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Abstract: Wastes from electrical and electronics equipment (WEEE), also referred to as e-waste, contain high-value
of precious metals. Yet WEEE has huge adverse environmental threats and health hazards. Several literatures have
examined the adverse effects of WEEE, and few have proposed remedial measures for mitigating these e-waste risks.
The measures have focused on recycling the precious metals within e-waste back into the economy. These studies have,
however, acknowledged that the current recycling processes tend to be costly, and their results are not viable for the
economy. The present study proposes a shift in recycling from a linear to a circular economy in Turkiye. It has adopted
a qualitative method in the form of interviews with 13 experts on the subject. The major findings of the study show
that: 1) Turkiye lacks the efficiency, proper planning, and adequate law related to e-waste management; 2) The legal
regulations related to WEEE management are stale and undeveloped, 3) Recycling in Turkiye is underdeveloped. This
study provides valuable information for future research on the factors that will help to improve recycling in Turkiye.
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Introduction

The waste electrical electronic equipment (WEEE) is “one of the fastest growing
streams” of wastes at present (Directorate-General for Environment, 2023; Tasb-
irul Islam & Huda, 2018, p. 49), and has been recently attracting attention all over
the globe. Yet, WEEE has huge adverse environmental threats and health hazards.
This is due to the fact that WEEE contains toxic metals and hazardous substances
(Cucchiella et al., 2015, p. 264). According to “The Global E-waste Monitor 2024”
published by International Telecommunications Union (ITU) and United Nations
Institute for Training and Research (UNITAR), the amount of WEEE generated
worldwide grew to a staggering 62 million metric tonnes (Mt) in 2022, which is an
equivalent of 7.8 kilogram per capita (kg/C) up from 7.3 kg/C in 2019 and 6.1 kg/C
in 2016 (Balde et al., 2017; Baldé et al., 2024; Forti, et al., 2020). This figure has
grown beyond the expected in 2022 to an amount of about 59.6 Mt determined in
the 2019 report (Forti et al., 2020).

There is a consensus in the literature about what constitutes WEEE. Its defini-
tion includes a wide range of products, such as the equipment to be disposed of,
that either depends on electric current or magnetic field to operate, or that gen-
erates, transfers, or measures such currents and fields (Glossary: Waste Electrical
and Electronic Equipment (WEEE), n.d.). Thus, this definition incorporates a very
wide range of electrical and electronic equipment covering all that pertains to both
personal and industrial ones. On the other hand, few studies have provided the
definition of WEEE with limited scope. For example, such definitions are confined
to products such as: “computers, refrigerators, and automobiles, collectively known as
e-waste” (Dutta et al., 2018, p.3694).

The increased consumption and endless desire for technology caused the pro-
duction of these devices to proliferate over the years. With the current take-make-
use-dispose economic model (Bocken et al., 2016, p. 308), this resulted in the ev-
er-growing stream of WEEE. The ill-effects of such a linear model are becoming
very evident and a shift to a circular economy, where materials flow is enhanced
in a closed loop system, becomes more pressing. However, although the concept
of circular economy is becoming increasingly very significant, its definition is

inconsistent.

In their survey of the literature, Kirchherr, Reike, & Hekkert (2017, p.228)
gathered 114 definitions for circular economy. This has serious consequences on
research. Consequently, it is found in the literature that recycling WEEE has been
heavily prescribed as a means for contributing to the circular economy (D’adamo et
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al., 2019; Golsteijn & Valencia Martinez, 2017; Reuter et al., 2013; Tasbirul Islam
& Huda, 2018). Cursory evidence shows that this linkage between recycling and
circular economy is due to a direct consequence of the ambiguity in the definition
of the latter. In 2021, Turkiye recycled short of 54 percent of its wastes, while dis-
posing more than 42 percent of the same (Ministry of Environment Urbanization
and Climate Change of the Republic of Turkiye, 2023, p. 4). Even though Turkiye
follows recycling standards and has national regulations in force, the percentage
of disposal raises questions about the viability of current recycling processes for a
circular economy. Turkiye, as such, forms an interesting case and provides a good

ground for further investigation of the aforementioned.

Preliminary investigation on the challenges of WEEE management can shed
some lights on the above issues. WEEE require special processing and handling
that can prove costly, which makes it very challenging for recycling. Lack of aware-
ness of proper recycling processes and handling of WEEE is a huge impediment to
a sustainable environment and proper extraction of valuable materials. According
to Awasthi, Li, Koh, & Ogunseitan (2019, p. 86), environmental pollution has been
reported in certain regions of the world due to informal e-waste resource recov-
ery. In some developing countries recycling is even done in a very primitive way
while storage of such e-wastes is improper due to lack of awareness. For exam-
ple, it is reported that e-waste is manually dismantled in one of the markets in
Accra, Ghana whereas stockpiles of e-wastes are ever growing in the outskirts of
Beijing, China (Awasthi et al., 2019, p. 86). Practically, recycling is a very complex
process, and it does not go without its own problems. Loss of precious elements
is inevitable, cost might be very high rendering recycling unfeasible, sustaining
the environment might become very challenging, and product development be-
comes an issue as quality can be compromised. The alternative studies to recycling
were deemed impractical. These studies were restricted to products that had not
yet reached their end of life (EOL). The assumption is that this scenario creates
opportunities, such as reselling these products or transferring them to poor or de-
veloping countries. For instance, Sauvé, Bernard, & Sloan (2016, p. 53) discussed a
model of production based on a circular economy that may seek to delay the end-
of-use of the product by favoring repairing, refurbishing, and reusing it before its
end-of-life. However, despite the significant research in the area of alternative end-
of-life options there is still a substantial lack of evidence into the technological and
business potential of such options based on reuse, repair, and remanufacturing
(Angouria-Tsorochidou et al., 2018, p. 986). Another research explored the possi-

bility of creating new products from WEEE as an alternative to recycling (Bakr et
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al., 2020). While that study concluded the great potential progress for a circular
economy creating new products from WEEE would achieve, it nonetheless stated

the tremendous challenges encountered by moving into such a model.

Despite the issues that surround recycling of WEEE, the knowledge of recy-
cling WEEE has significantly grown over the past decade. In addition to its disa-
greement on what circular economy is, the literature also lacks sufficient discussion
of how a circular economy model can be applied to WEEE and has rather focused
on the current recycling processes. Meanwhile the objectives of this paper are to
investigate the issues of recycling WEEE in Turkiye in relation to circular economy,
examine the challenges of improving recycling the industry is confronted with, and
thus explore ways for developing recycling. Such exploration would enhance recy-
cling with the hope of facilitating the circular economy. Henceforth, the paper is
divided into five sections as follows: section 2 provides a review of the literature,
section 3 discusses the research design and methodology, followed by section 4
which analyzes the findings and discusses the results, and finally section 5 which

discusses the conclusion.
Literature Review

WEEE and Circular Economy
Since WEEE contains hazardous substances (Chancerel et al., 2009, p. 792), spe-

cial attention must be given to them and mechanisms for carefully handling and
eliminating them must be sought. In describing the tremendous increase in WEEE,
Cucchiella, D’adamo, Koh, & Rosa (2015, p.264) stated that about 30 to 50 mil-
lion tonnes of WEEE are disposed globally each year. Furthermore, D’adamo et
al. (2019, p.455) cited a figure showing that WEEE reached 41.8 million tonnes in
2014. Today, we know that this figure has grown beyond 62 million Mt (Baldé et
al., 2024).

The current linear economy model which is characterized by take-make-use-
dispose approach (Bocken et al., 2016, p. 308) is known to generate significant
wastes (SUN, Ellen MacArthur Foundation, & McKinsey Center for Business and
Environment, 2015, p. 16) and therefore is deemed to be a direct cause for the ac-
celerated growth of WEEE. There is, therefore, a pressing need to shift to a closed-
loop system, a circular economy, that enhances materials flow and departs from
the linear economic model. Such a closed-loop system aspires to eliminate waste

by enhancing product design that leads to reduced usage of natural resources and
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thereby decreases the impact on the environment (Angouria-Tsorochidou et al.,
2018, p.986). In a report sponsored by SUN in collaboration with Ellen MacArthur
Foundation and McKinsey Center for Business and Environment (2015, p.14), the
authors concluded the importance of circular economy in that it could lead to bet-
ter welfare, GDP, and employment outcomes than current development path; it
could further greatly benefit the environment and improve competitiveness. Yet,

few literatures have taken interest in the area of e-waste and circular economy.

Perhaps the reason for that is the lack of a united understanding and incon-
sistency in the definition of circular economy. Garcia-Barragin et al. (2019, p.
369) maintain that there is no consensus on previously suggested definitions. The
absence of a clear definition of circular economy on the one hand, and its close
relation to recycling on the other hand, led researchers and practitioners to dis-
cuss both concepts (circular economy and recycling) interchangeably. However,
Garcia-Barragan et al. (2019, p. 369) warn that “a direct implementation of recycling
indicators as metrics of circular economy activity is methodologically unsatisfactory”.

Other definitions that depart from confining circular economy to recycling include:

“a regenerative system in which resource input and waste, emission, and energy
leakage are minimised by slowing, closing, and narrowing material and energy
loops. This can be achieved through long-lasting design, maintenance, repair, re-
use, remanufacturing, refurbishing, and recycling.” (Geissdoerfer, Savaget, Bock-
en, & Hultink, 2017, p. 759).

The above definition seems comprehensive. It tries to include renowned con-
cepts and dimensions that are cited by most literature. For example, “industrial
economy that is restorative by intent and design” (Ellen MacArthur Foundation
(EMEF), 2013, p. 14), “the realization of a closed loop of material flows” (Geng & Do-
berstein, 2008, p. 231), and “slowing, closing, and narrowing resource loops” (Bocken
etal., 2016, p. 317). The purpose of slowing material and energy loops is to extend
the period of product utilization (Bocken et al., 2016, p. 317); and that can mainly
be achieved by long-lasting design. On the other hand, according to Bocken et al.
(20186, p. 309) the purpose of closing resource loops is to create a circular flow of
resources between post-use and production through recycling; whereas narrow-
ing resources implicates efficient use of resources by involving fewer resources per
product.
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WEEE and Circular Economy in Turkiye

With more categories of electrical and electronics equipment approaching their end

of life, like the solar/photovoltaic cells, the number of disposed WEEE will multiply

even further. Table 1 shows the number of generated e-wastes in kilograms/Capita
(kg/C) and in kilotons (kt) for a few countries. Table 1 is adapted from the “The
Global E-waste Monitor 2024” report which is based on 2022 statistics (Baldé et

al., 2024, pp. 133-134).

Table 1

Domestic e-Waste Generated Per Country (2022) For a Sample of Countries.

Country/ Economy | Region | E-waste E-waste National
generated in | generated in | regulation
2022 (kg/C) | 2022 (kt) in force

Timor-Leste Asia 1.6 2 No

Togo Africa 0.9 8 No

Tonga Oceania |4 0 No

Trinidad and Tobago | Americas | 15.4 24 No

Tunisia Africa 6.9 85 No

Turkiye Asia 12.7 1077 Yes

Tuvalu Oceania | 2.4 0 No

Uganda Africa 0.9 41 Yes

Ukraine Europe 8.9 385 Yes

United Arab Emirates | Asia 18.9 178 Yes

United Kingdom of

Great Britain and | Europe 24.5 1652 Yes

Northern Ireland

United States of .

America Americas | 21.3 7188 Yes

Note. Adapted From “The Global E-waste Monitor 2024” (Baldé et al., 2024, pp.

133-134)
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From Table 1, for example Turkiye generated 1.077 million tonnes of e-waste
in 2022 up from 0.847 million tonnes according to 2019 statistics. Comparing with
the same base years, each inhabitant generated on average 12.7 kg of e-waste in
2022 up from 10.2 kg in 2019. These figures are worrying as they are greater than
even the worldwide average of 7.8 kg/C according to 2022 statistics (Baldé et al,,
2024, p. 118). That figure is reached despite the fact that Turkiye has national reg-
ulations in force and formal procedures and laws for handling e-waste. As of 2021,
the total volume of hazardous waste reached slightly over 3 million tonnes, a sig-
nificant increase from 1.5 million tonnes reported in 2018—more than doubling
the amount (Ministry of Environment Urbanization and Climate Change of the
Republic of Turkiye, 2023, p. 2). Similarly, non-hazardous waste quantities rose
to over 29.5 million tonnes in 2021, up from approximately 15 million tonnes in
2018 (Ministry of Environment Urbanization and Climate Change of the Republic
of Turkiye, 2023, p. 3). Accordingly, Turkiye generates e-waste to a tune of 3.8
percent of the total amount of wastes. The percentage is considerable and alarming
because the issue is manifested by the existence of hazardous substances within
WEEE which raise serious environmental concerns and can cause serious health
problems and risk to human beings as well as other living things. The fact that Tur-
kiye has regulations in force but yet a considerable amount is still disposed, raises
concerns about the efficiency of recycling WEEE in Turkiye and calls for an urging

need to shift from a take-make-use-dispose system to a circular economy.

Adverse Effects of WEEE

WEEE is becoming an emerging issue owing to adverse consequences on the nat-
ural environment and human health (Kumar Awasthi et al., 2018, p. 46). That is
because they contain substances like mercury, cadmium, lead (Pb), chromium,
poly/brominated flame retardants, and ozone-depleting chemicals such as CFC etc.
(Chaine et al., 2022; Tasbirul Islam & Huda, 2018, p. 50) that are known to be envi-
ronmentally hazardous. Preschool children from Guiyu in China, one of the largest
e-waste destinations and recycling areas in the world and known to have high con-
centrations of Pb in the air, soil, water, sediment, and plants, were found to have
higher Pb levels and natural killer (NK) cells than their counterparts from another
reference area (Zhang et al., 2016, p. 143). Although China has a formal industry
for collecting and recycling WEEE, nonetheless due to social and economic consid-
erations, the informal business of collecting and recycling WEEE is leading to, and
very often causes, detrimental effects on the environment and health (Balde et al.,
2017, p. 68; Chaine et al., 2022, p. 1).
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The concept of circular economy is becoming increasingly very significant to
address environmental problems, such as biodiversity loss and excessive land use;
economic challenges manifested by the increasingly frequent financial and eco-
nomic instabilities; and other sustainability issues, (Geissdoerfer et al., 2017, pp.
757-758). While WEEE forms an important area in the discussion of circular econ-
omy in Norway (Golsteijn & Valencia Martinez, 2017, p. 1), notwithstanding many
other parts of the world still lack the adequate connection between WEEE and cir-
cular economy. Like most of the literature, Golsteijn & Valencia Martinez (2017)
focus on recycling as a means for a circular economy. Yet, they admit that recycling
is far from perfect and suggest measures for further closing the loop by improving
collection of WEEE and quality of recycling material (Golsteijn & Valencia Mar-
tinez, 2017, p. 5). But they miss the opportunity of considering enhancing each
stage of the processes of recycling. The latter of which can eliminate the inevitable

pollution caused by recycling procedures.

Challenges of e-Waste Management

WEEE management requires a systematized or formal system for handling
e-wastes in a scientifically as well as environmental-friendly manner (Wath et al.,
2011, p. 257). The challenge is to “identify, track, and control the e-waste generation”
(Yong et al., 2019, p. 153) while avoiding polluting the environment and risking
human health. For example, Yong et al. (2019, p. 154) cite that industries in Malay-
sia employ an online portal to record the generation, collection, storage, disposal
and recovery of scheduled e-waste before being transported to recovery facilities.
However, similar legislation framework does not exist for e-wastes generated from
households. In fact, it is proving greatly challenging to foster strategies to manage
WEEE effectively (Shittu et al., 2021) and, therefore, the latter cannot be tracked
or predicted. This can lead to what Suja, Abdul Rahman, Yusof, & Masdar (2014, p.
5) describe as illegal backyard operators without proper facilities and illegal WEEE
exportation. Some of the implications of this is the leakage of pollutants to the

environment despite the existence of legislative forces.

When examining the above challenges, the literature is found again to focus its
discussion of the issues from the recycling lens. For example, “many full recyclers are
not able to operate at full capacity due to lack of e-waste” (Suja et al., 2014, p. 5) and
“producers...of EEE... have to pay a certain amount as recycling fees for every unit manu-
factured” (Yong et al., 2019, p. 155). In as much as these challenges affect recycling,
nonetheless, the lack of e-waste supply and the difficulty of tracking WEEE can also

negatively impact the motivation to improve recycling.
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Challenges of Recycling WEEE

Cucchiella et al. (2015, p. 271) maintain that, as of 2015, the potential revenue
coming from recycling e-wastes in the European market was estimated to be 2.15
billion euros projected to increase in future to 3.67 billion euros because WEEE
contain precious metals (like gold, silver, and palladium) and special metals. The
assumption is that recovering such substances proves to be economically feasible.
In other words, the value of the recovered materials should surpass the cost of re-
covering them. A supportive argument of this assumption notes that the amount
of gold that can be extracted from a ton of WEEE exceeds the amount mined from
its ores. Compared with less than 10 g/t of mined gold, the concentration of gold in
PCBs of personal computers is at 250 g/t; this makes the importance of recovering
gold from WEEE very obvious (Chancerel et al., 2009, p. 793).

However, the current e-waste disposal and recycling pose a great challenge
since improper operations during the dismantling and deposition of e-waste may
lead to various pollutants such as heavy metals being discharged into the nearby
environment (Bao et al., 2020, p. 2). Recycling complexity can be unraveled by ex-
amining the following issues: processes, economic feasibility, and technical design.
Recycling starts with collection process, followed by pre-processing, and ends with
disposing or end-processing. Pre-processing consists of disassembly, shredding,
separation (physical: density, magnetism, and weight; metallurgical processes:
pyrometallurgy, hydrometallurgy, electrometallurgy, biometallurgy, or a mix of
them), and refining (D’adamo et al., 2019, p. 457). Certain processes are critical
and need careful attention, otherwise certain elements can be lost. For example,
it is most likely that shredding has a negative impact on the recovery of precious
metals (Chancerel et al., 2009, p. 802). Moreover, since the precious, special, and
base metals exist within complex components in small concentrations per unit, any
sorting of any specific target substance of these into the incorrect output stream
from pre-processing, in most cases leads to its loss during the end-processing
(Chancerel et al., 2009, pp. 792-793).

On the other hand, recycling might turn out to be economically unfeasible
from two perspectives. First, the benefits from recycling certain WEEE may not
cover the process costs. For example, photovoltaic (PV) panels is scarce in embed-
ded valuable substances and the recycling cost of recycled PV panels usually over-
weighs their recoverable value (Cucchiella et al., 2015, p. 264). Likewise, despite its
opportunity of reducing environmental pollution, recycling of used batteries has

not been an attractive business due to its low economic benefits (Deep et al., 2011,
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p- 10551). Second, environmental sustainability mandates put additional strains
on the profit margins of recycling companies. Cucchiella et al. (2015, p. 264) main-
tain that the toxic metals and hazardous substances within WEEE require dedicat-
ed recycling processes to avoid environmental and health problems. Such processes
come with added cost. Such higher costs are the reason for making environmental
sustainability very difficult.

The issue of recycling WEEE even goes beyond the mere profit-cost analysis.
Complex electronic devices require a high degree of raw material purity. Such tech-
nical design restrictions make electronic device production from secondary sourc-
es, such as raw materials from recycled WEEE, unappealing. In recycling, the re-
lationship between purity requirements and the number of recovered substances
is inversely proportional. The higher the purity requirements, which is definitely
what an electronic manufacturer looks for, the more amount of substance is lost
during the recycling process. This relationship is depicted in Figure 1, the grade-re-
covery curve. It is worth noting that this graph is not to scale but is based on con-

servative estimates.

Figure 1. Grade-Recovery Curve (Not to Scale: Based on Conservative Estimates)

A

Recovered
Material (%)

75

[+l

I I 3 >
T T T >

25 50 5 75,
Purity Requirements (%)

Source: Authors

10



Ayman Mohammad Bakr, Mohamed Cherif EI Amri, Mustafa Omar Mohammed, Hiisrev Kastaci, Turan Erol
Proposing Circular Economy for Enhancing the e-Waste Recycling in Turkiye

All the aforementioned issues for recycling call for adopting directives and reg-
ulations that support its continuity and encourage the proper disposal of WEEE
while sustaining the environment. Unlike the EU, many countries lack such direc-
tives and regulations. According to 2024 report, 112 countries out of 193 have
no national WEEE regulations in force (Baldé et al., 2024, pp. 62-100). In Africa,
about 80 percent of the countries have no regulations in force; in Oceania, only 1
country out of 14 countries has a regulation in force; whereas about 67 percent and
about 63 percent have no national regulations in force in Americas and Asia respec-
tively (Baldé et al., 2024, pp. 62-100). Table 2 below shows these results.

Table 2

Number of Countries Having a National WEEE Regulation in Force Classified Per
Continent

National regulation in force in 2022 Count
no 112
Africa 43
Americas 24
Asia 31
Europe 1
Oceania 13
yes 81
Africa 11
Americas 12
Asia 18
Europe 39
Oceania 1
Grand Total 193

Note. Adapted From (Baldé et al., 2024, pp. 62-100).

Table 2 is divided into two main sections: countries who have no national reg-
ulations in force (no) amounting to 112 in total, and those that have national regu-
lations in force (yes) amounting to 81 in total. Each main section is subdivided into
regions to show the number of countries in each region that pertains to that sec-
tion; that is having or not having national regulations in force. Lack of such direc-

tives and regulations makes recycling WEEE an unattractive business. With the ab-
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sence of such guidelines and enforcement, manufacturers of electronic equipment
will keep acquiring raw materials from primary sources to ensure higher quality
product development. Yet sustaining the environment becomes threatened. Con-
versely, few researches looked at alternatives to recycling like refurbishing and
reusing; for instance (Sauvé et al., 2016). But there is a lack of evidence into the
business potential of such alternatives (Angouria-Tsorochidou et al., 2018, p. 986).
Per se, no study examined a real remedy beyond the current processes of recycling.
Instead, the researchers propose the need for improving recycling to shift from a

linear to a circular economy.

Research Methodology

This research paper has conducted a qualitative research method using semi-struc-
tured interviews to explore the topic and issues in hand. According to Miles &
Huberman (1994, p. 10) qualitative researches “often have been advocated as the
best strategy for discovery, exploring a new area...”. The use of semi-structured
interviews is appropriate because they evolve in a conversational manner offering
participants a chance to explore what they feel is important (Longhurst, 2016, p.
143). This paper lends itself to exploratory study because the extant knowledge
and literature lack the in-depth discussion of shifting recycling to a true circular
economy. This is consistent with Neuman’s (2014, p. 38) description that the pur-
pose of exploratory research is to examine a little understood issue or phenomenon
and to develop preliminary ideas about it. Such a design is appropriate for this
exploratory research because qualitative approaches give chance to be innovative,
more creative, and to work more within researcher-designed frameworks (Creswell,
2009, p. 19). Additionally, with exploratory research, one is not confined to a par-
ticular data collection technique but is rather open to formal approaches, such as

in-depth interviews, and informal approaches, such as informal discussions.

The target population for this study was experts in electronics engineering,
circular economy, recycling regulations, and industrial processes. The area of WEEE
and circular economy requires deep knowledge of electronics devices, materials pro-
cessing and engineering, regulations, commerce, and economics. There was thus
a clear need for multi-disciplinary collaboration with experts from various fields.
Graneheim, Lindgren, & Lundman (2017, p. 33) assert that the participants in a
study should probably have experiences of the phenomenon under study and are
able to talk about it in order to achieve credibility. For this paper, the participants
were identified to be experts working in the industry (who can provide insider’s

view about the issues of recycling), experts working in academia (who can provide

12
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insights about WEEE and circular economy), economists (who can provide infor-
mation about circular economy and integrating WEEE with it). They were selected
based on their “substantive area expertise (...) by virtue of their command of a field
of knowledge” (Sandelowski, 1998, p. 468). They are people believed to possess
the knowledge through some form of experience of the event under investigation.
“This kind of expertise is integral to member checking or member validation, where
research participants are asked to warrant the accuracy and researchers’ interpre-
tations of data” (Sandelowski, 1998, p. 468).

The sampling technique used was purposive sampling coupled with some form
of snowball sampling. The choice was based on the nature of this exploratory re-
search because “Purposive sampling (...) is a valuable sampling type for special sit-
uations. It is used in exploratory research...” (Neuman, 2014, p. 273). Moreover,
purposive sampling is appropriate to select cases that are especially informative
and requires in-depth investigation to gain deeper understanding (Neuman, 2014,
p- 274). On the other hand, snowball sampling was valuable since we were seeking
referrals to an inside network of experts. This was particularly worthwhile to iden-

tify economists and participants from the industry.

As for participants from academia, professors from nine local Turkish univer-
sities were contacted based on their profiles which were closely checked via the
universities’ websites and through their close work in the industry. Participants
thought to be highly informative in the field were identified and selected based on
their close research with materials science, electronics devices, circular economy
and/or waste management. Out of the nine universities, responses were received
from seven universities: Ko¢ University (KU), Istanbul Sabahattin Zaim Universi-
ty (IZU), Yildiz Technical University (YTU), Giresun University, Selcuk University,
Adiyaman University, and Kirikkale University. Sample size is not considered an
issue since the research involved an in-depth qualitative approach. According to
Boddy (2016, p. 430) “Qualitative research often concerns developing a depth of
understanding (...) As such (...) in these cases a single case study involving a single
research participant can be of importance and can generate great insight”. Logical-
ly, he maintains that the smallest acceptable size in in-depth qualitative research is
a sample of one! Thirteen experts, in this research, out of the 30 approached partic-
ipated in the study as interviewees. The other 17 did not respond. Nonetheless, the

sample size is assumed to be sufficient for the purpose of this study.

The interview questionnaire mainly consisted of open-ended questions be-

cause they provide the participants with the freedom to offer any answer they wish
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to the question (Neuman, 2014, p. 331). The questions in the questionnaire con-

sisted of issues related to product development from WEEE, recycling, and circular

economy. The questions, depicted in Table 3, were validated by two professors in

the Department of Islamic Economics and Finance. These professors are consid-

ered experts in this type of research and such validation goes hand in hand with the

description of Sandelowski (1998, p. 471) “Outsider-experts can help researchers

ask better questions of their data, lead them to new ways of analyzing data...”.

Table 3

Interview Questions

No.

Interview Questions

1.

What's your view on the possibility of creating a completely new product
out of WEEE instead of recycling, reusing, or refurbishing them?

In the case of waste management in other areas, there has been progressing
in converting this waste into a new product. However, in the case of e-waste,
most of the processes have been related to recycling. Why has not there been

progress in developing technics for converting e-waste into a new product?

What are the new products that can currently be created from WEEE and
what are the potential areas of creating new products from WEEE that

need further studies?

What is the potential market size and growth of new products from WEEE?

To what extent is the new product from WEEE cheaper than its equivalence in

the market? What segment of the market would benefit from such a product?

To what extent can such new products from WEEE contribute to job creation,

the manufacturing industry, technology industry, and economic development?

Why is the circular economy important for e-waste management especially

in relation to producing new products from WEEE?

To what extent do you think the idea of producing a new product from

WEEE is environmentally friendly?

Only a few countries in the world have national regulation in force for
e-waste management. Why is this the case and why do you think such re-

gulations are very important for managing e-waste?

10.

Presently, there are companies that use in their lab old equipment that is

by products of e-waste. How useful and durable is this equipment?

11.

What are these by-products, their sources, and commercial values?
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The data was collected through emails, telephone, and semi-structured face-to-
face interviews. Initially the respondents were approached via email with an expla-
nation of the study and the set of questions. The advantage of this approach is that
it creates an ice-breaker situation and ensures a good degree of accuracy of the in-
formation provided. The disadvantage is that in most of the cases, the respondents
misunderstood the purpose and needed further explanation. As such, the selected
participants were contacted via email to arrange for the time and location of the in-
terview. The in-depth interviews lasted for about 30 minutes on average. The first
5 to 10 minutes were used by the interviewers to explain the purpose of this study
and its nature pertaining to e-wastes and circular economy. This was necessary as an
icebreaker and in order to have the participants grasp the whole idea of the research
problem. For some unknown reason, some of the audio recordings via mobile phone
failed. Nonetheless as suggested by Creswell (2009, p. 183) notes were also taken
during the interviews in order to mitigate such a case. Therefore, there was no sig-
nificant loss of data. The information provided by the interviewees were carefully
jotted via laptops to ensure that the answers are preserved. Interference during the
conversation was made to a minimum in order to minimize any kind of guiding bias
and was only made when explanation was necessary. The collected answers were re-
peated to the respondents in order to ensure the accuracy of understanding and to

further confirm that what has been typed is exactly what the respondents intended.

The data were analyzed taking into consideration the circular economy per-
spective. The exploratory nature of this study dictated that the coding and themat-
ic development followed from the content of the data. To counteract the methodo-
logical concern that thematic analysis might oversimplify data, the research team
employed a nuanced approach to coding and theme development. This approach
was carefully designed to capture the subtleties and complexities within the data,
thereby reducing the risk of overgeneralization and ensuring a comprehensive un-
derstanding of the dataset. Therefore, as indicated by Krippendorff (1989, p. 406),
unitization was used as the first step of the content analysis that followed the de-
sign in order to determine the appropriate unit of analysis. In this study the basic
units of analysis were the sub-categories that emerged from the text. For instance,
some interviewees expressed feasibility concerns due to the fast changes in tech-
nology. Information of this kind would be coded as “Advancement in technology
makes new product creation from WEEE unfeasible and irrational”. Another exam-
ple pertains to the view of some of the interviewees that WEEE sources for new
product development is unsustainable. This would be coded “New product creation

from WEEE cannot be sustained”. So, all the data collected, and notes taken during
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the interviews, were coded that way and was checked by one expert researcher to
provide inter-coder reliability checks. Such coding protocols have had the effect of
mitigating bias and ensuring consistency across the analysis. Despite the absence
of universally standardized guidelines for conducting thematic analysis, this study
adhered to established best practices and methodological frameworks to maintain
a high level of quality and rigor. Thus, the theme development was conducted using

the six phases of thematic analysis suggested by Braun & Clarke (2006, p. 87).

Results

This section presents and analyzes the overall findings from the qualitative data col-
lected for exploring the shifting of recycling towards circular economy. There are two
sub-sections. The first shows the profiles of the interviewed experts and the second

discusses the qualitative data results from the interviews with those experts.

Profile of Participants

Table 4 provides the profiles of the interviewees by gender, qualification, professi-
on, and organization. The participants have been coded with ‘E’ for Expert followed
by a number. So, Expert 1 would be coded E1, Expert 2 would be coded E2, and so
on until Expert 13 who will be coded E13.

Table 4

Interviewee Profile

Expert | Gender | Qualification Profession | Institution
PhD in Materials Scien- | Assistant . .
E1 M . . Ko¢ University
ce & Engineering Professor
. Assistant
E2 M PhD in EEE® 1ZU
Professor
E3 . Assistant
M PhD in EEE 1ZU
Professor
) Assistant
E4 M PhD in EEE 1ZzU
Professor
Bachelor’s in Business | Project
E5 M o . . RNGroup
Administration Coordinator
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E6 M PhD in Chemical Associate Yildiz Technical
Engineering Professor | University
Eroglu Environmen-
E7 M _ Shareholder | tal Industrial Waste
Management
PhD in Political
E8 ) . Associate . . .
M Science and Public Giresun University
o . Professor
Administration
PhD in Public Dr. ) )
E9 M o ) Selguk University
Administration Lecturer
PhD in Environmental | Dr. ) )
E10 M ) ) Adiyaman University
Engineering Lecturer
PhD in Industrial Associate ) )
E11 M . . Kirikkale University
Engineering Professor
Stireko Inc.
E-waste Environmental
E12 M _
Expert Industrial Waste
Management
E13 :
M PhD in Chemistry Professor Yﬂ(:hz Te':chnlcal
University

Note. * EEE = Electrical Electronics Engineering.

All the respondents were males. Such gender bias occurs because generally the
field of electronics industry and recycling tend to be predominantly male profes-
sionals. Ten out of the 13 participants are holders of a PhD degree — three in elec-
trical and electronics engineering, one in materials science and engineering, one
in environmental engineering, two in political science and public administration
(with research expertise in government municipal service quality and solid waste
management), one in industrial engineering, one in chemistry, and one in chemical
engineering. while one is a holder of a PhD degree in chemistry and the remain-
ing at least hold bachelor’s degrees in business administration. From these results,
more than 75 percent of the participants hold academic positions in universities.
The participants vary by institutions; more than 75 percent of them are from aca-

demia and less than 25 percent are from the industry.
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The backgrounds of the participants show that they are suitable and relevant
for this study. Nearly all of them have sufficient experience in the field of electri-
cal and electronics equipment and their wastes, which are important for in-depth
understanding of research related to WEEE. Hence, they were able to provide val-
uable, credible, accurate and rich information on the subject during the interview
sessions. Such backgrounds are very important for the validity of the data, and the

trustworthiness of the research conducted (Graneheim et al., 2017, p. 33).

Analysis of the Qualitative Data

The thematic analysis of the interview extracts resulted in three main themes -
Issues of Recycling in Turkiye Affecting Circular Economy, Barriers to Improving
Recycling in Turkiye, and Factors to Improve Recycling. Table 5 shows the themes
with their corresponding research objectives. The analyses in the subsequent sub-

sections are conducted based on these three themes.

Table 5

Theme Mapping to the Research Objectives

Theme Research Objective

Issues of Recycling in Turkiye Investigate the issues of recycling

Affecting Circular Economy WEEE in Turkiye in relation to circular
economy

Barriers to Improving Recycling in Examine the challenges that confront

Turkiye the industry for improving recycling

Factors to Improve Recycling Explore ways for developing recycling

It is worth mentioning though that there was an emergent theme relating to
the barriers of creating new products from WEEE. The majority of the experts,
10 out of 13, are of the opinion that there are technology barriers for such an en-
deavor. E2 states that “technology changes very fast”. Experts E3 and E4 are of the
same opinion. As such new products from WEEE are comparatively old and will not
be able to compete in quality with newly manufactured products. In fact, expert
E7 notes that “the frequency of replacing electronic equipment increased” even though
that these devices have not reached their end of life. More than half of the experts
believe that the market demand for such products is low. Expert E11 believes that
there is “no way for market size growth from e-waste made products”. Even fifty per-

cent of the experts are of the opinion that e-waste made products are of lower qual-
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ity than manufacturer-made products. Also, fifty percent think that the cost will be
very high. This emerging theme is in line with a previous study conducted on the
feasibility of producing new products from e-waste (Bakr et al., 2020).

Issues of Recycling in Turkiye Affecting Circular Economy

The underlying issues of recycling in Turkiye mainly relate to the cost of collecting
WEEE, inadequate regulations and legislations that were imported from the Euro-
pean code but do not suit the Turkish case, and the sophistication of recycling that

requires high expertise.

“Collection of e-waste is very costly” E10.
“...[Recycling is done as per the regulations] exactly at the same level done in EU” E7.

“This area requires deep knowledge of electronic devices” E1.

It is worth noting that one of the participants (E10) considered that the regu-
lations in force in Turkiye are fine because it adopts the European code. However,
as will be seen in the next subsection, Barriers to Improving Recycling in Turkiye,
these regulations were created to suit the European case and, instead, act as a bar-

rier for improvement in the Turkish case.

Out of the above main issues, the third related to the sophistication of recy-
cling and the need for high expertise is the most thought-provoking. For instance,
due to lack of expertise and the complexity involved, one of the experts (E7) ex-
plained that 5 to 6 percent of e-waste cannot be processed in Turkiye. Therefore,
these WEEE have to be sent to Europe for further processing. Moreover, moving to
management practices that promote circular economy will require well-controlled
processes. In order to reduce the dependency on natural resources, bring pollution
to the minimum possible, and deal with hazardous materials safely, one expert
(E10) noted that “e-waste should be collected, stored, and disposed suitably and be

well-controlled.”

Perhaps the most conspicuous of the complexity of recycling in Turkiye men-
tioned by one of the experts (E10) is that e-waste “components have to be extracted

one by one manually”.
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Barriers to Improving Recycling in Turkiye

Figure 2 portrays a thematic model for the core barriers to improving recycling
in Turkiye as concluded from the interview results. The expert extracts led to five
main barriers - lack of awareness and training in circular economy (CE) and WEEE;
high processing and extraction costs; lack of municipal efficiency, planning, and
law enforcement; recycling is underdeveloped; and stale and undeveloped legal reg-
ulations. The first (lack of awareness...in circular economy & WEEE) and the third

(lack of municipal efficiency...& law enforcement) further form two sub-themes.

Figure 2. Barriers to improving recycling in Turkiye

Lack of awareness and training in

Circular Economy and WEEE Simige i e

High processing and extraction
costs

Barriers to Improving
Recyc"ng in Turkiye planning, and law enforcement

Lack of municipal efficiency,

Recycling is underdeveloped

Stale and undeveloped legal
regulations

Source: Authors

Lack of awareness and training in CE and WEEE has been mentioned by three
experts (E8, E9, and E10). The underlying factor leading to this sub-theme is the
shortage of experts in the field that can help raise the awareness of CE and inte-
grating recycling WEEE with CE. For instance, E8 stresses “The expert should know
everything”. The difficulty of attaining this vast knowledge requirement interprets
into shortage of experts. Further, E8 emphasizes the importance of awareness re-
lated to regulations of WEEE: “These types of regulations should be managed with more
clarity on the responsibilities of each stakeholder.” E9, on the other hand, believes that
“awareness and education are needed to implement circular economy and e-waste man-
agement.” He agrees with E10 that education is an important factor for raising the

awareness and establishing a culture of practices indicative of a circular economy.
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The high processing and extraction costs as barriers to improving recycling
have been noted by E10 and E11. E11 described the high costs of extracting materi-
als from WEEE during recycling. In contrast, E10 pointed to the high costs involved
in the different levels of recycling processes.

The underlying barriers of the sub-theme (lack of municipal efficiency...& law
enforcement) relate to lack of household incentives to properly dispose e-wastes,

lack of planning, and manufacturers’ failure to conform with regulative policies.

“Incentives have to be given to people to encourage them to properly dispose the
e-waste” E8.

“The whole process should be planned” E11.

“There is a responsibility on the manufacturing side about aligning the e-waste

with the legislative policies” E8.

Interestingly, expert E8 summarizes this sub-theme with “The duty of the mu-

nicipality in this process is very crucial’.

The fourth main barrier is that recycling in Turkiye is underdeveloped. The fact
that 5 to 6 percent of e-waste cannot be processed in Turkiye and the fact that “only
a portion of the raw materials are used in only some sectors” (E8), strongly depicts this
issue. Expert E11 prescribes a solution for this barrier “We have to learn from the

implementation of developed countries.”

The last main barrier relates to stale and undeveloped legal regulations evident
in extensive references made by four experts (E8, E9, E10, and E11). This barrier
has been mentioned earlier in the previous subsection. There is a general consensus

among these four experts that the regulations in Turkiye need to be developed.

Factors that Help Improve Recycling in Turkiye

The analysis of the interviews of the experts culminated in a thematic framework
that addresses six main factors that can help improve recycling in Turkiye. The first
is to promote the merits of recycling in order to raise awareness and encourage the

industry.
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Figure 3. Factors that help improve recycling in Turkiye
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Two experts, E10 and E12, mentioned the merits of recycling in contributing
to the economy. Expert E9 even noted that recycling will help improve the coun-
try’s trade balance as “the current account will be improved”. Experts E9, E10, and
E12 also agreed about the importance of recycling for the environment and the

ecosystem.

The second factor relates to the involvement of authorities in investing in recy-
cling projects. One of the experts (E9) referred to this factor. Another two experts,
E1 and E6 emphasized the importance of the role of the government in incentiviz-
ing and supporting recycling as a third factor. For instance, E6 says, “Government
is giving incentives and support for recycling”. Yet another very related factor is the
effective enforcement of regulations to overcome any potential economic unfeasi-
bility of recycling. Without such enforcements certain hazardous materials will not
be recovered as they are deemed unprofitable. E1 supports this idea, “Hazardous

materials such as lead need to be recovered... due to a new regulation”.
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The fifth factor looks at seeking new markets for recycled materials. This has been
brought up by expert E6 as he suggests using recycled components in [new areas like]
defense and renewable energy sectors. The sixth, and last, factor concluded from the
interviews is researching and utilizing new technologies to advance recycling. While
one expert (E10) believes that recycling “is OK for the level of technology available”,
another expert (E7) asserts that recycling “needs a very high level of technology”. One
can see how this can be connected to address the issue of high complexity of recycling
discussed in the first subsection, Issues of Recycling in Turkiye Affecting Circular
Economy. For example, using new technologies, automation via artificial intelligence
can be used to increase the efficiency of recycling and directly address the issue of
‘component extraction has to be done manually’ delineated in the first subsection,

Issues of Recycling in Turkiye Affecting Circular Economy.

Conclusion and Policy Recommendations

While Turkiye has taken steps to align with standards for managing WEEE, our
research reveals a multitude of challenges impeding the improvement of its re-
cycling framework. These challenges encompass not only economic and efficiency
concerns but also extend to deficiencies in expertise and the underdevelopment
of both recycling infrastructure and regulatory frameworks. Consequently, the
transitioning of current recycling practices towards a circular economy within the

country is anticipated to confront a host of intricate complexities.

These challenges are not isolated; they are corroborated by extensive discourse
within the existing literature, as revealed through rigorous thematic analysis. Spe-
cifically, our findings concerning the challenges encountered in recycling and the
creation of new products from WEEE align closely with the insights gleaned from
previous scholarly investigations (Chancerel et al., 2009, pp. 792-793; Cucchiella
et al,, 2015, p. 264; Deep et al., 2011, p. 10551; Shittu et al., 2021). Among the
myriad challenges confronting the recycling landscape, one of the most pivotal is
the economic feasibility of recycling and the associated high costs. Cucchiella et al.
(2015) underscored this concern, demonstrating how recycling costs often surpass
the recoverable value of circuit components. Additionally, stringent environmental
sustainability mandates exert further pressure on recycling companies’ profit mar-
gins. This renders recycling endeavors increasingly unattractive, as noted by one
of the interviewed experts. Consequently, sustained government intervention be-
comes imperative for the continuity of WEEE recycling businesses. Governments
must provide ongoing incentives and support to bolster recycling efforts. However,

to alleviate the burden on such redistribution public expenditures, incentivizing
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recycling could be coupled with attracting investments in novel projects, startups,

and innovations aimed at revolutionizing recycling processes.

Conversely, as elucidated by Shittu et al. (2021), formulating effective strate-
gies to manage WEEE poses significant challenges. According to a panel of experts,
these challenges stem from various factors, including difficulties in enforcing reg-
ulations and standards among recycling companies, inadequate planning, tracking
unregistered entities and the black market, and engaging households in the recy-
cling process. Developing an efficient strategy for managing WEEE effectively has

the potential to substantially reduce recycling costs.

To achieve this goal, several initiatives can be pursued. While EU regulations
on WEEE management are considered highly advanced globally, it’s crucial to tailor
these regulations to fit Turkiye’s unique socio-economic context and infrastruc-
ture. This necessitates the reevaluation and adaptation of EU regulation codes by
Turkiye’s Ministry of Environment, Urbanization, and Climate Change to formu-

late better policies and enforcement plans.

Furthermore, municipalities must allocate budgets for comprehensive aware-
ness campaigns to transition passive household behavior toward active participa-
tion in electronic waste disposal. Combining targeted household awareness with

incentives can significantly enhance household engagement in recycling initiatives.

Moreover, insights from the interviewed experts revealed that a significant
portion of electronic materials, approximately 5 to 6 percent, is exported to the
EU for further recycling due to inadequate technology and automation. To capital-
ize on the valuable extracts from this unrecycled material, the government must
invest in research and development to enhance existing recycling equipment. Uni-
versities could play a vital role in this endeavor by developing interdisciplinary re-
search programs and cultivating knowledgeable experts capable of spearheading

innovation in recycling technology.

Looking ahead, the authors acknowledge the potential for further enrichment
of this study through the integration of quantitative methodologies. By comple-
menting qualitative approaches with quantitative analysis, researchers can gain a
more comprehensive understanding of the circular economy and e-waste recycling
landscape. Quantitative methods offer invaluable insights into correlations and
patterns that may not be immediately discernible through qualitative exploration

alone, paving the way for more nuanced and informed future research endeavors.
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