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Abstract

Globally, Australia is ranked the fourth-top producer of e-waste. While Australian states
and territories are increasingly recognising the e-waste problem and developing policies
and regulations that deal with e-waste, huge amounts of e-waste still go undocumented.
Currently, regional councils are concerned with the existing recycling practices owing to
the escalating quantities of e-waste generated yearly. This paper examines the e-waste
management practices of Victorian and Queensland regional councils, compares the current
practices in managing e-waste, identifies the problems and challenges, and recommends
innovative approaches to address e-waste collection and recycling practices in Australia.
This study was conducted in regional Victoria and Queensland councils. A qualitative
research method employing semi-structured interviews is adopted in this study. The study
interviewed 49 employees of Victorian and Queensland regional councils. The findings
of the study identified a number of areas that needs improvement in the management of
e-waste such as: (a) lack of education and awareness about e-waste for the residents in the
communities, (b) absence of knowledge about e-waste recycling (c) poor attitude towards
e-waste recycling, (d) lack of sufficient funding; (e) limited number of e-waste recyclers to
engage, (f) lack of specific policies and legislation on e-waste management (g) inability of
the current National Television Computer Recycling Scheme (NTCRS) and mobile muster
national product stewardship initiatives and schemes to cover all categories of e-waste.
These results suggest that e-waste management practices in Victorian and Queensland
Regional Councils need improvement. The findings of this study show that there are more
similarities and fewer differences in how the Victorian and Queensland regional councils
manage their e-waste. This study provides numerous practical and workable suggestions
for addressing the e-waste management practices of regional councils in Australia. From a
real-world scenario, this study will be useful to regional councils, environmentalists, and
policymakers in identifying areas of improvement in e-waste management practices and
developing impactful solutions.

Keywords: e-waste; e-waste management; disposal; problems and challenges; environmental
management; Victoria and Queensland regional councils; Australia

1. Introduction

Worldwide, discarded electrical and electronic equipment (EEE) broadly branded as
“e-waste” is recognised as a waste stream with the fastest growth rate, amassing rapidly
at a speed of around 3-5% annually. When compared to other solid waste streams, e-
waste is growing three times faster than other solid waste streams globally [1]. The

Environments 2026, 13, 446
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Global E-Waste Monitor 2024 indicates that e-waste generation is now rising five times
faster than documented e-waste recycling [2]. The reason for the rapid growth is due to:
(a) growing population, (b) rapid urbanisation, (c) endless availability of newer designs,
(d) innovative technologies, and (e) speedy obsolescence of EEE [1,3,4]. Prompted by the
high rate of consumption, shortened lifecycles, and limited options for repair, e-waste
is largely inappropriately managed, as the majority of e-waste generated is informally
recycled [3]. According to Islam et al. [5] and Yang et al. [6], the way e-waste is defined and
categorised varies considerably among countries globally. Forti et al. [1] defined e-waste as
“a broad and growing number of electronic devices ranging from large household devices
and consumer electronics to computers and accessories which have been discarded by their
users”. According to a global study conducted by United Nations Environmental Program
(UNEP) on e-waste in 2023, e-waste is described as “any discarded product that has a
battery or plugs and contains toxic and hazardous substances that can pose severe risk to
human health and the environment” [7]. While there are various ways to describe e-waste,
the global definition of e-waste by the UNEP has been adopted in this study. The authors
adopted this definition because it clearly represents the meaning of e-waste and emphasises
toxic and hazardous substances contained in e-waste as well as its impact on human health
and the environment. To clarify, the authors note that the scope of e-waste analysed in
this study includes all categories of e-waste and not just the narrower categories currently
covered by Australian collection and recycling initiatives and schemes to align with the
definition/meaning of e-waste adopted in this study.

E-waste can significantly impact the health of humans and their environment if it
is not appropriately treated, disposed of, and recycled [7]. These effects are strongly
connected to the e-waste quantities generated and the existence of harmful metals and
toxic chemicals contained in most e-waste [8]. The issues emanating from the management
of e-waste also bring about remarkable prospects and opportunities to advance and take
full advantage of the outcomes from the circular economy across the supply chain and
product life cycle. From a circular economy perspective, e-waste can be transformed from
a harmful environmental pollutant into a valuable resource while drifting away from a
“take-make-waste model” to a “3R model” of re-use, repair and recycle. The 3R model
of the circular economy aims to continually reuse discarded EEE through recovering rare
metals and reducing the need for raw materials while decreasing the volume of toxic waste
generated [1]. Globally, around 53.6 million tonnes of e-waste were produced in 2019 and
are on track to reach 82 million tonnes by 2030. Out of these quantities generated in 2019,
only 17% were collected and formally recycled, and the remaining were incinerated or
dumped in landfills [7]. This exemplifies considerable magnitudes of valuable metals,
including aluminium, gold, silver, platinum, copper, steel and other valuable materials
that can be recycled, which were not recovered for treatment, processing and reuse for the
production of new products [7].

Australia significantly contributes to the rising quantities of e-waste generated world-
wide [4]. Presently, fewer than 40% of e-waste produced in Australia is recovered and
recycled, and the rest ends up in landfills [9]. At the moment, local governments in Aus-
tralia (particularly those in regional Australia) are struggling to deal with the current
approaches adopted in recycling owing to the vast quantities of e-waste that are generated
annually [10]. This creates a need to come up with new guidelines, strategies, policies and
procedures to address the prevailing and current e-waste collection and recycling practices.
This study focuses on regional councils in two Australian states (Victoria and Queensland)
and adopts the broad definition of “regional councils” in Australia. In Australia, “regional
councils” are a tier of local governments responsible for governing specific geographic
areas outside of major capital cities. These regional councils are established by state and

https://doi.org/10.3390/environments13080446


https://doi.org/10.3390/environments13080446

Environments 2026, 13, 446

30f39

territory laws. They manage essential community services (including the management
and disposal of general waste as well as e-waste), local infrastructure, town planning, and
represent the interests of rural and regional populations in their communities [11].

Consequently, by this broad definition, “regional councils” in Australia are comparable.
The aim of this study is to examine the e-waste management practices of Victorian and
Queensland regional councils, compare the practices implemented to manage e-waste,
identify the problems and challenges, and develop innovative approaches to address
the collection and recycling practices in Australia. The authors have selected these two
Australian states because they have divergent positions regarding the respective state
government outlook on e-waste management and legislation. For example, Victoria has a
strict e-waste landfill ban, which means discarded electronic devices are not allowed in the
general waste. In contrast, Queensland relies heavily on general waste levies/fines rather
than a direct statewide e-waste ban. Thus, it will be interesting to explore and compare
the e-waste management practices of these two states. In addition, the two states have
different population metrics, which are a strong driver of e-waste generation, management
and recycling.

Thus, this study attempts to provide answers to the following research questions:

e  What are the problems and challenges faced by Victorian and Queensland regional
councils in managing e-waste?

e  What policies are implemented in managing e-waste in Victorian and Queensland
regional councils?

e  What are the practices implemented in the management of e-waste?

e How can regional councils in Victoria and Queensland better manage e-waste?

A review of the literature resulted in the adoption of Valence Theory and Norm
Activation Theory as the theoretical foundation for understanding e-waste management
practices of regional councils in Victoria and Queensland. Understanding consumer recy-
cling intentions is crucial to council employees in designing efficient and workable e-waste
policies and interventions, reduce/eliminate e-waste in landfills, preventing contamination
during e-waste recycling, enhancing local e-waste management infrastructure, aligning
policy with consumer behaviour, and meeting environmental requirements [4]. In the
context of e-waste recycling, Valence Theory is a behavioural economics and psychology
framework used to understand consumer recycling intentions. It proposes that consumers
decide whether to recycle their used and discarded electronic devices by weighing the per-
ceived benefits, such as convenience, monetary reward and environmental benefits, against
perceived risks such as data theft from a discarded electronic device, effort required in
finding a drop-off location and inconvenience [12,13]. On the other hand, Norm Activation
Theory explains why individuals engage in pro-environmental and altruistic actions, such
as e-waste recycling. The theory proposes that individuals are driven by personal moral
norms or obligations. These norms are activated when an individual understands the
detrimental consequences of their actions and feels responsible for them. Norm activation
theory is based on three central ideas: (a) personal norms, (b) acknowledgement of respon-
sibility and (c) awareness of consequences [12,14]. These theories have been applied by
researchers [12-16] in understanding e-waste management practices and recycling benefits
to consumers and the environment. Details of these theories and how they are applied in
this study are discussed in Section 3.

Although there are prior studies on e-waste management and recycling practices in
Australia [4,5,10,17-20], to the best of the authors” knowledge, this is the first study to
examine the e-waste management and recycling practices of regional councils in Victoria
and Queensland. The novelty/originality of this paper lies in the premise that it is the
first comparative research to examine the e-waste management and recycling practices of
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Victorian and Queensland regional councils, identify the problems and challenges, and
develop innovative approaches to address e-waste collection and recycling to help resolve
the e-waste problem in Australia.

This paper consists of five sections. The introduction, significance of the research,
statement of the problem, and the research questions are presented in Section 1. A critical
review of the literature on e-waste management and recycling practices in Victoria and
Queensland is presented in Section 2. The theoretical foundation for studying the e-waste
management practices of regional councils in Victoria and Queensland is discussed in
Section 3. The research methodology adopted for this study is provided in Section 4. The
results and discussions are presented in Section 5. The conclusion of the paper, along with
the recommendations and future research opportunities is provided in Section 6.

2. Literature Review

In conducting this research, earlier studies on e-waste are reviewed to: (a) identify
key issues associated with e-waste management and (b) evaluate e-waste management
practices in the Victorian and Queensland regional councils. This new knowledge and these
insights are expected to assist these regional councils in addressing their difficulties and
challenges, as well as come up with suitable strategies and approaches for recycling and
disposal of e-waste. In this section, Australia’s e-waste generation, management practices
adopted, as well as the environmental and health impacts of e-waste disposal in landfills
are reviewed and discussed. Furthermore, this section presents a synopsis of the scope of
e-waste management in the State of Victoria and Queensland.

2.1. E-Waste Management in Various Countries

Worldwide, the management and recycling of e-waste is fragmented, inconsistent and
patchy, with just 22.3% documented and appropriately recycled out of the 62 million tonnes
generated in 2022, driven by technological progress, increased consumption, limited repair
options, shorter lifecycles and inadequate e-waste management infrastructure [2]. Presently,
Europe is leading the world in highly regulated recycling rates for domestically generated
waste, with around 366 million tonnes (56%) in 2022 supported by strict and workable ex-
tended producer responsibility (EPR) policies and legislation [21]. Most Asian and African
countries have very low recycling rates and currently rely worryingly on informal, harmful
recycling methods with human and environmental consequences. Although the global
e-waste report 2024 indicates some modest improvements, the global e-waste recycling rate
has remained extremely low at around 21%, which indicates that approximately 80% of
e-waste generated globally is still unaccounted for, with the majority ending up in landfills
and informal recycling sectors predominantly in regions with low income [2].

Prior studies in Australia [3,5,17-19,22] and other countries such as China, India,
Indonesia, Malaysia, Ghana, Nigeria and Kenya [23-30] offer valuable insights into the
management of e-waste and why it is necessary to develop comprehensive and all-inclusive
strategies for managing e-waste. For example, Andeobu et al. [3] examined Al technologies
and their application in several areas of waste management, including e-waste, to boost
sustainable waste management practices in Australia. Islam and Iyer-Raniga [5] utilised
a combined Delphi-analytic hierarchy approach to ascertain possible and prospective e-
waste products that should be included in Australia’s “National Television and Computer
Recycling Scheme (NTCRS)”. Herat and Pinikkar [18] examined how Australia deals
with and manages the evolving problems of e-waste due to its distinct topography and
layout, and the information technology market sector, and then likened it to other nations
across the world. Islam and Huda [10] presented an estimation of EEE products put
on the market (PoM), e-waste generation and the stock of EEE products in Australia
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from the year 2000 to 2047 using Holt’s double-exponential smoothing and the Weibull
distribution function to calculate past and future PoM and the generation of e-waste
in Australia, respectively. Dias et al. [19] investigated the arrangements, organisation,
methods of collection and processes of recycling of Australia’s NTCRS scheme, taking into
consideration the perspectives and views of the various parties involved in the scheme.
Morris and Metternicht [17] assessed the efficiency of the legislation, policies and associated
policy instruments on waste management in Australia, focusing on the national and sub-
national level of implementation.

Earlier studies on the various aspects of e-waste management carried out in Australia
and other countries are presented in Table 1. An evaluation of these studies indicates
that the bulk of the articles in these countries were on e-waste management, e-waste
generation, e-waste recycling, e-waste legislation and e-waste disposal behaviour. Only
a few articles covered e-waste research areas such as environmental management, health
impacts, problems and challenges. This outcome indicates that more research is required
in these areas, particularly in the countries reviewed. Furthermore, Table 1 provides the
scope, location and context of earlier studies on e-waste management. It can be seen
that these studies are conducted in several locations, including Australia [3-5,20,31,32];
China [6,24,33-40]; India [25,41-53]; Indonesia [26,54-58]; Kenya [30]; Malaysia [27,59-65];
Nigeria [66-68] and the United States [69,70]. These studies provide valuable insights
into e-waste management and recycling in these countries. The authors also highlight the
challenges associated with managing and recycling e-waste, the significance of managing
e-waste responsibly, as well as developing appropriate e-waste management interventions,
programs and schemes.

Table 1. Previous studies on e-waste conducted in Australia and other countries.

Main Area E-Waste Categories Analysed Study Location References
Environmental General China [71]
management
Computers, televisions, refrigerators, Australia, India, China,
air conditioners, personal computers, = Indonesia, Ghana, Nigeria,
mobile telephones, washing machines, ~Switzerland, Japan, [3,5,19,25,28,29,33,

E-waste Recycling

home appliances and computers,
printed circuit boards (PCBs), Cathode

Germany, South Korea,
United Kingdom, France,

34,37,58,72-86]

ray tubes, TVs and monitors, general =~ USA, Netherlands
E-waste disposal and . Australia, India, Nigeria, ) 5 30 4359 56 g7
) Mobile phone, general China, Malaysia, South
behavior 89]
Korea, Germany
E-waste problems and General Aus.traha, Malaysia, Kenya, [4,20,30,49,60]
challenges India
Environmental and
health impacts of General Australia, India, China [20,24,47-49,72]
e-waste
E-waste legislation Household hazardous waste, general, = Australia, India, China, [17,51,62,65—
& ICT equipment, home appliances Malaysia, Nigeria 67,69,70,90-95]
Printed circuit boards (PCBs), Australia, India, China, [5,20,23—
televisions, computers, printers, IT Malaysia, Indonesia; 27,32,33,35,36,40—
E-waste management peripherals, television and computer Swizerland, Japan, 42,44-46,50,53,55,56,
waste, photovoltaic panels and battery = Germany, South Korea, 58,60,61,63,64,78—

energy storage systems, general

France, Netherlands

82,84,86,96-100]
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Table 1. Cont.
Main Area E-Waste Categories Analysed Study Location References
TV sets, refrigerators, washing Australia, India, China, [5,6,20,26,31,39,45,
E-waste generation machines, air conditioners, personal Indonesia, South Korea, 52,54,57,82,84,86,99,

computers, general, mobile phones France, Netherlands 101-103]

A comprehensive review of the literature identified two research gaps. Firstly, while
there is previous research on e-waste management in Australia, no study has examined and
compared the e-waste management practices of regional councils in Australia to identify key
obstacles and areas where improvement is needed. Secondly, there is a lack of knowledge
about the harmful and perilous nature of e-waste and the adverse ecological and health risks
connected with inappropriate disposal [8,10]. Earlier studies [3,10,18] reported that e-waste
quantities currently being generated in Australia greatly surpass the methods approved
in the legislation to deal with and manage the e-waste problems, particularly in regional
and remote areas. Owing to the increasing volume of e-waste generated in Australia
every year, an understanding of how best to manage e-waste to enhance environmental
sustainability and reduce health issues emanating from inappropriate disposal practices in
the communities has become necessary.

2.2. Australia’s E-Waste Generation

E-waste generation rate in Australia has significantly increased, with the majority
originating from businesses and households. In 2023, Australians generated around
22 kg/person of e-waste per capita, which is more than double the global average of
7 kg. This means that an average Australian produced 22 kg of e-waste when compared to
the global average of 7 kg. As one of the world’s top producers of e-waste per capita, it
is projected that Australia’s total e-waste generation is expected to rise by 30% and could
reach 657,000 tonnes by 2030 [104]. Currently, Australia recovers less than a third of the
total value of the precious materials in the e-waste it generates. In 2019 alone, Australians
disposed of around $430 million worth of valuable materials in landfills along with their
e-waste. According to DCCEEW [85] e-waste is responsible for more than 70% of toxic
chemicals such as “lead (Pb), cadmium (Cd), mercury (Hg), barium (Ba), lithium (Li),
polychlorinated biphenyls (PCBs), Polybrominated biphenyls (PBBs), brominated flame
retardants (BFRs) as well as persistent organic pollutants (POPs)” among others found
in landfills. The presence of these chemicals provides evidence to conclude that e-waste
contains substantial amounts of toxic metals and contaminants, and informal recycling
and inappropriate disposal of e-waste lead to environmental pollution and a negative
impact on human health [86]. E-waste dumping and associated items (such as batteries)
in landfills also create significant burdens on the environment and long-term threats to
human health [8].

Although large organisations and industries that depend on the refrigeration of prod-
ucts, batteries and computers contribute greatly to this volume of e-waste, small and
medium enterprises (SMEs) and households, as previously noted, are also responsible
for Australia’s high level of electronic equipment consumption and associated e-waste
generated [104]. While the volume of e-waste generated year after year is certainly a huge
challenge and has created Australia’s e-waste problem, it also presents a circular economy
opportunity for large-scale impact for e-waste recycling. Leveraging this opportunity,
Australia can become a leader in creating a circular economy that mitigates environmental
harm and generates economic opportunities in the growing sustainability sector. The
“National Waste Report 2022” reveals that, of the 500,000 tonnes of e-waste generated in
Australia in 2020-21, less than 50% was sent to formal recyclers [105], and the rest ended up
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in landfills. Fixing/repairing, refurbishing, and recycling electronic products in Australia
can create local jobs and tap into the value inherent in the materials used in electronic
products. Currently, Australia recovers only 20% of the total value of the materials in
e-waste it generates [106].

2.3. E-Waste Management in Australia

E-waste is a key environmental challenge owing to the cumulative quantities of e-
waste that are generated as well as the content of both perilous and treasured substances
found in them [1,8]. The value of precious metals present in e-waste is understood to be
worth around $14 bn worldwide. However, over 50% of these precious metals are often not
recovered [1]. Australia is a significant importer of e-products [10]. The major problems
with the management of e-waste in Australia and other countries are: “(a) high obsoles-
cence rate of electronic products, (b) lack of effective collection and recycling systems,
and (c) producers of electrical and electronic equipment (EEE) are not held responsible for
the end-of-life disposal” [8]. As the quantities of e-waste produced in Australia are rising
every year, the amount of e-waste recycled does not match the speed of e-waste generation.

Currently, Australia has two collection and recycling schemes. The first scheme is
the “National Television and Computer Recycling Scheme (NTCRS)” which deals with
the handling of discarded television sets, computers and other IT peripherals. The second
scheme is the “Mobile Muster- a voluntary mobile telecommunications industry product
stewardship program, managed by the Australian Mobile Telecommunications Association
(AMTA) on behalf of its members and accredited by the Commonwealth Government in
2018. These two schemes recycle EEE, which makes up fewer than 10% of the total e-waste
generation in Australia [107]. The remaining EEE are not within the scope of Australia’s
current e-waste management schemes and programs.

2.4. Background of the State of Victoria and Scope of E-Waste Management

The State of Victoria is situated in the southeastern part of Australia. It is the smallest
state by landmass after Tasmania, the second most inhabited state after New South Wales
and covers a land area of 227,444 km? [88]. The population of Victoria is about 6.8 million
as of June 2023 and is on track to reach 7.0 million by the end of 2024, which makes the
state the most populous state in Australia. To the north, Victoria shares borders with New
South Wales and to the west with South Australia. Approximately half of the population in
Victoria is concentrated in the central-south area of the state, more specifically within the
Metropolitan areas of Greater Melbourne, which is the capital of the State of Victoria [88].
With the growing population of Victoria, the quantities of e-waste produced yearly are
substantial. In 2021, approximately 170,000 tonnes of e-waste were produced in Victoria,
and this is projected to surge to around 279,000 by 2035 [89]. In particular, solar PV systems
and battery storage e-waste generation are predicted to increase the most with a 15%
annual growth rate [89]. Recognising the issues and challenges as well as the opportunities
linked with e-waste, in July 2019, the Victorian government banned e-waste from Victoria’s
landfills. Presently, new policies, which take the form of waste-management strategies and
guidelines, are now established, which stipulate how waste (including e-waste) should be
managed [9]. Figure 1 shows the map of Victoria indicating its location in Australia.

In addition to Victoria being recognised as the second most inhabited state, the state is
the second largest in Australia, and its growing population is driving an e-waste crisis, with
e-waste increasing three times faster than general municipal waste. Victorians produce
an estimated 130,000-170,000 tonnes of e-waste annually [89]. This increase in popula-
tion is having a significant impact and creating more e-waste management and recycling
challenges. As the population of Victoria expands, shorter electronic products’ lifespans,
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rapid technological upgrades and digitisation mean more electronics are purchased, used,
and discarded. Figure 2 shows Victoria’s population by age and gender (male and female)
during the financial year 2023-2024.
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Figure 1. Map of Victoria and its location in Australia. Source: Google Maps 2026. Note: The red
portion of the map represents the state of Victoria.
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Figure 2. Victoria population by age and gender 2023-2024. Data Source: Australian Bureau of
Statistics (ABS) [90].

2.5. Background of the State of Queensland and Scope of E-Waste Management

The State of Queensland is positioned in the northeastern part of Australia. The state
is the second largest in terms of landmass and the third most populous Australian state
and shares a border with the Northern Territory, South Australia and New South Wales.
Queensland is popularly called the Sunshine State and has a large landmass covering an
area of 1,723,030 square kilometres. Owing to the size of Queensland, its topographical
landscapes and weather are varied and include humid rainforests, rivers, coral reefs,
mountains, sandy beaches and deserts along its coastal regions [91]. As of December 2023,
the population of Queensland is around 5.5 million, with the majority of the inhabitants
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concentrated on the east coast, mostly in South East Queensland. The capital of the State
of Queensland is Brisbane, and it is the third largest city in Australia. Apart from the
capital city, Brisbane, 10 of Australia’s 30 major cities are situated in Queensland. In
terms of economy, Queensland has the third-largest economy, with its main strengths in
natural resources such as coal, liquefied natural gas (LNG), and mining, as well as in other
sectors including banking, insurance, tourism, agriculture, transportation and international
education. For example, the Great Barrier Reef and other various beaches and sites for
tourism contribute significantly to the economy of the state [91].

Queensland’s waste management and resource recovery strategy reported that the
new EEE flowing into Queensland was about 239,000 tonnes as of 2019 and is anticipated
to surge to 204,000 tonnes by 2030. There was a substantial annual increase in e-waste
generation in Queensland from around 100,000 tonnes in 2018 to 138,000 tonnes per annum
in 2023. E-waste per capita grew to 19.5 kg in 2019 and is predicted to increase to 23.7 kg per
capita by 2030 [92]. Queensland’s waste management and resource recovery strategy, also
known as the “Waste Strategy”, sets the basis for dealing with various streams of waste,
including e-waste. In 2023, the Queensland government replaced the “Waste Reduction
and Recycling Regulation 2011 with the Waste Reduction and Recycling Regulation 2023
(WRR Regulation)”. The main aim of the WRR Regulation is to continually provide a
regulatory mechanism for implementing the “Waste Reduction and Recycling Act 2011
(the Waste Act)”. The WRR Regulation provides support for the management of waste
through encouraging waste avoidance, reuse, recycling and appropriate disposal, through
the establishment of regulatory requirements and providing enabling heads of power
for waste reduction and recycling activities [93]. Figure 3 shows the map of Queensland
indicating its location in Australia.

Figure 3. Map of Queensland and its location in Australia. Source: Google Maps 2026. Note: The red
portion of the map represents the state of Queensland.

Likewise, the state of Queensland’s population is booming, with waste generation,
particularly e-waste, growing even faster. With less than 40% of e-waste currently being
recycled in Australia, the upsurge in consumer technology and household appliances puts
enormous pressure on local councils [4]. Most of this e-waste has historically ended up
in landfills, leaching toxic chemicals and wasting precious raw materials and valuable
metals. In addition, Queensland has a substantial uptake of rooftop solar. Waste from
solar panels and battery storage is estimated to be the fastest-growing category of e-waste
in Queensland when compared to other states and territories in Australia [92]. Figure 4
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shows Victoria’s population by age and gender (male and female) during the 2023-2024
financial year.

Figure 4. Queensland population by age and gender 2023-2024. Data Source: Australian Bureau of
Statistics (ABS) [90].

2.6. Key Australian Legislation

Australia has a number of Commonwealth Government legislations enacted in re-
lation to hazardous waste, including the “Hazardous Waste (Regulation of Exports and
Imports) Act 1989”. This Act deals with regulations relating to imports and exports as
well as transit of hazardous waste to ensure that hazardous waste is properly managed so
that human beings and the environment are well protected from the detrimental effects
of the waste both within and outside Australia. The Act basically covers and controls the
movements and activities of wastes that do not have any financial value and are often
prearranged/organised for onward disposal through incineration or landfill disposal oper-
ations. The Act helps to satisfy Australia’s commitments under the Basel Convention and
relates only to non-functional wastes being dispatched to non-OECD countries [84]. Other
legislation includes the “Product Stewardship (Televisions and Computers) Regulations
Act of 2011”7, which aims to provide a framework for effectively managing the environment,
human health and other safety impacts of products through the promotion of recycled
products. The Act was amended to make importers of large volumes of computers, com-
puter accessories and televisions responsible for funding the recycling of e-waste from
computer and computer accessories and television products [84].

The Regulations also specify the scheme’s annual recycling targets. These targets
denote a percentage of waste arising from television and computer waste for that year and
aim to increase the recycling rate to 80% as of 2022. A share of annual Scheme recycling
targets is allocated to approved industry organisations operating under the Scheme based
on the import and manufacture share of their members. In 2020, the Commonwealth
introduced the “Recycling and Waste Reduction Act 2020”, which regulates the export
of various categories of waste, including waste from plastic, tyres, glass and paper. In
2023, there was a commitment from the Australian government to develop a “mandatory
product stewardship scheme” to support the reduction of waste from EEE as well as solar
photovoltaic systems, which is currently at the early developmental stages [85]. Currently,
no precise legislation on e-waste exists in Australia, and any approach by the state and
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territory governments is voluntary and specific to each state and territory. As a result,
there is little motivation and incentive for producers and dealers of EEE to adopt workable
recycling programs and take-back schemes that support a green-design principle that is
expected to enhance environmental sustainability and promote good health [84].

2.7. Environmental and Human Health Impacts of E-Waste Disposal to Landfills in Australia

According to Forti et al. [1] and Robinson [93], the amounts of environmental con-
taminants and pollutants found in e-waste are determined by the category of EEE that is
discarded and the period the device was manufactured. Nearly all categories of e-waste
contain precious metals, especially aluminium, gold, steel, and copper. These metals are
valuable and significant because they provide the basis for and a motivation and incentive
to formally recycle e-waste [42]. E-waste can contaminate soil, groundwater sources and
food supply chains, and this is particularly common with EEE that is older, which makes
up the majority of today’s e-waste [108].

In recent times, owing to the surging demand for EEE and technological advancement,
huge quantities of e-waste have been produced in Australia. If recycled correctly, valu-
able metals can be extracted and recovered efficiently and reused [109]. Environmental
contamination and pollution due to inappropriate disposal of e-waste to landfills lead
to direct and indirect exposures through air, dust, soil and water around e-waste land-
fill sites [24,42]. These harmful contaminants and pollutants can be dispersed into the
atmosphere, groundwater, and soil around and close to the landfill sites and neighbouring
regions. In some instances, e-waste is discarded straight into the soil or river, where the
resulting draining and leaching of toxins pollutes the soil and impacts natural aquatic
life and ecosystems [24,110]. For example, plants’ roots can absorb toxic substances (par-
ticularly heavy metals) from the soil while growing and then transfer them to the stem
and leaf; as a result, the soil is viewed as a significant source of contaminants in crops
and vegetables [111]. In addition, lithium batteries embedded in e-waste cause fires in
e-waste trucks and recycling facilities, which pose considerable safety issues for e-waste
staff and properties.

Previous studies [112-119] on the adverse health consequences arising from e-waste
disposal to landfills have constantly highlighted the threats to human health from exposure
to harmful metals and toxins. Recent studies have found that unregulated e-waste recycling
is connected with growing numbers of adverse health effects in humans. Examples include:
adverse respiratory effects [120], hearing loss [116,121], adverse learning outcomes [122],
skin diseases [123,124], adverse effects on the immune system [125], cancer [126], altered
neurodevelopment [127], adverse birth outcomes [128], adverse cardiovascular effects [129]
and DNA damage [130]. Thus, e-waste disposal to landfills in Australia has far-reaching
consequences on human health and the environment. E-waste decomposing in landfills
releases toxic gases and other greenhouse gases into the atmosphere, which contribute
significantly to global warming and the climate change crisis. Alarmingly, Australia
moves additional tonnes of e-waste to landfills every year, which is a serious issue that
requires urgent attention. Transitioning from a linear economy to a circular economy can
help minimise e-waste generation and reduce the environmental and health impact of
e-waste disposal to landfill. Extending the lifecycle of EEE manufacturing materials and
emphasising recycling can move Australia towards a cleaner, greener future [8].

2.8. E-Waste Recycling Companies and Material Recovery Facilities in Australia

Section 2.7 discussed the environmental and human health impacts of e-waste disposal
to landfills in Australia. This section presents some of the major e-waste recycling compa-
nies and material recovery facilities (MRFs) in Australia. Recycling e-waste and averting
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disposal to landfills prevents hazardous substances such as lead, mercury, barium and
dioxins, among others, inherent in discarded electronic devices from contaminating soil and
water systems. It safeguards human health, mitigates climate change, conserves valuable
resources, and prevents the carbon-intensive process of mining for new raw materials.
Inappropriate disposal of e-waste poses severe risks to entire ecosystems and communities,
particularly regional and remote communities [8,24]. Table 2 lists some of the recycling
companies and material recovery facilities in Australia, with the majority concentrated in
the capital cities, predominantly in Melbourne and Sydney.

Table 2. List of Some of the Major E-waste Recycling and Material Recovery Facilities in Australia.

Name Description Location

E-waste recycling Cairns specialises in the recycling of
electronic waste. Established in Portsmith, Australia, the
company focuses on the responsible disposal and recycling
of e-waste to extract valuable materials

1 E-waste Recycling Cairns Portsmith

1800 e-waste offers professional and reliable e-waste
recycling services. Recycling e-waste not only prevents
e-waste from ending up in landfills but also prevents
hazardous materials from entering our waterways and food
chains, highlighting the significance of appropriate e-waste
recycling for a sustainable future

2 1800 e-waste Sydney

The company focuses on environmentally friendly IT
disposal solutions and offers services such as computer
recycling, data destruction, and equipment refurbishing and
marketing. The company offers services that make it easy for
clients to dispose of or refurbish their old electronic devices
while supporting a healthy environment

3 IT E-waste Sydney

Electronic Recycling Australia specialises in recycling
various discarded electronic devices. The company offers
free collection services of home appliances while addressing
and supporting the need for appropriate disposal and
recycling, to mitigate the environmental impact of
hazardous materials from e-waste

4 Electronic Recycling Australia Adelaide

Secure Computer Recycling and Disposal is dedicated to
providing environmentally sustainable e-waste recycling
Secure Computer Recycling solutions. The company specialises in safe and secure
and Disposal e-waste management to ensure that harmful toxins inherent
in e-waste are properly handled to reduce their
environmental impacts

Perth

SPC eCycle is a dedicated e-waste recycling company that

offers solutions to recycling discarded electronic devices of

all categories, including IT equipment. The company also Sydney &
provides drop-off points and pickup services in Sydney and Melbourne
Melbourne, making it easy for residents to responsibly

dispose of their e-waste.

6 SPC eCycle

ReSource is a major e-waste recycler in Australia and
operates the first large-scale e-waste recycling facility. The
7 ReSource Pty Ltd. company’s innovative approach incorporates Al-driven Melbourne
sorting and advanced recycling techniques that ensure
efficient and sustainable e-waste disposal.

The company specialises in e-waste recycling and data
8 ERS Queensland destruction and provides environmentally compliant Brisbane
recycling and sustainable e-waste management services
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Table 2. Cont.

Name

Description

Location

Victorian Environmental
Waste Services

Victorian Environmental Waste Services offers a tailored
solution to the environmentally responsible disposal of
e-waste. The company prioritises recycling methods that
reduce the impact on the environment and handles all
categories of e-waste.

Melbourne

10

Sims Pty Ltd.

Sims is a major e-waste recycler in Australia. The company
processes end-of-life electronics and contributes to a
sustainable circular economy through repurposing,
refurbishing and recycling e-waste to reduce environmental
impact

Sydney

11

United Resource Management
(URM)

United Resource Management (URM) offers reliable and
convenient e-waste recycling services, enabling residents in
the community to responsibly dispose of their e-waste. The
company focuses on recycling and re-purposing of
discarded electronics to prevent the impact of inappropriate
disposal in landfills

Sydney

12

Zolo Australia

Zolo Australia offers collection services and secure data
destruction of discarded electronic devices. The company
promotes circular economy practices through encouraging
re-using, refurbishing, and recycling while supporting
climate action initiatives

Sydney

13

Cleanaway Waste
Management Ltd.

Cleanaway Waste Management Ltd. offers e-waste recycling
solutions. The company is committed to sustainable e-waste
management practices through efficient handling of various
categories of e-waste as well as other hazardous and organic
waste.

Melbourne

14

Green Collect Pty Ltd.

Green Collect specialises in e-waste collection and recycling
services to support responsible disposal and resource
recovery. The company encourages circular economy
practices and also creates employment opportunities for
communities

Melbourne

15

Ecoactiv Pty Ltd.

Ecoactiv specialises in e-waste recycling and offers collection
services for discarded electronic devices in Australia. The
company handles e-waste from both residential and
commercial clients and encourages circular economy
practices.

Melbourne

16

Ecocycle Pty Ltd.

Ecocycle is a major recycling company that offers tailored
e-waste recycling solutions. The company specialises in safe
recovery of hazardous substances from various categories of
e-waste, including monitors, laptops and fluorescent tubes

Melbourne

17

Shred-X Destruction Pty Ltd.

Shred-X Destruction specialises in e-waste recycling and
secure destruction services and offers solutions for the
responsible disposal of e-waste. The company is committed
to sustainably recycling e-waste and ensures that data and
sensitive materials are securely destroyed, thereby
contributing to environmental preservation

Gold Coast

18

KTS Recycling Pty Ltd.

KTS Recycling specialises in e-waste recycling. The company
encourages circular economy practices and supports the
Victorian Government ban on e-waste to landfills. KTS
Recycling freely collects and recycles e-waste, thereby
helping to reduce the environmental harm posed by
inappropriate disposal of e-waste.

Melbourne
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Name

Description Location

19

Green Tech Recycling (GTR) specialises in e-waste recycling
solutions and offers collection services, processing and data

Green Tech Recycling Pty Ltd.  destruction according to industry standards. The company  Sydney

supports households and businesses in responsible and
sustainable e-waste disposal.

20

EraselT Pty Ltd.

EraselT specialises in ICT asset disposal and e-waste
recycling. The company offers recycling solutions that
ensure safe and compliant disposal of computer assets and
other electronic devices. Services offered include secure data
erasure and e-waste recycling while complying with
environmental legislation and best practices

Melbourne

21

Envirostream Australia Pty establishment of drop-off locations. The company supports

Ltd.

Envirostream Australia specialises in e-waste recycling,

including batteries. Services provided include collection and

. . . ; 1
circular economy practices through efficiently recycling Melbourne
e-waste and addressing the growing challenge of battery

waste in Australia

22

Pure Environmental Pty Ltd.

Pure Environmental specialises in e-waste recycling as part
of its commitment to waste management and resource
recovery services. The company prioritises innovative
solutions that promote environmental sustainability and
circular economy practices through appropriate recycling of
hazardous and toxic materials

Brisbane

23

Waste Choice Pty Ltd. specialises in the safe and efficient
recycling of e-waste and lithium batteries. The company is

Waste Choice Pty Ltd. committed to environmental sustainability and ensures Melbourne

compliance with regulatory guidelines, disposal and
recycling practices

24

Reuse-RecyclelT Pty Ltd.

Reuse-RecyclelT is dedicated to e-waste recycling,
repurposing, and refurbishing. The company focuses on
end-of-life IT, printers, copiers and other office equipment
and ensures responsible recycling practices and data
destruction while complying with environmental
management standards.

Canberra

Developed for this study.

Regional and remote parts of Australia often lack recycling companies, creating a chal-
lenge for regional councils in terms of high transportation costs, issues with contamination,
as well as fires on e-waste trucks during transportation due to lithium batteries embedded
in discarded electronic devices. In addition, geographic isolation and small population
size in the regional and remote areas often inhibit investment in recycling and recovery
facilities. These challenges are often unique to regional communities in Australia and need
to be addressed through national policymaking. Generally, distances to these recycling and
resource recovery facilities make e-waste recycling for regional councils too costly to run
and manage. Even some e-waste recycling services close to some regional councils are not
able to process certain categories of e-waste, creating additional challenges. Thus, investing
in e-waste recycling and resource recovery facilities in regional areas would: (a) prevent
long trips for e-waste trucks, (b) safeguard landfill space, (c) create new job opportunities
in the communities, and (d) make regional communities self-reliant [11].
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3. Theoretical Foundations

This study adopts the Valence Theory and Norm Activation Theory as the theoretical
foundation for studying the e-waste management practices of regional councils in Victoria
and Queensland. Previous studies [12,13,15,16] have applied these theories to determine
strategies that can be employed in recycling e-waste to design interventions that will bring
affirmative outcomes to consumers through understanding their intention to recycle.

In recent years, Valence Theory and Norm Activation Theory have been applied to
this topic because motivating and engaging consumers to recycle e-waste necessitates an in-
depth understanding of the various dimensions and preferences that underlie and trigger
behavioural intentions [13,14]. Consequently, this study applied these two theories to
explore how consumers evaluate and weigh their choices to participate in e-waste recycling
based on their rational and moral considerations in determining recycling intentions.
Table 3 presents a summary of previous studies and findings on consumer intentions to
recycle e-waste.

Table 3. Summary of research results on consumer intentions to recycle e-waste.

Research

Framework Used Method Sample Outcomes/Findings Reference
Intentions and choice to participate in
A survey questionnaire e-waste recycling are influenced and
Valence Theory Quantitative was administered to 774 determined by factors such as [13]
Japanese consumers environmental concerns and the perceived
benefits of engaging in the behaviour
Social support value, monetary risk,
Valence Theory & A survey of 398 awareness of consequences, educational
Norm Activation Quantitative questionnaires was background and acknowledgment of [12]
Theory conducted in Vietham responsibility influence intention to
recycle e-waste
. . Perceived risks, the role and contribution
A questionnaire survey of governments and awareness of e-waste
Valence Theory Quantitative was administered to 346 5OV! e [111]
. recycling significantly affect e-waste
Ugandan residents .2 .
recycling intentions
. . Social norms, personal norms,
A survey questionnaire ) . .
o L inconvenience of recycling, awareness of
Norm Activation o was administered to 544 . .
Quantitative e . e-waste pollution, age, and income [112]
Theory respondents residing in Ho . . .
g . considerably impact the readiness to pay
Chi Minh City .
a fee for e-waste recycling
Privacy concerns, useful value,
A self-administered online  convenience, compatibility, technology
Valence Theory Quantitative questionnaire on 412 acceptance and smartphone affinity [16]
restaurant customers significantly affected an individual’s
intention to recycle
The study analysed a total
500 responses from
residents in the mainland Publicly available information does not
and Jeju Island to directly encourage and influence
Norm Activation e determine their * e-waste residents’ intentions to recycle e-waste,
Quantitative [14]

Theory

recycling intentions, choice
and behaviours using
structural equation
modelling via the WarpPLS
approach

instead, it indirectly affects them through
two mediating variables such as recycling
attitudes and moral norms
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3.1. Valence Theory

Valence Theory was first conceptualised by Peter and Tarpey in 1975. The theory
is largely founded on the notion of cognitive-rational decision-making and has proven
to be an efficient framework to understand how organisations make decisions through
evaluating both optimistic and adverse valences. The theory originated from the field
of economics and psychology literature and incorporates the two major critical aspects
of organisations’ decision-making process, which are perceived benefits and perceived
risks [116]. Perceived benefit relates to the consumers’ view of the overall benefit and value
arising from products and services, while perceived risk is the subjective probability of
loss. Valence Theory is acknowledged as a rational and balanced model and works on the
premise that consumers tend to “maximise benefits and minimise the risks, based on the
optimal net valence resulting from negative and positive effects” [116,117]. Consequently,
Valence Theory has been adopted as a more integrated approach that is used to evaluate
the influence of positive and negative perceptions, respectively. The theory has also been
embraced in many research studies as a theoretical foundation that involves the engagement
of individuals, organisations and communities [117]. For example, Xiao et al. [117] used
Valence Theory to examine the organisations” negative valences of social, physical and
privacy risks as well as positive valences of financial value and convenience value on
consumers’ intention towards online health services. Heinonen [118] adopted Valence
Theory in investigating organisations’ interest in engaging in online activities with their
customers. Previous studies by Nguyen [12] and Dhir et al. [13] adopted the Valence Theory
in investigating e-waste management and consumers’ outlook towards recycling of e-waste.
According to Nguyen [12] and Dhir et al. [13], the Valence Theory is appropriate for e-waste
management and recycling owing to the fact that it supports both perceived benefit and
perceived risk, which better assesses the intention of consumers to be involved in e-waste
recycling behaviour. Moreover, Han et al. [119] and He [120] reported that consumers’
values and behaviours are key predictors of their readiness to partake in the recycling
of e-waste.

3.2. Norm Activation Theory

Norm Activation Theory was initially proposed in 1970 by Schwartz and was originally
used to explain the concept of helping behaviours such as “bone marrow donation” [121].
Later, the theory was expanded and adopted to forecast a variety of altruistic pro-social
intentions and behaviours [122]. In recent years, Norm Activation Theory has been broadly
implemented in explaining organisations” engagement in moral and ethical scenarios, in-
cluding waste recycling, energy conservation and protection of the environment [123,124].
Norm Activation Theory suggests that behaviour is activated when individuals and or-
ganisations become aware and mindful of the consequences and implications of their
actions and feel a personal responsibility to act. The theory recognises the association
between personal norms and behaviour, which is the central idea that emphasises the
individual’s moral norms impacting pro-social behaviour [125,126]. Precisely, an individ-
ual’s pro-environmental behaviour is the extent of his/her personal responsibility relating
to such behaviour, which is replicated in the personal norms. Personal norms are often
seen as “feelings of moral obligation or duty to act” in a socially responsible manner and
have an association with behaviour [126]. Thus, the initiation of an individual’s personal
norms is inadequate for socially acceptable behaviour owing to the effect of other factors
such as refusal of responsibility. Consequently, the Norm activation process is identified
by being aware of the consequences and acknowledging responsibility. In the context of
e-waste recycling, Norm Activation Theory suggests that recycling behavior starts with
an individual’s awareness of the consequences and implications of inappropriate disposal
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and then develops that sense of responsibility in relation to the adverse consequences and
implications of that behavior, which eventually increases the individual’s intentions to take
action in a socially responsible manner to participate and contribute to the recycling of
e-waste [12].

3.3. Research Framework

On the basis of the discussion on Valence Theory and Norm Activation Theory in
Sections 3.1 and 3.2, this research study proposes an integrated framework with the aim
of exploring the determinants of consumers’ intention to recycle e-waste. Consumers’
intention to recycle e-waste is described as the likelihood that a consumer will participate
in e-waste recycling and willingness to do so [13]. Figure 5 below illustrates the research
framework for this study. The framework represents a pictorial overview of this research
and outlines the concepts, ideas and approaches developed in this study. The study com-
bines insights from Valence Theory and Norm Activation Theory to study how influencing
factors such as: “(a) perceived benefits, (b) perceived risks, (c) openness to change and en-
vironmental concerns, (d) perceived behavioral control; (e) awareness of consequences and
(f) acknowledgement of responsibility” influence consumers’ willingness and intentions to
take part in formal collection of e-waste and recycling schemes in Victorian and Queensland
regional councils. In addition to this, the study explores the influence of the demographic
characteristics of consumers such as: “(a) gender, (b) age, (c) educational background and
(d) personal income” on the intention of consumers to participate in e-waste recycling.

( vaiexce teEoRY | CONSUMER
CHARACTERISTICS
Perceived benefits }‘_

(Positive valences) [ Ase ]
.ngi\'ed risks ] [ Gender ]
(Negative valences) J
[ Openness to change ]»_ [ Educational background ]
Personal incom e ]

[ Environm ental concems ]_ [
s ST s
NORM ACTIVATION If,?;\f’ﬁ‘g\_“?o
THEORY S N
RECYCLE E-WASTE
-
Personal norm s and i
behaviour
p
Acknowledgem ent of
responsibility
[ Awareness of consequences ]_

Figure 5. Research Framework.

-

Perceived benefit is a fundamental aspect of an individual’s decision-making process
as established and demonstrated in Valence Theory and acts as an enabler that drives indi-
viduals to engage in a specific behaviour. Perceived risk, on the other hand, is the opposite
of perceived benefit and has a negative impact on consumers’ decision-making. In the
context of recycling of e-waste, consumers’ perception of risks involves loss of money;, effort,
and time, which could hinder consumers from participating in e-waste recycling [13,127].
Awareness of consequences considers adverse and detrimental consequences on others, the
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natural environment and the entire ecosystems due to individuals’ attitudes and behaviours
towards e-waste recycling. Previous studies [128,129] reported that awareness of environ-
mental consequences is considered a determinant of consumers’ intention to recycle e-waste.
Acknowledgement of responsibility is the feeling of responsibility for the negative conse-
quences of not acting pro-socially. Prior studies on pro-environmental behaviours [128-130]
emphasised the relevance of the responsibility of consumers in lessening environmental prob-
lems associated with e-waste recycling. Therefore, it is recognised that acknowledgement of
responsibility for recycling e-waste can be a driver of consumers’ intentions.

4. Methodology

This study is purely a qualitative study. The primary aim of adopting a qualitative
methodology is to provide a comprehensive, straightforward analysis of the participants’
experience in the management and recycling of e-waste in the respective regional councils.
According to Chu [131], qualitative research is highly descriptive because its primary goal is
to capture the depth, complexity, and meaning of human experiences. Unlike quantitative
research, which focuses on numerical data and statistical relationships, qualitative research
seeks to answer the “why” and “how” behind the “experiences” and “behaviours,” which is
a goal of this study. The researchers used these detailed descriptions to extract core themes,
identify underlying participants” experiences and build a conceptual understanding of the
e-waste problem.

Further, adopting a qualitative research methodology is deemed to be appropriate in
this study for the following reasons. Firstly, qualitative research is employed in order to gain
a deeper understanding of the integral issues arising from the management and disposal
of e-waste using analytical and investigative procedures. Secondly, this study adopts
a qualitative research methodology to enable the authors to appropriately address the
research questions and to gain an in-depth knowledge of the various perspectives of e-waste
management, the experiences of the research participants, as well as the context. Thirdly, a
qualitative research methodology enables the researchers to seek answers to questions that
would otherwise be difficult to put into numbers to better understand human experience
and knowledge [132,133]. Understanding the daily realities of a social phenomenon such
as the management and recycling of e-waste and answering the research questions on
how they are practised would help to extend new knowledge and understanding of the
management of e-waste of regional councils in Victoria and Queensland.

4.1. Research Design

The qualitative research for this study involved conducting individual semi-structured
face-to-face interviews with a total of forty-nine (49) Victorian and Queensland regional
councils” employees with roles and responsibilities linked to e-waste management and
working and interacting with consumers of electrical and electronic products in the commu-
nities. Semi-structured interviews are used when researchers intend to explore respondents’
thoughts, feelings, and experiences about a social problem. Semi-structured interviews
provide a mix of a list of planned questions with the opportunity to ask follow-up ques-
tions [134]. Previous studies by Thukral and Singh [135] used semi-structured interviews
to interview six experts from producer organisations about their perspectives towards
e-waste management. Nisha et al. [136] also used semi-structured interviews to explore the
perspectives of eight selected consumers about their awareness and perceptions of e-waste
management. A total of 32 regional councils from Victoria and Queensland participated in
this study. Thirty-one (31) employees from Victorian regional councils were interviewed,
while eighteen (18) employees from Queensland regional councils were interviewed for
this study. The study will enable the regional councils to ascertain the obstacles to e-
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waste collection and recycling, contemporary industry best practices, and establish the
regional councils” perspectives for future regulatory support for funding. A qualitative
research design allowed respondents to share their detailed views and perspectives about
the present-day practices implemented in the management of e-waste, as well as issues and
challenges encountered. The interview questions focused on e-waste management practices
of regional councils and current practices adopted to identify areas for improvement. Face-
to-face interviews rather than telephone interviews were preferred in order to build and
establish connection/rapport and to discern non-verbal cues in what has been established
as both a global and a local problem [132,137]. The research design also reinforced and
supported a fact-finding approach to collecting data using an interview guide and making
sure that respondents can freely discuss their viewpoints and include extra information
they consider pertinent.

4.2. Research Setting

This study was carried out in regional Victoria and Queensland and engaged regional
council employees with roles and responsibilities related to e-waste management in the
communities. The regional councils that participated in this study have a strong self-
motivated workforce with highly experienced employees. Ethics approval was provided by
the University Human Ethics Review Board, and written informed consent was acquired
from each respondent before proceeding to collect data.

4.3. Recruitment of Participants

In conducting this study, a purposive sampling method was adopted [138]. Purposive
sampling is adopted “with a purpose in mind and enables a sample to be selected to
include the issues of interest and eliminate those that do not meet the requirements of
the study” [138]. All participants were from Victorian and Queensland regional councils.
An email with an invitation to participate in a research study was sent to a mailing list
of council employees with roles relating to the management and recycling of e-waste.
The email was supported with an information sheet specifying the aim and purpose of
the research, the rationale and significance of the study, the interview process, matters
relating to anonymity and confidentiality, data security and dissemination of research
outcomes. In addition, a consent form was also provided to the participants prior to
the individual interviews. If required, respondents were requested to get in touch with
the researchers using their university email address provided if they would like further
information about the research. Reminder/follow-up emails were distributed prior to
each interview. In addition, meetings were attended by the researcher within the regional
councils to introduce the study. Victorian and Queensland regional councils” employees
with roles and responsibilities linked to e-waste management and working and interacting
with consumers of electrical and electronic products in the communities were invited to
participate in the interview. Initially, fifty-four (54) council employees responded to the
invitation to participate. The respondents were then contacted again to organise interviews
with dates, times and locations of their choice. Forty-nine (49) interviews were completed;
five employees could not take part due to unexpected work commitments.

4.4. Data Collection Procedure

This study targeted e-waste management and recycling employees of Victorian and
Queensland regional councils. The investigator carried out semi-structured interviews with
individual council employees. Participants’ ages range from 28 to 54 years. The length
of time employed in the respective councils s ranges between 1 year and -25 years. The
individual interviews were conducted at the respective councils’ offices located across
the various parts of Victoria and Queensland. A total of 49 interviews, ranging from
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30-60 min in length, were audio-recorded after obtaining consent and transcribed for
this study. As the interview questions were open-ended, participants responded to these
questions within varying time frames. However, the majority of the participants provided
a response to the interview question within 45 min to 60 min. The average time of the
interview was 45 min. The longest interview was 60 min, while the shortest interview
was 30 min. Audio recordings were anonymised for confidentiality by the researcher, and
all respondents were allocated a distinct identification number. At the commencement of
each of the interviews, the investigator explained the information sheet and provided the
interview questions, prior to working through the consent form, which was then completed
and signed. Participants were asked open-ended questions. There were 25 open-ended
interview questions (not including demographic information) organised into three sections.
Section 1 asked questions relating to what constitutes e-waste in the respective participating
regional councils and matters relating to e-waste management. Section 2 focused on the
problems and challenges emanating from the management of e-waste, and Section 3 focused
on practices adopted to manage e-waste.

4.5. Data Analysis

In order to examine the e-waste management and disposal practices of the contribut-
ing regional councils, a qualitative data analysis was conducted. Semi-structured and
individual in-depth interviews were carried out, and data collected through the interviews
were analysed by means of qualitative content analysis.

4.5.1. Qualitative Content Analysis

Qualitative Content Analysis (QCA) is referred to as a systematic research methodol-
ogy that is used for the interpretation of textual, visual, or audio data by means of coding
data into categories and themes. In educational and social research, QCA is very useful in
addressing the “how” and “why” research questions while providing an in-depth under-
standing of the experiences of research participants, phenomena and context. Qualitative
content analysis is also useful in transforming huge, unstructured data such as interviews
and large texts into prearranged, structured and concise summaries in order to analyse a
social phenomenon, including human and organisational behaviour [20]. The qualitative
content analysis process involves condensing the raw data into categories and themes
as noted above and is based on valid inferences and interpretation. The process makes
use of an inductive reasoning process, which allows the emergence of themes and cate-
gories from the raw data after a careful and constant examination and comparison by the
investigators [20]. The authors followed the qualitative content analysis procedure and
coding process outlined in the manuscript below. Credibility and reliability in qualitative
content analysis ensure qualitative data, such as interview transcriptions/interpretations,
accurately reflect participants’ lived experiences and the raw data collected. The authors
view this process as the qualitative equivalent of internal validity. To establish credibility
and reliability, the researchers used strategies like triangulation, checking and rechecking,
and peer-debriefing to validate the findings and to enhance the credibility and reliability of
the qualitative content analysis.

Most QCA in previous studies are largely inductive, focusing on the examination of
topics and themes as well as inferences drawn from them in the data collected. According
to Patton [138] there are three main methods of conducting QCA and this depends on
the degree and extent of inductive reasoning involved, and these are: “(a) conventional
qualitative content analysis (b) directed qualitative content analysis and (c) summative
qualitative content analysis”. This study adopts conventional qualitative content analysis,
which requires coding categories to be derived directly and inductively from the transcribed
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interview data. The purpose of QCA in this study is to: “(a) organise and draw meaning
from the interview data collected and to obtain realistic inferences from it; (b) determine
and identify the keywords and themes in the interviews and (c) develop a qualitative
classification and categorisation of the transcribed data” [20,131].

In addition, QCA is used in this study because it facilitates and supports the analysis
of extensive data, whether it is textual, visual, or audio data [131]. Specifically, the data
used in this study are textual data or written text (transcribed data), and this forms the
data source for the QCA adopted in this study. Generally, when carrying out a QCA, the
researcher needs to ascertain whether the analysis should be of a broad surface structure
(which is a manifest analysis that focuses on what has been said) or of a deep structure
(which is a latent analysis and is based on what is intended to be said) [131]. For this study,
a broad surface structure (manifest analysis) has been selected, which is consistent with
the nature and structure of this research while taking into consideration the inevitable
subjective interpretation of the authors of this research [139,140].

4.5.2. The Procedure for Qualitative Content Analysis

The process of the qualitative content analysis proceeded by first generating a de-
scriptive coding structure that organised and made sense of council employees’ views and
experiences, and then using qualitative content analysis that sought meaning and themes
in those views and experiences [138]. According to Saunders et al. [134], the procedure of
coding or categorising in qualitative data plays a significant role in analysing the collected
data. It entails subdividing and segmenting the data as well as assigning codes or cate-
gories. Codes or categories are referred to as tags or labels that are used for apportioning
units of meaning to the textual data that has been gathered and compiled during a study.
In most cases, in QCA, codes are usually attached to chunks or pieces of various-sized
words, phrases, sentences or whole paragraphs in the qualitative data [138]. Seidel and
Kelle [141] reported that the primary role of coding in QCA is in the: “(a) identification of
relevant and appropriate phenomena; (b) gathering examples of those phenomena; and
(c) evaluating those phenomena in order to find commonalities, variances, differences,
patterns and structures”.

An explanation of the steps used in the qualitative content analysis is described below.
Based on a three-step approach adopted by Srivastava and Thomson [142], and Ritchie and
Lewis [143], the transcribed data were carefully analysed for trends and inconsistencies
and emergent categories across the data were then identified. Firstly, transcripts were
scrutinised and analysed using an approach to qualitative content analysis [142]. Thereafter,
based on the interview questions and the themes that emerged from the preliminary
evaluation of the data, a coding frame was created. These codes were complemented by
the emergent codes identified through closer and careful reading and re-reading of the
transcripts [138]. Secondly, the transcripts were coded in Microsoft Word following an
iterative process of initial coding, refining of the coding and subsequent re-coding to ensure
the robustness of the coding while checking for potential researcher bias and a degree of
congruence and similarity between the coding. Thirdly, coded data were then summarised
with respondents’ IDs in rows and themes and sub-themes in columns. Summaries of coded
transcripts were compared with demographic information to identify emerging themes
and patterns. The following initial themes emerged from the qualitative content analysis
of the data: (a) meaning and classification of e-waste, (b) e-waste management strategies,
(c) policies to manage e-waste, and (d) e-waste problems and challenges. Figure 6 represents
a thematic map indicating e-waste management themes and sub-themes from the analysis.
The dotted lines demonstrate the relationship between the themes and sub-themes.
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Figure 6. Thematic map indicating e-waste management themes and sub-themes.

5. Findings and Discussion
5.1. Findings

This section presents the results/findings of this study. It provides the outcomes of the
responses to the research questions. Detailed responses to each of the questions in Section 1
are provided below.

5.1.1. What Are the Problems and Challenges Faced by Victorian and Queensland Regional
Councils in Managing E-Waste?

The interview participants were requested to comment on the specific problems and
challenges facing their respective councils on e-waste management and disposal practices.
All of the 49 participants (100%) agreed that a major difficulty and challenge in managing e-
waste is the lack of education and awareness creation for the residents in their communities.
This lack of knowledge and awareness reduces the amount of e-waste that would have
been collected and leads to a poor e-waste recycling attitude. Another specific challenge
noted by all 49 participants (100%) is the absence of e-waste collection centres at strategic
locations within their communities.

Specifically, according to participant 29 from the Victorian regional council:

“Presently, we have a limited number of drop-off collection services for e-waste
collection as they are only located in our office, transfer stations or community
centre sites only. We need to create more collection centres at strategic loca-
tions throughout the community to facilitate more e-waste collection from our
residents” (Participant 29).

A significant challenge stated by all 49 participants (100%) is the possibility of fires
on trucks during the transportation of e-waste with lithium batteries in them that con-
sumers dump along with other rubbish. According to a participant from the Queensland
regional Council:
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“A few years ago, fires from lithium batteries were not common, but now lithium
batteries have caused a lot of fires in our council. We have had several incidents
of fires during e-waste transportation, which have created enormous challenges
for our council” (Participant 11).

Further, 39 of the 49 participants (80%) agreed that their councils are under-resourced
and not adequately funded, and this makes it hard to get things done quickly when there
are many processes and procedures to go through. Another significant challenge arises
in situations where the councils do not have a choice but to dispose of some of the e-
waste that they cannot recycle in landfills due to limited recyclers available to recycle.
Of the 49 participants, 28 participants (57%) stated that their councils dispose of e-waste
that cannot be recycled in landfills due to a lack of capable recyclers. According to all
28 participants, this situation is particularly obvious in some of the e-waste collected from
EEE made from non-recyclable materials, and this is disposed of in landfills.

Participant 12 from the Queensland regional council and participant 21 from the
Victorian regional council shared a common view, stating:

The current National Television Computer Recycling Scheme (NTCRS) adopted is
limited in scope, and only TVs and computers can be recycled under this scheme.
The situation is made more difficult because there are limited e-waste recycling
companies to engage. The few available recyclers are not able to recycle all the
e-waste categories collected by the council. Those not collected by the recycler
are moved to landfills (Participant 12 and Participant 21).

5.1.2. E-Waste Management Policies Are Implemented to Manage and Dispose of E-Waste

All participants were asked to explain what policies are used in the management of
e-waste in their respective councils. All of the 49 participants (100%) from the Victorian and
Queensland regional councils reported that their councils do not have any specific policies
in place for e-waste. According to one participant from the Queensland regional council.

“At the moment, we do not have any policies on e-waste management. General
waste management policies are used for e-waste management. The current gen-
eral waste management policies do not sufficiently address the management of
e-waste as well as the problems and challenges associated with e-waste recycling
and recovery” (Participant 7).

All of the 49 participants (100%) recognised the issues inherent in the management of e-
waste and the protection of human health and the environment as complex, leading them to
describe the concept of e-waste management as both a local problem and a global problem.

“The reality is that e-waste management is a complex issue globally, and many
countries, including Australia, are still struggling with how they can effectively
manage their e-waste and more still needs to be done. There is a need to develop
appropriate policies that deal with e-waste management in Australia” (Partici-
pant 49).

5.1.3. Practices Adopted by Regional Councils to Manage E-Waste

Participants were asked to explain the practices implemented in managing e-waste in
their respective councils. In general, there was a focus and strong emphasis on the lack of
state and national legislation in the management of e-waste, as well as a broader concept
of approaches implemented by each council in managing e-waste. All 49 participants
(100%) identified the lack of appropriate specific legislation on e-waste, citing “National
Television Computer Recycling Scheme (NTCRS) and the Mobile Muster- a voluntary
mobile telecommunications industry’s product stewardship program”, as the only schemes

https://doi.org/10.3390/environments13080446


https://doi.org/10.3390/environments13080446

Environments 2026, 13, 446

24 of 39

which solely consider computers, television and mobile phones as e-waste, respectively.
The majority of the participants stated that the management of e-waste is based on the
council’s general waste management regulations.

Participant 15 from the Queensland regional council described what happens when
consumers bring their e-waste to the waste facilities.

“When the residents bring their e-waste to the facilities, they are directed to the
designated areas where they can drop the various categories of e-waste. The
e-waste is then transported to the recyclers for recycling and recovery. Some
categories of e-waste are not collected and recycled. For example, our council
does not collect solar panels from its residents” (Participant 15).

Meanwhile, Participant 31 from the Victorian regional council adds that:

“Currently, residents drop off their e-waste at any of our council’s waste manage-
ment facilities. We need to set up specific e-waste collection centres closer to the
residents to facilitate more e-waste collection. At the moment, e-waste collection
from our residents is free. Our council can start introducing fees and fines to
deter people from just throwing e-waste into their bins” (Participant 31).

Most of the participants agreed that many of the general waste (including e-waste)
policies, laws and regulations are not made known to the consumers. Most residents in the
communities are not aware of current waste policies and regulations.

According to participant 10 from the Queensland regional council:

“Generally, residents will want to recycle, but the problem is that they just do not
know the best practices” (Participant 10).

Further, in relation to e-waste ending up in landfills, 46 of the 49 participants (94%)
stated that their councils do not have an illegal dumping team that can monitor what people
are doing and fine offenders. For example, Participant 4 from the Queensland regional
council stated that:

“There is concern about the future outlook of e-waste management in our council
and other councils in Queensland. This is because we do not have specific policies
on e-waste, and most of the state and federal policies and regulations are not
sufficiently addressing the management and disposal of e-waste of our council”
(Participant 4).

Furthermore, 36 of the 49 participants (73%) agreed that their councils need to outline
the numerous environmental and health risks associated with the e-waste streams they
currently have and engage capable recyclers that can come up with the best way to recover
the valuable resources in e-waste, while 13 of the 49 participants (26%) stated that the
responsibility of engaging capable recyclers to recycle e-waste lies with the state and
federal government.

According to participant 1 from the Queensland regional council:

“Outlining and categorising these risks will facilitate more e-waste collection and
the likelihood of recycling them with recycling companies. Also, policies and
regulations on product design and product specification are not being enacted
to facilitate recycling. Presently, most e-waste is composed of non-recyclable
materials, especially plastics, which end up in landfills”.

5.1.4. How Can Regional Councils in Victoria and Queensland Better Manage and Dispose
of E-Waste?

With regard to how e-waste can be better managed, the participants from the Victorian
and Queensland regional councils had varying opinions and perspectives. However, 30
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of the 49 participants (61%) agreed that to better manage e-waste, there is a need for a
common definition and classification of e-waste by all councils in Australia and not just
what each council can recycle.

According to Participant 2 from the Queensland regional council,

“There is no real education of the communities on what e-waste is and its classi-
fication. We need to provide adequate and ongoing education on e-waste and
create awareness of e-waste recycling and recovery in the communities. For
example, we can provide residents with various options on what to do with their
e-waste through various media, including social media. Residents should be ade-
quately informed about the environmental and health implications of disposing
of their e-waste in landfills” (Participant 2).

Another participant from the Victorian regional council stated that:

“We need to make e-waste collection easier for the residents and encourage them
to bring their used electrical and electronic equipment for recycling. Encourag-
ing residents to bring their e-waste for recycling through providing incentives
can significantly improve e-waste collection and prevent e-waste in landfills”
(Participant 25).

Participant 12 from the Queensland regional council disagrees with the provision of
incentives to residents and believes that:

“Residents should be made to take responsibility for the waste they generate,
including e-waste. This will help to make a difference in people’s attitudes
towards waste management in general. Charging/requesting residents to pay for
their e-waste will make them start thinking about what they throw into the bin”
(Participant 12).

All of the 49 participants (100%) agreed that establishing e-waste collection centres at
strategic points for residents in the communities to drop off their e-waste will significantly
improve the management of e-waste and recycling. Of the 49 participants, 41 (84%) stated
that there are only a few collection points currently available. Specifically, Participant 37
from the Victorian regional council stated that:

“Currently, only a limited number of regional councils offer a drop-off collection
service for e-waste with collection points located at community centre sites only.
Smaller e-waste items are typically disposed of in wheeled bins, and larger
e-waste items through the council’s quarterly clean-up days and ‘very large
items” during kerbside collection events, where householders are allowed to
leave acceptable larger household items at kerbside for separate collection. These
events typically take place quarterly, and the majority of the items collected
during these events are disposed of in the landfill, and a small quantity is recycled
as there are limited recycling companies in the state”

Further, the majority (47 of 49) of the participants (96%) agreed that regional councils’
collaboration through the state governments and the Commonwealth government, as well
as the respective state regulatory agencies, manufacturers, retailers and consumers, can
introduce “user pays” or “take-back programs” so that residents can take responsibility
for the waste they generate. This strategy will help consumers find a reuse, donate, or
sell it to charity. In addition, regional councils can collaborate with their Victorian and
Queensland state governments to introduce e-waste management schemes and programs
such as “extended producer responsibility (EPR)”. Currently, most regional councils
manage e-waste under the “National Television Computer Recycling Scheme (NTCRS)”.
This scheme merely considers computers and televisions as e-waste.
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5.2. Discussion

Based on the analysis of the qualitative data collected, the findings arising from
this study highlight a number of problems and challenges shared by the Victorian and
Queensland regional councils in managing e-waste and identify areas where improvements
could be made. Some of these challenges and areas that need improvement include:
(a) the lack of education and awareness creation about e-waste for the residents in the
communities, (b) the absence of knowledge about e-waste recycling and poor attitude
towards e-waste recycling, (c) illegal dumping of e-waste, (d) lack of sufficient funding
and high cost of recycling, (e) limited number of e-waste recyclers to engage, (f) lack of
specific e-waste policies and legislation to implement in the management of e-waste and
(g) inability of the current NTCRS and mobile muster collection and recycling schemes
to cover all categories of e-waste. The inability of these current e-waste collection and
recycling initiatives and schemes to cover all categories of e-waste in Australia has created
additional challenges faced by the regional council interviewed in this study. While this
study covers all categories of e-waste and adopts the definition by UNEP [7] ), the council
employees stated that there is a need for a common definition and classification of e-waste
by all councils in Australia, not just what each council can recycle, indicating that the
definition of e-waste also varies across regional councils in Australia, which is a major
challenge in managing e-waste. Prior to conducting the interviews, the regional council’s
employees were aware that this study covers all categories of e-waste and offered responses
based on their respective councils’ scenarios, which provides a basis for comparisons.

While the participants in the Victorian and Queensland regional councils have similar
challenges, there are differences in some of the practices adopted to manage e-waste. A
notable difference in the practices implemented to manage e-waste is in the provision of
incentives to residents to encourage e-waste collection. Each council has a different view
on these issues. Some Victorian regional councils believe that there is a need to make
e-waste collection easier for the residents and encourage them to bring their used EEE for
recycling by providing incentives to residents to enhance e-waste collection and reduce
the quantities going to landfills. By comparison, the majority of the Queensland regional
council disagreed with the provision of incentives to residents and believes that residents
should be made to take responsibility and pay for the waste they generate, including e-
waste, as this will help to make a difference in people’s attitude towards waste management
in general and make them start thinking about what they throw into the bin. Table 4 below
provides an in-depth comparison between the two states.

The results of this study have emphasised a number of important knowledge gaps
across both Victorian and Queensland regional councils in Australia. For instance, there is
no data in relation to the e-waste disposed of in landfills and little data on that collected.
Hence, it is problematic to plan and forecast for future infrastructure and e-waste facilities
for treatment, where most of the e-waste dumped in landfills goes unaccounted for. The
findings of this study resonate and are consistent with the studies of Islam and Huda [10]
and Morris and Metternicht [17], which found that Australia is yet to adequately address
how to dispose of its e-waste in an environmentally sound and safe manner. There are also
very few recycling facilities with the capabilities to deal with the processing and recycling
of e-waste. This situation further compounds the inability of e-waste collected by both
Victorian and Queensland regional councils to recycle the collected e-waste.
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Table 4. Comparison between Queensland and Victorian regional councils.
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on televisions and computers. The participants of the regional councils in Victoria and
Queensland in this study perceived and believed that a wider and stronger awareness of
e-waste should be accomplished through adequately educating consumers of e-waste in
the communities and the collaboration of all stakeholders of e-waste to come up with better
ways of managing and recycling e-waste to protect the health of humans, the environment
and the entire ecosystem. This outcome is in line with the recommendations of numerous
prior studies such as [10,17-19] that “Australia’s approach to e-waste management requires
improvement and the development of appropriate legislation to manage e-waste”.

In terms of how Australia’s e-waste management compares to other developed coun-
tries, based on the review of the literature and outcomes of this study, Australia’s e-waste
management system focuses heavily on TVs and computers through the National Televi-
sion and Computer Recycling Scheme (NTCRS) and lacks strong national waste regulations
specific to e-waste. In addition, compliance enforcement varies greatly between Australian
states and territories when compared with top e-waste recyclers such as Germany, Switzer-
land, Japan, and South Korea, among others, which mandate recycling of all categories of
e-waste. While e-waste volume and generation in Australia is similar to other advanced
countries, there is disparity in terms of recycling rates, e-product scope, adoption of ex-
tended producer responsibility (EPR), e-waste laws and enforcement and in terms of re-use
and repair. For example, Switzerland successfully recycles around 75% of its e-waste and
Japan 79%; this is in contrast to Australia, which recycles less than 40% of its e-waste
generated [85]. Further, in Switzerland and Japan, independent organisations are used
to ensure that recycling companies are complying with e-waste regulations. In Australia,
state and territory laws on waste, including e-waste, differ, with some states like Victoria
banning e-waste disposal to landfills. In Germany, South Korea and Japan, EPR is used
to make manufacturers of electronic products responsible for their products at the end of
their useful life; in Australia, the burden often falls on local councils or voluntary programs
such as Mobile Muster. Also, in Germany, the USA, South Korea, Japan, and Switzerland,
among others, e-waste refers to anything that has plugs or uses a battery. These nations
have adopted a comprehensive system that targets all categories of electronics. In contrast,
Australia’s primary national e-waste scheme, NTCRS, mainly targets large household TV
screens and computers, and this leaves other household appliances essentially unprotected.

There are limitations in this study that suggest future research. Firstly, this study
only collected data from Queensland and Victorian regional councils. It is necessary to
collect data from regional councils in the other states to ascertain how different states
manage their e-waste in Australia. Secondly, the study focused mainly on the qualitative
methodology. Therefore, the study can be extended with quantitative data analysis for a
better understanding of the influence of consumers’” demographic characteristics such as
gender, age, educational background and personal income on the intention of consumers
to participate in e-waste recycling. This will provide additional knowledge on how e-
waste can be better managed in Australia. Thirdly, further research in this area needs to
be undertaken to enable regional councils to establish the tools needed to make sound
decisions on e-waste recycling and treatment options for their particular region, based on
individual councils’ current situation and e-waste management strategies.

Figure 7 provides a matrix of the summary of the similarities and differences in the
e-waste management practices of Victorian and Queensland regional councils.
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Monexistence of specific e-waste policies and legislation to manage waste including e-waste
There were varying views onthe meaning and classification of e-waste in Queensland while there
similar views in Victoria

Queensland adopts Waste Reduction and Recycling Regulation 2023 while Victoria

Adopts the Environment Protection Act 2017 to manage waste including e-waste

Victoria implement state-wide ban on e-waste in landfills. Queensland uses fines /levies

Few councils have introduced fees and fines to deter people from just throwing e-waste into
their bins in Queensland , while majority of the councils in Victoria introduced fees and fines

J

Kwas:nanagementm ﬁ
Similarities of Victorian & Queensland Differences
Qgional councnsj/

Limited number of drop-off collection service for e-waste collection

Lack of sufficient funding to deal with e-waste

High cost of recycling

Limited number of e-waste recyclers to engage

Lack of education and awareness creation about e-waste for the residents

Increasing quantities of e-waste generated each year

There are no specific policies to manage e-waste

Participating councils have implemented the National Television and Computer Recycling
(NTCRS) and Mobile Muster Schemes

Majority of the councils do not have specific e-waste collection centres closer to the
residents

Councils have various views and suggestions on the introduction of the weight
billing system (pay as you throw) to help reduce e-waste ending up in landfills and

encourage re-use and recyding /

Figure 7. Matrix of the summary of the similarities and differences in the e-waste management
practices of Victorian and Queensland regional councils. Developed for this study.

6. Conclusions and Recommendations
6.1. Conclusions

This paper examines the e-waste management practices of Victorian and Queensland
regional councils, compares the practices implemented to manage e-waste, identifies the
problems and challenges and develops/recommends innovative approaches to address
e-waste collection and recycling practices in Australia. The findings of this study show
that there are more similarities and fewer differences in how the Victorian and Queensland
regional councils manage their e-waste, as shown in Figure 7.

Qualitative interviews with forty-nine participants from Victorian and Queensland
regional councils identified a number of areas that needs improvement in the management
of e-waste such as: (a) the lack of education and awareness creation regarding e-waste
for the residents in the communities, (b) the absence of knowledge about the recycling
of e-waste and poor attitude towards the recycling of e-waste, (c) the lack of sufficient
funding; (d) limited number of e-waste recyclers to engage, and (e) the lack of specific
policies and legislation on e-waste to adopt in the management of e-waste. The findings
suggest that e-waste management in Victorian and Queensland regional councils, as well as
other councils in other states and territories, needs improvement, and greater focus by state
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and federal government is required for a more transformative approach and best practices
in the management and recycling of e-waste.

The outcomes of the analysis of the interviews highlighted a high degree of support
for (a) the introduction of transformative legislative measures that can manage and recycle
e-waste, with particular support for a funding mechanism, consumer education and aware-
ness programs, (b) take-back schemes where customers return their electronic products
to the brand at the end of their useful life for that customer. The brands then determine
if these electronic products can be resold, repaired, donated or recycled, and (c) the in-
troduction of “Extended producer responsibility” (EPR)—another policy approach that is
designed and intended to move the responsibility for collecting and managing e-waste
from municipalities and consumers to manufacturers. Participants tended to consider that
the introduction of these policy approaches would encourage and support manufacturers
to create better and improved designs of electronic products and use recyclable materials
to manufacture their EEE for durability and reusability in order to comply, which could
lead to improvements in designs for the EEE that are imported into Australia.

Further, based on the findings/outcomes of the qualitative data analysis, the idea of
providing incentives to consumers had differing and opposing responses. Of the 49 partici-
pants, only 26 agreed with the idea of providing incentives for consumers to encourage
them to partake in the management and recycling of e-waste. The participants agreed that
incentives in the form of rebates, discounts on new products when e-waste is collected, cash
rewards, or even charitable donations should be applied to improve e-waste collection and
to avoid e-waste ending up in landfills. Of the 49 participants, 23 disagreed with this idea.
The participants who disagreed stressed that households and businesses should be made
to take responsibility for the e-waste they generate through implementing weight-based
billing (pay as you throw) for the collection of e-waste.

We consider that by offering rewards, state and federal governments can motivate
individuals to take action and contribute to the sustainable management of e-waste. Alter-
natively, by introducing the weight billing system (pay as you throw) and economically
penalising the generation of e-waste, consumers are obliged to reduce their e-waste gen-
eration and adopt more environmentally responsible habits. Previous studies by Dahlen
and Lagerkvist [144] conducted in Sweden investigated 290 householders’ responses to
weight-based billing for the collection of household waste with the primary aim of pro-
viding support for decisions relating to waste management policies. The study found that
the impacts of weight-based billing in collecting household waste are inconsistent and
unpredictable, but showed a clear drop and reduction in waste in some municipalities.

While Pay-As-You-Throw (PAYT) systems charge households and businesses for
waste based on the quantities they dispose of, rather than a flat rate, different countries
use diverse methods to calculate the cost of disposal. The aim is to prioritise waste
prevention, reduce/eliminate inappropriate waste disposal in landfills and encourage
recycling. For example, South Korea adopts a volume-based waste fee (VBWEF) which
mandates households and businesses to buy and use government-issued plastic bags for
disposal of all general and non-recyclable waste, while waste that is recyclable and for
composting is collected for free. According to UNEP [137], the adoption of VBWF reduced
daily waste by 24% and increased food waste recycling to around 90% in South Korea.
Taiwan adopted the per-bag trash collection fee, which mandates residents to place their
unsorted household trash into specially designated, official blue bags, while using regular,
non-compliant bags results in heavy fines. This system successfully reduced the overall
municipal solid waste volume by one-third and increased recycling rates [145]. Italy and
the European Union adopted the weight and frequency-based systems, where waste trucks
weigh and charge the bins upon lifting them and link the amount payable directly to the
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weight of the trash. This weight-based PAYT method helped reduce waste generation from
15% to 90% and supports circular economy goals [146].

We propose that the introduction of weight-based billing (pay-as-you-throw) in Aus-
tralia will significantly reduce the volume of e-waste generated in the communities by
encouraging responsible production/consumption and re-use of EEE. The “pay as you
throw scheme” has been successful in some advanced nations such as Germany, Aus-
tria, the Netherlands, Japan, Switzerland, South Korea, Taiwan, Italy and the European
Union [147]. Some of the strengths of implementing a weight-based billing (pay as you
throw) scheme in e-waste management include (a) fair allocation of recycling costs to the
consumers, (b) reduction in e-waste generation, (c) ensuring transparency of e-waste man-
agement and recycling costs, and (d) increase in sorting of e-waste recyclables. The weak-
nesses include (a) increased costs to consumers, (b) encouraging illegal e-waste dumping,
and (c) increased amounts of contaminants in e-waste recyclables. Finally, based on the
outcomes of this study, Australia needs to implement unified and workable policies and
strategies for the management and recycling of e-waste. This study will benefit regional
councils by reducing/eliminating e-waste in landfills, creating localised job opportunities,
preventing environmental risks associated with illegal dumping, recovering precious met-
als present in e-waste, and fostering circular economy practices in regional areas. The study
identified areas where improvements are needed, which would assist regional councils
in designing appropriate intervention strategies to better manage e-waste in regional ar-
eas. The future of e-waste recycling in Australia is optimistic. However, to fully realise
the potential of the enormous quantities of e-waste continuously generated, the govern-
ment and other stakeholders must embrace innovation and invest in sustainable e-waste
management practices.

6.2. Recommendations

Based on the findings of this study, the recommendations below are proposed at the
local, state and federal levels.
At the local government level:

(1) Regional councils should establish comprehensive e-waste collection programs and
permanent collection centres and ensure that these centres are accessible to residents.
These collection centres can be located in schools, churches, supermarkets, major
electronic retail outlets, town halls, and cinemas. There should be clear communication
with residents about the location of collection centres, e-waste items accepted and
proper disposal procedures.

(2) Regional councils should collaborate with major retailers to offer e-waste collection
as part of their services, making it convenient for residents in the communities. They
should also explore the possibilities of providing home collection services for large
e-waste items, such as televisions, computers, refrigerators, dryers, and washing
machines. For example, major retailers can offer services for collecting large electronics
from home when a customer buys a new one.

(38) Create awareness in the communities through launching campaigns/events to educate
residents about the benefits of reusing and repairing their electronic devices, with
more emphasis on the environmental and economic advantages. For example, regional
councils can consider the possibilities of setting up community repair cafes where
residents can learn basic repair skills and fix their own devices. They can also develop
and implement public awareness campaigns to educate residents about the relevance
of e-waste recycling and the potential risks to human health, the environment, and
the entire ecosystem due to inappropriate disposal in landfills.
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4)

®)

(6)

1)

)

®)

4)

)

(6)

Regional councils should ensure that all e-waste management activities comply with
the state and federal governments’ e-waste regulations; implement robust monitoring
and enforcement mechanisms to prevent illegal dumping and ensure that e-waste is
properly managed and not diverted to landfills.

Regional councils can help improve consumers’ e-waste collections and recycling
attitudes through (a) advocating for e-waste management in school curricula to raise
awareness among young people and (b) organising community events and workshops
to promote and encourage e-waste recycling and reuse.

Consider the 3R’s—(a) Reduce e-waste generation through encouraging residents
to limit their consumption of electronic devices and choose products with longer
lifespans, (b) Reuse through promoting the reuse of electronic devices, donation or
resale, and (c) Recycle to ensure that e-waste is appropriately recycled and valuable
materials are recovered.

At the federal and state levels,

At the national level, the Australian government can introduce extended producer
responsibility (EPR) schemes or take-back schemes. This policy approach will make
manufacturers/producers responsible for their products throughout the entire life-
cycle, including the post-consumer stage. By doing so, Australia’s environmen-
tal /conservational goals and recycling targets can be achieved.

There needs to be an incentive for both regional and metropolitan councils to promote
e-waste recycling and facilitate e-waste collection. All the stakeholders, including
e-waste recyclers, need to collaborate and get involved in the management of e-waste.
It is noteworthy to mention that regional councils are primarily collectors. More efforts
are needed at the national and state levels.

The state and federal governments should collaborate and engage more recycling
companies and improve recycling technologies by encouraging investment and the
introduction of new and improved technologies and best practice recycling operations.
All e-waste stakeholders (manufacturers, retailers, importers, regulators, state and
federal governments, consumers, regional councils, electrical and electronics industry,
waste management and resource recovery sector should make sure that there is ade-
quate dissemination of information, and work collaboratively and in partnerships to
develop funding and legislative regime that is fair and rational, which can sustainably
manage the present and future streams of e-waste in Australia.

The state and federal government should work in collaboration with the manufac-
turers, retailers, regional councils and recyclers to come up with an action plan to:
(a) prolong the life of electronic products, (b) recover extra materials and ensure they
are kept in circulation in the economy (post-consumption), (c) guide and empower
stakeholders in maximising waste emanating from electronic products, (d) encour-
age re-use and repairability, (e) increase consumer awareness and education and
(f) maximise durability to achieve sustainable outcomes for electronic products.

The state and territory governments should review and adjust current policies and
regulations, and initiate new reforms to prevent reusable, repairable and recyclable
electronic products from going to landfills, being hoarded in homes and offices or
littered in unauthorised areas, particularly in rural, regional and remote areas.

6.3. Future Research

Future research should use a quantitative approach or other research methods and

increase the number of local governments in Australian states and territories to better

understand e-waste management and recycling practices as well as problems and chal-

lenges, and areas where improvements are needed, particularly in regional and remote
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areas. This will provide an additional viewpoint in the management, recycling, legislation
and sustainable environmental management of e-waste in Australia.
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