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Abstract

Various industries are gradually sifting away from the linear economy and toward the

circular economy (CE), but its advancement is crawling far behind the environmental

contamination by the food processing industry in developing countries. Hardly any

research analyzes the CE performance of food processing small- and medium-sized

enterprises (FPSMEs) in an emerging economy context. Hence, developing a CE per-

formance evaluation framework is imperative to facilitate this transition. This

research proposes a comprehensive framework for evaluating CE performance based

on three real-world cases of Indian FPSMEs. Initially, 15 essential criteria are short-

listed from the literature and refined by the experts. Afterward, data are collected

through questionnaires administered to experts and structured interviews. Next, this

research employs a multi-criteria decision-making (MCDM)–based approach, in which

the Criteria Importance Through Inter-criteria Correlation (CRITIC) method is used to

compute the objective weights of criteria and the Vlse Kriterijumska Optimizacija

Kompromisno Resenje (VIKOR) method is used to determine the performances of

FPSMEs and rank them accordingly. The results reveal that “investment in Corporate

Social Responsibility (CSR),” “use of renewable energy,” “increase in scrap recycling

rate,” “total CO2 emission,” and “total water consumption” are the top five criteria

for CE performance. Investment in CSR emerges as the most influential criterion for

strategic corporate transformation, which blends the notions of CE and CSR as a fea-

sible solution for designing circular business processes.
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1 | INTRODUCTION

1.1 | Research motivation

The world's population is predicted to reach 9 billion by 2050 and 10.1

billion by the end of the 21st century, leading to a 70% increase in food

production (World Resources Institute, 2019). As the world's popula-

tion grows, so does food consumption, putting enormous strain on the

planet's capacity to meet those demands (Dey et al., 2020). The food

and beverage industry and food supply chain (FSC) support a rapidly

expanding population and have spurred economic development and

product expansion (Ghos et al., 2023a). However, increases in produc-

tivity are expensive because food production in a linear way uses finite

resources (Ghosh et al., 2023b). Furthermore, the existing food pro-

duction model is inefficient since it causes several detrimental environ-

mental impacts due to its waste creation, fertilizer consumption, and

land use (Kumar, Sharma, Raut, et al., 2022). Even though enough food

is produced to feed the world's population, huge waste is created

across FSC due to large-scale food production and global distribution

of food products (Kumar, Raut, Jagtap, & Choubey, 2022). It is worth

noting that one-third of global food is either lost or wasted, amounting

to over 1.3 billion tons yearly (World Bank, 2020). According to the

Food Waste Index Report 2021, total food loss and waste will reach

up to 2.1 billion tons worth $1.5 trillion by 2030 (UN Environment

Programme, 2021). Furthermore, the resources, money, and labor used

to produce food are also lost when food is wasted. Moreover, massive

waste generation and unsustainable food consumption are the primary

causes of greenhouse gas (GHG) emissions, the global food crisis, and

hunger (Al-Obadi et al., 2022). Statistics show that the food processing

industry (FPI) accounts for about 30% of global GHG emissions and for

about 70% of freshwater consumption (World Economic

Forum, 2022). Additionally, the carbon footprint of total annual food

wastage is 3.3 billion tons of CO2 equivalents of GHG emissions into

the environment (Ogunmoroti et al., 2022). These problems are

undermining overall FSC sustainability. Thus, producing adequate

food, efficiently distributing it, and reducing its wastage and environ-

mental footprints are a few challenges that the FPI is confronting in

modern times (Zhong et al., 2017).

Given the scarcity of natural resources, the growing population

with diverse consumption habits, climate change, food insecurity, and

the world's growing hunger index, it is vital to ensure that food waste

is kept to a minimum throughout the FSC (Chiaraluce et al., 2021).

According to the UN, the most critical Sustainable Development Goals

(SDGs) among the 17 specified targets for SD is “zero hunger,” and

approximately 828 million people are starving and do not have enough

food to eat (FAO, n.d.). Hence, the food sector should work on elimi-

nating waste and enhancing food security (Kumar, Raut, Jagtap, &

Choubey, 2022). Therefore, appropriate strategies aimed at food waste

minimization must be implemented immediately. As a result, govern-

ments and international organizations are advocating that FPI rethink

their business models in light of the SDGs, including social and envi-

ronmental goals in their commercial agendas to achieve zero waste

(Chiaraluce et al., 2021). To this end, stakeholders across FSCs are

experiencing tremendous pressure to establish a synchronization of

food production with environmental sustainability. In this regard,

implementing CE business models (Ghosh et al., 2023a) in FSC has

become imperative, promoting the transition towards a sustainable

agro-food system and a zero-waste economy (Kumar, Sharma, Raut,

et al., 2022). The CE is an economical approach that aims to enhance

resource utilization and reduce the requirement for virgin materials by

eliminating waste and retaining the value of materials (Marrucci

et al., 2021a). Effective incorporation of CE principles into FSC offers

multi-faceted benefits, such as reduced waste and improved food

security (Kazancoglu et al., 2021), and simultaneously provides a com-

petitive stance, employing opportunities and growing consumer satis-

faction (Kumar, Raut, Jagtap, & Choubey, 2022). FPI can acquire both

environmental, economic, and social sustainability (Mehmood

et al., 2021) by adopting the concept of 4Rs, that is, reduce, reuse,

recycle, and recover (Kumar, Sharma, Raut, et al., 2022). Therefore, the

SDGs for sustainable consumption and production (SDG12) may be

attained by applying CE principles in FSC. During the last couple of

years, the CE approach has been explored by several authors in various

industrial segments, such as the furniture industry (Susanty

et al., 2020), the textile and apparel industry (Jia et al., 2020), the con-

struction industry (Eberhardt et al., 2020), leather industry (Moktadir

et al., 2018), automobile industry (Agrawal et al., 2020; Ghosh et al.,

2021c; Ghosh, Bhowmik, et al., 2023), electronics equipment industry

(Rosa et al., 2019), oil and gas industry (Jain et al., 2020), and plastics

industry (Balwada et al., 2021). However, CE research remains an

under-exploited area of FSC studies and is a relatively recent venture

(Khoshnava et al., 2020). Even if CE practices have the potential to

change the FSC realm, only a few studies have offered concrete empir-

ical evidence, particularly in the setting of a developing country.

1.2 | Research context

In the latest “Global Hunger Index scores by 2022,” India ranks 107th

out of 121 countries, trailing neighboring countries like Sri Lanka

(64th), Nepal (81st), Bangladesh (84th), Myanmar (71st), and Pakistan

(99th). India has an acute level of hunger that is nearly alarming situa-

tion. Given India's current position, it is crucial to adopt CE practices

into the FSC in order to reduce losses at all stages of the value chain

(Kumar, Raut, Jagtap, & Choubey, 2022). The FPI in India is one of the

largest in the world, with a net present worth predicted to reach US

535 billion dollars by 2025–2026 and 9 million jobs created by 2024

(Sawhney, 2021). The Indian FPI, which comprises both organized and

unorganized sectors, with a significant number of small- and medium-

sized enterprises (SMEs) contributing the most, is generally portrayed

as a low-tech sector. The capacity of FPSME to innovate is significant

because innovation provides a competitive advantage to enterprises,

industries, and, ultimately, economies (Ghosh et al., 2022c). CE inno-

vation has the ability to pursue sustainable development in individual

SMEs at the micro level as well as aggregate sectors and economies at

the macro level. Overall, it has not been attributed to increased levels

of R&D and has shown only lower levels of innovation (Virmani

et al., 2022). This is because FPSMEs in India are not very sensitive

toward CE implementation, and there are several barriers, such as
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insufficient technological competence, the reluctance of top manage-

ment, lack of financial assistance, and legislation (Dey et al., 2020).

Oftentimes, FPSMEs are unaware of the CE-related practices that

must be followed. However, research investigating how FPSME mov-

ing toward CE implementation is relatively scant. A thorough explora-

tion of existing literature indicates that there is plenty of research on

various aspects of CE in the context of developed nations (Dey

et al., 2020; Diaz et al., 2022; Horbach & Rammer, 2019; Kazancoglu

et al., 2021; Maione et al., 2022; Prieto-Sandoval et al., 2019; Urain

et al., 2022). On the contrary, there is a lack of CE research in devel-

oping nations (Ethirajan et al., 2021; Moktadir et al., 2020). Although

various organizations in developing countries are incorporating CE

practices in supply chain (SC) activities in their recent ventures (Zhang

et al., 2022), there still is a shortage of comprehensive decision frame-

works for measuring their CE performances and monitoring progress

toward CE implementation. In order to implement CE practices effi-

ciently, industry practitioners and policymakers need to be equipped

with a proper performance evaluation framework in an industrial and

national context. As depicted by relevant studies (Gupta et al., 2021;

Sassanelli et al., 2019; Wang et al., 2021), the performance evaluation

of business organizations through the lens of the CE is a typically new

concept. By evaluating the real-time CE performance of India-based

FPSMEs, this research aims to bridge these knowledge gaps.

1.3 | Research questions

The following three research questions are offered based on the

aforementioned analysis:

RQ1 What is the current status of CE implementation in FPSME in

India?

RQ2 What are the influential evaluation criteria for CE performance

in FPSME?

RQ3 How to measure the CE performance of FPSME and prioritize

them in a developing country setting?

In order to answer the research questions, a comprehensive

framework is proposed in this research, paving the way for FPSME to

clarify the CE implementation strategies and potential performance

improvement. This research presents a case study with three promi-

nent Indian FPSMEs and a CE performance evaluation framework. CE

performance evaluation includes criteria identification, weight determi-

nation, and model development. It is often considered an MCDM-type

problem since it includes various conflicting quantitative and/or quali-

tative criteria and yields a solution requiring a consensus (Sufiyan

et al., 2019; Wu & Jia, 2018). An integrated MCDM model is utilized,

in which the CRITIC method is used to determine the objective

weights of criteria, and the VIKOR method is utilized to calculate the

performance values of the FPSME. The following are the grounds for

integrating the CRITIC and VIKOR methods: (i) This combination is cru-

cial because of VIKOR and CRITIC's dual-disciplinary approaches and

its capacity to manage complicated decision-making processes in a

rational, practical, and sensible manner. (ii) A few MCDM methods

widely used include “analytical hierarchy process (AHP),” “technique
for order of preference by similarity to ideal solution (TOPSIS),”
“�ELimination Et Choix Traduisant la REalité (ELECTRE),” and “COmplex

PRoportional ASsessment (COPRAS).” However, these methods seem

vulnerable while dealing with conflict and variability in the decision

attributes (Kumaran, 2022). According to a recent report, the VIKOR

method yields a better ranking of alternatives in the presence of con-

flict by introducing the closeness of coefficients (Li et al., 2022) and it

was commonly used in SC management–related decision-making.

(iii) During solving MCDM-type problems, the determination of criteria

weight is vital for the rationality of MCDM. While common MCDM

techniques such as AHP (Franco et al., 2021) and interpretative struc-

tural modeling (ISM) (Eberhardt et al., 2020) employ experts' subjective

opinion and pairwise comparison, the CRITIC method considers the

contrast intensity among criteria and yields a more objective result.

Although there is a handful of research employing integrated CRITIC-

VIKOR method in various fields, such as “renewable energy technol-

ogy adoption in rural areas” (Kamali Saraji et al., 2023), “risk manage-

ment of subsea pipelines” (Li et al., 2022), and “evaluating financial

performance index of Initial Public Offering firms” (Kumaran, 2022).

However, to the best of the author's knowledge, no combined CRITIC-

VIKOR assessment approach is used for dealing with challenges

related to FPSME, particularly in developing countries.

The remainder of this paper is organized as follows: Section 2

provides the theoretical foundation. Section 3 describes the proposed

framework. Section 4 shows a real-world application of the

proposed framework. Section 5 discusses the important results.

Section 6 summarizes the research's implications. Finally, Section 7

concludes by indicating limitations and scopes for future research.

2 | THEORETICAL FOUNDATION

This section portrays a comprehensive overview of CE literature,

including the CE principle, CE performance evaluation, various criteria

and tools used in CE performance evaluation, and research gap

identification.

2.1 | The CE principle

The CE is a viable strategy for economic growth that promotes mate-

rial circularity while also considering environmental and social advan-

tages (Yadav et al., 2020). Scarpellini et al. (2019) defined CE as “an
economic system in which waste is converted into inputs at the

extraction, production, and consumption phases.” Apart from

the increased capacity of landfills and the number of people using

them for disposing of waste in developing countries, a significant por-

tion of the waste contains valuable items that could be reused, recov-

ered, or recycled (Dey et al., 2020). CE is an emerging paradigm for

the production and consumption of materials sustainably in a closed

loop to reduce the requirement for virgin materials, minimize waste,

enhance the circularity of material, and extend the product life cycle

(Horbach & Rammer, 2019). CE principles have been proven to be
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genuinely relevant and contribute directly to achieving various SDGs

(Schroeder et al., 2018). Previously, CE was treated as a theoretical

approach, but in recent times, industries are looking at opportunities

to implement it (Maione et al., 2022). Although the investment cost is

high, organizations will gain economic benefits in terms of lower raw

material costs and many other long-term benefits (Mishra

et al., 2022). Table 1 shows various contributory works in the CE field.

2.2 | Application of CE principles in FSC

Today's FSC becomes vulnerable due to rapid urbanization, unavail-

ability of agricultural fields, SC disruption caused by natural disasters

like the COVID-19 pandemic, poor governance, and food waste

(Sufiyan et al., 2019). The CE has recently stimulated the interests

of academicians, industry practitioners, and policymakers, particu-

larly in the food industry. The entire CE transition is governed by

certain principles, namely, (i) eliminating waste and pollution,

(ii) keeping products and materials in use, and (iii) regenerating natu-

ral systems (Kazancoglu et al., 2021). The notion of CE in the FSC

context is defined as a nexus between economic and industrial sys-

tems that apply the 3R policy, that is, reduce, reuse, and recycle

(Horbach & Rammer, 2019). Better design and/or management at

the production and consumption phases can help reduce resource

use, energy consumption, and waste disposal (Mackey et al., 2019).

Reducing food waste levels could increase grain supply, food avail-

ability, and food security without wasting other resources, such as

land, labor, water, and other inputs (Zhang et al., 2022). Food, food

by-products, and food packaging can all be reused in various forms

to save them from being discarded too early in the supply Chain

(Kumar, Sharma, Raut, et al., 2022). Reprocessing wastes from dis-

carded food items and/or food packaging materials can allow them

to be redistributed or transformed into valuable resources (Wang

et al., 2021).

2.3 | CE performance evaluation

Performance evaluation is vital for organizations as it provides valu-

able insights for strategic, tactical, and operational decision-making

(Ghosh, Mandal, & Ray, 2023). Sassanelli et al. (2019) conducted a sys-

tematic literature review and concluded that CE performance evalua-

tion is still uncommon in businesses. The practical implementation of

CE practices at the micro level requires the development of tools that

can help decision-makers (DMs) measure CE performance, establish

CE strategic goals, and monitor their progress (Gao et al., 2021). This

review will focus on measuring CE performance in various industrial

contexts. Table 2 summarizes various researches on CE performance

evaluation in various industrial contexts. Many similar types of

research on circular systems have been successfully documented.

However, there has been relatively little research on the FSC, which

supports determining the performance of FPSME to make the FSC cir-

cular in a developing country like India.

2.4 | Criteria used in CE performance evaluation

Criteria selection is of utmost importance for evaluating the CE per-

formance of business enterprises. Performance evaluation within the

SC is becoming more complicated due to the many conflicting cri-

teria. CE performance evaluation criteria are different from those

for a conventional SC (Franco et al., 2021). Unlike a conventional

SC, which is evaluated in terms of cost, quality, delivery, and after-

sales delivery (Govindan et al., 2020), circular SC is assessed con-

cerning resource utilization and environmental footprint throughout

the SC (Prieto-Sandoval et al., 2019). The majority of previous

research (Table 1) uses triple bottom line (TBL) concepts in CE per-

formance assessment and considers several CE performance indica-

tors (criteria) such as environmental criteria, economic criteria, and

social criteria. Gupta et al. (2021) integrated the concepts of CE,

Industry 4.0, and clean technologies along with TBL for performance

evaluation.

2.5 | Methods and techniques used in CE
performance evaluation

Previous research employs various methods for CE performance

evaluation, such as the DEA method (Bronner et al., 2022; Ding,

Lei, Wang, & Zhang, 2020; Ding, Lei, Wang, Zhang, & Calin, 2020;

Wang et al., 2021), LCA method (Prosman & Sacchi, 2018), balanced

scorecard method (Torgautov et al., 2022), statistical (multivariate)

methods (Jain et al., 2020; Ray et al., 2021; Tedesco et al., 2022),

and integrated MCDM techniques (Ahmed et al., 2022; Franco

et al., 2021; Gupta et al., 2021). Although previous methods are

excellent in their respective areas of application, most of them can-

not deal with quantitative criteria and overlook the criteria conflicts

and interrelationships. On the contrary, methods like COmplex PRo-

portional Assessment (COPRAS), Entropy, CRITIC, and VIKOR

(Cheng et al., 2021), which can deal with quantitative criteria, have

not been used so far in CE performance evaluation studies. Table 1

and Table 2 show the latest tools and methods employed by various

researchers.

2.6 | Research gaps

The extant literature survey reveals the following research gaps:

a. Although a vast number of papers explored various aspects of CE

within industrial supply networks, such as barriers (Hartley

et al., 2021; Mishra et al., 2022), drivers (Agyemang et al., 2019;

Moktadir et al., 2018), enablers (Hussain & Malik, 2020; Maione

et al., 2022), and CSFs (Julianelli et al., 2020; Moktadir et al., 2020),

research which develops frameworks and measures the CE perfor-

mance of FPSME is almost non-existent.

b. Frequent performance evaluation is essential for continuous

improvement. Previously, no one has focused on CE-based
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performance evaluation of FPSME, particularly in emerging econo-

mies. To overcome the aforementioned gap, FSC requires the

development of a circular-driven performance evaluation

framework.

c. CE performance assessment should include CE activities within the

following three levels: macro level (regional, national, global), meso

level (eco-industrial parks; industrial symbiosis), and micro level

(firms, sole organizations). According to Table 2, most prior CE

research has focused on macro and/or meso levels, with little

emphasis given to the micro level.

d. CE is often considered a gateway to sustainability in business

enterprises. But most of the previous research mainly focuses only

on economic aspects without paying much attention to environ-

mental, social, and operational aspects of CE performance evalua-

tion. This biased approach that prefers economic aspects over

other factors can result in quasi-optimizations and it may diminish

the broader approach to sustainability.

e. As depicted in Table 1, prior research mostly considers qualitative

criteria that cannot manage uncertainty and eliminate vagueness in

decision-making. Conversely, quantitative criteria were used rarely

in previous studies and most of them belong to productivity, profit-

ability, and lifecycle thinking aspects. These criteria are useful but

not able to holistically measure CE performance because these cri-

teria mainly focus on tangible factors (procurement cost, resource

efficiency, energy consumption, eco-design, material recovery,

recycling, etc.) and simultaneously ignore intangible factors (man-

agement commitment, corporate social responsibility, CE aware-

ness, employee wellbeing, etc.) that indirectly influence the CE

performance.

Therefore, the research gap analysis indicates that the development

of a systematic and CE-focused performance evaluation framework is

required, which corroborates current research objectives.

3 | PROPOSED FRAMEWORK

3.1 | Research design

In the absence of proper frameworks for evaluating the CE perfor-

mance of SMEs, the current study aims to evaluate the CE

performance of FPSMEs in a developing country. Since there are no

prior studies available that explore important performance criteria, a

mix of qualitative and quantitative method approaches is necessary.

The qualitative method includes an extant literature review and expert

survey in the quest for potentially influential CE performance criteria

that are refined via a Delphi study. The quantitative method includes

the evaluation of the criteria and alternatives using an integrated

MCDM approach. CE performance assessment is an MCDM-type

problem, as it evaluates multiple criteria and alternatives and simulta-

neously reaches the most optimal decision. Although several MCDM

tools are available, such as simple additive weighting or SAW (Ghosh,

Bhowmik, et al., 2021), AHP (Ghosh et al., 2022a), TOPSIS (Ghosh

et al., 2021a), COPRAS (Ghosh et al., 2022d), and GRA (Ghosh

et al., 2022b), this research applies an integrated CRITIC-VIKOR

approach that has not been previously used in this area. It adopts a

three-phase methodology, namely, Phase 1: preparation phase, Phase

2: weight determination phase, and Phase 3: evaluation phase.

Figure 1 shows the methodology framework.

In Phase 1, performance evaluation criteria are identified from

the literature. The expert committee verifies and finalizes the list of

criteria identified from the literature. Then, necessary data are gath-

ered via questionnaire administration and interviews with selected

industry experts. In Phase 2, the objective weights of the criteria are

calculated by applying the CRITIC method. In Phase 3, weights

obtained from the CRITIC method are employed in the VIKOR

method. By computing VIKOR indices, the performances of alterna-

tives (case organizations) are determined, and alternatives are ranked

accordingly. The stepwise procedures for CRITIC and VIKOR methods

are given in the following sub-sections.

3.2 | CRITIC method

CRITIC is a criterion weighting tool used when the model criteria

are correlated. Other MCDM tools like AHP are effective only when

the criteria are independent and qualitative (Awasthi et al., 2018;

Das et al., 2020). The utility of this method is mainly two-fold:

(i) The contrast intensity that illustrates each criterion individually is

quantified based on the standard deviation, and (ii) the degree of

disagreement or conflict among criteria is measured based on the

linear correlation coefficients. CRITIC has several applications in

decision-making fields, such as performance evaluation of SC

(Kozarevi�c & Puška, 2018), SC risk management (Abdel-Basset &

Mohamed, 2019), and sustainable supplier selection (Rostamzadeh

et al., 2018). The stepwise procedure of the CRITIC method is

shown below:

Step 1: In this step, a data matrix xij
� �

m�n including m alternatives and

n criteria is constructed, which expresses the performance

measure (xij) of ith alternative concerning jth criterion

(1≤ i≤m;1≤ j≤ nÞ as shown below:

xij
� �

m�n ¼
x11 � � � x1n

..

. . .
. ..

.

xm1 � � � xmn

2
664

3
775:

Step 2: In this step, the normalized data matrix xij
� �

m�n is developed

using Equation (1) and Equation (2). xij is the normalized per-

formance measure of ith alternative concerning jth criterion.

xij ¼
xij�xworstj

xbestj �xworstj

,when the criterion is of benefit type ð1Þ

xij ¼
xbestj �xij

xbestj �xworstj

,when the criterion is of cost type ð2Þ
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F IGURE 1 Flowchart of methodology framework.

In the above two equations, xbestj is the best performance of the jth cri-

terion and xworstj is the worst performance of the jth criterion. xbestj and

xworstj are determined as follows:

xbestj ¼ maxi xij
� �

, If the criterion is of benefit type

mini xij
� �

, If the criterion is of cost type

(

xworstj ¼ mini xij
� �

, If the criterion is of benefit type

maxi xij
� �

, If the criterion is of cost type

(

Step 3: In this step, the standard deviation (SD) σj
� �

value is calcu-

lated for each criterion separately.

Step 4: In this step, a symmetric matrix rjj0
� �

n�n
is constructed, in

which rjj0 represents the linear correlation coefficient

between jth and j0th criterion.

Step 5: In this step, the measure of the conflict (Mj) created by the jth

criterion concerning the decision situation defined by the rest

of the criteria, is calculated using Equation (3)

12 GHOSH ET AL.
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Mj ¼
Xn

j0¼1
1� rjj0
� � ð3Þ

Step 6: In this step, the quantity of the Cj

� �
about each criterion is

calculated using Equation (4)

Cj ¼ σj�Mj ¼ σj�
Xn

j0¼1
1� rjj0
� � ð4Þ

Step 7: In this step, the value of information transmitted by each cri-

terion is normalized using Equation (5), which, in turn, reveals

the objective weight of each criterion (wj).

wj ¼ CjPn
j¼1Cj

ð5Þ

3.3 | VIKOR method

VIKOR was developed by Serafim Opricovic in 1998 and later

extended to solve MCDM problems (Opricovic & Tzeng, 2002).

VIKOR is used to rank and select the most optimal alternative by

determining compromise solutions for a problem with multiple con-

flicting criteria. This method has been applied widely for solving

MCDM problems in various fields, such as sustainable supplier selec-

tion (Awasthi et al., 2018), green supplier selection (Wu et al., 2019),

resilient supplier selection (Valipour Parkouhi & Safaei

Ghadikolaei, 2017), and multi-criteria group decision-making problems

(Shemshadi et al., 2011). The steps of the VIKOR method are given

below:

Step 1: In this step, a data matrix with m alternatives and n

criteria is constructed, which is similar to that of the CRITIC

method.

Step 2: In this step, the normalized decision matrix fij
� �

m�n is devel-

oped, in which fij is determined using Equation (6).

fij ¼ xijffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPm
i¼1x

2
ij

q ð6Þ

Step 3: In this step, the utility measure and the regret measure are

calculated for each alternative. This helps to determine com-

promise solutions based on the negotiated preferences of

DMs. To this end, a Lp,i�metric is formed using Equation (7),

which is used as an aggregating function in determining com-

promise solutions.

Lp,i ¼
Xn

j¼1
wj f�j � fij
� �

= f�j � f�j
� �h ipn o1=p

; 1≤ p≤∞ð Þ ð7Þ

In the above equation, wj is the corresponding weight of the jth

criterion, obtained from the CRITIC method. Conversely, f�j is the best

value and f�j is the worst value of each criterion and determined as

follows:

f�j ¼
max

i
fij, If the criterion is of benefit type

min
i
fij, If the criterion is of cost type

8<
:

f�j ¼
min
i
fij, If the criterion is of benefit type

max
i
fij, If the criterion is of cost type

8<
:

L1,i is defined as “the maximum group utility of majority” or Si,

and L∞,i is defined as “the minimum individual regret of the opponent”
or Ri. The Si and Ri values are expressed in Equation (8) and

Equation (9), respectively.

Si ¼ L1,i ¼
Xn

j¼1
wj

f�j � fij
� �
f�j � f�j

� � ð8Þ

Ri ¼ L∞,i ¼max
j

Xn

j¼1
wj

f�j � fij
� �
f�j � f�j

� � ð9Þ

Step 4: In this step, the VIKOR index Qið Þ is computed using

Equation (10).

Qi ¼ v� Si�S�ð Þ
S� �S�ð Þþ 1�vð Þ� Ri�R�ð Þ

R� �R�ð Þ ð10Þ

In the above equation, S� ¼max
i

Sið Þ, S� ¼min
i

Sið Þ, R� ¼max
i

Rið Þ,
R� ¼min

i
Rið Þ, and v� 0,1½ � denotes the strategy of the maximum

group utility. Presently, its value is set to 0:50. Finally, the alternatives

are ranked based on the decreasing order of Q.

4 | A REAL-WORLD APPLICATION

To examine the viability of the proposed framework, the performance

evaluation framework proposed in this research is applied to three

leading FPSMEs in India.

4.1 | Industrial background

According to a World Economic Forum report (World Economic

Forum, 2022), CE practices might save $1 trillion per year due to

decreasing ecological impact and reliance on finite resources. Accord-

ing to estimates, India may unleash $0.5 trillion in economic value by

implementing CE practices by 2030 (Dey et al., 2020). On the con-

trary, SMEs have been regarded as one of the prime movers of Indian

economy because of their multifaceted contributions in terms of
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collective productivity, job creation, export promotion, and overall

gross domestic product. Nowadays, the concerns for CE practices

implementation become high in SMEs as these firms continually con-

sume natural resources. The FPI largely dominates the Indian econ-

omy. It is the principal source of livelihood for approximately half of

the country's population. The Indian FPI consists of the following

units: agri-food chains, restaurants, beverages processing plants, rice

and oil mills, cold storages, dairy firms, and spices, snacks, confection-

ery, and other perishable food item producers. The Indian FPI is

mainly dominated by SMEs. The implementation of CE practices at

the micro level especially food processing and packaging SMEs can be

a booming opportunity for achieving sustainability in Indian FSC.

Incorporating CE practices across the supply network of SMEs in India

is arguably in its embryonic phase, both empirically and practically.

Therefore, this research targets Indian FPSME for evaluation and pos-

sible performance improvement.

4.2 | Selection of the case organizations

Due to the organization's privacy policies, the detailed information of

the SMEs is not disclosed in this research. Instead, they are abbrevi-

ated as SME1, SME2, and SME3. The selected SMEs are presently

located in West Bengal, a North-Indian state of India. These SMEs

encompass a broad range of CE-relevant characteristics and circular

potentials within their products, processes, and services. The selected

SMEs have been in operation for the past 40 years. There were recent

ventures in the top management of respective SMEs to nurture CE-

focused cultures. Several endeavors have already been taken to foster

material recovery and reuse, remanufacturing used products, and

recycling. However, they are optimizing design for durability

and design for reusing for their packaging components to maximize

resource utilization. They have also started evaluating environmental

auditing and green supplier engagement programs to build a CE envi-

ronment within the organizations. They are interested in evaluating

their CE performance and comparing it with other leading SMEs in the

market; however, the policymakers have been facing difficulties in

evaluating CE performances and managing allied practices in the

SC. A brief business profile of the case SMEs is given in Table 3.

4.3 | Formation of an experts' committee

There is no specific rule about the number of experts to be selected

for data collection. Murry and Hammons (1995) suggested 10 to

30, whereas Paul et al. (2021) suggested 10 experts. In this research,

initially, 20 experts were approached from diverse domains, including

public sector officials, managerial executives from different levels of

case SMEs (strategic, tactical, and operational), business officials, and

academicians from prestigious institutes. The experts communicated

via e-mail conversations, telephone calls, WhatsApp chats, and

physical site visits. The experts were chosen based on their area of

specialization and expertise in SC operations and CE-related practices,

along with a minimum corporate experience of 10 years. The snowball

sampling method has also been adopted for expert selection. After

approaching one expert, he referred the authors to another specialist

in the same field who has great expertise and understanding of our

study topic. Out of the 20 experts, 15 accepted the invitations and

showed eagerness in this evaluation project, resulting in an approxi-

mate 75% response rate. Among the 15 experts, nine are from the

three cases of SMEs, and the rest are from other domains. There are

many prior researches utilizing a limited number of experts compared

to data-driven approaches. On the contrary, expert systems allow us

to rely on a smaller number of experts. As a result, we continued with

the 15 experts and it seemed to be enough for making accurate deci-

sions. They are willing to develop CE business frameworks and sup-

port organizational missions to achieve CE goals. The detailed

demographic information of experts is given in Table 4.

4.4 | Identification of evaluation criteria

Due to the scarcity of research exploring a suitable set of quantitative

criteria for CE performance evaluation, a thorough review of literature

TABLE 3 Brief profile of case organizations.

Name SME1 SME2 SME3

Industry type Food processing Food processing Food processing

Annual turnover 172 crore INR 135 crore INR 94 crore INR

Types of food products

manufactured

Nutrient supplements, refreshing

beverages, energy drinks, soft

drinks, juices, health drinks,

packaged drinking water, canned

foods, sauces

Bakeries, cakes, biscuits, snack

foods, chips, crisps, breakfast

cereals, spices, condiments, fruit

pickles, refined oil, rice, flour,

pulses, processed grains

Dairy products (butter, ghee),

sweet, sugar and

confectioneries, dry and ripe

fruits, chocolates, noodles, ice

cream, jams, honey, frozen foods

Number of raw materials,

suppliers

135 80 97

Number of manufacturing

facilities and service outlets

22 17 12

Number of employees 220 180 167
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and documentary analysis on “Circular economy,” “Circular economy

performance evaluation,” “Food processing SME,” and so forth were

performed by browsing the key platforms of peer-reviewed scholarly

articles, such as IEEE Xplore, Wiley, Scopus, Web of Science, and Sci-

ence Direct, within the time range of 2015 to 2022. Although CE is

not a new concept in business management, it has captured the inter-

est of academicians, industry practitioners, and policymakers in the

past decade. Before 2015, no relevant research was published that

addressed the adoption of CE practices in FPSME. Right now, there

are just a few scholarly articles that have been conducted in the con-

text of FPSME. This motivates the authors to carry out a systematic

literature review of research papers published within the last 7 years

from 2015 to 2022. Afterward, the PRISMA protocol was adopted to

browse the Scopus and Web of Science databases by a list of speci-

fied search strings in the field of CE. A Google Scholar search was also

added to supplement the original findings. A literature review on vari-

ous topics such as “circular economy,” “circular supplier selection,”
“sustainability,” “performance evaluation,” “sustainable supply chain

management,” “circular supply chain,” “green supply

chain management,” and “reverse logistics” was conducted because

the philosophies lying inside these concepts significantly interfere

with the CE concept. Furthermore, the identified papers have been

assessed to consider the research objectives; therefore, only articles

fulfilling the search requirements are selected using the PRISMA pro-

tocol (Moslem et al., 2023; Streimikis & Saraji, 2022). The following

criteria apply to inclusion: (i) Search keywords must be in the title,

abstract, or index terms, and (ii) research papers must be published in

scientific peer-reviewed journals, review papers, editorials, Ph.D.

theses, book chapters, conference proceedings, and so forth. Consid-

ering all, 55 articles have been selected after segregating >150 publi-

cations. After studying these papers, 18 evaluation criteria were

figured out, which seemed to have the potential for CE performance

evaluation.

4.5 | Finalization of evaluation criteria through a
Delphi study

After initial identification of the criteria, it was sent to all the

15 experts and a Delphi study was carried out to refine and finalize

the criteria based on their vitality for CE performance evaluation

problems. The Delphi study is a process for organizing group discus-

sions that is structured and recurrent and is used to achieve consen-

sus on a complex topic. It was utilized in this research since it has

previously been used successfully in studies focusing on framework

development (Kumar, Raut, Sharma, et al., 2022). This method is use-

ful in this context for defining and quantifying the degree of relevance

of each criterion in evaluating SMEs' CE performance. Furthermore,

this method was selected because it enables for better accessibility to

the perspectives of several experts from various regions. It is also con-

fidential and recursive, giving the group controlled and statistical feed-

back. The Delphi study was designed into three rounds of review with

the help of Google Forms. At the completion of each round, a full

summary of the cumulative findings as well as comments from the

anonymous experts were supplied to the experts. The first round of

Delphi questions began with a quick poll on the concept of the CE

TABLE 4 Demographic profile of experts.

Expert

Gender, male/

female

Experience

(Years) Academic qualification Job role/designation Affiliation/organization

1 M 12 M.Tech. in production engineering Operations manager SME1

2 F 14 MBA in human resource

management

Planning executive SME1

3 F 12 M.Com. in finance Chief financial officer SME1

4 M 13 M.Tech. in reliability engineering Maintenance

supervisor

SME2

5 M 18 Ph.D. in supply chain management Production manager SME2

6 M 16 MBA in marketing Chief marketing officer SME2

7 M 17 B.Tech. in manufacturing

engineering

Procurement manager SME3

8 M 15 B.Tech. in civil engineering Project manager SME3

9 F 21 M.Sc. in chemistry Quality control officer SME3

10 M 20 M.Sc. in public nutrition Food safety officer Food corporation of India

11 M 11 Ph.D. in operations management Researcher Multinational corporation

12 F 22 BBA in information systems Consultant Freight consulting agency

13 F 14 MBA in Entrepreneurship Entrepreneur Sole proprietorship

business

14 M 25 Ph.D. in mechanical engineering Professor Public university

15 F 30 Ph.D. in industrial engineering Professor Public university

GHOSH ET AL. 15
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approach to portray a coherent viewpoint among experts from the

start of the investigation. However, the growth of CE knowledge con-

cerning the research framework was subsequently addressed to the

experts via an easy-to-understand interactive documentary. It was

essential to ensure such knowledge of the issue to gain higher accu-

racy in the responses and prevent misinterpretations and illogical con-

clusions. In the second round, the experts were asked to check the

relevance of the identified criteria by simply indicating “Yes” as rele-

vant and “No” as irrelevant. Moreover, experts were requested to

suggest any new criteria that might be relevant to CE performance in

their respective domains according to their knowledge and experi-

ence. Afterward, two additional criteria (“Total outreach of health and

hygiene program” and “Efficiency of waste heat recovery”) were sug-

gested by two experts. Thus, a total of 20 criteria were considered for

the next round. In the third round, experts were asked to assess the

importance of each criterion in the evaluation of CE performance

based on a five-point Likert-type scale (Ghosh et al., 2022a), in which

1 implies “not important,” 5 implies “extremely important,” and the

remaining imply intermediate qualities. Then, the responses received

from the experts were synthesized in MINITAB software. Descriptive

analysis was performed by calculating various statistical parameters

such as mean, median, and standard deviation (SD). As per the pro-

posed model by Kumar, Raut, Sharma, et al. (2022), criteria with a

mean and median value of more than 4 (threshold limit) were accepted,

while others were rejected. The original list of criteria and their statis-

tical scores are shown in Table 5. Results showed that the mean and

median values of the five criteria failed to reach the threshold limit.

Hence, they were rejected. Finally, 15 criteria came out as the final

criteria for CE performance evaluation, shown in Table 6. The final set

of criteria encompasses environmental, economic, social, and opera-

tional dimensions.

4.6 | Instrument development and data collection

To facilitate the data collection for this research, a structured set of

questionnaires was prepared in terms of CE practices and perfor-

mance, which consisted of a series of standardized questions with

fixed objectives. The first section comprises the queries regarding the

demographic details of the experts. The second section contains

queries regarding the scope of the study. The last section comprises

questions related to additional information such as suggestions,

improvement measures, and strategies. The questionnaire briefly

described each criterion to guide the experts. Before employing the

questionnaire in data collection, it was pre-tested using a pilot study

with the experts' committee and five SC experts from a leading MNC

(not included in the expert committee) for any potential improvement.

The questionnaire was modified twice based on the feedback of

TABLE 5 Validation of criteria via Delphi study.

No. Criteria Mean Median SD Approved/declined?

Original criteria (identified from literature review)

1 Reduced resource consumption by designing products for

effective resource utilization

4.4000 4 0.632460 Approved

2 Investment in CSR 4.6000 5 0.547720 Approved

3 Average return on investment 4.1428 4 1.715170 Approved

4 Investment in research and development 2.6000 3 0.54772 Declined

5 Reduction in water consumption 4.2000 5 1.207120 Approved

6 Reduction in toxic material consumption 3.8000 4 0.836666 Declined

7 Wastewater treatment capacity 4.1428 4 0.848280 Approved

8 Use of renewable energy 4.0714 4 0.813250 Approved

9 Reduced emissions from logistics operations 3.6666 5 1.799470 Declined

10 Savings in total energy cost 4.2000 5 1.082330 Approved

11 Total wastewater 4.2000 4 0.774597 Approved

12 Total water consumption 4.0000 4 0.925820 Approved

13 Total waste generation 4.2666 5 0.883715 Approved

14 Increase in scrap recycling rate 4.5333 5 0.743223 Approved

15 Reduction in environmental risk 3.4000 3 1.055600 Declined

16 Increase in sustainable sourcing rate 3.3333 3 1.234430 Declined

17 Returns from the sale of recycled waste products 4.0666 4 0.798809 Approved

18 Total CO2 emission 4.1333 4 0.990430 Approved

Newly added criteria (adopted from experts' suggestions)

1 Total outreach of health and hygiene program 4.0000 4 0.860660 Approved

2 Efficiency of waste heat recovery 4.0357 4 0.838080 Approved

Note: Experts, please give your rating for the importance of criteria. How are the criteria relevant for CE performance in your respective organizations?

16 GHOSH ET AL.
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experts to ensure content validity and eliminate possible bias factors.

The questionnaire contains three separate sections. Both the hard-

copy and e-copy of the questionnaire were prepared and sent to the

individual experts of the case SMEs.

Due to confined knowledge in this context, making a large sample

size for case-specific research was challenging. Hence, this research

was carried out using the data collected particularly for the case study

SMEs. Before beginning the data collection, the current research's aim

and objectives were explained clearly to the managerial representa-

tives of the case organizations, and how the collected data would be

used was also explained to them. To eliminate expert bias in the data

curation process, face-to-face interviews were arranged, and inter-

views with each of the nine experts were held separately. Later,

responses obtained from the experts were compiled together. Also,

data in secondary forms were collected from company websites,

annual reports, and historical databases.

4.7 | Data analysis

After sorting and segregating the collected data, the final data matrix

was developed, as shown in Table 7. The data were analyzed with the

Microsoft Excel application. The data analysis was conducted in two

different steps, as presented below:

4.7.1 | Calculating relative weights of criteria using
the CRITIC method

In this step, the CRITIC method is adopted to calculate the objective

weights of the criteria. A data matrix (3 � 15) using criteria values is

formed as shown in Table 6. Then, the data matrix is normalized using

Equation (1) and Equation (2) and shown in Table A1 (see

Appendix A). Next, SD values (σj) are calculated for each criterion and

shown in Table A2 (see Appendix A). Then, a (15�15) symmetric

matrix is formed as shown in Table A3 (see Appendix A). The measure

of conflict (Mj) is calculated using Equation (3) and shown in Table A4

(see Appendix A). The quantity of information about each criterion (Cj)

is determined using Equation (4), as shown in Table 8. Finally, the

objective weights (wj) of criteria are derived using Equation (5) and

shown in Table 8.

4.7.2 | Calculating the performances of case SMEs
using the VIKOR method

In this step, the VIKOR method is adopted to compute the perfor-

mance of case SMEs and rank them accordingly. The data matrix is

developed using the collected data, as shown in Table 7. After con-

structing the data matrix, the next step is to normalize the data matrix

TABLE 6 Final set of criteria for CE performance evaluation.

Criteria Unit Dimension Type

Reduced resource consumption by designing

products for effective resource utilization (C1)

MT/Year Operational Benefit

Investment in CSR (C2) Lakh (INR)/Year Social Benefit

Average return on investment (C3) NA Economic Benefit

Reduction in water consumption (C4) NA Environmental Benefit

Efficiency of waste heat recovery (C5) NA Operational Benefit

Wastewater treatment capacity (C6) Cubic meter/hour Operational Benefit

Use of renewable energy (C7) % Environmental Benefit

Savings in total energy cost (C8) Lakh (INR)/Year Economic Benefit

Increase in scrap recycling rate (C9) % Operational Benefit

Total outreach of health and hygiene program (C10) NA Social Benefit

Returns from sale of recycled waste products (C11) Lakh (INR)/Year Economic Benefit

Total CO2 emission (C12) Tons/Year Environmental Cost

Total water consumption (C13) Million Litre Environmental Cost

Total waste generation (C14) Tons Environmental Cost

Total wastewater (C15) Kilo Litre Environmental Cost

TABLE 7 Original data matrix.

Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15

SME1 293 25.91 5.7 35 23 50 30 12.75 22.7 835,433 10.23 698,000 27.25 136,717 480,000

SME2 288 22.90 16 18 27 65 27 8.769 15.8 998,563 27.62 772,000 300 98,676 393,600

SME3 168 291 4.56 22 13 22 65 9.567 26 547,886 9.97 553,000 25.6 77,356 520,000

GHOSH ET AL. 17
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using Equation (6) as shown in Table A5 (see Appendix A). Then, the

best (f�j ) and the worst (f�j ) values of all criteria are calculated and

shown in Table A6 (see Appendix A). Then, the utility measure for

each alternative is calculated using Equation (7) and shown in

Table A7 (See Appendix A). The values of the maximum group utility

(Si) and minimum individual regret (Ri) are determined using Equa-

tions (8) and (9) and presented in Table 9. The VIKOR index Qið Þ is

computed for each alternative using Equation (10). Finally, the case

SMEs are ranked based on the ascending order of Q value as given in

Table 9. The value of the VIKOR index of SME1 (0.455997) is the low-

est, while the VIKOR index of SME3 and SME2 are 0.500000 and

0.785634, respectively. Therefore, SME1 secures the first rank. The

ranking of case SMEs in the order of their CE performance is as fol-

lows: SME1> SME3> SME2.

4.8 | Sensitivity analysis

To examine the robustness of the results, this research follows a sen-

sitivity analysis proposed by Ghosh et al. (2022a). Sensitivity analysis

indicates how the change in an input variable affects a resultant vari-

able in a specific case. In this study, to analyze the sensitivity of the

results, the selection index SIið Þ is calculated for each alternative using

the equations proposed by Ray et al. (2010):

SIi ¼ α�SFMiþ 1�αð Þ�OFMi ð11Þ

OFMi ¼ OFCMi�
Xn

i¼1
OFCMi

�1
h i�1

ð12Þ

In Equation (11), SIi is the resultant variable and both SFMi,α,

and OFMi are input variables. SFMi denotes the subjective factor

measure or ordinal measure of the ith alternative. In this research, SFM

values are extracted from the VIKOR indices (Q values in Table 9) of

the alternatives. OFMi is the objective factor measure or cardinal mea-

sure of the ith alternative. OFM values are designed in such a way that

indicates a non-dimensional quantity of contribution margin of each

alternative. In equation (12), OFCMi is the objective factor contribu-

tion margin of the ith alternative, which is defined as the performance

measure (xij) of that alternative corresponding to the jth criterion. The

α value (0≤ α≤1) represents the attitude of the DM or the DM's

preference for a particular jth criterion. The DM's attitude plays a

vital role in selecting an optimal alternative. However, existing

sensitivity analysis models overlook the DM's attitude toward

evaluation criteria (Ghosh et al., 2022b). Hence, SFM values are fixed

values, but α, and OFM values are changed when the DM changes

his/her preference for each criterion. The larger the SIi value, the

higher is the preference of the corresponding alternative. Thus,

a sensitivity analysis is carried out in this research to understand the

effect of changes in α, and OFM values on the SI value for the priority

ranking of the alternatives.

In this research, out of 15 criteria, five C2,C7,C13,C12,andC9ð )

emerge as the top five influential criteria for CE performance

since these criteria gained relatively higher weights than others.

Therefore, five different cases are considered in the sensitivity

analysis, where DM changes his/her preference for each of the five

influential criteria accordingly. The following five cases show the

variation in the selection priority of the case organizations

(i.e., SME1,SME2, and SME3) concerning the variation in the attitude

of DM.

4.8.1 | Case 1: When DM prefers/emphasizes C2
over other influential criteria

Figure 2 clearly shows that when the α value is 1, SME1 holds

the first rank with a SI value of 0.79 (approx.). SME3 and SME2

hold the second and last positions with SI values of 0.50 and 0.45,

respectively. SME1 remains the best alternative throughout the

range of α values (from 0 to 1). In this case, break-even occurs in

the selection of SME3 and SME2 at a α value of 0.9 (approx.). It

means that when α value is 0.9, either SME3 or SME2 can

be preferred. SME2 should be preferred over SME3, when α value

lies between 0 and 0.9. However, again, SME3 should be preferred

over SME2 when α value ranges from 0.9 to 1. Hence, the

ultimate ranking of SMEs in this particular case is as follows:

SME1> SME3> SME2.

TABLE 8 Objective weights of criteria.

Criteria Cj wj

C1 7.750033795 0.064941

C2 9.367350989 0.078494

C3 7.808977277 0.065435

C4 7.68186957 0.064370

C5 7.064005947 0.059193

C6 6.972634023 0.058427

C7 9.071773293 0.076017

C8 7.748869298 0.064932

C9 8.1837296 0.068576

C10 6.958363349 0.058308

C11 8.172339212 0.068480

C12 8.274722279 0.069338

C13 9.056214757 0.075887

C14 8.088592637 0.067778

C15 7.139388341 0.059825

TABLE 9 Final ranking of case organizations.

SMEs Si Ri Qi Rank

SME1 0.50964 0.07761 0.455997 1

SME2 0.52455 0.07849 0.785634 3

SME3 0.53575 0.06848 0.500000 2

18 GHOSH ET AL.
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4.8.2 | Case 2: When DM prefers/emphasizes C7
over other influential criteria

Figure 3 shows that SME1 remains the best alternative throughout

the range of α values (from 0 to 1). In this case, break-even occurs

in the selection of SME3 and SME2 at a α value of 0.82 (approx.).

It means that when the α value is 0.82, any one of SME3 and

SME2 can be preferred. SME2 should be preferred over SME3,

when α value lies between 0 and 0.82. However, SME3 should

be preferred over SME2 when α value diverges from 0.82 to 1.

Hence, the final ranking of SMEs, in this case, is as follows:

SME1> SME3> SME2.

F IGURE 2 Sensitivity graph (Case 1).

F IGURE 3 Sensitivity graph (Case 2).

GHOSH ET AL. 19
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4.8.3 | Case 3: When DM prefers/emphasizes C13
over other influential criteria

Figure 4 shows that two break-evens occur at a α value of 0.58

(approx.) and 0.61 (approx.), respectively. When α value is 0.61,

either SME1 or SME3 can be preferred. When α value varies

between 0 and 0.61, SME3 should be preferred over SME2, and

SME1. When α value varies from 0.61 to 1, SME1 should be

preferred over SME3, and SME2. Similarly, when α value is 0.58, either

SME1 or SME2 can be preferred. When α value lies between 0 and

0.58, SME2 should be preferred over SME1. When α value exceeds

0.58, SME1 should be preferred over SME2. Considering the α value

as 1, the final ranking of SMEs, in this case, is as follows:

SME1> SME3> SME2.

F IGURE 4 Sensitivity graph (Case 3).

F IGURE 5 Sensitivity graph (Case 4).
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4.8.4 | Case 4: When DM prefers/emphasizes C12
over other influential criteria

Figure 5 shows that two break-evens occur at a α value of 0.10

(approx.) and 0.30 (approx.), respectively. When α value is 0.10, either

SME1 or SME2 can be preferred. When α value is less than 0.10, then

SME2 should be preferred over SME1. When α value exceeds 0.10,

then SME1 should be preferred over SME2. Similarly, when α value is

0.30, either SME1 or SME3 can be preferred. When α value is less

than 0.30, SME3 should be preferred over SME2 and SME1. When α

value varies from 0.30 and 1, SME1 should be preferred over SME3

and SME2. Considering the α value as 1, the final ranking of SMEs, in

this case, is as follows: SME1> SME3> SME2.

4.8.5 | Case 5: When DM prefers/emphasizes C9
over other influential criteria

Figure 6 clearly shows that SME1 remains the best alternative

throughout the range of α value (from 0 to 1). In this case, break-even

occurs in the selection of SME3 and SME2 at a α value of 0.48

(approx.). It means that when the α value is 0.48, either SME3 or

SME2 can be preferred. SME2 should be preferred over SME3, when α

value lies between 0 and 0.48. Conversely, SME3 should be preferred

over SME2 when α value exceeds 0.48. Considering the α value as

1, the final ranking of SMEs, in this case, is as follows:

SME1> SME3 > SME2.

It is found that the ranking of SMEs in all the above five cases

remains the same as that of the original ranking obtained from the

integrated CRITIC-VIKOR approach. However, the ranking is

not altered even when the DM changes his/her priority over a

particular criterion. This justifies the robustness of the research

findings.

5 | RESULTS ANALYSIS AND DISCUSSIONS

The proposed research framework was validated through a real-world

case study, in which three Indian FPSMEs were considered for CE

performance evaluation. With the help of a rigorous literature review

and a Delphi study, 15 criteria were identified and prioritized using

the CRITIC method. Based on the objective weights, the criteria are

ranked as follows: C2>C7>C13>C12>C9> C11>C14>C3>C1

>C8 >C4>C15>C5>C6>C10.

The essential criterion emerges as “Investment in CSR (C2)” with

a weight of 0.078494, which is the focus of the CE performance eval-

uation. Other studies in the literature also recognized that CSR prac-

tices contribute significantly to CE performance. For example,

Fortunati et al. (2020) argued that CSR and CE are interrelated con-

cepts, and CSR is an adequate tool to support CE implementation.

“Use of renewable energy (C7)” is ranked just after C2 with a weight

of 0.076017 and measures whether renewable energy resources may

be leveraged to achieve greater energy efficiency. This criterion is

widely documented in the CE literature, “green supply chain

management,” and “sustainable supply chain management.” It is criti-

cally important to utilize renewable energy for the effective imple-

mentation of CE and to abate pollution levels. “Total water

consumption (C13)” comes next with a weight of 0.075887, which

F IGURE 6 Sensitivity graph (Case 5).
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signifies that SMEs should be more careful about freshwater con-

sumption. Given the global problem of water scarcity and the criti-

cality of water management in mitigating the water crisis, it has

become critical to monitor the amount of freshwater extracted by

industry. To achieve CE goals, SMEs can reduce water consumption

by following processes like sewerage and wastewater treatment,

and looping water consumption process (Sugiyono &

Dewancker, 2020). “Total CO2 emission (C12)” holds the next rank

with the weight of 0.069338. This emphasizes that SMEs should

reduce total CO2 emissions in their production process, reducing the

environmental burden. Implementing CE practices can cut billions of

tons of total CO2 emissions from industry, agriculture, forestry, and so

forth and significantly reduce the ecological footprint. “Increase in

scrap recycling rate (C9)” secured the fifth rank with a weight of

0.068576. This also signifies the SMEs' need to use more scrap mate-

rials to eliminate unnecessary landfilling of residues and reduce

energy usage. Most of the metals used for industrial purposes can be

recycled repeatedly without losing their properties, and processing

such scrap metals significantly impacts CE implementation (Mackey

et al., 2019). The weights of the remaining 10 criteria are considerably

less. Despite having fewer weights, these criteria should be consid-

ered for CE performance evaluation in the FSC context. Hence, the

aforementioned five criteria can be considered the top five criteria for

CE performance.

On the contrary, “Total outreach of health and hygiene

program (C10)” is the least important, with a weight of 0.058308.

Most SMEs do not emphasize this social dimension in the CE

transitioning process. One plausible explanation is that the existing

linear business models of SMEs do not consider this criterion as they

think such social welfare activities would not yield any immediate and

positive benefit. While in the case of CE performance, social parame-

ters like health and hygiene programs have a significant contribution

and are considered for CE performance evaluation. On the contrary,

the ranking of the SMEs obtained from the VIKOR method led to the

finding that SME1 secured the first rank, whereas SME3 and SME2

secured second and third ranks, respectively. Hence, SME1 is the best

SME in terms of CE performance and can be considered a benchmark

SME. Other SMEs should follow the strategy of SME1 in order to

improve their CE performance. Moreover, the results obtained from

the CRITIC-VIKOR method indicated that the CE performance of

SME1 is the best out of the three alternatives. On the other hand, five

different cases in sensitivity analysis indicated that there was no

change in the ranking of alternatives. This makes the proposed

method more reliable. Hence, it can be concluded that the proposed

method is able to deal with the performance evaluation problems in

the SME sector.

6 | RESEARCH IMPLICATIONS

The results of this analysis corroborated the opinions of the group of

experts. The theoretical, practical, and policy implications are given

below:

6.1 | Theoretical implications

This research contributes to understanding the evaluation of CE per-

formance through the application of a real-world case study on Indian

FPSME. It makes four major contributions to CE research in general

and FSC in particular. Firstly, this research proposes a decision frame-

work by integrating CRITIC and VIKOR methods which provide

researchers the tool to find priority weights of criteria and identify the

most influential criteria. Furthermore, it helps to evaluate the individ-

ual performances and priority ranking of case organizations and find

the best organization. Hence, this research fulfills the requirement for

a robust framework–based empirical insight, specifically for the Indian

food industry. To the best of the authors' knowledge, this is the first

empirical endeavor to embed the CE principle into a performance

evaluation of FPSME. Secondly, the proposed framework amalgam-

ates a new dimension, that is, operational, to the existing TBL. Inte-

grating all four dimensions (environmental, social, economic, and

operational) in the CE performance evaluation acts as an enabler for

holistic development in terms of environment, economy, society, and

technology. Thirdly, an integrated CRITIC-VIKOR methodology is

employed in this research, which solves complex decision-making

problems efficiently to yield the most optimal solution. Finally, the

results revealed that “Investment in CSR” is the most influential crite-

rion for CE performance, confirming that underlying social responsibil-

ity practices are expected to impact CE performance to a greater

extent. This contribution proposes a new multifaceted concept

(i.e., CSR) into the FSC domain as a possible arena for CE business

innovation and performance enhancement.

6.2 | Practical implications

The research's findings are important for the development of CE prac-

tices in the Indian FPSME. The study employed a sequential manner

to delve into and validate the information extracted from the litera-

ture and expert opinions. The practical implications of this research

are twofold. For the first implication, the research contributes by iden-

tifying various criteria that have a vital role for managers and DMs.

Consequently, the managers of the respective SMEs need to address

the various criteria of CE performance to remain competitive in the

market. The proposed framework enables the calculation of the prior-

ity of the evaluation criteria in a logical, simple, and validated manner,

which can otherwise be difficult to determine. This research identified

15 evaluation criteria, among which a set of five was found as the

most influential criteria. As this research adopts a case study approach

with three leading FPSMEs for in-depth analysis, it can measure the

strength of criteria influencing CE performance. Furthermore, by

observing the performance against each criterion, SMEs can bench-

mark their status against their competitors and prepare a course of

action for improving their performance of compliance with CE

principles.

The second implication of this research is a complete methodol-

ogy for CE performance evaluation with application in three SMEs.
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Earlier research methods typically utilized cross-sectional and qualita-

tive approaches, but the current work introduced a novel methodol-

ogy. Future research can use this methodology to thoroughly

investigate the indicators impacting CE performance. This study dif-

fers from existing studies that applied various MCDM techniques for

performance evaluation. This research employs an integrated CRITIC-

VIKOR approach, which eliminates the conflict among criteria through

computing correlation coefficients and ranks the alternatives by

checking decision stability, thereby proposing an error-free channel

for performance evaluation. Moreover, the proposed framework can

also be utilized as a supplier selection tool.

6.3 | Policy implications

Based on the current research outcomes, various policies can be sug-

gested for the Indian FPSME for CE performance improvement.

FPSMEs should prioritize CSR activities within their system and invest

a substantial amount in employee wellbeing, betterment of working

ambiance, reduction in possible risks and hazards, and so forth. Simul-

taneously, FPSMEs should make use of renewable energy resources

and replace conventional power setups with renewable energy and

energy-efficient devices. FPSMEs are advised to install small power

grids (like photovoltaic panels and solar collectors) within their factory

premises. The power obtained from renewable energy can be utilized

to run various electronic devices that are mainly used for various pur-

poses, such as heating, cooling, and preservation of perishable food

ingredients. FPSMEs also require efficient recycling facilities to

increase scrap recycling rate and reduce the use of raw materials.

Based on the research results, FPSMEs are advised to install emission

control devices (like catalytic converters) at factory outlets.

Prior research has revealed that the majority of developing

nations are lagging in SDG attainment. As the future of industrial sec-

tors is and will be ever more driven by sustainability practices, CE

practices will contribute towards achieving those goals. Therefore,

policymakers should formulate strategies that facilitate the adoption

of CE practices. Moreover, only implementing CE practices is not

enough. Regular assessment and monitoring of CE performance are

necessary for an effective outcome. The development and deploy-

ment of the proposed framework for CE performance evaluation pro-

vides guidelines and valuable criteria for regulatory enforcement.

Policymakers can use the ranking of the specific criteria to design

effective policies to improve the CE performance of SMEs.

7 | CONCLUSION

According to the UN SDGs, food waste should be cut in half by 2030

(Mehmood et al., 2021). Hence, the CE concept must be promptly

implemented in the FSC to promote sustainable growth by reducing

waste, effective utilization of resources, and recycling. However,

effective CE methods and techniques for development and adoption

are still in the embryonic stage of development. This study develops a

comprehensive and robust framework for measuring the CE perfor-

mance of FPSME in the setting of a developing country, which is not

just founded on a literature review but has also been verified by FSC

experts. From a managerial standpoint, the proposed integrated

framework's credibility is proved by its application to a real-world case

study of three SMEs in the Indian FPI. Results of this research claim

that SME1 is the top-ranked organization concerning CE performance,

whereas SME3 secures the second position, and SME2 holds the last

rank. Other SMEs can look to SME1 as a benchmark SME in the field

of CE practices implementation and follow its strategies to improve

their CE performance. The criteria ranking indicates that “Investment

in CSR” is the most influential criterion. Due to the social and ethical

aspects of sustainability, investment in CSR is essential. It is also a

component of strategic expansion for businesses that take into

account the ideas of CSR and CE as viable solutions for building sus-

tainable business operations. The “Investment in CSR,” “Use of

renewable energy,” “Increase in scrap recycling rate,” “Total CO2

emission,” and “Total water consumption” criteria are ranked as the

five most influential criteria in CE performance evaluation and should

be the focus for SMEs wishing to enhance their CE performance.

SMEs may encourage CE innovation to enhance CE performance by

focusing on influential criteria like renewable energy, waste minimiza-

tion systems, and scrap recycling. On the contrary, “Total outreach of

health and hygiene program,” “Total wastewater,” “Wastewater treat-

ment capacity,” “Efficiency of waste heat recovery rate,” and “Water

consumption reduction” criteria are the five least important criteria,

having the lowest weights.

The findings of this research contribute to achieving SDG 12 con-

cerning the commitment toward “responsible consumption and pro-

duction.” SDG 12.5 aims at reducing waste generation substantially

by promoting reducing, reusing, and recycling practices (Lahane &

Kant, 2022), and SDG 12.9 attempts to advance the scientific knowl-

edge to move towards sustainable production and consumption pat-

terns in developing countries (Nayal et al., 2021). This research tries

to advance the progress of SDG 12.5 and SDG 12.9 in the following

ways: (i) investigating the level of CE implementation in the FPSME of

a developing country and embedding various CE principles into the

performances of FPSME and (ii) establishing a comprehensive frame-

work to quantitatively measure the performances of country-level

FPSME, providing new insights into the CE in FSC in the context of a

developing country. The implications of this research can assist man-

agers in designing their SC activities in a CE-focused way and making

strategies for CE performance enhancement.

7.1 | Study limitations and avenues for further
investigations

The present research has some limitations. Firstly, although this

research thoroughly identified a set of essential evaluation criteria,

there is a possibility that a few important criteria might have been

overlooked; they should be considered in future research. Secondly,

this study was carried out considering the FPI; hence, the results may
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suffer from generalizability issues. Despite these limitations, the scope

of the present study can be broadened into various avenues. A similar

study can be carried out in the future by considering other industrial

segments with the same, or different, evaluation criteria. Other

MCDM methodologies like Entropy, TOPSIS, and COPRAS can also

be used to validate results obtained from current research and make a

comparative study. Moreover, since the current work is developed in

an Indian context, similar research can be carried out and extended to

developing nations to identify if the results apply to any other devel-

oping country.
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