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ABSTRACT

We perform a multidimensional and integrated investigation of risks associated with circular
supply chains (CSC), drawing on Transition Management Theory (TMT). This research focuses
on e-waste from the Indian electronics industry, a waste stream with significant recovery
potential and one of the fastest-growing in emerging economies. Drawing on TMT, the
study (i) institutionalises risk management activities in circular systems to operationalise the
transition towards CE; (i) quantifies CSC risks at operational, tactical, and strategic levels and
measure the total risk exposure of CSCs; (iii) comprehensively cogitates the operational,
socio-environmental, and financial implications of CSCs risks and (iv) considers uncertainty in
operations research (OR) models by applying a fuzzy set theory, evidential reasoning algo-
rithm, and expected utility theory based model to evaluate and profile the CSCs risks. The
proposed model contributes to the application of decision analysis and risk analysis
approaches in the sustainability domain and can efficiently model uncertain, subjective, and
incomplete data. Our findings reveal that customers’ reluctance to purchase reprocessed
products represents the most critical challenge to the effectiveness of CSCs. Furthermore,
contrary to conventional perspectives, organizations are strategically shifting toward adopt-
ing circular practices. However, they often lack the practical means and resources to imple-
ment these strategies effectively.
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1. Introduction

The worldwide efforts to address the climate emer-
gency and reduce global warming have greatly
intensified over the last decade (Hosseini-Motlagh
et al., 2022; Van Wassenhove, 2019). Immediate
actions are required to attain net zero emissions to
achieve the target of keeping global temperature rise
within 2 degrees Celsius (Haque & Ntim, 2020;
Stern & Valero, 2021). Material management activ-
ities have emerged as a major contributor to GHG
emissions and account for about 45% of current
emissions, which is expected to increase up to 66%
in OECD countries by 2060 (Ellen MacArthur
Foundation, 2021; Hailemariam & Erdiaw-Kwasie,
2023; OECD, 2020). Along these lines, Circular
Economy (CE) is evolving as a promising solution
towards attaining a net zero economy (Centobelli
et al., 2020; Esposito et al., 2018; Trapp et al., 2021).
CE aims to minimise resource inputs, emissions,
waste, and energy consumption by keeping the
products and materials in the economy as long as
possible (Agrawal et al., 2021; Kouhizadeh et al.,

2020; Zanjirani Farahani et al., 2022). CSCs utilise
the CE principles to take back end-of-life, end-of-
use, defective and obsolete products and turn
those into resources through reuse, recycling, rema-
nufacturing, refurbishing, and cannibalisation
(Frishammar & Parida, 2019; Reyhani Yamchi et al.,
2023; Zanjirani Farahani et al, 2022). CSCs can
handle their returns and also returns of other supply
chain operations and are considered the backbone
of CE systems.

Although frameworks such as ReSolve are avail-
able in the literature to assist, transition towards
CSCs can be turbulent due to multifunctional con-
text and adjustments involved and resultantly, com-
panies can get exposed to various risks in this
process (de Sousa Jabbour et al., 2018; Frishammar
& Parida, 2019; Taddei et al., 2022). These risks
could potentially trigger unwanted consequences for
CSCs, including operational disruptions, economic
losses, inefficient material recovery, reputational
damage, and stakeholder backlash, among others
(Ethirajan et al., 2021; Ketzenberg et al., 2006; Masi
et al, 2018). Hence, it is necessary to understand
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and address the risks of CSCs for the successful
transition towards CE (Choudhary et al, 2022; De
Lima & Seuring, 2023). Accordingly, this study seeks
to make novel contributions to existent literature by
investigating the risks associated with CSCs to attain
the goal of a net zero economy.

The transition towards CE is complex and multi-
faceted, requiring adaptations at different levels that
expose organisations to risks at the company-wide
(transition sphere) level, functional (transition
schema) level, and individual (transition agents)
level (Bertassini et al.,, 2021; Genovese et al., 2017;
Savaskan & Van Wassenhove, 2006). Hence, our
extensive analysis draws insights from the multidi-
mensional transition management theory (TMT) to
understand and investigate the risks associated with
CSCs. The transition management perspective views
the concept of “transition” as a structural change
involving multiphase multilevel processes in com-
plex systems (Loorbach, 2010; Rotmans & Loorbach,
2009). From the lens of TMT, a transition consists
of four phases: (a) organising the transition sphere
by developing long-term goals; (b) Building a transi-
tion schema by structuring transition pathways; (c)
Executing the transition by mobilising the actors;
*d) Evaluating and learning from the transition
experiment and incorporating necessary adjustments
(Gennari, 2023; Kumar, 2021). Accordingly, based
on TMT, this study seeks to institutionalise risks
present in the sphere of CSCs into strategic, tactical,
and operational umbrellas to analytically facilitate
the shift towards CE.

A very limited number of studies have explored
the risks associated with CE practices. However,
none has investigated them in a multidimensional
and integrated manner as we do in the present
research. The existing studies arguably have certain
limitations. First, the risks considered in most past
studies are not concise, and some critical risks spe-
cific to circular models are not captured. For
instance, majority of the studies have not considered
marginal value of time risk, decision making risk
and secondary product quality risk. Thereby, the
findings may be misleading (Choudhary & Kumar,
2024; De Lima & Seuring, 2023; Panjehfouladgaran
& Lim, 2020). Second, the existing studies have per-
formed an one-directional assessment of risks and
have not considered different facets of risk analysis
thus, results might be spurious. Third, majority of
existing studies have not drawn from any theoretical
lens to understand and analyse the risks associated
with CE practices. As the transition towards CE is a
complex multidimensional process, TMT seems one
of the most appropriate lenses for explaining and
understanding the risks present in CSCs but, it is
still missing in the literature (Gennari, 2023;

Shankar et al., 2019). Fourth, most of the models
used for risk evaluation in the CE literature are not
sufficient to capture the intricacies and uncertainties
involved with CSC risks (Wang et al, 2006).
Majority of traditional risk assessment approaches
such as AHP, TOPSIS, FMEA etc. cannot handle
ignorance and incompleteness in the data and
involves averaging of scores on different aspects
leading to information loss and imprecise results
(Choudhary et al., 2020). Arguably, it has hindered
managerial and theoretical implications. Finally,
although e-returns are emerging as one of the most
significant growing waste streams, existing research
has explored CE risks, primarily in the manufactur-
ing sector and PET recycling, not sufficiently in e-
returns (Islam & Huda, 2018; Mazahir et al., 2019).

The present study seeks to address the mentioned
limitations and gaps in the literature by answering
the following research questions:

1. How to operationalise the transition towards
CE using the Lens of Transition Management
theory (TMT)?

2. What are the most critical risks associated with
CSCs in the electronic sector?

This study makes several novel contributions to
the existing literature while addressing the posited
research questions. It advances beyond current
knowledge by offering a multidimensional and inte-
grated investigation of risks associated with Circular
Supply Chains (CSCs) to support the transition
towards a Circular Economy (CE), using Transition
Management Theory (TMT). The research identifies
and categorizes a broad spectrum of risks specific to
CSCs, proposing a comprehensive taxonomy
through the lens of the Transition Framework.
Additionally, the study addresses a gap highlighted
by Petropoulos et al. (2024) concerning the insuffi-
cient consideration of societal aspects. It performs a
thorough, multilevel analysis of risks, incorporating
operational, socio-environmental, and financial per-
spectives at operational, tactical, and strategic levels.
Another significant contribution is the application
of insights from the TMT to institutionalize risk
management activities within CSC systems as a
necessary element for the shift towards a CE. This
research is the first to profile CSC risks, quantify
them at various levels, and assess the overall risk
exposure of CSCs comprehensively.

The majority of traditional risk analysis
approaches in the literature cannot efficiently handle
the issues of subjectivity, vagueness, and incomplete
information together in a problem (Choudhary
et al,, 2020; Tian et al, 2020; Yang et al, 2009).
Petropoulos et al. (2024) also pointed the same in



their review article and suggested that more research
need to consider uncertainty in OR models. We
attempt to address this gap in the literature by
developing a fuzzy set theory, evidential reasoning
and expected utility theory (FST-ER-EUT) based
model to efficiently capture the uncertainties and
subjectivity associated with risk modelling. ER
approach is developed based on the Dempster-
Shafer theory with its roots in artificial intelligence
and can efficiently model the uncertainty in data
(Liu et al., 2011; Wan et al., 2024). FST can also
capture the vagueness and uncertainty in data while
ER algorithm is also suitable to handle incomplete
and subjective information (Jia et al, 2016; John
et al., 2014; Wang et al., 2006; Wu et al, 2017;
Zhang & Liao, 2023). The ERA output is in the
form of belief degree structures that are converted
into crisp risk scores using the EUT to quantify,
compare, and profile risks (Choudhary et al., 2020;
Fu et al, 2019; Fulzele & Shankar, 2023). In line
with Petropoulos et al. (2024), the proposed model
contributes to the application of decision analysis
and risk analysis approaches in the sustainability
domain and this represents one of the first attempts
to implement this model in the CE domain.

For analysis purposes, the study has taken a sam-
ple of firms from the Indian electronics sector.
Exponentially growing e-waste poses a serious chal-
lenge in the path of net zero and the issue is even
larger in developing economies such as India. After
China and the US, India has emerged as the largest
contributor to e-waste. The amount of e-waste gen-
erated in India is approximately 1.71 million metric
tons annually, growing 10 per cent yearly (Agrawal
et al, 2014). Only less that 10% of e-waste is
handled by formalised channels in India (Baldé
et al., 2022; Esposito et al., 2018). E-waste contains
hazardous elements such as lead, asbestos, mercury
etc. and improper handling of e-waste can release
these toxic substances posing serious threats to
health and ecosystem (Islam & Huda, 2018).
Accordingly, it is imperative to investigate the CSC
risks in the context of Electronics sector to facilitate
the adoption of circular practices in developing
countries such as India. The remaining parts of the
paper are arranged as follows: Section 2 details the
background to the study; Section 3 clearly outlines
the methodology used; Section 4 illustrates the
application of the model for risk analysis; Section 5
includes results and discussion; and lastly, Section 6
offers conclusion and implications.

2. Background

This research seeks to understand and examine the
risks associated with CSCs from the lens of
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Transition Management theory to facilitate the tran-
sition towards CE systems. A comprehensive back-
ground literature on the related topics is discussed
in this section.

2.1. Circular supply chains: Transition
towards CE

The diminishing availability of resources, overflow-
ing landfill sites, as well as the growing rate of prod-
uct returns and the introduction of extended
producer responsibility legislation together are mak-
ing it imperative for organisations to close the SC
loops (Agrawal et al,, 2021; Haque & Ntim, 2020;
Liu et al, 2023; Trapp et al, 2021). CSCs involve
managing returns of linear supply chains of different
sectors to retrieve the residual value (Ethirajan
et al,, 2021; Geissdoerfer et al., 2017; Hailemariam
& Erdiaw-Kwasie, 2023). Successful handling of
returns can offer a competitive advantage to compa-
nies by benefiting the environment and society as
well as their balance sheets through optimum util-
isation of resources (Grafstrom & Aasma, 2021;
Hosseini-Motlagh et al., 2022; Mazahir et al., 2019;
Savaskan & Van Wassenhove, 2006). Hence, CSCs
go well beyond simply dealing with legal and envir-
onmental duties and provide benefits by lowering
expenses, raising more revenue, ensuring consumer
loyalty, and increasing value (Abbey et al., 2015;
Govindan et al., 2015; Zhang et al., 2021)

Regardless of benefits, transforming a linear SC
into a circular is a complex task owing to the multi-
functional context and involvement of numerous
activities and processes (Choudhary & Kumar, 2024;
Frishammar & Parida, 2019; Guide & Van
Wassenhove, 2009; Miinch et al., 2022). The move-
ment of product returns is far less structured than
forward supply chains and exposes CSCs to various
uncertainties with time and amount of returns,
residual value, and reprocessing option selection etc.
(Bertassini et al., 2021; Guide et al, 2006;
Ketzenberg et al, 2006). These uncertainties can
trigger unwanted events, thereby exposing the circu-
lar systems to numerous risks (De Lima & Seuring,
2023; Dulia et al., 2021; Frishammar & Parida, 2019;
Shankar et al., 2018). In most cases, returns lose the
majority of their strategic value in return channels,
especially in the electronics sector, because of these
risks and ambiguities (Guide & Van Wassenhove,
2009; Zanjirani Farahani et al., 2022). Hence, to
attain the desired net-zero goal, it is necessary to
minimise the vulnerability of CSCs to these risks
(Choudhary et al., 2021; De Oliveira et al., 2021).

A significant quantity of research has been con-
ducted in the context of CE. The majority of studies
have focused on aspects related to drivers and
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enablers, impediments, technology, operational effi-
ciency, and sustainability (Choudhary et al. (2022);
Govindan et al. (2015); Sassanelli et al. (2019)).
However, the risk management avenues in the con-
text of CE are relatively unexplored and neglected
in the literature, which this research seeks to
address. Only a handful of studies have investigated
CE related risks. An overview of articles addressing
risk aspects in the context of CE-led supply chains
and operations is presented in Table 1A in
Supplementary Appendix.

Based on the review, summarily, following are
the gaps present in the extant literature:

a. Lack of studies focussing on operationalising
the transition towards CE;

b. Comprehensive multidimensional analysis and
profiling of risks in the context of CSCs is miss-
ing in the literature;

c. Studies deriving insights from a theoretical lens
to understand CSC risks are virtually non-exist-
ent with no studies using the lens of transition
management theory in this context; and

d. Dearth of attention towards management of
CSC risks in the electronic sector.

In every sphere, deliberate and continuous atten-
tion to managing risks are imperative to avoid the
associated consequences and attain the desired goals.
Similarly, to effectively integrate CE practices in
supply chains and achieve a high socio-environmen-
tal and economic performance, risk exposure of
CSCs needs to be optimized and managed. CSCs are
quite complicated and vulnerable to various risks
due to uncertainties associated with returns and
multifaceted operations. It is important to identify
and analyse the risks associated with CSCs to attain
circular goals, which is lacking in the extant litera-
ture. Hence, this study seeks to address the men-
tioned gaps in the literature by comprehensively
investigating the risks present in CSC using the lens
of Transition Management theory in the Indian
Electronics sector.

2.2, Risks in CSCs: A transition management
perspective

Transition Management is an all-encompassing
multidimensional theory that provides the basis for
managing and understanding shifts in complex sys-
tems. Transition is a process where a complex sys-
tem adapts to changing external and internal
circumstances to arrive at a different state with a
higher order of complexity. The interactions among
other aspects of the economy, society, ecology, and
technology during transitions increase complexity

and unpredictability. Transition management theory
attempts to coordinate and structure the networks
of actors that play a role in transition, thereby influ-
encing the direction and speed of transitions
through different shifts.

Although every transition is unique in terms of
actors, contexts, issues, and solutions, according to
the transition management theory, there are four
major transition stages: strategic, tactical, oper-
ational, and reflexive. The strategic stage involves
developing the transition arena where actors with
diverse backgrounds and perceptions are involved in
problem discussions to determine the directions for
integrated solutions. It includes creating structures
for long-term planning and developing guiding
principles for attaining the envisaged transition. In
the tactical stage, the transition views of the future
assimilated in the strategic step are developed into
transition agendas, translating into different paths
towards the envisioned direction. Strategies and pol-
icies are fine-tuned in line with the transition vision
and transformed into actions. Based on the transi-
tion vision and pathways, in the operational stage,
activities are derived to contribute towards overall
transition goals. The steps should support overall
transition objectives and also reinforce other efforts.
Lastly, continuous monitoring and evaluation of the
transition arena, pathways, and actions are signifi-
cant aspects of transition management and consti-
tute the reflexive stage.

Summarily, the primary concept behind transi-
tion management theory is to understand and facili-
tate complex shifts by developing a transition vision
(strategic), which is transformed into different tran-
sition pathways (tactical) that are translated into
various actions (operational) to attain the envisaged
transition. In this line, transition management pro-
vides an appropriate lens to understand a complex
shift from a traditional linear economy to a circular
economy. Hence, this research draws from the tran-
sition management framework to understand and
examine the risks at various stages of CSCs to
ensure an organised and structured = shift
towards CE.

Risk is an uncertain event that poses a threat of
injury, damage, loss, liability, or other negative con-
sequences. Risks can be measured using probability
of occurrence and potential impact. On the other
hand, uncertainty is basically unmeasurable. It
implies that we know about the events that might
occur in future but cannot assign a probability to
these events as we cannot predict their occurrence.
However, in case of risks, we can predict the pos-
sible occurrence of events and assign probabilities.
For instance, a shopkeeper informing you will get a
product within 2 days is uncertainty while notifying
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that there is a 95% chance you will get the product
is a risk. The risk management process comprises
four steps: identification, evaluation, mitigation, and
monitoring of risks. The first step involves identify-
ing hazards inherent in a given system to create
visibility. The next step is evaluating and quantifying
identified risks to predict the associated consequen-
ces and severities. In the mitigation stage, compa-
nies focus on detecting and mitigating risks
proficiently. Finally, companies construct and main-
tain a risk monitoring system that emerges as an
integral component of the company’s ethos. A
framework integrating the risk management steps
into the CSC sphere using the lens of Transition
Management theory is presented in Figure 1.

The identification of risks anticipates potential
future threats and provides an understanding about
various disruptions that could hinder organizational
vision. Similar to transition pathways, the evaluation
stage offers ways to attain organizational vision by
uncovering the most critical risks that can cause ser-
ious disruptions. Risk mitigation stage corresponds
to taking actions by implementing different strat-
egies to address the critical risks. Lastly, the risk
monitoring stage includes keeping a continuous
track of existent threats along with new and emerg-
ing risks to facilitate risk control. Accordingly, it is
strategically necessary for organisations to identify
the risks present in CSCs to enable the swift transi-
tion towards CE.
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In line with the proposed framework, the study
initially seeks to identify and propose a taxonomy of
risks associated with CSCs using the insights from
the transition management framework. With this in
mind, a detailed review of literature related to CSC
and CE is performed, and twenty-four risks are
identified and categorised into strategic, tactical, and
operational groups. Next, three experts from the
electronic industry are selected based on purposive-
ness sampling to check for the appropriateness and
significance of identified risks in the CSC context.
One of the experts held a doctoral degree in manag-
ing e-returns and is working as a senior consultant
in a multinational organization in the electronics
sector with an experience of about 8years. The
other two experts are working as chief operations
officer and senior manager in the electronics sector
with an experience of 13and 11years, respectively.
All the experts have a clear understanding of risk
concepts and sufficient knowledge about electronic
returns as they are dealing with batteries, mobile
phones, laptops, TVs and other e-returns.

Multiple rounds of detailed discussions with each
expert were conducted for finalising the risks. In the
initial round, each expert provided their opinion
about the relevance of identified risk. For few risks,
consensus was not attained and a second round of
discussion was performed to attain an agreement.
The risks for which consensus was not achieved,
viewpoint of the majority was taken into
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Figure 1. A risk management framework for CSCs based on TM theory.
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consideration. Finally, eighteen risks were selected
and categorized as shown in Table 1 and the final
list was presented to experts for their approval. The
finalised risks comprehensively covers various
aspects and are quite specific to the CSC context. A
brief description of the risks and corresponding
references are provided in Table 2A in
Supplementary Appendix.

Next, the study addresses the gaps in the existing
literature by developing a mathematically robust
model to quantify and profile the CSC risks inclu-
sively while considering economic, operational, and
socio-environmental impacts.

Table 1. Risks in CSCs.

Transition management lens

RISKS in CSCs

Inaccurate forecast risk [R1]
Technical expertise risk [R2]
Marginal value of time risk [R3]
Information accessibility risk [R4]
Return handling risk [R5]
Recovery risk [R6]

Reprocessed quality risk [R7]
Network design risk [R8]
Decision-making risk [R9]

Facility risk [R10]

Reprocessing technology risk [R11]
Communication coordination risk [R12]
Inventory management risk [R13]
Acceptance risk [R14]

Market risk [R15]

Return on investment risk [R16]
Lack of awareness risk [R17]
Commitment risk [R18]

Operational level

Tactical level

Strategic level

3. Methodology

This paper proposes a flexible and robust integrated
methodology combining FST, ERA, and EUT to quan-
tify and profile the risks associated with CSCs. Most
of the conventional risk analysis approaches presented
in the literature have limitations, including informa-
tion loss, subjectivity, imprecise results, and ineffi-
ciency in dealing with uncertain and incomplete
information (Choudhary et al, 2020; Fu et al, 2019;
John et al., 2014; Zhang & Liao, 2023). The proposed
approach overcomes these limitations in following
ways. First, FST is capable of handling uncertain infor-
mation and finding rationality in the ambiguousness
of human decisions (Fulzele & Shankar, 2023; Jia
et al, 2016; Wang et al, 2006, Wu et al, 2017).
Subsequently, the ERA allows incompleteness in the
information and efficiently models the inevitable sub-
jectivity in expert inputs (Chen et al, 2014; Fang
et al., 2021; Liu et al,, 2011; Tian et al., 2020; Yang,
2001; Zhang et al., 2021). Second, it uses a pragmatic
way of representing the linguistic assessment of each
attribute as a distributed assessment using belief degree
structures to avoid information loss. Third, instead of
using averaging, ERA applies the evidence combin-
ation rule from Dempster-Shafer (D-S) theory to

synthesize linguistic assessments, thus provides reliable
inferences. The proposed model has been used in
reverse auction (Zhang & Liao, 2023); risk assessment
in freight transportation and sea port operations
(Choudhary et al., 2020; John et al, 2014); perform-
ance measurement (Fulzele & Shankar, 2023) and
equity financing (Wan et al, 2024). However, the
application of the proposed approach in the CSC
domain is one of the first attempts of its kind. The
methodological steps are described in detail as follows.

3.1. Step 1: Linguistic assessment of risks

Linguistic variables are utilized in situations that are
complex and vague, in which conventional quantita-
tive expressions are unable to offer clear explana-
tions (Liu et al., 2011). These variables can describe
ambiguous and ill-defined states using words and
sentences in natural language, which is easier to use
by decision makers (Li & Wei, 2019). Hence, in
most cases where quantitative information about
risk events are unavailable, risk assessments are per-
formed using linguistic variables (Liu et al., 2011).
The evaluation of risks is primarily done across two
facets: impact (I); and probability of occurrence (P)
(Heckmann et al, 2015). In this case, the risk
impact is examined across three aspects, namely,
operational impact (OI); environmental & safety
impact (E&SI); and financial impact (FI). To lin-
guistically evaluate the P & I aspects of risks, experts
can utilize the five-point linguistic scale, very low
(VL), low (L), Medium (M), High (H) & Very High
(VH), depicted in Table 2 (Choudhary et al., 2020).
Based on P and I, the severity (S) of risks can then
be computed based on the equation given below
(Schlegel & Trent, 2014).

S =P x I (1)

I represent overall impact calculated as the aver-
age of OI, E&SI, and FI.

3.2. Step 2: Calculation of fuzzy severities
using FST

In this step, linguistic assessments provided in the
previous steps are transformed into the correspond-
ing triangular fuzzy numbers using the scale pre-
sented in Table 2 and Figure 2. The qualitative
variables are represented by a curve known as
“membership function,” explaining the mapping of
each point in the input space at a membership value
ranging between 0 and 1 (Zadeh, 1965). Various
membership functions are applicable depending on
the circumstances. Here, triangular fuzzy numbers
(TFNs) have been applied on the strength their
computational simplicity and user-friendliness
(Yang et al., 2009).
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Table 2. Conversion of linguistic terms into corresponding triangular membership functions.

Impacts

Scale Probability of occurrence (P) ol E&SI FI Triangular fuzzy membership function

1 VL VL VL VL (0, 0, 0.25)

2 L L L L (0, 0.25, 0.50)

3 M M M M (0.25, 0.50, 0.75)

4 H H H H (0.50, 0.75, 0.10)

5 VH VH VH VH (0.75, 1, 1)

HY @) 4 VL L M H VH|
1
0.9
08 |
0.7 41—
0.6 —
0.5 T
0.4
0.3 ——
0.2 T
01—+
N
| | | | | | | |
0 T T T T T T I T T
0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 i
Figure 2. Fuzzy triangular membership function (Yang, 2001).

In the fuzzy environment, the obtained assessments S=p ®j:(xp* XIYP*Y1,Zp*2]) (3)

for a risk, R can be represented as: P =TFNp)
=(xp, yp,zp); OI=TFN(on=(xor, yonzor), E&SI=
TEN (g&st) = (xest> Yesi-zesr)  and 131 = TFNg=
(xe1> yrrozer). The overall impact I = TEN()=
(x1, y1.z1) can be calculated by taking the average of
OI, E&SI and FI as shown in Equation (2). Next,
the fuzzy severity, S for each risk can be computed
using Equation (1), as presented in Equation (3).

T:Avg. (ONI,E8~le and FI )

Xor+Xgs1+Xrr Yor +Yesi Y
3 bl

>

3 (2)

Zor+2zZesr+2rr
3

Furthermore, on the basis of Equations (2) and
(3), FST may be deployed to classify risks as out-
lined in Table 3. The centroid value, K is calculated
as follows:

Kz% (x+y+2) (4)

3.3. Step 3: Transformation of fuzzy severities
into belief degree structures

A belief degree refers to a measure of the extent to
which a decision is considered true: it can be 100%
or less. In this step, the fuzzy severities computed in
the previous step are converted into corresponding
belief degree structures with a similar set of

Table 3. Explanation of qualitative scale applied for analyzing risks.

Evaluation aspects

Linguistic terms Probability of occurrence (P)

Overall impact (1)

Membership function Centroid values (K)

Very low severity risk (VL)
Low severity risk (L)
Medium severity risk M)
High severity risk (H)

Very high severity risk (VH)

Very low (0, 0, 0.25)
Low (0, 0.25, 0.50)
Medium(0.25, 0.50, 0.75)
High (0.50, 0.75, 1)

Very high (0.75, 1, 1)

Very low (0, 0, 0.25) (0.0, 0.0, 0.0625) 0.020
Low (0, 0.25, 0.50) (0.00, 0.0625, 0.25) 0.104
Medium(0.25, 0.50, 0.75) (0.0625, 0.25, 0.5625) 0.292
High (0.50, 0.75, 1) (0.25, 0.5625, 1.00) 0.604
Very high (0.75, 1, 1) (0.5625, 1.00, 1.00) 0.854
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Figure 3. Example of transformation of fuzzy severity, S into 5 non-normalized grades.

Table 4. lllustration of conversion of S into the correspond-
ing belief degree structure.

Fuzzy severity S 0.29, 0.63, 1.00

Grade VL L M H VH
BDS 0.00 0.36 0.78 0.80 0.40
BDS: 0.00 0.15 033 0.34 0.17

evaluation grades for all risks. For illustration pur-

poses, suppose fuzzy severity, S = (0.29, 0.63, 1.00).

To transform § into the corresponding belief degree

structure constituting a normalized fuzzy set defined

in the five linguistic terms, the following steps need
to be followed (Choudhary et al., 2020; Zhang et al.,

2021):

e The computed triangular fuzzy severity, S is
mapped over the triangular fuzzy membership
function (TFNgR), which has five grades (VL, L,
M, H, and VH) described in the broad discourse
on risk based on Figure 2. The thick lines in
Figure 3 represent the triangle obtained by the
mapping of S.

e The points where the linguistic term of TFNy are
intersected by the newly-mapped triangle repre-
senting S are identified and marked in Figure 3.

e If triangle representing S intersects a linguistic
term of TFNy at more than one point, the max-
imum value is taken.

e Courtesy of intersecting points decided in
Figure 3, a belief degree structure (BDS) is estab-
lished to define five non-normalized grades,
which are the intersection points of S and TFNy
as shown in Table 4.

e Finally, the non-normalized grades are normal-
ized to attain the belief degree structure repre-
senting S as shown in Table 4.

3.4. Step 4: Aggregation of belief degree
structures using the ERA

During this step, the ERA is applied to synthesize
the expert evaluations gathered as BDSs in the pre-
vious step with respect to each of the selected risks.
The development of the ERA here is founded on
the Dempster-Shafer theory. The mathematical
foundations of the ERA utilised to integrate varying
BDSs are explained below (Yang, 2001; Wang et al,,
2006).

Suppose D correspond a class of five linguistic
risk evaluation terms gleaned from the aggregation
of a pair of subclasses D; and D, given by two dif-
ferent experts, then D, D; and D, can each be rep-
resented as follows:

D — (ﬁl “VL”, ﬁ2 “L”, ﬂS “M”, ﬁ4“H”, ﬁS “VH”)
D1 — (ﬁl“VL’,) ﬁl(‘L7)’ BI“M’)’ ﬁlﬁ‘H)” ﬁl(‘VH))>
D2 — (ﬁz (‘VL)’, ﬁz((L,’, ﬂz ((M”, ﬂz ((H)” ﬁz((VH’))

Suppose w; and w, are the normalized relative
weights of the two experts partaking in the analysis
and w; + w, =1. Furthermore, assume P! (n=1, 2,
3,4 and 5; i=1 or 2) represents the extent to which
i™ subset (D;) supports the hypothesis that severity
has been evaluated in accordance with the five lin-
guistic terms. Then it is possible that P} and Pj be

determined as:
P! = w; xf}] (5a)

P} = wyxf; (5b)

Let B; and B, are the lingering degree of belief
values unassigned for P} and P} (n=1, 2, 3, 4 and
5). In that case, B; and B, can be yielded as follows



(Liu et al., 2011):
B, = B, + B, (6a)
B, =B, +B, (6b)

Where, By, (m = 1 or 2) represents the degree
to which the other expert may partake in the evalu-
ation, Bp(m = 1 or 2) presents the probable
incompleteness in the subsets D; and D,. It is pos-
sible for these to be conveyed as follows:

Bi=1—- wy= w, (7a)

E2: 1- Wy = Wi (7b)
5

Bi= w <1 - Z ﬁ?) (8a)
n=1

5
By= w, <1 - Z ﬁ;) (8b)
n=1

Suppose " (n=1,2,3,4 and 5) is the non-nor-
malized degree of belief corresponding to the risk
assessments under each of the five linguistic varia-
bles obtained by combining the inputs of
Organizations 1 and 2. Moreover, consider that the
remaining non-normalized unassigned belief degree
is represented by Bj,. The recursive ERA can be
presented as follows (Yang et al., 2009):

p" = K (P!P} + P!B,+ P!B)) (9a)
B’U = K (Ble) (9b)
NB/U = K (B]BZ +B1B2+ Blgz) (9C)
5 5 -1
K = [1 B plpg] (10)
=l1=1
1#]

Furthermore, the combined degree of belief, f"
derived by combining the assessments provided by
the experts for each risk issue and the unassigned
belief degree, [, representing the overall incom-
pleteness in assessment are measured in the follow-
ing way (Wang et al., 2006):

B"=p"/(1-By) (n=123,4 or 5)
Bu =By/(1-By)

The process outlined above is relevant to the
combination of two subsets only. If more subsets
need to be synthesized, the outcome of the aggrega-
tion of any two subsets can then be combined with
another subset in accordance with the algorithm’s
steps outlined previously.

(11a)
(11b)

3.5. Step 5: Computation of crisp risk scores
using expected utility theory (EUT)

This step involves converting aggregated belief
structures obtained as outputs of the ERA in the
previous step into corresponding crisp scores. To
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compute the same, the utility of each evaluation
term needs to be calculated. The utilities of evalu-
ation terms are assumed to be equidistantly distrib-
uted in the normalized utility space and can be
calculated as follows (John et al., 2014):

WEs) =(Hy— 1)/ (Hy-1) (0 = 1, 2, .., N)

(12)

H, is the rating of the evaluation term being exam-
ined (E,) and Hy is the rating of the most preferred
linguistic evaluation grade (Ey). The aggregated
belief degree structure for a risk obtained by com-
bining expert decisions can be represented as:

BDS; = {(Enf,), n = 1,2,3,..., N} (13)

Where, f3, represents the degree of belief that the
risk severity level is assessed to the corresponding
evaluation grade E,. In this case, the utility of BDSg
can be calculated as follows (Choudhary et al,
2020):

N
u(BDSg) = B, u(Ex) (14)
n=1
The u(BDSg) calculated above is equivalent to the
corresponding risk scores.

4. Application of the FST-ERA-EUT based
model for risk quantification in CSCs: A
multi-case approach

This section illustrates applying the described
approach in a real-world scenario to quantify and
profile the CSC risks identified in Table 1.

4.1. Data collection

The analysis in this study is based on real-world
data gathered from the electronics industry through
semi-structured interviews. We have considered the
electronics sector for the research as e-waste consti-
tutes the fastest-growing waste stream with huge
potential for value recovery (Baldé et al, 2022;
Mazahir et al., 2019). E-waste is increasing at a rate
of 3-5% per year in the EU alone, and e-waste gen-
erated on average is five times more than that
caused by end-of-life vehicles (Islam & Huda, 2018).
It is expected that e-waste will increase to 110 MT
by 2050, and according to reports, only 20% of
returns are recycled (Baldé et al, 2022; Esposito
et al, 2018). Further, e-waste has huge recovery
potential for elements such as copper, aluminium,
gold and silver among others. Estimates show that a
ton of waste circuit boards contains 30-40 times
more residual copper than a ton of copper ore
(Esposito et al., 2018). Hence, there is a huge poten-
tial for implementing CE practices in the electronics
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sector, especially in emerging economies such as
India. Recently, there is a lot of focus in India to
handle the increasing e-waste and also a policy has
been introduced in 2022 to formalise the e-waste
recycling sector in India.

For this study, three established multinational
organisations from the Indian electronics sector
were selected. Small scale players are not selected
because they do not have a comprehensive view of
entire CSC and have limited expertise in risk man-
agement. The selected organisations are involved in
formalised CSC practices and seek to efficiently
manage the returns of numerous electronic products
such as mobile phones, laptops, washing machines,
TVs, and refrigerators. Within these organisations,
appropriate experts for the study were identified
using purposive sampling based on their profes-
sional responsibilities and recommendations. In pur-
posive sampling, respondents are selected based on
their appropriateness and ability to yield useful
information. The benefit of using purposive sam-
pling is the better alignment of the sample with the
objective of the study, which enhances the trust-
worthiness and reliability of data and results
(Campbell et al., 2020). Two aspects were primarily
taken into account while selecting experts. First,
they must have been actively involved in handling
returns and other CSC operations in their organisa-
tion. Second, they needed to be proficient in risk
management concepts and have practical exposure
to taking risks in the industry.

Semi-structured interviews were conducted with
each identified expert. Seventeen semi-structured
interviews were conducted, including six experts
from Organisation 1 (O1), five experts from
Organisation 2 (02), and six experts from
Organisation 3 (O3). The details about the back-
ground and experience of experts are provided in
Table 5. In the semi-structured interviews, the scope
of the study was first explained, followed by a
detailed description of each identified risk. Then,
the experts were requested to judge the relevance of
all identified risks in the CSC context and to lin-
guistically evaluate the probability of occurrence (P),
operational impact (OI), environmental& safety
impact (E&SI), and financial impact (FI) of each
risk by applying the scale presented in Table 2 in

Table 5. Information about experts.

the methodology section. All the identified risks
were found to be relevant by all experts. In order to
reduce the biases in expert judgements, multiple dis-
cussions were carried out with the experts within
each organization. Instead of taking averages, we
tried to eliminate differences in expert opinions to
arrive at a single consensus-based input correspond-
ing to each organisation. The majority’s opinion
was considered for the few relationships where an
agreement could not be reached. Further, to address
the subjectivity and enhance the reliability of
results, the inputs are converted to belief degree
structures, which are finally combined together
through ERA.

4.2. Application of the proposed model for risk
evaluation

Based on the steps explained in the previous section,
the analysis was performed as follows:

Step 1: The linguistic assessments obtained from the
experts corresponding to the three organisations
are presented in Table 6.

Step 2: The linguistic assessments were transformed
into corresponding triangular fuzzy numbers based
on Table 2. Furthermore, based on OI, E&SI, and
FI, the overall Impact, I was computed using
Equation (2). Finally, fuzzy severities were calcu-
lated for each risk using Equation (3) and are pre-
sented in Table 3A in Supplementary Appendix.

Step 3: The fuzzy severities obtained for each risk
in the previous step were converted into the corre-
sponding belief degree structures, as explained in
Step 3 in Methodology. The results obtained are
presented in Table 3A in Supplementary
Appendix.

Step 4: The risk assessments obtained in the form
of belief degree structures based on the inputs
from the three organisations were aggregated
together for each risk by applying the ERA using
Equations (5)-(11). The output of the ERA is
shown in Table 7.

Step 5: The aggregated belief degree structures are
then transformed into corresponding crisp values
known as risk scores (RSs) using EUT based on
Equations (12)-(14) as explained in Table 8. Based

Experts Designation Experience Experts Designation Experience
Expert 1 Manager 11 years Expert 10 Technical Consultant 5 Years
Expert 2 Director 16 years Expert 11 Senior Manager 12 Years
Expert 3 Senior Consultant 9years Expert 12 General Manager 13 Years
Expert 4 Senior Consultant 7 years Expert 13 Assistant General Manager 9Years
Expert 5 Business Analyst 5years Expert 14 Consultant 8Years
Expert 6 Risk Consultant 10years Expert 15 Consultant 9 Years
Expert 7 Chief Operations Officer 17 years Expert 16 Technical Analyst 7 Years
Expert 8 Assistant Manager 4years Expert 17 Technical Analyst 6 Years
Expert 9 Operations Manager 9years
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Table 6. Assessment of risks in linguistic terms.
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Organization1

Organisation 2 Organisation 3

Transition management lens Risks P (0] E&SI Fl P (0] E&SI Fl P (0] E&SI Fl
Operational level R1 H H M VH H H L VH M H L H
R2 VH H H H H M M H H M M M
R3 VH H H H VH M H VH H L L H
R4 H H M L H H H VH L H H L
R5 M M M L M H H M L L H L
R6 M M M L M VH VH VH M H H L
R7 H H M L H H L VH M M M M
Tactical level R8 H H M L H H M H H H H H
R9 H H M VH H VH M VH M L H H
R10 H H M L M VH H H L H H L
R11 M M M L M VH L M H M M M
R12 VH H H H H L L H H H H H
R13 VH H H H H VH VH VH H L H L
Strategic level R14 H H M L M H M H M M ] L
R15 VH H H H H VH L VH H H M H
R16 M M M L M M VL H H H M H
R17 H H M L H VL VL VH H H H H
R18 M M M L H M L VH H H H H
Table 7. Risk scores and profiling of risks.
Aggregated assessment via ERA (o)
TM LENS Risks VL L M H VH RSS Rank Profiling
Operational lens R1 0.064 0.379 0.163 0.319 0.075 0.490 7 High
R2 0.053 0.239 0.389 0.297 0.022 0.499 6 High
R3 0.033 0.206 0.456 0.154 0.151 0.545 3 High
R4 0.100 0.294 0.320 0.207 0.078 0.467 9 High
R5 0.242 0.459 0.236 0.063 0.000 0.280 18 Medium
R6 0.142 0.523 0.117 0.218 0.000 0.353 14 Medium
R7 0.146 0.291 0.222 0.292 0.049 0.452 10 High
Tactical lens R8 0.038 0.268 0.325 0.276 0.092 0.529 5 High
R9 0.034 0.231 0377 0.269 0.089 0.537 4 High
R10 0.133 0.341 0.296 0.112 0.117 0.435 1 Medium
R11 0.173 0.466 0.298 0.063 0.000 0.313 16 Medium
R12 0.074 0.265 0.353 0.279 0.030 0.482 8 High
R13 0.032 0.166 0.337 0.465 0.000 0.559 2 High
Strategic lens R14 0.151 0.435 0311 0.104 0.000 0.342 15 Medium
R15 0.010 0.212 0.275 0.435 0.069 0.585 1 High
R16 0.195 0.520 0.168 0.083 0.034 0.310 17 Medium
R17 0.205 0.117 0.543 0.105 0.030 0.410 13 Medium
R18 0.091 0.332 0.383 0.163 0.031 0.428 12 Medium
Table 8. Obtaining the risk scores using EUT.
E, Very high High Medium Low Very low
Fh B fn B B ho)
u(E,) =1 ey =0.75 =05 9 =025 = =0
B, 0.075 0319 0,163 0379 0,064
B, x u(E,) 0.075 0.239 0.082 0.095 0
Table 9. Quantification of risks at CSC levels.
Aggregated assessment via ERA (a1,
CSC levels VL L M H VH RSS Profiling
Operational level 0.103 0.357 0.273 0.218 0.048 0.4376 Medium
Tactical level 0.074 0.293 0.343 0.241 0.048 0.4739 High
Strategic level 0.122 0.332 0.348 0.169 0.029 0.4132 Medium
Aggregated risk exposure 0.092 0.337 0.330 0.203 0.037 0.4395 Medium

on the computed RSs and centroid values in Table 3,
the risks are profiled into VL, L, M, H, & VH cate-
gories. The calculated results are given in Table 7.
Step 6: Finally, the aggregated belief degree struc-
tures obtained for each risk, as shown in Table 7,
are further combined under each category to quan-
tify the dangers at operational, tactical, and

strategic levels in CSCs. The results obtained are
shown below in Table 9.

Quantifying risks at individual, unconditional
and holistic levels could provide insights into man-
aging the transition towards CE by addressing the
critical risks associated with CSCs.
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5. Results & discussion

According to the proposed framework, risk manage-
ment is essential to establish visibility and predict-
ability across CSCs to transition towards CE
effectively. The study applies a transition manage-
ment framework to identify and categorise risks pre-
sent at different levels of CSCs. An integrated model
based on FST, ERA, and EUT is developed to quan-
tify and profile the hazards and measure the risk
exposure of CSCs considering OI, FI and SEI. The
results obtained (Table 7) based on the analysis of
data collected from the electronics industry show
that all identified risks pose a serious threat towards
CE transition. All bets are profiled into either
medium- or high-priority categories, and none fall
into the low-priority zone. The priority order of
risks is graphically depicted in Figure 4.

Following results (Table 7), the first ten risks in
Figure 4, namely, R15, R13, R3, R9, R8, R2, RI,
R12, R4 and R7 are categorised as high-priority
risks. The next eight risks are medium-priority risks.
The overall risk exposure of CSCs in the electronics
sector is found to be 43.95%, which is at the bound-
ary line of being high. The risks measured at the
operational and strategic levels of CSCs are found to
be 43.76 and 41.32%, which fall in the medium pri-
ority level. In contrast, the susceptibility to risks at
the tactical level is assessed as 47.39%, equivalent to
high priority. Hence, it can be inferred from the
results that the transition towards CE faces a major
challenge at the tactical level in determining the
appropriate pathways for shifting to CSCs. It implies
that organizations are facing more disruptions in
the implementation of circular practices in compari-
son to the development of circular strategies. The
findings align with the existing studies, which

acknowledge this gap in CE literature and state that
while CE literature is rich in approaches and con-
cepts, investigation of pragmatic implementation
methods is lacking (Frishammar & Parida, 2019).
With this in mind, the study has investigated the
potential disruptions that can obstruct the imple-
mentation of circular business models and, if
addressed, could facilitate the smooth transition
towards CE.

Market risk [R15] is found to be the highest pri-
ority risk in CSCs in the Indian electronic sector. It
indicates that organisations are facing a major chal-
lenge in circular electronic supply chains due to the
poor perception of the customer base regarding sec-
ondary products. It further increases in case of
third-party reprocessing due to the de-branded ver-
sion of secondary products (Agrawal et al, 2015).
This is because of uncertainty about the quality of
refurbished and remanufactured products [R7] and
a lack of knowledge among customers about sec-
ondary products (Choudhary et al., 2022). The find-
ings align with (Abbey et al., 2015), which indicates
that consumers often perceive remanufactured prod-
ucts as of less value than original products. Further,
similar results are obtained in the manufacturing
sector, where quality degradation in recycled prod-
ucts is the most critical threat (Dulia et al., 2021).
The government needs to set some quality standards
for reprocessed products to build customer trust.
Furthermore, organisations should create greater
awareness about their secondary products and offer
substantial discounts to attract a broader consumer
base.

Next, R13 is in the high-priority category, the
highest-priority risk in the plastic recycling industry
(Senthil et al., 2018). Proper communication and
transparency among all stakeholders are pertinent to
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Figure 4. Risk priority order.



managing returned product inventories (Zanjirani
Farahani et al., 2022). Other critical risks posing a
serious threat in the electronic CSCs are R3 and R9
also indicated that most products lose 45% of their
value due to delays in recovery. Furthermore, it is
evident from several studies that selecting an appro-
priate product recovery option is one of the most
critical issues in a CE (Guide & Van Wassenhove,
2009; Choudhary et al., 2022). The adoption of
advanced IT- and Al-based tools could significantly
reduce time wastage in the return channels and can
facilitate accurate decision-making in CSCs (Lopes
de Sousa Jabbour et al., 2019; Chen et al., 2020;
Saide & Sheng, 2024). Inefficient design of collection
routes, collection point locations, and inaccurate
forecasts lead to R1 and R8, which can significantly
hinder circular operations. Understanding the prod-
uct’s life-cycle and market coupled with proper
mechanism for product take-back is necessary to
reduce such disruptions. Another critical issue is the
unavailability of a workforce with the required tech-
nical proficiency in CSCs, resulting in R2.
Government and educational institutions need to
start certified programs in the related area to create
awareness and develop skilled workers in the CE
field. Furthermore, organisations must conduct
regular training programs to keep their employees
up-to-date with recent trends and technologies. The
last two risks in the high-priority category, R12 and
R4, primarily arise due to a lack of transparency or
a proper returns management system in CSCs.
Analysis conducted by Ethirajan et al. (2021)
showed similar results and suggested that transpar-
ency-related issues are the main driving risks in
a CE.

Other critical risks in CSCs in the medium-prior-
ity category are R10, R18, R17, R6, R14, R11, R16,
and R5. In most organisations, there are insufficient
initiatives for circular practices, which results in
R18. This is largely due to a lack of industry incen-
tives and tax benefits for circular businesses (Dulia
et al., 2021). Furthermore, policymakers must pro-
actively create awareness among business entities
about the necessity and significance of CE and pro-
vide implementation support and guidance to pro-
mote the adoption of circular business models. Such
practices will assist in the mitigation of CSC risks,
including R17 and R16. Organisations need to care-
fully execute the transition towards CSCs by build-
ing their employees’ required skills and performance
incentives to tackle R14. Insufficient knowledge
about returned products and inappropriate reproc-
essing methods can result in R6 (Choudhary et al,
2022). Moreover, integrating Industry 4.0 with CSCs
can overcome such threats and reduce potential
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disruptions due to R11 and R5 (Liu et al., 2023;
Seles et al., 2022).

The analysis in this paper combines CE, transi-
tion management theory and risk management lit-
erature in an objective framework. It is among the
first studies to capture the operational, socio-envir-
onmental, and financial implications of risks in
CSCs. Sustainability and risk related problems are
significantly complex and include a lot of uncer-
tainty (Petropoulos et al., 2024). Further, most of
the times decision makers involved in these issues
have conflicting beliefs and world-views. In view of
these characteristics, we have developed an inte-
grated analytical model based on fuzzy set theory,
evidential reasoning algorithm and expected utility
theory has been developed for risk evaluation and
profiling. The proposed approach can tackle the
mentioned aspects along with the subjectivity and
incompleteness in the data. The FST-ERA-EUT
based approach provides a prototype model that can
be applied to solve different types of sustainability
related problems as it is efficient to handle uncertain
and complex scenarios.

The investigation shows that societal aspects play
a pivotal role in the transition towards CE as lack of
customer confidence in secondary products emerges
as the most critical issue in CSCs. Further, the
results highlight that there is a need to strengthen
the tactical aspects of CSCs as the tactical level risk
exposure is the highest. Organizations have the will-
ingness and vision to adopt circular business models
but, they face disruptions in the actual implementa-
tion of circular practices in supply chain contexts.
The identified potential disruptions from the tactical
lens can guide the managers in formulating oper-
ational pathways for the execution of CE practices
in supply chains. The outcomes could assist in
uncovering the most severe risks that require utmost
attention and Accordingly, strategies
could be developed to tackle these serious potential

resources.

disruptions in CSCs, which would facilitate the tran-
sition towards CE. For better understanding and
validation, findings are also discussed with three
experts working at senior management positions
with an experience of 17-20years in the electronics
sector. In line with the findings, experts stated that
a growing number of companies in the electronics
sector are planning and strategizing to adopt circu-
lar practices but are facing major issues in the exe-
cution phase. They mentioned that return channels
are unstructured in most cases and underlined the
importance of managing the identified risks in CSCs
for transitioning towards CE. They suggested that
the adoption of upcoming Industry 4.0 technologies
could address majority of potential risks in CSCs
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and provide a structure and efficiency for circular
operations.

6. Sensitivity analysis

A sensitivity analysis is performed on the risk scores
obtained as an output of FST-ERA-EUT based
model. Some changes are made in the values of
belief degrees associated with linguistic terms, which
are the model inputs and the corresponding impact
on the output i.e. risk scores is analysed. To validate
the inference reasoning and robustness of the
approach, the developed model should ensue follow-
ing axioms (John et al., 2014; Yang et al., 2009):

Axiom 1: A minor decrease in the model input i.e.
belief degree associated with linguistic terms
should surely cause a decrease in the risk score,
which is the model output.

Axiom 2: A minor increase in the model input i.e.
belief degree associated with linguistic terms
should surely cause an increase in the risk score,
which is the model output.

Axiom 3: If the belief degrees associated with the
highest utility linguistic term are reduced by a and
b, such that 1 > a > b and simultaneously the
belief degrees associated with the least utility term
are increased by a and b, then the utility value cal-
culated for the model’s output, that is, U, and U,
respectively, are in the order U, > U,.

Accordingly, the belief degrees associated with
the highest utility linguistic term are reduced by 10,
20 and 30% and corresponding risk scores are com-
puted as shown below in Table 10. It can be
observed from Table 10 that the model outputs are
in accordance with Axiom 1, 2 and 3. Hence it can
be inferred that the results obtained using the pro-
posed approach are consistent and reliable.

Table 10. Sensitivity analysis by reducing belief degrees by
10, 20 and 30%.

TM lens Risks  Risk scores 10% 20% 30%
Operational lens  R1 0.490 03967 0.3218  0.2468
R2 0.499 04185  0.3435  0.2685
R3 0.545 0.4460 0.3583 0.2833
R4 0.467 0.3727 0.2978 0.2265
R5 0.280 0.2143 0.1643 0.1145
R6 0.353 0.2778  0.2027  0.1482
R7 0.452 0.3645 0.2895 0.2145
Tactical lens R8 0.529 04310 03560  0.2810
R9 0.537 0.4397 0.3648 0.2898
R10 0.435 0.3347  0.2555  0.1983
R11 0313 0.2470 0.1983 0.1470
R12 0.482 03995  0.3245  0.2495
R13 0.559 0.4838 0.4088 0.3337
Strategic lens R14 0.342 02670  0.2160  0.2660
R15 0.585 0.4928 0.4178 0.3428
R16 0.310 02268  0.1725  0.1263
R17 0.410 0.3270 0.2682 0.2183
R18 0.428 0.3450  0.2715  0.2215

7. Implications
7.1. Theoretical implications

The study adds value to the CE literature by
answering two significant research questions related
to CSCs. The primary contribution of this research
is that it is the initial study to examine and quantify
the complexities of risks present at various levels of
CSCs using a theoretical lens of Transition
Management. A framework based on risk manage-
ment and transition management theories has been
proposed to operationalise the shift towards CE for
attaining net-zero economies. Secondly, our work
surmounts the limitations of existing studies. Some
of the previous studies have addressed discrete ele-
ments of risks in the CE context; this is the first
scholarship to investigate the risk elements systemat-
ically and synchronizes the financial, socio-environ-
ment and operational dimensions. Third, the
analysis quantifies the susceptibility of CSCs to haz-
ards at the strategic, tactical and operational levels
apart from the total risk exposure. It is discovered
that, unlike the conventional perspective, organisa-
tions are strategically moving towards adopting cir-
cular practices; however, they are lacking the means
to implement these pragmatically. The published
studies affirm the results (Esposito et al, 2018;
Hailemariam & Erdiaw-Kwasie, 2023). Fourthly, the
appropriateness and applicability of developed FST-
ERA-EUT based model has been demonstrated for
risk analysis. Unlike majority of the models in the
literature that are developed for a specific context,
the proposed model is generic and can be adapted
to any business scenario for risk examination.

7.2. Managerial and policy implications

The findings offer several significant insights for
managers and policymakers. The research provides a
roadmap to managers for creating visibility and pre-
dictability in CSCs through identification and quan-
tification of risks. It would further assist in
institutionalising the circular practices in supply
chains and transition towards a CE. Second, the
assessment and profiling of risks informs the man-
agers about the severity of potential disruptions and
supports the formulation of proactive mitigation
strategies. The results show that ten risks, including
market risk, inventory management risk, marginal
value of time, and decision-making risks, among
others, pose the most serious threat to CSCs and, if
efficiently tackled, can facilitate the smooth transi-
tion towards CE. Managers need to provide smart
discounting and quality assurance through branding
to capture the customer base for secondary prod-
ucts, as market risk is the most critical threat to



return channels (Atasu et al., 2008). It has been
found that secondary products with an associated
brand value are more attractive to customers
(Agrawal et al, 2015). Third, the performed profil-
ing of risks will assist managers in striking a balance
between the operational performance and socio-
environmental benefits of CSCs. The profiling of
risks is done considering the associated financial,
operational and socio-environmental implications.
Hence, addressing the risks in the high priority zone
could facilitate in enhancing the operational and
socio-environmental performance of CSCs simultan-
eously. It will enable CSC operations to function
better and attain desired sustainability objectives.
Finally, the findings indicate that CSCs face the
highest disruption at the tactical level due to
unstructured transition pathways towards CE. One
of the solutions includes employing upcoming
digital technologies and I14.0 tools as a means to
streamline and integrate return channels for trans-
forming towards CE (Kazancoglu et al, 2022; Liu
et al., 2023; Saide & Sheng, 2024; Seles et al., 2022).
The technology adoption will resolve major con-
cerns related to customer perception, delay manage-
ment, recovery efficiency, reprocessing option
selection and transparency, among others in CSCs
(Bertassini et al., 2021; Kouhizadeh et al., 2020;
Zanjirani Farahani et al., 2022). It will lead to the
better administration of returns and extenuation of
the most critical risks in CSCs. Further, top man-
agement needs to focus on upscaling the managerial
expertise to guide the transition in the right direc-
tion towards CE.

The research also provides implications for poli-
cymakers. There is a need for government interven-
tions to set clear goals and targets regarding CE
adoption and tighten regulation compliance to com-
pel organisations to transform their linear business
structures. Higher tax subsidies and funding and
creating awareness can further encourage adopting
circular practices among organisations. Policymakers
need to nudge educational institutions towards cre-
ating awareness and expertise in circular business
models through course curriculums and specialised
programs. Specialised certification programs and
government-sponsored training programs can sensi-
tise the masses and develop skilled human resources
in CSC domains. Lastly, the government needs to
set some quality standards for reprocessed products
to change consumer perception and increase the
market base of secondary effects.

8. Summary & key contributions

The growing popularity of sustainable practices and
increasing anxieties about attaining a net zero
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economy have influenced the proliferation of CE
practices in the last decade (Miunch et al, 2022).
The attainment of net zero and circular goals essen-
tially requires the transformation of linear supply
chains to circular supply chains. However, attaining
the circular loop faces disruptions due to numerous
risks and uncertainties in the return channels. These
risks can have severe environmental and safety
implications besides operational and financial conse-
quences in a CSC. In this study, we have attempted
to address this lacuna by comprehensively investi-
gating the risks associated with CSCs to control the
possible disruptions in the path towards CE and net
zero. Drawing on the Transition Management the-
ory, this is among the initial research to identify,
quantify, and profile risks present in CSCs consider-
ing sustainability and operational implications. The
research has considered e-waste in the Indian elec-
tronics industry, which has huge recovery potential
and is the fastest-growing waste stream, especially in
emerging economies.

CE avenues are relatively immature and unclear
for e-waste management in developing economies,
and the related uncertainties and risks are still unad-
dressed in the extant literature The present research
has addressed this gap in the literature by identify-
ing a comprehensive list of eighteen risks specific to
CSCs. Using insights from TMT, the identified risks
are categorised operational, tactical and strategic
umbrellas. The study has developed a novel inte-
grated methodology based on FST, ERA, and EUT
for risk assessment and profiling. This is one of the
first applications of the proposed approach in the
domain of CE. The FST-ERA-EUT-based model is
more accurate than conventional approaches in
processing linguistic information with substantial
subjectivity and uncertainty. The proposed model
contributes to the decision analysis and risk analysis
domains of OR and addresses the gap highlighted
by Petropoulos et al., 2024.

The risk exposure of CSCs in the electronic sec-
tor is computed to be 43.95% that almost falls in
the high priority zone. The analysis showed that all
the identified risks in the operational, tactical and
strategic categories are primarily in the medium and
high-priority zones. None of the risks are in the low
priority zone. It implies that all these risks can have
severe financial, operational and socio-environmen-
tal repercussions on CSCs and, hence, need to be
tackled effectively for a smooth transition towards
CE. It is found that customers’ reluctance to pur-
chase reprocessed products poses the most critical
threat to CSCs, which is consistent with some of the
prior studies. For example, (Abbey et al, 2015;
Agrawal et al, 2015) highlighted that customers
often perceive remanufactured products as degraded
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compared to fresh products, especially in the
involvement of third-party remanufacturing. Both
the policy makers and managers need to work in
sync to ensure the the quality and reliability of sec-
ondary products in the electronics sector. Under the
transition management framework, it is discovered
that the tactical level has the highest proneness to
disruptions (high priority level), followed by oper-
ational and strategic levels. The results show that
more emphasis should be towards development of
resilient means for the implementation of circular
practices and increasing the social acceptance of sec-
ondary products especially in the electronics sector.
Adoption of upcoming analytical and digital tools
and technologies could reduce the risk exposure of
CSCs and provide a smooth pathway for the transi-
tion towards CE.

8.1. Limitations & future research

The study is confined to organisations indulged in
CSC practices in the electronics sector in a develop-
ing economy. We call for more cross-country and
studies to better understand other
industries and developed economies. It would also
be interesting to investigate the consumer’s percep-
tion of secondary products in other sectors. Second,

cross-sector

the research on CE risks is in its infancy. Although
we have conscientiously identified risks in the con-
text of CSCs through literature review and expert
inputs, there is a possibility of considering more
risks. Accordingly, future studies can expand the
risks and apply the proposed model to check the
consistency of results. Furthermore, we have consid-
ered the implications of risks in the context of
financial, operational and socio-environment
aspects. Other perspectives, including governance,
could be taken into account by future studies. Also,
prospective research could identify and analyse the
strategies to mitigate the identified risks. Lastly, the
developed model is generic in nature and not con-
text specific hence, can be applied for risk assess-
ment in any sector. It can be extended to measure
the risk exposure of any supply chain or organiza-
tion as well. Further, the proposed approach can be
adapted for information aggregation in different
context in any industry.
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