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In the current era, the meat supply chain plays a vital role in the food industry. The meat supply chain is
experiencing significant challenges due to the increase in demand and Circular Economy (CE) challenges. In the
meat supply chain, a huge waste is generated during the meat processing, and it is much needed to manage waste
effectively, considering the large quantities of by-products, packaging, and residues generated. The current

research focuses on identifying and examining the factors that enable a shift towards a CE for sustainable meat
supply chain. The study uses IMF-SWARA and Triangular Fuzzy Bonferroni Mean (TFBM) methods to identify the
key enablers and validated through industry and academic experts. Findings indicate that reverse logistics,
followed by the principles of reducing, reusing, and recycling (3Rs), and strong leadership commitment, are
crucial enablers for adopting a CE in the Indian meat supply chain. This research offers policies and strategies to
the managers and practitioners to adopt a sustainable meat supply chain for CE.

1. Introduction

In recent years, the Circular Economy (CE) has gained unprece-
dented momentum for food organizations to re-evaluate their practices
and adopt more responsible approaches in food supply chain. The meat
(beef, chicken, lamb, pork) industry, which plays a pivotal role in the
global food system [1]. As the demand for meat products continues to
rise, the need for sustainable circular practices is became important. The
conventional linear model that characterizes the current meat supply
chain is marked by inefficiencies, wastefulness, and a heavy reliance on
finite resources.

The concept of a CE revolves around the idea of regenerating re-
sources, minimizing waste, and fostering a closed-loop system where
materials are continuously recycled [2]. It stands in stark contrast to the
linear take-make-dispose model, which is not only environmentally
detrimental but also economically unsustainable in the long run.
Numerous scholarly investigations have examined various facets of
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sustainability and waste management in the wider framework of Indian
agrifood systems. Nonetheless, consideration needs to be given to the
unique dynamics and difficulties present in the meat supply chain, such
as problems with waste production, resource use, and environmental
effects. Prior research on the implementation of CE principles in
different sectors or areas could offer significant perspectives; however,
applying these findings directly to the meat supply chain in India could
ignore subtleties and context-specific aspects.

As a result, there exists a significant study gap concerning the
comprehensive identification and prioritization of the CE enablers
within the Indian meat supply chain. Reducing this disparity will
contribute to the advancement of theoretical understanding and provide
valuable insights for scholars, industry participants, and policymakers
seeking to promote sustainability and resilience in this significant field.
To address these gaps, research questions are formulated as follows:

RQ.1: What are the enablers for CE in the Indian Meat Supply chain?
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RQ.2: Which enabler is the most significant for CE in the meat supply
chain?

To form steps to answer the above-mentioned questions, objectives
are formulated as follows:

RO.1: To identify the enablers for CE in Indian Meat Supply Chain.
RO.2: To prioritize the identified enablers with the help of the IMF-
SWARA technique.

The paper from now on delves into various sections, and its structure
is as follows: Section 2 explain the Systematic literature review, Section
3 explains the research methodology including a flow chart, Section 4
provides for the preparation process, Section 5 explains the related
techniques and their results, Section 6 provides for discussion and im-
plications and lastly, Section 7 shows the conclusion and gives future
scope for the study.

2. Systematic literature review

There has been an increasing trend of CE implementation in the meat
supply chain all over the world. These studies are included in popular
and entrusted databases such as Scopus and Web of Science. In order to
find out the relevant literature, systematic research is carried out with
the help of the following keywords in Scopus: TITLE-ABS-KEY (“CIR-
CULAR ECONOMY” OR “SUSTAINABILITY” AND “MEAT SUPPLY
CHAIN”). In order to be in line with the latest literature updates, authors
limited the research period from 2010 to 2024. Thirty research articles
were selected as a major source of the literature.

2.1. Circular economy

In this context, embracing a CE presents a compelling alternative that
not only addresses environmental concerns but also contributes to
economic and social sustainability. CE refers to reusing, repairing,
refurbishing, and recycling present materials and items to convert
wastes into resources [3,4]. CE has been popular worldwide as a sus-
tainable framework for resource management and economic growth;
little is known about how it might be used in industries and geographical
areas. One of the primary issues plaguing the Indian meat supply chain is
its significant environmental footprint. From deforestation for livestock
grazing to the immense water consumption associated with meat pro-
duction, the sector is intrinsically linked to various environmental
challenges [5].

2.2. Food waste

According to Gustavsson et al. [6], the food waste is defined by the
Food and Agriculture Organization (FAO) as losses that occur in the
upstream stages of the food supply chain (that is, through industrial
processes for transformation from agricultural output), while food waste
is represented by food that is discarded during the consumption and
retail stages. Food wates are usually handled by farmers and agri-food
businesses in the early stages of the supply chain [7]. For SDG 12.3 to
be achieved, their involvement in recognizing, evaluating, and mini-
mizing food waste is essential. The numerous parties involved in the
food supply chain must work together in harmony and have the
appropriate tools to support decision-making and the implementation of
strategies that integrate the CE pillars from a supply chain viewpoint is
essential.

According to a progress report provided by Champions 12.3 [8],
while over 25 % of the world's 50 largest food firms started measuring
the amount of food waste produced during their industrial processes in
2017, only 20 % of these businesses established and implemented ini-
tiatives aimed at decreasing food waste [9]. This perspective holds that
the CE can assist food companies and others in achieving SDGs other
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than SDG 12.1—such as those related to climate action or life on land. In
the most recent CEAP edition [10], the European Commission under-
lined the importance of food waste reduction and listed it as a key
component of the CE package [11].

2.3. Circular economy and meat loss

The highest rates of meat and meat product waste and per capita
consumption are seen in industrialized nations. This waste at the con-
sumption level accounts for around half of all meat loss and waste [12].
However, producing meat uses a lot more energy than creating meals
based on plants because farms require a lot of diesel fuel and other
utilities derived from fossil fuels to maintain and feed cattle as well as to
grow and harvest animal feed crops. If meat and animal products are lost
in the process of obtaining and preparing them, then these fuels and
fertilizers are also wasted. Avoiding meat would significantly reduce
linked greenhouse gas emissions in the food chain [13,14]. As such, it is
important to consider the type as well as the quantity of food wasted.

Food waste has a range of detrimental externalities on the environ-
ment, society, and economy. Specifically, animal husbandry is the most
carbon-intensive and resource-intensive activity. Based on the emission
intensity factor, the industry produces 2.58 kg COz¢q/$, which is more
than the direct production of all other human foods [13,15]. Because of
this, it has more negative consequences on the ecosystem, polluting
streams and landscapes, and accelerating climate change [16]. Since
meat contributes relatively little to food waste, reducing waste and meat
loss should be given at least as much consideration as other commodities
due to its high production cost and energy intensity [17,18]. Though it
makes up just 7 % of waste overall [19], meat waste generates the most
CO emissions relative to waste from fruits and vegetables.

Meat may deteriorate rapidly if it is not handled, stored, or distrib-
uted correctly as well as if it is not processed correctly. The meat in-
efficiencies have cost the economy trillions of dollars; the losses rise
when social and environmental consequences are included. Zhang et al.
[20]; Némec et al. [21]; Guo [22] various scholars have investigated the
challenges and enabling strategies for the implementation of the meat
supply chain for sustainable operations and distribution. Indian meat
industry is significantly facing many challenges. India's meat supply
chain differs significantly due to its fragmented and largely informal
structure, where small-scale slaughtering, processing, and retail domi-
nate [1]. Consumers are growing more aware of the origin and quality of
meat. Thus, transparency in the meat supply chain is necessary to
guarantee the quality, safety, and trust of consumers in meat products
[23]. Furthermore, implementing the circular economy is one strategy
to deal with the problem of meat waste in the food supply chain.

3. Methodology

A two-phase methodology is used to conduct the research. In the first
stage, the two primary keywords “meat supply chain” and “circular
economy” were selected to explore the relevant research studies. This
process led to a list of 30 papers out of 45 papers; these were finally
chosen for the study.

After finalization of the enablers for the research articles, the ques-
tionnaire was developed and administered for the pilot survey, and as
advised by experts in the supply chain discipline, three factors were
removed out of 10, and the remaining 7 factors led to the final ques-
tionnaire framing. The last step consisted of two phases: phase 1-
preparation process and phase 2- calculation of weight values of criteria
which will be explained in the following sections. The flow diagram is
presented in Fig. 1.

3.1. Preparation process

The research problem was identified after a comprehensive analysis
of the research papers related to meat supply chain and CE. From the
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Fig. 1. Flow diagram for Application of IMF SWARA Technique.

literature, it was found that the Indian meat supply chain and CE remain
significantly underexplored. Therefore, identifying and ranking CE en-
ablers for meat supply chain would help future researchers save time in
prioritizing these enablers and work on the actual implementation of
these enablers. After various meetings with a team of experts, the CE
enablers were identified which were finally used for the collection of the
fuzzy data.

The board consists of a wide range of qualified professionals, from
graduate to doctorate level, with experience ranging from 1 to 20 years.
Being a part of either the meat supply chain industry or research expe-
rience in this domain was a primary condition for selecting the board of
experts for this participatory role. The secondary condition was that
they must have a determinative role in their respective industries, hence
their input was considered suitable to contribute to this body of
knowledge. According to the conditions mentioned, the experts are
given below in Table 1.

They were initially given free-form questions to complete and
instructed to develop a list of options and selection standards required
for a CE enablers selection evaluation process. After these lists were
compiled, duplicate criteria were removed, and the last set of options
and the selection standards were obtained. The CE enablers and their

Table 1
Expert team and their details.

D.M. Professional Qualification Position Work Experience

DM-1 Graduate Executive Less than 5 years

DM-2 Postgraduate Middle Management 5-10 years
DM-3 Postgraduate Middle Management 5-10 years
DM-4 Postgraduate Middle Management 5-10 years
DM-5 Graduate Executive 16-20 years
DM-6 Doctorate Middle Management 5-10 years
DM-7 Graduate Executive Less than 5 years
DM-8 Doctorate Middle Management 16-20 years

description are presented in Table 2.

3.2. Calculation of weight values of criteria

In the current business environment, it is crucial to provide best
analytical techniques for data collection and analysis. The AHP (Ana-
lytic Hierarchy Process) technique faced a lot of criticism due to the
large number of pairwise comparisons and calculations it requires.
These problems complicate and limit the technique's applicability.
Moreover, it requires the use of an additional technique to determine
consistency. Similarly, the results of the Technique for Order of Prefer-
ence by Similarity to Ideal Solution (TOPSIS) approach are likewise
unreliable due to the rank reversal issue. Now the authors will provide
reasoning for not using the original Fuzzy SWARA method [35]. Vrtagi¢
et al. [36] did a comparative analysis of both fuzzy SWARA method as
well as IMF SWARA technique and found that it is not possible to gain
results if two criteria have equal fuzzy weights whereas by applying IMF
SWARA, those criteria can have equal values. Additionally, as the
number of criteria in the model rises, the least significant criteria acquire
values that may be negligible or tend toward zero. When using the
improved fuzzy SWARA technique, less important criteria can have
larger values and a greater voice in the decision-making process. IMF
SWARA in comparison with FUCOM, LBWA, and BWM is more conve-
nient approach that offers greater transparency and better suitability for
complex problems.

3.2.1. Improved fuzzy stepwise weight assessment ratio analysis (IMF
SWARA) technique

To prioritize the enablers of CE, the Improved Fuzzy Stepwise Weight
Assessment Ratio Analysis (IMF SWARA) Technique was used. The
SWARA technique is an MCDM method that Kersuliene et al. [37] pro-
vided for figuring out the weights of the selection criteria. Unlike the
conventional MCDM approach, the SWARA strategy, according to
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Table 2
CE enablers with their description and literature source.
S. No. CE Enablers Description References
CEE1 Top management commitment As stewards of strategic vision, top management may play a pivotal role in enabling the transition to a CE. [24]
They establish organizational commitment, aligning policies, and resources towards circularity goals. [25]
CEE2.  Digital Technologies (RFID, Blockchain and  RFID enables accurate tracking of materials through the supply chain, optimizing resource allocation and [26]
Cyber Physical Systems) reducing waste; Blockchain may enable seamless tracking of resources, materials, and products, facilitating [27]
efficient recycling, reuse, and remanufacturing processes; Cyber-physical systems (CPS) can be instrumental ~ [28]
in catalysing the CE by integrating digital technologies with physical processes. [29]
CEE3.  Supply Chain Collaboration Collaborative efforts may streamline material flows, facilitating the recovery and reuse of resources across [30]
multiple stages of production and consumption.
CEE4.  Reverse logistics It encompasses activities such as product returns, recycling, refurbishment, remanufacturing, and, thus [31]
increasing the lifespan of goods and minimizing waste.
CEE5.  3Rs (Reduce, Reuse and Recycle) “Reduce” involves minimizing resource consumption and waste generation through efficient production and ~ [32]
consumption practices. “Reuse” emphasizes extending the lifespan of products and materials by encouraging
refurbishment, repair, and sharing economies. “Recycle” promotes the recovery and reprocessing of materials
to create new products, closing the loop of resource utilization.
CEE6.  Globally harmonized standards These standards may streamline regulations, facilitating consistency in product design, recycling processes, ICC [33]
and waste management protocols.
CEE7. Capacity Building Through training programs, workshops, and educational initiatives, capacity building may foster awareness [34]
and understanding of circular principles.
weights for these criteria if decision-makers conduct a linguistic evalu-
Table 3 ation in which they see the jth criterion as being equally relevant as the
Triangular Fuzy Number (TFN) scale and IMF SWARA linguistic variable. jth-1 criterion. Based on these, the IMF SWARA method's basic as-
Linguistic Variable Abbreviation TFN Scale sumptions determine that TFN is (1,1,1). Nevertheless, if the linguistic
Absolutely less significant ALS 1.000 1.000 1.000 scale recommended by the IMF SWARA technique is used, the TFN can
Dominantly less significant DLS 0.500 0.667 1.000 be found as (0,0,0); as a result, it is feasible to have the final weights of
Much less significant MLS 0.400 0.500 0.667 these criteria equal to one another [36]. Evaluating the effects of the
Really less significant RLS 0.333 0.400 0.500 criteria weights on the ranking of the decision alternatives requires
Less significant LS 0.286 0.333 0.400 resenting a realistic and consistent evaluation tool that reflects the
Moderately less significant MDLS 0.250 0.286 0.333 P o 8 . v
Weakly less significant WLS 0.222 0.250 0.286 subjective evaluations performed by DMs [45]. [36] In order to
Equally significant ES 0.000 0.000 0.000 accomplish this, the IMF SWARA technique is used, as it enables to

Mardani et al. [38], aims to forecast decision-makers' preferences and
uses these estimations to evaluate the process. By following these pro-
cedures, decision-makers can easily execute the SWARA technique's al-
gorithm to determine the criteria's weights [39]. Assessed and
Prioritized Construction Contracting Risks with an Extended FMEA
Decision-Making Model in Uncertain Environments [40]. discussed
Sustainable Supplier Selection Based on a Comparative Decision-Making
Approach Under Uncertainty [41]. discussed that the Sustainability
service chain capabilities in the oil and gas industry using Fuzzy hybrid
approach SWARA-MABAC. Additionally, to address the ambiguities that
arise during the evaluation process, the fuzzy SWARA approach (F
SWARA) [35] was developed as a subjective evaluation method based
on fuzzy sets. Its use as a mathematical tool has helped people make
more rational and logical decisions [42-44]. However, Vrtagi¢ et al.
[36] noted that the linguistic scale used to compare criteria pairwise
[35] is inadequate, and they proposed improving the technique, using a
new scale (Vrtagic et al., 2021). They introduced a brand-new method to
achieve this goal, known as the improved fuzzy stepwise weight
assessment ratio analysis (IMF SWARA).

3.2.2. Basic steps of (IMF SWARA)
The authors claim that computations will not produce identical

Table 4
Criteria weights calculated for Decision Maker-1.

establish the weights of the criteria and the steps necessary to use the
technique [36].

3.2.2.1. Step 1. Determine the criteria's rank value: When using the IMF
SWARA technique for the first time, decision-makers rank the criteria
according to their evaluations. The crucial factor is ranked first, while
the least significant component is placed last.

3.2.2.2. Step 2. Comparing criteria pairwise: Decision-makers (DMs)
decided the relative relevance of each criterion using the linguistic scale
presented in Table 3. For this purpose, DMs calculate the proportionate
importance of the jth criterion with respect to jth —1. Each criterion is
compared to the one that came before it; these correlations, or ratios, are
denoted by the symbol s; and are given as the comparative significance
of the average value ([37]; Vrtagic et al., 2021).

3.2.2.3. Step 3. Calculating the coefficient value: During this phase of
implementation, the recalculated component weight values are com-
bined with the final relative relevance scores of the selection criterion.
This is how the coefficient value is calculated with Equation (1) [37,42]:

k={1j=15+1j>1} (eqn. 1)

Rank DM1 Sj (Comparative Significance) Kj (Fuzzy Coefficient) qj (Calaulated weights) w;j (Fuzzy weight coefficient) CV (Crisp value)
1 CEE4 1 1 1 1.000 1.000 1.000 0.382 0.404 0.433 0.405
2 CEE1 1.000 1.000 1.000 2 2 2 0.500 0.500 0.500 0.191 0.202 0.217 0.203
3 CEE5 0.400 0.500 0.667 1.4 1.5 1.67 0.300 0.333 0.357 0.115 0.135 0.155 0.135
4 CEE7 0.333 0.400 0.500 1.33 1.4 1.5 0.200 0.238 0.268 0.076 0.096 0.116 0.096
5 CEE2 0.286 0.333 0.400 1.29 1.33 1.4 0.143 0.179 0.208 0.055 0.072 0.090 0.072
6 CEE6 0.333 0.400 0.500 1.33 1.4 1.5 0.095 0.128 0.156 0.036 0.052 0.068 0.052
7 CEE3 0.250 0.286 0.333 1.25 1.29 1.33 0.071 0.099 0.125 0.027 0.040 0.054 0.040
2.309 2.477 2.615
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Rank DM2 Sj (Comparative Significance) Kj (Fuzzy Coefficient) gj (Calaulated weights) wj (Fuzzy weight coefficient) CV (Crisp value)
1 CEE5 1 1 1 1.000 1.000 1.000 0.197 0.205 0.216 0.205
2 CEE1 0.286 0.333 0.400 1.286 1.33 1.4 0.714 0.750 0.778 0.140 0.154 0.168 0.154
3 CEE7 0.000 0.000 0.000 1 1 1 0.714 0.750 0.778 0.140 0.154 0.168 0.154
4 CEE6 0.000 0.000 0.000 1 1 1 0.714 0.750 0.778 0.140 0.154 0.168 0.154
5 CEE2 0.250 0.286 0.333 1.25 1.29 1.333 0.536 0.583 0.622 0.105 0.119 0.134 0.120
6 CEE4 0.000 0.000 0.000 1 1 1 0.536 0.583 0.622 0.105 0.119 0.134 0.120
7 CEE3 0.222 0.250 0.286 1.222 1.25 1.286 0.417 0.467 0.509 0.082 0.096 0.110 0.096
4.631 4.884 5.086
Table 6

Criteria weights calculated for Decision Maker-3.

Rank DM3 Sj (Comparative Significance) Kj (Fuzzy Coefficient) q; (Calaulated weights) wj (Fuzzy weight coefficient) CV (Crisp value)
1 CEES 1 1 1 1.000 1.000 1.000 0.324 0.363 0.427 0.367
2 CEE2 0.500 0.667 1.000 1.5 1.67 2 0.500 0.600 0.667 0.162 0.218 0.285 0.220
3 CEE6 0.333 0.400 0.500 1.33 1.4 1.5 0.333 0.428 0.500 0.108 0.156 0.214 0.157
4 CEE3 0.286 0.333 0.400 1.29 1.33 1.4 0.238 0.321 0.389 0.077 0.117 0.166 0.118
5 CEE7 0.400 0.500 0.667 1.4 1.5 1.667 0.143 0.214 0.278 0.046 0.078 0.119 0.079
6 CEE1 1.000 1.000 1.000 2 2 2 0.071 0.107 0.139 0.023 0.039 0.059 0.040
7 CEE4 0.250 0.286 0.333 1.25 1.29 1.333 0.054 0.083 0.111 0.017 0.030 0.048 0.031
2.339 2.755 3.083

Next, using Equation (2), the weight values of the criteria g; are
determined.

i G
gj_{l,]_l K Jj>1

(eqn. 2)
Lastly, the fuzzy weight coefficient values of the criteria are produced
using Equation (3):

~ g;

wj=— (eqn. 3)
>
j=1

where E is the criterion's coefficient values and g; is the fuzzy weight of
the jth criterion that has been recalculated. w;, where n is the total
number of criteria, indicates the fuzzy relative weight values of the jth
criterion.

3.2.2.4. Step 4. Defuzzifying the criterion weights: Equation (4) is used
in the last stage of the IMF SWARA approach to defuzzify the fuzzy
values in the manner described below [46]:

wd 4w Ly

Wrisp value = 6 (quL 4)

3.2.2.5. Step 5. Final weights calculation: The final weights to deter-
mine the end value of each criterion is calculated using Triangular Fuzzy
Bonferroni Mean which is equation (5) [47].

Let [af, a¥, aP1 (i = 1,23 ... ... n) be as set of triangular fuzzy
number, then,

Where n = No. of experts.
And p,q > 0 i.e. non-negative numbers.

3.3. Applying the IMF-SWARA method

The implementation of the IMF-SWARA technique has addressed the
selection of important CE enablers in the Indian meat supply chain. Even
if the weight values of the selection criterion were determined using IMF
SWARA. One method used to evaluate the ranking importance of the CE
enablers is the Triangular Fuzzy Bonferroni Mean formula.

3.3.1. Criteria weights values calculation

Based on the formulas previously mentioned to perform IMF-SWARA
technique, this section shows the weight values of various criteria,
presented in Tables 4-11.

From the analysis, it is depicted that the DM1 has opined CEE4 as the
most significant criteria followed by CEE1 for evaluating CE enablers
whereas CEE3 as the most insignificant. According to DM2, CEES5 is the
most influential enabler as compared to others and CEE3 is the least
influential one. The DM3 has found CEE4 as the most insignificant,
whereas CEES is the most significant enabler. Also, DM4 opined that
CEE4 is the most crucial enabler followed by CEES and CEEL is the least
crucial among all. According to DM5, the most significant enabler is
CEE4 whereas CEE7 is the least significant one. The DM6 has found
CEES5 to be crucial in the meat supply chain whereas CEE3 is the least
crucial among all. DM7 has opined that CEE1 is the most significant
criteria followed by CEE4 and CEES6 is the least significant one. As for
DMS8, CEES is significant, followed by CEE1 and CEE4, but CEE7 is the

n o\ 70 n NG
w3 @ @) (e 3 @ @)

(eqn. 5)
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Criteria weights calculated for Decision Maker-4.
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Rank DM4 S; (Comparative Significance) Kj (Fuzzy Coefficient) q; (Calaulated weights) w;j (Fuzzy weight coefficient) CV (Crisp value)
1 CEE4 1 1 1 1.000 1.000 1.000 0.337 0.387 0.470 0.393
2 CEES 0.500 0.667 1.000 1.5 1.67 2 0.500 0.600 0.667 0.168 0.232 0.313 0.235
3 CEE6 0.400 0.500 0.667 1.4 1.5 1.67 0.300 0.400 0.476 0.101 0.155 0.224 0.157
4 CEE7 0.500 0.667 1.000 1.5 1.67 2 0.150 0.240 0.317 0.050 0.093 0.149 0.095
5 CEE3 0.333 0.400 0.500 1.333 1.4 1.5 0.100 0.171 0.238 0.034 0.066 0.112 0.068
6 CEE2 0.500 0.667 1.000 1.5 1.67 2 0.050 0.103 0.159 0.017 0.040 0.075 0.042
7 CEE1 0.400 0.500 0.667 1.4 1.5 1.67 0.030 0.069 0.113 0.010 0.027 0.053 0.028
2.130 2.582 2.971
Table 8

Criteria weights calculated for Decision Maker-5.

Rank DM5 S; (Comparative Significance) Kj (Fuzzy Coefficient) q; (Calaulated weights) w;j (Fuzzy weight coefficient) CV (Crisp value)
1 CEE4 1 1 1 1.000 1.000 1.000 0.360 0.386 0.426 0.389
2 CEES 0.400 0.500 0.667 1.4 1.5 1.67 0.600 0.667 0.714 0.216 0.258 0.304 0.258
3 CEE1 1.000 1.000 1.000 2 2 2 0.300 0.333 0.357 0.108 0.129 0.152 0.129
4 CEE2 0.333 0.400 0.500 1.333 1.4 1.5 0.200 0.238 0.268 0.072 0.092 0.114 0.092
5 CEE3 0.400 0.500 0.667 1.4 1.5 1.67 0.120 0.159 0.191 0.043 0.061 0.081 0.062
6 CEE6 0.286 0.333 0.400 1.286 1.33 1.4 0.086 0.119 0.149 0.031 0.046 0.063 0.046
7 CEE7 0.500 0.667 1.000 1.5 1.67 2 0.043 0.071 0.099 0.015 0.028 0.042 0.028
2.348 2.587 2.779
Table 9

Criteria weights calculated for Decision Maker-6.

Rank DM6 S; (Comparative Significance) K;j (Fuzzy Coefficient) qj (Calaulated weights) w; (Fuzzy weight coefficient) CV (Crisp value)
1 CEE5 1 1 1 1.000 1.000 1.000 0.309 0.348 0.409 0.351
2 CEE4 0.400 0.500 0.667 1.4 1.5 1.667 0.600 0.667 0.714 0.185 0.232 0.292 0.234
3 CEE1 0.500 0.667 1.000 1.5 1.667 2 0.300 0.400 0.476 0.093 0.139 0.195 0.141
4 CEE7 0.250 0.286 0.333 1.25 1.286 1.333 0.225 0.311 0.381 0.069 0.108 0.156 0.110
5 CEE6 0.333 0.400 0.500 1.333 1.4 1.5 0.150 0.222 0.286 0.046 0.077 0.117 0.079
6 CEE2 0.286 0.333 0.400 1.286 1.333 1.4 0.107 0.167 0.222 0.033 0.058 0.091 0.059
7 CEE3 0.400 0.500 0.667 1.4 1.5 1.667 0.064 0.111 0.159 0.020 0.039 0.065 0.040
2.446 2.877 3.238

most insignificant compared to the others.

3.3.2. The Triangular Fuzzy Bonferroni Mean (TFBM) calculation

The Triangular Fuzzy Bonferroni Mean (TFBM) was used to find out
the average value for each criterion and then, the crisp value is calcu-
lated using the same formula as mentioned in the previous section. The
final average value for each criterion and its crisp value is presented in
Table 12. From the above, it is seen that after the completion of the
analysis of the Fuzzy data, the following order of significance was
obtained:

CEE4> CEE5> CEE1> CEE7> CEE2> CEE6> CEE3.

The same interpretation has been presented graphically using a bar
chart in Fig. 2.

The result showed the following weight values in decreasing order of
significance: Reverse Logistics [0.1772] > 3Rs (Reduce, Reuse and
Recycle) [0.1140] > Top Management Commitment [0.1060] > Ca-
pacity Building [0.0525] > Digital Technologies (RFID, Blockchain and
Cyber Physical Systems) [0.0486] > Globally Harmonized Standards

Table 10
Criteria weights calculated for Decision Maker-7.

[0.0416] > Supply Chain Collaboration [0.0337].
4. Discussion

The adoption of Circular Economy in meat supply chain increases
responsiveness and resilience [48]. Circular Economy principles in In-
dia's meat supply chain helps to reduce carbon emissions, safeguarding
natural resources, and promoting inclusive economic development [1].
Meat is usually produced and disseminated over a long period of time; it
is susceptible to bacterial contamination and contamination when
combined with other animal products. Meat is a relatively sensitive
product, and it has been made public by major food crises and outbreaks
[49-51].

In the meat supply chain, reverse logistics play in important and
significant role as meat may deteriorate rapidly if it is not handled,
stored, or distributed correctly as well as if it is not processed correctly.
It encompasses activities such as product returns, recycling, refurbish-
ment, remanufacturing, and thus increasing the lifespan of goods and

Rank DM7 S; (Comparative Significance) K;j (Fuzzy Coefficient) qj (Calaulated weights) wj (Fuzzy weight coefficient) CV (Crisp value)
1 CEE1 1 1 1 1.000 1.000 1.000 0.340 0.393 0.481 0.399
2 CEE4 0.500 0.667 1.000 1.5 1.67 2 0.500 0.600 0.667 0.170 0.236 0.321 0.239
3 CEE5 0.500 0.667 1.000 1.5 1.67 2 0.250 0.360 0.444 0.085 0.142 0.214 0.144
4 CEE7 0.400 0.500 0.667 1.4 1.5 1.67 0.150 0.240 0.317 0.051 0.094 0.153 0.097
5 CEE3 0.333 0.400 0.500 1.33 1.4 1.5 0.100 0.171 0.238 0.034 0.067 0.115 0.070
6 CEE2 0.500 0.667 1.000 1.5 1.67 2 0.050 0.103 0.159 0.017 0.040 0.076 0.043
7 CEE6 0.400 0.500 0.667 1.4 1.5 1.67 0.030 0.069 0.113 0.010 0.027 0.055 0.029
2.080 2.542 2.939
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Table 11
Criteria weights calculated for Decision Maker-8.
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Rank DMS8 Sj (Comparative Significance) Kj (Fuzzy Coefficient) q; (Calaulated weights) w;j (Fuzzy weight coefficient) CV (Crisp value)
1 CEE5 1 1 1 1.000 1.000 1.000 0.321 0.366 0.439 0.371
2 CEE1 0.500 0.667 1.000 1.5 1.67 2 0.500 0.600 0.667 0.161 0.219 0.293 0.222
3 CEE4 0.400 0.500 0.667 1.4 1.5 1.67 0.300 0.400 0.476 0.096 0.146 0.209 0.148
4 CEE3 0.286 0.333 0.400 1.29 1.33 1.4 0.214 0.300 0.370 0.069 0.110 0.163 0.112
5 CEE2 0.333 0.400 0.500 1.33 1.4 1.5 0.143 0.214 0.278 0.046 0.078 0.122 0.080
6 CEE6 0.500 0.667 1.000 1.5 1.67 2 0.071 0.129 0.185 0.023 0.047 0.081 0.049
7 CEE7 0.333 0.400 0.500 1.33 1.4 1.5 0.048 0.092 0.139 0.015 0.034 0.061 0.035
2.276 2.734 3.115
Table 12

Final Criteria weights calculated using Bonferroni Operator.

Enablers Description Bonferroni Operator (Average Value) Crisp value
CEE1 Top management commitment 0.0915 0.1053 0.1232 0.1060
CEE2 Digital Technologies (RFID, Blockchain and Cyber Physical Systems) 0.0351 0.0483 0.0636 0.0486
CEE3 Supply Chain Collaboration 0.0221 0.0334 0.0469 0.0337
CEE4 Reverse logistics 0.1559 0.1762 0.2028 0.1772
CEE5 3Rs (Reduce, Reuse and Recycle) 0.0964 0.1134 0.1340 0.1140
CEE6 Globally harmonized standards 0.0289 0.0413 0.0558 0.0416
CEE7 Capacity Building 0.0385 0.0532 0.0701 0.0535

minimizing waste [31]. 3Rs (Reduce, Reuse and Recycle) is equally
important Circular economy adoption. It plays an important role to
avoid the meat crises, minimizing the waste and decreasing the envi-
ronmental impact through better logistics [32].

Top management need to make as sufficient investment in digital
technologies is required by meat processing industries to form a uni-
versal platform which incorporates various stakeholders and increases
transparency of the movement of the products. This would help in
keeping them aware of the product tracking which would ultimately
help in quick decision-making. On the other hand, the investment in
digital technologies is limited as the top management is very rigid due to
the heavy investment cost. The adoption Circular economy requires
more awareness campaigns first as many meat processing industries are
found to be more profit-oriented rather than addressing the damage
caused to the environment. Pakdel et al. [52] discussed the hygienic
design and food processing techniques for toward circularity and sus-
tainability for meat industries.

Supply chain collaboration across a range of stakeholders, including
government agencies, industrial players, research institutions, and civil
society organizations is necessary to develop and implement policies for
the transition to a CE. Despite certain obstacles such as infrastructure
limitations of digital technologies implementation, cultural changes,
technological breakthroughs, and supply chain collaboration, CE
adoption far outweighs the costs [20]. The CE concepts can be

CEE1 CEE2 CEE3
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completely applied by the Indian meat industry to create a more resil-
ient, effective, and sustainable supply chain.

5. Implications of the study

Circular Economy principles encourage the transformation of post-
use products into valuable resources. Innovative approaches, such as
biogas production, composting, and the development of bio-based ma-
terials, present opportunities for the industry to extract maximum value
from its waste streams. By reimagining waste as a valuable input rather
than a liability, the meat supply chain can contribute to a more sus-
tainable and closed-loop system. By addressing waste management,
technological integration, and collaborative initiatives, this study offers
a roadmap for industry stakeholders and policymakers to navigate the
complexities of transitioning towards CE.

5.1. Practical implications

The practical implications of the study provide deeper insight to
integrate the circular economy with the meat supply chain. It helps in
reducing the environmental toxicity, turning waste into a valued prod-
uct. The study provides the basis to integrate digital tools and techniques
(IoT, digital twin, etc.). Through the identification and implementation
of the enablers, the Indian meat supply chain can not only mitigate its

CEE4 CEES CEE6 CEE7

Fig. 2. Bar Chart representing final criteria weights.
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environmental impact but also be part of a broader global effort toward
building a more resilient and sustainable future.

6. Limitations of the study

The current research focuses on identifying and prioritizing the en-
ablers towards circular economy for sustainable meat supply chain. The
enablers were identified from the literature and few experts’ opinion
was taken from the meat industry situated in the northern part of India
only. The study can be expanded with more expert opinion form the
various parts of India from the meat sector. The current research is
limited high cost of digital infrastructure cost, Support of top manage-
ment, and stakeholder awareness. The study is also limited to the
environmental aspect of circular economy, but the social and economic
aspects of the CE implementation can also be considered in the Indian
meat supply chain.

7. Conclusion

The concept of CE is crucial for the Indian meat supply chain to
promote resource efficiency, sustainability, economic growth, and
environmental stewardship. The study aims to evaluate and rank the CE
enablers in the Indian meat supply chain. CE enablers were identified
from the comprehensive analysis of published research articles related
to Indian meat supply chain. After expert opinion, only 7 out of 10 en-
ablers were found to be in line with the current study. Those enablers
were then kept in the final questionnaire development which was filled
by the respondents. The data were analysed using IMF-SWARA method
followed by using Triangular Fuzzy Bonferroni Mean (TFBM) for
calculating the final weights of each enabler. The results showed that the
reverse logistics and 3Rs play a significant role in achieving CE and the
digital technologies, blockchain and cyber physical systems draw
attention to implementing sustainable meat supply chain strategies.
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