented. We consider how changes in societal circumstances
and behaviour are associated with indicators of waste management systems over time and provide
insights into how future waste management systems may evobve, especially in developing cities,

2. Materials and Methods

Whilst there are various definitions of urban waste, the simplest version makes reference to
non-liquid waste materials that have been discarded or are unwanted and need to be disposed from
domestic, trade, commercial, industrial, agriculiume as well as public services [20-22].

In the UK, waste is defined in the Environmental Protection Regulations (1991) according to the
European Union {(EU) Directive 91 /156/ EEC as "any substance or object in the categories set out in
Anmex [ which the holder discards or intends or is required to discand” [23]. Annex 1 in Directive
%1 /156y EEC contains a list of 16 different categories of waste, mainly used to determine whether or
not a substance or object has been discarded. In Malaysia, the general terms of waste are defined in the
Solid Waste Management and Public Cleansing Act (2007) as:

(a) any scrap material or other unwanted surplus substance or rejeced products arisings. from the
application of any process;

(b) any substance required to be disposed of as being broken, worm out, contaminated or otherw ise
spoiled; or

(€} any other material that according to this Act or any other written law is required by the authority
to be disposed of, but does not include scheduled wass as prescribed under the Environmental
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Caality Act 1974 (Act 127), sewage as defined in the Water Services Industry Act 2006 (Act 655)
or radioactive waste as defined in the Atomic Energy Licensing Act 1984 (Act 304)7 [24].

In this study; three key indicators have been selected to illustrate pertinent changes and trends;
population grow th, economic growth and waste arisings. The study focuses on the period 1970-2014
Population growth rate is the increase in a country’s population during a period of time, and includes
the number of births and deaths and the number of people migrating to and from a country [25]).
Economic growth is evaluated by annual Gross Domestic Product (GIF), Le, market value of products
and services in a coumtry. Data on population grow th and GDP for both cities wene mainly gathered
from the World Bank's global development indicators [26]. Table 1 show s the sources of data used in
this study.

Table 1. Scurces of data wsed as basis for waste argings, trends and composition chamges in Malaysia
and the Unibed Kingdem from 1970 to 2004,

Country/City Data Characte ristics e ars Reference

147014980 [27]
. - . 150 [24]
Malaysia Waste arsings w110 [29]
A4 [24]
Wasbe arisings 192014 [24]
Fuala Laapur 14702000 [27]
Waste composition put [} [
A4 [2H]
197 [31]
Lt [32]
. , . . jLLti] [33]
United Eingdom Waste arisings : [34]
i ] [35]
i) I | [34]

L Estimabed valwe *

1980 Estimated value =
. . 15 [37]
Waste ansings : [34]
M [39]
A4 iy
Lomdon 401
197 [31]
L] [x2]
. . Lo [14]
Waste composition : [41]
i ] [34]
i) I | [42]

* Estimation is based on 1990-2010 teend where London’s waste confributed approcimately 137% of total

UK waste.

Standardization of the data is impractical; some mequired data were unavailable, some have
questionable accuracy, and there have been changes in the type of waste included in or defined as solid
waste over timwe. For instance, the definition and classification of solid waste changed ower the period
depending on its necessity in the local waste scenario. In order to provide better comparisons, data for
waste generation used in this study wemne grouped into the same timeline. The number of accessible
historical databases on waste management in Malaysia is limited and there is a lack of organised
documentation to record such data, often resulting in outdated and possibly inaccurate databases [43).
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3. Resulis

31, Owerview of Historical Waste Maagement

Waste generation trends and composition can provide information required for future
planning [44]. Historians consider that environmental knowledge and developed strategies about
earlier civilisations can be gained by examining waste profiles and trends over time [16,45]. As cities
became modemnized, higher amounts of waste of increasingly complex composition were produced
from diverse sources. As national GDP increases, per capita waste generation also increases, suggesting
higher waste generation in the futume [46]. Table 2 summarizes the population growth and waste
arisings for London and Kuala Lumpur over 44 years. After independence in 1957, Kuala Lumpur
benefited from economic prosperity that significantly inproved standards of living. The expansion of
the manufacturing sector stimulated Malaysia's economic growth, but the consequences of economic
activities on the environrment triggered public arcciety about waste arisings and their means of disposal
throughout the 1980s.

Table 2 Population tends and waste arsings for Kuala Lumpur and Losdon {1970 2004).
(Data soures shown in Table 1)

Years

1970 19808 1990 2000s 20108 2014
MALAYSIA

Population (10F) 1091 13.63 1521 42 26.28 36D

GDP (billion LISDH 428 M 4402 w37y 7.5 3310

Anrual waste generation (10F bonnes) o011 32 557 560 10.24 1143
National recy cling rase (%) NA NA NA 3.00 500 500

Per capita waste (kg /capita/ day) .03 (.06 .64 067 099 Lz

KUALA LUMPUR
Population (10F) (LB Q92 Liz 131 Léz 173
Aminual waste generation (10°F tonnes) 004 11 (13 100 Lz 152
Per capita waste (kg/capita/ day) 011 .34 052 Loz z3d zdl
Daily generation (bonmnes/ day ) B G 35 S86.8 gt | 380 4164
UNITED KINCGDOM

Populagion (10F) 55918 SR3S2 TR 998 6LTTI ALSED
GDP (billion LISIH 1306 5671 1067 1544 2408 et
Amnual waste generation (10F tonnes) 1800 250 @I 3410 3200 268
National recy cling rase (%) .00 600 B0 78 B2 MW
Per capita waste (kg/capita) day) 0.58 110 134 156 139 139

LOMNDON

Population (10F) 7529 6,506 BA 7215 7ATO BS540
Anrual waste generation (10F tonnes) 247 108+ 182 4.40 490 363
Per capita waste (kg/capita) day) 0.0 124 152 Lé7 La0 11&
Daily generation (bonnes/ day) ETET Adas 0466 12055 13425 Gads

* Diata estimated on 137% of total UK waste.

London was the first city to establish formal door-to-door waste collections by 1900; a similar
system exists today. With more complex challenges to manage waste in London, the inherited systems
hawve failed to meet the consequences of economic growth and population expansion [47]. The overall
systemn evolved initially in response to the high fraction of coal ash in municipal waste that had
potential market value [43]. The dust-yard operations reached their peak by the mid-19th century
when coal ash prices dropped gradually and changed the waste characterization and composition [45].
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3.2 Trends in Waste Generafion, Population and Econornic Gromth

Cenerally, waste generation and its management have a direct association with socio-economic
development and human health [12,49], degree of urbanization, standard of living, and a nation’s
prosperity [50,51]. The Malaysian economy has undergone a transformation over the last four decades,
driven by the increased trade, higher domestic demand and financial integration. The economic
activities during the 19708, under the Mew Economic Policy (NEP), led to a continued increase in waste
generation through the 1980s. Hence, it is conceivable that much of the growth in waste arisings can be
attributed to GDP growth and population concentration in urban areas. Kuala Lumpur’s population
has doubled from 1970 to 2014 There is an indicative increase of 24% in population growth from
2000 to 2010s alongside high economic grow th with a 163% increase in GDP within the same period.
How ever, waste generation increased fasier than population growth in the city, with a notable increase
in the 1990520005, which marked a period when extensive data collection on waste was propetly
mecorded by the government The increase in waste generation as recorded from the 1990s to 20005 was
mainly due to the initiatives taken by the Ministry of Local Government, the authority responsible for
establishing a reliable waste database at the national bevel; this period also saw the implementation of
interim contracts for solid waste management that weme initially awarded to private companies in 1998,
With the implementation of the interim contract, data collection was mome systematic and centralized,
mome accurately reflecting curment waste generation, specifically for Knala Lumpur. Under these
circumstances, the earliest regulations imposed incduded the Street Drainage and Building Act 1974,
Town and Country Planning Act 1976 and Enwvironmental Chuality Act 1974, with specific clauses
on waste management within the acts [52]. Per capita waste generation in Kuala Lumpur increased
from (.11 kg in 1970 to 241 kg in 2014, a 20-fold increase in 44 years. The average household size in
urbamn areas decreased over the study period with 6.1 persons in 1970 and 4.3 persons in 2010 [53].
Alongside the household size decrease, per capita waste generation tended to increase, mainly driven
by house hold-level waste such as mail and newspapers, which are not affected by a reduction in the
size of the household [534]. Organic matter contributed the highest percentage of material in household
waste composition [55). Kuala Lumnpur’s population is expected to reach 4.2 million with average
daily waste generation of 9207 tonnes in 2023 [27,55]. The trends of population growth and waste
generation for Kuala Lumpur and London are as shown in Figures 1 and 2.
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Figure 1. Trends in population, wasée generation and per capita waste in Koala Lumpur. {Data sounes
showen in Table 1)1

169



Appendix
Recycling B4, 1, 254270 259

SO0 D00 200

8,000,000 1.80

/,,-/-{-\I\.
7,000,000 kY 1.60
)

140
b, 000, 000

120
3,000 00a

(]
40040, 000

A0
3,000,000 )

060
2,000,000 .40
1000000 0n.an

- 000

1970 1980s 19%0c 2000s 2010 2014

Mdai bt of s TG E s
'-\.I|I'|'

kg lcapita

m]’cpuhﬁcln
I Andal wWaske grerer ation {honres)

Waste per capita (kg/capita/day])

Figure 2. Trends in population, waste pereration and per capita waste in London. {Data sounces shown
in Table 1).

Towards the new millennium, UK waste management was mainly influenced by the EU Landfill
Dine ctive of 1999 which aimed to mitigate impacts on human health and the environment caused by
landfilling of waste [34]. This resulted in a significant increase (133%) in landfill tax, from £24 per tonne
in 2007 to £56 per tonne in 2011 [56]. Efforts in waste minimization and reduction are reflected in the
reduction of waste genetated and an increase in the recy ding rate from 6% to 45% from the 1970s to 2014
Alongside the 25% reduction in waste generation from 2010 to 2014, the UK's recycling rate increased
steadily from 17.8% in the early 20005 to 449% in 2014 However, the ieduction in waste arisings was
also partially caused by the economic crisis and downturm around late 2007-2012 [57] which saw a fall
in consumer spending and a decline in production of consumer goods [56]. In London, population
decline was reported in the 1970s—1980s as a result of the city's redevelopment in which housing estates
wene rebuilt as commercial centres, thus forcing city entre residents to move outwards [58]. London's
decline in population reversed slowly in early 2000. However, as residential numbers in outer London
increased, more daily commuters travelled to the city centre for business and work. The increase in
the number of daily commuters in addition to tourists has no doubt contributed to increased waste
generation within central areas of the city

3.3 Wste Collection, Treatment and Disposal M hods

Since them is no eported evidence of a formal waste management system before independence
from the UK in 1957, waste disposal methods in Malaysia were probably by burning, burying or
disposal into water bodies. Mot until the late 1970s was collection, treatment and disposal of waste in
Kuala Lummpur under the authority of the Knala Lumpur City Hall (KLCH). Gradually, the upgrading
of facilities for waste treatment and disposal in Knala Lumpur city was completed in line with
the increase in waste generation and concern for the adverse environmental impacts of PoOT Waste
managemnent on public kealth [2]. With the mixture of dwelling types, waste collection was aligned
to suit disposal behaviour in terms of the type of container used and the source of waste gererated.
Dpemriclm] costs for waste management subsequently incmeased and became the most challenging
issue for the authority. Although there were no direct payments collected from households for waste
collection and disposal, the cost has been included in the local tax contribution. KLCH allocated 66% of
the council tax revenue for waste management servioes paid to the interim contractors and for tipping
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fees, which was mot sufficient for imrestment in high technology facilities. Taman Beringin Landfill,
which commenced operation in 1991, was the only waste disposal site for domestic and commercial
waste located within the city. Dhee to the quantities of waste generated as the city grew rapidly in the
late 1990s, the expected lifespan of the landfill was reduced and it was closed in 2005, Taman Beringin
Transfer Station was developed in 2002 as an integrated solution for waste disposal and land scarcity
in Kuala Lumpur.

Incineration is the preferred disposal method for Malaysia but the high capital investment costs
are not affordable for most Malaysian cities. A few small-scale incinerators wene built on a trial basis,
maosthy adopting technology from Europe with customised design to suit local waste characteristics,
especially for high moisture content waste. All reportedly failed, mainly due to flawed design or
inadequate capacity that caused high operation and maintenance costs [59,60]. The government has
proposed a large-scale incineration plant in Koala Lumpur to reduce dependency on landfill, however,
the plan was strongly rejected by the public in view of the potential harm to the environment and
human kealth [59]. The government's intention to build an incinerator arguably provides an indication
of the unsuceessful implementation of previous waste minimisation and recycling efforts.

In Londom, early garbage remowal trucks were simply open-bodied dump trucks pulled by a
tearn of horses. They became motorized in the earhy part of the 20th century and the first closed-body
trucks (to eliminate odours) with a dumping lever mechanism were introduced in the 1920s in Britain
Tramsport and collection costs ane the most significant elements to be considered in the financial matters
of waste managenent. Waste treatment facilities were first operated in London in 1874 with nowel
“waste destructors” in which waste was burned. Almost a hundred years later, in 1971, the London
Ecopark incimerator was launched to handle mome than a quarter of London’s waste while generating
electricity. Homwewver, waste problems in the city continue to escalate, and new inmowvations initiated
such as the vacuum systemn using underground pipes that became operational in Wembley City in
December 2008. In this system, sorted recyclables and waste were automatically transported through
enclosed vacuum pipes to central collection points and stored for collection [61]. The breakthrough of
inmowative systerns may lead to improvement of comventional w aste collection system tow ards mone
sustainable waste management system in megacities like Londomn.

34, Waste Composition

In Kuala Lumpur, waste composition has changed little over the studied period. Like some other
dewveloping countries, organic waste is the major component (45%—60%) of the total waste generated
{see Table 3). Paper, plastic, metal and glass are the commion recyclables found in the waste stream.
Early waste management in Malaysia generally involved dealing with relatively homogenous organic
waste and major components of recyclable items [29]. The change in the composition indicates the
change of lifestyle and consumer patterns during the period. The changes also were also contributed
to by the enforcement of the Solid Waste Management Act (200F) whemeby initiatives towards
improving waste management systems and practices wene implemented that reflected an increase in
the recycling rate.

Realizing the potential to generate erergy from organic waste, the Malaysian Government
introduced organic waste separation at source in 2005 with the intention to develop high technology
facilities in the future, including thermal treatment and anaetobic digestion. Fesidents” actions were
not, howewver, aligned with the Government's initiatives, as the facilities deve loped did not complenent
the awamneness campaign, thus leading to a continued increase in onganic matber in the waste stream.
Limited knowledge of plastic ecycing and a lack of suitable recycling facilities for plasties resulted in
a significant increase in the nom-recovered plastic fraction in the waste steam. In addition, due to its
durability, cheapness and convenience, plastics ane primary materials for packaging that amre easily

e of the local activities that contribute to the high volume of single use plastic is the presence
of night markets. In Kuala Lumpur, night markets are popular due to the variety of stalls and
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abundance of daily essentials for sale. They consist of stalls selling a range of goods and foods that ane
"ready-to-eat” or prepared-on-demand food, which is to be eaten on-site, or takeaways and mainly wse

single-use plastics for packaging.

Table 3. Waste composition (%) for London and Kuala Lumpuor (1970-2004). (Data sources shown in

Table 1).
Yoars 197D 19805 1540 IO 1os 2014
LONDON
Fine dust and cinder 274 19.0 - - - -
Ohrganic 193 210 381 367 320 4.0
Paper 325 3010 238 246 2.0 3.0
Mfotals 7 uu 32 38 4.0 40
F;ag-.,.-'l'u tikes 22 Al 25 24 Al 1.0
(zlass 7 uiu 75 &7 7. 1z.0
Plastic Lo 30 5.2 103 100 £
WEEE - - - 08 20 -
Others 26 &0 19.3 ur 19.0 70
KUALA LUMPUR
Organic 637 781 408 432 a5 323
FaP-Er 117 115 300 m7 7 1 I
Metals 6d 3z 46 42 33 27
Textiles 1La iz 25 15 (L) -
(zlass 25 0L.& 3.0 32 b 449
Plastics 7.0 L6 9k 12 252 B3
Wood 65 26 3.2 o7 - -
Others 0.9 0.z £.1 123 18 2.2

Coal was the main source of heat and erergy in the 18th century to late 20th century in most
parts of the UK. Coal ash from households formed the major portion of waste composition in London
and, after collection, it was sent to the dust-yards to be reused as a soil conditioner [48]. High levels
of eoal buming during cold weather and coal-fired power station operations in London during the
1950s led to the Great Smog of 1952 [62). The general trends of United Kingdom waste from the 1930s
to the 1980s highlights the appearance of plastic in waste in the 1960s as well as a reduction in ash
in the early 19705 as a result of a smoke control policy [63]. Materials such as plastics and paper
subsequently started to dominate waste composition, mainly driven by the packaging of goods and
food. Waste electrical and electronic equipment (WEEE) appeared im the waste stream in the new
millennitm due to the rapid emergence of technology, its increasimgly affordable price and limited
lifespan, exacerbated by the short-ferm obsolescence of many electrical and electronic consumer goods.
The United Kingdom disposed of almost 1 million tonmes of WEEE in 2003 with 70% comprising large
household appliances [64]. The proportion of organic waste increased steadily from 19% in the 1960s
to 32% in 2010 Biodegradable waste has been recently diverted from landfill due to concern about
methane gas eleased to the atmosphere and its contribution to climate change. Theefomr, resource
recovery from the waste stream became a preferred option and there is a move towards supporting the
creular economy framework in the future.

3.5 Wirste Miningsafion Strateqy and Recycling Polices

A timeline illustrating the evolution of waste managenvent sysems in both cities (Figume 3) reveals
the gradual implementation of waste management initiatives, the challenges faced and the atternpted
solutions. This analysis in tum indicates how waste managenent systems have evobred towards
fulfilling public needs alongside sometimes rapid economic development and population expansion
In Malaysia, waste management became a responsibility of federal authorities when the Environmental
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Cuality Act (EQA) was formulated in 1974, which later migrated to the Local Government Act in
1576, The invplementation of waste management in Kuala Lumpur was initiated with the Action Plan
for Beautiful and Clean (ABC) Malaysia in 1998, which focused on recycling and strengthening local
authority roles in waste management. Becycling and wase minimisation weme seen as mechanisms to
deal with escalating waste generation. A national recycing campaign commenced in 1993 but it failed
to achieve the target recycling rate due to low participation by the public and inadequate provision of
mecycling facilities [Z7]. The National Strategic Plan for Solid Waste Management was established in
2005 with inspiration from the ABC Plan in 1998 in which the govermment continues to promaote waste
minimisation and recycling as the preferred solutions for waste management.

More recycling facilities and centres were developed around the city that offer cash inentives
in exchange for ecyclables, which created a “spoon-feed” recycling habit among the public and
depended on each household's willingness to bring itemns to the nearest ecyding centre [65). Recycling
has thus become attractive to the public for personal economic gain rather than for environmental
masons This situation has indicated a false start to sustainable recycling practice in the city, whene it
is anticipated that the biggest challenge to implement separation at source is to shift from the
incentive-driven recycling to voluntary practice.

In Kuala Lumpur, a significant contribution to recycling is made by the informal sector via
mecrvery of usable materials from waste stream whilst in London, recycling systems ame mome uniform
and administered formally by the municipalities. Informal systems—often involving scavengers or
informal waste collectors—can be more effident and dynamic in developing cities and some successtul
transitions from the informal to the formal sector have occurred [66). During the 1980s and 1990s,
scavengers were mainly Iocal people from lower income levels in socdety and their activities focused
an recovering materials from landfills. Also, municipal waste collection crews carred out collection of
mecyclables from households, a practice often known as "tailgate recycling” that is not allowed by Law,
but, sales of recyclables provide extra income to the crew [25].
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Figure 3. The evolution of waske management policies for London and Kuala Lumpur.
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Scavenging by municipal crews, however, meduced the efficiency of waste collection thus
increasing the operational cost to the municipal authority. Scavenging also led to the loss of control of
tracking recycling activities and data collection as the informal recycling industries grew more rapidly
than expected. Consequently, although the necycling rate in Malaysia was ahmost certainly higher than
officially reported, it is still unknown on an accurate basis.

In the 19905, there was an ingress of foreign labour from neighbouring countries to addmess
labour shortages in the manufacturing sector. Foreign labour then started to dominate waste collection
activities, particularly via informal recycling activities. The informal recycling sector became aggressive
due to poverty and a lack of regulation and a lack of guidelines for more sustainable recycling
programmes. The informal ecycling is generally considered to be mone efficent than the formal sector
due to skilful manual sorting by workers who manage to extract waste according to its value. Informal
mcycling businesses operate without licences and operate using unmegulated work procedures with
cheap labour, thus creating broad marginal profit on its activities [67].

Environmental and solid waste management (SWM) policies in Malaysia have evolved from
simple informal policies to national level strategies and legislation [68]. This transition was from
general waste policies in the Environmental Cuality Act (1974) to the implementation of the Solid
Waste Management and Public Cleansing Act (2007) in 2011 which demonstrated the government's
comrmitment tow ards achieving an effective and sustainable waste management system. Along with
this transition, other strategies and plans have been implemented, some of which were influenced by
other countries’ experiences, whilst others were designed in response to local scenarios. The evolution
of waste management in Kuala Lumpur had improved residents” social serenity; economic stability
and emwironmental efficiency [69). Howewver, a series of failures in waste strategies ocourred, mainly
due to lack of awareness and participation from the public as well as the lirnited funds allocated for
development of plans for waste management. In fact, due to political intervention and conflicts of
interest bebween the federal and state governments in the late 2000s, the long-delayed Solid Waste
Management and Public Cleansing Act was refected by opposition states, pushing the ultimate goal
towr ards achieving sustainable waste management even further from realisation.

The development of recycling systems in London can be seen as a long-term continuum from
the early dust-yard operations until recycling operations wene stimulated by EU directives towards
the end of the 20th century. Consequently, the waste industry has changed from teating waste
as a homogenous material for disposal to developing specialist systems for recovery of different
components in the waske streamn; the collection, sorting, dissembling and delivery of materials has had
to be developed in such a way as to align with this change. The UK was relatively shifting its focus
from waste to resource managernent, alongside other industrialised countries such as the United States
of America, Canada, Germany, Austria and the Scandinavian countries, where average recycling rates
of 30%~50% [14].

4. Discussion

41. Conceptual Models from Wasfe fo Resource Managememt

As society has evolved and the global population has expanded, the consumption of natural
mesources has changed rapidly. Before the Industrial Revolution, there was a scarcity of esources and
little waste was discarded without some form of recovery The behaviour of such a socety can be
considered “wasteless” in that few materials weme disposed and resource efficency was high. Because
populations were relatively poor, consumption was low, recovery of materials was high and little
waste was produced. Zero-waste operations in the dust-yards of London in the 18th century are good
excamples of behaviour in a wasteless sodety. Along with modemization and urbanization, the lifestyle
in London has becone mome challenging in terms of balancing economic stability with improvement
to the quality of life. Strong economic stability and higher living standards have shaped sodety into a
throw-aw ay or “wasteful” society, whemein an abundance of resources has allowed the manufactune of
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easily-available and affordable products, and recovery of materials was deemed financially unattractive.
Subsequently, large amounts of waste wene generated that required disposal and this eventally placed
significant burdens on the environment. This situation is regarded as unsustainable as the potential
enwironmental degradation has increased as a consequence of over-consumption of natural resources
and increases in waste generation. A stepwise shift up the waste hierarchy turns to recycling as the
prefermed option to recover secondary value from resources.

Moving towards the future, where depletion of natural resources is predicted, it is crucial to
shift the present society’s waste behaviour, from being wasteful to "wasting less™. Anticipating
increased future waste arisings, a society that wastes less will have access to resources from
reuse,/ recycling / composting, though it is predicted that resource consumption will be higher due to
increased demand for goods. Shifting from waste management to sustainable resource management
clearly is the desired way to manage w aste in the future in all countries.

Sustainability in waste management can be defined as efficient resource consumption that
reduces the amount of waste produced and contributes to sustainable economic development,
environmental protection and social equity and harmony On the basis of this study, we have created
coneptual models to represent the evolution of waste management in developed and developing
cities, representing by Kuala Lumpur and London (Figure 4). The lowest point of the curve in the figume
indicates maximum respurce utilization with low recovery rate. Upon reaching this point, at which the
waste management practice is at its worst, initiatives to improve the systern have to be implemented to
avoid deleterious environmental consequences. London had experienced a slow societal behavioural
shift and was considered to be a wasteful socety for long period due to the incapability of the existing
waste management system that was inherited from the earlier waste management system in the 18th
century to serve the rapid population growth and massive amount of waste generated from economic
activities. As the population is projected to be expanded in the future, it is crucial for London to shift
the societal behaviour into wasting less to mitigating the adverse environmental impacts resulting from
poor waste management systems. By comparison with London's waste management status over time,
Kuala Lumpur might maintain its waste management status if the current society's waste behaviour
continues in the futue. Current sodetal waste behaviour in Kuala Lumpur can be considered as
wasteful regardless of various initiatives for waste recovery and minimization implemented either by
the government or the public. The absence of regional directives on waste management and a lack
of enforcement of waste management policies ame inevitably hindering progress towards achiewving
sustainable waste management There is nonetheless concern about the marked increase in waste
generation over the last decade in addition to the rapid increase of population in the city. We would
expect London to have moved beyond being a wasteful society and to have started implementing
initiatives towards becoming a society that wastes less as a result of EU Directives and national
initiatives towards sustainable practice and behaviours relating to waste management Undeniably,
various factors have influenced initiatives striving for sustainable waste management systems, however,
in each unigue waste scenario, the ineractions and strengths of the factors might be different There is
a need for further study on the interconnections of these factors in localised waste scenarios and
these have to be elucidated in a local context in order to help planners design practical and workable
local waste plans. Detailed analysis is ecommended in terms of how local factors can contribute to
accelerating the process of improving the waste management system.
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Figure 4. A conceptual model mpmsenting the evolution of waste management in developed and
developing cities. Population grow th is mpmesented by the increasing gap between the curved solid
limes. The horizontal dashed line mepresents the theeshold bebween sustainable and unsustainable
washe management practice. Periods of waste management characterized by “wasteless”, “wasteful”
and "wasting less” status are delineated by vertical dotied lines. The indicative curnent positions of
Kuala Lumpur and Lenden on the nowbe from wasteless bo wasting kess stabus are shown

4.1 Developing Cities Adopting Practices from Devefoped Cifies

Developing cities” waste regulations are often prototypes that emerge from past mgulations
for developed cities. Howewver, such protobypes often do not necessarily work well or fit suitably
with local scemarios. Prior to a decision to adopt such regulations, social, economic, environmental
and local political factors need to be considered carefully Straight adoption of technologies that
work well in developed cities may not work effectively in developing cities for various reasons,
including poor fit with local waste characteristics and quantities, infrastructure, collection and
transport systems, Emperature, cimate, culture, household or business practices and the local economy:
Even customisation of echnologies to suit local conditions may not ensure the suceess of its operation
Developing cities such as Kuala Lumpur often cannot afford trials and research, in terms of finance and
time, and hence adaptation of methods and systems from developed cities’ ecperiences and sucoess can
be seen as a "fast track” option to deal with waste generated from the city areas. As Kuala Lumpur is
planning to build many incinerators as a solution for waste disposal, failures from previows smalbscale
incinerators across the country may shed some light on anticipated challenges in terms of operational
costs, social ejection, enwironmental impacts and eventual likelihood of success—or failure.

4.3 Econownic Influmces on Waste Arisings

As economic prosperity increased, living standards in Kuala Lumpur were raised, increasing
purchasing power and waste generation along. Kuala Lumpur has developed economically for the
past 50 years with the amount of waste generated escalating much mome rapidly than economic growth
[t has been spending the majority of earmarked municipal funds on waste management and disposal
and relatively little on development of facilities. Likewise, in London, when the benetits of formal
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of local dreumstances rather than by default via direct adoption from other cities” experiences. The "big
picture” for waste management needs to be addressed at national and global levels. Stakeholders reed
to ensure their functionality to support the system. The public is the biggest stakeholder; they need to
understand the connections between their daily lifestyles, resource consumption and the quality of the
environment that they live in presently and for the future. An appropriate waste rnanagerment database
is undeniably crucial to help planners for future projections. In developing cities where data are
estimated, possible inaccuracies may lead to misinterpretation of the current scemario and could result
in incorrect projections or inhibit the realisation of sustainable waste management. Careful historical
analysis allied to good quality data, a detailed umderstanding of key technical and localised factors,
and recognition of a city’s status on our conceptual model could assist the more rapid emergence of
malistic, practically attainable and potentially sustainable waste management infrastructure, service
provision and behaviour change systems in developed and developing countries.
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Aatiicle dnfec ABSTRACT
Fecatved: The development of solid waste management (SWA) has been closaly relzted to
:ﬂ'h:t-rm! factors that influenced waste practices in the past and have shaped contemparany
08 Masch 2008 waste management systemns. Multiple influencing factors need to be considered
mm: if SWh is 1o be effective. We have identified non-measurable or “invisible” factors
20 g that are not easily quantifiable or routinely measured but may influence local waste
;"“:’;“;nh; manegemsant practices and behaviowr. Although the degree of influence of invisible
factors is veried and sometimes vague in terms of impact, they serve &5 & starting
hﬁn ] [peoint ta design maore effective waste managemeant strategies. The aim of this study
“H:'-'""ﬂ'""t was 1o identify factors in solid waste manegement end classify them into two broad
swisible Facsor categories: “visible” (usually measwable by specific indicators or scales, quantifi-
Wm able, considered in decision-maldng and implementation processes, and publical-
Iy eccessible) and “invisible” (not ususlly measured or guantified but still Bkely to
Deiphi study influsnce waste beheviour &nd onal practices, and

genergtion, operati perceptions
about waste). A PESTLE (Political, Environmentsl, Social, Technological, Legal and
Economic) anslysis was employed as the basis for categorization. We identified 43
peris in waste management were consulied via & Delghi survey and weare found to
consider 34 (79%) of these 43 fundamental factors to be visible and 9 (21%) invisi-
pde. This study highlights the need to adopt new perspectives regarding the role of
these fundamental factors in SWH and to understand better the nature and extert
of their influence on progress towards cost-effective, efficient, locally-optimised and
susieineble waste managemeant systems.

1. INTRODUCTION

Waste genaration is connectad to the socio-economic
status of nations. In developing countries, the manage-

can lead to major environmental and social problems.
Mukhtar et al. (2016), in & review of the history of urban

waste management, clearly showed that direct adoption

of developed cities” approaches without proper consider-

ment of waste is becoming more complex a5 & result of
rapid urbanization and the incressingly heterogenesous
nature of consumer products. Increasing population lev-
al, repid urbanization, increasing economic ectivity and
an increass in society’s living standards in major cities
in develoging countries heve led to substantial growth in
waste generation. Large increases in globel waste genera-
tion may be sttributed to developing countries, driven by &
combination of high urbanization retes and rapid economic
development (Le Courtois, 201 2). Specific socio-economic
conditions prevail in developing countries, including rapid
population growth, rural-urban migration, lack of funds and
low-skilled cheap labow. 3WM systems in emerging econ-
omies often leck faciliies, and suffer insufficient service
coverage, improper disposal end treatment methods that

ation of the local circumstances may leed to unsustain-
able future waste management in developing cities. The
significance of factors in WM in developing countries has
been assessed with regard to: socic-economic impacts on
waste genaration (Bandars et &l , 2007), recycling [Johari et
al., 2014}, waste to resource initigtives (Storey et al, 2013),
the collaction of municipal waste (Coffey and Coad, 2010)
and dispozel of waste (Zurbrigg and Schertenleib, 1998).
The roles of specific factors are not always well-defined
nor their influence measurad. The impact of these factors,
when epparent, can be validated from histonical evidence.
Multiple factors affiect the development of SWM, including
legislative, environment, social, technical, health, market
demand and economic aspects. These key factors nead
to be identified and their role(s) wnderstood to ascersin
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whether propased waste management plans are duly -
lared to local requirements and are viable in emironmental,
social and economic terms {Muldhtar &t al. 2013). The fun-
damental factors relevant 1o waste Management SySIEms
can vary due o the differences between individual cities’
characteristics (Contreras et al. 20N10). Some factors are
usually measurable by specific indicamors or scales, guanm-
processes, and publically accessible (eg demographic
indicators): these factors may be termed “visible”. In con-
trast, there are “invisible” faciors that are not usually mea-
sured or quantified but still Beely to influence waste geners-
about waste. These factors potentially influence the need
hm of & waste management System but ane

ognised and addressed in the dessgn and EMEMENTILON
of waste management sy STems.

Various factors in SWM play different fundamental
roles in waste management practices (Barr 2007 Penath-
amby &t al. 20096; Wilsan, 2007} Previous research stud-
ies have sddressed the significance of factors in SWNL
including: poficy and (Rudden. 2007: Taherradeh
and Rajendran, 2014 Wilson e al, 2011), sge and aging
communities (Fickenn and Shaw. 2015 community be-
haviour and interactions (Shew, 2008) the soCio-sconmmac
impacts on waste generation (Bandars et al, 2007) re-
cycling (Johari et al. 201 4). wase 10 resowce ntiatdes
{Storey et al, 201 5), the collection of municipal waste (Cof-
fey and Coad, 2010 and disposal of waste (Zurbniigg and
Schenenleib, 1998). Although the degree of mfluence of in-
visible factors is perhaps vaned and sometmes unciear n
terms of impact, in principle they Serve as 2 stafming point
1o design more effective waste management SEteges of
policies based on tangible kocal rends or evidence. rather
than ing best practices from elsewhere which may
not sddress local Charactensnos, CUusioms, UNQueness of
wiaste composition (Mukhtar et al, 2016)

In same casas, invisible factors’ rokes in shaping waste
management in develioping countries may be more import-
ant than in developed countries, depending on the combs-
nation and roles of other factors under the local circum-
siznces. Due to the influence of these faciors in specific
situations and at local scale. invisible factors that worked
well in one locality may appear w be not important at all
in other areas and therefore direct adoption may not lead
o similar cutcomes. The complexity of a city/region’s
waste management system reguirements nesd o be (i)
recagnised, (i) analysed and (is) tumed into infrastrocture,
serdice provision and information campaigns that lead o
behaviour change. For example., cifies with diverse ethnic
groups in the community might consider the differences
i culture and lifestyles of each ethnic group in werms of
WaSHE practices, resoUurce Consumphon snd Fwarensss on
proper wasie management practices. in kess dwerse set-
tings. any differences in wasterelated behaviouwr among
different ethnic groups may noi appear ' be imponant
and may not need to be considered in waste management
plans and systems. It is possible that approaches 1o sat-

Appendix

Tng up waste collecnon Systems. sekecung sursble meat-
miemt methods and publc awarensssTasng CAMPIioNs
need i take visibie and invisible faciors nio consiceration
in prder o reach desirable results. In this paper we first
aim to edentify fundamental factors in waste management
through a review of mulndsoiplinary iterature and classify
these factors imio PESTLE (Poditical Emvronmental, Social,
Technologscal, Legal and Economic) categonies. The sec-
ond aim of this study 5 1 classify further these fundamen-
tad Factors into two broad categones, “visible” and “inviss-
bie" by employing a Delphi study. Results will provide clear
classification of visible and invisible factors in developing
countries and how these faciors can be connected within
the local setting that can accelerate the development of
SWM systems.

2. METHODS

This study comprised two phases The first stage was a
iterature review to gather and collate a st of fundamental
factors that ane reported to be relevamt 1o and important n
SWIL factors were then classified acconding to the PES-
TLE system (section 2 1). To identify factors, the lerature
redating to SWM was charactenrzed and orncally evaluated
(Pérez-Belis et &l 2013). Scholary amicles were searched
and subsequently reviewed based on the tide, absract and
eeywords to evaluate the sustabulity of the faciors hughlhight-
ed in the documents. The factors as collated and classified
were then presented to 3 consultative group, members of
which were asked 1o specify whether they consider sach
factorto be “visibie” or “invisible” in culrent waste manage-
ment practices (section 2 7).

2.1 PESTLE classification of factors in solid waste
LAnaGETEnt

important factors in wasie management development
were first identified via a Fterature review. The lRerature re-
VIEW was imended 1o mentify faciors on a qualitatie basis.
The factors were grouped according to the PESTLE clas-
sification (e.g Zhang et al 2017 Kolios and Read, 2013;
Srdjevic et al. 2012 Zalengera et al. 2014) to create an
analyucal framework. Those factors idemified were not in-
tended 1o represant an exhaustive st but 1o generate 3 58t
of factors for subsequent consideration by the consultstre
group in the Delphi study (section 2.2).

2.2 Delphi survey

The Deiphi method was employed 10 establish views
on fundamental factors in SWM from a group of identified
imermational sxperts. The Delphi method = a systematic
and interactive research technique to obiain the udgement
of ndependent experts on @ specific toper. Selection of
appropriate experts for the Delphi pansd i critical 1o the
quality of the study (Hsu and Sandford, 2007). Candidate
knowledge of mismanona waste managemen professon
als supplemented by an online search m identfy persons
with expert knowledge, ncluding members of editonial pan-
ez from waste managemen-related jpumals, academics
in higher education and evablshed professionals from
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selected waste manzgement companies and municipal

autharities. The structure of the Delphi questionnaires fol-

lowed the key factors and PESTLE categorization (section

21).

Respondents were presented with the list of factors
within FESTLE categories (Tables 1-6) and asked to clas-
sify each factor as either "visible” or “invisible®. The ques-
tionngire specified the meaning of each of these terms,
vis-3-vis:

Visible factors are ususlly measurable by specific in-

dicators or scales, quantifiable, considered in deci-

sion-making and implementation processes, and pub-
lically accessible.

- Invisible factors are not usually measwred or guantified
but still likely o influence waste generation, behaviour
and operational practices, and perceplions about
waste.

Respondents were also asked to provide information
regarding their own role, expertise and experience in SWh.
The Delphi guestionnaire was administered by iSurvey, a
survey generation and research tool for distributing online
questionnaires wsed by the University of Sowthampton

{https:{ wwnw.isurvey.soton.ac.uk/).

3. RESULTS AMD DISCUSSION
3.1 PESTLE classification of factors in solid waste
mianagemeant

The 43 factors are identified and briefly described in
Tables 1-6. Differences in the numbers of factors in each

Appendix

PESTLE class were noted. We note that the observations to
hand (Tables 1-6) do not represent an exhaustive list of fac-
tars or a gquantitative profile. The specific purpose (section
2.1) is to inform and guide the subsequent Delphi sureey
{section 2.2). In particular, this analysis provides the struc-
tural framework for the Delphi study and the definitions of
each factor (Tables 1-6).

3.2 Delphi survey: respondent profile

The respondent group comprised professionals from
academia, private WM consultants and companies, regu-
latary, local authorities and national govemment, charity ar-
ganizations, business and trade and politics. Participants
were classified according to their current location and s
associgted economic status (Table 7). The classification
of countries by gross net income (GNI) is considered ap-
propriate, but does not necessanly reflect the status of de-
welopment in countries within the same classification.

3.2 Delphi survey: classification of factors as visible
and invisible

Experts were asked to classify 43 factors (Tables 1-6)
a5 visible ar imvisible. For about 80% of these factors, more
than 30% of the respondents judged them to be visible.
Each group of factors is considered in relation to PESTLE
categaries (sections 3.3.1 w0 3.3.6).

3.3.7 Political factors

Political factors, as classified by respondents, varied
in terms of being considered visible or invisible (Figure
1. The local government plan was considered visible by

TABLE 1: Political factors in SWM: the ability and roles of government o affect management and regulation

Factor Description

Redereroes

bvemTE withi minimal extemal influence

Strong govemment can bold s power and control oeer the couniny

Plata-Diaz ot al (2014
Whlson et al. (2001)

Taherzadeh and Rajersdran (2014);

Coruption Fraudubent conduct for personal benefits, typically related to brbeny Jones et al, (2010}
Aoty of headers Responsible and trusted lenders "le dt;[_'.;;mm‘

Liocal gowernmaent plan The plan for fubore deselopment of the local area Hlmf::l%j

Giosernment priorties Forus and attention on specific issues by the govemment Mo and Ahd Maraf (2016}
Influence of poltticiars Effect of polticians’ behavicur and charaoter on specific issues Taherzadeh and Rajerdran (2014)
Buresucmoy Excessively complinated administrative procedure Giodfrey and Sooft [2011)

TABLE 2 Ervironmaental factars in SWhi the ability of environmental elements and resources o influence waste management behaviour

and dirsctions.

Fachor Descripion Reterences
Emvironmental guidelines Local/mational guidelines that set specific environmental standaeds  § LI (2007)
Specific 5 on emircnmental standands 1o be achesed within
Emvironmental targets -:ﬂ'l.uhpm e L (2009
Changes in | amd regional climate patters resufted from Zaman {20037
Climatte change unsusis & Fuman activites Jobmson et el (2011)
Geographical landform Diffierent featunes of the part of the earth which makes the femain Lil (2007)
Lzl weather Specific weather conditions a1 & particular plaoe and time Emnery et al. (2003)
Ewareness on the adwerse impacts onto the ervironment resulied Triguero 1 al. (20NE&);
STl S—— from unsustairable Fuman actiities D Fma and De Gisl (20010)
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TABLE ¥: Social factors In SWh: the functionality of hurmans and their responsss towards changes in waste management.

Description

Aetarences

Specific annual celebrations at particular tmes of the year o oelebrate a change of
weathes, season, crop harsesting and also mcial, religous or ethnic affilation which may

Gérmez ot al. [2009]

o mary not be officially recognized by the gowemmaent Emery atal (2002)
Taherzades and Rajendron
Rediglon Systam of faith and worship: mﬁul.M1
mmmuul.f:mg
Cuttural Soctal behawiour, Bellef, traditions of partioular greup of people m’g‘fﬁmm:
Exthnicsy ;p;:uﬁruwﬂwwwﬂmmmmmlwwh“mﬂmm Feery and Willizms (2007)

from otfer groups of people of & country

Special days of celebration include national holdays, commemaration and also racial or
ethnic affiliation which are officially recognized by the government

Gibson and Weng [2011)

W2 and Hipel [Z015E

[usorimination Unfair treatrment of indhiduals of groups of people Wumum
1
m\:ﬂul.ﬁ‘mh}
i Changes in particular demographic components which are measured penodically “':ngﬁ;‘ﬁk
wilson e al (2001)
Resourne consumption Taherzaden and Rajendran
; Changes of nabural resounces use for human actiities within partcular period of time @04
Shared normes Rules of behaviour that ane considened acoeptable in group of sookety Binder and Mosler (2007)
Rurakurban dafy i m:f_npmﬁtfrm rural o urtan areas on a dally basis, mainky due to the sconom- Henry ot ol [200%)
EH cal change mﬂmmmf&wmm@unmm%mh:mWrﬁm etal. (2007)
" Triguera et al. (2018);
wm'r“ The relaticnshin between an indhidual’s valses or intentions and therr actions Taherzadet and
hip {2014} ; Barr (200
BAesporse(s) of iIndividuals or of people when reeve of Intberpeet s | Taherzadel  and ran
Resistance o change et lntl?!m groups thay pe change g Feajend

TABLE 4: Technological factars in SWhi: the ability 1o apply sultable technology towards the improvement of waste management.

Fachor Description Reterences

Shallen workers; ‘Workers with specific knowiedge, skills and abiity to perform best in their wonk those who

eperts are wadely recognized as a reliable soume of technique and sidlls Puniothormisy ot ol 200}
Taharzaden and Fajendran

Application of sftable Application of the appropriste technalogy that (s best designad for efficient cperation. | (o) ol 20NE)
Wilson =t al. [2007)

Facities svailability Adeguate number of facilfties e developed for specific deployment T‘-;urﬁ!}m'm Fnjenden

Aate of technology change | Development of waste management-related technology over time Zaman (2013}

RED Actnaties Mew of innovative research that changes facilities, management and practices Periathamby et al {2009a)

TABLE 5: Legal factors in SWM: the attributes and obligations of local autharity and as instiutions responsible to comply with wasbe

ranagement guidelines..

Descrip@on

Refererees

Errronmental guidelines and instructions drafied by intemabonal organizabons 1o create
unifinrmity aind oonsistency

Contreras et al (2070}
Hudden (2007}

Taherzadeh and Rajendran

Lexcal policy Policy that sets guideines that debermine the deciaion and actians aneg

Eroducer responsitilfty | Approsch taken by the producers It managing waste Triguern et al (2018
Consumer sccourtaiity | Resnonsibibty of consumers In buying and consuming, and managing waste ansings | Triguera et al (2018
Alekevant SWM law Compllorce and erforement of e law Communt ol 20NN

Hal and Sutanto (2003}
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TABLE 6: Economic factors in SWM: the ability of sconomic status 1o determine the marketability of recovered materials and waste

products.

Factor Descripion Relerences

Potertial income from Taherzadeh and Rajendran

iy Maonetary benefits from waste {z14)

Tracke resinictons o waste | Limiabon on trade sotivmies 1o selecied wasie Ry (2008)

Third sector restictions Limitabon on trade actifties to informal business and/for chantabde organizations Whlliarres et al (2012)
Taherzadeh and Rajendran

failakairy of funds Financial assistance malable for projects o intatves [2014)
Whlson et al. (2007)

Interest and tax Application of interest and tax on Qoods and Services Jones o al. (2010}

Eo th patiema Changes in the smount of goods and senices produced per hesd of the population ower Johnson et al, (2017

& period of time
Incemives Hewards offered for appropriate or desired achons Jones o al. (2010}

all respondents; the majority view was that government
priorities, government stability and bureaucracy were vis-
ible. The accountability of leaders was viewed as visible
and invisible by a similar proportion of respondents, whilst
the majority of respondents considered corruption and the
influence of politicians to be invisible factors (Figure 1)
These observations (Figure 1] illusirate the importance of
government in setting the focus and direction in future de-
velopment of waste management. The experts consulied
in the Delphi survey highlighted the visibility of both local
government plans and gowernment priorties in relation to
waste management. It can be argued that in developing
countries, there is a relatively high dependency on govern-
ment to facilitate proper waste management services and
facilities. Most respondents (70%) considered bureaucracy
1o be a visible factar in waste management (Figure 1). Bu-
reaucracy, whilst often a visible factor, can exert negative
impacts if, for example, administration procedures are ex-
cessively complicated; unnecessary procedures and ap-
proval processes can cause delays in decizion-making and
implementation.

Government stability was conzidered by most respon-

TABLE 7: Classification of Delphi survey participams” current loca-
tion and national economic status. Economic s1alus debemmined
by the gross net income (GMI) per capita per year (Warld Bank,
rLd ), *GHI per capita of <51 025; *GHI per caplta 51,026 1o 54,035,
AGHI per capita L4036 w0 512475,

dents (61%) to be visible (Figure 1). Changes of govem-
ment can clearly influence plans and their implementation
at local to national scale. Stable government and related
institutions allow establishment and maintenance of good
relationships between politicians and authorities, ensuring
befter co-ordination of efforts in planning and development
of efficient waste management services. Less stable gov-
emment can generate uncertainty within the governmental
institutions and disrupt decision-making and executing of
waste management plans.

The sccountzbility of the leaders was classified by
33% of respondents as imasible. Measuring the gualities
of leaders is inherently subjective. Changes to waste man-
agement cannot be readily or reliably attributed to the
contributions of individual leaders; efforts of government
authorities in improving waste management are generally
cumulative, arising from multiple contributions from many
individuzls. There may, however, be some attribution of
brogd-scele outcomes 1o leaders who have taken 3 key
rale in developing 2 waste management sirategy, most
likely at & local scale. Although fewer respondents consid-
ered corruption to be visible than did bureaucracy, these
twa factors may be interlinked; excessive bureaucracy can
precipitate corruption. kt is arguable that cormmueption, antag-
onistic politics and bureaucratic procrastination commonly
exist in developing countries’ govemment systems, which
influence the decision-making and stakeholders” invobe-
ment in relation to SWM policy and practice. Corruption is

Farticiparis’ kecation Ecormic stabes” mare likely to occur when partnerships and relationships
Mozamisioue Low kscome? are poorly designed or defined; the efficiency of the net-
working then becomes inefficient (Taherzadeh and Rajen-
Tarennis Lo imscioimee

dran, 2014).
Taga Lorws income? With regard to politicians influencing decision-making
South Africa Upper-middie income? and implementation of waste management systems, mast
incia Leraver-miciile income® respondents (69%) considered this t be an invisible factor
. {Figure 1). Influences u:rf_pci'rljcians_can be I'H!‘tatﬂE,.l'l}'ltf—
ever. For example, following Malaysias Generzal Election in
Malmprle Upper fmiccle inoome: 2008, the change in political leadership led to the challenge
Vietnam Lower-middle income" far the federal gowernment to implement finally the Solid
Argenting Lipgeer-micdie moomeet ‘Waste Management Act 2007. Following the result of the
B " e P election, a contrast in political relations emerged between
(i) states in the same political coalition as the federal gov-
Fens Upper friccle: inoome” emment and (i) states ruled by the opposition party and
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naot aligned with the federal government. Changes of lead-
ership in some of the states had caused the non-uniformity
standards of waste services that led to problems in some
areas.

3.3.2 Environmental factors

Many of the environmental factors (Table 2) are con-
siderad to be visible by survey respondents. Environmental
guidelines and environmental targets were highlighted as
wisible by the majority of respondents. Clear guidelines and
targets on environmental aspects are vital for improving
SWM: guidelines should provide procedures and methodaol-
agies for monitoring and enforcing the regulations; targets
must be achievable and realistic to drive inttiatives towards
improvements. The importance of geographical landfarm
on the development of SWM systems is also considered
visible by most (70%) respondents. Vehicle-based collec-
tion in less accessible areas in developing countries may
inhibit expansion of service areas in less reachable, mainky
rural areas: some facilities, social and economic activities
depend on the sultability of transpart infrastructure. Spatial
varigtion in this regard requires understanding of the local
situation in order to plan for @ workable and efficient waste
management system. The quality and coverage areas of
waste collection services in some of developing countries
differ between urban and rurzl areas, which may explain
the observed split between respondents considering geo-
graphical landfarm visible and invisible (Figure 2).

Ervironmental awareness was seen by most respon-
dents as a visible factor (Figure Z): awareness underpins
waste behaviour that can contribute to more sustain-
able SWM. The importance of having & population that is
well-educated regarding environmental and waste man-
agement issues is thus highlightad and confirmed as com-
manly recognised and incorparated in SWM systems and
approaches. This outcome is notable: enhancing aware-
ness of good waste practices and sustainability has been
stated a5 a key challenge in SWM in developing countries
{Femmonato et al., 2017; McAllister, 200 5; Storey et al., 2015)
'With emvironmental awareness commanly viewed as visi-

Appendix

ble (Figure Z), there is potential to increase further aware
ness amaong public in developing countries to further prog-
ress initiatives towards susteinability in SWh.

Motably, Delphi respondents indicated that climate
change is mare cormmonly invisible than visible (Figure 2);
less than ane third of respondents regarded climate change
as & visible factor in SWB. This observation is somewhat
at odds with the general recognition of climate change as a
major and global emvironmental problem for the waste sec-
tor (Turner, 2016). Omissions of climate change from visi-
ble factors in SWM policy and practice renders the impacts
of WM on climate invisible and can lead to decision-mak-
ing that fails to redwce or even propagates wasterelated
climate change impacts.

3.3.3 Socisl factors

Respondents’ views of social factors in SWM as visible
aor invisible markedly varied across the factors considersd
{Figure 3). Resource consumption patterns were regarded
as visible by the majorty of respondents; economic pros-
perity is commanly associgted with demand for products
and materials for consumption which in turn leads to high-
er demands on effective SWM systems. Experts mainly
have considered that consumption patterns are already
incorporated in SWM planning and system design. We note
that preventing or inhibiting high rates of consumption and
avoiding “throw-away” mentality could reduce waste gen-
eration by enhancing reuse (Williams and Shaw, 2017). Lo-
cal/national events were considerad to be visible in SW
by most respondents (Figure 3). Celebration of local and
national events draws communities together, but can lead
to notable quantities of waste that need to be dealt with,
requiring additional resources. Seasonal variations were
also considered to be visible by most respondents. Such
celebrations are typically ethmic, cultural and religious
avents that occur within specific communities; the asso-
ciated waste is often generated &t & housshaold level. Far
example, during the Ramadhan and Eid-ul-Fitr celebrations,
food waste s generated in higher than wsual guantities.
Muslims tend fo buy mare food than their normal require-

Gowemment stability [ |
Comuption [ l
Accourtabibty of leaders |
Local governmet pian [
Gavemment prories =]

Influence of peitdans [

Burcaucracy [ I

i 0% 2% 3% 4% 5% &% WR W% 2% 100
Percentage of agreement
| ¥isable Oinvisible

FIGURE 1: Proportions of Delphi survey paficipants classifying political factors (Table 1) as visible or invisible.
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ment for self-consumption and guests; howewver, with limit-
ad time for consumption, food may not be efficiently con-
sumed and ultimately ends up a5 waste. Changes in waste
collection frequency, additional wehicles and workfonce
are nesded in consequence. Likewise, Christmas and Eas-
ter celebrations can lead to increases in howsehold waste
comprizing large proportions of recyclables, such as pack-
aging, wrapping papers, grestings cards, glass bottles and
food waste.

Maost of the responses from the Delphi respondents
identified ruralurban daily migration as a visible factor in
SWM (Figure 3). Unegual economic growth distribution
between rural and urban areas leads to daily commuting,
mainly driven by the economic opportunities and access
to edecation, health, commerce and trade, for example.
Although daily migration is already taken into account in
many respondents’ views, these activities influence the
quantities and locations of waste generated in a city and
confound estimates of likely waste arisings on & per capi-
ta basis. Understanding the influence of daily migration on
waste characteristics, generation trends and patiemns is
non-trivial but nonetheless informs and guides SWM policy
and practice in most of the locations represented by the
Delphi surrey participants {Table 7).

There were five factors classified &s egually wsible and
invisible: cultural, socio-demographic, attitude-behaviour
gap. resistance to change. and shared norms. Religion and
discrimination were considered to be invisible by most re-
spondents (Figure 3). These factors thus appear o be in-
corporated in SWM policy and practice on an inconsistent
basis. Religion is seen as influential force to transform pub-
lic practices and behaviour in waste management (Moha-
mad et al., 2011; Teherzadeh and Rajendran, 2014). Discus-
sions on the influence of religion in waste management,
however, are limited and often incleded within broader sets
of socio-demographic indicators (Mohamad et al, 2012
Religion is perhaps not widely considered in SWM systems
despite the potential of religious organizations to assist in
transforming the public's waste behaviour, Likewise, cultur-
al factors and ethnicity may present opporiunities to trans-
farm waste management behaviowr throwgh social groups

Appendix

and communities, although the visibility of these factors
varies betweaen semtings according to the Delphi survey re-
spanses in this study (Figure 2). We note that factors are
not necessanly mutually exclusive: ethnicity may, for exam-
ple. be associated with cultwral and religious factors and
their related behaviour and values regarding resource con-
sumption and waste management. We note that although
culture, religion and ethnicity may well be clossly associ-
gted, cultural factors are more commonly recognised and
incorporated in SW (Figure 3).

Discrimination was viewed as & visible factor in SWM
by around 1 in & Delphi respondents. This is perhaps a
weakness in many settings: wrbanization and economic
growth lead potentially to inequality, harassment and exclu-
sion due to individuals” low social stetus. The few studies
on this issue have highlighted, for example, discrimination
of female SWM workers in developing countries {Ma and
Hipal, 201 6; Munn, 2012), informal recyclers (Mull, 2005;
Sembiring and Nitivattananon, 2010) and racism and social
status of communities (Baabereyir, 2009). The intrusion of
political agenda in solid waste management hindered the
cccumence of social injustice which make discrimination
factor is least considered.

3.2.4 Technological factors

Maost, but not all, Delphi respondents considered all
technological factors to be visible (Figure 4). This outcome
highlights the importance of aveilable and suitable facili-
ties for waste management activities that lead to positive
waste management behaviowr amaong the public and im-
prove operational efficiency. A lack of suitable facilities can
contribute to stagnation or decline of local SWM efficien-
cy, whilst availability of appropriate facilities can motivate
public participation. Suitable facilities for SWM also permit
resource recovery from the waste stream and thus contrib-
ute to maore sustzinable resource wse.

The needs for skilled workers and experts are com-
manly regarded as wvisible factors in SWM in developing
countries; pertinent skills and expertise can enhance and
improve initiatives for and operations of SWM. In contrast,
an inadeguate skills base can lead to inaccurate waste

Errvironmental guideline- |
Ervironmertal target: | ]

Cimate charge NN

Geographical landforn NI
Local weather |
Erviranmertal awarencs: |

i ] i

20% 0%

40% 50% &0% Yo% BO%  S0% 100%

Percerntage of agreement

B Visible

Olrreinible

FIGURE Z: Proportions of Delphi survey participants classitying environmental factons (Table 2} as visible or invisible.
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Discrimination I

Socic-demographic ndicators | ]
Resource consumpdan pattems | ]
Shared norms (] ]

Ruraturban daify migration (I ]

Philosophical charge |

Attitude-behavicur gap I .
Resistance to change ] |

e 0% 0% A% A% 50% BO%

H¥inible

e B0 S0% 100

Percontage of ogresmaent

Oirwisible

FIGURE 3: Proportions of Delphi suniey participants classifying social factone (Tabbe 3} as visible or invisibibe.

projections and ineffective planning. There are relatively
few academic studies that have evaluated the importance
of skilled workers and experts in developing sustainable
waste management plans (Dinie et al, 2013 Hazra and
Goel, 2009; Moh and Abd Manaf, 2014); there is thus a
comtrast in that knowledge appertaining 1o skills and ax-
pertise is somewhat poor, whilst skills and expertise are
commanly incorporated in SWM. We note that waste man-
agement involves both technical and non-technical disci-
plines; therefore, skilled workers can contribute o the ef-
ficiency of operational issues. Optimizing the recovery of
materials from the waste stream and reducing the mainte-
nance cost of facility operation by proper handling of the
waste treatment facilities, for example, relies on & suitably
skilled workforce. Most Delphi survey respondents identi-
fied application of technology in waste management as &
vigible factor. Technology can conveniently and efficient-
ly support the SWHM systems, for example, when applied
to waste treatment operations and recovery of resources
from the waste stream. Developing countries, as indicat-
ed by the survey respondents, differ in terms of whether
changes of technology and research and development are
vizible. There is a relative lack of financial assistance and
allocation of funds for developing technology for SWM in
developing countries. The lack of research and develop-
ment activities in developing countries can lead to the se-
lection of technology that is inappropriate in terms of local
weather, waste charactenstics, financial capabilities and
availability of experts and skilled workers. Consequently,

the selected technolagy may not operate effectively (or at
all), thus wasting the resouwrces allocated and causing so-
cial indignation.

3.3.5 Legal factors

Legeal factors were all significantly classified as visible
by the majority of respondents (Figure 3). Relevant SWM
law and local policy are both considered visible factors by
mare than 95% of respondents.

Outcomes in this regard reflact the status of local gow-
emment plans and government priorities as visible factors
in WM (Figure 1); laws derive in part from political am-
bitions and purpose. In developing countries existence of
lzcal government plans is cleady important and is already
incorporated in SWM systems, as is relevant SWM law.
Maost respondents considered that accountability of con-
sumers is a visible factor; management of post-consumer
waste and producer responsibilities are key aspects. Inter-
national directives were considered to be wvisible by most
respondents; international directives on sustainability of
waste management do not always apply and this sitwation
is reflected in the responses received in this instance.

3.2.8 Economic factors

All of the economic factors considered were viewad by
most respondents to be visible factors in WM (Figure §).
Waste trading between developed and dewveloping coun-
tries became an alternative solution to disposal for devel-
oped countries. This “symbiotic™ relationship was appar-
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intemstionsl drectves ] |
Loecal policry |

Producers resgarsisity [ |
Conmumeracooursasiyy |
Resevant sy v
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Percemtoge of agroemistt
B Visible Olrwisible

FIGURE 4: Propartions of Delphi survey panticipants classifying technological factors (Table 4) as visible or irvisible

ently beneficial to both partners; developing cowntries were
generating income from recovery of resources from waste
whilst developed countries benefits secured reduced dis-
posal and treatment costs. However, this rapidly led to
immaorzl and unethical practices that resutted in impacts
to human health and the environment in developing coun-
tries. The strong agreement on the importance of available
funds allacated for waste management projects was ob-
served in developing countries with undivided agreement
of 100%. Developed countries have more sources of finan-
cial support to develop their waste management systems
when compared to developing countries (Periathamby et
al., 2009; Wilson, 2007; Wilson et al., 2001). Incentives
for the use of selected waste management processes/
systems were viewed as motivational tools to reward good
practice. The importance of offering incentives to improve
further a waste management systermn was highly recog-
nized and visible, which maore than £53% of agreement from
dewveloping countries.

A similar pattern of agreement was observed regarding
the implementation of tax and interest on waste trading
and also the potential income generated from waste dueto

the public’s waste practices. Respondents from developing
countries had slightly less concem regarding the impor-
tance of these factors in their waste system, which was an
unexpected finding given by the rapid growth of business
activities relating to waste trade and resource recovery in
deweloping countries like China and Indonesia (Damanhu-
ri @nd Padmi, 20712 Hui et al, 2008). Emphasis on the in-
vestment in facilities and improvements in waste manage-
ment services can be observed alongside rapid economic
growth in developing countries. With a stronger economy,
the consumption of the resources increases alongside
waste generation and this obviously influences emerging
waste management systems. The importance of economic
growth is wery significant in developing countries with 78%
agreament from respondents. Owerall, all economic factors
were classified as wisible, validating the importance of a
sirong economy o accelerate improvements to SWhM sys-
ems.

4. CONCLUSIONS

This study highlights fundamental factors in SWM and
classifieas them into two broad categories; visible and invis-

tematonal drocsve ] |
Local poliy |

Producers resporsibay ] |
Conaumer accourtabery |
felevart s s

s 0% 2% W A% 50% BO% s BO% G50%

100%

Fercentage of agresment
BVisble Oimvisable

FIGURE 5: Proportions of Delphi survey participars classifying legal Tactons (Table 5) as visible or invisible.
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Prtential income from waste ] .
Trade restrictons on waste | ]
Third sector restrictions

B s X% W 4% 0% 60N % B0% % 100%
Percentage of agream et
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FIGURE &: Proportions of Delphi survey participants classifying economic facions (Table 6) as visble or invisible.

ible, grouped using @ PESTLE framework. From owr Deldphi
survey, we concluded that environmental, technological,
legal and economic factors tend to be classified as wisi-
ble while social and political fectors are generally regard-
ed as invisible in developing countries. The recognition of,
and emphasis on, invisible factors that are not routingly or
commaonly considered could potentially enhance the sus-
tainability of a local waste management system. Sustain-
able waste management requires, for example, appropri-
ate public waste management practices and participation:
there may be 2 need to address social factors (2.9 Table 3;
Figure 3) that are deemed invisible if public sttitudes and
behaviours are to lead to mare and better participation in
waste management activities and initiatives. Likewise, in
terms of govemnance, there are often overlapping responsi-
bilities and unclear assignment of responsibilities for tasks
relating to solid waste management in developing coun-
tries. This situation can hinder the effective implementa-
tion of SWM improvement initiatives, thus political factors
may be mare fully considerad in the waste management
planning in arder to accelerate improvements towards ef-
fectiveness, efficiency and {economic and environmental)
sustainability.

On the basis of this study’s outcomes, we propose
that understanding the factors that drive the development
in waste management systems in developing countries
neads to be underpinned by evidence that is not only lim-
ited to waste management system, but also involves the
characteristics of broader society, government adminis-
tration and economic states of each country/city. Maore-
over, fundamental factors elucidated here may have to be
considerad in the local context to be effective; emphasis
should be placed on those factors (if known) that most
strongly influence the local conditions. For example, cities
with diverse ethnic groups within their community might
consider the differences in cultwral and lifestyles of 2ach
ethnic group in terms of waste behaviour, resource con-
sumption and awareness of waste management practices.
In less diverse countries, any differences in wasterelated
behaviour among different ethnic groups may not appearto
be important and may not be an important consideration in

waste management plans and systems. it is possible that
approaches to setting up waste collection systems, select-
ing suitable treatment methods and public awareness-rais-
ing campaigns need o take visible and invisible factors
into consideration in order to reach optimum results.

The strength of influence of factors explored in this
study — wvisible or invisible — remains to be elucidated.
There is & prospect that the influence of invisible factors
in particular is unigue to specific setting of waste manage-
ment systems at local scale, and that approaches to SWM
that are workable in developed countries may not translate
with guaranteed success to developing countries due to
the differences in socio-cultural, economic and political
structures. Even established technologies used in devel-
oping countries may not be suitable for other developing
countries without modifications underpinned by detailed
study and evaluation, and due recognition of both visible
and imvisible factors. Identification and emphasis of the
rode of invisible factors potentially helps to sccelerate the
improvement to success.

We contend that the visibility of factors needs o be
evaluated to echieve & meaningful understanding of the
factors underpinning the operation and enhancement of
SWM. Moreover, there is & need to elucidate the strength of
influence that these factors exert on the on a SWM system
such that progress towards cost-effective, efficient, locally
optimised swstainable waste management systems can be
made.
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SUMMARY Developing countries have historically looked fo developed cities for technical advice
and as exemplary models for waste management systems and techniques without considering the
consequent resources requirements or the key characteristics of local circumstances. This paper
reviews the history of wrban waste management in London and Ewala Tumpur, representing
developed and developing cities, respectively, focusing on the integration of policy changes, social-
economic background and waste data trends. We discuss how waste management policies and
strategies have evolved and the linkages between policy mterventions and chronological waste data
frends. A detailed understanding of how waste management syvsfems evolve can provide new
perspectives and insights; this is important m the current era as waste management s undergomg a
paradigm shiff, refocusing on sustainable resource management rather than sustamable waste
management.

1. INTRODUCTION

Urbanization rapid economic growth and increasing urban populations have resulted in a significant
escalation i quantities of waste generated, heterogeneity and complexity (Guerrero ef al 2013;
Periathambyv et al. 2009). Rapid economic growth has led to higher income levels and consequently
changed people’s qualiy of life and lifestyles. Resource consumption patterns have increased
alongside purchasing power and the affordability of essential dailv ifems and services. In many
countries, waste management systems have evolved alongside the soctio-economic circumstances of
a mation Inadequate waste management has impacted adversely on public health (Safffon et al
2003) and also caused environmental degradation and resource depletion (Emery et al 2003). The
challenge of designing localised waste management strategies that are economically wviable
environmentally effective and socially acceptable continue fo be major concern to nmmnicipal
authorifies (McDougall et al 2001; Hara & Yabar 2012). Developed cities started fo mitiate themr
waste management strategies early i the 18™ century as awareness of public health issues and the
value of resources emerged (Kollikkathara et al 2009; Louis 2004; Velis et al 2009). There are
clear differences in waste management systems between developed and developmng countries; for
mstance, Wilson (2007) and McDougall et al {2001) highlight that waste management practises in
developed cities now focus on optimization strategies for resource conservation Approaches to
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waste management in developing cities are offen characterised as highly underdeveloped (Badgie et
al 2012), operationally inefficient. and inadequately managed with limited knowledge and expertise
(Zurbriigg & Schertenleib 1998; Guerrero et al. 2013). These distinct gaps have led fo an urgent
need for developing cities to seek guidance and advice towards shaping waste management systens
that are workable and acceptable in local scenarios.

Integrated waste management can be applied in both developed and developing cities depending
on local circumstances and preceding factors that influenced the initiatives taken (Asase et al
2002, Developing countries have historically looked fo developed countries as exemplary models
for waste management systems and techmiques. However, when trying to select a suitable, long-
lasting and sustainable approach to waste management, it is important that decision-makers: 1)
understand the local scenario, i) evaluate the adaptability of management systems and practices
from developed countries, and iii) consider the consequent resource and logistical requirements,
mcluding lman and technical resources. Previous studies addressed the evolution of waste
management systems from the viewpoints of societal background (Louis 2004), policy design
{Jenkins et al 2008). technological development and system imnovations (Murray et al 1998) and
single country or city’s experiences (Seik 1997; Kollikkathara ef al 2009; Che et al 2013; Hara &
Yabar 2012; Herbert 2007; Shelcdar 2009). To facilitate the improvement of fisture systems, there 1=
a need to compare the sinmltaneous evolution of waste management systens between developed
and developing cities in a comprehensive manmer, particularly relationships between socio-
economic development, strategy/policy changes and waste arisings.

The purpose of this paper 15 to review the history of urban waste management in developed and
developing cities, focusing on the integration of policy changes, socio-economic background and
waste dafa trends. In this context, we specifically appraise historical evidence over a 50 year period
from 1960 to 2010 for London and Euala Lumpur, representing developed and developing cities,
respectively. Evolution of waste management systems are exanuned in terms of waste generation
composition, collection system, disposal methods, recycling and waste strategies implemented. We
discuss how changes in societal circumstances and behaviour correlate with indicators of waste
management systems over time and provide insights into how fiture waste management systems
may evolve, especially in developing cities.

2. STUDY CIIIES: KUALA LUMPUR AND LONDON
2.1 Backeround of the city of Kuala Lumpur, Malaysia

Kuala Lumpur developed after its formation at the convergence of the Klang and Gombak rivers in
the 1850s and was discovered by the Chinese for tin muning during Brtish occupation Frank
Sweetenham. the Resident General of the British Commission in Malaya' had announced the
relocation of the cenfral government from Elang to Kuala Lumpur, which marked the beginning of
significant British influence in Malaya. After World War II. British Military Administration
returned to Enala Dumpur following the fall of the Japanese from 1942 until 1957 when Malaya
finally gained its independence (Lockard 2013; Baker 2006). In 1963, Malaysia formally reformed,
consisting of Malaya, Borneo, Sarawak and Singapore.

Euala Lumpur is the largest city in Malaysia and became the capital of Malaysia in 1963 It was
awarded with city status in 1973 and recognized as Federal Ternitory in 1974 (Omar & Ling 2009},
The governmental system are divided into three tiers; the federal the state and the local
government. The rapid growth of the city is due to a combination of industrialization and political

! Malava (or Britizh Malayz) was the name given to a collection of states on the Malay Peninsula and the island of
Singapare that fell uinder British control between the 18th and 20th centunes.
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mferventions via an expansion of the combined federal and state government services (Evers &
Korff 2003). With an area of 243km” and an estimated population of 1.6 million in 2010, Kuala
Lumpur is ranked as the 40th largest urban area and is growing rapidly in terms of population and
economy (Demographia 2015). The cifv’'s population rose from 46,718 m 1911 fo 316,230 in 1957,
driven by the expansion of the tin mining industry in the late of 18th century (Sendut 1965). In the
19th century, Malavsia experienced a significant socio-economic and physical transformation with
the mtroduction of new policies in 1970s which nourished the fiurther economic growth in the
1980s. At the end of the 20™ century. spectacular mega-buildings were constructed and exports of
goods increased dramatically, leading to massive urbanization in metropolitan areas. especially in
the city of Enala Lompur (Teriman et al 2008). Economic prosperity and strong economic policies
encouraged an influx of foreign labour and mvestors to the city (Wan A Eadir 1997). Along with
economic growth mwore land was converted into commercial and industrial areas, which coincided
with migration fom within the city to suburban areas at its fringes (Teriman et al. 2008).
Furthermore, relocation of government administration offices to Puirajava m 2000 made way for
Kuala Lumpur fo confimie centre-stage in national developments with potential mega-projects
mvolving government-linked conglomerates and foreign investors.

2.2 Backeground of the city of London, United Kingdom

London is one of the world s most influential economic and financial capitals. Historians believed
that London first developed as trading port near the Thames River during the Roman occupation in
47 AD. London evolved physically in response fo the significant events that impacted the city's
structure and demographic patterns, for example, The Great Fire of London (1666) and bombing
during World War IT that destroved major residenfial area in the city (Ween 2012). Despite massive
destruction. London grew dvnamically to become a major trading and global bankmg center by the
late 16® century. The key to the London’s fame is its role at the center of the British Empire (Porter
1998). Apart from economic development. the British Empire expanded its influences globally
through the occupation of other countries. mamly for economic and trading purposes rather than
military conquest. During the Industrial Revolution in the early 19% century. the development of
railwayvs and underground systems shaped the social and economic growth of London (Havwood
1998). In the early 1900s, London continued to sprawl outwards; this raised concems about land
encroachment on neighbouring counties which led the establishment of the Green Belt Act™ n 1938,
The Greater London Plan was then established m 1944 to confrel population expansion and
improve housing condifions as part of the development plan of the city. After World War II, Greater
London’s population declined from 8.6 million in 1940 to §.8 mullion in 1980, However. if began to
rise again in 1990 due to the strong economic restructuring and social adjustment. The
adnunistration of London foday is two-tiered: citv-wide - managed by the Greater London
Authority (GLA) - and local admimistration, carried out by 33 smaller awthorities. In 2007, London
was responsible for 19% of the United Kingdom’s anmial gross domestic product (GDF) and
contained 12% of the total population (Oxford Economies Lid. 2007). London’s cumment challenges
mclude an ageing and outdated city plan that is struggling fo synchronize with ongoing urbanization
and population expansion.

*The Green Belt Act (Home and Countfies) zimed fo curb urban sprawl by establishing reserve land and space
against harmful development (Thomas 1963).
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2.3 Linkages between both cities

2.3.1 British colonialism and its impacts

After being colonised by the British for more than 300 years, it s irefirtable that there has been a
strong British influence on the administrative systems in Malaysia (Lockard 2013; Wan A Kadir
1997). The most significant and lasting impact of British colonialism is the development of stable
govermment and democracy, similar to the admimistrative systems in the UK A modemn Western-
centralized government and strong economic development remain as among the great impacts of
British rule on Malava. Modem infrastructure was developed to feed the economic growth Inspired
by the British Education Svstem, English-medmm schools were established and these successfully
created highly-educated people who were mostly government officers and leaders that led Malaya

o mdependence (Baker 2006).

2.3.2 Commonwealth of Nations

The Commonwealth of Nations was formally formed in 1949 to gather countries that were being
muled or colonised by the British Empire. The highest priority of the Commonwealth was to
promote democracy, mle of law, mman rights, good governance and social and econonic
development (The Commenwealth 2015). Malaysia has been an active member of the
Commonwealth since 1957 which has facilitated the maintenance of a British-modelled government
adnunistration and global diplomatic relations.

2.3.3 City's expansion pattern

During the 18 century London’s population and area grew beyond its original boundaries and
caused an urban sprawf to neighbouring counties. Administratively, the city expanded into 32
boroughs in which 12 were designated as Inner London and the remainder as Outer London Similar
rapid development in 1980s Kuala Luompur when residential areas were converted into commercial
and tourism centres forced the urban population to move out from the citv. Inspired by the London’s
(Green Belt nitiative, Kuala Lumpur took smular steps to relocate government adnunistrative offices
(to Putrajaya) to reduce overcrowding and increasing demand for space and resources in the city.
High density development led to compact urbanisation that caused slkorocketing prices for
residential properties, whereby the preferred option was to develop sub-urban housing due fo lower
land value vet higher demand (Teriman ef al. 2009).

3. SOURCE OF DATA

In this study, 3 key indicators have been selected to illustrate changes and trends; population and
economic growth which has been correlated with waste arising over the period 1960 to 2010.
Population growth rate is the inerease in a country's population during a period of time. and
mcludes the number of births and deaths and the number of people migrating to and from a country
(The World Bank Group 2001). Economic growth is determined by the performance of anmual
Gross Domestic Product (GDP) by market value of products and services in a country. Data on
population growth and GDP for both cities were mainly gathered from the World Bank's databank
on global development indicators (World Bank 2015). Table 1 shows the sources of data used m this
study.

Whilst there are various definitions of solid waste, the most commeon factor is a reference to the

*Urban sprawl] describes the expansion of whan development and population away from the central to subwban and
low den=ity area as a result of wbhanization m the caty (Banal & Depriest 2014).
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materials that have been discarded or are unwanted and need to be disposed of (Pongracz & Pohjola
2004). In the UK. waste is defined in the Environmental Protection Regulations (1991) according to
the Furopean Union (EUT) Directive 91/156/EEC as “any substance or object i the categories set
out in Annex I* which the holder discards or infends or is required to discard” (Department of
Environment Food and Affairs 2012).

Table 1. Data used as basis for estimating waste arising. trends and composition changes in
Malaysia and the United Kingdom during 1960-2010.

Years Data characteristics References

Malaysia 1970 - 1980 Waste arising Periathamby (2001)

1990 Hassan et al. (2000)

2000 - 2010 Periathamby (2014)
Kuala Lumpur 1970 - 2010 Waste arising Pertathamby (2014)

1970 - 2000 Waste composition Pertathamby (2001)

2010 Mohd Yatim & Arshad (2010}
Uhnited 1970 Waste arising Holmes (1981)
Kingdom 1980 Wasteonline (2004)

1990 OECD (2002)

2000 Timlett (2010)

2010 Andit Commussion (2014)
London 1970 Waste arising Estimation value

1980 Estimation value

1990 Greater London Authority (2003)

2000 Greater London Authority (2011)

2010 DEFRA (2014)

1970 Waste composition Holmes (1981)

1980 Eadir (1997)

1990 Murray et al. (1998)

2000 Poll (2004)

2010 Greater London Authonity (2011)

Likewise in Malavsia, the general terms of waste is defined in the Solid Waste Management and
Public Cleansing Act (2007) as:

(a) any scrap maferial or other unwanted surplus substance or rejected products ansing.

from the application of any process;

(b) any substance required to be disposed of as being broken. worn out, contaminated or
otherwise spoiled; or

(c) any other material that according to this Act or any other written law is required by the
authority to be disposed of but does not inchide scheduled wastes as prescribed under the

Environmental Quality Act 1974 [Act 127]. sewage as defined in the Water Services

Industry Act 2006 [Act 655] or radioactive waste as defined mn the Atomic Energy

Licensing Act 1984 [Act 30417 (Malaysia Government 2007)

In this paper, waste generated within municipal boundaries is taken into account. The data was
analvsed within a period of 30 vears, starting from 1960. Standardization of the data is almost
impossible with some missing data observed due to unavailability of data. In order to provide better
comparisons, data for waste generation was grouped into the same timeline.

“Annex 1 in Directive 91/156FEC contains a list of 16 different categories of waste, mainly be used to determine
whether or not 2 substance or object have been discarded
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4. OVERVIEW OF HISTORICAL WASTE MANAGEMENT

Waste generation trends and composition can portray information required for fiture planning
(Beigl et al. 2008). Historians believe that environmental knowledge and developed strategies about
earlier civilisations can be gamed by examining waste profiles and trends over time (Hounsell 2009;
Kollikkathara et al 2009). As cities become modernized, massive amounts of waste with
mcreasingly complex composition were produced from diverse sources. As national GDP increases,
per capita waste generation also increases, suggesting mge waste generation at hugh GDP m the
future (Terazono et al 20035). Table 2 summarizes the population growth and waste arising for
London and Kuala Lumpur over 60 years. After independence, Kuala Lumpur relished the
economic prosperity that significantly changed lifestvles The expansion of the manufacturing
sector mspired Malaysia's economic growth: however, consequences of economic activities on the
environment triggered public anxiety about waste arising and means of disposal throughout the
1980s.

London was the first city to establish formal door-fo-door waste collections by 1900, a simular
system to that still applied today. With more complex challenges to manage waste m London. the
mhernited systems failed to meet the consequences of overwhelmng economic growth and
population expansion (Parfitt 2010). The overall system evolved in response to the high fraction of
coal ash in nunicipal waste that had potential market value. The Public Health Act was established
m 1848 with the aim of improving public health through proper waste management and provision of
clean drinking water. The dust-yard operation reached its peak by the mid-19® century when coal
ash prices dropped gradually and changed the waste characterization and composition
Uncontrolled growth in waste arising lead to senies of environmental problems and public health
issues such as a significant cholera outbreak in 1854 and the “Great London Stink™ from the River
Thames mn 1858.
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Table 2. Population trends and waste arising for Evala Lunpur and London (1960-2010).
1960s 19705  1980s 1990s  2000s  2010s

MALAYSIA |
Population (10%) 8.16 1021 1383 1821 2342 28728
GDP (hillion 1TISD) 244 428 24094 4402 9379 2475
Annual waste generation (10° tonnes) NA 011 032 5.57 5.69 10.26
National recvcling rate (o) NA NA NA NA 3.00 5.00
Waste per capita (kg/capita/day) NA 0.03 0.06 0.84 0.67 0.99
KU4LA LUMPLUR |
Population (10°) 032 0.88 0.92 1.12 1.31 1.62
Annual waste generation (10° tonnes) NA 0.04 0.11 0.21 1.00 1.27
Waste per capifa (kg/capita/’day) NA 0.11 0.34 0.52 1.93 234
Daily generation (fonnes/day) NA 080 3105 5868 2734 3800
TUNITED ETNGDOM |
Population (10°) 52807 55028 56352 57808 59054 61773
GDP (billion TTSD) 7233 1306 5671 1067 1340 2408
Annual waste generation (10° tonnes) NA 1800 2250 2710 3610 3200
National recyeling rate (%) NA 6.00 8.00 6.00 17.80 4320
Waste per capita (kg/capita/day) NA 0.32 1.10 1.36 1.58 1.39
LONDON |
Population (10°) 7977 7520 6806 6890 7215 7470
Annual waste generation (10° tonnes) NA 247+ 308%F 382 4.40 4.90
Waste per capita (kg/capita/day) NA 0.33 0.45 0.55 0.61 0.66
Daily generation (tonnes/day) NA 6,767 8438 10466 12055 13425

*NA: Not Available i
**Data estimated on 13.7% “of total UK waste

4.1 Trends in waste generation, population and economic growth

Generally, waste generation and management have a direct comelation with socio-economuc
development and human health (Melosi 2004; Lous 2004), degree of urbanization standard of
living and a nation’s prosperity (Ogbonna et al 2007; Walsh et al. 2006). From 1970 to 2010,
anmual waste generation showed a clear trend of growth, with a striking increase during 1980-1920.
The economic activities during the 1970s, under the New Economic Policy (NEP), led to a
contimied increase in waste generation in 1980s. The Malaysian economy has undergone a
fransformation over the last 5 decades, driven by increased trade, encouraging domestic demand and
financial integration As a result, GDP in Malaysia grew fourfold during 1970-1980 from the
previous decade and continued to double until the 20105, Hence, it is conceivable that nmich of the
growth in waste arisings can be attributed to GDP growth and population concentration in urban
areas. Knala Lumpur’s population mereased more than fivefold since 1960 with a maximum
merease of 24% in the early mullenmium However, waste generation mcreased faster than
population growth in the city; with a striking hike in the 1990s (see Figure 1).

Under such circumstances, the earliest regulations imposed included the Street Dramage and
Building Act 1974, Town and Country Planning Act 1976 and Environmental Quality Act 1974,
with specific clauses on waste management within the acts (Fauziah & Periathamby 2013). Waste
pet capita generation in Euala Lumpur increased from 0.11 kg in 1970 to 2.34 kg in 2010, a 20-fold
merease n 50 years. The average household size in wiban areas decreased over the study period

* Estimation s based on 1990-2010 trend where London’s waste contributed approximately 13.7% of total UK waste
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with 6.1 persons in 1970 to 431 persons in 2010 (Department of Statistics Malaysia 2011).
According to Bumley (2001), as household size decreases, per capita waste generation imcreases,
mainly driven by household waste such as mail and newspapers. It is estimated that organic matter
contributed the highest percentage of material in household waste composition (Saeed et al. 2009).
Enala Lnmpur’'s population is expected to reach 4.2 million with average daily waste generation of
9207 tomnes mn 2023 (Saeed et al 2009; Periathamby 2001). Without a proper database, waste
generation was estimated: not until the early 1990 was waste generation data captured at a national
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Towards the new millennmum UK waste management was mainly influenced by the EU Landfill
Directive mn 1999 which aimed to prevent and reduce waste, as well as mitigate impacts on human
health and the environment cansed by landfilling of waste (Timlett 2010). In London, population
decline was reported m 1970s-1980s as a result of the city’s redevelopment by rebuilding estates
mfo commercial centres thus forcing Londoners to move out from the city (White 2008). Waste
arising trends in the UK generally recorded a steady increase from the 19705 to the new millenmia
(see Figure 2). Along with the implementation of the ETT Directive in 1999, aggressive waste
minimization and reduction has taken place, reflected in the reduction of waste generation and an
increase in recycling rate from 6% to 43%. London’s decline in population reversed slowly in early
2000; however, as residential mumbers in outer London increased, more daily comnmiter travel to
the city centre for business. The increase in the number of daily comnmiters i addition to tourists
contributed to mcreased waste generation.

4.2 Waste collection, reatment and disposal methods

Since there is no reported evidence of a proper waste management system before mdependence,
waste disposal methods in Malavsia were probably by burning, buryving or deposition info water
bodies. Mot until the late 1970s was collection treatment and disposal of waste in Enala Lumpur
under the authority of the Enala Lumpur City Hall (KLCH). Gradually, upgrading of the facilities
was completed in line with the increase in waste generation and concern about the adverse
environmental impacts of poor waste nanagement on public health (Periathamby et al. 2009). With
the mixture of dwelling tvpes, waste collection was aligned to suit disposal behaviour i terms of
the type of container used and source of waste generated. Undeniably, operational costs for waste
management mcreased and became the most challenging issue for the authority. Although there
were no direct payments collected from households for waste collection and disposal, the cost has
been included in the local tax contribution KT.CH allocated 66% of household assessment fee for
waste management services pavment to the interim contractors and tipping fees, which is not
sufficient for investment in high technology facilities (Ministry of Housing and Local Government
2012). The most common method for waste disposal across the nation is landfilling. In line with the
contimial increase in waste generation. disposal sites; samitary landfills and open dumpsites have
been developed, usually located far from the city or neighbour city of Enala Lumpur Taman
Beringin Landfill was the only waste disposal site for domestic and conumercial waste located
within the city centre and if commenced operation in 1991, Due to the over-forecast of waste
generated as the city grew rapidly in the late 1900z, the lifespan of the landfill was shortened and it
was closed m 2005. Taman Beringin Transfer Station was developed as an integrated solution for
waste disposal and land scarcity in Enala Tumpur (Ghasimi et al 2010). The facility commenced its
operations m 2002 and provides a modern waste transfer system from the city to a remote landfill
located almost 70km from the facility.

Incineration is the preferred disposal method for Malaysia but the high capital investments are
not affordable for most developing cities. A few small-scale incinerators were built for research
purposes in Malaysia, mostly adopted technology from Europe with customised design to suit local
waste characteristics, especially for hich moishure content waste. All reportedly failed. mainly due
to famlty design or inadequate capacity that caused high operation and maintenance costs (Jereme et
al 2013; Xiang 2012). The governmeni has proposed a nmss-scale incmeration plant mn Kuala
Lumpur to reduce dependency on landfill for waste disposal However, the plan was strongly
rejected by the public mn view of the potential harm to the environment and lmman health (Jereme et
al 2013). The government’s infention to buidd an incinerator provides an indicaton of the
unsuccessfinl implementation of previous waste minimisation and recycling efforts.

In London early garbage removal trucks were simply open-bodied dump trucks pulled by a
team of horses. They became motorized in the early part of the 20% century and the first closed-
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body trucks to eliminate odours with a dumping lever mechanism were introduced in the 1920s in
Britain Transport and collection costs are most significant elements to be considered in the money
matters of waste management. Waste treatment facilities were first operated in London in 1874 with
mnovative “waste destructors” where waste was bumed. Almost a hundred vears later, in 1971, the
London Ecopark incinerator was launched to handle more than a quarter of London’s waste while
feeding electricity info the National Grid. However, waste problems in the city keep escalating, and
new imovations, such as the development of a vacuum system vsing underground pipes were under
consideration (Ween 2012).

4.3 Waste composition

Coal was the main source of heat and energy in the 18 century to late 20% century in most parts
of the UK. Coal ash from household formed the major portion of waste composition in London and
after collection, i was senf to the dust-yvards to be reused as soil conditioner (Velis et al 2009).
Excessive coal burning during cold weather and coal-fired power station operations in London
during the 1950s lead to the Great Smog of 1952%. Bridgwater (1086) analysed the general trends of
United Kingdom waste from the 19305 to the 1980s, highlighting the appearance of plastic in waste
m 1960 as well as a reduction in ash in the early 1970s as a result of a smoke control policy.
Materials such as plastics and paper started to dominate waste composition, mainly driven by the
packaging of goods. Waste electrical and electronic equipment (WEEE) appeared in the waste
stream in the new millenmium due to the rapidly emergence of techmology, its increasingly
affordable price and louted lifespan driven by in-built obsolescence. The Umted Kimgdom
disposed close to 1 million tonnes of WEEE in 2003 with 70% comprising large household
appliances (Dalrymple et al. 2007). The share of organic waste increases steadily from 19% in the
1960s to 32% m 2010. Figure 3 shows the composition of waste for London which clearly indicates
the transition from the coal ash era to plastic revolution by end of 1980, The implementation of EUT
Landfil Directive in 1999 changed the focus of waste management in London from disposal to
recovery. Biodegradable waste was diverted ffom landfill due fo concern about methane gas
released to the atmosphere that contributes to climate change Therefore, optimization of resource
recovery from the waste stream became the popular option and there 15 a slow move towards
supporting the circular econonty famework in fiture.

Figure 4 shows the composition of waste for Enala Tnmpur; the waste composition does not
change nmch over the studied period, with organic waste coniributing the largest share Farly waste
management in Malavsia generally mvolved dealing with relativelv homogenous waste of organic
and major components of recyclable items. Realizing the potential to generate energy from organic
waste, the Government introduced organic waste separation at source in 2005 with the vision to
develop high technology facilities which include thermal treatment and anaerobic digestion in the
fiuture. Yet. the residents were not inspired with the Government mitiatives as the facilities
development did not complement the awareness campaign. thus leading to a contimued increase in
organic waste.

® Great Smog of 1952 was 2 severe air pollution event known as medern Londen’s most massive civilian disaster,
with 13,000 people had died as a result of the smog (Laskm 2006}
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Figure 4. Trends in Enala Lumypur’s waste composition. 1960-2010.

Limited knowledge on plastic recveling and lack of suitable recycling facilities for plastic
resulted in the significant increase in the plastic faction in the waste stream In addition. due to ifs
Jurability, cheapness and convemence for daily use, plastics become primary matferials for
packaging which is easily discarded after single use.

In Enala Lumpur, night markets have often been preferred by people due to their variety of stalls
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and abundance of essential dailv needs for sale. They consist of collections of stalls selling a range
of goods and foods. Foods available at the night markets are ‘ready-to-eat” or prepared-on-demand
food which is to be eaten on-sife, or takeaways that mamly use single-use plastics for packaging. In
general, waste characteristics vary depending on demographic patterns, urbanization rate as well as
appropriate focus by the authority to seek the best applicable methods for waste management in the
city.

4.4 Waste minimisation strategy and recycling policies

A timeline illustrating the evolution of waste management systems in both cities is shown in Figure
5. The chronological analysis reveals the gradual implementation of waste management initiatives,
the challenges faced and the attempted solutions. This analysis in turn indicates how the waste
management systems have evolved towards fulfilling public needs alongside rapid economic
development and population expansion. In Malaysia, waste management became a federal authority
when the Environmental Cuality Act (EQA) was fornmlated in 1974, which later shifted to the
Local Government Act in 1975, The aggressive mmplementation of waste management in Kuala
Lumpur was initiated with the Action Plan for Beautifirl and Clean (ABC) Malavsia in 1998, which
focused on recveling and strengthening local authority roles in waste management. Recycling and
waste nunimisation were seen as mechanisms fo deal with escalating waste generation A national
recycling campaign commenced mn 1993 however, it failed to achieve the targeted recycling rate
due to the low participation from the public and inadequate recycling facilities provided
(Periathamby 2001). The National Slmlegic Plan of Solid Waste Management was established in
2005 with inspiration from the ABC Plan in 1998, where government continue to promote waste
mininisation and recycling as the preferred solution for waste management In order to firther
mculcate the recycling habits among public, more recycling facilities and centres were developed
around the city and were operated by the ELCH and also private companies. These facilities offer
cash incentives in exchange for recyclables. which created a “spoon-feed” recycling habit among
public and depended on the household’s willingness to bring ffems to the nearest recycling centre
(Zen et al 2014). Recycling has become attractive to the public for personal economic gain rather
than for environmental reasons. In Knala Tnmpur, a significant contribution to recycling is made by
the mformal sector or scavengers via recovery of usable materials from waste streams. In London,
recycling systems are more uniform and administered formally by the municipalities. Informal
svstems — offen known as scavengers or informal waste collectors — are offen more efficient and
dynamic in developing cities and some successfil transitions from the mformal to the formal sector
have occurred (MNas & Jaffe 2004

Dhiring the 1980s to 1990s, scavengers were mainly local people from the lower mncome level in
society and their activities focused on recovering materials from landfills. Collection of recyelables
from households was carried owt by both scavengers and nminicipal waste collection crews, often
known as tailgate recycling. Although tailgate recyeling is not allowed by law, sales of recyclables
provides extra mcome to the crew (Hassan et al 2000). Scavenging by municipal crews reduced the
efficiency of waste collection thus increasing the operational cost to the authority. In addition the
government started to lose control on tracking recycling activities and data collection as the
mformal recycling industnies grew more rapidly than expected Consequently, although the
recycling rate in the country is almost certamnly higher than officially reported, it is still unknown. In
the 1990s, there was ingress of foreign labour ffom neighbouring countries fo address labour
shortages in mamufactuning sector. Foreign labour then started to dominate waste collection
activities, particularly via informal recycling activities. The mformal recyeling sector became
aggressive due to poverty and a lack of regulations and guidelines for more sustainable recyeling
programs. The informal recycling 15 often to be more efficient due to skillfull mamial sorting
workers that manage to extract waste according to its value. Along with the recycling inftiatives by
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the government m the late 1990s, informal recycling was seen to be more efficient, therefore,
mformal recvelers were licenced by the numicipalities for better fraclang and control.

Environmental and solid waste management (SWNM) policies in Malaysia have evolved from
simple informal policies to national level strategies and legislation (Victor & Agamutim 2013). The
fransition ffiom general waste policies in the Environmental Quality Act (1974) unfd official Solid
Waste Management and Public Cleansing Act (2007) were mplemented in 2011 proved the
govermment’s commitment towards achieving an effectrve and sustainable waste management
system. Along with the transitions. plenty of strategies and plans have been implemented; some
were influenced by other countries” experiences whilst others were designed in response to local
scenarios. Abas & Wee (2014) concluded that the evolution of waste management m Kuala Lumpur
had mmproved social serenity, economic stability and environmental efficiency. However, a series of
failures in waste strategies occurred, nainly due to lack of awareness and participation from the
public as well as limited funds allocated for development of plans for waste management. In fact,
due to political intervention and conflicts of interest between the federal and state governments, the
long-delayed Solid Waste Management and Public Cleansing Act was rejected by opposition stafes,
pushing the ultimate goal towards achieving sustamnable waste management even far from
realization.

The development of recycling systems in London can be seen as a very slow contimation from
the early dust-yard operations unfil recycling operations were kick-started by EU directives towards
the end of the 20® century. Consequently, the waste industry has changed from treating waste as a
homogenous material for easy disposal to developing specialist systems for recovery of different
components i the waste stream; the collection; sorting, dissembling and delivery of materials has
had to be developed in such way to fit with this shift. The UK was relatively slow to shift its focus
from waste to resource managment, trailing behind other industrialised countries such as the United
States of Amernica, Canada, Germany, Austria and the Scandanavian countries, where major cifies
reported recycling rates of 30-50% whilst London’s recycling rate was only 6% (Murray et al
1908).

210



Appendix

-mdom | efemy] puE nopuo| 107 sAITod JUSIISEIENT 3)SEM JO TOTIN[0A A "¢ 2mB1]

paiaEnd e TG
191 B9 TSR]
AUy g P
Sy, E_-_L_.mw___
1) 1 ooy -
- gy R HAdR AT VIVAN ALLD ONdOTIATA
TL% 1% My o EUELE Ny
TR | HQNE 3P MG pIE0S ER A, PIOE
T T # WILIY
ETE)
s wAEy R Ry 1y ey
e el SR, PO | TR
FulelT K| URg,| punpEg L i
. AN g 1% J— N
DA g VRN Uy PSR LTS Ty )
IR e e o ) L B[R
Ay = u__ Y | e
T T qm_.ﬁ L LT TFET-9BLT
juasald-0poe 000Z-1061 00BT-TOLL
Alnjuao 1517 ___._._:H_r_m.u Eh_m ___.._:u_.._mu amﬂ Ainjuas Y181
L, ETET] Fr ARy
Es*u 4 — i P il R
s ..-E " A !; T ¥ D
- RTET ’ ,_ e i [P Lo Ay
EHHIE A saf ey h_“__ .____.__...__v._..._ MHHIRAHMI] Cuigersng, oy VSRR sy [FIFEEITS] R
R R T LT 12y _.,_ss.u Gtol-ikal U SR e ELE L e
TIL R, (IETIRTITEITET TR AHAM MR P TELT
e Sl [TETL i} 1y FIHT [
Ly JERENIE TS Fumlaans
Y Ao LT 1=
MRS A A T
[ TRl
NOHINOT SALLDY 340 TAAdA

wnpsodi (5 [Jypu pup 1uswsSOUDFY SIT04 [PUOUDISINT YIuSSYLT ([ DIMIpADS

211



Appendix

Sardimia 20135, Fifteenth International Waste Management and Landfill Symposium

5. ANEW PARADIGM - FROM WASTE TO RESOURCE MANAGEMENT

As society has evolved and the global population has expanded. the consumption of natural
resources has changed rapidly. Before the Industrial Revolution, there was a scarcity of resources
and waste was hardly seen discarded without some form of recovery. The behaviour of such a
society can be considered as “wasteless” where few materials were actually disposed. Becanse there
was a scarcity of resources, consumption was low, recovery of materials was high and little waste
was produced. Zero-waste operations in the dust-yards of London in the 18% century are good
examples of behaviour in a “wasteless” society. Along with modernization and urbanization the
lifestyle in London has become more hectic and challenging in ferms of balancing economic
stability with improvement to quality of life. Strong economic stability merged with higher living
standards have shaped society into a throw-away or “wastefil” society, where an abundance of
resources allowed the mamifacture of easily available and affordable products. and recovery of
materials was deemed financially umattractive. Subsequently, large amounts of waste were
generated that required disposal and this eventually placed significant burdens on the environment.
A stepwise shift up the waste luerarchy led to recycling becoming the preferred option to recover
secondary value from resources. Moving towards the firture, where depletion in natural resources 13
predicted, it 15 crucial to shift the present society’s waste behaviour, from being wasteful to
“wasting less”. Anticipating increased future waste arismgs. a society that wastes less 1deally will
have access to an abundance of recovered secondary resources from reuse/recyeling/'composting,
though it 15 predicted that resource consumption will be higher along with increased demands for
goods. Shifting from waste management to sustainable resource management clearly is the ideal
way to manage waste in the fiture in all countries.

Population growth

o
|22
5=
Ak ;
2| & 3
o = !
E|l=®
5 K
A %
z |z Rl S
S| E ./ |Population size
) L]
= | g d

=

-

Waste|ess) Wasteful Wasting Less

1900 2015 Time

Figure 6. Waste management evolution conceptual model for Knala Lunpur.
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Figure 7. Waste management evolution conceptual model for London.

Figures 6 and 7 show the waste management evolution conceptual models for Enala Lumpur and
London By comparison with London’s waste management status over time, Euala Tumpur might
be able to project its waste management status if the current society’s waste behaviour continues in
the fiture. Societal waste behaviour in Euala Lumpur can be considered as wasfgfid regardless of
various initiatives for waste recovery and nunimization implemented either by the government or
the public. Unlike London non-existence of regional directives on waste management and a lack of
proper enforcement of waste management policies are making progress towards achieving
sustainable waste management slow. Although waste arisings and resource use are not as intense as
i developed nations. there is concern about the significant increase in waste generation over the last
decade in addition to the exponential increase of population in the city. The lowest point of the
curve mndicated maximum resource utilization with low recovery rate. Upon reaching to tlus point
where the waste management practice 15 at worst, aggressive implementations to immprove the
system has to be done to avoid disastrons environmental consequences. Localised factors or drivers
had indicatively enhanced the imgtiatives towards sinving for sustamable waste management.
Detailed analysis 15 recommended in terms of how localised factors can contribute to accelerating

the process of improving the waste management system.

6. DISCUSSION
6.1 Developing cities adopting practices from developed cities

Developing cities’ waste regulations are often prototypes of past regulations from developed cities.
However, such prototypes often do not work well or fit suitably with local scenarios. Prior to a
decision to adopt such regulations, social economdc, environmental and local political factors
should be considered carefully. Straight adoption of techmologies that work well in developed cities

213



Appendix
Sardimia 2013, Fifteenth International Waste Management and Landfill Symposium

mav not work effectively in developing cities for various reasons, including poor fit with local
waste characteristics and quanities, mfrastrocture, collection and transport systems, femperature,
climate, culture, householdbusiness practicess and the local economy. Even customisation of
technologies to suit local conditions may not ensure the success of its operation. Developing cifies
offen cannot afford trials and research, in terms of finance and fime, and hence adaptation from
developed cities” experiences and success is seen to be a fast-track fo deal with urban wastes. As
Emala Tumpur is planning fo build many mcinerators, failures from previous small-scale
mcinerators across the covntry mayv shed some light on anticipated challenges in ferms of
operational costs, social rejection, environmental impacts and eventual chance of success/failure.

6.2 Economic influence on waste arisings

Az economic prosperity increased, living standards in Ewala Lumpur were raised, increasing
purchasing power and waste generation Kuala Dumpur has economically developed for the past 50
vears with amount of waste generated escalating muich higher than the economic growth. It has been
spending the majority of earmarked nmmicipal funds on waste management and disposal and least
on facilities development. Likewise in London when the benefits of proper waste management
outweigh the cost mplications, the level of government spending on upgrading facilities and
improving waste management system should mncrease.

6.3 Colonial influence

In general there is some commonality between London and Enala Lumpur in terms of application
of laws and regulations as well as strategies and approaches to waste management. Although both
cities’ waste management systems have listorically been dominated by end-of pipe solutions,
London 15 moving towards resource management via increased recoveryv and recycling. Waste
management policy in London has been achieved via decades of development and transformation of
factors that influenced the kind of systems implemented today, and it 5 undepiable that EU
directives have had a very strong recenf influence. Legal financial operational, technical. social
and to some extent political factors are the main determinants of successfil implementation of waste
strategies and systems in developed cities; these factors are less developed or more mconsistent in
developing cities and hence sustainable waste nanagement systems are still far from realization in
these locations. Although the British influence on Kuala Lumpur’s waste management system 15 not
obvious, it has taken up experiences and practices of London’s waste management and matched
with local conditions for better implementation In fiture, if Enala Lumpur s developing towards
London's characteristics in terms of demographic patterns, London’s experiences in waste
management may able to help Kuala Lumpur’s authorities to plan for fiture waste management
sysiens.

6.4 External factors

In developing cities, localised factors that support waste management svstems could be discovered
with more detailed analysis and evaluation about how these factors react to each other m a local
waste scenario. These factors are external forces that doive the city to enhance sustamable waste
management mitiatives fo suit societal lifestyles, resource consumption and expanding economic
activities. Factors such as weather and climate significantly impact waste degradation and methods
of waste treatment. With muninmim funding on waste facilities development and management
anticipated in developing cities, it is crucial to have cost-benefit analyses as well as having the
custom-made facilities to swit local conditions and scenarios. Waste management policies for both
Eunala Lumpur and London have been integrated with other national environmental policies.
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However, the policies have dertved from different components such as characteristics of the waste,
degree of the environmental impacts. and disposal methods as well as tools for waste management
activities. The enthmsiasm of Euala Lumpur’s authorities to develop waste systems into the most
sophisticated and sustainable at low financial cost has driven the authority to study other cities’
successes and adopt them to suit local conditions. Although there is no regional directive on waste
management, success stories from neighbouring city such as Korea, Japan and Singapore have also
provided mspiration for Knala Tumpur.

7. CONCLUSIONS

The conclusions from this study are:

a) Historical analysis of trends and systems i a developing and developed city has enabled the
identification of key milestones in waste management practices. policies and strategies. A
developing nation should be able to observe the successes and failures of developed cities” waste
management initiatives and learn from them when changing its localised waste systems.

b) The analysis has led to the development of conceptual models of waste management status that
mav be useful for cities simular to Evala Lumpur and London Future improvements may not be
require total system changes, rather enhancements of localised factors that support the system
may be all that is required in order to make the system more effective and sustamable.

c) Comprehensive waste management policies with full implementation plans need to be properly
formmlated based on a clear and concise understanding of local circumstances, never from direct
adaptation from other city’s experiences.

d) The “big picture” for waste management needs to be addressed at national and global levels.
Each stakeholder needs to gear up their functionality to support the system The public is the
biggest stakeholder; the public need to be educated to understand the connections between their
daily lifestyles. resource consumption and the quality of the environment that they live in
presently and for the future.

€) The importance of a proper waste management database is undeniably crucial to help planners
for future projections. In developing cities where databases are estimated and may be widely
maccurate, this may lead to nusinterpretation of the current scenario and could result in
disastrons projections or even make the realization of sustamable waste management almost
1mpossible.
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SUMMARY The development of solid waste management (SWM) has been closely related fo
factors that influenced waste practices in the past and has shaped contemporary waste
management systems. Multiple influencing factors need to be considered it SWM is to be
effective. We have identified non-measurable or “invisible” factors that are not easily quantifiable
or routinely measured but may influence local waste management practices and behaviour.
Although the degree of influence of invisible factors is varied and sometimas vague in terms of
impact, they serve as a starting point to design more well-rounded and effective waste
management strategies The aim of this study was to identify factors in solid waste management
and classify them for the first ime into two broad categaories, "visible™ and “invisible™ A PESTLE
(Political, Environmental, Social, Technological, Legal and Economic) analysis was employed as
the basis for categorization. We identified 43 key factors that were divided info the six different
PESTLE categories, of which 34 (79%) were visible factors and 9 factors (21%) were visible.
Findings from this study highlight the need to adopt new perspectives in determining which
factors play key roles in local waste management but have not been addressed appropriately
and may have hindered the initiatives taken in developing SWM systems efficiently.

1. INTRODUCTION

Waste generation is connected to the socio-economic status of nations. In developing
countries, the management of waste is becoming more complex as a result of rapid urbanization
and the increasingly hetercgeneous nature of modern products. Increasing population level,
rapid urbanization, significant economic activity and a steady increase in society’s living
standard in major cities in developing countries has lead to the exponential growth in waste
generation. Large increases in global waste generation may be aftributed to developing
countries, driven by a combination of high wurbanization rates and massive economic
development (Le Courtois, 2012) . Specific socio-economic conditions prevail in developing
countries, including rapid population growth, rural-urban migration, lack of funds and low-skilled
cheap labour. SWM systems in merging economies often lack facilities, and suffer insufficient

Procesdings Sardinia 2017 { Skaesnth International Waats Managsment and Landfill Symposium/ 2 - 6 Cotober 2017
S. Margherita di Pula, Cagliari, [taly /€ 2017 by CISA Publizher, ltaly
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service coverage, improper disposal and ftreatment methods that greatly lead to major
environmental and social problems.

Mukhtar et al. (2016}, in their global review of the history of urban waste management,
clearly showed that direct adoption of developed cities’ approaches without proper consideration
of the local circumstances may lead to unsustainable future waste management in developing
cities. The significance of factors in SWM in developing countries has been assessed according
to specific contexts including: socio-economic impacts on waste generation (Bandara et al,
2007), recycling (Johari et al., 2014), waste to resource initiatives (Storey et al., 2015), the
collection of municipal waste (Coffey & Coad, 2010) and disposal of waste (Zurbrigg &%
Schertenleib, 1998). The roles of specific factors are not always well-defined nor their influence
measured. The impact of these factors, when apparent, can be wvalidated from historical
evidence.

Multiple factors affect the development of waste management systems, including legislative,
environment, social, technical, health, market demand and economic aspects. These factors
need to be identified and their role understood to ascertain whether proposed waste
management plans are duly tailored to local requirements and viable in environmental, social
and economic terms (Mukhtar et al., 2015). The key factors relevant to waste management
systems can vary due to the differences between individual cities’ characteristics (Contreras et
al., 2010). Some factors are measurable and known (2.g9. demographic indicators) and can
contribute to projecting future waste conditions. In contrast, there are factors that potentially
influence the need for development of a waste management system but are gualitative (e_g.
behaviour, understanding and awareness) and may be important if local conditions are to be
recognised and addressed in the design and implementation of waste management systems.

Various factors of solid waste management plays different fundamental roles in waste
management practices (Barr, 2007; Periathamby et al., 2009; Wilson, 2007); howesver, the non-
measurable or “invisible” factors that are not easily quantifiable and nor routinely measured but
may influence local waste management practices and behaviour. Although the degree of
influence of invisible factors is varied and sometimes vague in terms of impact, hypothetically,
they serve as a starting point to design more well-rounded and effective waste management
strategies (Periathamby et al., 2009) or policies based on tangible local trends or evidence,
rather than adopting best practices from elsewhere which may not address local characteristics,
customs, unigueness or waste composition (Mukhtar et al., 2018).

In this study, factors in waste management are classified for the first time into two broad
categories; visible and invisible. We define a visible factor as one that is fully considered in
waste management which is gquantifiable and measurable using available datasets, published
and available for public access for fair consideration. We define an invisible factor as one that is
non-measurable and non-guantifiable but still influences behavioural, generations and
philosophical perceptions on waste and its practices. In some cases, invisible factors’ roles in
shaping waste management in developing countries are more significant than in developed
countries, depending on the combination of other factors in the local waste conditions. Due to
the local influence of these factors in specific situations, invisible factors that worked well in one
local condition may appear o be not significant at all in other areas and therefore direct
adoption cannot occur. The complexity of a city/region’s waste management system
requirements need to be i) recognised i) analysed and finally iii) turned into infrastructure,
service provision and information campaigns that lead to behaviour change. For example, cities
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with diverse ethnic groups in the community might consider the differences in cultural and
lifestyles of each ethnic group in terms of waste practices, resource consumption and
awareness on proper waste management practices. In less diverse countries, any differences in
waste-related behaviour among different ethnic groups may not appear to be important and may
not need fo be considered in waste management plans and systems. It is possible that
approaches to setting up waste collection systems, selecting suitable treatment methods and
public awareness-raising campaigns need to take visible and invisible factors into consideration
in order to reach optimum results.

The aim of this study is to identify factors of solid waste management in developing countries
and classify them into two broad categories, “visible® and “invisible®. In this paper, we identify
factors in waste management through a review of multidisciplinary literature and structurad the
factors according to PESTLE (Political, Environment, Social, Technology, Legal and Economic)
for clear categorization. Factors from each components of PESTLE will then be classified as
visible and invisible by employing a Delphi study. Results will provide clear classification of
visible and invisible factors in developing countries and how these factors can be connected
within the local waste conditions that can accelerate the development of SWM systems.

2. METHODS

The study comprised two phases. The first stage was a literature review to gather and collate
a list of key factors that are reported to be relevant to and important in SWM; factors were then
classified according to the PESTLE categories (section 21). The factors as collated and
classified were then presented to a consultative group, members of which were asked to specify
whether they consider each factor to be *visible® or “invisible™ in current waste management
practices (see section 2.2).

2.1 PESTLE classification of factors in solid waste management

Important factors in waste management development were first idenfified via a literature
review. The literature review was intended to identify factors on a qualitative basis. The factors
identified were not intended to represent an exhaustive list but to generate a set of factors for
subsequent consideration by the consultative group in the Delphi study (section 2.2). The factors
were grouped according to the PESTLE classification system (e.g Zhang et al., 2011; Kolios
and Read, 2013; Srdjevic et al., 2012; Zalengera et al., 2014). This approach provides an
analytical framework for a complex system and interactions between factors.

2.2 Delphi survey

The Delphi method was employed to establish views on factors in solid waste management
from the group of identified experts. The Delphi method is a systematic and interactive research
technique to obtain the judgement of independent experis on a specific topic. Expers were
selected using an online search, including ediforial panels of waste management and related
joumals and academics in higher education. The structure of the Delphi questionnaires followed
the key factors and PESTLE classification (section 2.1).

Respondents were presentad with the list of factors within PESTLE classes (Tables 2-7) and
asked to classify each factor as either “invisible® or “visible®. The questionnaire specified the
meaning of each of these terms, vis-&-vis:
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- Visible: factors that are measurable, quantifiable, considered in SWM decision-
making and implementation, and available in the public domain.

- Invisible: factors that are mot currently considered in SWM but have the potential to
influence SWM behaviour, perceptions and practice.

Respondents were also asked to provide information regarding their own role, expertise and
experience in SWM. The Delphi guestionnaire was administered by iSurvey, a survey
generation and research tool for distributing online questicnnaires used by the University of
Southampton (hitpsJfwww_ isurvey soton.ac.ukf).

3. RESULTS AND DISCUSSION

3.1 PESTLE classification of factors in solid waste management

The 43 factors are identified and briefly described in Tables 1-6. Differences in the numbers
of factors in each PESTLE class were noted. We note that the observations to hand (Tables 1-
6) do not represent an exhaustive list of factors or a quantitative profile. The specific purpose
(section 2.1) is to inform and guide the subseguent Celphi survey (section 2.2). In particular, this
analysis provides the structure for the Delphi study (i.e. PESTLE classification) and definitive
descriptions of each factor (Tables 1-6).

Table 1. Political factors in solid waste management: the ability and roles of government to
affect management and regulation.

Factor Description References

Govemment stability Strong government can hold its  Plata-Diaz et al. (2014);
power and control over the Wilson etal (2001)
country with minimal external

influence
Carruption Fraudulent conduct for personal Taherzadeh & Rajendran (2014);
benefits, typically related to Jones etal (2010)
bribery
Accountability of Responsible and trusted leaders  Jones et al. (2010)
leaders Rudden (2007)
Local government plan The plan for future development  Rudden (2007)
of the local area Wilson et al. (2001)

Gowvernment priorities  Focus and attention on specific  Moh & Abd Manaf (2016)
issues by the government

Influence of politicians  Effect of politicians’ behaviour Taherzadeh & Rajendran (2014)
and character on specific issues

Bureaucracy Excessively complicated Godfrey & Scott (2011)
administrative procedurs

Table 2. Environmental factors in solid waste management: the ability of environmental
elements and resources to influence waste management behaviour and directions.

Factor Description References
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Environmental guidelines

Local/national guidelines that set specific
environmental standards

Li (2007)

Envircnmental targets

Specific goals on environmental standards
to be achieved within certain period of time

Li (2007)

Climate change

Changes in global and regional climate
patterns resulted from unsustainable
human activities

Zaman (2013)
Johnson et al.
(2011)

Geographical landform

Different features of the part of the earth
which makes the terrain

Li (2007)

Local weather

Specific weather conditions at a particular
place and fime

Emery et al. (2003)

Envircnmental awareness

Awareness on the adverse impacts onfo
the environment resulted from
unsustainable human activities

Triguero et al. (2016)
De Feo & De Gisi
(2010)

Table 3. Social factors in solid waste management: the functionality of humans and their
responses towards changes in waste management.

Factar

Description

References

Seasonal variations

Specific annual celebrations

at Gomez et al. (2009)

particular fimes of the year to Emery etal (2003)

celebrate a change of weather,
season, crop harvesting and also
racial, religious or ethnic affiliation
which may or may not officially
recognized by the government

Religion System of faith and worship to Fatimah Mohamad et al.,
personal God (2011)
Mohamad et al., (2012)
Cultural Social behaviour, belief, traditions of Thyberg & Tonjes (2015)
particular group of people Martin et al. (2006)
Ethnicity A particular group of people with Perry & Williams (2007)

same races, religious and origin that
may have different culture from
other groups of people of a country

Local/national events

Special days of celebration include C.Gibson & Wong (2011)

national holidays, commemaoration
and also racial or ethnic affiliation
which are officially recognized by
the government

Discrimination

A practice of unfair treatment of a Ma & Hipel (2016)
group of people to other people, Sembiring &
mainly with regards fto the socio- Nitivattananon (2010)

economic status

Socio-economic indicators

Changes in particular demographic Triguero et al. (2016)
components which are measured Pickerin & Shaw (2015)

pericdically

Resource

consumption Changes of natural resources use Taherzadeh & Rajendran
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pattems for human activities within particular (2014)
period of time
Shared norms Rules of behaviour that are Binder & Maosler (2007)

considered acceptable in group of
society

Rural-urban
migration

Movement of people from rural fo
urban areas on daily basis, mainly
dus to the economic and tourism
factors

Henry et al. (2006)

Philosophical change

The evolving thoughts and feelings
on particular issues that reflected in
the changing in behaviour

Wilson et al. (2001)

Aftitude-behaviour change

Difference of individual values or
understanding on particular issues
does not correlate with their actions

Triguero et al. (2018)
Jones et al. (2010)
Barr (2007)

Resistance to change

Actions taken by individuals or
group of people when they perceive
or interpret change as a threat fo
them

Taherzadeh & Rajendran
(2014)

Table 4. Techmological factors in solid waste management: the ability to apply suitable
technology towards the improvement of waste management.

Factor

Description References

Skilled
experns

waorkers

Workers with specific
knowledge, skills and
ability to perform best
in their work, while
experts are someons
who widely recognized
as a reliable source of
technigue and skills

Periathamby et al. (2009)

Application  of
technology

suitable

Application of the
approprats
technology that are
best designed for
efficient operation

Wilson et al.

Taherzadeh & Rajendran (2014)
Contreras et al. (2010)

(2001)

Facilities availability

Adequate number of
facilities are
developed for specific
use of the people

Taherzadeh & Rajendran (2014)

Rate of technology Development of the Zaman (2013)
change related technology
over certain period of
time
R&D Activities Mew innovative Periathamby et al. (2009)

research that change
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the utilization,
performance,
management and
practices

Table 5. Legal factors in solid waste management: the aftributes and obligations of local
authority and as institutions responsible to comply with waste management guidelines.

Factor

Description

References

International directives

Environmental  guidelines  and
instructions drafted by international
organizations to create uniformity in
actions

Confreras et al. (2010)
Rudden (2007)

Local palicy

FPolicy that sets guidelines that
determine the decision and actions
on relevant matier

Taherzadeh & Rajendran
(2014)

Producers responsibility

Approach taken by the producers
in manaqgqing waste as by products

Triguero et al. (2016)

Consumer accountability

Responsibility of consumers in
buying, consume and managing
the waste from the products

Triguero et al. (2016)

Relevant SWM law

Compliance and enforcement of

the law towards environmental
protection and social
considerations

Contreras et al. (2010)
Bai & Sutanto (2002)

Table 6. Economic factors in solid waste management: the ability of economic status to
determine the marketability of recovered materials and waste products.

Factor Description References

Potential income from Monetary benefits from waste Periathamby et al. (2009)
wasts

Trade restricions on Limitation on trade activiies to Ray (2008)

wasts selected waste

Third sector restrictions

Limitation on trade activities to non-
formal business organizations

Williams et al. (2012)

Availability of funds

Financial assistance offered on
particular projects or initiatives

Taherzadeh & Rajendran
(2014)
Wilson et al. (2001)

Interest and tax

Application of interest and tax on
qoods and services

Jones et al. (2010)

Economic growth patterns

Changes in the amount of goods
and services produced per head of
the population over a period of time

Johnson et al. (2011)

Incentives

Rewards offered on appropriate
actions

Jones et al. (2010)
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3.2 Delphi survey: respondent profile

The respondent group comprised professionals from academia, private SWM consultants
and companies, regulatory, local authorties and national government, charity organizations,
business and trade and politics. Participants were classified according to their current location
and its associated economic status (Table 7). The classification of countries by gross net
income (GNI) is considered appropriate and convenient, but does not necessarily reflect the
status of development in countries within the same classification.

Table 7. Classification of Delphi survey participants’ current location and national economic
status. ' Economic status determined by the gross net income (GNI) per capita per year (World
Bank, n.d.); * GNI per capita of <8§1,025; * GNI per capita $1,026 to $4,035; * GNI per capita
$4,036 to $12,475.

Farticipants’ location Economic status’
Mozambique Low income®
Tanzania Low income®

Togo Low income®

South Africa Upper-middie income*
India Lower-middle income”
Indonesia Lower-middie income®
Malaysia Upper-middie in come*
Vietnam Lower-middle income®

Argentina Upper-middle income*
Brazil Upper-middie income*
Peru Upper-middie income*

3.3 Delphi survey: classification of factors as visible and invisible

Experts were asked to classify 43 factors (Tables 1-6) as visible or invisible. For ca. 80% of
these factors, more than 50% of the respondents judged them to be visible. Each group of
factors is considered in relation to PESTLE categories (sections 3.3.1 to 3.3.6).

3.3.1 Political factors

Political factors, as classified by respondents, varied in terms of being considered visible or
invisible (Figure 1). The local government plan was considered visible by all respondents; the
strong majority view was that government pricrities, government stability and bureaucracy were
visible. The accountability of leaders was viewed as visible and invisible by a similar proportion
of respondents, whilst the majority of respondents considered corruption and the influence of
politicians to be invisible factors (Figure 1).
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Figure 1. Proportions of Delphi survey paricipants classifying political factors (Table 2) as
visible or invisible.

These observations (Figure 1) illustrate the importance of government in sefting the focus
and direction in future development of waste management. The experts consulted in the Delphi
survey the highlighted the visibility of both local government plans and government priornties in
relation to waste management. It can be argued that in developing countries there is a relatively
high dependency on government to facilitate proper waste management services and facilities.

Most respondents (70%) considered bureaucracy to be a visible factor in waste management
(Figure 1). Bureaucracy, whilst often a visible factor, can exert negative impacts if, for example,
administration procedures are excessively complicated; unnecessary procedures and approval
processes can cause delays in decision-making and implementation.

Government stability was considered by most respondents (619%) to be visible (Figure 1).
Changes of government can clearly influence plans and their implementation at local to national
scale. Stable government and related institutions allow establishment and maintenance of good
relationships between politicians and authorities, ensuring better co-ordination of efforts in
planning and development of efficient waste management services. Less stable govermnment
can generate uncertainty within the governmental institutions and disrupt decision-making and
executing of waste management plans.

The accountability of the leaders was classified by 53% of respondents as invisible;
measuring the qualities of leaders is often subjective. Changes to waste management cannot be
readily or reliably aftributed fo the contributions of individual leaders; efforts of govermnment
authorities in improving waste management are generally cumulative, arising from multiple
contributions from many individuals. There may, however, be some attribution of broad-scale
outcomes to leaders who have taken a key role in developing a waste management strategy,
mast likely at a local scale.

Although fewer respondents considered corruption to be visible than bureaucracy, these two
factors may be interlinked; excessive bursaucracy can precipitate coruption. It is arguable that
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coruption, antagonistic politics and bureaucratic procrastination commonly exist in developing
countries” govemment systems, which influence the decision-making and stakeholders®
involvement in relation to WM policy and practice. Corruption is more likely to occur when
partnerships and relationships are poorly designed or defined; the efficiency of the networking
then becomes inefficient (Taherzadeh and Rajendran, 2014).

With regard to politicians influencing decision-making and implementation of waste
management systems, most respondents (69%) considered this to be an invisible factor (Figure
1). Influences of politicians can be notable, however. For example, following Malaysia’s General
Election in 2008, the change in political leadership led to the biggest challenges for the federal
government to implement finally the Solid Waste Management Act 2007.

3.3.2 Environmental factors

Many of the environmental factors (Table 2) are considered to be visible by survey
respondents. Environmental guidelines and environmental targets were highlighted as visible by
the majority of respondents. Clear guidelines and targets on environmental aspects are vital for
improving SWM: guidelines should provide procedures and methodologies for monitoring and
enforcing the regulafions; targets must be achievable and realistic to drive initiatives towards
improvements. The importance of geographical landform on the development of SWM systems
is also considered wvisible by most (¥0%) respondents. Vehicle-based collection in less
accessible areas in developing countries may inhibit expansion of service areas in less
reachable, mainly rural areas: some faciliies, social and economic activities depend on the
quality of transport infrastructure. Spatial varation in this regard requires understanding of the
local situation im order to plan for a workable and efficient waste management system. The
quality and coverage areas of waste collection semvices in some of developing countries differ
between urban and rural areas, which may explain the observed split between respondents
considering geographical landform visible and invisible (Figure 2).

Envirnmental guiceines - ||
Environrmental targsts _:'
Clrmate changs _ |
Geographial ancior ]
cocat weetrer | |
Ervironmeantal awaraness — |

0% 10% 20% 30% 40% S50% 60% TO0% B0%W B0% 100%
visibility
miisibla Olrvisible
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Figure 2. Proportions of Delphi survey participants classifying environmental factors (Table 2) as
visible or invisible.

Envircnmental awareness was seen by most respondents as a visible factor (Figure 2): this
underpins waste behaviour that can contribute to more sustainable SWM. The importance of
having a population that is well-educated on environmental and waste management issues is
thus highlighted and confirmed as commaonly recognised and incorporated in SWM systems and
approaches. This outcome is notable: enhancing awareness on good waste practices and
sustainability has been stated as a key challenge in SWM in developing countries (Ferronato et
al., 2017, Mcallister, 2015; Storey et al,, 2015). With commonly visible status of environment
awareness (Figure 2), there is potential to increase further awareness among public in
developing countries to further progress initiatives towards sustainability in SWM.

Motably, Delphi respondents indicated that climate change is more commaonly invisible than
visible {(Figure 2); less than one third of respondents regarded climate changes as a visible
factor in SWM. This cbservation is somewhat at odds with the general recognition of climate
change as a major and global environmental problem for the waste sector (Turner, 2018).
Omission of climate change from visible factors in SWM palicy and practice renders the impacts
of WM on climate invisible and can lead fo decision-making that fails to reduce or even
propagates waste-related climate change impacts.

3 3.3 Social factors

Respondents’ views of social factors in SWM as visible or invisible varied markedly across
the factors considered (Figure 3). Resource consumption patterns were regarded as visible by
the majonty of respondents; economic prosperity is commonly associated with demand for
products and materials for consumption which in tumn leads to higher demands on SWM
systems. Experts mainly has consider that consumption patterns are already incorporated in
SWM planning and system design. We note that preventing or inhibiting high rates of
consumption and avoiding “throw-away™ mentality could reduce waste generation by enhancing
reuse, resource recovery and recycling (Williams and Shaw, 2017).
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Figure 3. Proportions of Delphi survey participants classifying social factors (Table 3) as visible
of invisible.

Local / national events were considered fo be visible in SWM by most respondents (Figure
3). Celebration of local and national events draws communities together, but can lead to notable
quantities of waste that need to be dealt with, requiring additional resources. Seasonal
variations were also considered to be wvisible by most respondents: such events typically
celebrate ethnic, cultural and religious events that occur within niche communities; the
associated waste is often generated at a household level. For example, during the Ramadhan
and Eid-ul-Fitr celebrations, food waste is generated in higher than usual quanfities. Muslims
tend to buy more food than their normal requirement for self consumption and guests; however,
with limited time for consumption, food are not being efficiently consumed and ultimately end up
as waste. Changes in waste collection frequency, additional vehicles and workforce are needed
in consequence. Likewise, Christmas and Easfer celebrations can lsad to increases in
household waste comprising large proportions of recyclables, such as packaging, wrapping
papers, greetings cards, glass bottles and food waste.

Most of the responses from the Delphi respondents identified rural-urban daily migration as a
visible factor in SWM (Figure 3). Unequal economic growth distribution between rural and urban
areas leads to daily commuting, mainly driven by the economic opportunities and access to
education, health, commerce and frade, for example. Although daily migration is already taken
into account in many respondents’ views, these activities influence the quantities and locations
of waste generated in a city and confound esfimates of likely waste arisings on a per capita
basis. Understanding the influence of daily migration on waste characteristics, generation frends
and patterns, is non-trivial but nonetheless informs and guides SWM policy and practice in most
of the locaftions represented by the Delphi survey participants (Table 7).

There were five factors classified as equally visible and invisible: cultural, socio-
demographic, attitude-behaviour gap, resistance to change and shared norms. Religion and
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discrimination were considered to be invisible by most respondents (Figure 3). These factors
thus appear to be incorporated in SWM policy and practice on an inconsistent basis. Religion is
seen as influential force to transform public practices and behaviour on waste management
(Fatimah Mohamad =t al, 2011; Taherzadeh and Rajendran, 2014). Discussions on the
influence of religion in waste management, however, are limited and often included within
broader sets of socio-demographic indicators (Mohamad et al., 2012). Religion is perhaps not
widely considered in SWM systems despite the potenfial of religious organizations to assist in
transforming the public’'s waste behaviour. Likewise, cultural factors and ethnicity may present
opportunities o transform  waste management behaviour through social groups and
communities, although the visibility of these factors varies between setftings according to the
Delphi survey responses in this study (Figure 3). We note that factors are not necessarily
mutually exclusive: ethnicity may, for example, be associated with cultural and religious factors
and their related behaviour and wvalues regarding resource consumption and waste
management. We note that although culture, religion and ethnicity may well be closely
associated, cultural factors are more commaonly recognised and incorporated in SWM (Figure
3).

Discrimination was viewed as a visible factor in SWM by around 1 in & Delphi respondents.
This is perhaps a weakness in many settings: urbanization and economic growth lead to
ineguality, harassment and exclusion due to individuals® low social status. The few studies on
this issue hawve highlighted, for example, discrimination of female SWM workers in developing
countries (Ma and Hipel, 2016; Nunn, 2012}, informal recyclers (Mull, 2005; Sembiring and
Nitivattananon, 2010) and racism and social status of communities (Baabereyir, 2009). The
intrusion of political agenda in solid waste management hindered the occurrence of social
injustice which make discrimination factor is least considered.

3.3.4 Technological factors

Mast, but not all, Delphi respondents considered all technological factors to be visible (Figure
4). This outcome highlights the importance of available and suitable faciliies for waste
management activities that lzad to positive waste management behaviour among the public and
improve operational efficiency. Conversely, a lack of suitable facilities can contribute fo
stagnation or decline of local SWM; availability of appropriate facilities can mofivate public
paricipation. Suitable facilities for SWM also permit resource recovery from the waste stream
and thus contribute to more sustainable resource use.

The needs for skillad workers and experts are commonly regarded as visible factors in SWM
in developing countries; pertinent skills and expertise can enhance and improve initiatives for
and operations of SWM. In confrast, an inadequate skills base can lead fo inaccurate waste
projections and ineffective planning. There are relatively few academic studies that have
evaluated the importance of skilled workers and experts in developing sustainable waste
management plans (Dinie et al., 2013; Hazra & Goel, 2009; Moh & Abd Manaf, 2014); there is
thus a contrast in that knowledge appertaining to skills and expertise is somewhat poor, whilst
skills and expertise are commonly incorporated in SWM. We note that waste management
invalves both technical and non-technical disciplines; therefore, skilled workers can confribute to
the efficiency of operational issues. Optimizing the recovery of materials from the waste stream
and reducing the maintenance cost of facility operation by proper handling of the waste
treatment facilities, for example, relies on a suitably skilled workforce.

234



Appendix

Sardinia 2017 f Sodeenth Intemational Waste Managament and Landfll Symposium [ 2 - 6 October 2017 3 -

Skilled workers and experts

Application to suitabla
technalogy

Facilities availakility

Rate of technology change

R&D

0% 0% 20%  30% 40% S50% 680% V0% B0%W  S0%  100%
wigibility
m \isible Olnvisikls

Figure 4. Propertions of Delphi survey participants classifying technological factors (Table 4) as
visible or invisible.

Most Delphi survey respondents identified application of technology in waste management
as a visible factor. Technology can conveniently and efficiently support the SWM systems, for
example, when applied to waste treatment operations and recovery of resources from the waste
stream. Developing countries, as indicated by the survey respondents, differ in terms of whether
changes of technology and research and development are visible. There is a relative lack of
financial assistance and allocation of funds for developing technology for SWM in developing
countries. The lack of research and development activities in developing countries can lead to
the selection of inappropriate technology in terms of local weather, waste characteristics,
financial capabilities and availability of experts and skilled workers. Consequently, the selected
technology may not operate effectively (or at all), thus wasting the resources allocated and
causing social indignation.

3.3.5 Legal factors

Legal factors were all classified as visible in developing countries by the majority of
respondents (Figure 5). Relevant SWM law and local policy are both considered visible factors
by more than 95% of respondents. Outcomes in this regard reflect the status of local
government plans and government priorities as visible factors in SWM (Figure 1); laws derive
from political ambitions and purpose. In dewveloping countries existence of local government
plans is clearly important and is already incorporated in 3WM systems, as is relevant SWM law.
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Figure 5. Proportions of Delphi survey participants classifying legal factors (Table 5) as visible
or invisible.

Most respondents considered that accountability of consumers is a visible factor;
management of post-consumer waste and producer responsibiliies are key aspects.
International directives were considered to be wvisible by most respondents; international
directives on sustainability of waste management do not always apply and this situation is
reflected in the responses received in this instance.

3.3.6 Economic factors

All of the economic factors considered were viewed by most respondents to be visible factors
in SWM (Figure 6). Waste trading between developed and developing countries became an
alternative solution to disposal for developed countries. This symbiotic relationship was
apparently beneficial to both parners; developing countries were generating income from
recovery of resources from waste whilst developed countries benefits secured reduced disposal
and treatment costs. However, this rapidly led to immoral and unethical practices that resulted in
damaging human health and environmental impacts in developing countries.

The strong agreement on the importance of available funds allocated for waste management
projects was observed in developing countries with undivided agreement of 100%. Developed
countries have more sources of financial suppont to develop their waste management systems
when compared fo developing countries (Periathamby et al., 2003; Wilson, 2007; Wilson et al,,
2001). Incentives for the use of selected waste management processes/systems were viewed
as motivational tools to reward good practice. The importance of offering incentives to further
improve a waste management system was highly recognized, which more than B85% of
agreement from developing countries.
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Figure 6. Proportions of Delphi survey participants classifying economic factors (Table 6) as
visible or invisible.

A similar pattern of agreement was observed about the implementation of tax and interest on
waste trading and also the potential income generated from waste on the public waste
practices. Respondents from developing countries had slightly less concern on the importance
of these factors in their waste system, which was an unexpected finding given by the rapid
growth of business activities relating to waste trade and resource recovery in developing
countries like China and Indonesia (Damanhuri, 2009; Hui et al., 2006). Great emphasis on the
investment on facilities and improvements in waste management services can be observed
alongside rapid economic growth in developing countrizs. With a stronger economy, the
consumption of the resources increases alongside waste generation and this obviously
influences emerging waste management systems. The importance of economic growth is very
significant in developing countries with 78% agreement from respondents. Cverall, all economic
factors were classified as visible in both types of country, validating the importance of a strong
economy to accelerate improvements to solid waste management systems.

4. CONCLUSIONS

This study highlights influential factors in solid waste management and classifies them for the
first time into two broad categories; visible and invisible. The factors were grouped using a
FESTLE analysis for clear categorization. From our Delphi survey, we concluded that
environment, technology, legal and economy factors are strongly classified as visible factors
while social and political are generally regarded as invisible factors in developing countries. The
effectivenass and efficiency of solid waste management systems in developing countries are
affected much more than by technological or financial issues. In this context, effectivensss and
efficiency are multi-dimensional issues that include the interconnection of other factors that are
workable within local conditions. The recognition of, and emphasis on, invisible factors that are
not routinely or commonly considered can further enhance the sustainability of a local waste
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management system. As proposed sustainable waste management practices require changes
to public waste management practices and behaviour, there is a need to address the social
factors in terms of attitude and behaviour of the public to be more vigilant of adverse impacts
resulting from poor waste management practices. There is often overlapping of responsibilities
and no clear assignment of responsibilities for tasks relating to solid waste management in
developing countries. This situation hinders the effective implementation of improvement
initiatives, thus there is a call for political factors to be considered in the waste management
planning to further accelerate improvements towards effectiveness, efficiency and (economic
and environmental) sustainability.

The nafional priorities of development in developing countries are different from developed
countries and this influences waste management systems. The changes of solid waste
management systems have been closely related to factors that have different fundamental roles
in the local waste system. Factors in waste management can enhance the implementation of
local plans and improvement initiatives. Understanding the factors that drive developments in
waste management systems in the past and factors that significantly influence and impact
current systems is vitally important if there is to be a move towards achieving sustainable waste
management systems. This can be achieved by historical studies of local systems to
understand the underpinning factors that significantly influenced the development and shaped
the present waste management system. Evidence is not limited to waste management systems
only, but also involves the characteristics of the society, government administration and
economic status of each country/city. Factors elucidated here have to be interpreted in the local
context to be effective. Emphasizing the right factors that significantly influence the local
conditions can maximise the efficiency of the efforts with highest impact to the system. The
influence of invisible factors is unique to each local waste management system and direct
adaptation from other countries’ experiences may not be workable. In some cases, invisible
factors® roles in shaping waste management in developing countries are more significant than in
developed countries, depending on the combination of other factors in the local conditions.
Similar approaches that are workable in developed countries are not realistic in developing
countries due to the inherent socio-cultural, economic and political structures. Even established
technologies used in developing countries may not be suitable for other developing countries
without modifications that underpin with detail study and evaluation. Hence the objective of
sefting the targets may not materalise due to differences in the approach or techmology.
Identification and emphasis the role of invisible factors potentially helps fo accelerate the
improvement to success.

Factors in waste management change dynamically alongside urbanization and the pace of
change varies from one country to another. The visibility of factors needs to be re-evaluated
regularly to get anm accurate situation that lead fo meaningful future projections. Different
combinations of factors influence the development of waste management systems and
addressing and understanding the factors that presently influence the local conditions are the
best to move forward towards a sustainable waste management system.
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