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ABSTRACT

The traditional “take-make-use-dispose”-type economic pattern has led to severe environmental challenges, particularly in the
plastic industry, where waste generation and resource inefficiency are of utmost concerns. Transitioning to a circular economy
(CE) requires strategic supplier evaluation to ensure sustainable sourcing. However, CE implementation in emerging econo-
mies remains underexplored, and no established framework exists for circular supplier selection (CSS) in the plastic industry.
This study addresses a practical CSS problem faced by a leading Indian plastic manufacturer (the case organization) aiming to
partner with an ideal supplier for developing innovative circular products. Through a Delphi study, eight key evaluation criteria
were identified and validated. A multi-criteria decision-making (MCDM) framework integrating the entropy method (for criteria
weighting) and the combined compromise solution (COCOSO) method (for supplier ranking) was applied. The findings reveal
that “total consumption of toxic substances” and “reduction in workplace hazards through employee wellbeing activities” are
the two most influential CSS criteria. Based on the ranking, the most suitable supplier was recommended to the case organiza-
tion. This research reinforces supplier selection models by integrating social, environmental, and economic dimensions within a
CE context. The novel entropy-COCOSO framework further improves decision-making by reducing subjectivity and improving
ranking accuracy. Practically, the study provides managers and policymakers with a robust decision-support tool to facilitate CE
adoption in the plastic industry, guiding sustainable procurement strategies.

1 | Introduction global warming, marine degradation, chemical exposure, and

biodiversity loss (Slunge n.d.). Plastic consumption has nearly

Plastic is among the most significant industrial innovations
ever, which fosters the efficacy of contemporary economic activ-
ity because it is portable, malleable, durable, chemically inert,
and, most importantly, inexpensive. However, its excessive pro-
duction, improper disposal, and accumulation of waste have
led to severe environmental and health concerns, including
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doubled in the last half-century and is likely to double again in
the next 20years (Chowdhury et al. 2022). Thus, plastics manu-
facturing has exploded due to this high demand, outpacing the
production of most man-made items. The global annual pro-
duction of plastic surged to 390.7 million metric tons in 2021
and is expected to nearly double by 2035 and almost quadruple

Business Strategy and the Environment, 2025; 0:1-30
https://doi.org/10.1002/bse.4253

1 of 30


https://doi.org/10.1002/bse.4253
https://orcid.org/0000-0002-9268-2605
mailto:
https://orcid.org/0000-0002-0469-1326
mailto:
https://orcid.org/0000-0003-2497-2528
https://orcid.org/0000-0001-9338-7715
https://orcid.org/0000-0003-0951-1782
mailto:rraut@iimmumbai.ac.in
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fbse.4253&domain=pdf&date_stamp=2025-03-24

by 2050, representing a 4% yearly rise (Evode et al. 2021; Al
Qahtani et al. 2022). However, the current process for making,
using, and disposing of most plastic products fails to reap the
economic benefits of an extracircular approach and results in
substantial environmental damage (Johansson 2023; Ncube,
Mtetwa, et al. 2023). Furthermore, the genesis of plastic waste
is gaining considerable attention worldwide as it imposes a sig-
nificant policy challenge in developed and developing nations
(Tuuri et al. 2023; Chowdhury et al. 2022). Plastic abandoned
waste might persist in the ecosystem for hundreds or even thou-
sands of years (Héry and Malenfer 2020). Given the nondegrad-
ability of plastic products, its accumulation is more destructive
to the environment than its creation (Maione et al. 2022). The
plastic waste accumulation has reached a juncture, and prompt
action is required to prevent plastic leakage into the surround-
ing environment (Kibria et al. 2023).

In contrast, circular economy (CE) approaches in the plas-
tic industry are intended to ensure that plastic never becomes
waste or enters the ecosystem, preventing as much as possible
from ending up in landfills and damaging the environment
(Jayarathna et al. 2023). By considering various environmen-
tal and socioeconomic issues, the CE model has emerged as a
new business paradigm to maximize material circularity, min-
imize the requirement of virgin materials, and eradicate det-
rimental impacts on the environment (Ethirajan et al. 2021).
Governments and industries worldwide are implementing poli-
cies to encourage CE adoption, particularly in sectors with high
environmental impact (Diaz et al. 2022). According to Govindan
et al. (2020), the first and foremost step in implementing CE is
procuring eco-friendly and reusable raw materials and collab-
orating with circular suppliers who focus on reducing waste
in their supply chains (SC). In the plastic industry, CSS plays a
crucial role in ensuring that raw materials and production pro-
cesses align with CE principles (Haleem et al. 2021). Previous
CSS studies have concerned different industries, such as the
cement industry (Prosman and Sacchi 2018), the automobile
industry (Feng and Gong 2020; Miinch et al. 2022), the construc-
tion industry (Tushar et al. 2022), and petrochemical industry
(Alavi et al. 2021; Mina et al. 2021). Unfortunately, no adequate
research on CSS in the plastic industry was found, especially in
the context of emerging economies.

Although the existing CSS studies encompass environmental
and economic aspects, they largely overlook social aspects, in-
dicating a need for criteria that are not only environmentally
and economically relevant but also socially significant. Prior
research (e.g., Khalili Nasr et al. 2021; Alavi et al. 2021) often
overlook or treat social criteria as secondary. This knowledge
gap leads to a great challenge to attaining “SDG 3,” that is, “good
health and well-being,” and “SDG 8,” that is, “decent work and
economic growth” (The 17 goals n.d.). This lack of established
set of criteria for CSS in the plastic industry leads to the founda-
tion of the first research question (RQ) (Research Question 1):

Research Question 1. What are the critical evaluation criteria
for CSS in the plastic industry in emerging economics?

Apart from environmental and economic criteria, this research
focuses on two social criteria: “investment in corporate social
responsibility activities” and “reduction in workplace hazards

through employee wellbeing activities.” To the authors' knowl-
edge, this is the first evaluation of circular suppliers that aid the
achievement of SDGs 3, 8, 9, 12, and 13 by considering envi-
ronmental, economic, and social aspects simultaneously. This
study also seeks to refine the criteria set to incorporate triple
bottom lines of sustainability, thereby providing a more holistic
approach to CSS. The Delphi method was employed to achieve
this refinement, as Dey et al. (2020) recommended, for its effec-
tiveness in achieving consensus among experts. To this end, the
second RQ (Research Question 2) is propounded as follows:

Research Question 2. How can the evaluation criteria be re-
fined based on their relevance to the plastic industry?

Existing literature (Ghosh et al. 2021c; Menon and Ravi 2022)
suggests that traditional supplier evaluation methods may not
fully capture the nuances of CE practices. The review empha-
sized the necessity of integrated approaches to manage the
complexity of MCDM within a CE context. This prompted the
development of Research Question 3, which centers on creating
and utilizing a robust MCDM framework to effectively assess
and rank suppliers based on their levels of CE implementation.

Research Question 3. How can suppliers be prioritized based on
their level of involvement in CE practices implementation?

To address the stated RQs, this study proposes an integrated
framework that merges two distinct MCDM techniques (entropy
and COCOSO) for CSS in the plastic industry, paving the path
toward a CE. In the proposed framework, the criterion weights
were calculated using the entropy approach, and the perfor-
mance of each supplier was subsequently determined using the
COCOSO method, and the suppliers were ranked accordingly.
Despite several advantages of the integrated entropy-COCOSO
methodology (Dwivedi and Sharma 2022a), it was rarely used
in SC studies, especially to solve SS problems. To validate the
proposed framework, a real-world CSS problem in a prominent
Indian plastic manufacturing company was solved, and four po-
tential suppliers were evaluated based on their involvement in
CE practice implementation. This study targets the Indian plas-
tic industry because it is one of the country's leading industrial
sectors, contributing significantly to the Indian economy and
employment rate (Sundaram et al. 2023). However, the sector re-
mains one of the major polluters in India and lacks the necessary
knowledge and infrastructure to aid the shift toward a CE (Neo
et al. 2021). As the country's plastic demand is expected to rise
by several million tons by 2030 (Neo et al. 2021), the India-based
plastic manufacturing organizations must immediately adopt
CE principles not only to reduce contamination and waste but
also to create fresh possibilities for innovation and expansion
(Pillai 2021). This study aims to lay the foundation and equip
managers with suitable decision-making framework to facilitate
this transition.

The structure of this article is as follows: Section 2 offers an
extensive review of the literature on various aspects of CE and
CSS. Section 3 outlines the research design, describing the
proposed framework and the methodology used in this study.
Section 4 presents the framework's application to a real-world
CSS case, including its results and validation. Section 5 provides
a thorough discussion of the findings. Section 6 examines the
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research implications. Section 7 depicts the practical implemen-
tation challenges. Section 8 concludes the study by addressing
its limitations and suggesting directions for future research.

2 | Prior Art

The prior art section is divided into four parts based on the scope
of this study. The first section explores the concept of CE. The
second section sheds light on CE in the plastic industry. The
third section reviews the existing CSS methods and criteria.
Finally, the fourth section exposes the research gaps.

21 | CE

The growing waste accumulation in our environment is a clear
indicator of the current global economic system, which largely
depends on the “take-make-dispose” model, also referred to
as the linear economy. A CE rethinks current patterns of pro-
duction and consumption in such a way that business growth
promotes assured economic, social, and environmental benefits
across SC, from raw material selection to product/service design
to manufacturing and distribution to end-user consumption,
disposal, and recovery (Chen et al. 2023). By design, a CE is
reparative and regenerative, indicating that materials are con-
tinuously used in a “closed-loop” system instead of being used
only once and then discarded (Ghosh et al. 2023c). A CE model
aims to minimize any superfluous inputs and leakages from the
system (Horbach and Rammer 2019). To attain this objective,
a variety of strategies are followed, such as extending product
life cycles to maximize resource utilization, redesigning prod-
ucts with end-of-life considerations, refurbishing solid waste
for reuse, increasing recycling, and developing a market for
recycled goods (Ghosh et al. 2023; Oliveira et al. 2021; Prieto-
Sandoval et al. 2019).

2.2 | The Need for CE in the Plastic Industry
2.2.1 | Environmental Impacts of the Plastic Industry

The plastic industry is a major contributor to environmental
pollution, driven by its high production volume and the long-
lasting nature of plastic waste. Studies such as Simon (2019) and
Chowdhury et al. (2022) highlight the extensive environmental
impact caused by plastic production and disposal, including
global warming, marine degradation, and biodiversity loss. The
environmental hazards posed by plastic waste are well doc-
umented. Ncube, Mtetwa, et al. (2023) discuss the life cycle of
plastic, from extraction to disposal, highlighting the substantial
greenhouse gas emissions and water consumption associated
with plastic production. The improper disposal methods, such as
landfilling and incineration, exacerbate environmental degrada-
tion by releasing toxic substances and greenhouse gases (Evode
et al. 2021). The persistence of plastic in ecosystems, potentially
lasting hundreds to thousands of years, underscores the need for
sustainable alternatives (Maione et al. 2022). The linear “take-
make-use-dispose” model traditionally employed by the plastic
industry results in significant waste generation and resource de-
pletion (Bodar et al. 2018). According to Al Qahtani et al. (2022),

the global annual plastic output projection indicates a steep rise
to double by 2035 and nearly fourfold by 2050. This unsustain-
able growth highlights the critical need to shift to a CE model
focused on reducing waste and maximizing resource use.

2.2.2 | Current State of CE in the Plastic Industry

In the era of CE, plastic should no longer be regarded as “waste”
but rather as a renewable resource that must be properly dis-
posed of (Jayarathna et al. 2023). Plastic CE solutions include
manufacturing plastics from alternative non-fossil fuel feed-
stocks (Chowdhury et al. 2022); reusing plastic scraps as a
resource (Al Qahtani et al. 2022); re-engineering plastic pro-
duction processes and designing products to improve durability,
reusability, and waste mitigation (Ncube, Mtetwa, et al. 2023);
alliance between companies and customers to foster recycling
and elevate the economic worth of plastic items (Héry and
Malenfer 2020); developing solid data structures to support cir-
cular solutions (Neo et al. 2021), adopting fiscal and legislative
changes, and promoting sustainable business models that pro-
mote plastic goods as amenities as well as promote sharing and
leasing (Sundaram et al. 2023). According to a recent report by
the Asian Development Bank (2020), the following approaches
can facilitate the adoption of in the plastic industry: (i) increase
expenditures in infrastructure and efficient unified solid waste
management systems; (ii) increase the viability of government
legislation, laws, and pledges to a circular plastics economy;
and (iii) increase involvement of stakeholders and commit-
ments throughout the value chain to reduce plastic pollution
and implementCE practices. Despite its potential advantages,
the adoption of CE in the plastic industry is still in its embry-
onic stages in many emerging economies. Research by Khalili
Nasr et al. (2021) indicates that while growing awareness of CE,
practical application and comprehensive frameworks for CSS
are lacking. This underscores the need for empirical studies and
decision-making tools to support the transition to a CE in the
plastic industry.

2.2.3 | CE Practices in the Indian Plastic Industry

The Indian plastic industry is vital to the nation's economy but
encounters significant challenges due to its dependence on the
conventional linear production model. Transitioning to a CE
is essential to address these challenges and foster sustainable
growth. Acknowledging this need, the Indian government has
implemented various policies to promote CE practices. For ex-
ample, the “Plastic Waste Management Rules (2016, amended
in 2021)” focus on extended producer responsibility (EPR), en-
couraging manufacturers to oversee the entire life cycle of their
products.

Additionally, the “Swachh Bharat Abhiyan” (Clean India
Mission) focuses on improving waste management infra-
structure and recycling initiatives nationwide (Ministry of
Environment, Forest and Climate Change 2021). Industry-led
initiatives have also contributed significantly to CE practices.
The Alliance to End Plastic Waste (AEPW), a global coalition,
collaborates with local governments and industries in India
to implement sustainable solutions, particularly in waste
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collection, sorting, and recycling in urban areas (AEPW 2022).
Companies like Ramky Enviro Engineers and Rudra
Environmental Solutions are leading efforts in recycling, with
innovative solutions such as integrated waste management fa-
cilities and pyrolysis technology to convert plastic waste into
fuel (Ramky Enviro Engineers 2022; Rudra Environmental
Solutions 2022). Collaborative efforts between the public and
private sectors have further advanced CE initiatives. The
India Plastics Pact, launched in 2021 by the Confederation of
Indian Industry (CII) and WWF India, focuses on eliminat-
ing problematic plastics, ensuring all packaging is reusable
or recyclable, increasing recycling rates, and incorporating
recycled content in new packaging (Confederation of Indian
Industry (CII) and WWF India 2021).

Several Indian companies are also setting examples in adopting
CE practices. UFlex Ltd., the country’s largest flexible packaging
company, recycles multilayered plastic waste and develops bio-
degradable packaging solutions. Similarly, Reliance Industries
has created a PET recycling ecosystem to produce eco-friendly
products using recycled PET (UFlex Ltd 2021; Reliance
Industries 2021). Nevertheless, factors like low awareness, in-
sufficient infrastructure, and financial limitations obstruct the
widespread implementation of CE practices. Nonetheless, grow-
ing regulatory pressures and increasing consumer awareness
offer significant opportunities. Technology, infrastructure, and
education investments will be key to accelerating the transition
toward a CE.

2.2.4 | Need for Further CE Research in the Context
of Indian Plastic Industry

India is one of the largest producers of plastic waste, generating
approximately 3.4 million tons per year, with only about 30%
being recycled. The low recycling rate underscores the ineffi-
ciency of existing waste management practices and the pressing
need to adopt CE principles. Recent studies emphasize the se-
vere environmental impact of plastic waste in India, including
pollution of land and water bodies, which further supports the
need for innovative solutions like CE. While there is a growing
awareness of CE in India, practical application remains limited,
particularly in the plastic industry. CE practices can signifi-
cantly benefit the Indian plastic industry by reducing environ-
mental impact, creating economic opportunities, and enhancing
social welfare (Ethirajan et al. 2021). Studies by Neo et al. (2021)
and Sundaram et al. (2023) indicate that the Indian plastic sector
lacks the necessary infrastructure and knowledge to support a
shift toward CE. This gap underscores the need for comprehen-
sive frameworks that can guide organizations in implementing
CE practices effectively.

The extant literature on green and sustainable supplier selection
is extensive; however, research specifically focused on CSS in
the Indian plastic industry is scarce. Tushar et al. (2022) noted
that while there are studies on CSS in various industries, the
plastic sector in India has not been adequately explored. This
gap is significant, as supplier selection is crucial for the effective
implementation of CE practices. Despite its benefits, empirical
studies validating CE models in real-world contexts, especially
in emerging economies like India, remain scarce. As Al Qahtani

et al. (2022) noted, the practical viability of CE business models
needs to be demonstrated through case studies and empirical
research. Our study seeks to address these gaps by designing a
customized CSS framework for the Indian plastic industry, of-
fering practical insights and validation.

2.3 | Circular Supplier Selection Process

Collectively, suppliers and manufacturers create the most en-
vironmental impact. The CE compels suppliers to produce raw
materials that are practically restorative, recoverable, and re-
generative while also being environmentally friendly (Kannan,
Mina, et al. 2020). Thus, aCE-based SS increases network ef-
ficiency, minimizes cost, and decreases environmental harm
while conserving natural resources and promoting the circular-
ity of discarded materials (Mina et al. 2021). A handful of re-
search on CSSisavailable in the literature carried out by previous
authors in various industrial domains. For example, Moktadir
et al. (2020) identified challenges in selecting sustainable sup-
pliers in circular supply chains (CSC) and emphasized inte-
grating Industry 4.0 technologies to improve decision-making
in sustainability contexts. Similarly, Xie et al. (2023) proposed
an MCDM framework using entropy and COPRAS methods,
focusing on balancing economic, environmental, and social
criteria to optimize CSS. Moreover, a study by Ncube, Mtetwa,
et al. (2023) emphasized the importance of recent innovations
in SS methods to support resilient CE, noting that criteria such
as technological adaptability and eco-design have become cru-
cial in emerging SC. These recent insights highlight the need for
industry-specific, empirically tested frameworks that address
these new priorities within CSS models, reinforcing the novelty
of this study within the context of the plastics industry.

Table 1 displays a few noteworthy CSS studies. Relevant crite-
ria and appropriate selection methods are essential for effective
SS (Tushar et al. 2022). These two variables are mutually ben-
eficial; ignoring one would lead to an inefficient evaluation. It
is worth mentioning that the business setting significantly im-
pacts the selection of appropriate criteria and the most effective
method. As a result, the two fundamental issues in SS problems
are “Which criteria are to be considered for the effective SS pro-
cess?” and “Which method yields the most effective result in a
CSS process?” Accordingly, the literature review depicted in this
section comprises the following two subsections.

2.3.1 | Criteria Used in the Supplier Selection Process

The majority of CSS criteria may be classified into three cat-
egories: economic, environmental, and social, based on the
triple bottom line (TBL) concept (Yadav et al. 2020). Some
of the frequently used environmental criteria are “environ-
mental management system,” “carbon emissions,” “use of
environmentally-friendly materials,” “pollution control ini-
tiatives,” and “resource consumption.” Economic criteria
that are commonly used in the SS problems are “cost,” “total
transportation and disposal cost,” “recycling cost,” “and fi-
nancial capability.” The most used social criteria include
“creating job opportunities,” “occupational health and safety

s

management system,” “information disclosure,” and “the rights
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manufacturing flexibility, technology, and green
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development capabilities, green image,

industry

distinct, multiple
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production management and resource
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programming”
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in this study

green innovations and products”
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Prosman and
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life cycle

human toxicity, global warming,
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Sacchi (2018)
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assessment
(CLCA)”

eco-toxicity, acidification, ozone

Great

is influenced

layer depletion, eutrophication”

Britain,

by different

Denmark

degrees of

unpredictability

of stakeholders.” However, researchers have incorporated circu-
lar, environmental, social, and economic criteria in their recent
studies. The commonly used circular criteria are “using recycla-
ble materials in packaging products,” “utilizing eco-friendly and
recyclable raw materials,” “design of products to reuse,” “waste
management,” and “reverse logistics.” Furthermore, some of the
criteria utilized in the GSS process may be found in some CSS
research. The most frequently used CSS criteria in recent years
are shown in Table 1.

2.3.2 | Methods and Techniques Used in Supplier
Selection Process

SS is commonly viewed as an MCDM problem that considers
multiple conflicting criteria (tangible and intangible) and ob-
tains alternative preferences. Various SS and assessment ap-
proaches have been developed and effectively applied by many
researchers in recent years: AHP (Mina et al. 2021), FTOPSIS
(Mina et al. 2021), DEMATEL (Ghosh et al. 2023c), FDEMATEL
(Miinch et al. 2022), FBWM (Kannan, Govindan, and Rajendran
2020; Alavi et al. 2021, Khalili Nasr et al. 2021), PROMETHEE
(Tushar et al. 2022), WASPAS (Tushar et al. 2022), and VIKOR
(Kannan, Mina, et al. 2020). Each MCDM approach has advan-
tages and disadvantages.

To take advantage of the benefits of stand-alone MCDM ap-
proaches while avoiding their limitations, researchers have
attempted to combine two or more MCDM techniques into a
hybrid model. These hybrid MCDM methods frequently use
one method to determine the criteria weight and then employ
that estimated weight to rank the alternatives using another
MCDM method. A few commonly used hybrid MCDM methods
include entropy-TOPSIS (Ghosh et al. 2021c), entropy-complex
proportional assessment (COPRAS) (Ghosh et al. 2023b), FAHP-
FTOPSIS (Ghosh et al. 2022a), and FBWM-VIKOR (Kannan,
Mina, et al. 2020).

In addition to combining two MCDM approaches to handle
SS issues, authors started utilizing more than two MCDM ap-
proaches. For example, a combination of FAHP-FTOPSIS- FIS
(Mina et al. 2021), FAHP-PROMETHEE-WASPAS (Tushar
et al. 2022), and entropy-TOPSIS-COPRAS-gray relational anal-
ysis (GRA) (Ghosh et al. 2022b).

Apart from the MCDM methods, various mathematical and
statistical methods are also used for SC problems, such as in-
tegrated MCDM and multivariate analysis (Ray et al. 2021;
Ghosh et al. 2021a, 2021, 2023d), combined robust design-based
MCDM (Ghosh et al. 2022), entropy-multiobjective program-
ming (Feng and Gong 2020), integrated goal programming and
WSM (Muneeb et al. 2023), and mathematical programming
(Wang et al. 2021).

2.4 | Research Gaps

i. Table 1 shows that previous CSS studies were mainly con-
ducted in developed country contexts, particularly Western
ones. There is still a scarcity of CE-related research in
emerging economies such as India.

(o]
o

=
w
o

Business Strategy and the Environment, 2025

85UB017 SUOWIWIOD aA 118810 3ol jdde ay) Aq peuenob ase ool VO '8sN JO o[l 1oy Akeld178UIIUQ AB]1AA UO (SUO N IPUOD-PUR-SWSIALIOD™AB| 1M Afe.d 1 |Bul [Uo//Scy) SUORPUOD pue sWwie 1 8y} 88S *[5202/c0/92] Uo Akeiqiauliuo AB|IM * 1eJ0108d OS-STH - Nounoiy YD BINCeN AQ £G2'850/Z00T 0T/I0p/W0D" A3 (1M Alelq 1 jeul|uo//Sdny Woj papeojumod ‘0 ‘9580660T



ii. A handful of research on CSS has been conducted in
various industrial contexts such as the cement indus-
try (Prosman and Sacchi 2018), the automobile industry
(Feng and Gong 2020; Miinch et al. 2022), construction
industry (Tushar et al. 2022), and petrochemical indus-
try (Alavi et al. 2021; Mina et al. 2021). While plastic
industry has a major contribution to the global waste
generation and CE adoption is gaining traction in the
plastic sector in recent times, unfortunately, no research
attempt has been made to select circular supplier in the
plastic industry till date.

iii. Recent research has continued emphasizing CSS practices,
particularly in industries with complex SC. For instance,
Tuuri et al. (2023) highlight the ongoing complexities of
managing hazardous waste and toxic substance usage in
recycling processes, which impedes circularity efforts.
Similarly, Ncube, Cunningham, and Horbach (2023) inves-
tigate how toxic additives in plastic production complicate
recycling, reinforcing the need for criteria that consider
environmental and human health impacts in supplier se-
lection models. These studies emphasize a critical gap:
Although frameworks for CSS exist, there is hardly any
study applying them within the plastics industry or exam-
ining their specific impact on achieving a zero-waste econ-
omy in emerging markets. This research employs COCOSO
method as a robust ranking mechanism to select the most
suitable supplier within the plastic industry. This approach
fills the gap in existing CSS frameworks by enhancing ac-
curacy and applicability in real-world decision-making.

iv. Previous studies used a wide variety of selection criteria,
most of which are qualitative in nature. The application of
quantitative criteria in SS problems is very rare. Previous
authors seldom consider multiple dimensions when eval-
uating suppliers. Not many CSS studies concurrently con-
sider environmental, social, and economic factors while
choosing criteria. To this end, this study integrates expert
validation (Delphi method) to refine the set of evaluation
criteria. This structured approach ensures rigor in address-
ing the problem.

v. Many criteria examined in earlier research primarily per-
tain to productivity, profitability, and life cycle-oriented
perspectives. While these criteria, such as “procurement
cost,” “resource efficiency,” “energy consumption,” “eco-
design,” “material recovery,” and “transportation cost,”

offer utility, they fall short of comprehensively assessing
the CE performance of suppliers. This limitation arises
from their predominant focus on tangible factors, neglect-
ing significant intangible aspects like “CSR activities,”
“employee wellbeing,” “generation of hazardous waste,”
and “consumption of toxic substances,” which indirectly
impact CE performance. Furthermore, incorporating so-
cial criteria—such as workplace safety and employee well-
being—into CE frameworks, is particularly relevant in
high-risk production sectors like plastics. These insights
have informed our inclusion of social criteria in this study,
specifically “reduction in workplace hazards through em-
ployee wellbeing activities.”

” « 2

vi. Additionally, it has been discovered that most current
MCDM-based SS models use subjective weights that do

not accurately reflect real-world circumstances. To ad-
dress this gap, this study employs an integrated entropy-
COCOSO methodology. The entropy method ensures an
objective evaluation of supplier selection criteria by min-
imizing subjectivity.

vii. As most of the CE business models presented in earlier re-
search have not been verified or proven through real-world
applications, their relevance to the plastic industry will be
called into doubt. Thus, developing and applying an em-
pirical model for CSS in the plastic industry to intensify its
practical viability is the need of the hour.

Given the lack of established CSS frameworks in the plastic
industry, this study adopts a structured multiphase methodol-
ogy. The Delphi study refines the evaluation criteria, mitigating
subjectivity in supplier selection. The entropy method assigns
objective weights to criteria, ensuring unbiased prioritization.
Finally, the COCOSO method ranks suppliers based on a com-
prehensive evaluation of environmental, economic, and social
dimensions, bridging the gaps in prior research.

3 | Research Design

Thisstudy utilized a case study-based approach to meet its research
objectives. The methodological framework follows a three-phase
design, namely, the preparation phase, the weight determination
phase, and the evaluation phase, as depicted in Figure 1.

In the first phase of this three-phase approach, all the critical
CSS criteria were identified through an extensive literature
survey. Subsequently, distinguished experts from the case orga-
nization and related fields were invited, and an expert commit-
tee was formed based on their willingness to participate in the
evaluation process. The expert committee was approached to
review and finalize the previously short-listed criteria through
a literature survey. Furthermore, a Delphi study was carried out
to adjust (add or omit) and refine the ultimate list of selection cri-
teria. Subsequently, a questionnaire was created, and essential
data and information were gathered through expert interviews
for this study. In the next phase, the entropy method was applied
to determine the criteria weights, which the expert committee
subsequently validated. The final and third phases included
using the COCOSO method to rank suppliers based on their per-
formance scores. Next, a sensitivity analysis was performed to
validate the robustness of the results derived from the integrated
entropy-COCOSO method, culminating in identifying the opti-
mal supplier.

This study adopted an MCDM technique called the entropy
method to determine the criteria weights. Various MCDM ap-
proaches can be found in the literature to weigh the criteria,
such as AHP, DEMATEL, and BWM (Ghosh et al. 2023c; Giri
et al. 2022). Out of these methods, AHP is the most commonly
used and convenient tool for weighting the criteria due to its
ease of use and scope of consistency checking. The significant
shortcomings of AHP include its subjectivity and reliance on
experts’ perceptions to be translated into numerical ratings, as
well as the additional effort and time required for a more signifi-
cant number of pairwise comparisons, even for a small problem.
However, the entropy method offers a quantitative appraisal
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| Determine the case organization and its suppliers ‘

| Invite and select experts from relevant fields ‘
!
__,| Identify the criteria for circular supplier selection
: using literature review
| 7
| Carry out interviews with experts and perform
Delphi study to refine the list of criteria

Do the criteria
reach threshold

No

Preparation phase

| Modify and finalize the list of evaluation criteria ‘
! i

| Develop a questionnaire and collect relevant data ‘

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Construct an initial data matrix with criteria values
for each alternatives

!
Calculate the criteria weights using Entropy
method

Approve criteria
weights?

Weight determination phase

Calculate the final rank of suppliers using
COCOSO method
!
Validate the result using sensitivity analysis and
select the optimal circular supplier

Evaluation phase

FIGURE1 | Proposed research framework.

of criteria weight by utilizing the amount of information pro-
vided by various criteria. Thus, it minimizes subjective bias
and provides higher accuracy than AHP. The entropy method
does not consider the decision-maker's (DM's) preferences and
may be used to assess the uncertainty of variables and how the
controlling factors impact the outcome. Entropy is fundamen-
tally a measure of the information content related to the data
variability that a singular event can provide. A higher entropy
value for a specific criterion indicates lower discrimination in
the decision-making process.

Unlike AHP, which relies on expert judgments that can intro-
duce subjectivity, the entropy method uses the inherent vari-
ability in the data to determine the weights. This approach
ensures higher accuracy and objectivity, particularly import-
ant for complex decision-making problems involving multiple
criteria.

On the other hand, the COCOSO method (Dwivedi and
Sharma 2022b) was employed in this research to prioritize the
suppliers. Previous authors developed and applied numerous

MCDM methods to rank the alternatives. Among those, TOPSIS
(Menon and Ravi 2022), COPRAS (Ghosh et al. 2023b), VIKOR
(Kannan, Mina, et al. 2020), GRA (Ghosh et al. 2022b),
ELECTRE (Zhong and Yao 2017), and PROMETHEE (Tushar
et al. 2022) are popular. However, when used for MCDM prob-
lems, these algorithms may produce significantly different
rankings due to variations in the criteria weight distributions.
In other words, these approaches cannot deliver reliable and sta-
ble outcomes. To overcome this problem, applying the COCOSO
method can be beneficial. The COCOSO method was initially
developed by Yazdani et al. (2019). It buckles the principles of
methods such as “simple additive weighting (SAW)” (Afshari
et al. 2010), “weighted aggregated sum product assessment
(WASPAS)” (Zavadskas et al. 2012), and “multiplicative expo-
nential weighting (MEW)” (Zanakis et al. 1998), incorporating
aggregation strategies. Despite this, it yields credible outcomes
when compared to these methods. This integration enhances
the robustness and reliability of alternative rankings by lever-
aging the strengths of the individual methods. DM can obtain
a “multi-faceted compromise solution” through this method,
aligning with solutions generated by other MCDM approaches.
The optimal solution obtained through the COCOSO method
remains robust against changes in criteria importance or the
inclusion/exclusion of alternatives, highlighting its reliabil-
ity and ensuring stable, accurate decision-making outcomes.
Additionally, COCOSO demonstrated superior performance in
generating consistent and stable results across various applica-
tions, making it well suited for our study's objective of identify-
ing the optimal supplier forCE practices in the plastic industry.

In the literature, the combined entropy-COCOSO method was
used in a few studies for different purposes such as “evaluation
of anti-tank guided missiles” (Erdal et al. 2023), “selection of
the most appropriate engineering sustainability components”
(Dwivedi and Sharma 2022a), and “analyze the performance of
SDGs” (Dwivedi and Sharma 2022b). However, the use of the
integrated entropy-COCOSO technique in CSS is rare. Thus,
this study sought to integrate these two MCDM approaches and
apply them to solve a real-world CSS problem.

The various methodological procedures and steps of entropy and
COCOSO methods are described below.

3.1 | Steps of the Entropy Method

Step 1: In this step, an initial data matrix (B) was constructed,
which consisted of a alternatives and c criteria (Equation 1).
Each element (by) in the matrix implies the measure of perfor-
mance of i alternative corresponds to j™ criterion.

b11 blc
(A<i<al<j<o (1)

Step 2: Equation (2) was used to convert matrix (B) into a nor-
malized matrix (D) as shown below.

D=[d)]| =———
Ylaxe Zi:l by (2)
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where b;; expresses j™ criterion's normalized value corresponds
to i’ alternative.

Step 3: Equation (3) was used to determine the j* criterion's en-
tropy (s))-

a
5= —f d;.log,d, ©)
i=1

f is a constant term known as the “entropy constant,” which is

1
equal to oga)

Step 4: Equation (4) was used to compute the “degree of diversi-
fication” () of the j™ criterion.

L=1-s @

Step 5: Equation (5) was used to calculate the “entropy weight”
of the j" criterion (g).

[ 1-—s;
g=c=cr— )

2;:1 lj Zj:l (1 - Sj)

where -, ;=1

3.2 | Steps of the COCOSO Method

Step 1: An initial data matrix (B) was developed as shown in
Equation (1). However, this matrix remains the same as that of
the entropy method.

B= [bij] axc

Step 2: Equations (6) and (7) were used to convert matrix (B) into
a normalized matrix (R) as shown below:

R= [rij]axc
b.. — min(b..
= Y mln( U) for benefit criteria 6)
max(b;) — min(b;)
= " ( U) Y for cost criteria @)

B max(b;) — min(by)

Step 3: Equations (8) and (9) were used to compute the “sum of
weighted comparability matrix (T;)” and “power of weighted
comparability matrix (E;)” for each alternative, respectively.

T, = Z qry ®

E; = Z(rij)qj ©

Step 4: Equations (10), (11), and (12) were used to calculate the
aggregation of appraisal ratings K;,, K;;, and K,,, respectively.

a’

K, = IIE’;T‘ (10)
Zi:l (Ei + Ti)
K= —1 b (1)
min(T;)  min(E;)
' A(T) + 0 - P)(E) a2

 [B.max(T,) + (1 - p). max(E;)|
where
(0 < p < 1) and the cutoff value of {3 is usually taken as 0.50.

K, is the “arithmetic mean” of aggregates of “WPM” and “WSM”
ratings.

K;;, is the “sum of relative ratings” of “WSM” and “WPM” when
compared to the best.

K;.is the “balanced compromise” of “WSM” and “WPM” ratings.
Step 5: Equation (13) was used to determine the relative perfor-

mance score (K;) and rank the alternatives in the “decreasing
order” of K.

Wi

K; = [(Kiu XK xK;)* + = (Kig + Kijp + Ki.)] @3)

W=

4 | An Empirical Case Study

Because India is in the early stages of adopting CE practices in
its plastic sector, the accuracy of the proposed CSS framework is
demonstrated through a case study in the Indian plastic indus-
try. The following subsections illustrate the case study.

4.1 | Timeframe Chosen for the Case Study

The timeframe for our study spans from 2017 to 2023. This
period was chosen for several reasons. Firstly, the concept of
CE has gained considerable attention in recent years. The pe-
riod from 2017 onward marks a critical phase during which
CE principles began to be widely recognized and adopted in
various industries, including the plastic industry. Secondly, the
chosen timeframe guarantees the inclusion of the most recent
and pertinent research, capturing the latest developments, in-
novations, and challenges in implementing CE practices. This
helps to capture current trends and provides a contemporary
understanding of the topic. Most importantly, significant pol-
icy changes and initiatives promoting CE have been introduced
globally and in India during this period. For example, the
amendment of the “Plastic Waste Management Rules” in India
and the launch of the India Plastics Pact occurred within this
period, making it highly relevant to our study.
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4.2 | Selection of the Case Organization
and Problem Statement

The CSS framework proposed in this research was implemented
on “Company XYZ,” a distinguished plastic manufacturing firm
with a 37-year business tenure. As one of the leading plastic com-
panies in India, Company XYZ is recognized for producing ro-
bust and durable products that enjoy widespread popularity in
the domestic market. The firm continually exploits its brand by
expanding its distribution network and releasing new items, in-
creasing its financial gains. Beyond financial performance, the
company is dedicated to achieving sustainable performance by
embracing various environmentally friendly and socially viable
practices in its latest initiatives. Table 2 shows details of the case
organization.

In producing plastic components, a substantial volume of
waste is generated, leading to environmental pollution and
a depletion of natural resources. On the contrary, according
to government legislation and the country's law, recovering,
reusing, and recycling manufacturing waste are vital from
the sustainability viewpoint. Currently, there is no recycling
facility in the manufacturing units of Company XYZ to re-
tain the value from recovered waste components. However,
the company remains unable to balance financial profits and
ecological footprints. There has recently been a drive among
strategic managerial levels to implement CE practices in their
SC operations and shift toward the CE systematically. Apart
from these, the company also conducts regular supplier en-
gagement and environmental audit programs. The company
is seeking suppliers/vendors to supply raw materials and sub-
assemblies for a new component designed by its R&D engi-
neers. Therefore, a CE-focused SS is the best answer for its
requirements. Four suppliers with a prior affiliation with the
company are considered potential alternatives. All of these
suppliers possess the capability to manufacture the required
components. Consequently, the executives of Company XYZ
have consented to participate in this research.

TABLE 2 | Business profile of the case organization.

4.3 | Formation of Experts’ Committee
and Demographic Profile

Experts were selected based on their specialized knowledge,
organizational hierarchy level, and years of professional expe-
rience. Careful consideration was given to ensuring that the cho-
sen experts were familiar with the basic concept of CE and had
prior involvement with CE activities in their corporate roles, ac-
ademic/research pursuits, or administrative duties. Initially, 18
management professionals spanning the company's strategic,
tactical, and operational levels were invited, and 12 experts ex-
pressed eagerness to participate in the research. Additionally,
four emeritus professionals from diverse industrial domains,
four distinguished educators from reputable technology uni-
versities/colleges, and five high-ranking government officials
(both state and central) were approached, all of whom agreed to
contribute. As a result,a DM committee consisting of 25 experts
was established. Each expert held a diploma-level qualification
and had at least 10years of combined industry and academic
experience, ensuring they possessed the necessary expertise for
the research. The experts were engaged through telephone con-
versations, site visits, and emails. They were asked to provide
their demographic information, as presented in Table 3.

The sample size for our study was determined based on several
considerations, including the nature of the research, the meth-
odologies employed, and precedents set by similar studies in
the field. The sample size of 25 experts ensures a diverse and
representative group, incorporating various perspectives from
different levels of the organization (strategic, tactical, and oper-
ational) and external experts from academia and government.
This diversity helps capture a comprehensive view of the crite-
ria relevant to CSS in the plastic industry. A sample size of 25
experts was considered adequate for this study, given its explor-
atory nature and reliance on expert judgment within the con-
text of MCDM frameworks and Delphi studies, where smaller
but well-qualified expert panels are typical and often recom-
mended. Studies indicate that expert panels ranging from 10

Size of the business

Industrial segment

Origin

Number of employees

Operating revenue for the financial year 2023

Types of products manufactured

Large scale
Manufacturing
North-eastern India
3500
INR 150 cr. to 430 cr.

Engineering molded furniture, material
handling crates, travel luggage accessories,
dining tables and chairs, PVC pipes and fittings,
plastic sheets, and disposable containers

No. of manufacturing facilities 10
No. of retail outlets 500
Market share Organized market 15%
Unorganized market >50%
Certifications 1S014001; ISO 9001
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Experience
(years)

Gender

Qualification

Designation/job roles

Affiliation/levels

(Continued)

Particulars

TABLE 3

Post Doc. 29

Chief scientist of central
chemical research institute

“Council of scientific and industrial

Public sector officials and government

employees

research (Govt. of India)”

11

M.Tech.

Assistant executive engineer

A public sector undertaking company

24

M.Com.

Joint economic advisor

“The ministry of micro, small, and
medium enterprises (Govt. of India)”

19

B.Tech.

Industrial development officer

Public service commission

(Govt. of West Bengal)

18

M.Sc.

Executive director (Operations)

“Central board of pollution control
(the ministry of environment, forest,

and climate change, Govt. of India)”

to 30 participants are generally adequate when experts possess
specialized knowledge, and the aim is to capture a well-rounded,
in-depth perspective on complex issues (Hasson et al. 2000;
Okoli and Pawlowski 2004). The Delphi method, employed to
refine and validate the criteria for CSS, relies on iterative feed-
back from a panel of experts. A sample size of 25 is adequate
to facilitate multiple rounds of surveys and achieve consensus
while also allowing for a manageable data collection and anal-
ysis process. Studies by Linstone and Turoff (2002) suggest that
the Delphi method's effectiveness is more influenced by the ex-
pertise and engagement of the participants rather than the sheer
size of the panel. By carefully selecting experts with substantial
experience and knowledge in CE and the plastic industry, we
ensured the quality and reliability of the feedback. Additionally,
for MCDM studies, the effectiveness of decision-making and
criteria validation does not necessarily increase with a larger
sample size as long as the panel includes experts with high do-
main relevance and experience (Hsu and Sandford 2007).

Similar studies in supplier selection and CE have employed
comparable sample sizes. For instance, studies by Govindan
et al. (2020) and Kannan, Govindan, and Rajendran (2020)
employed similar sample sizes to assess expert perspectives on
sustainability criteria within supplier selection contexts. These
studies demonstrate that in-depth insights from a selected panel
of knowledgeable experts can be sufficient to establish robust de-
cision frameworks, particularly when applying structured meth-
odologies like the Delphi approach. Khalili Nasr et al. (2021)
used a sample of 20 experts in their Delphi study on sustainable
supplier selection. Alavi et al. (2021) also utilized a panel of 22
experts to research supplier selection in the petrochemical indus-
try. These studies support the adequacy of our sample size. Ghosh
et al. (2022d) conducted a study on green supplier selection using
a sample size of 18 experts, demonstrating that our sample size of
25 is consistent with established practices in the literature. By se-
lecting a sample size of 25 experts, we ensured a balance between
diversity and manageability, enabling us to gather comprehen-
sive and high-quality data for our study. This sample size is sup-
ported by the methodological requirements of the Delphi method
and aligns with precedents set by similar research in the field.

4.4 | Identification and Validation
of the Evaluation Criteria

4.4.1 | Initial Screening of Criteria

The assessment criteria for CSS were determined through a
comprehensive literature review. The inclusion criteria are as
follows:

i. Date of publication: Articles published between 2017 and
2023 were included to ensure the study is grounded in the
most recent and relevant research.

ii. Relevance to CE: Studies that explicitly address CE concepts,
frameworks, and practices, particularly in the context of the
plastic industry, were considered. A comprehensive search
of scholarly articles from reputable international journals
was conducted, utilizing keywords such as “circular econ-

omy,” “circular economy performance evaluation,” and “cir-
cular supplier selection,” along with “plastic industry.”
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iii. Focus on SS: Research that discusses SS, MCDM meth-
ods, and sustainability criteria in the context of CE was
considered. Furthermore, an in-depth review of various
contemporary topics such as “closed-loop supply chain,”
“reverse logistics,” “green supply chain management,” and
“sustainable supply chain management” was undertaken,
given the overlapping principles of these concepts with CE.

iv. Geographical relevance: Articles that focus on emerging
economies, particularly India, were considered to provide
context-specific insights and relevance.

v. Peer-reviewed sources: Only peer-reviewed journal articles
and reputable industry reports were considered to ensure
the reliability and validity of the included research. The
following web platforms were browsed for the extraction of
relevant articles: IEEE Xplore (https://ieeexplore.ieee.org/
Xplore/home.jsp), Wiley Online Library (https://onlinelibr
arywiley.com/), Springer (https://link.springer.com/),
Taylor & Francis Online (https://www.tandfonline.com/),
Emerald Insight (https://www.emerald.com/insight/), and
Elsevier (https://www.elsevier.com/en-in). Searches were
conducted on Google Scholar (https://scholar.google.com/)
and ResearchGate (https://www.researchgate.net/) to sup-
plement the initial findings.

On the other hand, the exclusion criteria are as follows:

i. Non-English publications: Articles not published in
English were excluded to avoid translation biases and en-
sure clarity in understanding the research context.

ii. Irrelevant topics: Studies that do not focus on CE, SS, or the
plastic industry were excluded to maintain the focus and
relevance of the literature review.

iii. Duplicate studies: Articles that were redundant or did not
add new insights beyond what was already included were
excluded to avoid repetition.

iv. Gray literature: Unpublished reports, working papers, and
non-peer-reviewed sources were excluded to ensure the
credibility and academic rigor of the literature.

Applying these inclusion and exclusion criteria ensured a com-
prehensive and focused review of the most relevant and recent lit-
erature, providing a rigid base for our study. Considering all these
sources, a total of 76 scholarly articles, chosen after screening
over 150 publications, were considered, encompassing the most
recent and highly cited works in the aforementioned areas. After
going through these papers, 10 critical evaluation criteria were
determined. Because there has been no study into developing an
appropriate set of qualitative criteria for CSS, the proposed crite-
ria in this research were derived from the notion of two or more
similar qualitative criteria and verified by the experts afterward.

4.4.2 | Refinement and Finalization of Criteria Using a
Delphi Study

After the evaluation criteria were screened, they were presented
to the DM committee, and the Delphi method was used to refine
and finalize them based on their relevance and importance for
implementing CE practices in the plastic industry. The Delphi

process was conducted through three evaluation sessions using
Google Forms. After each round, the experts received a detailed
summary of the collective results and feedback from anony-
mous experts.

The inaugural phase of the Delphi study commenced with a
brief survey on the concept of the CE approach to establish a
uniform perspective among experts from the outset of the re-
search. Subsequently, the experts were briefed on the progres-
sion of CE knowledge within the research framework through
an accessible and interactive documentary. It was crucial to
have this level of understanding of the subject to respond more
accurately, avoid misinterpretation, and draw rational conclu-
sions. The experts were requested to assess the applicability of
the chosen criteria in the second session by only marking “Yes”
as relevant and “No” as irrelevant. Furthermore, based on their
expertise and experience, experts were asked to propose any ad-
ditional criteria pertinent to CSS. Following that, two experts
proposed three more criteria: “total emissions from logistics
operations,” “increase in scrap recycling rate,” and “total con-
sumption of toxic substances.”

At the end of the second Delphi session, 13 criteria were retained
for the final session. In the last stage, experts were asked to assess
the individual importance of each criterion of the CE-based sup-
plier evaluation problem. To gather their input, a set of structured
questionnaires was designed and distributed to the experts for
their individual responses. The questionnaire included provisions
for assigning numeric ratings to each of the 13 criteria based on
a “5-point Likert-type” scale. On this scale, a rating of 5 indicates
that the criterion is extremely important, whereas a rating of 1
suggests that the criterion is not important at all. The remaining
values (2, 3, and 4) denote intermediate levels of importance.

Subsequently, the responses from individual experts were col-
lected, compiled in a Microsoft Excel datasheet, and synthe-
sized using MINITAB software. Descriptive statistics analysis,
including parameters such as “mean,” “median,” and “standard
deviation (SD),” was conducted in MINITAB. Following the
guideline, Ghosh et al. (2023c) mentioned that “the threshold
of mean and median should not be less than 4 to get approved
by the Delphi study,” criteria with mean and median values ex-
ceeding 4 were approved, but others were rejected. The descrip-
tive analysis for the Delphi study is presented in Table 4. Out of
the 13 criteria, five failed to surpass the threshold limit for both
mean and median and were consequently rejected. Therefore,
eight criteria were ultimately accepted as evaluation criteria.

After multiple adjustments and discussions with the DM com-
mittee experts, the final set of criteria was determined. Table 5
displays the final criteria, including their notations, sources,
units, type, dimensions, and relevance to CE adoption in the
plastic industry.

4.5 | Framing of Instrument and Data Curation

In this study, a set of structured questionnaires was utilized to
gather essential data and information. The questionnaire com-
prised three parts with standardized questions and fixed objec-
tives. The first part focused on obtaining preliminary details of
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https://ieeexplore.ieee.org/Xplore/home.jsp
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TABLE 4 | Descriptive analysis for the Delphi study.

No. Criteria Mean Median SD Accepted/rejected?

Initial criteria (extracted from the literature review)

1 “Investment in corporate social responsibility activities” 4.6000 5 0.547720 Accepted

2 “Reduction in workplace accidents and risks 4.2000 5 1.207120 Accepted

by adopting employee wellbeing activities”

3 “Reduction in hazardous waste generation” 4.1428 4 1.715170 Accepted

4 “Investment in research and development” 3.6666 5 1.799470 Rejected

5 “Percentage reduction in electricity consumption” 4.5333 5 0.743223 Accepted

6 “Returns from sale of recycled waste products” 4.2666 5 0.883715 Accepted

7 “Waste water treatment capacity” 2.6000 3 0.54772 Rejected

8 “Total raw material consumption” 4.0714 4 0.813250 Accepted

9 “Increase in cost for purchasing 3.4000 3 1.055600 Rejected
environment-friendly material”

10 “Investment in research and development” 3.3333 3 1.234430 Rejected

Additional criteria incorporated (derived from experts' recommendations)

1 “Total emissions from logistics operations” 4.1333 4 0.990430 Accepted

2 “Increase in scrap recycling rate” 3.8000 4 0.836666 Rejected

3 “Total consumption of toxic substances” 4.0666 4 0.798809 Accepted

the experts, including designations, job roles, fields of expertise,
years of experience, and other basic information. The second sec-
tion addressed questions related to the research scope, whereas
the final part covered various topics, including constraints to CE
practice implementation, suggestions, improvement measures,
and strategies. To guide the experts, the questionnaire provided
concise explanations for each criterion and its relevance to the
CSS process.

Before data collection began, the questionnaire was pilot-tested
with members of the DM committee and five supply chain man-
agement (SCM) professionals from a reputable multinational
company (MNC) who were not part of the DM committee to
identify potential areas for improvement. The questionnaire was
revised three times based on expert feedback to ensure content
validity and minimize bias. The printed and electronic versions
of the questionnaire were distributed to each DM committee
member. Before data collection, the research objectives were ex-
plained to the management representatives of the case organi-
zation, along with an outline of how the collected data would be
used. To reduce expert bias in the data collection process, indi-
vidual face-to-face interviews were scheduled with each of the 12
experts from the case organization. The responses from these ex-
perts were compiled, and secondary data were also gathered from
corporate websites, annual reports, and historical databases.

4.6 | Application of Integrated Entropy-COCOSO
Methodology

Upon gathering the necessary data, analysis and methodologi-
cal calculations were conducted using Microsoft Excel. Table 6

presents a data matrix outlining the criterion values for each
alternative. The data matrix was developed by compiling per-
formance data for each criterion across the four suppliers consid-
ered in the study. This matrix forms the basis for implementing
the entropy-COCOSO methodology to assess each supplier's en-
gagement in CE practices.

Each entry in the matrix represents the value of a specific cri-
terion for a given supplier based on quantitative data gathered
through expert interviews and the company's historical da-
tabase/records. For example, consider the value 35.36 under
“Supplier B” for the criterion “Investment in corporate social re-
sponsibility activities” (C1). This value represents the monetary
investment (in Lakhs INR per year) Supplier B allocates to CSR
initiatives related to environmental protection, job creation, and
community welfare. This information was obtained through the
following process:

Firstly, data were gathered from Supplier B's CSR reports, cor-
porate websites, and financial disclosures. Additionally, input
from Supplier B's representatives was solicited through struc-
tured questionnaires and follow-up interviews, which helped
confirm the reported CSR investments and verified that these
figures were relevant to CE-related activities. Secondly, because
the reported CSR investments might vary in format or currency,
all monetary data were standardized to Lakhs INR per year to
ensure uniformity across all suppliers. Finally, the gathered
value was validated by cross-referencing it with external data
sources, including industry benchmarks for CSR spending in
similar organizations within the plastics sector. This value,
therefore, captures a precise, validated measure of Supplier
B's commitment to CSR, reflecting their level of investment
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in sustainability-oriented activities that align with CE goals.
Similarly, the remaining values were obtained. After creating
the initial data matrix, the integrated entropy-COCOSO ap-
proach was applied for further analysis.

4.6.1 | Calculating Relative Weights of Criteria Using
Entropy Method

In this step, the entropy method was employed to compute the
objective weights of the criteria. Initially, a data matrix with
four alternatives (suppliers) and eight criteria was created, as
illustrated in Table 6. Subsequently, the data matrix was nor-
malized using Equation (2) and is presented in Table S1 (refer
to Annexure A). After that, for entropy (s;) and degree of diver-
sification (I, the entropy weights of each criterion were com-
puted using Equations (3) and (4), respectively, and are detailed
in Table S2 (see Annexure A). Then, the entropy weights of the
criteria were computed using Equation (5), as shown in Table 7.

Based on the objective weights obtained from the en-
tropy method, the criteria are ranked as follows:
C8>C2>C4>Cl>C5> C6>C3> (7. Figure 2 shows the
weight distribution among the evaluation criteria through a
radar chart. Therefore, C8 can be entitled as the most influential
criterion for CSS.

4.6.2 | Calculating Performance Scores and Ranking
the Alternatives Using the COCOSO Method

In this step, the COCOSO method was employed to calculate the
performance scores of supplier organizations and rank them ac-
cordingly. The initial data matrix (B) remains the same as that
of the entropy method, that is, Table 6. Subsequently, the data
matrix was normalized using Equations (6) and (7) and is pre-
sented in Table S3 (refer to Annexure A). Thereafter, the “sum
of weighted comparability matrix (T;)” and “power of weighted
comparability matrix (E;)” for each alternative were calculated
using Equations (8) and (9), respectively, and shown in Tables S4
and S5, respectively (see Annexure A). Then, the aggregation

TABLE 6 | Initial data matrix (B).

of appraisal ratings (Kj,, Ky, and K;,) were calculated using
Equations (10), (11), and (12), respectively. The alternatives were
ranked based on K}, K;;, and K, values separately and shown in
Table 8. Finally, the relative performance score (K;) of each al-
ternative was calculated using Equation (13), and final ranking
of the alternatives was done based on the descending order of K;

values as shown in Table 8.

Table 8 shows that supplier organizations were ranked on
K., K, K., and K; values individually, and in all the cases, re-
sults yield the same ranking: Supplier A > Supplier C > Supplier
B> Supplier D. Figure 3 compares the rankings of supplier or-
ganizations across different cases, with Supplier A consistently

achieving the top position.

4.7 | Sensitivity Analysis

A sensitivity analysis was performed to evaluate the robustness
of the results, examining how small changes in input param-
eters affect the output variable in a given scenario. In this re-
search, the sensitivity model proposed by Ghosh et al. (2023b)

C1

0.25

cs8 22 c2

0.15

Cc7 0 c3

C6 c4

c5

FIGURE 2 | Radar chart of criteria weights.

Criteria

Alternatives C1 C2 C3 Cc4 C5 Cé Cc7 C8

Supplier A 27.75 17.86 1074 25.00 21.60 50,491 19,968 1550

Supplier B 35.36 14.30 977 16.34 28.87 68,377 22,998 1336

Supplier C 18.60 23.90 1248 13.39 35.50 48,966 20,600 1421

Supplier D 22.75 32.23 879 21.89 19.53 85,096 17,865 2789
TABLE7 | Entropy weights of criteria (g;).

Criteria C1 C2 C3 C4 (6] Cé C7 C8

Weights (Wj) 0.12774 0.21059 0.03804 0.12908 0.12748 0.12041 0.01825 0.22841

Ranking 4 2 7 3 5 6 8 1
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TABLE 8 | Ranking of the supplier organizations.

Rank based on K, Rank based on Kj;, Rank based on K;, Rank based on K;
Suppliers K;, value Rank K;, value Rank K; value Rank K; value Rank
Supplier A 0.32087 1 3.616206 1 0.996967 1 2.694435 1
Supplier B 0.249341 3 2.974881 3 0.774724 3 2.16437 3
Supplier C 0.261809 2 3.293358 2 0.813461 2 2.344701 2
Supplier D 0.16798 4 2 4 0.521927 4 1.45635 4
4

3.5

3
25
1 B
0.
, Hum

N

(%]

[y

(%]

Rank based on Ka

Rank based on Kb

m Supplier A m Supplier B m Supplier C

Rank based on Kc Rank based on K

Supplier D

FIGURE3 | Comparison in the ranking of alternatives.

was adopted. The following governing equations were utilized
to formulate a selection index (SI;) for each supplier organization
(alternative) in this model.

SI, = a X SEM, + (1 — a) X OFM, (14)

-1
OFM, = [OFCMix y" OFCM;l] (15)
i=1

In Equation (14), SI; is the output variable, and SFM;, a, and
OFM,; are input variables.

SFM, refers to the “subjective factor measure” of the i’" alterna-
tive, derived from the relative performance scores (K;) of alterna-
tives, as shown in Table 8.

OFM,; denotes the “objective factor measure” of the i’ alternative,
representing the contribution margin of various alternatives. In
Equation (14), @ (0 < a« < 1) represents the DM's attitude, reflect-
ing their preference for a specific criterion (j* criterion). The
DM's perspective is crucial in selecting the optimal alternative.
However, existing sensitivity models often neglect the DM's pref-
erences regarding evaluation criteria. This research integrated the

DM’s attitude to the sensitivity model. In Equation (15), OFCM,;
represents the “objective factor contribution margin” of the i® al-
ternative, calculated based on the performance measure (xij) of
i"" alternative for the j™ criterion. Thus, SEM values remain un-
changed, and « and OFM values vary when the DM's preference
for a criterion is adjusted. The alternative with the higher SI value
is preferred and selected as the optimal alternative. The sensitivity
model proposed in this study predicts the change in SI value re-
sulting from any alteration in the « value. Figure 4 shows the selec-
tion priority of supplier organizations to variations in the « value,
highlighting the most influential criterion (C8) the DM perceives.

Figure 4 illustrates that within the a range of 0 to approxi-
mately 0.09, the ranking order is Supplier B> Supplier
C> Supplier A>Supplier D. A break-even point occurs at
a = 0.09, where the selection priority is Supplier B=Supplier
C=Supplier A>Supplier D, indicating any of these three
suppliers can be chosen over Supplier D. For a values be-
tween 0.09 to 1.00, the ranking shifts to Supplier A > Supplier
C> Supplier B> Supplier D. Excluding the break-even point
as a approaches 1, the ranking aligns exactly with the results
from the integrated entropy-COCOSO methodology. This af-
firms that the sensitivity analysis's outcome maintained the
results’ robustness.
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FIGURE4 | Sensitivity plot.

5 | Discussion on Findings

This study shows some resemblances with a few of the recent
research, such as Mina et al. (2021), Tushar et al. (2022), and
Feng and Gong (2020), in which the authors assessed and se-
lected circular suppliers in different contexts. The scarcity of ef-
fective, unified, and objective CE performance indicators within
CSS decisions has emerged above all in the existing knowledge
base. The proposed framework, consisting of eight influential
criteria and three prime dimensions of sustainability (environ-
mental, social, and economic), can aid in selecting appropriate
suppliers from a CE viewpoint. The proposed framework was
then applied to an Indian plastic manufacturing company, with
input from 25 reputed professionals aided by the integrated
entropy-COCOSO methodology, to evaluate and rank four po-
tential suppliers regarding their degree of involvement in CE
practice implementation.

The empirical findings of this research are presented in Table 8.

Table 7 shows that the top two evaluation criteria that gained
relatively higher weights than others include “total consump-
tion of toxic substances (C8)” with a weight of 0.22841 and
“reduction in workplace hazards through employee wellbeing
activities (C2)” with a weight of 0.21059. Other four criteria,
namely, “percentage reduction in electricity consumption
(C4),” “investment in corporate social responsibility activi-
ties (C1),” “returns from the sale of recycled waste products
(C5),” and “total raw material consumption (C6)” secured 3rd,
4th, 5th, and 6th positions with relative weights of 0.12908,
0.12774, 0.12748, and 0.12041, respectively. The remaining
two criteria, namely, “reduction in hazardous waste genera-
tion (C3)” and “total emissions from logistics operations (C7),”

held the last two positions (i.e., 7th and 8th) in the ranking
with weights of 0.03804 and 0.01825, respectively. C8 was
the most influential criterion among these eight criteria be-
cause a CE cannot coexist with toxic substances. The common
conception of the CE is flawed because most resources and
products use toxic chemicals. These cannot be recycled and
are perpetually involved in the recycling process. During re-
cycling, poisonous chemicals remain in the loop. As most of
these substances are not biodegradable, they build up and ac-
cumulate in the environment, where they could pose a threat
to ecosystems (Tuuri et al. 2023). This implies that even if re-
cycling is done with 100% efficiency, toxic substances will still
be reconstituted. This has to change since recycling is useless
if we continue to use toxic substances. So, to effectively imple-
ment CE, poisonous substances should be removed from the
products and replaced with nontoxic alternatives. Therefore,
organizations should prioritize this criterion to achieve higher
CE performance.

The top two evaluation criteria are of environmental and social
dimensions. This underscores a noteworthy observation that,
despite financial gain being the primary concern for the indus-
trial sector in developing countries, criteria associated with the
environment and society are garnering significant attention
from experts, managers, and industry practitioners in recent
times. This is a substantial and intriguing finding from this
study. Table 8 depicts the performance scores of the four poten-
tial suppliers with their respective rankings. The final ranking
shows that Supplier A outperformed other suppliers with a K;
value of 2.694435 (the more significant, the better). Suppliers C,
B, and D follow, respectively. Therefore, Supplier A is the top
supplier and can be recommended to the Indian plastic man-
ufacturing company for contracting/collaborating. However, it
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can be suggested that other suppliers consider Supplier A as a
benchmark organization and adhere to its strategies to improve
their performance. Some of this research findings support the
claims/arguments of previous scholars, and some findings differ
from the earlier research outcomes, which underpins the nov-
elty of this research. A concise comparison of the current find-
ings with those from previous studies is presented in Table 9,
highlighting the notable results.

6 | Research Implications
6.1 | Theoretical Contributions

The two most important issues for modern SCM are SS and
CE, but typically, these two topics are viewed separately. This
study fills this gap by advocating SS in a CE environment,
which seems more reasonable given recent advancements and
the pressing need to move toward CE. The case illustrated in
this research addresses a common and contemporary problem
in SCM, which interests industry practitioners and researchers.
As no prior studies have addressed CSS in the plastic industry,
this research fills a significant gap in the literature. To the best
of the authors’ knowledge, it represents the first empirical effort
to evaluate and identify circular suppliers in the plastic sector,
particularly in emerging economies like India, where the indus-
try is crucial for economic growth and environmental sustain-
ability. The proposed framework concurrently accounts for the
TBL of sustainability, catalyzing comprehensive environmen-
tal, economic, and societal development. Ultimately, the find-
ings divulged that the “Total consumption of toxic substances”
emerges as the most influential criterion for CE performance.
This aligns with previous research, which indicates that toxic
substances utilized in the production process can lead to visible
harm and a substantial decline in sustainability performance.

6.2 | Managerial Insights

Suppliers are essential to every organization's pursuit of its CE
goals. Hence, for the managers and DM to effectively implement
CE practices to gain competitive advantages, they must be well
versed in various criteria. This research represents one of the
initial endeavors to compile influential criteria. Eight influential
criteria for CSS were introduced in this study, which are essen-
tial to managers of the case organization and helpful for other
organizations seeking CE practices. Nevertheless, these crite-
ria are advantageous from the suppliers’ perspective. Suppliers
can utilize these criteria to build a more CE-based strategy for
manufacturing parts. Those suppliers may improve their per-
formance outcomes against each criterion by formulating a nec-
essary action plan. This, in turn, will assist them in becoming
a more sustainable organization that adheres to CE principles.
Furthermore, the framework may be utilized to assess and select
suppliers in the present context and other contexts, such as an
SSS and GSS. The findings of the study could assist suppliers in
improving their performance in areas where they may be lack-
ing. DMs or purchasing managers may consider implementing
supplier development initiatives for capable suppliers, such as
those ranked second and third, in consultation with senior man-
agement. As a result, management may assist such suppliers in

improving their performance and, as a result, create a strategic
alliance with circular suppliers.

6.3 | Potential Attainment of SDGs

The proposed CSS framework in the plastic industry helps to
achieve five SDGs (“SDG 3,” “SDG 8,” “SDG 9,” “SDG 12,” and
“SDG 13”) out of 17 SDGs. Through the implementation of the
proposed CSS model, the company would be able to attain “SDG
3.9 (reduce the number of deaths and illnesses from hazardous
chemicals and air, water and soil pollution and contamination)”
by controlling emission levels and reducing total consumption of
toxic substances during production process, resolving hygienic
issues, and ensure healthy lives; “SDG 8.8 (protect labour rights
and promote safe and secure working environments for all work-
ers)” by reducing risks, hazards, and accidents in the workplace
and ensuring healthy and safe working ambience; “SDG 9.1
(develop quality, reliable, sustainable and resilient infrastruc-
ture to support economic development and human well-being)”
through providing various CSR and employee-wellbeing activi-
ties; “SDG 9.4 (upgrade infrastructure and retrofit industries to
make them sustainable, with increased resource-use efficiency)”
by adopting cleaner and environmentally-friendly technologies;
“SDG 12.2 (sustainable management and efficient use of nat-
ural resources)” by reducing raw/virgin material usage; “SDG
12.4 (environmentally sound management of chemicals and all
wastes throughout their life cycle)” by eliminating hazardous
waste and reducing the consumption of toxic substances; “SDG
12.5 (reduce waste generation through prevention, reduction, re-
cycling and reuse)” by enhancing recycling rate; and “SDG 13.2
(integrate climate change measures into national policies, strat-
egies and planning)” by minimizing GHG emissions from both
production and logistics operations.

7 | Practical Implementation Challenges

While this study provides a structured framework for CSS in the
plastic industry, real-world implementation poses several chal-
lenges that industry practitioners must navigate. These chal-
lenges include:

i. Data availability and reliability: Effective implementation
of the proposed methodology requires accurate and com-
prehensive supplier data. However, many suppliers, espe-
cially in emerging economies, may not have robust tracking
systems for CE metrics such as waste reduction, energy
consumption, and toxic substance usage. Companies can
implement standardized data collection protocols, leverage
digital tools such as blockchain for supply chain transpar-
ency, and encourage suppliers to adopt environmental re-
porting frameworks.

ii. Resistance to change: Traditional SS criteria often prior-
itize cost and delivery efficiency over environmental and
social factors. Many procurement managers may resist
adopting CSS frameworks due to concerns over increased
costs or disruptions to established SCs. Organizations
should integrate awareness programs and training to edu-
cate procurement teams on the long-term benefits of CSS,
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including regulatory compliance, enhanced brand reputa-
tion, and potential cost savings from waste reduction.

iii. Regulatory and policy constraints: Although government
policies promoting CE practices are evolving, inconsis-
tencies in regulations across different regions may hinder
implementation. For instance, suppliers operating in dif-
ferent states or countries may face varying compliance
requirements, making uniform evaluation challenging.
Companies should align their SS criteria with global sus-
tainability standards such as ISO 14001 and the Global
Reporting Initiative (GRI), ensuring compliance regard-
less of regional regulatory differences.

iv. Cost and investment concerns: Transitioning to CSC
often involves upfront investments in new technologies,
infrastructure, and supplier partnerships. Small- and
medium-sized enterprises may find it particularly difficult
to bear these costs. Organizations can explore collabora-
tive financing models, such as green investment funds or
government incentives, to support companies in adopting
circular practices. Large corporations can also engage in
supplier development programs to help smaller suppliers
improve their CE capabilities.

v. Complex supplier evaluation processes: Implementing an
MCDM-based approach like entropy-COCOSO requires
DMs to handle complex calculations and data-intensive
evaluations. Some organizations may lack the necessary
expertise or resources to implement such a framework ef-
fectively. Developing user-friendly decision-support tools
or software that automates the calculation process can help
simplify supplier evaluation. Additionally, integrating CE
criteria into existing enterprise resource planning (ERP)
systems can streamline supplier assessment processes.

By acknowledging these challenges and proactively address-
ing them, industry practitioners can enhance the feasibility of
implementing circular supplier selection frameworks. Future
research can further refine these solutions by exploring case
studies and best practices from companies successfully transi-
tioning toward circular procurement models.

8 | Conclusion

Nowadays, a CE-focused SS is gaining priority for organiza-
tions, especially, manufacturing industries, where production
operations and their products, processes, and services nega-
tively impact the environment. CE-based SS has grown vital as
businesses compete more fiercely to be the early adopters of this
technology. One of the key areas where the SS issue is evident
is the plastic industry because a significant portion of its rev-
enue generation, cleaner production, and SC sustainability are
inextricably associated with SS. Therefore, establishing part-
nerships with the wrong suppliers in such industries comes at a
cost, causing adverse environmental impacts, reduced chain ef-
ficiency, and substantial financial loss. To this end, this research
proposes a practical approach for CSS in the plastic industry to
attain a zero-waste economy for the first time. The prime objec-
tive of this study was to identify, scrutinize, and select the evalu-
ation criteria and, subsequently, rank the supplier organizations

within the plastic industry, specifically within an emerging
country context.

Through a review of existing literature and expert consultations,
eight key criteria were identified across environmental, social,
and economic categories. These criteria can all help manage
organizational difficulties when making CE-related choices in-
volving suppliers. This study uses the entropy method to pres-
ent a robust framework that determines the relative importance
of evaluation criteria. These weights were then utilized in the
COCOSO method to compute performance scores and rank the
suppliers. The application of MCDM tools is often useful to aid
such strategic decision-making. Many tools have been developed
and proposed in earlier studies to facilitate such decisions, yet
each has context-specific disadvantages. To overcome some con-
textual limitations of some MCDM approaches, an integrated
MCDM model comprising entropy and COCOSO methods was
developed and employed to solve a real-world CSS problem in
a plastic manufacturing company in India. Four suppliers were
assessed in this research, and 25 experts shared their opinions
on the evaluation process. The criterion “Total consumption of
toxic substances” surfaced as the most influential, holding the
highest importance weight among the eight evaluation crite-
ria. Conversely, the COCOSO method identified Supplier A as
the most optimal choice. A sensitivity analysis was then per-
formed to confirm the stability and robustness of these results.
The sensitivity analysis's outcome aligned with the actual study
findings, affirming that the proposed framework is sufficiently
reliable for application in the specific case examined in this
research and in analogous cases in other industrial segments.
This research can potentially aid DMs and managers within the
plastic industry in developing countries in making informed de-
cisions regarding SS from a CE perspective. This, in turn, can
expedite the integration of sustainability in this sector and miti-
gate adverse effects on the environment and society.

8.1 | Limitations and Scope for Future Studies

Although this study provides a structured framework for CSS in
the plastic industry, certain limitations must be acknowledged
to lay down the foundation for further research. The research
is confined to a single industry (plastic) and geographic con-
text (India), which may limit the generalizability of findings.
Future studies could extend this framework to industries such
as textiles, construction, and electronics, where circularity is
equally critical. Additionally, the study employs a static evalua-
tion framework, which does not account for suppliers’ dynamic
performance changes over time. To improve decision-making
adaptability, future studies could integrate dynamic assessment
techniques, such as longitudinal tracking of supplier perfor-
mance, real-time data analytics, or machine learning-based pre-
dictive models. A total number of eight evaluation criteria were
used in this research. Other criteria may have been overlooked
because they were inapplicable in this particular case or because
of expert prejudice. In future studies, researchers can adopt the
proposed framework to solve similar cases in contexts in other
countries, with necessary amendments. Additionally, future
research could explore hybrid methodologies that combine
quantitative approaches like entropy-COCOSO with qualitative
techniques, such as case-based reasoning or expert systems, to
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refine supplier selection criteria further. By addressing these as-
pects, future research can build upon the foundation laid in this
study, enhancing the robustness and applicability of CSS frame-
works in achieving a CE in the plastic industry.
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