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ABSTRACT. Background: Circular supply chains (CSCs) are one of the cornerstones of the circular economy (CE). 

Previous research has shown that closing the materials loop helps recover value in a supply chain. The aim of the study is 

to identify factors that stimulate the transition to a circular supply chain. We focus our research on Electrical and Electronic 

Equipment (EEE), as according to European Commission guidelines, this sector has high potential for circularity and is 

therefore one of the priority areas for CSC implementation. 

Methods: This exploratory study identifies the main factors enabling the transition to CSCs in the EEE industry. We search 

for the answers to three research questions: 1) What factors are influencing the transition to circular-supply-chain (W)EEE? 

2) What factors can be categorized as key stimulators of the transition to circular-supply-chain (W)EEE? 3) How impactful 

are the stimulators of the transition to a circular (W)EEE supply chain? We used an expert survey with a Likert scale to 

assess the relevance of stimulators. The results of the expert survey were subjected to statistical analysis to determine the 

consensus of expert opinion.  

Results: Six groups of factors were investigated, related to: legislation, collection (take-back) systems, technology, 

economy, products, and customers. In total, 30 factors were identified, and were assessed by experts for their impact on 

three recovery scenarios, namely recycling, remanufacturing and repairs. Based on the research, it can be concluded that 

the factors driving the development of circular supply chains are primarily related to the organization of the (W)EEE 

collection system. Legal aspects are perceived as neutral by experts. Product-related factors are key to the further 

development of EEE remanufacturing and repairs, and technological factors are crucial to the development of WEEE 

recycling. The shift in consumption from linear sales to Product-as-a-Service (PaaS) models is also supporting the transition 

towards CSCs. 

Conclusions: The transition to circular supply chains is complex, and a number of simulators were identified in this study. 

The importance of particular factors is related to the (W)EEE recovery scenario under consideration.  
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INTRODUCTION 

Previous research has shown that the 

circular economy (CE) as a strategy can help 

companies make the transition from using a 

traditional (linear) economic model to 

implementing a circular system (Merli et al., 

2018; Shekarian, 2020, Ayati et al., 2022). The 

CE concept has been studied in various fields 

(e.g., Ravindra et al., 2015; Annarelli et al., 2016; 

Tukker, 2015, Zhu et al., 2010; Linder and 

Williander, 2017). The conclusions of these 

studies indicate that this economic system is 

superior to the linear system. Ayati et al. (2022) 

showed that only a few studies have analyzed 

how to implement CE for supply chain 

operations. Previous research on the 

development of supply chain management 

(SCM) theory has led to concepts such as 

sustainable supply chain management (SSCM) 

(Seuring and Müller, 2008), green supply chain 

management (GSCM), and the closed-loop 

supply chain (CLSC) (Shekarian, 2020), which 

are mainly related to sustainability aspects rather 

than to CE assumptions. A new paradigm, 
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http://doi.org/10.17270/J.LOG.000973
http://doi.org/10.17270/J.LOG.000973
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/supply-chain-management
https://www.sciencedirect.com/topics/engineering/green-supply-chain-management
https://www.sciencedirect.com/topics/engineering/green-supply-chain-management
https://www.sciencedirect.com/topics/engineering/green-supply-chain-management
https://www.sciencedirect.com/science/article/pii/S0959652622013877#bib117


Werner-Lewandowska K., Golińska-Dawson P., Cyplik P., 2024. Stimulators of transition toward circular 

supply chain - Exploratory studies in Electrical and Electronic Equipment industry. LogForum 20 (1), 81-95, 

http://doi.org/10.17270/J.LOG.000973 

82 

circular supply chains (CSC), bridges the gap by 

integrating CE with SCM (Chen and Tan, 2021).  

The goal of CSC is to expand the 

circulation of resources according to supply 

chain requirements. It integrates CE and SCM by 

extending the closed loop boundary and recovers 

value from primary and secondary supply chains 

(Farooque et al., 2019). Furthermore, CSC goes 

beyond the boundaries of SSCM and GSCM and 

includes resources within supply chain systems 

to reduce the use of virgin materials (Genovese 

et al., 2017). It enables CSC to achieve zero 

waste and facilitates end-of-life (EoL) or end-of-

use (EoU) recovery, even for unwanted waste 

(Aminoff and Kettunen, 2016; Farooque et al., 

2019). Batista et al. (2018) showed that CSCs are 

stimulating growth in remediation in business 

ecosystems. CSC is one of the reasons for the 

growing interest in linking the supply chain with 

CE (Aminoff and Kettunen, 2016). Despite these 

benefits, Lahane et al. (2020) noted that in this 

context, there is still room to identify bottlenecks 

and barriers to achieving a better version of CSC. 

To advance the CSC concept, it is also necessary 

to know the drivers of the transition to the 

circular model. For the successful development 

of this strategy, measures are needed to remove 

barriers and strengthen drivers.  

In our research, we focus on identifying 

stimulators for the transition from SC to CSC for 

electrical and electronic equipment (EEE). This 

is due to increased awareness of WEEE issues. 

The increased production and use of EEE in 

recent years due to technological innovations and 

new applications has led to a surge in model 

proliferation. The result is WEEE, which is the 

largest and fastest growing source of global 

waste worldwide (Bressanelli et al., 2020). 

Globally, 45 million tons of WEEE are discarded 

each year, with an annual growth rate of 3–5% 

(Baldé et al., 2017).  

Bressanelli et al. (2020) point out that the 

WEEE industry is gaining prime importance in 

the context of the circular economy (CE). CE not 

only encourages the closing of product, 

component, and material cycles through 

cumulative improvements in EEE design, but 

also drives business models such as Product-as-

a-Service (PaaS), leasing, and sharing 

(Bressanelli et al., 2019; Rosa et al., 2019). 

ON THE WAY TO CSC IN THE 

ELECTRICAL AND ELECTRONIC 

EQUIPMENT SECTOR 

With growing concerns about 

sustainability, closed-loop supply chain (CSC) 

management has been recognized as an 

important path to achieving the Sustainable 

Development Goals (Li et al. 2023). In the 

business environment, when it comes to 

environmental and ecological aspects, there are, 

unfortunately, signs of a lack of morality and 

bending the rules of fairness, such as generating 

additional pollution, producing additional 

packaging, dumping waste in unauthorized 

places, and encouraging excessive and 

uncontrolled consumption (Lamenta and 

Grzybowska 2023). The ‘take-produce-use-

throw away’ linear model of resource 

consumption does not appear to be sustainable, 

as it pollutes the environment and depletes 

natural resources. CE aims to replace the linear 

model with closed (circular) loops of material 

flows by combining many different operations, 

such as maintenance, repair, reuse, 

refurbishment, remanufacturing, and recycling 

(Mishra et al. 2018). Recovering the value of 

physical goods through shorter cycles of reuse 

and renewal, as opposed to recycling and energy 

recovery, is consequently a fundamental 

principle of CE (Tura et al. 2019) . 

According to the guidelines of the 

European Commission, the EEE sector has high 

potential for circularity and is therefore one of 

the priority areas for the implementation of 

CSCs. Waste electrical and electronic equipment 

(WEEE) is one of the fastest-growing waste 

streams in the world; 53 million tons are 

generated per year (Forti et al. 2020, Shittu et al., 

2021). WEEE is expected to continue to grow 

due to the rapid and leapfrogging digital 

economy as a result of the COVID-19 pandemic 

(Shittu et al. 2021a). Growth in the volume of 

WEEE and EEE (W(EEE) for short) is also 

occurring as a result of the emergence of new 

technologies related to artificial intelligence, 

biomedical engineering, renewable energy, 

space travel, e-textiles and smart agriculture 

http://doi.org/10.17270/J.LOG.000973
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(Shittu et al. 2021). Much (W)EEE now consists 

of consumer electronics such as laptops, cell 

phones and televisions, and electric batteries. 

About 20% of the WEEE generated worldwide 

is recycled, but the fate of most WEEE is 

undocumented (Baldé et al. 2017, World 

Economic Forum 2019, Forti et al. 2020). 

Tracking W(EEE) flows is therefore difficult 

(Shittu et al. 2021a).  

Increasing WEEE waste generation is a 

global concern (Zhang et al. 2019). Research on 

the reuse of (W)EEE is thematically broad and 

covers issues including poor health and 

environmental impacts, poorly managed flows of 

(W)EEE, and global recycling practices. 

In this research, we separate the terms 

WEEE and EEE. The term WEEE refers here to 

waste electrical and electronic equipment, that is, 

equipment that has reached the ‘End of Life’ 

stage of the product life cycle (EoL), cannot be 

restored to working conditions for technical,  

technological reasons, or cannot be restored in a 

cost-effective manner. EEE includes electrical 

and electronic equipment that has reached the 

‘End of Use’ (EoU) stage in the product life 

cycle. Despite the fact that such EEE is still 

functioning, the consumer has stopped using it, 

for example, due to obsolete technology or 

functionality. EEE also includes equipment that 

a consumer stops using because it does not work 

properly, although it is technologically feasible 

and economically justifiable to repair or 

remanufacture it. Like Pierron et al. (2021), in 

this paper we refer to (W)EEE instead of WEEE 

to emphasize the uncertainty about the status of 

some electrical and electronic equipment. An 

unwanted device in working condition may not 

trigger the same end-of-life decision as a broken 

device. 

W(EEE) collection initiates the circular 

supply chain (CSC). The continued success of 

the implementation of reuse processes depends 

on the efficiency of activities at this stage. The 

flow of goods in a closed supply chain does not 

end after the use stage. In a CSC, used goods are 

transferred back to their manufacturer (or another 

company) for recovery (Sosnowski and Cyplik, 

2022). In Figure 1, we present a general 

overview of CSC.  

 

Material Manufacturing Distribition Consumer

WEEE and EEE 
collection 

system

Recovery 
process

Disposal

Forward channel

Reverse channel

 
Fig. 1. Circular supply chain – CSC Source: own work 

Used goods can be reused, repaired, 

refurbished, remanufactured or recycled 

(Golinska-Dawson et.al., 2021). By effectively 

managing the flow of (W)EEE, products and 

materials can be recovered without being sent to 

landfill (Sari, 2020). In this way, human health 

can be protected and both environmental 

conditions and the bottom line can be improved 

(Flygansvær et al. 2018). 

MATERIALS AND METHODS 

We based our research on a conceptual 

model (Figure 2), and we addressed the 

following research questions: 

RQ1: What factors are influencing the 

transition to circular supply chain (W)EEE? 

http://doi.org/10.17270/J.LOG.000973
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RQ2: What factors can be categorized as 

key stimulators of the transition to circular 

supply chain (W)EEE? 

RQ3: How impactful are the stimulators of 

the transition to a circular (W)EEE supply chain? 

We assumed that certain factors influence 

the transition to a closed (W)EEE supply chain.  

To answer the research questions posed, we 

adopted a research methodology (Figure 3). 

Categories of factors influencing the collection of WEEE and EEEE

Legislation
 WEEE & EEE 

collection 
system

Technology Economy Product Customer

Challenges Stimulators

RQ1

RQ2

RQ3

the transition toward circular supply chain 

 

Fig. 2. Conceptual model Source: own work  
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analysis of literature and legislation, sector 
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Determinants of development of WEEE and 
EEE collection - analysis of literature and 

legislation, sector reports, expert's 
statements

Legislation
 WEEE & EEE 

collection 
system

Technology Economy Product Customer

Stimulators for the transition toward circular supply chain  (W)EEE

List of key 
stimulators for 

the transition 
toward circular 

supply chain 

coefficient of variation - CV

The strength of the influence of  stimulators 
on the transition toward CSC (W)EEE 

Arithmetic average

S3

 

Fig. 3. Research methodology Source: own work

Based on an analysis of the literature, 

existing legislation, industry reports,  and media 

monitoring, we compiled a list of 30 factors 

affecting the transition to CSC (W)EEE. The 

factors were assigned to 6 groups (Table 1). 
 

http://doi.org/10.17270/J.LOG.000973
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Table 1. Factors influencing the collection of WEEE and EEEE 

 ID 
Factor 

ID name Characteristics Sample References 

Group 1: Legislation – L 

L1 WEEE Directive Requires the separate collection and proper treatment of 

WEEE and sets targets for its collection as well as its 
recovery and recycling. 

Svensson-Hoglund et al. 2021 

L2: Regulations on reporting in 

the WEEE collection system 

Reports related to the weight of WEEE products 

collected and the weight of new EE products introduced 
to the market. These data are the basis for calculating the 

return rate. 

The WEEE Directive; Andersen et 

al. 2020 

L3 Extended Producer 

Responsibility (EPR) 

A producer’s responsibility is extended to the post-

consumer stage of a product’s life cycle. Producers are to 
take into account environmental considerations when 

designing their products. 

Cole et al.. 2014;  

L4 Ecodesign Directive 
(Directive 2009/125/EC)  

Establishes a framework to set mandatory ecological 
requirements for energy efficiency of EEE sold in EU 

(more than 40 different product groups), which is 

responsible for around 40% of all EU greenhouse gas 
emissions. 

Rudolf et al. 2022; Waite et al. 

2015; Bundgaard & Huulgaard, 

2023 
 

L5 Right to Repair Initiative Published on March 22, 2023, by the EU Commission. 

The proposal would introduce a new ‘right to repair’ for 

consumers, both within and beyond the legal guarantee. 

Rudolf et al. 2022, European 

Parliament resolution on the right 

to repair (2022/2515(RSP)) 

Group 2: WEEE &EEE collection system – RL 

RL1 Bulk collection of WEEE  At present, the collection of WEEE and EEE at the end 

of its life or use is carried out without distinction 

according to the type or condition of a product. 

The WEEE Directive; Cole et al. 

2009; Kosacka-Olejnik & 

Werner-Lewandowska, 2020 

RL2 Transportation of various 

categories and types of 

WEEE together (mixed) at 
collection sites 

At present, all types of WEEE and EEE are transported 

together from the collection points to the reuse points, 

with the result that both WEEE and EEE of different 
sizes are contained in one vehicle. 

Dimitrakakis et al. 2009 

RL3 Sorting (e.g., by different 

types, brands) of WEEE and 
EEE at the collection site. 

At present, the WEEE and EEE collection system does 

not provide for their segregation. 

The WEEE Directive; Cole et al. 

2009 

RL4 Visual inspection of WEEE 

and EEE at the logistics hub 

At present, the collection point for WEEE and EEE does 

not assess their technical condition, resulting in every 

piece of EEE donated by the consumer being treated as 
WEEE. Consumers often throw away working EEE 

because they have decided to stop using it. Failure to 

assess the technical condition of EEE at the collection 

point results in it not being sent for remanufacturing or 

repair so it can be put back on the market. It is most 

often recycled, as it is classified as WEEE. 

Gonda et al. 2019 

RL5 Multiple disposal options for 

users 

A consumer has many options for disposing of WEEE 

and EEE. This results in more convenient disposal for 

customers but also causes a dispersion of input volumes 
for further recycling and value retention processes. 

The WEEE Directive; Cole et al. 

2015; Kawa & Golinska, 2010 

Group 3: Technology -T 

T1 Dedicated technological 

solutions for WEEE and EEE 
for dismantling machines, 

equipment and tools 

At present, there are few ready technological solutions 

available, such as automated lines for performing 
operations in WEEE recycling, remanufacturing and 

EEE repair processes. This results in many steps being 

performed manually by humans, which prolongs the 
process time and increases the cost of the entire recovery 

process. 

Kuo et al. 2020; dÁlvarez-de-los-

Mozos et al. 2020  

T2 Dedicated technological 

solutions available for 
shredding/grinding WEEE/ 

regeneration/ repair of EEE 

dÁlvarez-de-los-Mozos et al. 

2020; Kuo et al. 2020; Rudolf et 
al. 2022; Cole et al. 2014; 

Dindarian et al. 2012 

T3 Dedicated technological 
solutions available for 

WEEE separation/ to assess 

the technical condition of 

WEEE and EEE 

dÁlvarez-de-los-Mozos et al. 
2020; Coughlan et al. 2020; 

Dindarian et al. 2012; Rudolf et al. 

2022 

T4 Dedicated technological 

solutions available for 
WEEE sorting/ access to 

EEE software solutions 

dÁlvarez-de-los-Mozos et al. 

2020; Svensson-Hoglund et al. 
2021;Wiens, 2015 

T5 Availability of qualified 

employees 

At present, there is a perceived shortage of workers 

skilled in EEE repair and remanufacturing. 

Pérez-Belis et al. 2017; Raihanian 

Mashhadi et al. 2016; Sabbaghi et 
al. 2017 
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Group 4: Economy – E 

E1 The linear business model of 

EEE producers 

This is based on the simple Buy-Use-Dispose rule, and it 

is the opposite of a circular business model. 

Shittu et al., 2021; Rudolf et al. 

2016; Svensson-Hoglund et al. 
2021 

E2 The demand for WEEE 

exceeding its availability on 

the market 

The supply exceeding demand, as end-users are hoarding 

especially small EEE at home, instead of disposing of it 

at collection points. 

https://weee-

forum.org/ws_news/international-

e-waste-day-2021/ 

E3 The increase in demand for 

secondary raw materials 

This is due to the move toward a circular supply chain 

model. 

Krook et al. 2012; Burlakovs et al. 

2017, https://weee-

forum.org/ws_news/international-
e-waste-day-2021/ 

E4 Existing industry business 

requirements (financial, 

organizational) 

The requirements are described as high. This results in 

little or no competition in the industry (recyclers, repair 

services) or even a lack thereof (remanufacturing, 
refreshing). 

The WEEE Directive 

E5 The consumption model of 

the EEE user 

At present, this is based on the desire to own the product. 

CE assumptions propose a model based on usage – PaaS, 
leasing, rentals, subscriptions, sharing. 

Shittu et al. 2021 

Group 5: Product -P 

P1 The design for R This allows the implementation of a cascade business 

model (recycling, remanufacturing, reuse, repair) or 

other models related to circular supply chains. 

Rudolf et al. 2022; Svensson-

Hoglund et al. 2021 

P2 The existing availability of 

information about product 

structure (e.g. Digital 
Product Passport) 

Information about EEE, such as its composition, sources 

of origin, environmental impact, as well as information 

about the product’s life cycle – including recycling and 
disposal – allows the development of a cascade business 

model. 

Jensen et al., 2023 

Berger et al., 2023 

P3 The existing availability of 
disassembly information 

This allows EEE to be remanufactured/refurbished or 
repaired. 

Westkämper, 2023 
Ketzenberg et al., 2023 

P4 The availability of spare 

parts and increased 
reparability of products 

This allows EEE to be remanufactured/refurbished or 

repaired. 

Zhang and X, 2016; Ongondo et 

al. 2011 

P5 The design of products with 

extended durability 

This allows the customer to extend the life of EEE. EEE 

later goes into circulation as WEEE. 

Rivera and Lallmahomed 2016‘ 

Svensson-Hoglund et al. 2021; 

Maitre-Ekern and Dalhammar 
2016 

Group 6: Customer – C 

C1 The short time of use of the 
product by the customer (end 

of use of the product even 

though technically sound) 

Speed of technological innovation makes used EEE less 
attractive for customers (e.g., less energy/water 

efficient). Consumers want to own modern, 

technologically advanced equipment. Therefore, 

consumers dispose of working EEE that could be 

reintroduced to the consumer market. 

Cox et al. 2013; Ongondo et al. 
2015; Pierron et al. 2017; Rivera 

and Lallmahomed 2016; Jaeger-

Erben et al. 2020; Mccollough 

2010b 

C2 The acceptance by the 
customer of products from 

re-use or remanufacture 

Despite the public’s growing awareness of CE, 
consumers are reluctant to choose products from value 

retention processes. This is due to little knowledge and 

fear that such products are of inferior quality or 
functionality. 

Jaeger-Erben et al. 2020; Pérez-
Belis et al. 2017;  

C3 Easy access to repair or 

remanufacture services 

Even if customers are willing to purchase 

remanufactured or refurbished EEE, the lack of 

availability of such services is still a problem. 

Rudolf et al. 2022; Svensson-

Hoglund et al. 2021; Pérez-Belis 

et al. 2017; Raihanian Mashhadi et 
al .2016 ; Sabbaghi et al. 2017;  

C4 Easy access to new EEE Lack of access to repair or remanufacturing services in 

comparison to the unlimited opportunities to purchase 
new EEE. 

Rainsberger,2023 

C5 The total cost of ownership 

to the client (purchase + 

servicing, repair) 

At present, customers prefer to purchase new EEE 

instead of having it repaired, mainly due to the cost of 

this service, which can exceed the cost of buying a new 
item. 

Svensson-Hoglund et al. 2021; 

McCollough 2009; McCollough 

2007, Kerschbamer and Sutter 
2017  

Source: own work  

This study applied the method of a 

structured face-to-face expert survey. The survey 

sheet developed for the study consists of 3 parts 

referring to the cascade model of recovery (I –

WEEE recycling, II – EEE remanufacturing, III 

– repairs). In each part, the experts evaluated the 

roles of 30 impact factors (Table 1) in the 

collection of (W)EEE. We used a 7-point Likert 

scale, where: 1 – the factor is a barrier to a very 

large extent to the development of the recovery 

process, 2 – a barrier to a large extent, 3 – a 

barrier to a small extent, 4 – the factor is neutral, 

5 – the factor supports the development of the 

recovery process to a small extent, 6 – the factor 

supports the development to a large extent, 7 – 
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the factor supports the development of one of the 

3 reuse scenarios to a very large extent. Eight (8) 

experts participated in the survey: 3 practitioners, 

3 researchers, and 2 lobbyists.  

We calculated the coefficient of variation, 

CV, based on the expert evaluations. The 

coefficient of variation is the quotient of the 

standard deviation of a trait and its arithmetic 

mean. A high value of the coefficient means 

there is high variation of the trait and indicates 

heterogeneity of opinions in the studied 

population; a low value indicates low variation 

of the trait and homogeneity of the studied 

population. In our study, we adopted the 

following rules: CV≤ 25% – low variability, CV 

ϵ (25%; 45%> – average variability, CV ϵ (45%; 

100%> – strong variability, CV > 100%– very 

strong variability (Bedeian, 1988).  

RESULTS 

In our research, based on a review of the 

literature, industry reports, expert opinions, and 

media monitoring, we identified 30 factors that 

have an influence on the transition to CSC 

(W)EEE in the European Union (Table 1). Then, 

based on the expert assessment, we determined 

which of the 30 factors the experts considered to 

be the drivers. For this purpose, we used the 

coefficient of variation – CV. For further 

analysis, we used only those factors for which 

CV≤ 0.25 (Table 2, highlighted in red). In this 

way, we identified the list of key drivers for the 

development of recovery processes for the 

transition to a circular supply chain. 

 

Table 2. Value of CV of expert evaluations 
ID 

Factor 

L1 L2 L3 L4 L5 RL1 RL2 RL3 RL4 RL5 T1 T2 T3 T4 T5 

Rec 0,21 0,23 0,30 0,28 0,36 0,31 0,31 0,23 0,28 0,16 0,16 0,16 0,16 0,17 0,63 

Rem 0,25 0,13 0,16 0,16 0,52 0,37 0,37 0,23 0,18 0,19 0,25 0,26 0,26 0,31 0,7 

Rep 0,28 0,20 0,14 0,19 0,42 0,40 0,34 0,21 0,13 0,17 0,23 0,28 0,30 0,23 0,67 

ID 

Factor 

E1 E2 E3 E4 E5 P1 P2 P3 P4 P4 C1 C2 C3 C4 C5 

Rec 0,50 0,30 0,39 0,48 0,18 0,30 0,50 0,56 0,44 0,51 0,18 0,43 0,46 0,21 0,20 

Rem 0,68 0,44 0,51 0,44 0,21 0,29 0,36 0,37 0,30 0,56 0,46 0,28 0,30 0,50 0,32 

Rep 0,73 0,46 0,51 0,41 0,18 0,17 0,23 0,19 0,11 0,37 0,40 0,11 0,24 0,47 0,35 

Source: own work  

Based on the results, we obtained a set of 21 

key factors that experts unanimously considered 

to be stimulators for the development of CSC 

(W)EEE or neutral factors. The set of factors is 

not the same for all 3 recovery scenarios. The 

strength and character of their impact also varies 

(Figure 4). 

Table 2 and Figure 4 present the summary 

of the expert assessments. The experts reached a 

consensus in identifying the stimulators of the 

transition toward CSC (W)EEE. They identified 

RL5 – Multiple disposal options for users and 

RL4 – Visual inspection of WEEE and EEE (in 

a logistics hub) for remanufacturing and repair as 

strong drivers. They also considered RL3 – 

Sorting (e.g., by different types, brands) of 

WEEE and EEE at the collection site, to be a 

factor that stimulates the development of three 

recovery processes to a small extent. These three 

factors, RL3, RL4 and RL5, are directly related 

to the flow of materials within W(EEE) supply 

chains and the reverse logistics system. They 

have been recognized as drivers for the 

development of W(EEE) reuse scenarios, 

indicating that sorting, visual inspection of 

(W)EEE at the logistics center, W(EEE) 

collection points and multiple ways for 

consumers to dispose of (W)EEE should be 

further developed. In our view, classification 

through visual inspection could contribute to the 

strong development of circular supply chains. 

This is especially relevant for the development of 

remanufacturing and EEE repair processes. 

Factor E5 – Experts found that the EEE 

users’ consumption model stimulates the 

remanufacturing and repair process to a small 

extent, whilst the impact of the recycling process 

was assessed as neutral. 
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Fig. 4. Drivers and inhibitors of (W)EEE recovery processes Source: own work 

DISCUSSION 

It can be concluded that to further develop 

remanufacturing and repair processes, usage-

based models – e.g., PaaS, leasing, renting, 

subscriptions, sharing – should be promoted 

among consumers.  

For the recycling process, experts also 

considered factors related to technology (T1–T4) 

to be stimulators but of relatively low 

importance. This is probably due to the fact that 

there are currently few ready-made and 

dedicated technological solutions available, such 

as automated lines for recycling of (W)EEE. 

However, their further development could 

support the scaling up of the recycling process. 

The experts identified Factors C1 and C4 as 

factors that drive the development of recycling to 

a small extent. Factor C1 – The short time of use 

of the product by the customer (end of use of the 

product even though technically sound), 

unequivocally supports the development of 

recycling. The sooner a product is considered 

WEEE by the consumer, the sooner it becomes 

an input product to the recycling process. In the 

case of C4 – Easy access to new EEE, the 

development of WEEE recycling is further 

possible because it is easier for clients to 

purchase a new EEE than to repair or 

remanufacture it. This is due to the lack of access 

to repair or remanufacturing services compared 

to the unlimited opportunities to purchase new 

EEE. 
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Consequently, for the EEE repair process, 

experts unanimously considered the factors 

assigned to the P – Product (P1–P4) group, as 

well as C2 and C3, to be strong drivers. Factors 

such as P1 – The design for R; P2 – The existing 

availability of information about the structure of 

the product; P3 – The existing availability of 

disassembly information; P4 – The availability 

of spare parts, and the increased repairability of 

the products are factors that should be improved 

for the growth of the EEE repairs. Similarly, an 

increase in factor C2 – Acceptance by the 

customer of products from re-use or 

remanufacture, and C3 – Easier access to repair 

or remanufacture services may positively 

influence the development of circular EEE 

supply chains.  

CONCLUSIONS 

In this paper, in order to answer RQ1, we 

identified a set of 30 factors that have an 

influence on the transition towards CSC 

(W)EEE. Based on an expert survey, we 

developed a list of 18 factors that stimulate at 

least one of the WEEE or EEE recovery 

processes (RQ2). The strength of the factors that 

stimulate the development of a (W)EEE 

collection system within circular supply chains 

ranges from weak to very stimulating. None of 

the factors was rated as very strongly stimulating 

the development of (W)EEE recovery processes 

(RQ3). The factor RL5 – Multiple disposal 

options for users for the recycling and 

remanufacturing process and P4 – The 

availability of spare parts and the increased 

reparability of products for the repair process 

were identified as the most influential.  

In general, the conclusions we established 

indicate that the development of reverse logistics 

processes is necessary for the development of 

circular (W)EEE supply chains. Factors assigned 

to the L – Legislation group were mostly 

considered by experts to be neutral. The 

exception was L1 – WEEE Directive, which was 

rated as stimulating the development of WEEE 

recycling at a low level. 

In the Economy – E group, experts were not 

unanimous in their opinions, rating only 1 factor 

E5 as weakly stimulating the process of 

remanufacturing and repair and as neutral for the 

process of recycling.  

The limitations of the paper are related to 

the geographic focus of the study. Conditions 

typical in the European Union for the 

management of W(EEE) were taken into 

consideration. All experts had extensive 

experience and knowledge of the EU market. 

Future research will focus on the 

development of the decision model with 

guidelines which allow the stimulators to take 

effect, and thus empower the transition to 

circular supply chains in the EEE sector.   
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