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Abstract

Food loss and waste are major issues in the food industry, and they affect all stages

of the food supply chain (FSC). Food loss and waste are linked to environmental

deterioration, economic loss, and an increase in hunger. Therefore, the food industry

requires sustainable consumption and production (SCP) to reduce losses and waste.

The circular economy (CE) concept has become a popular strategy for reducing food

waste and boosting sustainability. Therefore, with efficient reverse logistics in the

FSC, food producers can help achieve sustainable development goals (SDGs) like SCP

and zero hunger. In literature, minimal research has been available in identifying the

CE adoption challenges in FSC. This research identifies 15 critical challenges from

the literature and discussion with the panel of experts. The relationship between the

challenges has been established through an interpretive structural modeling (ISM)

technique. The challenges were characterized in cause–effect according to their rela-

tional intensity obtained using the grey decision-making trial and evaluation labora-

tory (DEMATEL) technique. Grey's relational theory is applied in DEMATEL to

minimize uncertainty and vagueness of the expert judgment. The findings of this

study suggest that creating policy from the government, providing incentives, and

strictly enforcing environmental regulations are the most critical challenge. Hence, by

focusing on the above, the effective adoption of the CE principle is achieved. This

result also suggests that by addressing the challenges of CE, corporate social respon-

sibility (CSR) can be performed. This study provides some recommendations for the

practitioners to adopt CE towards sustainable development targets.
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1 | INTRODUCTION

A food supply chain (FSC) is a network that links consumers, farmers,

and producers (Antonucci et al., 2019). Several parties (farmers, pro-

ducers, distributors, warehouses, retailers, etc.) have collaborated in the

FSC network to supply safe and secure food to customers (Dania

et al., 2018). Several wastes are linked with changing raw food (pro-

duced by farmers) into processed food and reaching consumers (Béné

et al., 2019; Gardas et al., 2018; Mourad, 2016). According to UNEP

(2021), worldwide food waste in 2019 was roughly 931 million tons,

with households, food service, and retail accounting for 61%, 26%, and

13%, respectively, resulting in 17% of total edible food waste. Food
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waste has negative consequences from a social standpoint and an eco-

logical and economic standpoint. In the FSC, strong waste management

must dispose of the minimum amount of wastage in landfills after ensur-

ing the 3Rs' (reuse, recovery, recycle). Hence, a close-loop supply chain

in FSC helps in the reduction of wastage. As a result, a circular idea max-

imizes the use of produced food and reduces global food waste.

Food waste is associated with massive greenhouse gas emissions,

environmental impacts, biodiversity loss, and so on, (Corrado

et al., 2019), so waste management is the key (UNEP, 2021). Food

waste management is the major challenge for sustainable development,

derived from the ineffective management of food surplus (Alae-Carew

et al., 2019; Ciccullo et al., 2021). To reduce food loss and wastage,

Papargyropoulou et al. (2014) provide a hierarchy of food waste man-

agement, that is., prevention of food wastage, reuse, recycling recovery,

and disposal; however, there is a significant gap in FSC for managing

food waste. Vilariño et al. (2017) state food loss and waste reduction is

an essential part of the circular economy (CE) and helps to achieve sus-

tainable development goals (SDGs). Therefore, CE adoption in FSC is

necessary to minimize wastage recycling and recovery. Thus, there is a

lack of practical implications of CE in FSC because of several challenges

(e.g., lack of govt regulation, lack of top management commitment). The

CE principle is one such concept applied in the FSC for reducing food

wastage (Kumar, Singh, & Kumar, 2021). From an FSC perspective, CE

has rapidly converted a significant driving force behind SC sustainability

in research and practice (Béné et al., 2019; Genovese et al., 2017). CE

presents a new and advanced sustainability boundary in SC manage-

ment (SCM) (Nasir et al., 2017). Some global SC leaders are adopting the

CE features, including Apple, Coca-Cola, and Colgate-Palmolive

(Farooque et al., 2019). The waste created in a linear supply chain is

immediately transported to landfills, whereas CE has a zero-waste aim

with negligible landfill waste (Bressanelli et al., 2019). Figure 1 depicts

the distinction between linear and circular supply networks. To success-

fully adopt CE practice in FSC, firms need to understand and tackle criti-

cal challenges. Adopting CE in FSC has several advantages. It can utilize

maximum value from the food, reduce wastage, and zero land disposal.

Therefore, CE adoption in FSC is urgently required to support sustain-

able development targets like sustainable consumption and production

(SCP) and zero hunger.

Reducing food waste leads to increased sustainability (Ghosh &

Eriksson, 2019; Kumar, Raut, et al., 2021). Besides several advantages

of CE adoption for sustainable development targets, it still faces chal-

lenges and obstacles in actual practice. FSC faces significant chal-

lenges while adopting CE practice; some of them are regulation

(Mangla et al., 2018), lack of innovation in green packaging materials

to protect food waste reduction (Kumar, Raut, et al., 2021), lack of cir-

cular design for food packaging, weak enforcement of the environ-

mental policy, poor market responses for the recycled material,

inadequate digital infrastructure, refurbished products, lack of govern-

ment support, and so on (Mangla et al., 2018; Mogale et al., 2020;

Kumar, Singh, & Kumar, 2021). Food wastage is directly reduced by

improving food safety and quality and increasing sustainability. The

CE can reduce wastage and environmental impact by reusing, remanu-

facturing, and recycling food products. Previous literature and UNEP

(2021) highlight that FSC has significant room for reducing food

waste, and CE has a key role in lowering wastage and achieving sus-

tainable development. Towards SCP, CE helps to improve several sus-

tainable development targets like; waste management (12.5.1),

resource use (12.2), food loss and waste (12.3), chemical waste man-

agement (12.4), and sustainable public procurement (12.7).

This study mainly focuses on India because of the second largest

country according to the population and seventh according to a geo-

graphical area. As the country's population increases, food is also

required. On the other hand, India is the third-largest greenhouse gas

contributing country, and the food sector contributes one-fourth of it

approx. 26%. Around 67 million tons of edible food get wasted in

India, valued at around 92,000 crores, which are enough to feed

12 crores of people (Kumar, Choubey, et al., 2021). Recently, food

waste has been directly filled into the landfill without reusing, dona-

tion, or recovery. Therefore, the CE concept in the Indian FSC is

urgently required to lower food wastage and build a robust waste

management plan. To successfully adopt CE in Indian FSC deep inves-

tigation of CE adoption challenges and policy and recommendations is

required to achieve SDGs. Indian FSC has the potential to adopt CE

practice, but they face a few challenges which need to explore and

planned accordingly, so the authors used Indian FSC as a case

analysis.

Previous literature-inspired researchers by showing lacks of CE

adoption in FSC, despite its clear advantage in waste reduction, new

value generation, and sustainable development. Furthermore, Sharma

et al. (2019) also study the CE challenges, but they do not focus on

F IGURE 1 Transition from linear supply chain
to circular supply chain
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sustainable development nor discuss the relationship's intensity and

causal interaction. Herein, this research aims to identify the key chal-

lenges food industries face in the adoption of CE. The identified CE

adoption challenges have been analyzed and investigated, along with

the intensity of the relationship, the interrelationship among them.

This study also provides insight to the FSC for sustainable develop-

ment to achieve the SDGs. This study also contributes to the litera-

ture by providing clear guidance for practitioners via a detailed

investigation of the challenges and implications for sustainable devel-

opment. Findings obtained from the analysis of challenges practi-

tioners clearly understand the critical challenges, interrelationship, and

their causal relationship with the intensity. This paper proposes poli-

cies and implications for waste reduction and reaching SDGs such as

SCP and zero hunger based on the analysis. Based on the gap in the

literature and the aim of this study, the following research questions

will be provided. Readers of this research article get answered to

these research questions.

1.1 | Research questions

RQ1: What challenges does the Indian FSC face when adopting CE,

and how do they help achieve sustainable development goals to

ensure sustainable consumption and production?

RQ2: What are the CE adoption challenges' contextual interrela-

tionship and hierarchical structure?

RQ3: What is the causal relationship and intensity of the CE chal-

lenges, and how does it help ensure sustainable consumption and

production?

1.2 | Research objective

The following objectives are set to achieve in this study:

RO1: To explore the CE adoption challenges Indian FSC to ensure

SCP.

RO2: To investigate the interrelationship and hierarchical structure

for the CE adoption challenges in FSC.

RO3: To find the causal relationship with their intensity for the circu-

lar economy adoption challenges in the view of SCP.

This has several contributions to the research by focusing on the

research objectives. First, it will show the contextual interrelationship

among the critical CE adoption challenges and cluster them based on

their causal relationship. Second, this research utilizes a two-phase

multicriteria decision making (MCDM) based research methodology,

interpretative structural modeling (ISM), and an integrated grey

DEMATEL technique to fulfill the research aims. The ISM method

examines the contextual interconnection of challenges and presents a

hierarchical framework. Third, at the same time, the grey DEMATEL

technique offers a causal relationship with the intensity of the chal-

lenges and categorizes them as cause-and-effect groups. The causal

relationship gives clear insight into the issues of understanding criti-

cality, which aids policymakers in making decisions. Fourth, based on

the outcomes of this study, we provide policy recommendations for

the FSC towards CE adoption and the achievement of SDGs such as

SCP and zero hunger.

Furthermore, this study provides opportunities for researchers

and practitioners based on the challenges. In the later part of the

study, Section 2 demonstrates the review of literature based on circu-

lar FSC. Section 3 represents the research methodology, while the

application of the proposed method has been discussed in Section 4.

Section 5 discusses the findings obtained from the analysis of results

and the implications provided. Finally, in Section 6, the whole research

is concluded along with the future direction.

2 | LITERATURE REVIEW

A comprehensive analysis is performed on the articles published on

the Web of Science and Scopus. In addition, the latest articles were

collected between 2016 and 2022 on circular supply chain implemen-

tation on FSC.

2.1 | Sustainable development and FSC

Food is one of the most critical requirements of human life, and the

supply chain plays an essential role in providing food, whether it is

unprocessed (vegetables, grains, fruits, etc.) or processed food from

farmers/producers to consumers (Chkanikova & Sroufe, 2021; Wang

et al., 2021). Feeding the world's rising population is the point of con-

cern for the supply chain, and the FSC sees pressure to provide safe

and secure food to all people (Bendinelli et al., 2020). In food produc-

tion, processing, and huge distribution, food waste is associated, and

the wastage of food raises several environmental, social, and eco-

nomic concerns. Food wastage is associated with a large environmen-

tal impact that is directly dumped into the landfills without recovering

and reusing. According to UN food waste, one-third of the produced

edible food gets wasted, and around one-third of our population does

not get food and sleeps without food. From the economic perspec-

tive, global food wastage spoils the global economy by $936 billion.

Therefore, sustainable development in the FSC is an urgent require-

ment for reducing food wastage and feeding people. Because of the

perishability and short shelf life of food products, there is a significant

amount of waste at every stage of the supply chain, including harvest-

ing, shipping, processing, and consumption (Balaji & Arshinder, 2016).

Food losses and waste in FSC have a direct influence on biological

deterioration, which leads to poverty and food insecurity, as well as

the global economy; hence, recent FSC poses a considerable challenge

to sustainable development (Ali et al., 2019; Arndt et al., 2020; Dey

et al., 2020; Parmar et al., 2018; Sufiyan et al., 2019). As a result,

decreasing food waste is essential for achieving SDG, SCP, and sup-

porting zero hunger (Byerlee & Fanzo, 2019). Several researchers

(Ciccullo et al., 2021; Dey et al., 2020; Slorach et al., 2020; Teigiserova
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et al., 2020) investigate CE practices in the FSC, with food waste

reduction as a primary driver of sustainable development. While,

researchers (Belmonte-Ureña et al., 2021; Kayikci et al., 2022;

Triguero et al., 2022) also utilized the CE pathway to the sustainable

development. Nayal et al. (2022) show that using digital technology in

the CE increases supply chain performance and helps in sustainable

development. According to Bassi and Dias (2020), CE is more dedi-

cated to achieving SDGs 12.

2.2 | CE and sustainable development

The CE plays an essential role in the sustainable development of the

FSC, especially in SCP (SDG 12), Zero Hunger (SDG 2), and climate

action (SDG 13), (Genovese et al., 2017; Virmani et al., 2022). The CE

practice is not new in research, but it has recently gained attention

due to the UN's goal for sustainable development (Geissdoerfer

et al., 2018). Recovery, recycling, and reuse (3R) are the primary

drivers of CE to extract value from waste and improve performance in

all aspects of sustainability (Dey et al., 2020). With the CE practice,

the product life cycle is improved by maximizing resource consump-

tion and generating value when the product approaches the end of its

useful life (Dev et al., 2020). In a circular supply chain, trash is not

directly transferred to landfills; instead, it goes through a recovery

phase to extract as much energy as feasible (Loizia et al., 2019;

Peng & Pivato, 2019). In the CE practice, the concept of waste in the

linear supply chain is removed by reusing and reproducing new value

from the food waste (Sehnem et al., 2019). Dev et al. (2020) applied

CE concept to recover energy from the urban waste. Rada et al.

(2017) use the CE technique to recover energy from municipal solid

waste. Loizia et al. (2019) generate energy by anaerobic digestion of

food waste. Based on Industry 4.0 and CE, Dev et al. (2020) created a

sustainable reverse SC performance framework. Yadav, Luthra, Jakhar,

et al. (2020) developed a framework for reducing SC issues using

Industry 4.0-based CE. Kazancoglu, Ekinci, et al. (2021) established a

green supply chain performance evaluation methodology based on

CE. Based on previous discussions, it is apparent that CE adoption in

FSC would increase sustainable food consumption and production by

not directly dumping into landfills and instead of turning into fertil-

izers or donating surplus food to the needy to reach zero hunger.

Based on several kinds of literature (Dey et al., 2020; Kazancoglu,

Sagnak, et al., 2021; Kazancoglu, Ekinci, et al., 2021), CE adoption has

a positive impact on sustainable development as it reduces environ-

mental impact and improves social wellbeing and economic growth.

2.2.1 | CE in FSC

The technical nutrients (e.g., plastics and packaging) in a circular FSC

are designed to be reused, remanufactured, restored, and recycled

substantially. Furthermore, collecting high-quality biological nutrients

(e.g., organic materials) in such a way contribute to natural resources,

either directly or after processing (De Angelis et al., 2018). The FSC is

linked with significant waste, and numerous researchers (Ciccullo

et al., 2021; Dev et al., 2020; Hebrok & Heidenstrøm, 2019;

Lehtokunnas et al., 2020) have already used CE practices to reduce

it. Genovese et al. (2017) conducted a life cycle study and discovered

that CE practice improves the FSC's sustainability and benefits the

environment. Meherishi et al. (2019) revealed that sustainable packag-

ing in supply chain management aids in implementing CE practices.

Jurgilevich et al. (2016) investigated the obstacles to using the notion

of CE in the FSC. Principato et al. (2019) offered a case study on CE

practices in the pasta production industry. They observed that pasta

production is the most outstanding CE example because it accounts

for just 2% of food loss and wastage throughout the life cycle. Block-

chain (Nandi et al., 2021), Industry 4.0 (Mastos et al., 2021), Big data

(Kazancoglu, Ozbiltekin Pala, et al., 2021), and other technologies, in

conjunction with CE, increase FSC sustainability. Researchers (Nandi

et al., 2020, 2021; Upadhyay et al., 2021) applied blockchain, big data,

and other technology to enhance the CE practice in the era of Indus-

try 4.0. Therefore, several researchers applied Blockchain technology

to improve traceability (Demestichas et al., 2020; Hew et al., 2020;

Zhang et al., 2021), food safety (George et al., 2019; Lin et al., 2019;

Tripoli & Schmidhuber, 2020), and quality (George et al., 2019;

Mondal et al., 2019). Principato et al. (2019) applied CE in pasta pro-

duction to reduce food loss and wastage, while Ciccullo et al. (2021)

in Agri-FSC.

2.2.2 | Challenges to the adoption of CE in the FSC

Apart from the advantages of adopting CE over the linear practice in

FSC, it has some barriers to implement it in reality. Table 1 depicts the

main feature of past recent studies on the identification and analysis

of CE adoption challenges in FSC. Several studies (Farooque

et al., 2019; Govindan & Hasanagic, 2018; Kumar, Mangla et al., 2018;

Kumar, Singh, & Kumar, 2021; Raut, et al., 2021) highlighted chal-

lenges to CE adoption in the Food/Agri-FSC without showing their

advantage to the sustainable development. According to Sharma et al.

(2019), the most significant difficulty in emerging economies such as

India, Bangladesh, and Pakistan is lack of government policy surround-

ing the adoption of CE. Kumar, Singh, and Kumar (2021) also reveal

that inefficient waste management and recycling programs and lack of

environmental regulations and sustainable policies pose obstacles. In

addition, there was a shortage of information technology (IT) support

and digital logistic infrastructure in emerging economies (Govindan &

Hasanagic, 2018; Mangla et al., 2018). In the recent Industry 4.0 era,

lack of technological capability is one of the challenges FSC faced in

successfully adopting CE practice. An effective traceability system is

required for CE adoption in FSC to trach the waste generated (Nandi

et al., 2021). The FSC traceability is critical since it tracks food waste,

food quality and safety, and transparency. However, establishing a

traceability system is challenging (Govindan & Hasanagic, 2018;

Sharma et al., 2019). It has been found that challenges are interre-

lated, with some acting as a cause/driver and others as an effect/

driven. Therefore, it is vital to investigate and analyze challenges to
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understand their role and importance in developing CE practice to

uncover new opportunities.

2.3 | Modeling tools and techniques

Various MCDM tools and techniques were utilized in the literature to

model a complex system's attributes/factors and challenges. ISM is a

structural modeling technique applied to obtain a hierarchical model

of the attributes (Kumar & Choubey, 2021; Mangla et al., 2018). Sev-

eral researchers (Kamble et al., 2019; Kumar et al., 2020; Mangla

et al., 2018; Mathiyazhagan et al., 2013; Nazam et al., 2020) applied

ISM for modeling the barriers. DEMATEL is another MCDM technique

used by researchers to obtain intensity for the relationship and cluster

the factors into a cause-and-effect category. In the literature, some

researchers also applied the DEMATEL methodology for modeling the

barriers (Kouhizadeh et al., 2021; Kumar & Choubey, 2022; Sharma

et al., 2019). While some applied ISM-based DEMATEL methodology

multi-objective purpose (Kamble et al., 2019; Kumar et al., 2022;

Mangla et al., 2018; Yadav et al., 2021; Yadav, Luthra, & Garg, 2020).

Some other techniques are utilized, such as ISM-based ANP (Kumar

et al., 2020; Nazam et al., 2020). It has been noted that researchers

used predefined MCDM techniques without significant modification

from a technical point of view; hence, this research also combines two

MCDM techniques ISM and grey DEMATEL. The difference in the

implementation of various tools and techniques is shown in Table 2.

2.4 | Findings from the literature

A review of previous research found that CE offers a high potential

for reducing waste and attaining the goal of sustainable development.

Because of a lack of waste management policies or practices, a lack of

utilization of green products and wastage of valuable products

throughout their life cycle, a lack of recycling and remanufacturing

poor waste recovery, and final dumping to the planet, primary

resources are aggressively used all over the world (Mangla

et al., 2018). The change of FSC is essential to combat the greatest

threat to the growth of sustainability. According to the UNEP (2021)

assessment, FSC needs a significant improvement in waste reduction

to meet the SDGs. Several nations (Japan, Australia, Germany, etc.)

have already implemented the CSR effort in their FSC utilizing the CE

approach (George et al., 2015). SDGs such as SCP, zero hunger, and

life on land are easily possible using CE practices in FSC; there are still

difficulties to overcome. Several research on CE adoption in FSC is

available. However, few identify CE adoption issues in FSC for devel-

oping countries like India (Kumar, Raut, et al., 2021; Yadav, Luthra,

Jakhar, et al., 2020). Researchers (Farooque et al., 2019; Sharma

et al., 2019) also identify and analyze the CE challenges in the FSC,

but they do not have prime focus on sustainable development in the

FSC, especially on SDG 2 and SDG 12. Farooque et al. (2019) identify

CE challenges in the context of China, while Sharma et al. (2019)

study in the Indian context. In the investigation of CE challenges by T
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Sharma et al. (2019), they do not reveal the intensity of the relation-

ship and causal analysis. A thorough analysis of CE adoption issues is

essential to make policy and identify natural obstacles that have the

most significant impact. Analyzing challenge outcomes aids in the dis-

covery of new opportunities in the context of sustainable develop-

ment. The contextual examination of issues aids in developing policy

and strategy for implementing CE practice and sustainable develop-

ment (Kumar, Raut, et al., 2021; Mangla et al., 2018). As a result, this

study used the ISM-Grey-DEMATEL technique to analyze the chal-

lenges to implementing CE in FSC and discuss their significance to

sustainable development, especially SDG 2 and SDG 12. This research

aims to provide a leveled hierarchical structural framework that estab-

lishes the contextual link between problems, prominence, and rela-

tional intensity.

3 | RESEARCH METHODOLOGY

This study has applied ISM and grey-DEMATEL to establish the rela-

tionship among the CE adoption challenges. This section of the study

will elaborate on the methodology that has been shown in Figure 2. A

two-phase integrated methodology is required based on the research

questions and objectives. A two-phase ISM-Grey-DEMATEL-based

research methodology has been adopted in this study. The advantage

and features of applied techniques over others are depicted in

Table 2. In the first phase, the CE adoption challenges for FSC have

been identified and finalized through the expert's opinion. After that,

contextual interrelationships were developed using the ISM approach.

Finally, the grey-DEMATEL methodology has been applied in the sec-

ond phase to cluster the challenges into cause and effect. Grey-

DEMATEL also provides intensity for the relationship among all the

challenges.

3.1 | Interpretive structural modelling- ISM

ISM is an eminent method presented by Warfield (1974) to establish

the contextual interrelationship among the factors of a complex sys-

tem and the hierarchical structure. Several researchers applied the

ISM methodology for the relationship establishment on challenges in

a different field, for example, for CE in Industry 4.0 adoption (Kumar,

Singh, & Kumar, 2021), perishable FSC sustainability (Kumar

et al., 2020), Internet of Things (IoT) adoption barriers (Kamble

et al., 2019), and impediments of the sustainable FSC (Darbari

F IGURE 2 Proposed research methodology

KUMAR ET AL. 7



et al., 2018). The procedures of the ISM approach are explained

below.

Step 1. Identification of CE adoption challenges for FSC

Literature was searched in Scopus, Scholar Google, and Web of Sci-

ence with keywords of “circular FSC,” “circular supply chain,” “chal-
lenges to the Circular FSC,” and “barriers to CE adoption in FSC.”
After an exhaustive study and suggestions from the experts, the

15 critical challenges to circular FSC were identified.

Step 2. Formation of structural self-interaction matrix—SSIM

A brainstorming season was performed with the experts (academics

and industrial) of FSC to obtain the relationship among each pair of

the CE challenges. As a result, a triangular relationship matrix contains

relationship among each pair of the challenges was formulated using

four alphabetical symbols (V, A, X, and O). The symbol V stands for

challenge “i” will help to reach “j,” A stands for “j” will help to reach

“i,” X stands for both challenges “i” and “j” will help each other, while

O stands for neither “i” help nor “j.”

Step 3. Transformation of SSIM into initial reachability matrix—IRM

The symbols used in SSIM are converted into numerical binary digit.

Symbols were converted through some rules, if the cell value in SSIM

is V then the entry at (i,j) is replaced by 1, and the (j,i) is replaced by

0. If the cell value in SSIM is A then the entry value at (i,j) is replaced

by 0, and (j,i) is replaced by 1. If SSIM entry value is X then entry

values at (i,j) and (j,i) both are replaced by 1 while if SSIM entry value

is O then entry values at (i,j) and (j,i) both are replaced by 0. After

transforming all the symbols of SSIM into a binary digit, the new

matrix is known as IRM.

Step 4. Applying transitivity operation to obtain FRM

The FRM is obtained by applying a transitivity check on the IRM. In

transitivity, the operation was applied to eliminate the inference

which arises due to several indirect relations. The transitivity check

performed if “k” is related to “l” and “l” is related to “m” then “k” and
“m” are also related, and if the entry value is zero, it is replaced by 1.

Step 5. Level partitioning and formation of hierarchical structure

Level partitioning has been performed by matching the reachability

set (RS) and antecedent set (AS) with the intersection set (IS). Here,

RS for factor A is the entry set of factors influenced by factor A while

AS of factor A is the entry set of those factors that drive factor

A. While IS is the intersection entry of the RS and AS. In level parti-

tioning, the value in RS and IS is found same; in that case, the corre-

sponding attributes (challenges) are out as the first level. The factors

(Challenges) selected as first-level are removed from the further itera-

tion for obtaining the next-level factor. The same iteration of

matching RS and IS is performed till the last challenges are selected.

Then, the challenges selected at the first level are placed at the top of

the hierarchy, the last selected challenges are placed at the bottom of

the hierarchy, and linkage direction is shown from bottom to top in

the hierarchy to obtain an interrelationship hierarchy.

3.1.1 | Limitation of ISM

In the ISM approach, the relationship among the pair of attributes was

represented by the binary digit; that is, the binary number is used to

correspond to the appropriate model in ISM; that is, one means for

relationship exists and for not in a relationship. While this does not

happen to consider an equal weight for all relationships in the actual

scenario, this needs to incorporate the intensity for each pair of the

attributes in terms of very high to very low (Bhosale & Kant, 2016).

Therefore, this study incorporates the DEMATEL methodology sup-

porting grey theory to handle the vagueness of the expert's opinion.

DEMATEL is a technique that takes the input of relationships among

attributes in terms of the intensity of the relationship.

3.2 | Grey DEMATEL

DEMATEL is a prominent tool used for analyzing causal interaction

among the factors. This study applies DEMATEL to classify the chal-

lenges into the cause-and-effect category. In support of DEMATEL,

we applied grey relation theory. The grey relation theory helps over-

come the vagueness in the expert's judgment. Several researchers (Fu

et al., 2012; Garg, 2021; Sahu et al., 2018; Sangari et al., 2020) previ-

ously applied the grey relation theory in support of DEMATEL for the

same. The procedure for applying grey DEMATEL is explained as

follows.

Step 1. Formulation of initial relation matrix.

The initial relation matrix is formulated by getting an expert's opinion

on the final reachability matrix of ISM. The expert panel provides their

opinion on each pair's relationship intensity of the challenges in terms

of grey linguistic terms. A five-point grey linguistic term 0–4 was used

where 0 denotes no influence and 4 denotes very high influence.

Then, the grey linguistic variables are transformed into the numerical

digit between 0 and 1, and transformation rules for a linguistic vari-

able into a grey number (lower and upper number) are shown in

Table 3. The initial relation matrix is obtained after converting each

linguistic variable into a grey number.

TABLE 3 Grey linguistic terms

“No” “VL” “L” “H” “VH”

0 0 0.25 0.5 0.75

0 0.25 0.5 0.75 1
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Step 2. Obtaining normalized relational matrix N

The crisp normalized matrix is obtained by applying the normaliza-

tion of the grey initial relation matrix. For example, a grey number's

lower and upper value
N

xlij,⨂xlij

� �
is 1st normalized using

Equation (1).

O
_xij ¼

O
X̌ij�min

j

O
X̌ij

� �
=Δmax

min ,
O

_xij ¼
O

X̌ij�min
j

O
X̌ij

� �
=Δmax

min

Where Δmax
min ¼max

j

O
X̌ij�min

j

O
X̌ij

ð1Þ

After normalization of grey numbers, the total normalized crisp value

is computed using Equation (2).

Cij ¼
N _Xij 1� N _Xij

�� �
þ N _Xij�

N _Xij

� �

1� N _Xijþ
N _Xij

� �
0
@

1
A ð2Þ

For obtaining the final crisp matrix C, Equation (3) is used.

C¼ C�
ij

h i

WhereC�
ij ¼ min

O
_xijþ Cij�Δmax

min

� �� � ð3Þ

The Normalized crisp, direct relation matrix N, is determined using the

equation.

N¼C�L

Where L¼ 1

max1≤ i≤ I
PI

jxij

ð4Þ

Step 3. Calculation of total relation matrix T

After the computation of “crisp normalized relation matrix N,” the

“total relation matrix T” is computed using Equation (5).

T¼N� I�Nð Þ�1 ð5Þ

where I denotes identity matrix.

Step 4. Obtaining prominence and relational value and plotting causal

diagram

First, R and C were calculated to denote row and column sum for

computing prominence and relational vector. The R and C were calcu-

lated using Equation (6).

R¼
Xn

j¼1
tij

h i
n�1

, and

C¼
Xn

i¼1
tij

h i
1�n

ð6Þ

After the computation of R and C, the prominence vector (R + C) and

relation vector (R � C) were calculated. The prominence vector pro-

vides the importance value, while the relation vector is utilized to

cluster the attributes into the cause-and-effect category.

4 | CASE ILLUSTRATION AND RESULT
ANALYSIS

4.1 | Case study

The UNEP (2021) reported that a significant amount of food is wasted

in India, and globally, around 931 million tons of food are wasted.

While India is a populous country, food wastage is a crime. As earlier

said, the CE is not only minimizing wastage; it also reduces environ-

mental pollution. Also, it is directly related to the environmental

burden.

So, this study focuses on identifying the challenges faced by the

Indian FSC while adopting the CE practice. Experts from various food

organizations in India were consulted to achieve the study's desired

objectives. Five food organizations agreed to participate and gave

their feedback ten organizations.

4.2 | Identified challenges to circular FSC

A team of 15 experts, seven from the organization and eight from aca-

demia, participated; after their valuable feedback, the 15 challenges to

CE adoption in Indian FSC have been identified. After a comprehen-

sive literature search on various platforms and discussion with

experts, the 15 challenges of circular FSC adoption are proposed for

further analysis. Proposed challenges with detailed descriptions have

been shown in Table 4.

4.3 | Application of ISM approach

The ISM is applied as per the earlier discussed procedure. First,

the challenges were identified, and the relationship among each set

pair of challenges was obtained from a panel of five experts.

Then, based on the discussion held in the panel, a conclusive con-

textual relationship, the SSIM matrix, was generated, shown in

Table 5.

After obtaining the SSIM matrix, the symbols were converted into

the binary digit (0 and 1) known as the initial relation matrix and

shown in Table 6.

Transitivity operation is performed on the IRM to obtain the final

reachability matrix shown in Table 7. Next, the driving power and
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dependence power for all the challenges were computed in Table 7.

After receiving the final reachability matrix level, partitioning is per-

formed to get the level of importance; in this study, challenges were

clustered into 10 levels, shown in Table 8.

After the level partitioning, the hierarchical structure of the chal-

lenges was constructed, shown in Figure 3. Poor CSR (CE15) is

selected at the first level—placed at the top of the hierarchy. There-

fore, the challenge poor CSR (CE15) is influenced by all the challenges

placed below it so far; it was the least influential challenge. At the

same time, the lack of CE policies from the government (CE1) is

selected at the last level and placed at the bottom of the hierarchy.

So, CE1 is the most influential challenge faced by the Indian FSC

adopting the CE practice.

The lack of a standard system and performance indicators for

measuring CE in SC (CE6) is placed at the 9th level of the hierarchy. In

contrast, the lack of recycling and waste management policies (CE7)

and poor logistics and IT infrastructure (CE5) are selected at the 8th

level. The government's lack of incentive schemes for CE adoption

(CE8) is placed at the 7th level in the hierarchy. In contrast, poor utili-

zation of the traceability system (CE3) and the lack of environmental

TABLE 4 Challenges to CE adoption in FSC and description

Challenges to the circular food supply

chain Discerption Author

Lack of CE policies from government—
CE1

Lack of government policies for product recycling, reuse, and

remanufacturing are barriers to adopting CE in FSC.

Farooque et al. (2019); Sharma

et al. (2019)

Lack of environmental regulations and

enforcement—CE2

Lack of environmental laws and enforcement is a barrier to

environmentally friendly practices like CE sustainability adoption in

FSC.

Poor utilization of traceable systems—
CE3

Traceability improves organizations to decrease wastage to retain

financial and ecological sustainability.

Govindan and Hasanagic (2018);

Mangla et al. (2018); Farooque

et al. (2019)

Lack of innovative materials for food

packaging to enable food waste

reduction—CE4

There is a lack of innovative green packaging material that helps

achieve CE.

Farooque et al. (2019); Sharma

et al. (2019)

Poor logistics and IT infrastructure—
CE5

Logistics and infrastructure are the important part of the supply

chain, so poor logistic performance is the barrier to the circular

FSC.

Experts

Lack of a standard system and

performance indicators for

measuring CE in SC—CE6

There is a lack of standard performance indicators available for

assessing the circulatory index for the supply chain.

Govindan and Hasanagic (2018)

Lack of recycling and waste

management policies—CE7

Government policies regarding the recycling of food wastage, either

commodity or packaging. Government policies may exert pressure

on SC in recycling and decomposing the waste.

Govindan and Hasanagic (2018);

Mangla et al. (2018)

Lack of incentive schemes by

government for CE adoption—CE8

In order to implement a new initiative, businesses need incentives

from the government for proper functioning.

Kumar, Singh, and Kumar (2021);

Mangla et al. (2018)

Lack of circular design aspect—CE9 Foods are not designed for circular business models. However, a

circular design helps re-engineer, remanufacture, and recycle.

Experts

Lack of acceptance from top

management—CE10

The commitment of the top management is the barrier to the CE or

any new initiative in business.

Govindan and Hasanagic (2018);

Mangla et al. (2018)

Technological limitations by tracking

recycled materials—CE11

There is a lack of a tracking system for correctly tracing recycled

material. Proper tracking of recyclable material is advantageous for

the circular initiative in SC.

Farooque et al. (2019); Giudice

et al. (2020); Sharma et al.

(2019)

Poor technological evolution for reuse,

recovery remanufacturing, and

reengineering—CE12

For achieving CE recovery, reuse, re-engineering, and

remanufacturing of the product are most important.

Farooque et al. (2019); Kumar,

Raut, et al. (2021)

Poor market response for recycled,

refurbished products—CE13

Business is only for sailing the goods, so the market response to

refurbishing recycled products is the challenge in CE adoption.

Govindan and Hasanagic (2018);

Mangla et al. (2018)

Lack of financial capability for long-

term CE goals—CE14

Any new business initiative needs substantial financial resources, so

the financial capability is the challenge for CE adoption.

Experts

Poor corporate social responsibility

(CSR)—CE15

Food organizations should be accountable for sustaining suitable

environmental and safety standards for their foods. However, food

organizations also lack effective partnerships and alliances with

their suppliers.

Sharma et al. (2019)
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regulations and enforcement (CE2) are placed at the 6th level of the

hierarchy. Finally, the lack of innovative materials for food packaging

to enable food waste reduction (CE4) and Technological limitations by

tracking recycled materials (CE11) are selected at the 5th level.

In contrast, Lack of Acceptance from Top management (CE10)

and Lack of Circular Design Aspect (CE9) are placed at the 4th level of

the hierarchy. Poor market response for recycled, refurbished prod-

ucts (CE13) and Lack of financial capability for long-term CE goals

(CE14) are placed at the 2nd level. In contrast, Poor technological evo-

lution for reuse, recovery remanufacturing, and reengineering (CE12)

is placed at 3rd level in the hierarchy.

4.3.1 | MICMAC analysis

MICMAC analysis is performed to cluster the challenges. MICMAC

utilizes the result from the final reachability matrix. First, each attri-

bute's driving power and dependence power were calculated by row

and column summation for MICMAC analysis. Then, driving and

dependence power was plotted to get the MICMAC graph. The chal-

lenges were clustered into four quadrants, namely; first, the autono-

mous cluster placed at the lower-left corner of the graph (which has

low driving and dependence power), the second cluster is the depen-

dence cluster placed at the lower right corner (which has high

TABLE 5 SSIM for CE challenges

CE1 CE2 CE3 CE4 CE5 CE6 CE7 CE8 CE9 CE10 CE11 CE12 CE13 CE14 CE15

CE1 X V O V O V X V V V V V O O V

CE2 X O V O A A O V V V V O O V

CE3 X O A O O A O O V V O V V

CE4 X O O O A V V O V V V V

CE5 X O O V O O V O O O V

CE6 X V O V V V O O O O

CE7 X V V V V V O O V

CE8 X V V O V O V V

CE9 X O A V V O V

CE10 X O V V O V

CE11 X V O O V

CE12 X V O V

CE13 X V V

CE14 X V

CE15 X

TABLE 6 IRM for CE challenges

CE1 CE2 CE3 CE4 CE5 CE6 CE7 CE8 CE9 CE10 CE11 CE12 CE13 CE14 CE15

CE1 1 1 0 1 0 1 1 1 1 1 1 1 0 0 1

CE2 0 1 0 1 0 0 0 0 1 1 1 1 0 0 1

CE3 0 0 1 0 0 0 0 0 0 0 1 1 0 1 1

CE4 0 0 0 1 0 0 0 0 1 1 0 1 1 1 1

CE5 0 0 1 0 1 0 0 1 0 0 1 0 0 0 1

CE6 0 1 0 0 0 1 1 0 1 1 1 0 0 0 0

CE7 0 1 0 0 0 0 1 1 1 1 1 1 0 0 1

CE8 0 0 1 1 0 0 0 1 1 1 0 1 0 1 1

CE9 0 0 0 0 0 0 0 0 1 0 0 1 1 0 1

CE10 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1

CE11 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1

CE12 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1

CE13 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1

CE14 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

CE15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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dependence and low driving power), the third cluster is linkage cluster

placed at the upper left corner of the MICMAC plot (has higher

dependence and driving power), and the fourth cluster is independent

cluster placed at upper left corner (has higher driving but lower

dependence power). The MICMAC plot is shown in Figure 4. In this

study, seven challenges (CE15, CE13, CE12, CE9, CE10, CE14, CE11)

are placed at the dependence cluster, while the other seven are

placed at the independent cluster. There were no challenges has been

found in the autonomous and linkage cluster.

4.4 | Application of Grey DEMATEL methodology

Grey DEMATEL methodology has been applied based on the proce-

dures discussed in the earlier section. Based on the findings of the

ISM analysis, the panel of experts was asked to assign the intensity to

the relationship among each pair of the challenge to form an initial

relational matrix. Based on the outcomes from the experts, the initial

relation matrix is developed and shown in Table A1. After converting

linguistic variables into grey numbers, the grey initial relation matrix

TABLE 7 Total reachability matrix for CE challenges

CE1 CE2 CE3 CE4 CE5 CE6 CE7 CE8 CE9 CE10 CE11 CE12 CE13 CE14 CE15 Drv.

CE1 1 1 1* 1 0 1 1 1 1 1 1 1 1* 1* 1 14

CE2 0 1 0 1 0 0 0 0 1 1 1 1 1* 1* 1 9

CE3 0 0 1 0 0 0 0 0 1* 0 1 1 1* 1 1 7

CE4 0 0 0 1 0 0 0 0 1 1 0 1 1 1 1 7

CE5 0 0 1 1* 1 0 0 1 1* 1* 1 1* 0 1* 1 10

CE6 0 1 0 1* 0 1 1 1* 1 1 1 1* 1* 0 1* 11

CE7 0 1 1* 1* 0 0 1 1 1 1 1 1 1* 1* 1 12

CE8 0 0 1 1 0 0 0 1 1 1 1* 1 1* 1 1 10

CE9 0 0 0 0 0 0 0 0 1 0 0 1 1 0 1 4

CE10 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 4

CE11 0 0 0 0 0 0 0 0 1 0 1 1 1* 0 1 5

CE12 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 3

CE13 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 2

CE14 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2

CE15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

Dep. 1 4 5 7 1 2 3 5 10 8 8 12 12 8 15

Note: 1* denotes transitivity relation.

TABLE 8 Level partitioning of CE
challenges

Antecedent set Reachability set Intersection set

1st CE15 15 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 15

2nd CE13 13 1,2,3,4,6,7,8,9,10,11,12,13 13

2nd CE14 14 1,2,3,4,5,7,8,14 14

3rd CE12 12 12 12

4th CE9 9 9 9

4th CE10 10 10 10

5th CE4 4 1,2,4,5,6,7,8, 4

5th CE11 11 11 11

6th CE2 2 1,2,6,7, 2

6th CE3 3 1.3.5.7.8. 3

7th CE8 8 1,5,6,7,8, 8

8th CE5 5 5 5

8th CE7 7 1,6,7, 7

9th CE6 6 1,6 6

10th CE1 1 1 1

12 KUMAR ET AL.



F IGURE 3 The hierarchical structure of CE
challenges

F IGURE 4 MICMAC plot for CE challenges
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was obtained. The grey initial relation matrix is normalized using

Equation (4) to get a crisp normalized relation matrix shown in

Table A2. The total relation matrix T was obtained using Equation (5)

and shown in Table A3. The sum of row and column is computed to

get the R and C vector and then the prominence vector (R + C) and

relational vector (R � C) were computed in Table 9. The prominence

and relational vector are then plotted in a graph, and the causal plot is

shown in Figure 5.

The causal plot shown in Figure 5 is utilized to cluster the chal-

lenges into the cause-and-effect challenges. Poor CSR CE15 has the

highest prominence value (1.623) and has the lowest relational value

(�1.40). Seven challenges, respectively CE1, CE2, CE5, CE6, CE7,

CE8, and CE14, are grouped in the causal group, except these, all are

clustered in the effect group.

5 | DISCUSSIONS AND IMPLICATIONS

5.1 | Discussions

This study utilizes the ISM approach to establish the contextual rela-

tionship among the challenges and the hierarchical structure that

shows the interdependency of the challenges and level of influence.

Also, the MICMAC analysis is employed to cluster the challenges into

the four-group based on their interdependency (driving and depen-

dence) values. Findings reveal challenges such as lack of CE policies

from the government, lack of environmental regulations and enforce-

ment, Poor Logistics and IT infrastructure, lack of a standard system

for performance indicators for measuring CE in SC, lack of recycling

and waste management policies, and lack of incentive schemes by

government for CE adoption are grouped as independent challenges.

Whereas, Poor utilization of Traceable systems and the lack of

innovative materials for food packaging to enable food waste reduc-

tion are placed at the boundary of the independent and autonomous

cluster. DEMATEL methodology reveals these two challenges placed

at the boundary in ISM; while in DEMATEL, their relational score is

negative and very low (�0.02 and �0.16) also it placed at 5th and 6th

level in the hierarchy. So, due to significantly less relational value,

their significance in CE adoption and suggestion from experts, and

support from literature Gedam et al. (2021), these two challenges are

selected as causal challenges and considered independent challenges.

So, these challenges act as driving forces that push the whole system

and are critical in the CE adoption. Challenges placed in the indepen-

dent cluster of MICMAC analysis are general drivers/causal challenges

(Mangla et al., 2018). Therefore, the grey-DEMATEL show that CE1,

CE2, CE5, CE6, CE7, and CE8 are found at the causal challenges have

a positive relational (R � C) score. On the other hand, challenges char-

acterized as causal challenges should be placed at the bottom level of

the ISM hierarchy. From the hierarchy of this study, the above chal-

lenges were placed at the bottom of the hierarchy such that CE1 at

10th, CE2 at 6th, CE5 at 8th, CE6 at 9th, CE7 at 8th, and CE8 at 7th.

The seven challenges, Lack of Circular Design Aspect; Lack of

Acceptance from Top management; Technological limitations by T
A
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tracking recycled materials; Poor technological evolution for reuse,

recovery remanufacturing, and reengineering; poor market response

for recycled, refurbished products; Lack of financial capability for

long-term CE goals; and Poor CSR, were grouped in the dependent

cluster, so these challenges are at the driven stage. Generally, the

challenges placed in the dependence cluster are not more critical.

Therefore, they should be categorized in the effect category in

DEMATEL and placed at the top level of the hierarchy. So, the find-

ings of the DEMATEL study show that challenges (CE9, CE10, CE11,

CE12, CE13, and CE15) have a negative relational score and are cate-

gorized in the effect category. While lack of financial capability for

long-term CE goals has a low positive relational score of 0.02 but is

placed at the 2nd level of the hierarchy, this is also considered in the

effect category.

Based on the above discussion, readers may answer the first two

questions: what challenges an FSC faces in adopting CE; second,

readers also understand the level of importance and causal classifica-

tion. In further discussion, readers will see how those challenges influ-

ence each other and support achieving sustainable development

targets like SCP and zero hunger. Lack of CE policies from the govern-

ment is placed at the bottom of the hierarchy; therefore, it is a critical

challenge for the system; this is also in line with (Kazancoglu, Sagnak,

et al., 2021; Kumar, Singh, & Kumar, 2021). So, it is urgently required

that government should make policy and ensure strict implementation

of CE practice in the FSC. Many FSCs implement CE practices through

the government initiative that help reduce wastage. The policy from

the government provides standard system and performance indicators

for evaluating circularity performance in FSC to help decision-makers

and practitioners in CE adoption (Govindan & Hasanagic, 2018).

Along with the government policy regarding CE, another major

challenge may be resolved by making a recycling and waste manage-

ment policy (Ciccullo et al., 2021). With recycling and waste manage-

ment policy and strict enforcement of policies, FSCs must modify

their supply chain infrastructure. Hence, another challenge for FSC is

building efficient logistics and IT infrastructure to implement CE prac-

tice in FSC (Raut et al., 2019). Therefore, to improve the logistic

infrastructure in FSC, Feng et al. (2020) and Tijan et al. (2019) recom-

mended implementing blockchain technology. The government should

provide incentives and funds for industries to quickly set up a recy-

cling and recovery plant in their business (Kumar, Raut, et al., 2021).

The government also enforces the FSC practitioners to follow the

environmental regulation because the lack of environmental regula-

tion is linked with various environmental issues and badly affects bio-

diversity (Farooque et al., 2019).

The poor traceability system utilization is another challenge that

leads to poor food quality, poor transparency, and mismanagement of

food wastage (Jagtap & Rahimifard, 2019). Food quality has the great-

est impact on food waste, which is improved by increasing velocity

and transparency in the logistic system. Hence, the proper utilization

of the traceability system within the FSC improves circularity within

FSC (Kazancoglu, Ekinci, et al., 2021). So, by utilizing Blockchain

(Nandi et al., 2020, 2021), big data (Kazancoglu, Ozbiltekin Pala,

et al., 2021), and many technologies, traceability within FSC is

improved. The application of Blockchain, RFID, and Bigdata improves

the traceability within FSC that helps tackle the challenges in tracking

and tracing recycled material. Thus, using advanced technologies, the

SDG indicator 12.A.1 environmentally sound technologies may be

improved, and it helps achieve SCP. Therefore, incorporating the

above challenges, FSC adds the highest impact on sustainable devel-

opment targets like climate action, SCP, and zero hunger. Sawe et al.

(2021) propose that CE adoption would entail a set of real value crea-

tion processes that can have a favorable effect on increasing produc-

tivity and, as a result, competitiveness. CE concepts have improved

sustainability through food loss prevention and profit optimization

with the right approach to reverse supply chain organization.

Another challenge for CE adoption in FSC is the lack of innovative

green packaging material: poor technological evolution for reuse,

recovery remanufacturing, and reengineering. There is a lack of inno-

vation in green packaging and circular material; therefore, food indus-

tries must make circular product designs for reuse, remanufacturing,

and recycling, leading to an improved circulatory index (Govindan &

Hasanagic, 2018). With the handling of this challenge, FSC improves

F IGURE 5 Causal plot for CE challenges
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its performance in several indicators of SCP like (resource use 12.231

and 12.2.2 and sustainable public procurement 12.7). Sustainable

business (SDG indicator 1.6.1) and SCP policies (SDG indicator 12.1)

improve major CE adoption challenges like the poor response from

the market for the refurbished product and lack of top management

acceptance. Due to poor CSR in FSC, the CE practice is affected, but

the poor CSR is the main challenge minimized by tackling other chal-

lenges related to awareness, government policy, and so on (Genovese

et al., 2017).

5.2 | Implications for the practitioners

This study has several implications for the practitioners and policy-

makers for sustainable development through the CE adoption. This

section presents implications for practitioners. Food waste reduction

is the biggest challenge for the food sector from a social, economic,

and environmental perspective. The CE has the caliber to do

so. Logistics infrastructure and food quality have an important role in

reducing food waste. The product's design must be carried out in

order for it to be reprocessed, reused, recycled, and recovered from

waste, if feasible, leading to an increase in the economy and biodiver-

sity, as well as the achievement of SDGs such as SCP and zero hunger

(Batista et al., 2018).

Furthermore, new technologies like blockchain, IoT, and AI offer

many cold chain logistics applications. These technologies can

improve visibility, tracing, and tracking throughout the FSC. As a

result, perishability-focused logistics infrastructure design should be

prioritized (Kumar et al., 2020). Another significant concern is poor

quality control; therefore, attempts to improve quality are critical

(Kazancoglu, Sagnak, et al., 2021). The 4 R CE strategy includes rema-

nufacturing, recycling, recovery, and reuse and helps FSC improve the

circular movement of food products and minimize waste generated

(Mangla et al., 2018). Furthermore, the adoption of CE in FSC leads to

saving in the form of resources, the economy, and employment gener-

ation; these savings add to boost the sustainability of the FSC (Yadav,

Luthra, Jakhar, et al., 2020). According to Kazancoglu, Sagnak, et al.

(2021), reverse logistics activities in an FSC have benefited green per-

formance evaluation through food waste reduction and environmental

damage. Therefore, FSC must utilize effective reverse logistic infra-

structure by advanced digital technologies.

5.3 | Implications for the policy and
recommendations for sustainable development

Therefore, based on the findings of this study, strategies and policies

for practitioners, policymakers, and stakeholders of FSC have been

recommended for the adoption of the CE principal. The proposed pol-

icies and strategies for CE adoption will aid in the achievement of

SDGs such as SCP and zero hunger, among others. This study also

provides the contextual interrelationship among the challenges using

ISM's prominent tool. Furthermore, by applying DEMATEL, the cause

effect interaction and their prominence and relational intensity are

provided for each challenge. Finally, by analyzing the findings, some

recommendations have been provided for planning and making strate-

gies for CE adoption in FSC. This study suggests that the challenges

found at the independent cluster in the MICMAC plot are generally

strategic oriented and help in building strategy. Also, the independent

indicators are usually at the bottom level and essential for adopting

CE in FSC. Therefore, for the formation of a short-term strategy for

the CE adoption, practitioners and policymakers should focus on Lack

of CE policies from the Government, Lack of a standard system for

performance indicators for measuring CE in SC, Poor Logistics and IT

infrastructure, Lack of recycling and waste management policies, and

Lack of incentive schemes by the government for CE adoption

because this is the strategic oriented challenges and placed at the bot-

tom of the hierarchy. Government policies for recycling and waste

management help achieve SDG 12, that is, SCP and SDG indicators

SCP policies (SDG 12.1.1).

Food manufacturing firms should regularly monitor hazardous

waste generation per capita and treatment. It helps achieve SDG

12 by improving the SDG indicator chemical and waste management

(SDG 12.4.1 and SDG 12.4.2). Kumar, Raut, et al. (2021) also analyzed

that the CE policy from the government and incentives for those who

want to adopt CE practice in their business will help a lot in CE adop-

tion (Kazancoglu, Sagnak, et al., 2021). Restructuring the logistic sys-

tem into reverse logistics with new technologies like blockchain, IoT,

and AI avoids logistics and IT infrastructure challenges and provides

visible, traceable, and reliable logistics (Ethirajan et al., 2021; Khan

et al., 2021). FSC's lack of logistics and cold chain infrastructure leads

to food wastage, especially perishable food. Therefore, the govern-

ment provides an incentive to build sufficient cold chain infrastruc-

ture. India needed urgent focus on clod chain infrastructure, including

refrigerated carriers, cold storage facilities, and packhouse to minimize

wastage and improve food quality. In the FSC, a new approach to

food product design, green packaging, effective waste management,

and efficient production processes is necessary (Ciccullo et al., 2021;

Kornher & Kalkuhl, 2019). Policies and their strict enforcement for

waste management, recycling, and recovery are also urgently needed

from the government to avoid the mismanagement of food

(Kazancoglu, Sagnak, et al., 2021).

The dependent challenges are performance-oriented, generally

placed at the top of the hierarchy and useful in enhancing perfor-

mance. For long-term strategic development for CE adoption, practi-

tioners should focus on Poor CSR, Poor market response for

recycled, refurbished products, Poor technological evolution for

reuse, recovery remanufacturing and reengineering, Lack of Circular

Design Aspect, Lack of innovative materials for food packaging to

enable food waste reduction, and Technological limitations by track-

ing recycled materials to effective adoption of CE. By focusing on

the above challenges, the productivity or circularity of the SC has

improved and the sustainability of the SC. For tracing and tracking

food products to deliver high-quality products and services, the

application in FSC is recommended. In the food industry, packaging

and processing stages are recommended to use green packaging
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material, avoid plastic packaging, and encourage recyclable packag-

ing. In the FSC, food wastage must go through the recovery stage

before dumping to recover possible valuable energy like biomass or

convert it into fertilizers.

6 | CONCLUSION AND FUTURE
DIRECTION

The progressive demand for food is due to rapid population growth,

subsequent food wastage, and resource depletion. FSC must adopt

the CE to decrease food waste and maximize resource use. FSC con-

tributes to sustainable development by reducing food loss and waste

and maximizing resource usage through 3Rs' recovery, reuse, and

recycling. Recovery and recycling play a vital part in supporting SDGs

such as sustainable production and consumption while reducing food

waste and loss aids in attaining zero hunger. Some big players, includ-

ing Apple, Coca-Cola, and Colgate-Palmolive, have already adopted

the CE principle and got a tremendous advantage in reducing wastage,

minimizing the utilization of primary resources, and building sustain-

ability. While FSC still has faced several challenges in adopting CE in

their FSC in actual practice.

This study identified 15 critical challenges of CE from literature

as well as discussion with experts. An MCDM technique ISM-grey

DEMATEL has been utilized to analyze the challenges to the CE

adoption in FSC. The findings of this study include the contextual

relationship among challenges, hierarchical structure with the

level of importance for each challenge, cause–effect cartelization of

the challenge, and their prominence and relation intensity

have been obtained and discussed. The findings of this study

are helpful for the practitioners and policymakers of FSC in

adopting CE.

This study reveals that the government requires developing a

short-term strategy by building a CE adoption policy and providing

incentives to the FSC players. The challenges CE policies from

Government (CE1) have been placed at the bottom of the hierar-

chy 10th level, so this is most important for CE adoption and falls

in the independent cluster of MICMAC analysis to be strategic ori-

ented. Hence, strict enforcement of CE policies is required to

implement CE practices to achieve SDGs. So, poor CSR is charac-

terized as a practical challenge with a maximum relational intensity

of �1.4. On the other hand, poor CSR (CE15) has been placed at

the top of the hierarchy and 1st level, so it is highly dependent on

all the challenges; therefore, for the long-term strategic planning

by improving all the challenges, CSR will automatic achieved, and

supply chain become sustainable. It is advised that FSCs use digital

technology to increase visibility and traceability. Before dumping

food waste, FSC has recommended using reverse logistics in their

supply chain to recover valuable energy from it. Before dumping

food waste, it must have been transformed into suitable

fertilizers or biomass—these suggestions aid FSC in meeting its goal

of SCP.

6.1 | Limitations of the study and future research
direction

This study has several limitations. First, this study focuses on the

Indian FSC, and the result may or may not be generalized to other

countries. However, it may be very helpful for developing nations. As

the responses were obtained very strictly and carefully on each aspect

of FSC and CE, some minor variation in the qualitative judgmental

study is there. Second, the relationship obtained from ISM and the

intensity provided from DEMATEL is purely based on the opinion of

experts; hence, some modification is possible. In future, identification

of circular FSC performance indicators and circulatory index frame-

work may be constructed to extend the findings of this study. A struc-

tural modeling technique may be applied to validate the relationship

obtained statically. In the future, researchers may find the interaction

of Industry 4.0 technology to mitigate the challenges of CE and sup-

port the SDGs.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ORCID

Mukesh Kumar https://orcid.org/0000-0002-4727-5648

Rakesh D. Raut https://orcid.org/0000-0002-0469-1326

Sandeep Jagtap https://orcid.org/0000-0001-5271-0192

REFERENCES

Ada, N., Kazancoglu, Y., Sezer, M. D., Ede-Senturk, C., Ozer, I., & Ram, M.

(2021). Analyzing barriers of circular food supply chains and proposing

industry 4.0 solutions. Sustainability, 13(12), 6812. https://doi.org/10.

3390/su13126812

Alae-Carew, C., Bird, F. A., Choudhury, S., Harris, F., Aleksandrowicz, L.,

Milner, J., & Green, R. (2019). Future diets in India: A systematic

review of food consumption projection studies. Global Food Security,

23(2019), 182–190. https://doi.org/10.1016/j.gfs.2019.05.006
Ali, S. M., Moktadir, M. A., Kabir, G., Chakma, J., Rumi, M. J. U., &

Islam, M. T. (2019). Framework for evaluating risks in food supply

chain: Implications in food wastage reduction. Journal of Cleaner Pro-

duction, 228(2019), 786–800.
Antonucci, F., Figorilli, S., Costa, C., Pallottino, F., Raso, L., & Menesatti, P.

(2019). A review on blockchain applications in the Agri-food sector.

Journal of the Science of Food and Agriculture, 99(14), 6129–6138.
https://doi.org/10.1002/jsfa.9912

Arndt, C., Davies, R., Gabriel, S., Harris, L., Makrelov, K., Robinson, S., &

Anderson, L. (2020). Covid-19 lockdowns, income distribution, and

food security: An analysis for South Africa. Global Food Security,

26(2020), 100410. https://doi.org/10.1016/j.gfs.2020.100410

Balaji, M., & Arshinder, K. (2016). Modeling the causes of food wastage in

Indian perishable food supply chain. Resources, Conservation and Recy-

cling, 114, 153–167. https://doi.org/10.1016/j.resconrec.2016.07.016
Bassi, F., & Dias, J. G. (2020). Sustainable development of small-and

medium-sized enterprises in the European Union: A taxonomy of cir-

cular economy practices. Business Strategy and the Environment, 29(6),

2528–2541. https://doi.org/10.1002/bse.2518
Batista, L., Bourlakis, M., Liu, Y., Smart, P., & Sohal, A. (2018). Supply chain

operations for a circular economy. Production Planning & Control, 29(6),

419–424. https://doi.org/10.1080/09537287.2018.1449267

KUMAR ET AL. 17

https://orcid.org/0000-0002-4727-5648
https://orcid.org/0000-0002-4727-5648
https://orcid.org/0000-0002-0469-1326
https://orcid.org/0000-0002-0469-1326
https://orcid.org/0000-0001-5271-0192
https://orcid.org/0000-0001-5271-0192
https://doi.org/10.3390/su13126812
https://doi.org/10.3390/su13126812
https://doi.org/10.1016/j.gfs.2019.05.006
https://doi.org/10.1002/jsfa.9912
https://doi.org/10.1016/j.gfs.2020.100410
https://doi.org/10.1016/j.resconrec.2016.07.016
https://doi.org/10.1002/bse.2518
https://doi.org/10.1080/09537287.2018.1449267


Belmonte-Ureña, L. J., Plaza-Úbeda, J. A., Vazquez-Brust, D., &

Yakovleva, N. (2021). Circular economy, degrowth and green growth

as pathways for research on sustainable development goals: A global

analysis and future agenda. Ecological Economics, 185, 107050.

https://doi.org/10.1016/j.ecolecon.2021.107050

Bendinelli, W. E., Su, C. T., Péra, T. G., & Caixeta Filho, J. V. (2020). What

are the main factors that determine post-harvest losses of grains? Sus-

tainable Production and Consumption, 21(2020), 228–238. https://doi.
org/10.1016/j.spc.2019.09.002

Béné, C., Prager, S. D., Achicanoy, H. A., Toro, P. A., Lamotte, L.,

Cedrez, C. B., & Mapes, B. R. (2019). Understanding food systems

drivers: A critical review of the literature. Global Food Security,

23(2019), 149–159. https://doi.org/10.1016/j.gfs.2019.04.009
Bhosale, V. A., & Kant, R. (2016). An integrated ISM fuzzy MICMAC

approach for modelling the supply chain knowledge flow enablers.

International Journal of Production Research, 54(24), 7374–7399.
https://doi.org/10.1080/00207543.2016.1189102

Bressanelli, G., Perona, M., & Saccani, N. (2019). Challenges in supply chain

redesign for the circular economy: A literature review and a multiple

case study. International Journal of Production Research, 57(23), 7395–
7422. https://doi.org/10.1080/00207543.2018.1542176

Byerlee, D., & Fanzo, J. (2019). The SDG of zero hunger 75 years on: Turn-

ing full circle on agriculture and nutrition. Global Food Security,

21(2019), 52–59. https://doi.org/10.1016/j.gfs.2019.06.002
Chkanikova, O., & Sroufe, R. (2021). Third-party sustainability certifica-

tions in food retailing: Certification design from a sustainable supply

chain management perspective. Journal of Cleaner Production,

282(2021), 124344. https://doi.org/10.1016/j.jclepro.2020.124344

Ciccullo, F., Cagliano, R., Bartezzaghi, G., & Perego, A. (2021). Implement-

ing the circular economy paradigm in the Agri-food supply chain: The

role of food waste prevention technologies. Resources, Conservation

and Recycling, 164(2021), 105114. https://doi.org/10.1016/j.

resconrec.2020.105114

Corrado, S., Caldeira, C., Eriksson, M., Hanssen, O. J., Hauser, H. E., van

Holsteijn, F., Liu, G., Östergren, K., Parry, A., Secondi, L.,

Stenmarck, Å., & Sala, S. (2019). Food waste accounting methodolo-

gies: Challenges, opportunities, and further advancements. Global Food

Security, 20, 93–100. https://doi.org/10.1016/j.gfs.2019.01.002
Dania, W. A. P., Xing, K., & Amer, Y. (2018). Collaboration behavioural fac-

tors for sustainable Agri-food supply chains: A systematic review. Jour-

nal of Cleaner Production, 186(2018), 851–864. https://doi.org/10.

1016/j.jclepro.2018.03.148

Darbari, J. D., Agarwal, V., Sharma, R., & Jha, P. C. (2018). Analysis of

impediments to sustainability in the food supply chain: an interpretive

structural modeling approach. In Quality, IT and business operations

(pp. 57–68). Springer. https://doi.org/10.1007/978-981-10-5577-5_5
de Angelis, R., Howard, M., & Miemczyk, J. (2018). Supply chain manage-

ment and the circular economy: Towards the circular supply chain. Pro-

duction Planning & Control, 29(6), 425–437. https://doi.org/10.1080/
09537287.2018.1449244

Demestichas, K., Peppes, N., Alexakis, T., & Adamopoulou, E. (2020).

Blockchain in agriculture traceability systems: A review. Applied Sci-

ences, 10(12), 4113. https://doi.org/10.3390/app10124113

Dev, N. K., Shankar, R., & Qaiser, F. H. (2020). Industry 4.0 and circular

economy: Operational excellence for sustainable reverse supply chain

performance. Resources, Conservation and Recycling, 153(2020),

104583. https://doi.org/10.1016/j.resconrec.2019.104583

Dey, P. K., Malesios, C., De, D., Budhwar, P., Chowdhury, S., & Cheffi, W.

(2020). Circular economy to enhance sustainability of small and

medium-sized enterprises. Business Strategy and the Environment,

29(6), 2145–2169. https://doi.org/10.1002/bse.2492
Ethirajan, M., Arasu, M. T., Kandasamy, J., Kek, V., Nadeem, S. P., &

Kumar, A. (2021). Analysing the risks of adopting circular economy ini-

tiatives in manufacturing supply chains. Business Strategy and the Envi-

ronment, 30(1), 204–236. https://doi.org/10.1002/bse.2617

Farooque, M., Zhang, A., & Liu, Y. (2019). Barriers to circular food supply

chains in China. Supply Chain Management, 24(5), 677–696. https://
doi.org/10.1108/SCM-10-2018-0345

Feng, H., Wang, X., Duan, Y., Zhang, J., & Zhang, X. (2020). Applying block-

chain technology to improve Agri-food traceability: A review of devel-

opment methods, benefits and challenges. Journal of Cleaner

Production, 260(2020), 121031. https://doi.org/10.1016/j.jclepro.

2020.121031

Formentini, M., Secondi, L., Ruini, L., Guidi, M., & Principato, L. (2022).

Enablers and barriers to circular supply chain management: A decision-

support tool in soft wheat bread production. Journal of Enterprise Infor-

mation Management, 35(3), 796–816. https://doi.org/10.1108/JEIM-

02-2021-0069

Fu, X., Zhu, Q., & Sarkis, J. (2012). Evaluating green supplier development

programs at a telecommunications systems provider. International

Journal of Production Economics, 140(1), 357–367. https://doi.org/10.
1016/j.ijpe.2011.08.030

Gardas, B. B., Raut, R. D., & Narkhede, B. (2018). Evaluating critical causal

factors for post-harvest losses (PHL) in the fruit and vegetables supply

chain in India using the DEMATEL approach. Journal of Cleaner Produc-

tion, 199(2018), 47–61. https://doi.org/10.1016/j.jclepro.2018.

07.153

Garg, C. P. (2021). Modeling the e-waste mitigation strategies using

Grey-theory and DEMATEL framework. Journal of Cleaner Produc-

tion, 281(2021), 124035. https://doi.org/10.1016/j.jclepro.2020.

124035

Gedam, V. V., Raut, R. D., de Sousa Jabbour, A. B. L., Tanksale, A. N., &

Narkhede, B. E. (2021). Circular economy practices in a developing

economy: Barriers to be defeated. Journal of Cleaner Production,

311(2021), 127670. https://doi.org/10.1016/j.jclepro.2021.127670

Geissdoerfer, M., Vladimirova, D., & Evans, S. (2018). Sustainable business

model innovation: A review. Journal of Cleaner Production, 198(2018),

401–416. https://doi.org/10.1016/j.jclepro.2018.06.240
Genovese, A., Acquaye, A. A., Figueroa, A., & Koh, S. L. (2017). Sustainable

supply chain management and the transition towards a circular econ-

omy: Evidence and some applications. Omega, 66(2017), 344–357.
https://doi.org/10.1016/j.omega.2015.05.015

George, D. A., Lin, B. C. A., & Chen, Y. (2015). A circular economy model of

economic growth. Environmental Modelling & Software, 73(2015), 60–
63. https://doi.org/10.1016/j.envsoft.2015.06.014

George, R. V., Harsh, H. O., Ray, P., & Babu, A. K. (2019). Food quality

traceability prototype for restaurants using blockchain and food qual-

ity data index. Journal of Cleaner Production, 240(2019), 118021.

https://doi.org/10.1016/j.jclepro.2019.118021

Ghosh, R., & Eriksson, M. (2019). Food waste due to retail power in supply

chains: Evidence from Sweden. Global Food Security, 20(2019), 1–8.
https://doi.org/10.1016/j.gfs.2018.10.002

Giudice, F., Caferra, R., & Morone, P. (2020). COVID-19, the food system

and the circular economy: Challenges and opportunities. Sustainability,

12(19), 7939. https://doi.org/10.3390/su12197939

Govindan, K., & Hasanagic, M. (2018). A systematic review on drivers, bar-

riers, and practices towards circular economy: A supply chain perspec-

tive. International Journal of Production Research, 56(1–2), 278–311.
https://doi.org/10.1080/00207543.2017.1402141

Hebrok, M., & Heidenstrøm, N. (2019). Contextualising food waste

prevention-decisive moments within everyday practices. Journal of

Cleaner Production, 210(2019), 1435–1448. https://doi.org/10.1016/j.
jclepro.2018.11.141

Hew, J.-J., Wong, L.-W., Tan, G. W.-H., Ooi, K.-B., & Lin, B. (2020). The

blockchain-based halal traceability systems: A hype or reality? Supply

Chain Management, 25(6), 863–879. https://doi.org/10.1108/SCM-

01-2020-0044

Jagtap, S., & Rahimifard, S. (2019). The digitisation of food manufacturing

to reduce waste – Case study of a ready meal factory. Waste Manage-

ment, 87, 387–397. https://doi.org/10.1016/j.wasman.2019.02.017

18 KUMAR ET AL.

https://doi.org/10.1016/j.ecolecon.2021.107050
https://doi.org/10.1016/j.spc.2019.09.002
https://doi.org/10.1016/j.spc.2019.09.002
https://doi.org/10.1016/j.gfs.2019.04.009
https://doi.org/10.1080/00207543.2016.1189102
https://doi.org/10.1080/00207543.2018.1542176
https://doi.org/10.1016/j.gfs.2019.06.002
https://doi.org/10.1016/j.jclepro.2020.124344
https://doi.org/10.1016/j.resconrec.2020.105114
https://doi.org/10.1016/j.resconrec.2020.105114
https://doi.org/10.1016/j.gfs.2019.01.002
https://doi.org/10.1016/j.jclepro.2018.03.148
https://doi.org/10.1016/j.jclepro.2018.03.148
https://doi.org/10.1007/978-981-10-5577-5_5
https://doi.org/10.1080/09537287.2018.1449244
https://doi.org/10.1080/09537287.2018.1449244
https://doi.org/10.3390/app10124113
https://doi.org/10.1016/j.resconrec.2019.104583
https://doi.org/10.1002/bse.2492
https://doi.org/10.1002/bse.2617
https://doi.org/10.1108/SCM-10-2018-0345
https://doi.org/10.1108/SCM-10-2018-0345
https://doi.org/10.1016/j.jclepro.2020.121031
https://doi.org/10.1016/j.jclepro.2020.121031
https://doi.org/10.1108/JEIM-02-2021-0069
https://doi.org/10.1108/JEIM-02-2021-0069
https://doi.org/10.1016/j.ijpe.2011.08.030
https://doi.org/10.1016/j.ijpe.2011.08.030
https://doi.org/10.1016/j.jclepro.2018.07.153
https://doi.org/10.1016/j.jclepro.2018.07.153
https://doi.org/10.1016/j.jclepro.2020.124035
https://doi.org/10.1016/j.jclepro.2020.124035
https://doi.org/10.1016/j.jclepro.2021.127670
https://doi.org/10.1016/j.jclepro.2018.06.240
https://doi.org/10.1016/j.omega.2015.05.015
https://doi.org/10.1016/j.envsoft.2015.06.014
https://doi.org/10.1016/j.jclepro.2019.118021
https://doi.org/10.1016/j.gfs.2018.10.002
https://doi.org/10.3390/su12197939
https://doi.org/10.1080/00207543.2017.1402141
https://doi.org/10.1016/j.jclepro.2018.11.141
https://doi.org/10.1016/j.jclepro.2018.11.141
https://doi.org/10.1108/SCM-01-2020-0044
https://doi.org/10.1108/SCM-01-2020-0044
https://doi.org/10.1016/j.wasman.2019.02.017


Jurgilevich, A., Birge, T., Kentala-Lehtonen, J., Korhonen-Kurki, K.,

Pietikäinen, J., Saikku, L., & Schösler, H. (2016). Transition towards cir-

cular economy in the food system. Sustainability, 8(1), 69. https://doi.

org/10.3390/su8010069

Kamble, S. S., Gunasekaran, A., Parekh, H., & Joshi, S. (2019). Modeling the

internet of things adoption barriers in food retail supply chains. Journal

of Retailing and Consumer Services, 48(2019), 154–168. https://doi.
org/10.1016/j.jretconser.2019.02.020

Kayikci, Y., Kazancoglu, Y., Gozacan-Chase, N., & Lafci, C. (2022). Analyz-

ing the drivers of smart sustainable circular supply chain for sustain-

able development goals through stakeholder theory. Business Strategy

and the Environment. https://doi.org/10.1002/bse.3087

Kazancoglu, I., Sagnak, M., Kumar Mangla, S., & Kazancoglu, Y. (2021). Cir-

cular economy and the policy: A framework for improving the corpo-

rate environmental management in supply chains. Business Strategy

and the Environment, 30(1), 590–608. https://doi.org/10.1002/bse.

2641

Kazancoglu, Y., Ekinci, E., Mangla, S. K., Sezer, M. D., & Kayikci, Y. (2021).

Performance evaluation of reverse logistics in food supply chains in a

circular economy using system dynamics. Business Strategy and the

Environment, 30(1), 71–91. https://doi.org/10.1002/bse.2610
Kazancoglu, Y., Ozbiltekin Pala, M., Sezer, M. D., Luthra, S., & Kumar, A.

(2021). Drivers of implementing big data analytics in food supply

chains for transition to a circular economy and sustainable operations

management. Journal of Enterprise Information Management, Vol.

ahead-of-print No. ahead-of-print. https://doi.org/10.1108/JEIM-12-

2020-0521

Khan, S. A. R., Razzaq, A., Yu, Z., & Miller, S. (2021). Industry 4.0 and circu-

lar economy practices: A new era business strategies for environmen-

tal sustainability. Business Strategy and the Environment, 30(8),

4001–4014. https://doi.org/10.1002/bse.2853
Kornher, L., & Kalkuhl, M. (2019). The gains of coordination-when does

regional cooperation for food security make sense? Global Food Secu-

rity, 22(2019), 37–45. https://doi.org/10.1016/j.gfs.2019.09.004
Kouhizadeh, M., Saberi, S., & Sarkis, J. (2021). Blockchain technology and

the sustainable supply chain: Theoretically exploring adoption barriers.

International Journal of Production Economics, 231(2021), 107831.

https://doi.org/10.1016/j.ijpe.2020.107831

Kumar, A., Mangla, S. K., Kumar, P., & Karamperidis, S. (2020). Challenges

in perishable food supply chains for sustainability management: A

developing economy perspective. Business Strategy and the Environ-

ment, 29(5), 1809–1831. https://doi.org/10.1002/bse.2470
Kumar, M., Choubey, V. K., Deepak, A., Gedam, V. V., & Raut, R. D. (2021).

Life cycle assessment (LCA) of dairy processing industry: A case study

of North India. Journal of Cleaner Production, 326, 129331. https://doi.

org/10.1016/j.jclepro.2021.129331

Kumar, M., Raut, R. D., Sharma, M., Choubey, V. K., & Paul, S. K. (2022).

Enablers for resilience and pandemic preparedness in food supply

chain. Operation Management Research. https://doi.org/10.1007/

s12063-022-00272-w

Kumar, M., & Choubey, V. K. (2021). Modelling the interaction among the

key performance indicators of sustainable supply chain in perspective

of perishable food. International Journal of Logistics Systems and Man-

agement, 1, 1. https://doi.org/10.1504/IJLSM.2021.10039305

Kumar, M., & Choubey, V. K. (2022). Analysis of sustainable performance

indicators in dairy supply chain using fuzzy—DEMATEL. International

Journal of Logistics Systems and Management, 1, 1. https://doi.org/10.

1504/IJLSM.2022.10046116

Kumar, P., Singh, R. K., & Kumar, V. (2021). Managing supply chains for

sustainable operations in the era of industry 4.0 and circular economy:

Analysis of barriers. Resources, Conservation and Recycling, 164(2021),

105215. https://doi.org/10.1016/j.resconrec.2020.105215

Kumar, S., Raut, R. D., Nayal, K., Kraus, S., Yadav, V. S., & Narkhede, B. E.

(2021). To identify industry 4.0 and circular economy adoption barriers

in the agriculture supply chain by using ISM-ANP. Journal of Cleaner

Production, 293(2021), 126023. https://doi.org/10.1016/j.jclepro.

2021.126023

Lehtokunnas, T., Mattila, M., Närvänen, E., & Mesiranta, N. (2020).

Towards a circular economy in food consumption: Food waste reduc-

tion practices as ethical work. Journal of Consumer Culture,

1469540520926252.

Lin, Q., Wang, H., Pei, X., & Wang, J. (2019). Food safety traceability sys-

tem based on blockchain and EPCIS. IEEE Access, 7(2021),

20698–20707. https://doi.org/10.1109/ACCESS.2019.2897792
Liu, Y., Wood, L. C., Venkatesh, V. G., Zhang, A., & Farooque, M. (2021).

Barriers to sustainable food consumption and production in China: A

fuzzy DEMATEL analysis from a circular economy perspective. Sustain-

able Production and Consumption, 28, 1114–1129. https://doi.org/10.
1016/j.spc.2021.07.028

Loizia, P., Neofytou, N., & Zorpas, A. A. (2019). The concept of circular

economy strategy in food waste management for the optimization of

energy production through anaerobic digestion. Environmental Science

and Pollution Research, 26(15), 14766–14773. https://doi.org/10.

1007/s11356-018-3519-4

Mangla, S. K., Luthra, S., Rich, N., Kumar, D., Rana, N. P., & Dwivedi, Y. K.

(2018). Enablers to implement sustainable initiatives in Agri-food sup-

ply chains. International Journal of Production Economics, 203(2018),

379–393. https://doi.org/10.1016/j.ijpe.2018.07.012
Mastos, T. D., Nizamis, A., Terzi, S., Gkortzis, D., Papadopoulos, A.,

Tsagkalidis, N., Ioannidis, D., Votis, K., & Tzovaras, D. (2021). Introduc-

ing an application of an industry 4.0 solution for circular supply chain

management. Journal of Cleaner Production, 300(2021), 126886.

https://doi.org/10.1016/j.jclepro.2021.126886

Mathiyazhagan, K., Govindan, K., NoorulHaq, A., & Geng, Y. (2013). An

ISM approach for the barrier analysis in implementing green supply

chain management. Journal of Cleaner Production, 47(2013), 283–297.
https://doi.org/10.1016/j.jclepro.2012.10.042

Meherishi, L., Narayana, S. A., & Ranjani, K. S. (2019). Sustainable packag-

ing for supply chain management in the circular economy: A review.

Journal of Cleaner Production, 237(2019), 117582. https://doi.org/10.

1016/j.jclepro.2019.07.057

Mogale, D. G., Kumar, S. K., & Tiwari, M. K. (2020). Green food supply

chain design considering risk and post-harvest losses: A case study.

Annals of Operations Research, 295(1), 257–284. https://doi.org/10.
1007/s10479-020-03664-y

Mondal, S., Wijewardena, K. P., Karuppuswami, S., Kriti, N., Kumar, D., &

Chahal, P. (2019). Blockchain inspired RFID-based information archi-

tecture for food supply chain. IEEE Internet of Things Journal, 6(3),

5803–5813. https://doi.org/10.1109/JIOT.2019.2907658

Mourad, M. (2016). Recycling, recovering and preventing “food waste”:
Competing solutions for food systems sustainability in the

United States and France. Journal of Cleaner Production, 126(2016),

461–477. https://doi.org/10.1016/j.jclepro.2016.03.084
Nandi, S., Sarkis, J., Hervani, A., & Helms, M. (2020). Do blockchain and cir-

cular economy practices improve post COVID-19 supply chains? A

resource-based and resource dependence perspective. Industrial Man-

agement & Data Systems, 121(2), 333–363. https://doi.org/10.1108/
imds-09-2020-0560

Nandi, S., Sarkis, J., Hervani, A. A., & Helms, M. M. (2021). Redesigning

supply chains using blockchain-enabled circular economy and COVID-

19 experiences. Sustainable Production and Consumption, 27(2021),

10–22. https://doi.org/10.1016/j.spc.2020.10.019
Nasir, M. H. A., Genovese, A., Acquaye, A. A., Koh, S. C. L., &

Yamoah, F. (2017). Comparing linear and circular supply chains: A

case study from the construction industry. International Journal of

Production Economics, 183(2017), 443–457. https://doi.org/10.1016/
j.ijpe.2016.06.008

Nayal, K., Kumar, S., Raut, R. D., Queiroz, M. M., Priyadarshinee, P., &

Narkhede, B. E. (2022). Supply chain firm performance in circular

economy and digital era to achieve sustainable development goals.

KUMAR ET AL. 19

https://doi.org/10.3390/su8010069
https://doi.org/10.3390/su8010069
https://doi.org/10.1016/j.jretconser.2019.02.020
https://doi.org/10.1016/j.jretconser.2019.02.020
https://doi.org/10.1002/bse.3087
https://doi.org/10.1002/bse.2641
https://doi.org/10.1002/bse.2641
https://doi.org/10.1002/bse.2610
https://doi.org/10.1108/JEIM-12-2020-0521
https://doi.org/10.1108/JEIM-12-2020-0521
https://doi.org/10.1002/bse.2853
https://doi.org/10.1016/j.gfs.2019.09.004
https://doi.org/10.1016/j.ijpe.2020.107831
https://doi.org/10.1002/bse.2470
https://doi.org/10.1016/j.jclepro.2021.129331
https://doi.org/10.1016/j.jclepro.2021.129331
https://doi.org/10.1007/s12063-022-00272-w
https://doi.org/10.1007/s12063-022-00272-w
https://doi.org/10.1504/IJLSM.2021.10039305
https://doi.org/10.1504/IJLSM.2022.10046116
https://doi.org/10.1504/IJLSM.2022.10046116
https://doi.org/10.1016/j.resconrec.2020.105215
https://doi.org/10.1016/j.jclepro.2021.126023
https://doi.org/10.1016/j.jclepro.2021.126023
https://doi.org/10.1109/ACCESS.2019.2897792
https://doi.org/10.1016/j.spc.2021.07.028
https://doi.org/10.1016/j.spc.2021.07.028
https://doi.org/10.1007/s11356-018-3519-4
https://doi.org/10.1007/s11356-018-3519-4
https://doi.org/10.1016/j.ijpe.2018.07.012
https://doi.org/10.1016/j.jclepro.2021.126886
https://doi.org/10.1016/j.jclepro.2012.10.042
https://doi.org/10.1016/j.jclepro.2019.07.057
https://doi.org/10.1016/j.jclepro.2019.07.057
https://doi.org/10.1007/s10479-020-03664-y
https://doi.org/10.1007/s10479-020-03664-y
https://doi.org/10.1109/JIOT.2019.2907658
https://doi.org/10.1016/j.jclepro.2016.03.084
https://doi.org/10.1108/imds-09-2020-0560
https://doi.org/10.1108/imds-09-2020-0560
https://doi.org/10.1016/j.spc.2020.10.019
https://doi.org/10.1016/j.ijpe.2016.06.008
https://doi.org/10.1016/j.ijpe.2016.06.008


Business Strategy and the Environment, 31(3), 1058–1073. https://doi.
org/10.1002/bse.2935

Nazam, M., Hashim, M., Baig, S. A., Abrar, M., & Shabbir, R. (2020). Model-

ing the key barriers of knowledge management adoption in sustainable

supply chain. Journal of Enterprise Information Management, 33(5),

1077–1109. https://doi.org/10.1108/JEIM-09-2019-0271

Papargyropoulou, E., Lozano, R., Steinberger, J. K., Wright, N., & bin

Ujang, Z. (2014). The food waste hierarchy as a framework for the

management of food surplus and food waste. Journal of Cleaner Pro-

duction, 76(2014), 106–115. https://doi.org/10.1016/j.jclepro.2014.

04.020

Parmar, A., Fikre, A., Sturm, B., & Hensel, O. (2018). Post-harvest manage-

ment and associated food losses and by-products of cassava in south-

ern Ethiopia. Food Security, 10(2), 419–435. https://doi.org/10.1007/
s12571-018-0774-7

Peng, W., & Pivato, A. (2019). Sustainable management of digestate from

the organic fraction of municipal solid waste and food waste under the

concepts of back to earth alternatives and circular economy. Waste

and Biomass Valorization, 10(2), 465–481. https://doi.org/10.1007/

s12649-017-0071-2

Principato, L., Ruini, L., Guidi, M., & Secondi, L. (2019). Adopting the circu-

lar economy approach on food loss and waste: The case of Italian

pasta production. Resources, Conservation and Recycling, 144(2019),

82–89. https://doi.org/10.1016/j.resconrec.2019.01.025
Rada, E. C., Cioca, L. I., & Ionescu, G. (2017). Energy recovery from Munici-

pal Solid Waste in EU: proposals to assess the management perfor-

mance under a circular economy perspective. In MATEC Web of

Conferences (Vol. 121, p. 05006). EDP Sciences. https://doi.org/10.

1051/matecconf/201712105006

Raut, R. D., Gardas, B. B., Narwane, V. S., & Narkhede, B. E. (2019). Improve-

ment in the food losses in fruits and vegetable supply chain-a perspective

of cold third-party logistics approach. Operations Research Perspectives,

6(2019), 100117. https://doi.org/10.1016/j.orp.2019.100117

Sahu, A. K., Narang, H. K., & Rajput, M. S. (2018). A Grey-DEMATEL

approach for implicating e-waste management practice: Modeling in

context of Indian scenario. Grey Systems: Theory and Application,

8(2018), 84–99. https://doi.org/10.1108/GS-11-2017-0037
Sangari, M. S., Nikkhoo, F., & Khoshsirat, M. (2020). An integrated GRA-

DEMATEL-ANP framework for evaluation of barriers to implementa-

tion of green supply chain management in manufacturing industries.

International Journal of Business and Systems Research, 14(2), 228–248.
https://doi.org/10.1504/IJBSR.2020.106280

Sawe, F. B., Kumar, A., Garza-Reyes, J. A., & Agrawal, R. (2021). Assessing

people-driven factors for circular economy practices in small and

medium-sized enterprise supply chains: Business strategies and envi-

ronmental perspectives. Business Strategy and the Environment, 30(7),

2951–2965. https://doi.org/10.1002/bse.2781
Sehnem, S., Jabbour, C. J. C., Pereira, S. C. F., & de Sousa Jabbour, A. B. L.

(2019). Improving sustainable supply chains performance through

operational excellence: Circular economy approach. Resources, Conser-

vation and Recycling, 149(2019), 236–248. https://doi.org/10.1016/j.
resconrec.2019.05.021

Sharma, Y. K., Mangla, S. K., Patil, P. P., & Liu, S. (2019). When challenges

impede the process: For circular economy-driven sustainability prac-

tices in food supply chain. Management Decision, 57(4), 995–1017.
https://doi.org/10.1108/MD-09-2018-1056

Slorach, P. C., Jeswani, H. K., Cuéllar-Franca, R., & Azapagic, A. (2020).

Environmental sustainability in the food-energy-water-health nexus: A

new methodology and an application to food waste in a circular econ-

omy. Waste Management, 113(2020), 359–368. https://doi.org/10.

1016/j.wasman.2020.06.012

Sufiyan, M., Haleem, A., Khan, S., & Khan, M. I. (2019). Evaluating food

supply chain performance using hybrid fuzzy MCDM technique. Sus-

tainable Production and Consumption, 20(2019), 40–57. https://doi.

org/10.1016/j.spc.2019.03.004

Teigiserova, D. A., Hamelin, L., & Thomsen, M. (2020). Towards transpar-

ent valorization of food surplus, waste and loss: Clarifying definitions,

food waste hierarchy, and role in the circular economy. Science of the

Total Environment, 706(2020), 136033. https://doi.org/10.1016/j.

scitotenv.2019.136033

Tijan, E., Aksentijevi�c, S., Ivani�c, K., & Jardas, M. (2019). Blockchain tech-

nology implementation in logistics. Sustainability, 11(4), 1185. https://

doi.org/10.3390/su11041185
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APPENDIX A.

TABLE A1 Initial relational matrix

CE1 CE2 CE3 CE4 CE5 CE6 CE7 CE8 CE9 CE10 CE11 CE12 CE13 CE14 CE15

CE1 NO H VL H NO L H H VH VH H VH L VL VH

CE2 H NO NO L NO VL NO VL H H L VH L VL VH

CE3 NO NO NO VL VL NO VL NO VL VL L H VL L H

CE4 NO H NO NO VL NO VL NO L L VL H H L VH

CE5 NO NO H VL NO VL NO VL L VL H H VL L H

CE6 L H NO VL NO NO L VL H H H H L VL H

CE7 VL H H H NO NO NO L H H H VH L VL VH

CE8 H NO H H H NO L NO H H VL H H H VH

CE9 VL VL NO H VL VL NO VL NO VL NO L H VL H

CE10 NO NO NO NO VL VL VL NO VH NO L L H VL H

CE11 NO VL L L NO NO NO L H NO NO H L NO H

CE12 VL VL NO NO VL VL NO VL VL VL NO NO L VL H

CE13 NO VL VL VL NO NO VL L L NO VL VL NO NO L

CE14 VL NO NO NO VL VL NO VL VL NO L L NO NO L

CE15 NO NO VL NO VL NO VL NO VL NO VL NO VL VL NO
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