
Vol.:(0123456789)

Environment, Development and Sustainability (2023) 25:13825–13858
https://doi.org/10.1007/s10668-022-02630-x

1 3

Inclusion of circular economy practices in the food supply 
chain: Challenges and possibilities for reducing food wastage 
in emerging economies like India

Saurabh Ardra1  · Mukesh Kumar Barua1

Received: 7 August 2021 / Accepted: 16 August 2022 / Published online: 30 August 2022 
© The Author(s), under exclusive licence to Springer Nature B.V. 2022

Abstract
In the context of the food supply chain, the UN sustainable goals of 2030 aim at reducing 
food wastage by fifty percent. Developed countries have started taking steps, but there is 
little or no sign of progress toward reaching the goal for emerging economies. One such 
sustainable approach is incorporating circular practices in the food supply chain. A total of 
15 barriers to the closed-loop food supply chain were identified through extensive literature 
review and expert opinions. Further ranking of barriers was done, and a causal relationship 
among them was built using the Grey DEMATEL methodology. It was found that tracea-
bility issues, limited expertise in information and technology, poor logistic network design, 
and high installation and operational cost of updated facilities were the most influential 
factors. Sensitivity analysis was also performed to check the robustness of the framework. 
This study will assist managers in forming the policies and looking after the factors ranked 
higher. While modeling the framework for their company, they can implement the changes 
to overcome the challenges of closing the loop. It will also help government regulations in 
setting regulations for the organization with the aim of encouraging clean practices.

Keywords Food supply chain · Circular economy (CE) · Circular supply chain · Grey 
theory · DEMATEL · Barriers

1 Introduction

It is forecasted that the world’s population will mark 9 billion by 2050 and 10.1 billion by 
the end of the twenty first century (Bastein et  al., 2013). The population rise will result 
in increasing demands worldwide and will put stupendous pressure on the earth to match 
those specific demands (Franklin-Johnson et al., 2016). The demands for natural resources 
are ever-increasing, and by 2030, it will require resources equivalent to two to three planets 
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by 2050 (UN Sustainable Development Goals, 2015). As the resources are limited, the 
current linear economy model will not work for so long and the world is heading toward 
the CE model. The CE model integrates reverse logistics, design innovation, collabora-
tive ecosystem, and business model innovation, thus focusing on management and align-
ment of resource flows across the closed chain (Goyal et al., 2018). It is driven by vari-
ous drivers like creative minds, winning entrepreneurs, updated technologies and friendly 
ecosystem management at zonal, regional, and country levels. However, CE has not been 
studied much and still is unexplored due to the primary focus on the linear model (Goyal 
et al., 2021; Ungerman & Dědková, 2020). Few of the CE practices are being followed by a 
few firms. For instance, Attero Recycling Pvt. Ltd. has designed a setup for systematically 
collecting, processing, and distributing recycled products generated from e-waste in India. 
Another example is that Haathichaap Company has created a distinctive setup by using 
elephant poop for paper making, thus reducing the burden on trees.

Over the past few years, technological advancements in the Indian market go along with 
stress factors, including overpopulation, political conflicts, urbanization, food, and water 
insufficiency, and climate shifts (El Bilali, 2020). As per the reports of 2016, the popula-
tion in urban areas in India accounts for 377 million people and generates approximately 
62 MT of municipal solid waste every year (Fiksel et al., 2021). Due to the inefficient ser-
vices, only 70% of the total waste is collected from which only 20% got treated, and the rest 
50% is left in open landfills untreated. As per the patterns of rapid urbanization and con-
sumption, it is forecasted that by 2030 waste generation will reach 165 million MT (India 
Environment Portal, 2016). The GDP of India has a direct relation to the consumption of 
resources which is directly proportional to the population. Thus choosing sustainable prac-
tices within economic models and framing the policies by opting for efficient strategies 
will positively impact the economy (Priyadarshini & Abhilash, 2020). The present model 
implies that $697bn of the Indian economy is insecure under Business-as-Usual (BaU) 
scenario, which is expected to lower down to $382bn by opting for corrected technology 
and circular economy practices (www. ficci ces. in; www. esds. teriin. org). As per The World 
Economic Forum, circular economy practices could benefit $ 1 trillion/yr worldwide due 
to reduced ecological footprint, reducing dependency on limited resources (WEF, 2013). 
The study carried out by Accenture in 2019 reported that by 2030 India can unlock $0.5 
trillion of economic value by adopting Circular Economy strategies (Fiksel et al., 2021). 
The idea of CE is novel; the basic principles of CE are closely analogous to sustainability 
approaches like industrial symbiosis (IS) and industrial ecology (IE), which aims at clos-
ing the loops of linear supply chains (Fraccascia et al., 2021; Morseletto, 2020). Further, 
Morseletto (2020) has clarified the concept of CE that it is an economic model which tar-
gets the productive use of resources by minimizing waste, lowering primary resources, and 
closing the loops of the value chains without causing harm to the environment and availing 
socioeconomic advantages.

According to the Global Hunger Index (2020), India ranks at 94th position out of 107 
countries behind its neighboring countries i.e. Sri Lanka (64th), Nepal (73rd), Bangla-
desh (75th), Myanmar (78th), and Pakistan (88th). According to reports from the Global 
Hunger Index (2019), climate change and hunger are the two significant challenges the 
world faces today. Wastage of food in developed countries is seen in the consumption 
stage (NRDC, 2013), whereas in emerging economies, it is seen in the production (Gus-
tavsson et al., 2011) and post-harvest phase, due to poor handling and storage facilities 
(Kummu et al., 2012). Due to the increasing competition and awareness among the con-
sumers, organizations are shifting toward zero waste or opting for sustainable produc-
tion methods (Ageron et  al., 2012). Whitehair et  al. (2013) in their study stated that 
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raising awareness among consumers regarding food waste may lead to sustainability. 
FLW is also responsible for climate change and shares 8% of worldwide GHG emissions 
(FAO, 2015). Approximately 800 million people are starving and do not have sufficient 
food to eat (FAO, 2015). According to the report of the World Bank (2013) in the Afri-
can region reducing post-harvest losses to 1% could wave off $40 million every year 
(Vilariño et al., 2017). Looking at the current position of India, it is of utmost impor-
tance to incorporate CE practices in the food supply chain to lower the losses incurred 
in the various phases of the value chain (Govindan & Hasanagic, 2018).

When and how food is wasted or lost is of great concern as it affects the efficiency 
of food systems. Food wastage in developed countries is seen in the consumption 
stage (NRDC, 2013). In contrast, in developing countries, it is seen in the production 
phase (Gustavsson et al., 2011) and this replicates the poor harvesting techniques used 
in developing countries. In terms of food wastage, developed countries organize cam-
paigns and awareness programs to minimize food wastage. In contrast, developing coun-
tries face food loss issues as no or minimal such programs are conducted. According 
to present estimates, by 2028, India’s population will reach up to 1.45 billion, equal to 
China’s, and by 2050 it will be 1.7 billion nearly identical to the combined population 
of China and the USA. As per the FAO (2020) report, 189.2 million individuals are 
undernourished resulting in 14% of the population in India and approximately 25% of 
the world’s undernourished individuals belonging to India.

Further 33% of the total malnourished infants are from India. According to the 
Department of Agriculture, Cooperation and Farmers Welfare, India 2018–2019 sets a 
record farm output of 285.21 million tons of food grain. It implies that food produc-
tion is not the primary issue. The part of food produced on farms never reaches the 
end consumer which the policymakers have ignored for since long. According to UN 
reports about 40% of the total production value is wasted which accounts for a whop-
ping amount of ₹92,000 crores per annum. Much research has been done in developed 
countries concerning food loss management, and there is a dearth of study in developing 
countries (Mangla et al., 2018a). Due to practical issues, implementation of a circular 
economy in the food supply chain is quite challenging. The need of the hour is to iden-
tify the barriers to implementing circular economy practices in the food supply chain 
and determine the causal relation between them which are most important in the context 
of emerging economies like India.

Keeping this in mind, the following research questions are being raised:

• What are the top barriers to implementing circular practices in emerging economies’ 
food supply chain industry?

• How can decision-makers assess the importance of identified barriers?
• How can decision-makers determine the inter-relationships (if any persist) among iden-

tified barriers?

To answer the above research questions, the present study has the following objectives:

• Identification of barriers/factors to implementing circular practices in the food supply 
chain.

• Prioritizing the factors of circular practices in the food supply chain for the case com-
pany.

• Building causal relationships between the factors and finding out cause and effect 
groups of the barriers.
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The rest of the paper is structured in the following manner. Section 2 illustrates the “Lit-
erature review” of possible barriers followed by “Methodology” in Sect. 3, which justifies 
the suitability of the research method chosen and elaborates steps involved in the Grey 
DEMATEL methodology. Section 4 includes “Case of the present model” which discusses 
the case study of the proposed framework. Section 5 elaborates on “Results and discus-
sion,” which discusses the results obtained from the analysis. Section 6 includes “Sensitiv-
ity analysis,” which tests the consistency of the results obtained. Section 7 discusses the 
“Policy and managerial implications,” which draws out the important policy and manage-
rial implications. Lastly, Sect. 8 lists down the “Conclusions, limitations and recommenda-
tions for future research,” which presents the outcomes, shortcomings and future opportu-
nities of the study, respectively.

2  Literature review

This section of the article covers the literature review on implementing the concept of CE 
in the food supply chain. It also helps to identify the issues that impede the application of 
CE and calls attention to the research gaps.

Stahel and Reday firstly introduced the term CE in (1976). The CE was founded on the 
analogy of the earth as a closed economic system, interlinking surroundings and economy 
in a circular manner (Jackson et al., 2014). Further, the concept of CE was introduced by 
Pearce and Turner in “Economics of Natural Resources and the Environment” in 1990 
(Pearce & Turner, 1990). Ellen MacArthur Foundation has successfully developed CE 
practices in various fields like waste management, sustainable development, food manage-
ment, etc. (EMF, 2017). The methodology of CE is applied in Finland for transitioning the 
food supply chain into a circular food chain (Jurgilevich et al., 2016). It helps to draw out 
the maximum value from the system, thus leaving zero or minimum waste to the surround-
ings (Bag et al., 2019). It is one of the sustainable practices concerned with maintaining a 
balance between society, finance, and the environment to reduce, reuse and recycle waste. 
It helps make the supply chain efficient by reviving the product properties instead of dis-
carding them and returning them to the market (Moktadir et al., 2018). According to Lieder 
& Rashid, 2016 the concept behind the CE practices is that it allows shifting of epicenter 
from limited natural resources to recovery of these resources thus leading to economic, 
social, and environmental assistance. In the linear supply chain at each step, waste is gen-
erated from the production to consumption phase but none of them is treated for revival 
(MacArthur,  2013). Thus, the circular economy overcomes the drawbacks of the take-
make-dispose philosophy  (Shi et  al., 2006). Through its proper closed channels at each 
step, all the leftovers which were discarded earlier are now collected at the recycling center 
and properties are revived to be used again (Yuan et  al., 2006). Some of the processes 
belonging to CE are remanufacturing where the used or defective product is manufactured 
again making it defect-free, and introducing them back to the market providing a guarantee 
period for the product to run (Moktadir et al., 2018). Take-back is also a CE practice where 
the product, after use, is taken back by the remanufacturer through its reverse logistic chan-
nel and thus recycling the product (Andrews, 2015). Su et al. (2013) suggest that products 
can be designed waste-free by connecting them to recyclable loops, thus shifting the sys-
tem from cradle-to-grave to cradle-to-cradle. CE takes waste as a secondary resource. The 
philosophy of CE has a vision of a zero-waste economy recovering value by collaborating 
within the same sector or with different sectors (Weetman, 2016). Prieto-Sandoval et  al. 
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(2018) reviewed various approaches and applications regarding the CE concept, and its 
association with eco-innovation was advanced. The concept of CE lacks in framework and 
strategies for the practical implementation of CE practices in specific sectors (Kakwani & 
Kalbar, 2020).

Majorly, food loss and food waste are treated as the same to focus on the waste com-
ponent of the food loss. However, according to Food and Agriculture Organization, food 
waste is an integral part of food loss. Food loss (FL) calls attention to a decrease in edible 
food mass that covers stages of production, post-harvest and processing in the food sup-
ply chain (FSC) before they reach the consumer (Lipinski et al., 2013; Parfitt et al., 2010). 
Food waste (FW) refers to the one which is of good quality and fit to be eaten by humans 
but does not get consumed because it is discarded at the distribution and consumption 
stage (Lipinski et al., 2013; Parfitt et al., 2010). As per the European Union-funded project 
FUSIONS (2014), pre-harvest waste (not mature) does not account for food waste and it is 
calculated as agricultural waste. Food loss and waste (FLW) protocol will be used in this 
paper further, and it is defined as the weight of food and/or associated edible parts removed 
from the supply chain (Hanson et al., 2016).

Research on food waste management has taken a steep rise over the past ten years focus-
ing mainly on quantifying the food wastage along the food supply chains along with find-
ing the factors which contribute more to the problem. According to the literature, in fear 
of overcoming shortage costs or to fulfill undetermined demand food industries produce in 
excess which leads to food wastage (Gustavsson et al., 2011). Food waste is large in sup-
ply chains where there is a lack of communication and coordination between the actors. 
Also, perishable food products with shorter shelf life are more prone to get wasted due to 
improper storage conditions and poor handling (Corrado & Sala, 2018). Studies have sug-
gested that avoiding excess food generation throughout the supply chain from production 
to consumption is one of the most efficient strategies (Papargyropoulou et al., 2014). Many 
preventive measures are suggested in the studies to manage food waste which include redis-
tribution of food for human consumption and animal feed, spreading awareness among 
consumers to prevent food waste, enhancing supply chain efficiency, and government strat-
egies and frameworks to prevent food waste (FUSIONS, 2016). However, for factual infor-
mation and to improve supply chain efficiency, new concepts like circular economy must 
be incorporated along with digital technologies such as block-chain technology, Internet of 
Things (IoT), Etc. (Cane & Parra, 2020). Implementing CE practices in the processes needs 
up-gradation of digital technologies which can help in communicating better between the 
supply chain partners and also improves traceability (Corallo et  al., 2020; Annosi et  al., 
2021).

In the context of food, United Nations food and agriculture organization reported that 
one-third of food is wasted along different stages of the food supply chain (Gustavsson 
et  al., 2011). It has been reported that the execution of production techniques has not 
been green and reported as the main reason for the depletion of resources (Foley et al., 
2011). When it comes to the food supply chain, it is more prone to losses in comparison 
with the service or manufacturing supply chain, as food items are liable to rot (Singh 
et  al., 2018). Food waste (FW) has been identified as a universal problem due to its 
impacts on the environment (UNEP, 2014), economy (Garrone et al., 2014), and society 
(Evans, 2012), which demands a change in political actions (Searchinger et  al., 2019) 
to lower down the consequences. Under the sustainable development goal 2030, United 
Nations aims to halve food waste globally. According to the D and B report, in 2015, 
nearly 40–50% of fruits and vegetables were wasted, followed by 35% of milk products 
and 21% of meat (Singh et al., 2019). For efficient functioning of the food supply chain, 
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traceability of food products is of utmost importance (Hobbs et al., 2005). India’s 98% 
of food is sold in the unorganized market, due to which India fails to integrate its sup-
ply chain with ICT tools. Circular Economy is the concept that can help to make supply 
chains more sustainable (Kirchherr et al., 2017). It has a limitation and provides a scope 
of research as implementation concepts of the circular economy within the supply chain 
field are limited (Govindan & Hasanagic, 2018).

Many authors have implemented the CE concept in their past studies, as can be seen 
in Table  1. Chaudhary and Vrat (2020) developed a circular flow model of gold con-
tent in cell phones from manufacturing to the recycling phase using a system dynam-
ics approach. Moktadir et  al. (2018) analyzed the drivers of sustainable manufactur-
ing practices and circular economy in the context of the leather industry. Mangla et al., 
(2018a, 2018b) carried out work on identifying the barriers to implementing CE prac-
tices in the automotive industry of India. Yazdani et al. (2019) worked on implementing 
CE practices in the agriculture sector. Farooque et  al. 2019) analyzed the barriers to 
implementing CE practices in the food supply chain in China. Likewise, other authors 
like Principato et al. (2019), Meherishi et al. (2019), Yadav et al. (2020), Sharma et al. 
(2020a, 2020b), Campos et al. (2020), Khandelwal and Barua (2020) and Gupta et al. 
(2021) have demonstrated their work for promoting CE practices in the agro-food indus-
try, sustainable packaging, automotive industry, e-waste management, fruit industry, 
plastic industry and manufacturing industry, respectively.

The studies done in the area of the food supply chain are as follows:
In the context of developed countries, Papargyropoulou et  al. (2014) modeled the 

framework. They examined those factors that led to food wastage and provided practical 
solutions to tackle the issue of food waste. Genovese et al. (2017) chose chemical and 
food industries for study and compared the performance of the traditional supply chain 
with the noble circular system. They concluded that a circular system is environmen-
tally friendly to the former supply chain. Brancoli et al. (2017) focused on the impact 
of food wastage at a supermarket in Sweden. Diaz-Ruiz et al. (2019) identified factors 
that lead to food wastage using the Delphi technique and provided multiple solutions. 
Principato et al. (2019) studied the Italian pasta case and adopted the CE approach for 
reducing food wastage.

Table 1  Past studies implementing circular economy practices

Authors Research context Methodology

Chaudhary and Vrat (2020) India; Gold content from E-waste System dynamics approach
Moktadir et al. (2018) Bangladesh; Leather industry Graph theory and matrix approach
Mangla et al. (2018a, 2018b) India; Automotive industry Interpretive Structural Modelling
Yazdani et al. (2019) Spain; Agriculture industry Extended SWARA 
Farooque et al. (2019) China; Food industry Fuzzy DEMATEL
Principato et al. (2019) Italy; Agro-food industry Case study
Meherishi et al. (2019) India; Sustainable packaging Review paper
Yadav et al. (2020) India; Automotive industry Best Worst method
Sharma et al. (2020a, 2020b) India; E-waste management DEMATEL
Campos et al. (2020) Portugal; Fruit industry Case study
Khandelwal and Barua (2020) India; Plastic industry Fuzzy AHP
Gupta et al. (2021) India; Manufacturing industry Best worst and CoCoSo methodology
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Considering emerging economies like India, Balaji and Arshinder (2016) modeled the 
food supply chain and explained the causes of food wastage using the TISM approach. 
Gardas et al. (2018) modeled causal factors of post-harvesting losses in the fruit and veg-
etable supply chain using the ISM approach. Gokarn and Kuthambalayan (2017) analyzed 
challenges for reducing food wastage in the food supply chain using the ISM approach. 
Vrat et  al. (2018) reviewed an article on the sustainable cold chain for perishable food 
products. Sharma et al. (2019) analyzed the issues impeding CE practices in the food sup-
ply chain using ISM-MICMAC analysis. Sharma et al. (2020a, 2020b) reviewed the food 
supply chain and analyzed the problems in integrating the supply chain with Industry 4.0. 
Krishnan et al. (2020) studied the mango food supply chain. They found the factors that 
inhibit the CE practices in the supply chain and also measured the life cycle assessment for 
environmental impact. Many other studies have been successfully recorded on the circular 
systems. However, very little research has been done considering the food supply chain, 
which provides a cushion to find out the barriers to making the food supply chain circular 
in a developing nation like India. To identify the issues for incorporating CE practices in 
FSC, a systematic literature review was done. A total of 18 barriers were chosen after the 
review of the literature and discussion from the experts. Barrier codes are listed as CFC 
which stands for challenges for the circular food chain and is listed with its serial number 
as 1, 2, 3, … and so on. 15 barriers were finalized and are listed in Table 2.

3  Research gaps and highlights

Research on the sustainable supply chain is still at an early stage regarding how to update 
supply chain policies and theories and successfully implement circular practices in the sup-
ply chain. Many studies have focused on the issues of food wastage and its prevention, but 
none of them included circular flows and factors that can make the supply chain efficient 
(Gharfalkar et al., 2015; Mourad, 2016). Implementation of circular practices is different 
in developing countries as compared to the developed countries due to the difference in 
specific government laws, technology, infrastructure, and social conditions that exist. Many 
studies have been carried out in various other fields like the automotive sector, leather 
industry, plastic industry, etc., incorporating circular practices, but none of them is done 
considering the food industries in the Indian context to the best of the author’s knowledge. 
A few of the essential studies are listed in Table 1. Practically, the implementation of the 
circular economy concept is not clear and is in the nascent stage. To apply successfully 
the concept of circular economy in supply chains, primarily, challenges that obstruct the 
application of circular flows need to be studied. There is a dearth of studies examining bar-
riers to circular supply chain management (Govindan & Hasanagic, 2018). Yazdani et al. 
(2019), Principato et al. (2019), and Campos et al. (2020) carried out work on a circular 
supply chain based on the food industry, but the work was carried out in developed coun-
tries. There is a need for developing countries like India to model the challenges/barriers to 
the circular food supply chain as food is a perishable item and sustainable practices need to 
be implemented.

3.1  Problem description

The literature review reveals that previous studies focused on sustainability in the supply 
chain, the adoption of a circular economy, and possible threats to the food supply chain 
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Table 2  Identification of circular economy implementation barriers in FSC

Barrier 
code

Barrier/challenges Description Supporting literature

CFC1 Limited expertise in infor-
mation and technology

Lack of production techniques, 
scientific tools, etc. Lack of 
information systems to keep 
a check on recycled products

Govindan and Hasanagic 
(2018), Sharma et al. (2019), 
Annosi et al. (2021)

CFC2 Limited cold chain and 
storage facilities

The poor condition of cold 
storage capacity near farms, 
poor inventory management 
and lack of refrigerated 
carriers

Joshi et al. (2009), Mena et al. 
(2014)

CFC3 Poor logistic network 
design

Lack of forward and reverse 
logistic network

Gokarn and Kuthambalayan 
(2017), Kumar et al. (2020)

CFC4 Improper food labeling Lack of information on the 
packaging material and poor 
customer awareness about 
the labeling and food perish-
ability

Teigiserova et al. (2020)

CFC5 High installation and opera-
tional cost of updated 
facilities

High set-up cost for imple-
menting new technologies 
and high running cost

Mangla et al. (2021)

CFC6 Limited integration 
between the partners

Poor contact and information 
sharing among stakeholders

Farooque et al. (2019), MOFPI 
(2019–2020), Experts’ 
Opinion

CFC7 Poor government policies 
and enforcements

Poor enforcement of food 
policies and tax rebate norms 
to promote the circular 
economy

Su et al. (2013), Govindan and 
hasanagic (2018)

CFC8 Poor packaging efficiency Lack of sustainable packaging 
and poor or no recycling of 
the used packets

Sharma et al. (2019), Meherishi 
et al. (2019)

CFC9 Lack of backward-forward 
integration from farm to 
market

A systematic feedback loop 
does not exist

Gardas et al. (2018), Gokarn 
and Kuthambalayan (2017), 
Kumar et al. (2020)

CFC10 Large number of interme-
diaries

The major role of middle-
men in making the system 
inefficient

Sachan et al. (2005), Balaji and 
Arshinder (2016)

CFC11 Inefficient recovery centers There are very few or no 
recovery centers and a high 
cost of waste collection and 
sorting out

Bouzon et al. (2018), Bressanelli 
et al. (2018), Experts’ Opinion

CFC12 Traceability issues Poor information system for 
tracking and tracing recycled 
and refurbished products

Bosona and Gebresenbet (2013), 
Balaji and Arshinder (2016)

CFC13 Lack of awareness regard-
ing food waste/loss

There is little or no knowledge 
regarding the food shortage 
problem and no awareness 
among the consumers

Genovese et al. (2017), Mangla 
et al., (2018a, 2018b)

CFC14 Ineffective demand man-
agement

Poor supply and demand fore-
casts. Due to the perishable 
nature of food, it gets wasted

Hegde and Madhuri (2013), 
Balaji and Arshinder (2016)
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(Khan et al., 2021; Mangla et al., 2018b; Sharma et al., 2019; Yazdani et al., 2019). There 
is a need to have a thorough analysis of CE adoption barriers explicitly in FSC in devel-
oping economies. The shift in the food production and consumption patterns due to the 
rapid rise in population (~ 9 billion by 2050) leads to the exploitation of natural resources 
(Gedam et al., 2021; Govindan & Hasanagic, 2018; Yazdani et al., 2019). The unsustain-
able practices used in the food sector result in environmental pollution, food wastage, and 
food shortage, which need to be controlled by adopting a few green recovery practices. It is 
estimated that one-third of the food goes wasted from production to the consumption phase 
which results in the loss of limited and valuable natural resources (Gustavsson et al., 2011).

Elimination of food waste is not feasible because some causes are inevitable. How-
ever, the prevention of food waste can be done effectively by opting for correct programs, 
policies, and human attitudes toward the issue (Joshi & Visvanathan, 2019; Moraes et al., 
2021; Nayak & Bhushan, 2019). In India, conventional practices have been practiced and 
inefficiencies in the food sector result in food wastage, which finally leads to the loss of the 
country’s finances. Nowadays, novel technology needs to be applied to leave behind tra-
ditional approaches. It is estimated that the Indian economy will lose half a trillion-dollar 
worth of the country’s GDP by 2030, which can be prevented by adopting CE business 
models (FICCI, 2018). For adopting the CE culture in the FSC, it is important to study 
the CE barriers so as to make a shift from linear to circular practices. CE is an exhaustive 
idea, which has several challenges due to which transition to a circular economy is diffi-
cult (Parida et al., 2019). For the country’s sustainable growth, concepts like reduce, reuse 
and recycle need to be implemented in the process. For fulfilling the objective and mod-
eling the framework, initially barriers to circular approaches to the food supply chain need 
to be identified. Thus, this study focuses on finalizing the barriers through an extensive 
review of the literature and incorporating experts’ opinions, and finally, the causal relation-
ship among the barriers was obtained using the Grey DEMATEL methodology for a case 
company.

4  Research methods

Present research work implements a two-stage methodology, where the first stage is asso-
ciated with the finalization of the barriers that are relevant to the study. Delphi technique 
proposed by Dalkey and Helmer (1963) was used in the first stage. Primarily all the factors 
which were relevant to the study were collected through a rigorous review of the literature, 
and expert interviews were carried out till they finalized the crucial factors. In this study, 
initially, 18 barriers were figured out from the literature and expert opinion was taken on 
every factor. After multiple sessions of a discussion carried out on the factors finally, 15 

Table 2  (continued)

Barrier 
code

Barrier/challenges Description Supporting literature

CFC15 Insufficient focus on quality 
and safety standards

Quality control at the farm 
level is overlooked. Further 
losses occur due to poor 
handling and storage of food 
products

Gligor et al. (2018), MOFPI 
(2019–2020), Kumar et al. 
(2020)
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barriers were selected for further study using the Grey DEMATEL approach. DEMATEL 
is a constructive tool to build a mutual interaction between factors by developing causal 
relationships and helps in decision-making for complex problems (Fontela & Gabus, 1976; 
Gabus & Fontela, 1973). DEMATEL was firstly proposed by Battelle Memorial Institute 
in Geneva and was successfully applied to get a solution for complex problems. For get-
ting the solutions to multi-criteria complex problems, the MCDM techniques are preferred. 
Many authors have applied different MCDM techniques to get solutions to practical prob-
lems. The main advantage of using DEMATEL over other MCDM techniques like ISM 
and AHP is that DEMATEL helps in examining the causal relationship among the crite-
ria and also helps in determining the strength of the effects, whereas ISM methodology 
examines the inter-relationship among the criteria with the help of driving and dependence 
power but unable to find the strength of the criteria. Moreover, AHP also does not consider 
the indirect effect of the criteria, and the assumption is made that they are independent 
(Khurana et al., 2010; Lin et al., 2011; Luthra et al., 2013; Mani et al., 2014). The DEMA-
TEL approach is used by several researchers to examine the interrelationships among the 
barriers in the multi-criteria decision-making problems (Bacudio et  al., 2016; Jalalifar 
et al., 2013; Gandhi et al., 2015; Mangla et al., 2014).

DEMATEL makes the complex model simpler as it relies upon the basics of digraph, 
which divides the various factors into different zones of cause and effect, thus making it 
more straightforward for decision making (Falatoonitoosi et  al., 2013). However, the 
main disadvantage of using DEMATEL separately is that in real-life problems, it does not 
account for human biases and uncertainties in the environment (Tseng, 2009). To over-
come the errors due to ambiguities fuzzy technique with the decision-making tool was used 
by the researchers (Patil & Kant, 2014). But it has some bar with fuzziness. To overcome 
the limitations, this study integrated the grey technique with DEMATEL as it considers 
the condition of fuzziness (Julong, 1989; Li et al., 2007). The Grey approach is suitable 
for conditions with certain uncertainties and is suited in the case with a small sample size 
(Liu & Qiao, 2014). To change the grey number into crisp numbers, modified fuzzy values 
into crisp scores (CFCS) are used (Fu et al., 2012). Many other researchers have applied 
the grey approach with DEMATEL methodology in different fields successfully like third-
party logistics selection criteria (Govindan et al, 2016), automotive parts remanufacturing 
(Xia et al, 2015), analyzing enablers of green innovation (Gupta & Barua, 2018), identify-
ing critical factors of construction and demolition waste management (Liu et  al, 2020), 
reverse logistics (Garg, 2020).

This research work utilizes Grey and DEMATEL methodology for identifying chal-
lenges impeding the circular approach in the food supply chain in the Indian context. The 
following are the steps for grey DEMATEL methodology:

Step 1 Building initial influence matrix for each evaluator.
Let there be a “t” number of barriers to the circular food supply chain and “s” be the 

number of evaluators taken for the case study. Every evaluator is asked to allocate the 
direct influence of factor i over factor j on the scale of 0, 1, 2, 3, and 4 based on the strength 
of the influence where 0 represents “no influence,” 1 represents “very low influence,” 2 
represents “low influence,” 3 represents “high influence,” and 4 represents “very high influ-
ence” for the t number of finalized factors. For “s” the number of experts “s” initial influ-
ence matrix was obtained.

Step 2 Obtaining grey matrix.
For the matrices obtained in step 1, corresponding grey numbers are assigned by using 

Table 3 (Xia et al., 2015), i.e.
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where 1 ≤ 1 ≤ s; 1 ≤ i ≤ t; 1 ≤ j ≤ t.
Step 3 Calculating the average grey influence matrix.
Average grey matrix [⊗ F̌ij ] is obtained by taking the mean of “s” grey matrices,

Step 4 Obtaining crisp matrix from average grey influence matrix.
For obtaining the crisp matrix, three steps are to be followed in a modified-CFCS method-

ology (Gupta & Barua, 2018; Rajesh & Ravi, 2015):

(i) Lower and upper normalized values.

where ⊗Ḟij denotes the lower normalized value of the grey number ⊗F̌ij.

where ⊗Ḟij denotes the upper normalized value of the grey number ⊗F̌ij

 (ii) Obtaining total normalized crisp value

 (iii) Obtaining final crisp values

and

(1)⊗Fl
ij
=
(
⊗Fl

ij
,⊗Fl

ij

)

(2)⊗F̌ij =

�∑
l ⊗Fl

ij

s
,

∑
l ⊗Fl

ij

s

�

(3)⊗Ḟij =
(
⊗F̌ij −

min

j
⊗F̌ij

)
∕Δmax

min

(4)⊗Ḟij =
(
⊗F̌ij −

min

j
⊗F̌ij

)
∕Δmax

min

(5)Δmax

min
= max

j
⊗F̌ij −

max

j
⊗F̌ij

(6)Mij =

⎛⎜⎜⎜⎝

�
⊗Ḟij

�
1 −⊗Ḟij

�
+
�
⊗Ḟij ×⊗Ḟij

�
�
1 −⊗Ḟij +⊗Ḟij

⎞⎟⎟⎟⎠

(7)M∗
ij
=
(
min⊗Ḟij +

(
Mij × Δmax

min

))

Table 3  The grey linguistic scale 
for expert’s assessment

Linguistic assessment Grey numbers Nor-
mal 
values

No influence [0,0] 0
Very low influence [0, 0.25] 1
Low influence [0.25,0.5] 2
High influence [0.5,0.75] 3
Very high influence [0.75,1] 4



13836 S. Ardra, M. K. Barua 

1 3

Step 5 Developing normalized direct-influence matrix “P.”
The normalized direct influence matrix “P” is determined by using Eqs. (9) and (10). The 

values of all the elements of this matrix will fall between 0 and 1.

where P denotes normalized direct influence matrix, E denotes normalization factor, and M 
denotes crisp influence matrix.

Step 6 Obtaining total influence matrix Q

where I denotes an identity matrix.
Step 7 Finding causal factors.
The Sum of rows, Ri and sum of columns, Cj are obtained by using Eqs. (12) and (13):

Step 8 Set a threshold value (α).
Calculate a threshold value (α) by taking the average of elements from matrix S using 

Eq. (14)                                                                                                                                          

Step 9 Draw a causal relationship digraph.
It is obtained by using Eqs. (12) and (13), where the x-axis denotes the (Ri + Cj) values, 

and the y-axis denotes the (Ri − Cj) values. The values of qij greater than α, are chosen for 
digraph (Yang et al., 2008). 

5  Case of the proposed model

To test the validity of the proposed model and research methodology, a food retail com-
pany is selected which deals with farm-fresh fruits and vegetables and is situated in over 
65 cities in India. The case company is in operation for 20 years and is one of the leading 
retailers of farm-fresh fruits and vegetables in India. The case company favors recycling 

(8)M =
[
M∗

ij

]

(9)E =
1

max

1<i<n

∑n

j=1
M∗

(10)P = E ×M

(11)Q = P(I − P)−1

(12)Ri =

[
n∑
j=1

qij

]

n×1

(13)Cj =

[
n∑
i=1

qij

]

1×n

(14)� =

∑n

i=1

∑n

j=1
[qij]

N
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methods way from the past to increase the efficiency and effectiveness of the processes, 
thus converting a portion of waste into useful energy. As per the UN sustainable goals of 
2030 to reduce food wastage by half, company is looking for applying sustainable methods 
to their processes like keeping a check on their supply chain, tracking ineffective processes, 
collecting used or expired products for energy generation, and such similar policies so that 
they can set up the benchmark in the market and can be cost-effective as compared to their 
competitors.

We approached 22 experts from different domains including government officials, man-
agers from different domains of the case company, and professors from reputed institutes 
for operational and educational roles, respectively. The decision experts were chosen as 
those having in-depth knowledge of the green recovery mechanisms with a minimum expe-
rience of 07 years. Out of 22 experts, 10 of them accepted the invitation, resulting in an 
approximately 46% of response rate. The details of the experts are shown in Table 4.

Step 1 In the grey DEMATEL methodology, the first step is to obtain the direct rela-
tionship matrix for all the factors considered in the study. For this study, ten experts 
were selected from different domains with relevant knowledge and experience of at least 
07 years in the food supply chain. They were requested to rate the factors of circular econ-
omy practices on a linguistic scale as shown in Table 3. Five-point Likert scale is selected 
as taken in the past paper for grey theory by Xia et al. (2015), Luthra et al. (2017) and Liu 
et al. (2020).

Step 2 For each initial direct influence matrix, grey matrix is formed using Eq. (1) and 
linguistic greyscale for the ten different experts. For expert 1, it is presented in Table 5.

Step 3 In the following step, the average grey relation matrix is obtained by using 
Eq. (2). All ten experts are experienced, and relevant to the area, and to confirm uniformity 
equal weights are assigned. The average matrix is shown in Table 6.

Step 4 Final crisp relation matrix (M) is calculated by using equations from (3)–(8), as 
given in Table 7.

Step 5 For obtaining normalized direct relation matrix (P), Eqs. (9) and (10) are used, as 
presented in Table 8.

Step 6 Eq.  (11) is used to determine the total relation matrix  (Q), which is shown in 
Table 9.

Step 7 For obtaining causal relationship parameters, some of the rows and some of 
the columns for the total relation matrix are obtained by using Eqs. (12) and (13) and are 
denoted as R 15 × 1 and C 1 × 15 vectors, respectively. The values for i = j are presented in 
Table 10.

Step 8 For plotting the causal relationship between the factors of the closed-loop food 
supply chain, a threshold value (α) was set by taking the average of elements from matrix 
S using Eq.  (14). (α = 61.473/225 = 0.273). Values greater than the threshold value are 
used to plot the causal relation digraph. A solid arrow is used in the direction of cause to 
effect enabler and for a two-way relationship, a dotted arrow is being used which is shown 
in Fig. 1.

6  Results and discussion

This research provides inputs for integrating the circular economy practices in the food 
supply chain in the Indian context. Before applying the concept to the practical problem, 
its theoretical framework is of utmost importance. Thus this study helps to develop the 
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theoretical framework, which is not only based on a literature review but also supported 
and validated by the experts in the field of the food supply chain.

For a complex practical problem, when the decision is to be made among the fac-
tors, which factor influences the case study (cause group) or by which factor it gets 
influenced (effect group). In such kinds of problems, changing one or two factors alone 
cannot solve the purpose as other factors are interdependent. Thus to improve the whole 
system, causal groups need to be identified and worked upon to enhance the effect 
group factors. Thus, by improving the cause and effect factors, the whole system can be 
improved.

The present study combines the one-round Delphi approach with a modified grey DEM-
ATEL approach focusing on the challenges that hinder the application of circular econ-
omy practices in the food supply chain. Initially, with the help of literature review and 
expert opinions, a total of 15 challenges were finalized followed by a modified DEMATEL 
approach, thus combining DEMATEL with grey system theory to develop the cause and 
effect relationship between factors to transform the food supply chain in a closed-loop food 
supply chain. Thus, grey DEMATEL is used to overcome the biases of an evaluator, thus 
overcoming the human judgmental error and helping unveil the hidden interdependence 
among factors. This study provides crucial outcomes and helps in decision-making for offi-
cials of the company taken for study. (In the revised manuscript this change can be found 
on page no. 5, line no. 230).

Taking into consideration values of (Ri + Cj), the barriers are ranked as follows: CFC12 
> CFC1 > CFC3 > CFC5 > CFC2 > CFC9 > CFC7 > CFC10 > CFC14 > CFC15 > CFC6 > C
FC11 > CFC13 > CFC4 > CFC8. Following the rankings, the traceability issue (CFC12) is 
the most important challenge in closing the loop. In the traditional food supply chain, there 
is little information about the product. Tracking and keeping an eye on the food supply 
chain is of utmost importance as food is a perishable item with a time value. From produc-
tion to the consumption phase and finally, toward zero waste, sustainable tracking plays an 
important role (Gokarn & Kuthambalayan, 2017; Gardas et al., 2018). Limited expertise in 
information and technology (CFC1) is the second most important challenge, which proves 
to be a stumbling block in closing the loops of the food supply chain. This is in line with 
the results of Kumar et al. (2022), Silva et al. (2020), Kamilaris et al. (2019), as they have 
also confirmed that for the successful implementation of circular practices in making the 

Table 4  Background details of experts

Expert Designation Experience(Years) Educational 
background

Role

Expert 1 Food inspector 07 B.Tech Quality inspection
Expert 2 Food safety manager 08 MBA Operations
Expert 3 Food logistics manager 07 MBA Logistics management
Expert 4 Food retail manager 07 MBA Retail management
Expert 5 Inventory manager 07 M.Tech Inventory management
Expert 6 Farmer 12 BSc Food production
Expert 7 Farmer 10 BSc Food production
Expert 8 Associate Professor 11 Ph.D Education and Research
Expert 9 Assistant Professor 07 Ph.D Education and Research
Expert 10 Assistant Professor 07 Ph.D Education and Research
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food supply chain sustainable technological immaturity turns out to be the crucial barrier. 
It is the reason why Industry 4.0 revolution is lacking in India. Many organizations follow 
traditional production techniques, and no additional scientific tools are updated in the sys-
tem (Adebayo & Kirikkaleli, 2021). If some are updated, then there is limited knowledge 
about the tool and thus is not accepted. To make a system circular, organizations should 

Table 10  Cause/effect 
parameters for barriers of CFSC

Ri Cj Ri + Cj Ri − Cj

CFC1 6.734 4.204 10.937 2.530
CFC2 4.521 5.164 9.686  − 0.643
CFC3 5.479 5.170 10.649 0.309
CFC4 2.386 3.358 5.744  − 0.972
CFC5 5.757 4.545 10.301 1.212
CFC6 2.683 4.380 7.063  − 1.697
CFC7 5.281 2.925 8.206 2.356
CFC8 1.677 3.256 4.934  − 1.579
CFC9 3.829 4.744 8.573  − 0.914
CFC10 3.250 4.579 7.829  − 1.329
CFC11 2.379 4.139 6.518  − 1.759
CFC12 6.360 5.030 11.390 1.330
CFC13 2.538 3.583 6.120  − 1.045
CFC14 4.052 3.729 7.781 0.323
CFC15 4.547 2.668 7.215 1.879

Fig. 1  Digraph for the causal relationship among barriers of CFSC
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opt for the best practices. The use of ICT tools and Industry 4.0 eases the information flow 
through the network, thus improving the sustainability of the food supply chain (Routroy & 
Behera, 2017). Hussain et al. (2021) explain that there is a significant link between updated 
technologies (social networking platforms) with sustainable practices. Thus, in order to 
have a sustainable food supply chain smart technologies and social networking apps need 
to be installed.

As per the study, poor logistic network design (CFC3) holds the third most crucial chal-
lenge for making the food supply chain circular. For the system to be circular, there is 
a need for a systematic forward and reverse logistic network, but India lacks a road net-
work. Due to the perishable nature of food, with time quality of food and food products 
decreases. Poor process controls in the network lead to food loss and waste, especially 
in the case of the cold supply chain (Bicket et al., 2014; Mena et al., 2014). To improve 
the logistic network and maintain the quality of food products, closer linkages should be 
made by opening new marketing channels between producers and consumers (Priefer et al., 
2016). High installation and operational cost of updated facilities (CFC2) is the next most 
important challenge in transforming the food supply chain. As suggested by Mangla et al. 
(2021), the cost of updating the facilities is too high so that the small and medium-sized 
firms fail to do due to the high cost of new technologies. Due to this, they stick to the 
conventional practices which is a reason for losses in the food supply chain. Moreover, 
limited cold chain and storage facilities (CFC2) is the next crucial barrier that results in 
huge losses due to degradation in the quality of the perishable product as its freshness is 
temperature-controlled. This result is in line with the previous studies of Joshi et al. (2009) 
and Mena et al. (2014). In developing economies, there is a lack of cold storage facilities 
due to the high cost of installation. Also, there is a shortage of temperature-controlled food 
carriers which results in food losses while transportation. Thus, these challenges need to be 
carefully looked upon by the supply chain actors and firms need to take all possible action 
in overcoming these challenges.

Moreover, after prioritizing the challenges the cause and effect groups were identified. 
The barriers of the causal group are examined and ranked as per the (Ri − Cj) values for 
every value of i = j. Identifying and ranking causal groups helps determine the barriers that 
need to be taken care of with priority as they do not move easily. They can further move 
the effect group barriers if they are managed and looked upon systematically (Lin et al., 
2011). The causal barriers are ranked as follows CFC1 > CFC7 > CFC15 > CFC12 > CFC
5 > CFC14 > CFC3. Rankings suggest that limited expertise in information and technology 
(CFC1), poor government policies (CFC7), insufficient focus on quality and safety stand-
ards (CFC15) and traceability issues (CFC12) are the major driving challenges with high 
positive (Ri − Cj) values. Amid all the driving barriers, limited expertise in information and 
technology (CFC1) has the maximum Ri value (6.734), thus confirming its high driving 
power as discussed earlier. The government aims to halve food waste, but the policies are 
not friendly to applying circular practices in India. So policies should be framed to pro-
mote zero waste and should also provide tax rebates to those who practice circular prac-
tices in their system. Digraph suggests that limited expertise in information and technol-
ogy (CFC1) and traceability issues (CFC12) are the root cause of implementing a circular 
approach in the food supply chain as it drives major barriers.

Similarly, those barriers that are affected by the cause factors, i.e. limited cold chain and 
storage facilities (CFC2), poor logistic network design (CFC3), a large number of interme-
diaries (CFC10), and lack of backward-forward integration from farm to market (CFC9) 
are the important driven factors as can also be inferred from the digraph. Limited cold 
chain and storage facilities (CFC2) can be driven by limited expertise in information and 
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technology (CFC1), poor logistic network design (CFC3), high installation and operational 
cost of updated facilities (CFC5), poor government policies and enforcements and trace-
ability issues (CFC12). Traceability issues (CFC12) and high installation and operational 
cost of updated facilities (CFC5) behave dually and have a two-way relationship which is 
shown by dotted curves with a double-headed arrow.

Moreover, few more inferences can be drawn out by portioning barriers into four differ-
ent zones where factors above the x-axis are denoted as a causal group and factors below 
the x-axis are denoted as the effect group as they rely on the causal group and are also 
named as dysfunctional group barriers. As depicted in Fig.  2, zone 1 consists of barri-
ers with the least power of relations or can be said as barriers with the least significance. 
Improper food labeling (CFC4), poor packaging efficiency (CFC8), lack of awareness 
regarding food wastage (CFC13), inefficient recovery centers (CFC11), limited integration 
between the partners (CFC6) and a large number of intermediaries (CFC10) come under 
this group. Zone 2 consists of causal barriers that drive other barriers, but the strength 
is weaker, ineffective demand management (CFC14) and Insufficient focus on quality and 
safety standards (CFC15) fall under this zone. Further, zone 3 constitutes barriers of the 
causal group that are most important and should be looked upon with priority, as overcom-
ing these barriers can help in transforming the linear food supply chain into a circular one. 
Limited expertise in information and technology (CFC1), traceability issues (CFC12), poor 
logistic network (CFC3), high installation and operational cost of updated facilities (CFC5) 
and poor government policies (CFC7) are in this zone. Zone 4 covers the barriers of the 
effect group with high significance and should be looked upon by the management officials 
for implementing a circular approach in the food sector. Limited cold chain and storage 
facilities (CFC2) and lack of backward-forward integration from farm to market (CFC9) 
come under this zone.

7  Sensitivity analysis

To test the consistency and validity of the methodology, sensitivity analysis is done. This 
helps in validating decision-making by the experts for this study. Many methods are used 
for sensitivity analysis; in this study, weights of one expert are changed, thus keeping the 
weights of other experts similar to check the effect of one expert over the whole system 
(Garg, 2020; Gupta & Barua, 2018). Earlier equal weights were assigned to the experts 
as the minimum experience was 07 years. To check the robustness of the approach, here 
weights for one expert are assigned higher (0.28) and to other remaining experts, equal 
weights are assigned (0.08) and results are calculated. Same as the above, ten different 
sensitivity runs are being performed by assigning a higher weight to experts individually, 
as shown in Table 11.

For different sensitivity runs, separate total influence matrices were computed, and all 
(Ri − Cj) and (Ri + Cj) values were calculated, respectively. Based on this, Tables 12 and 13 
were constructed, where the comparison of all ten sensitivity runs with the one when equal 
weights were assigned to all the experts is done.

It can be seen that there is no such variation in results based on (Ri + Cj) values; the 
same rankings are obtained with minimal accepted disparity; thus rankings show CFC12, 
CFC1 and CFC3 taking all first three positions, respectively, in importance factor. Further-
more, (Ri − Cj) values show that CFC1, CFC7 and CFC15 are the critical causal factors and 
similarly, CFC2, CFC3, CFC10, and CFC9 are the noticeable effects factors that are being 



13847Inclusion of circular economy practices in the food supply chain:…

1 3

affected by the causal factors, respectively. Thus, no such bias is noted in ratings provided 
by the decision-makers.

8  Policy and managerial implications

Based on the findings, it is necessary to introduce cleaner practices in the food supply chain 
in developing economies like India. However, India has managed to frame the policies and 
laws on sustainable practices but still faces challenges while in practice. Therefore, this 
study will help policymakers, practitioners, and managers carefully look at the major issues 
which inhibit the closing of the loop of the food supply chain. The present research work 
presents notable implications for academicians and policymakers. The following are the 
implications of the study:

• The functionality of the circular economy practices is still in the early stages. This 
study will help academicians to further figure out the possibilities and will help them in 
overcoming these challenges.

• Traceability issues, limited expertise in information and technology, poor logistic net-
work design, and high installation and operational cost of updated facilities were the 
most influential factors. This study will help the practitioners to look into the most 
influential challenges and find possible ways to overcome those challenges.

• This is the preliminary study in the view of implementing circular economy practices, 
and thus, this study will help researchers to further develop the framework and improve 
the food supply chain.

Fig. 2  Zone-wise representation of barriers of CFSC
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• The present study will help policymakers and government regulatory bodies in framing 
the policies in favor of circular economy practices to promote sustainability in the sup-
ply chains.

• With the growing complexity of the food supply chain and increasing food wastages, 
this study will help managers to introduce the circular economy principles and will 
help them in the decision-making process.

• This study promotes green practices and will help in reducing food wastage which will 
result in reducing growing health concerns and will keep the environment clean.

9  Conclusions, limitations and recommendations for future research

Due to the growing population throughout the globe, the demands are ever-increasing and 
thus putting pressure on the environment as waste is also increased in a similar proportion. 
In this competitive market, the organization tries to come up with new ideas and solutions 
that are cost-effective and environmentally friendly, as the food industry has perishable 
items with short or limited periods, fit for consumption. Hence, the supply chain of food is 
to be kept tighter as compared to others. Likewise in dynamic environments like COVID-
19 situations where the food supply chain was completely disrupted due to the conven-
tional approach followed by the supply chain partners. The novel sustainability principles 
need to be implemented for the smooth functioning of the supply chain and may respond 
well to changing environments. To reduce food wastage, circular economy practices should 
be incorporated into the food supply chain. Keeping this perspective in mind, firstly, barri-
ers to implementing a circular approach in the food supply chain are listed from an exten-
sive review of literature further ranked by the experts, followed by using grey DEMATEL 
methodology to draw interrelationship between the factors and thus separating causal and 
effect factors. A study was carried out on an Indian food processing company, ABC.

The challenges of incorporating the circular approach in the food supply chain are co-
related to each other, and their relationship is obtained by using the DEMATEL technique. 
Rankings based on importance are done and further, by studying the cause and effect fac-
tors separately, managers can implement a circular approach in the food supply chain with 
ease.

Taking into account this particular study, 15 barriers to implementing the circular 
approach in the food supply chain are found. With the help of DEMATEL methodology, 
prioritization factors are identified and cause and effect interdependencies are found. This 
research study is a novel research work in which barriers to the circular food supply chain 
in the Indian context are identified. In India, linear approach is much more familiar and 
there is a major non-acceptance of reduce, recycle, and reuse approach. To implement cir-
cular practices and promote green practices for generating energy from waste this study 
was carried out. From the study, it was found that the traceability issue is the most critical 
factor in closing the loop.

The advisory committee of a case company should keep a systematic check on the 
whole supply chain keeping in mind when and where a particular food item should be at a 
particular time and thus it will help in collecting back the waste for recycling to generate 
energy from waste. Followed by limited expertise in information and technology, as per 
updating the new approach in the system which is completely technology-driven, the man-
ager of a company should have a look at improving skills of its labors and thus introducing 
new technologies in the company and making its system friendly. Adebayo et al. (2021a, 



13852 S. Ardra, M. K. Barua 

1 3

2021b) suggest that technological innovation improves the quality of the environment by 
eliminating inefficient ways of production. After the production of food items, the crucial 
part is the supply of the material. Thus the company should optimize the route to overcome 
the poor logistic network, thus killing inefficient stations which can save much energy. Fur-
thermore, to successfully implement the circular approach and modify the whole food sup-
ply chain, the factors which are driving other factors should be kept in mind thus causal 
factors ranked up should be improved by the manager of the case company which includes 
expertizing its employees with updated tools and techniques, creating awareness regarding 
the acceptance of refurbished products. The government can also improve its policies for 
promoting green practices, and thus tax rebates can attract investors to implement green 
practices in their companies. The public–private partnership is of utmost importance in 
making the shift from conventional ways to cleaner ways of production (Adebayo et  al., 
2021a, 2021b).With the help of the DEMATEL methodology, managers could classify the 
cause and effect group separately which can be looked upon accordingly. The factors which 
were affected most by the causal factors are the large number of intermediaries which 
should be minimized and one should try to move toward a single-window system followed 
by proper linkages between producer, supplier and consumer so that from consumer it 
can go back in the treatment plant with ease. Thus improving causal factors will help to 
improve other factors thus successful implementation toward circularity can be achieved.

In continuation with this, to check the robustness of the approach, a sensitivity anal-
ysis was performed and confirmed that no severe biases in the decision-making process 
were found. It will help the company manager look after the factors ranked higher. While 
forming policies and modeling the framework for their company, they can implement the 
changes to overcome the challenges of closing the loop. The digraph showing the causal 
relationship between the factors can be looked from Fig. 1, and the managers of other food 
processing companies in India can use them in updating their policies and framework to 
confirm the validity of the study, thus will save a lot of money, time and resources for an 
organization.

The present research work comes up with certain limitations, which include: Firstly, 
this study was done keeping the food sector in mind and thus the result may vary in rep-
licating for other sectors. Future studies can be carried out by taking different sectors into 
account considering the same or different factors to assess the validity of the research 
work. Secondly, only challenges were identified which hinder the application of circular 
practices in the food supply chain. Furthermore, drivers can also be listed and looked upon 
to promote the circular approach. Thirdly, this study is limited to ten experts. In the future, 
large sample of experts could be chosen, and the robustness of the model can be validated. 
Results obtained through DEMATEL can also be validated by using other MCDM tech-
niques like ANP, VIKOR, AHP, etc., and results obtained from them can be compared to 
the one obtained from this study. Last but not least, mathematical modeling can be done 
to optimize the results obtained from this study. Thus, in future research work, it can be 
incorporated.
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