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Abstract

Product recovery has fascinated the concentration of organizations and is prominent

among industry practitioners and researchers due to improved environmental con-

cerns, social awareness, and economic benefits. Circular supply chain (CSC) com-

pounds the concept of product recovery in global supply chain management to

present a sustainable perspective. Therefore, this study aims to determine impedi-

ments of product recovery and CSC toward sustainable production and consumption

in the background of manufacturing organizations. This study determines potential

impediments from literature and in consultation with experts. Further, a fuzzy VIKOR

approach is practiced to prioritize the impediments of product recovery and CSC.

Then, a sensitivity analysis is conducted to verify the robustness of the framework

attained. The results from the study reflect that “lack of collaboration from supply

chain performers”, “lack of tax policies for facilitating CSC models” and “limited

expertise, technology, information on CSC practices” are the critical impediments to

product recovery in CSCs. The findings of the study could assist industry managers

and practitioners in developing procedures and strategies to attain sustainable

development.
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1 | INTRODUCTION

In the domain of supply chain management, the earlier approach was

on the forward movement of the product from the manufacturer to

the end consumer in a single direction. This forward movement of the

product contributes toward the exhaustion of natural resources

around the globe (Yang et al., 2018). The reverse flow of products

comprises the movements essential to obtaining obsolete products

from consumers to retain value and ultimately demolish them

(Prahinski & Kocabasoglu, 2006). Under the reverse flow of products,

product recovery practices recover the component and products that

are either disposed off or returned and assist in reducing waste

(Dwivedi & Madaan, 2020). In past decades, the reverse flow of prod-

ucts from end consumers did not receive much attention in academia

and industry (Loomba & Nakashima, 2012). Therefore, many nations

are revising their environmental measures to include product recovery

practices for attaining sustainable production and consumption (Patil

et al., 2021).

It can be perceived that the existing linear supply chain is not sus-

tainable, and there is a requirement to move toward a circular supply

chain (CSC) that separates economic advancements from resource

reduction (Agarwal et al., 2021). To meet sustainable development ini-

tiatives, there is a requirement for the supply chain to transition from

linear to the reverse flow of products through different practices such
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as remanufacturing, recycling, and reuse (Nasir et al., 2017). After

advocating for more combined approaches toward sustainable supply

chain design, the design for CSC must consider a comprehensive per-

spective that combines the different types of circular movements that

enable product recovery (Bals & Tate, 2018; Batista et al., 2019). The

employment of circular movements that consist of closed and open

loops of waste products increases the complications and extends the

opportunity for CSC operations (Govindan & Hasanagic, 2018). CSC

stands for a recovery arrangement in which resources progress

toward a constant cycle of end-of-life movements, such as recycling

and remanufacturing (Nikolaou & Tsagarakis, 2021; Ozkan-Ozen

et al., 2020). The adoption of CSC practices provides contingency to

cater to worldwide obstacles such as resource depletion, climate

change, and pollution (Mangla et al., 2018). In the concept of CSC

sourcing in businesses, the opportunity of abandoned products is

strained by the demand for the primary product (Prosman &

Sacchi, 2018). The CSC concept outlines the various paths to reutilize

or dispose off the abandoned product (Blomsma & Brennan, 2017;

Bracquené et al., 2020).

The transformation from linear to CSC is ambitious for industries

and organizations (Levering & Vos, 2019). Thus, many researchers and

practitioners have considered including the CSCs as a business approach

to enhancing sustainability fallouts (Lewandowski, 2016). In relation to

sustainability goals, CSC considers sustainable and efficient use of

resources to protect the triple bottom line of sustainability. The conver-

sion to CSC highlights the impediments associated with recycling prod-

ucts to enhance environmental efficiency (Linder et al., 2017;

Webster, 2013). Despite the concerns of policy makers and organiza-

tions in the CSC, it remains unclear how organizations can enhance their

CSCs environmentally (Geissdoerfer et al., 2017; Lieder & Rashid, 2016).

To contribute toward CSC literature, the present study aims to

recognize the impediments of product recovery and CSC toward

attaining sustainable production and consumption. The study adopts a

fuzzy VIKOR approach to rank the identified impediments. The study

caters to the following Research Questions (RQs):

• RQ1: What are the impediments of product recovery and CSC

toward sustainable production and consumption?

• RQ2: How can the impediments of product recovery and CSC be

separated based on their similarity?

• RQ3: How can the identified impediments be ranked and various

measures suggested to cater them?

To answer the above RQs, this study develops a CSC framework

by identifying the most prominent impediments to product recovery

and CSC. A comprehensive literature analysis is performed to analyze

the studies relevant to identifying impediments. Then, the proposed

methodology, fuzzy VIKOR, contributes to the existing literature by

prioritizing the identified impediments. The results from the study

could assist industry managers in catering to the challenges specific to

CSC implementation.

The remainder of the study is organized as follows. Section 2 pre-

sents the related literature specific to product recovery, CSC, and

sustainable production and consumption. Section 3 highlights the

methodology adopted in the study, and the discussion and findings of

the result are detailed in Section 4. Managerial implications are

highlighted in Section 5, and the conclusion and scope for future

study are highlighted in Section 6.

2 | LITERATURE REVIEW

The literature analysis in this study is summarized into three phases.

The first phase is specific to product recovery and CSCs; the second

discusses studies related to sustainable production and consumption

in supply chains; and the third analyzes literature to identify the

potential impediments of product recovery and CSCs.

2.1 | Studies specific to product recovery and
circular supply chains

The CSC has the potential to implement new arrangements and assist

communities to attain sustainable initiatives at a low expense for

products and the environment (Ghisellini et al., 2016). The product

recovery and circular practices reflect that a transition from linear to

CSCs needs considerable modifications in the organization framework

and supply chain movements (van Loon & Van Wassenhove, 2020).

This section explores studies related to product recovery and CSCs.

Orji et al. (2022) examined determinants of CSC implementation in

the manufacturing sector. Alavi et al. (2021) proposed a decision sup-

port system for the sustainable supplier section in CSC. Similarly,

Chen et al. (2021) presented a strategy for supply chain recovery from

COVID-19 disruption by changing the product type to cope with

it. The study proposed a mixed integer liner programming (MILP)

model that adopted a heuristic algorithm reflecting that the model can

assist manufacturers in deciding an optimal recovery strategy from

sudden disruptions. Also, Salim et al. (2021) developed a system

dynamics (SD) model for managing rooftop solar photovoltaic panels

based on the concept of CE. The study argued for a shared responsi-

bility system across the supply chain for better recovery and fewer

disruptions. Similarly, Prakash et al. (2021) analyzed the changes in

the supply chain on the usage of recycled concrete aggregate instead

of natural aggregate as a constituent material in concrete. Further,

Raghuram and Harisankar (2021) employed a SD approach in develop-

ing a model that analyses the impact of non-availability of parts and

cost of recovery for the supplier after a sudden, unpredictable disrup-

tion. Diabat and Jebali (2021) proposed a multi-product multi-period

MILP model, with an extension aimed toward take-back legislations to

analyze the closed loop supply chain (CLSC) performance for durable

products. Also, Pant et al. (2021) developed a CLSC model for the

paper industry to analyze ways to maximize supply chain surplus and

incorporate sustainability through minimizing carbon content.

Ali et al. (2020) designed a MILP model to find optimal solutions

to fulfilling demand and revenue needs by focusing on a strategic

location. The model was compiled based on data recovered from the

2 AGRAWAL ET AL.
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Indian based manufacturing unit of a Saudi Arabian industrial air con-

ditioner manufacturer. Similarly, Robles et al. (2021) studied waste

supply chain optimization through a system-modeling approach to

recover value-added products from organic fraction municipal solid

waste. Also, Garrido-Hidalgo et al. (2020) studied the scenario for the

recovery of electric vehicle battery packs through a proposed CSC

framework while evaluating its information requirements and capabili-

ties of internet of things (IoT). Further, Ma et al. (2020) developed a

mixed integer linear nonlinear programming (MINLP) model to study

the multi-period supply chain network of hazardous products. The

results from the study highlight that the expansion strategy saves

expenses while raising the collection rate of hazardous wastes. Fur-

ther, Parsa et al. (2020) studied a CLSC comprising of a manufacturer,

retailer, supplier, material cover facility, and recycling facility to maxi-

mize chain-wide profits. The study proposed a branch and bound

algorithm and a heuristic approach for the optimal solution.

Vermunt et al. (2019) identified and studied various barriers to

implementation for different circular business models (CBMs). The

study investigated strategies adopted by organizations to overcome

such barriers. Also, Jiang et al. (2019) developed a MILP model to per-

form optimal decisions on selection of transportation mode while ana-

lyzing the impact of supply chain uncertainties on sustainable supply

chain (SSC) design. Further, Waqas et al. (2018) studied and identified

major barriers to the employment of reverse logistics in manufacturing

organizations. The study adopted a mixed approach of Delphi method

and structural equation modeling (SEM). Similarly, Yu and Solvang

(2018) proposed a MILP model for developing Pareto solutions

between profitability and environmental performance of a multi-

product multi-echelon sustainable reverse logistics system. Shahpar-

vari et al. (2018) highlighted a reverse logistic supply chain model to

optimize profit for a recycling supply chain under uncertainty. Further,

Aksoy and Gupta (2018) modeled a hybrid system as an open queue-

ing network for a single re-manufacturable product to optimize rema-

nufacturing system decisions and adopted a Bayesian approach. John

et al. (2018) developed a mathematical model using integer linear pro-

gramming formulation to optimize reverse logistic network design for

two commonly used electronic goods: mobile phones and digital

cameras.

Pedram et al. (2017) designed a CLSC to optimize profits and pro-

vide waste management decisions while attempting to integrate both

a forward and reverse supply chain. The study was performed in the

context of the tire manufacturing industry. Further, Ishigaki et al.

(2017) designed basic models to study CLSC with stochastic product

returns for optimizing the manufacturing and remanufacturing pro-

cess, and study various management choices on economic and envi-

ronmental factors.

2.2 | Sustainable production and consumption
in the supply chain

Organizations are considering sustainable production and con-

sumption practices to enhance their societal and environmental

importance (Jonkutė & Staniškis, 2016). Analyzing developments

for sustainability can be easily understood from the manufacturer's

part, but attempts are required for both sustainable production

and consumption to attain a sustainable future (Blok et al., 2015).

This section discusses the studies specific to sustainable produc-

tion and consumption in the supply chain. Liu et al. (2021) ana-

lyzed the barriers to implementing sustainable food production

and consumption by adopting a fuzzy DEMATEL approach. The

study highlighted the requirement of enhanced regulatory atten-

tion for accountability and new education initiatives to address

the lack of environmental education. Adelodun et al. (2021) ana-

lyzed the implemented measure during COVID-19 pandemic,

focusing on the agri-food system and its impact on de-

carbonization of the agricultural ecosystem. The study adopted a

CE approach reflecting sustainable, localized food production and

consumption. Similarly, Dorr et al. (2021) quantified and analyzed

the environmental impact of a circular food production system at

a mushroom farm. The study suggested measures for future

improvement through a reduction in energy consumption and effi-

cient transport schemes.

Ngammuangtueng et al. (2020) developed a tool to assess

nexus resource efficiency and bio-economy management. The

results were discussed while suggesting measures toward a less

resource-intensive society. Also, Julianelli et al. (2020) studied the

critical success factors (CSFs) of reverse logistics for a company

and its supply chain. The study reflected a framework highlighting

the inter-relations between CSFs and reverse logistics in the con-

text of CSC. Patwa et al. (2021) found that the adoption of CE

principles in developing economies differs from those faced by

industrialized economies in terms of resource availability, varied

government policies, and consumer behavior. Similarly, Coderoni

and Perito (2020) evaluated the influence of socio-demographic

and psychological factors in consumer engagement within the CE

of purchasing waste-to-value (WTV) food. The results from the

study suggested that many people had positive attitudes toward

the idea of buying WTV food. Further, Taghikhah et al. (2019)

evaluated research on SSCs while positing concern over the lack

of attention shown toward consumer behavior. The study pro-

posed a framework to construct supply chain sustainability and

measures to improve their economic and socio-economic perfor-

mance. Kusumowardani et al. (2022) studied mitigation strategies

to reduce waste in the food supply chain (FSC) and proposed a

framework for CE principles. Wong and Ngai (2021) studied the

business sustainability capability implementation using a two-

phase method and measured their effect on firm performance.

Chinnici et al. (2019) analyzed the CE of the citrus industry

through a developing model. The study evaluated the waste and

by-products and suggested measures to enhance sustainability in

the supply chain. Also, Nasir et al. (2017) assessed the environ-

mental gains through the concept of CE compared to traditional

linear production systems in the context of construction industry.

The study reflected the challenges and market dynamics of emerg-

ing supply chain management. The recent literature related to

AGRAWAL ET AL. 3
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CSC, product recovery and sustainable development is presented

in Table 1.

2.3 | Impediments of product recovery and circular
supply chains

Based on the literature review analysis and discussion with industry

professionals (see Section 3.1), the potential antecedents of product

recovery and CSCs are identified, as presented in Table 2.

Based on the expertise of industry professionals, the identified

potential impediments are categorized under five different

prospects:

2.3.1 | Economic prospect

Lack of economic benefits in short-run (A2), lack of industry incentive

toward sustainable practices (A4), and high costs related to recycled

products in CSC (A14) are impediments related to economic prospects.

2.3.2 | Society prospect

Lack of awareness within society toward product recovery and CSC

(A3), lack of collaboration from supply chain performers (A10), organi-

zation of reverse infrastructure (A13), and challenges of take-back

from other organizations (A15) are impediments to society prospects.

TABLE 1 Recent literature specific to CSC, product recovery and sustainable development

Reference Objectives Methodology Outcomes Limitation/Remarks

Tseng et al.

(2022)

Develops a

hierarchical

circular supply

chain structure

from big data.

Fuzzy Delphi and

DEMATEL

The results reflect I4.0 and

digitalization, and product

recovery practice represents to

the causal group, while circular

business strategy is reflected in

the effect group.

The study evaluates five attributes and

23 criteria for validation.

Ayati et al.

(2022)

Performs a

literature review

to reflect the

barriers from 3R

perspective in

context of CSC.

Systematic

Literature Review

The findings from the study

highlight that consumer

willingness to purchase recovered

products impacts reuse, deficient

supportive regulations impact 3R

approaches.

The findings from the study reflect the

lack of connection among theory and

practice of executing recovery

approaches.

Dwivedi et al.

(2022)

Provided a decision

support model to

evaluate product

recovery

performance

SEM-FTOPSIS

Approach

The results highlight that

“Technology Capacity” is the
highest-ranked KPI for

successfully implementing

recovery practices.

The study adds to the existing literature

by proposing a two-phase SEM-TOPSIS

approach to measure the impact of

KPIs.

Kazancoglu

et al. (2022)

Identified barriers to

CSCs in context

of textile

industries.

DEMATEL

Methodology

The findings from the study reflect

lack of collecting, sorting and

recycling as one of the most

prominent barriers to CSC.

The study reflects causal relations among

the identified barriers.

Nag et al.

(2021)

Identified drivers of

CSC in context of

automobile

companies

Gray DEMATEL

approach

The study represents causal

interactions among the drivers to

develop product service systems

in CSC.

The study suggests several implications

related to design, sourcing, and

marketing functions to create circular

value.

Zhang et al.

(2021)

The study presents

a literature review

analysis to

highlight studies

related to CSC

management

Literature Review The review analysis reflects that

CSCM comprises of various

dimensions, including CLSC,

reverse SCM, recycling SCM, and

so forth.

The literature review comprises of 68

real-life CE implementation cases and

124 publications in domain of

operations and supply chain

management.

Lahane and

Kant (2021a,

2021b)

Presented solutions

to mitigate risks

related to CSC

management

Pythagorean fuzzy

analytic hierarchy

process (PF-AHP)

and Pythagorean

fuzzy VIKOR

(PF-VIKOR)

The study is conducted in context of

Indian manufacturing

organizations.

The rankings for the solutions assists the

decision-makers focus on the best

solutions and develop the strategies for

efficiently handling CSC-related risks.

Garrido-

Hidalgo et al.

(2020)

Proposed a CSC

framework for

End of Life

management

Qualitative

Evaluation

The study proposes a

heterogeneous IoT network

deployment in pursuit of a digital

CSC information infrastructure.

The study is limited to EoL reverse supply

management.

4 AGRAWAL ET AL.
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TABLE 2 Impediments of product recovery and circular supply chains

Code

Impediments of product recovery

and circular supply chains Description References

A1 High purchasing cost of

environmental friendly products

The infrastructure development, training and certifications

programs increase the product cost that is eventually

transferred to the end customer.

Trivedi et al. (2015); Govindan and

Hasanagic (2018); Li et al. (2018).

A2 Lack of economic benefits in short-

run

Consumers often find difficulties in rationalizing additional

payment for product recovery and activities facilitating CSC.

Mangla et al. (2018); Kashiwagi

et al. (2018)

A3 Lack of awareness within society

toward product recovery and

CSC

Limited awareness is often derived from higher product prices

and negative associations with sustainable products.

Nandi et al. (2021); Vermunt et al.

(2019)

A4 Lack of industry incentive toward

sustainable practices

The short-term contradictory relationship between

commercial goals and sustainable practices requires

incentivization for product recovery.

Jin et al. (2017); Ozkan-Ozen et al.

(2020); Sinha (2021)

A5 Unclear vision in regards of product

recovery in CSC

Due to the nascent stage of CSC development, stakeholders

counter difficulty in estimating the return on implementing

CSC practices.

Pan et al. (2015); Reike et al.

(2018); Kazancoglu et al. (2020)

A6 Product technology improvement

for recovery activities

Product collection from the customer is a complex process.

The infrastructure development for product collection from

customers, sorting activities and recycling requires cost-

effective and innovative solutions.

Madaan et al. (2012); Dwivedi and

Madaan (2020)

A7 Lack of information regarding

product tracking in CSC

Awareness of IoT-facilitated tracking and recovery is

necessary for efficient, cost-effective product recovery.

Mangla et al. (2021); Ozkan-Ozen

et al. (2020)

A8 Lack of successful business models

to implement product recovery

in CSC

Limited instances of successful product recovery models act

as a significant limitation in the widespread adoption of

CSC.

Vermunt et al. (2019); Mishra et al.

(2018)

A9 Lack of appropriate training and

development programmes for

CSC

New concepts of CSC and product recovery necessitates the

development of new competencies. There is a requirement

to conduct awareness programs in the entire value chain.

Ciulli et al. (2020); Mangla et al.

(2018)

A10 Lack of collaboration from supply

chain performers

Lack of trust and conflicting goals regarding implementing

CSC practices are significant hindrances.

Kushwaha et al. (2022), Sudusinghe

and Seuring (2021); Farooque

et al. (2019)

A11 Ineffective product recovery

policies

The transition toward CE requires resilient and adaptable

policies supporting global consensus, transparency and

accountability.

Shaharudin et al. (2015); Vermunt

et al. (2019); Arena et al. (2021)

A12 Lack of tax policies for facilitating

CSC models

Due to the intensive investment nature of CSC policies,

regulators must introduce tax-based incentivization for

CSC practices.

Van Fan et al. (2021); Kazancoglu

et al. (2021); Ozkan-Ozen et al.

(2020)

A13 Organization of reverse

infrastructure

Building infrastructure supporting reverse logistics is

expensive and requires research, development and

innovation.

Kongar et al. (2015); Vermunt et al.

(2019); Ambekar et al. (2021)

A14 High costs related to recycled

products in CSC

Due to the involvement of additional stakeholders for the

recovery, recycling and reusability process, the cost of

products increases.

Banasik et al. (2017); Govindan and

Hasanagic (2018); Sandvik and

Stubbs (2019)

A15 Challenges of take-back from other

organizations

The conflicting interest of different stakeholders and uncertain

value generation from take-back activities hinders the

implementation of CE practices.

Lacity et al. (2008); Hvass and

Pedersen (2019)

A16 Limited expertise, technology and

information related CSC

practices

Due to confidentiality issues, lack or inaccuracy of tracing

information, lack of best practices related to CSC, lack of

framework and limited domain knowledge restricts the

growth of CE practices.

Farooque et al. (2019)); Kumar

et al. (2020); Dulia et al. (2021)

A17 Design challenges to reuse and

recovery products

At the nascent stage, product design requires modification to

accommodate product recovery. Thus, significant

investment in product and process redesign is required.

Kane et al. (2018)

A18 Existing loose environmental

regulations

Product recovery infrastructure development requires a

complementary relationship between economic

development and environmental regulations.

Wang, Zhang, and Zhang (2019);

Narimissa et al. (2020); Ada et al.

(2021)

(Continues)
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2.3.3 | Environment prospect

High purchasing cost of environmental friendly products (A1), ineffec-

tive product recovery policies (A11), design challenges to reuse and

recover products (A17), and existing loose environmental regulations

(A18) are the impediments to environmental prospects.

2.3.4 | Government prospect

Unclear vision regarding product recovery in CSC (A5), lack of suc-

cessful business models to implement product recovery in CSC (A8),

lack of appropriate training and development programs for CSC (A9),

lack of tax policies for facilitating CSC models (A12), and lack of ade-

quate waste infrastructure (A20) are the impediments under this

prospect.

2.3.5 | Technical prospect

Product technology improvement for recovery activities (A6), lack of

information regarding product tracking in CSC (A7), limited expertise,

technology and information CSC practices (A16), and requirements for

data integration (A19) are the impediments highlighted under the tech-

nical prospect.

2.4 | Research gaps

The literature review reflects the studies relevant to antecedents,

challenges, and approaches in the context of product recovery, CSC,

and sustainable production and consumption. The studies highlight

that CSCs contribute significantly toward attaining sustainability and

facilitating reuse and recycling (Lahane & Kant, 2021a, 2021b). Fur-

ther, there are fewer studies in the literature related to examining the

interactions among product recovery and CSCs. A recent study

highlighted the need to clarify the characteristics of different ele-

ments affecting the implementation of CSC and propose effective

measures to mitigate the impediments of CSC practices (Tan

et al., 2022). Therefore, this study aims to recognize the impediments

of product recovery and CSC for attaining sustainable production and

consumption.

3 | RESEARCH METHODOLOGY

The discussion of the study's methodology is segregated into three

sections. The first section describes the data collection processes for

the study; the second presents a detailed description of fuzzy VIKOR

technique; and the third describes the sensitivity analysis.

3.1 | Questionnaire development and data
collection

In the present study, the impediments of product recovery and CSCs

are categorized under five prospects (environment, society, economic,

government, and technical) in consultation with industry professionals.

A questionnaire was finalized to perform the data gathering for the

fuzzy VIKOR approach. The questionnaire provided detailed informa-

tion on each impediment specific to product recovery and CSCs.

Thedatawas collected through the experts' functional in different pro-

fessional areas such as industry managers, professionals, and academics. A

total of nine experts distributed as four experts from academia, three CSC

and sustainability professionals, and two managers in the manufacturing

industry. Since this study focuses on product recovery, CSC, and sustain-

able production, the experts were elected to ensure expertise in the

respective areas. The experts were given information regarding the study's

objective through telephone conversations and face-to-face interactions.

Figure 1 depicts the research framework for performing the analysis.

3.2 | Fuzzy VIKOR

Opricovic (1998) developed the VIKOR approach based on improved

multi criteria decision making (MCDM) programming. This approach

generates a compromise solution for addressing problems with con-

tradictory criteria, which aids decision-makers in reaching a conclusion

(Shemshadi et al., 2011). This technique categorizes the ideal choice

in dynamic conditions. The alternatives are evaluated using discrete

TABLE 2 (Continued)

Code

Impediments of product recovery

and circular supply chains Description References

A19 Requirement for data integration Efficient coordination and collaboration among the multitude

of stakeholders require trust and accountability. A

streamlined data flow among stakeholders is necessary for

developing trust and accountability.

Jukic and Nicholas (2010); Selma

et al. (2012)

A20 Lack of adequate waste

infrastructure

Management of waste collection, sorting, transport, disposal

and recovery activities requires suitable infrastructure that

is resilient, cost-effective and adaptable over diverse

backgrounds. The lack of such infrastructure hinders the

CSC initiatives.

Tansel (2017); Jambeck et al.

(2018).
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criteria and compromised leveling can be performed by estimating the

nearness measure to the ideal alternative (Opricovic, 2011). VIKOR

approach focuses on ranking a collection of options against several

potentially conflicting and incommensurable choice criteria, assuming

that compromise is acceptable for conflict resolution. VIKOR, like

other MCDM methods such as TOPSIS, tries to find closeness to the

ideal solution with the help of aggregating function, but unlike TOP-

SIS, introduces a ranking index based on a specific measure of close-

ness to the ideal solution (Shemshadi et al., 2011). VIKOR method has

Fuzzy linguistic 

scale

Literature

review 

Opinion of 

experts

Defining expert panel/decision group and 

assessment criteria's  

Obtaining judgment to develop individual fuzzy 

initial direct relation matrices

Aggregate the individual’s matrix into group fuzzy 

initial direct relation matrix

Determine the best and worst values of all criterion

Constructing the normalized fuzzy group decision 

matrix

Compute the value of Utility and Regret measures  

Calculate Qj values

Perform Defuzzification

Sort the alternatives in decreasing order 

Managerial insights for the decision-makers 

Collect weights of 

criteria from experts

Start

Use (OAT) one at a time approach 

Design of experiment (varies values of v from 0 to 

1 with a gap of 0.1)

Sensitivity Analysis 

No

No

Yes

Condition 1 is 

acceptable? 

Then A(1), A(2), A(k) will be 

the ranking 

Condition 2 is 

acceptable? 
A(1), A(2) is the best 

A(1) is the best alternative 

Yes

F IGURE 1 Research
framework adopted for the study

TABLE 3 Linguistic variables and fuzzy numbers

Linguistic terms Trapezoidal fuzzy numbers

Very low influence (VL) (0, 0, 0.05, 0.2)

Low influence (L) (0.05, 0.2, 0.3, 0.45)

Medium influence (M) (0.3, 0.45, 0.55, 0.7)

High influence (H) (0.55, 0.7, 0.8, 0.95)

Very high influence (VH) (0.8, 0.95, 1, 1)
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some advantages over other MCDM methods; it estimates the largest

group utility and least individual regret value (Opricovic, 2011). The

VIKOR approach is extended to discover a fuzzy compromise solution

for MCDM problems. In a fuzzy environment, the VIKOR approach

resolves the problem. The fuzzy VIKOR approach employs linguistic

characteristics, as it might be challenging for a decision-maker to iden-

tify an exact performance assessment for an option under consider-

ation. Different types of fuzzy numbers are adopted to deal with

imprecise numerical values.

The VIKOR approach and its variants have been used in solving var-

ious problems. Yazdani and Graeml (2014) performed a literature analy-

sis to evaluate the role of VIKOR in solving problems in the MCDM

paradigm. Mardani et al. (2016) performed a literature analysis on

VIKOR and its applications. Most of the authors used a triangular fuzzy

number (TFN) to capture the vagueness of a model. Chen and Wang

(2009) used fuzzy VIKOR to optimize partner choice in outsourcing IT

projects. Opricovic (2011) applied it for water resource planning; they

also gave the kth weighted mean method for the de-fuzzification of

TFN. Lahane et al. (2021) adopted Pythagorean fuzzy VIKOR to model

the risk associated with CSC. However, Shemshadi et al. (2011) used

trapezoidal fuzzy number (TrFN) to perform fuzzy VIKOR analysis to

solve the supplier selection problem and added entropy measures. Liu

et al. (2012) applied TrFN based VIKOR to evaluate risk in failure mode

and effects analysis; Vahabzadeh et al. (2015) applied the fuzzy VIKOR

method using interval-valued TrFN to solve reverse logistics problem,

and Wang, Pan, and He (2019) introduced interval type-2 TrFN with the

VIKOR method. Sunarsih et al. (2020) performed a case study in

Indonesia using TrFN VIKOR for a watershed re-forestation problem.

The VIKOR approach advanced with the introduction of the Lp

measure, which is explained as follows.

Lpj ¼
Xn
i¼1

Wi
f�i � fij
f�i � f�i

� �� �( )1
p

1≤ p≤ þ∞; j¼1,2,…,J ð1Þ

In the VIKOR method, L1j (Si in Equation 6) and L∞j (Ri in Equa-

tion 7) are applied to create the significance measures. The phases of

the fuzzy VIKOR method (Opricovic, 2011) are reflected below. In this

study, the alternatives and criteria are assessed by the TrFN fij = (lij,

mij, rij, qij):

Step 1: Identify the problem and establish the goals of the decision-

making process. The aims and composition of the structured problem

are shown in Figure 1.

Step 2: Manage the group of decision-makers to identify and explain

relevant criteria.

Step 3: Establish the linguistic term to be used by decision-makers to

evaluate criteria and alternatives. The experts used a five-point scale

to establish the significance of each criterion and measure the rating

of the alternatives (Chen & Wang, 2009). Every linguistic term is

related to a corresponding TrFN, as reflected in Table 3.

Step 4: Build a fuzzy decision matrix of alternatives obtained from

decision-maker's (DMs) ratings. The fuzzy decision matrix for the

alternatives is presented in Table 4.

Step 5: Construct a fuzzy decision matrix from the decision makers

(DMs). This study employed nine DMs belonging to industry and aca-

demia. The fuzzy decision matrix for the criteria weights is presented

in Table 5.

Step 6: Identify the best fj* = (li*, mi*, ri*, qi*) and worst fj
� = (li

�, mi
�,

ri
�, qi

�) values for criteria functions among the dedicated values. From

Equations (2) and (3) below, aggregated fuzzy values and subjective

importance weights are determined, as presented in Table 6.

fj
� ¼ maxj fij and fj

� ¼ min fij, for maximize criteria ð2Þ

fj
� ¼ minj fij and fj

� ¼ max fij, for minimize criteria ð3Þ

Step 7: Calculate normalized fuzzy difference (dij) values. In this step,

de-fuzzifification of aggregate fuzzy values is performed

(Opricovic, 2011). The results are listed in Table 7.

TABLE 5 Aggregate fuzzy weights of each criterion

Criteria Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Expert 6 Expert 7 Expert 8 Expert 9 Aggregate Fuzzy Weight

C1 H H M H VH H H M H (0.522, 0.672, 0.767, 0.9)

C2 M H VH H M M M VH M (0.467, 0.617, 0.706, 0.822)

C3 L H H H M L M H M (0.356, 0.506, 0.606, 0.756)

C4 VL L L L H VL M L M (0.15, 0.267, 0.356, 0.506)

C5 H M VH M M H H VH H (0.522, 0.672, 0.761, 0.878)

TABLE 6 The fuzzy best and worst values

C1 C2 C3 C4 C5

Fj* (0.8, 0.95, 1, 1) (0.717, 0.867, 0.933, 0.983) (0.8, 0.95, 1, 1) (0.717, 0.867, 0.933, 0.983) (0.8, 0.95, 1, 1)

Fj- (0, 0, 0.05, 0.2) (0.033, 0.133, 0.217, 0.367) (0.133, 0.283, 0.383, 0.533) (0.017, 0.067, 0.133, 0.283) (0.133, 0.283, 0.383, 0.533)
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dij ¼ fj
� � fij

� �
= fj

� � fij�
� �

, for the maximize criteria ð4Þ

dij ¼ fij� fi
�� �
= fj

� � fij�
� �

, for the minimize criteria ð5Þ

Step 8: Calculate Si = (Si
l, Si

m, Si
r, Si

q) and Ri = (Ri
l, Ri

m, Ri
r, Ri

q) and by

the relations: The values of Si and Ri for all alternatives were

highlighted in Table 8, using Equations (6) and (7).

Si ¼
Xm
j¼1

wj �dij
� � ð6Þ

Ri ¼ maxj wj �dij
� � ð7Þ

Where,

wj = weight of jth criteria,

v = weight of maximum group utility and mostly kept 0.5.

Step 9: Calculate the Qi = (Qi
l, Qi

m, Qi
r, Qi

q) value employing the

equation: The values of Q for all alternatives are highlighted in

Table 7, using Equation (8).

Qi ¼ v Si�Si
�ð Þ= Si�Si

�ð Þþ 1�vð Þ Ri�Ri
�ð Þ= Ri�Ri

�ð Þ ð8Þ

where Si* = mini Si, Si
� = maxi Si, Ri* = min Ri, Ri

� = max Ri and

v = maximum group utility,

1–v = weight of particular regret.

Step 10: Performing de-fuzzification of Si, Ri, Qi and sorting. Crisp

values for Si, Ri, Qi are computed by the centroid method of

de-fuzzification (Opricovic, 2007). The obtained values are arranged

from minimum to maximum scores. The prefinal ranking of the alter-

natives based on S, R and Q are re-examined and shown in Table 9.

Based on the Qi table values, the prefinal ranking is found as:

A10 > A12 >A16 >A9 >A4 >A2 >A20 >A1 >A13 >A7 >A3 >A17

>A19 >A18 >A11 >A15 >A8 >A5 >A14 >A6:

The best alternatives were found to be A10.

There are two conditions that need to be satisfied before finalizing

alternatives with the minimum score of Qi as a compromise solution:

C1: The alternative Q(A(1)) has an adequate preference if Q(A(2)) �
Q(A(1)) ≥ 1/n�1, where,

A(2) = Alternative with the second rank and n = number of

alternatives.

C2: The alternative Q(A(1)) is considered balanced, if it is ranked

best in S and R.

In the present study, both the conditions are satisfied, since QA10�

QA12 ≥ 1/20–1 and A10 is best ranked in all R, S and Q (see

Table 9).

Step 11: Choose the most important alternative by selecting Q(A(M))

as the best compromise solution having a minimum value of Qi. “Lack

TABLE 8 The fuzzy variables (Si, Ri and Qi)

Alternatives S R Q

A1 (0.041, 0.927, 1.612, 2.63) (0.154, 0.4, 0.571, 0.805) (0.114, 0.214, 0.259, 0.44)

A2 (�0.132, 0.5, 1.043, 1.964) (0.183, 0.437, 0.613, 0.855) (0.116, 0.192, 0.224, 0.401)

A3 (0.274, 1.255, 2.001, 3.111) (0.09, 0.314, 0.483, 0.736) (0.113, 0.215, 0.268, 0.474)

A4 (0.016, 0.915, 1.611, 2.653) (0.067, 0.288, 0.443, 0.655) (0.062, 0.15, 0.187, 0.359)

A5 (0.198, 1.139, 1.858, 2.927) (0.168, 0.418, 0.592, 0.83) (0.146, 0.257, 0.308, 0.5)

A6 (0.328, 1.253, 1.96, 3.034) (0.161, 0.44, 0.629, 0.878) (0.161, 0.286, 0.344, 0.542)

A7 (0.091, 1.025, 1.743, 2.815) (0.131, 0.368, 0.545, 0.808) (0.109, 0.211, 0.264, 0.47)

A8 (0.117, 1.026, 1.725, 2.764) (0.183, 0.437, 0.613, 0.855) (0.142, 0.251, 0.3, 0.489)

A9 (0.059, 0.897, 1.55, 2.551) (0.067, 0.288, 0.443, 0.655) (0.068, 0.147, 0.178, 0.344)

A10 (�0.195, 0.53, 1.107, 1.985) (0.014, 0.125, 0.263, 0.456) (0, 0, 0.01, 0.147)

A11 (0.167, 1.019, 1.687, 2.722) (0.168, 0.418, 0.592, 0.83) (0.141, 0.239, 0.282, 0.469)

A12 (�0.044, 0.741, 1.376, 2.378) (0.049, 0.26, 0.421, 0.664) (0.043, 0.108, 0.139, 0.323)

A13 (0.075, 1.009, 1.728, 2.804) (0.131, 0.368, 0.545, 0.808) (0.107, 0.209, 0.262, 0.468)

A14 (0.082, 0.872, 1.464, 2.308) (0.313, 0.605, 0.767, 0.9) (0.21, 0.322, 0.347, 0.445)

A15 (0.136, 0.978, 1.632, 2.628) (0.183, 0.437, 0.613, 0.855) (0.145, 0.243, 0.286, 0.469)

A16 (0.015, 0.909, 1.6, 2.632) (0.038, 0.25, 0.4, 0.605) (0.045, 0.128, 0.161, 0.328)

A17 (0.196, 1.08, 1.777, 2.862) (0.11, 0.375, 0.556, 0.793) (0.113, 0.224, 0.276, 0.469)

A18 (0.098, 0.921, 1.57, 2.576) (0.183, 0.437, 0.613, 0.855) (0.14, 0.235, 0.277, 0.461)

A19 (0.115, 0.967, 1.622, 2.594) (0.172, 0.422, 0.594, 0.822) (0.136, 0.233, 0.273, 0.445)

A20 (�0.035, 0.741, 1.359, 2.322) (0.168, 0.418, 0.592, 0.83) (0.111, 0.197, 0.233, 0.408)
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of collaboration from supply chain performers” (A10) is the most

essential impediment with a minimum Qi value of 0.0490.

3.3 | Sensitivity analysis

A sensitivity analysis is conducted to analyze the stability and reliabil-

ity of the proposed approach. The sensitivity analysis is performed

with a 0.1 increase between 0 and 1. Eleven experiments were con-

ducted, as highlighted in Tables 10 and 11, and their related graphs

are highlighted in Figures 2 and 3, respectively. In the sensitivity anal-

ysis (v = 0 to 0.1), the prioritization of the best five impediments—lack

of collaboration from supply chain performers (A10); lack of tax poli-

cies for facilitating CSC models (A12); limited expertise, technology

and information CSC practices (A16); lack of appropriate training and

development programs for CSC (A9); and lack of industry incentive

toward sustainable practices (A4)—are consistently achieved adopting

the suggested approach. However, a small modification is analyzed in

the prioritized order of the impediments A2, A5, A7, A11, A13, A15, A18,

A19 and A20. Further, in the sensitivity analysis (v = 0.1 to 0.2), the

best five prioritized impediments are again discovered to be consis-

tent. A minor difference is realized in the prioritized order of the

impediments A2, A5, A11 and A19. This study highlights that the “v”
value corresponds to 0.5, while the Q values of each alternative

impediment A1 to A20 are 0.262, 0.240, 0.274, 0.195, 0.308, 0.338,

0.270, 0.300, 0.190, 0.249, 0.289, 0.168, 0.268, 0.330, 0.291, 0.171,

0.276, 0.284, 0.276 and 0.243, respectively. The prioritized order of

the identified 20 impediments are A10 > A12 > A16 > A9 > A4 > A2

> A20 > A1 > A13 > A7 > A3 > A17 > A19 > A18 > A11 > A15 > A8 > A5 >

A14 and A6. The Q values of each alternative impediment A1 to A20

are 0.296, 0.341, 0.212, 0.161, 0.318, 0.345, 0.276, 0.341, 0.161,

0.000, 0.318, 0.147, 0.276, 0.471, 0.341, 0.116, 0.268, 0.341, 0.318

and 0.318, respectively when the v value is equivalent to 0.0 (see

Table 10). The ranking of the impediments can be seen in Table 11

and is also highlighted in Figure 2. However, small variations are

observed in the ranking of the remaining impediments (see Figure 3).

Similarly, by altering the different values of “v”, the other experiments

can be performed. The sensitivity analysis results highlight that the

proposed model is robust and less perceptive to the criteria weights.

4 | RESULTS AND DISCUSSIONS

Organizations encounter several challenges while implementing prod-

uct recovery and CSC practices, and a number of approaches can be

adopted to resolve these challenges. Conversely, the effectiveness of

the approaches implemented in silos may prove counterproductive, so

there is a need to understand these challenges to determine effective

strategies. Thus, this study identified and modeled the impediment to

product recovery and CSC in emerging and developed nations. The

aim was to appraise the decision-makers of the most important

impediments that need to be prioritized. A systematic approach to

resolving these impediments will lead to multidimensional improve-

ments and help organizations innovate their business models.

This study ranked the impediments based on their level of impact

using a fuzzy VIKOR methodology. The results of fuzzy VIKOR indicate

TABLE 9 The final ranking of
alternatives

S R Q S Ranking R Ranking Q Ranking

A1 1.277714 0.481713 0.261971 10 10 8

A2 0.977342 0.521405 0.239985 2 17 6

A3 1.63839 0.407033 0.274049 20 6 11

A4 1.276644 0.362637 0.194795 9 4 5

A5 1.509428 0.501559 0.307768 18 13 18

A6 1.623842 0.525368 0.338151 19 19 20

A7 1.395354 0.464101 0.26985 16 8 10

A8 1.387351 0.521405 0.300704 15 18 17

A9 1.243082 0.362637 0.189965 6 5 4

A10 0.833681 0.218032 0.049066 1 1 1

A11 1.379541 0.501559 0.288554 13 12 15

A12 1.092981 0.349861 0.160835 4 3 2

A13 1.381868 0.464101 0.267833 14 9 9

A14 1.150984 0.638756 0.330027 5 20 19

A15 1.321878 0.521405 0.29106 12 16 16

A16 1.266391 0.322944 0.170935 7 2 3

A17 1.462395 0.457416 0.275823 17 7 12

A18 1.273417 0.521405 0.283877 8 15 14

A19 1.300465 0.501496 0.27647 11 11 13

A20 1.076673 0.501559 0.243342 3 14 7
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that lack of collaboration from supply chain performers (A10) is the most

critical impediment. This impediment is followed by lack of tax policies

for facilitating CSC models (A12); limited expertise, technology, and

information on CSC practices (A16); lack of appropriate training and

development programs for CSC (A9); and lack of industry incentive

towards sustainable practices (A4). The least impeding factors are

unclear vision regarding product recovery in CSC (A5), high costs related

to recycled products in CSC (A14), and product technology improvement

for recovery activities (A6). The following paragraphs comprehensively

discuss the most impactful impediments and their implications.

The most impactful impediment is the lack of collaboration from

supply chain performers (A10). Collaboration remains a critical issue in

the supply chain. Also, Kazancoglu et al. (2020) identified a lack of

cooperation as a barrier to integrating CE strategies in the textile sup-

ply chain. While the previous literature has dealt with coordination

and collaboration issues in detail, proposing frameworks, strategies

and models, new complexities emerge when organizations adopt

product recovery and CSC. The recovery of products from customers

requires complex interactions among various stakeholders. These

complex interactions require innovative cooperation practices. In line

with this recommendation, Sudusinghe and Seuring (2021) suggest

redefining the inter-organizational relationship among supply chain

stakeholders for a successful transition toward CSC. Also, Suchek

et al. (2021) emphasize that cooperation and collaboration among

stakeholders are essential to advance circular economy (CE) practices.

One expert recommends increased use of emerging technology for

improving coordination. Bet et al. (2018) highlight that individuals,

businesses, and governments operate in a linear system that prevents

product recovery. Thus, innovative collaborative mechanisms must be

derived to promote sustainable practices without impacting profits

and synergies with individual goals. Additionally, regulatory bodies

have a critical contribution in promoting healthy competition and

appropriate performance measures to promote CSC transition.

This role of the regulatory body is reflected in the second most

influential impediment that focuses on tax policies. Similar to this find-

ing, Bet et al. (2018) report inadequate regulations as one of the main

barriers toward CE and recommend governments intervene with suit-

able policy measures. The previous study discussed the extensive role

of government and regulatory bodies to develop CSC. Since the

TABLE 11 Ranking of the alternatives

Alternative/Sensitivity v = 0 v = 0.1 v = 0.2 v = 0.3 v = 0.4 v = 0.5 v = 0.6 v = 0.7 v = 0.8 v = 0.9 v = 1

A1 10 10 10 11 9 8 8 8 8 9 10

A2 17 15 12 12 7 6 6 4 3 2 2

A3 6 6 6 6 8 11 16 18 19 19 20

A4 4 5 5 5 5 5 5 6 7 8 9

A5 13 14 15 17 18 18 19 19 18 18 18

A6 19 19 19 19 19 20 20 20 20 20 19

A7 8 9 9 8 11 10 11 12 14 14 16

A8 18 18 18 18 17 17 17 17 16 16 15

A9 5 4 4 4 4 4 4 5 6 5 6

A10 1 1 1 1 1 1 1 1 1 1 1

A11 12 13 14 14 14 15 15 15 15 15 14

A12 3 3 3 3 2 2 2 2 2 3 4

A13 9 8 8 7 10 9 9 11 13 13 13

A14 20 20 20 20 20 19 18 14 9 7 5

A15 16 17 17 16 16 16 14 13 12 12 12

A16 2 2 2 2 3 3 3 3 5 6 7

A17 7 7 7 9 12 12 13 16 17 17 17

A18 15 16 16 15 15 14 12 10 10 10 8

A19 11 12 13 13 13 13 10 9 11 11 11

A20 14 11 11 10 6 7 7 7 4 4 3

0

0.1

0.2

0.3

0.4

0.5
v=0

v=0.1

v=0.2

v=0.3

v=0.4

v=0.5v=0.6

v=0.7

v=0.8

v=0.9

v=1
A1

A2

A3

A4

A5

A6

A7

A8

A9

A10

A11

F IGURE 2 Sensitivity analysis of “Q” values [Colour figure can be
viewed at wileyonlinelibrary.com]
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supply chain has become global and stakeholders from multiple coun-

tries interact to generate value, it is paramount that governments

around the world synergize their sustainable programs. In 2019, a

new International Organization for Standardization (ISO) technical

committee comprising of experts from 65 countries was formed

(Ghosh, 2020). In the future, decision-makers must enforce ISO/TC

323 standards at the global level. Regular monitoring of this standard

and awarding tax-related subsidies will help fuel CSC growth. Further,

governments can facilitate healthy competition and formulate sup-

porting policies to ease the reverse flow of products. The reverse flow

of products across international boundaries has several complexities.

For example, various concerns have been raised previously for the

reverse flow of pharmaceutical products (Alshemari et al., 2020).

These concerns can be resolved by mutual agreements and increased

dialog among the stakeholders. One key insight is that both govern-

ments and industries need to adopt a synergistic approach and be

cautious of the individual challenges before introducing rules and

regulations.

The third most impactful impediment this study reflects is the lim-

ited expertise, technology, and information on CSC practices (A16).

Since CBMs is at a nascent stage, a limited workforce possesses exper-

tise regarding business transformations (Farooque et al., 2019). This

lack of experts creates a hindrance and makes transformation expan-

sive and cumbersome. Experts recommend increased investment in

knowledge and skills creation. Further, technological innovation in com-

bination with advanced information systems is paramount to facilitate

product recovery and differentiate the benefits of CSC. For these, col-

laborative efforts from both industry and academia are required. Dulia

et al. (2021) highlight the importance of technological maturity from

the CSC perspective. Technological advancement is necessary to facili-

tate product recovery. Tracking issues and accurate information play a

critical part in maximizing value from the product recovery process.

Thus, experts favor the increased application of advanced information

technology such as blockchain, IoT, and the internet of value.

The fourth impediment relates to training and development pro-

grams. As recommended above, the workforce needs to be trained

and suitable skills are required to be generated among the workers to

implement CE practices effectively. However, there are several

restrictions in terms of limited knowledge regarding CSC, with very

few successful business models and few case studies. Although the

amount of theoretical literature has increased in recent years (Lahane

et al. (2021), there remains a need for more successful business

models that can be taught and practiced by others. Further, academics

need to educate future managers regarding the CE and introduce vari-

ous courses related to product recovery and CBMs.

One key differentiation in the current study is the transformation

of barriers from previous CE-related studies. Rizos et al. (2016) attrib-

uted high importance to the lack of information regarding

CE. Conversely, this study reports the lack of information in tenth

place. This difference may be due to recent business transformations

and increased awareness. A key recommendation is to frame resilient

and adaptable policies in uncertain and unforeseeable circumstances,

such as COVID-19. The COVID-19 pandemic saw panic buying and a

huge production and consumption of single-use items such as masks,

gloves, PPEs, and a plethora of packaging items. For example, Sharma

et al. (2020) reported an increase of 370% in medical waste post-

COVID-19 in Hubei Province. In this context, Sarkodie and Owusu

(2021) recommend developing biodegradable and ecologically friendly

protective gear. This recommendation resonates with the A17 impedi-

ment, design challenges to reuse and recovery products, which this

study reported in twelfth place. Further, the lack of short-term eco-

nomic benefits (A20) reported in seventh place adds to this critical

problem by minimizing investment in such initiatives. One expert rec-

ommends sensitizing the public and government regarding investment

in sustainable product design. Further, waste management practices

are an essential part of post-disaster relief work. Thus, commercial

supply chain stakeholders need to synergize their operations with

humanitarian organizations to facilitate product recovery.

5 | IMPLICATIONS OF THE STUDY

CSC is viewed as a strategic approach to resolving several issues,

including waste generation, resource scarcity, and long-term cost-
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F IGURE 3 Sensitivity analysis of
rankings [Colour figure can be viewed at
wileyonlinelibrary.com]
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effectiveness. The CE model of production and consumption replaces

the prior linear economy model (take, manufacture, consume, dispose

off) and is mostly concerned with waste reduction techniques. The

use of CE strategic concepts provides several long-term benefits that

organizations may reap. The research related to CE and product

recovery has recently become critical due to increased consumption

and an uncertain business environment. Numerous academicians

worldwide have developed a rising interest in adopting CSC and prod-

uct recovery practices in various organizations. The majority of

CE-related studies lean toward building a better academic foundation

for the circular industry. At the same time, this foundation has

resulted in several economic, environmental, and social improvements.

The present study adds to this foundation and provides a theoretical

framework to promote sustainable production and consumption by

focusing on the perspective of industrial decision-makers.

The framework refers to the extant literature and the experts for

identifying and modeling the set of impediments that constrain the

adoption of CE practices and hinder the development of product

recovery practices. The study adopted a fuzzy VIKOR method to pri-

oritize these impediments and performed a sensitivity analysis to con-

firm the robustness of the proposed framework. Decision-makers can

use this priority order and frame the policies accordingly. In addition

to the priority orders developed using the fuzzy VIKOR method, the

study presents some critical insights into future businesses and how

to resolve these impediments. The potential recommendations include

upskilling managers in the early phase, insertion of supportive govern-

ment policies, development and adoption of the standard, sensitiza-

tion of the public, increased use of advanced IT applications, and

increased investment in sustainable product design.

The study extensively discusses the critical role of coordination

and collaboration among stakeholders operating at the regional and

global levels. Further, the complexities that arise during product

recovery and the role of diverse stakeholders at a global level have

been highlighted. The findings indicate that multiple stakeholders

must work synergistically to develop suitable tax policies, regulations,

training modules and infrastructure. The critical insight is that enabling

product recovery in the CE needs innovative technological solutions

and business process redesign. This may require goal alignment at

both local and global levels. Thus, the development of CE needs a

holistic approach. Another critical recommendation has been pro-

posed regarding the goal alignment between the diverse set of stake-

holders. The study uniquely highlights the need to build a relationship

between local and global stakeholders.

In addition to these key recommendations, industry practitioners

can utilize the present study's findings to target the complexities that

occur during the CSC implementation process and magnify the CSC

adoption speed. The study's findings help practitioners quantify the

benefits of the strategic measures and develop a mix of strategic solu-

tions that should receive priority. A strategic approach can be pro-

posed as a training and standardization module focusing on skill

development and competition among peers. This approach will pro-

mote cross-organization best practices. Also, the decision-makers are

recommended to sensitize stakeholders to increased investment in

developing CSC-facilitating technologies. An increased focus on col-

laboration can complement this policy, thereby targeting the first and

third most impactful impediments calculated in the study. Thus, the

study paves the way to identify the strategic, tactical and operational

measures to enhance CSC implementation.

6 | CONCLUSIONS, LIMITATIONS AND
SCOPE FOR FUTURE STUDY

This section concludes the study, highlights the novelty of the study,

mentions research limitations, and proposes essential research direc-

tions. This study explores the impediments of CSC and product recov-

ery toward sustainable production and consumption. The existing

study adopted a methodological approach to rank the identified

potential impediments and facilitated the development of suitable pol-

icies to counter these impediments. This study organized interviews

with several experts to synthesize some interesting implications and

recommendations and enable product recovery and CE practices. The

analysis reflects a significant impact from impediments belonging to

economic and social prospects. These impediments can be experi-

enced at every echelon of the value chain and require a robust and

multiprong approach for a successful transition toward circularity. The

study paves the way for future academicians to better understand

and propose solutions to cater such impediments. The approach to

exploring the product recovery and CSC in combination is rarely con-

sidered in existing studies. This study produced critical insights

regarding the mechanisms of product redesign and how to achieve

sustainable production. Further, the study highlights the requirement

to develop training modules, successful business models, frameworks

and innovative coordination mechanisms among diverse stakeholders.

An extensive discussions on these recommendations have been

included. Additionally, the study uniquely discusses the impact of

these recommendations on the combination of product recovery

and CSC.

This study has a few limitations related to the methodological

approach and study context. All the experts consulted for the study

were based in India, which may limit the applicability of the findings in

the context of developing nations. Further, the study did not consider

the interrelationship among these impediments. As highlighted in the

discussion section, the impediments affect each other. Future

research may explore the dynamics among these impediments. One of

the essential research directions is exploring the measures facilitating

product recovery and CSC implementation. Further, different sectors

present different complexities; for example, policies in the case of the

pharmaceutical sector will be very different from the textile sector.

Thus, future research needs to explore product recovery from differ-

ent sectors' perspectives. Additionally, researchers need to present

the cost–benefit analysis of these measures. Also, the decision-makers

need the implementation framework for sustainable production and

recovery measures. Finally, future researchers are recommended to

adopt game theory and simulation models to study the behaviors of

different stakeholders regarding CSC practices.
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