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ABSTRACT

With increasing globalization and digitalization, agricultural organizations have started changing their
business processes. Agri-organization has begun to adopt technologies to get a more sophisticated,
customer-centric, and sustainable supply chain. Although the introduction of interconnected new
technologies and the concept of circular economy (CE) present numerous challenges, it has proved its
value in the industrial sector to achieve a sustainability target. This study identifies Industry 4.0 (14.0)
and CE adoption barriers in the agriculture supply chain (ASC) in India. The study was extended to
ascertain the contextual relationship among the barriers and to prioritize them with respect to one
another. The 11 barriers with their key elements were enlisted after thorough literature analysis and
interaction with experts. The barriers were modeled through an integrated ISM-ANP approach. The study
indicates that lack of government support and incentives and lack of policies and protocols are significant
obstacles to implementing the 14.0-CE model. The findings of the current research work will be beneficial

Circular economy
Industry 4.0
ISM-ANP

for the agri supply chain stakeholders in preparing the strategic deployment of 14.0-CE.

© 2021 Elsevier Ltd. All rights reserved.

1. Introduction

The yearly wastage of 1.3 billion tons of food is causing a loss of
USD 2.6 trillion that could have been used to feed 815 million
people around the world. Approximately 14 percent of agricultural
goods are lost during transport and storage after harvesting at
various stages of SC (FAO, 2019). An increase in food wastage has
drawn the attention of the ‘agriculture supply chain (ASC)’ practi-
tioners towards the adoption of circular economy practices to build
a competitive market for sustainable agricultural goods on a global
scale. As the role of agricultural commodities in daily life has made
ASC a vital subject, organizations are trying to implement different
technologies to reduce food wastages and stay in the competitive
market. ASC incorporates “supply chain management (SCM),”
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production and demand management to fulfill the consumer’s
requirement (Chandrasekaran and Raghuram, 2014). As the
behavior of consumers is changing with growing awareness,
Handayati et al. (2015) suggested that organizations change their
value-creation approach. To meet the consumer’s requirements,
ASC practitioners have started pushing their business towards
digital transformation and forming alliances with farmers to enable
sustainable practices. The aim is to decrease the impact of the
supply chain (SC) upon the ecosystem (Fu et al., 2017). Industry 4.0
(14.0) is one such technique that is trending in terms of adoption,
ever since its introduction in 2011. This transition of ASC can also be
seen through digitalization and adoption of technologies like
Internet of things (IoT), Cyber-physical system (CP), Cloud
Computing (CC), Big-data and other technologies associated with
14.0 (Yadav et al., 2020a).

14.0 is the integration of smart technologies that enable digita-
lization in the process of SC (Lasi et al.,, 2014; Oesterreich and
Teuteberg, 2016). It has been considered as a concept to enhance
product quality (Tortorella and Fettermann, 2017) and decentralize
the decision-making process by providing more green flexibility
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(Moeuf et al., 2017; Bai et al., 2017). The accomplishment of 14.0 in
SC can increase transparency and visibility, and enable real-time
data capturing (Hofmann and Riisch, 2017). It can be used to
track agri products throughout the ASC and allow the CE model to
fit (Casado-Vara et, 2018). According to Banerjee (2019), the
adoption of IoT and blockchain technology will bring a revolu-
tionary change in ASC by addressing issues like trackability, farmer
availability and authenticity. Applications of 14.0 technology for
sustainable growth continue to draw growing interest from re-
searchers and professionals who can maximize the global effect of
technology on CE through its supply chain activities and services
(Bai et al., 2020). In spite of the several benefits of adopting Industry
4.0 at each stage of ASC, million tons of agriculture products are
wasted and lost every year due to poor management practices
(Chauhan et al., 2019). As technology adoption is not sufficient in
preventing food losses, FAO (2020) promoted the principle of CE to
address this challenge in ASC.

The concept of CE has gained more popularity after its inclusion
in the “Sustainable Development Goals (SDGs),” by the United
Nations (UN general assembly, 2015). Circular economy is the
concept that promotes maximum use of resources through “recy-
cling, reuse and recovery” methods (Luttenberger, 2020). CE pro-
vides a unique perspective on the operational and administrative
structures for the recovery of the used and waste goods. Its effi-
ciency and effectiveness have become significant elements in
turning conventional business models into more sustainable ones
(Ghisellini et al., 2016; Geissdoerfer et al., 2017). The concept of
integrating 14.0 and CE has not been explored thoroughly, but it can
be pushed effectively in SC with an effective plan and strategy
(Lopes de Sousa Jabbour et al., 2018). CE should be applied based on
strategic and policy-oriented processes in order to build efficient
consumer products using the resources of 14.0 (Pham et al., 2019).
Adoption of 14.0 and CE with appropriate “information sharing
strategy” would help in achieving operational excellence (for
example diffusion and redistribution of recycled products, product
return, product reuse etc.) in supply chain operations (Dev et al.,
2020). This integration would help in the sustainable technolog-
ical growth of organizations for various positive outcomes in terms
of profit-making and environmental conservation as well. How-
ever, acceptance of CE demands cooperation from producers, sup-
pliers and individual customers. The integration of technologies
with CE in ASC can make the process of recycling and recovery
more productive and environment-friendly (De Corato, 2020). The
adoption of smart technologies with CE will enable visibility, reli-
ability, trackability and trust among all stakeholders, but it would
also lead to a high financial burden on the organization. Imple-
mentation of the CE concept to obtain the goal of sustainability in
ASC may cause social, economic and environmental challenges
(Kamble et al., 2020). India, where 70% of the population still relies
on the agricultural sector, which is the primary producer of pulp,
milk and jute and the second-largest producer of rice, sugar cane,
wheat, cotton, vegetables and fruit, has also raised significant
sustainability concerns. To fulfill the demand of a rising population,
India needs to adopt green or sustainable practices (Mangla et al.,
2020). Although there is a study related to 14.0-CE in the Indian
context related to the automobile sector (Yadav et al., 2020a), ASC
risk management using CE (Yazdani 2019) and IoT adoption in ASC
(Yadav et al., 2020Db), it is essential to develop and plan the strategy
of adopting 14.0-CE in the agriculture sector to overcome the
challenges of transformations. Thus, an investigation was carried
out to find the adoption barriers against 14.0-CE to strengthen the
sustainable future of organizations in ASC. More precisely, this
study attempts to achieve the following research objectives (RO):

RO1: To identify Industry 4.0 and CE adoption barriers in ASC.

RO2: To find the contextual relationship among barriers
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identified in RO1, and.

RO3: To prioritize each barrier with respect to its significance.

The modeling of these barriers yields a statistically supported
level of hierarchy that will help in strategy development. An
analytical network process (ANP) is used to ascertain the priorities
of barriers, which would provide further insights into their relative
significance. The remainder of the manuscript is organized as fol-
lows: Section 2 describes the literature review of 14.0, ASC and CE
with especial stress on the research tools employed. In section 3,
the research methodology employed in the present work is dis-
cussed. In section 4, data collection and data analysis are presented.
The discussion, implications and unique contribution of the
research have been outlined in section 5, while the conclusion is
discussed in section 6.

2. Conceptual background

A comprehensive analysis of articles published in the Web of
Science and Scopus was undertaken to gain insights about the
adoption of 14.0 for CE in ASC. The search was restricted to the
English language and to journal articles only. Also, the time period
was set between 2016 and 2020 to ensure the collection of only the
latest data. The search was carried out with the keywords ‘Industry
4.0 challenges’ OR ‘Industry 4.0 adoption’ OR ‘Industry 4.0 imple-
mentation’ AND ‘circular economy’ AND ‘agriculture supply chain’
or ‘Agri supply chain’. After removing the duplicates from the
database. 152 articles were initially chosen. After abstract analysis,
43 articles were finally selected for this study. All the selected ar-
ticles were divided into five sub-sections for further review (1)
Industry 4.0 adoption in ASC (2) Industry 4.0 adoption for CE (3)
Industry 4.0 and CE in ASC (4) Barriers in implementing Industry
4.0 & CE in ASC and (5) Tools and techniques.

2.1. Industry 4.0 adoption in ASC

14.0 has brought a disruptive change in the logistics sector by
altering the business model and implementing technologies in
different SC processes. 14.0 enabled SC can integrate various ser-
vices as per requirement to increase the responsiveness and flexi-
bility of the SC network (Xu et al., 2018). Long et al. (2016) reported
socio-economic challenges in adopting technological innovation for
ASC while Long et al. (2019) explained the need for social, ethical
and technological transition to accept society to get the maximum
benefit of new technology in ASC. Yadav et al. (2020c) explained the
adoption of 14.0 in ASC as a transition that may take years to get
digitalized and accepted by stakeholders. Lezoche et al. (2020)
mentioned product, process, market, and environment as the ma-
jor uncertainties of ASC that could be reduced by adopting the
concept of Industry 4.0 with technologies like IoT, Blockchain,
Bigdata and Artificial intelligence.

2.2. Industry 4.0 adoption for the circular economy

The ‘fourth industrial revolution’ or 14.0 has gained ample
attention in several sectors during the past few years. Integration
capabilities, real-time data tracking, data capturing, and reconfi-
guration ability that support the sustainability aspect have made it
more accessible (Liao et al., 2017). It has contributed to improve-
ment in the quality of production and distribution networks and
has also created adverse environmental effects from excessive use.
Researchers often raise concerns such as whether the adoption of
14.0 will drive circular economy deployment (Tseng et al., 2018).
Ghobakhloo (2020) and Liboni et al. (2018) highlighted that the
acceptance of 14.0 would contribute positively to refining CE for
reusability, recycling and remanufacturing by integrating
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technology and closing loopholes. Rajput and Singh (2019)
explored the relationship between 14.0 and CE and identified
challenges restricting the implementation of 14.0. de Sousa Lopes
de Sousa Jabbour et al. (2018) mentioned that value creation and
its capturing through 14.0 has become essential to achieve CE as it
seeks continuous improvement by measuring the performance and
routine checkup of the process (Nascimento et al.,, 2019). If the
organization has knowledge sharing and adoptive programs, the
adoption of 14.0 will be more beneficial (Luz et al., 2020) and will
also satisfy the sustainability aspect of organizations (Ranieri et al.,
2020). Yadav et al. (2020a) proposed 22 solution measures con-
cerning 28 identified barriers against adopting 14.0 and CE; they
recommended to develop a structural relationship among chal-
lenges to get more insights. The result obtained while hypothesis
testing by Brozzi et al. (2020) revealed that most of the companies
did not perceive the adoption of 14.0 as a beneficial concept for
achieving sustainability.

2.3. Industry 4.0 and circular economy in ASC

Owing to excess waste production at each phase of the ‘product
life cycle (PLC), the definition of CE has generated considerable
attention from academicians and practitioners in enhancing sus-
tainability and reducing waste. There is an immense amount of
literature linked to 14.0 or CE concerning ASC, but research about
14.0, CE and ASC together is limited. Tseng et al. (2019) described
the idea of CE as a strategy to improve the ecological aspect of ASC
by enhancing the quality of the operation. It was advised to inte-
grate 14.0 and CE to improve the productivity and SC security issues.
Yazdani et al. (2019) explained CE as a critical strategy for the
effective consumption of resources and reducing ASC risks. Belaud
et al. (2019) proposed a method to adopt 4.0 into ASC to reduce
agricultural waste and enhance sustainability. During the same
period, Kaur (2019) explained that the adoption of CE in ASC using
IoT would improve food security by increasing visibility. The study
of Klerkx and Rose (2020) demonstrated the potential benefits of
the use of technology in ASC that would bring significant changes in
traditional practices of food manufacturing and food retailing.

2.4. Industry 4.0 and CE barriers for ASC

The growing idea of 14.0 and CE is up-and-coming in reducing
the environmental impact of business. Technology related to 14.0,
like the cyber-physical system, IoT, Bigdata, etc. have the capabil-
ities to stay connected and provide critical information throughout
the life cycle of products (Alcayaga et al., 2019). The author
explained the convergence of CE and technologies as a smart-
circular strategy that may reduce the implementation gap of CE
through smart remanufacturing, smart reuse, smart recycling, and
smart maintenance. Luthra and Mangla (2018) reported that the
adoption of 14.0 for sustainable SC poses organizational, strategic,
technological, and ethical and legal threats and highlighted 18
critical challenges faced by the sustainable manufacturing sector.
Lack of global standards and data sharing protocols, lack of gov-
ernment support and policies, and financial constraints are the
most significant issues restricting the acceptance of 14.0. Kirchherr
et al. (2018) highlighted the cultural, technological, market and
regulatory challenges obstructing CE adoption. It was discussed
that the low rate of virgin material in the market, adoption cost of
CE, and the absence of financial subsidies are the significant bar-
riers in implementing the CE concept. Liboni et al. (2018) pointed
out the challenges encountered by industries to achieve 14.0 and to
fulfil the objectives of environmental protection. The study em-
phasizes the importance of technology integration to enable the
capabilities of reuse, remanufacturing and recycling. Barriers were
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highlighted in terms of “cultural aspect”, “economic aspect”, and
“technological and legal aspect.” Rajput and Singh (2019) identified
the 14.0 barriers against CE adoption through discussion with ex-
perts and literature review. The analysis indicates that “process
digitalization,” “infrastructure standardization” and “semantic
interoperability” are the dominating barriers that can impact the
integration of 14.0- CE. Sharma et al. (2019) mentioned that the
execution of CE in ASC is facing issues due to lack of technology and
technique, poor government policies, and lack of farmer’s aware-
ness. Kumar et al. (2019) highlighted the environmental, govern-
ment/political, infrastructural, financial, technological, and legal
challenges faced by the food supply chain to implement sustain-
ability. Yadav et al. (2020) identified sustainable SC issues and
presented their solution procedures based on 14.0-CE adoption.
Lack of availability of financial support, technological and human
resources, conflicts among sustainability policies, poor manage-
ment commitment for adoption of sustainability and free trade
provisions were the most significant issues reported in the study.
Yadav et al. (2020c) pointed regulatory uncertainty or the lack of
government regulation and public perception or lack of trust
among stakeholders as critical barriers against implementing
blockchain in Indian ASCs. The details of identified key barriers
through literature review have been listed in Supplementary (see
Table 1 in Supplementary).

2.5. Research tools and techniques

In the literature, the Multi-Criteria Decision-Making technique
and survey method were the broadly used ones employed to study
the factors, challenges and barriers. A brief detail of the tools and
research methods employed in the previous research works related
to 14.0, ASC and CE is provided in Table 1.

2.6. Findings of the literature review

From the literature review, it was observed that CE and 14.0 have
great potential to bring transformation in ASC. The transition needs
the development of a theoretical foundation for implementing 14.0-
CE. Based on areview of the literature, several research gaps related
to [14.0- CE adoption in ASC have been identified below:

1. The study related to CE or [4.0 for ASC is widely reported in the
literature. But the mixed review of these concepts for ASC is
minimal. There is a growing need to study the influence of 14.0
and CE on food SC (Raut et al., 2019a,b) as the implementation of
14.0 and CE may create new challenges for ASC.

2. The concept of 14.0 and sustainable SC are complementary to
each other and capable of reducing the implementation chal-
lenges for an automobile organization (Yadav et al., 2020). This
opens the opportunity to explore the integration of different
concepts with 14.0 to look for improvement in the agriculture
sector as well.

3. The introduction of a new concept like agriculture 4.0 (Lezoche
et al,, 2020) and smart circular systems (Alcayaga et al., 2019)
has provided future directions for researchers working in the
ASC area. There are prospects for empirical and theoretical
works related to strategy development, barrier identification,
implementation process, etc.

The study gaps listed above suggest the need to define barriers
relevant to 14.0 and CE for ASC in developing countries like India
and to build a framework that demonstrates the interrelation be-
tween these barriers. It also demands prioritization to achieve the
value or strength of each barrier.
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Table 1

Research tools identified through literature review.
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References

Purpose

Research theme

Tools, Techniques

Long et al. (2016)

Barriers identification

Technological Innovation, smart
agriculture

Industry 4.0, environment
protection & safety

Liboni et al. For getting trends and challenges
(2018)

Kirchherr et al.  Barriers identification CE
(2018)

Luthra & Mangla
(2018)
Rajput & Singh

Challenge identification and prioritization

Development of contextual relation

Industry 4.0, sustainability

Industry 4.0, CE

(2019)

Kumar et al. Challenge identification, inter-relation, and priority “Agri-food supply chain (A-FSC)”
(2019) establishment

Ghobakhloo Functions identification, inter-relation, and priority Industry 4.0 and sustainability
(2020) establishment

Sehnem et al. Challenge identification CE
(2019)

Sharma et al. Challenge identification, inter-relation, and priority CE, FSC
(2019) establishment

Yazdani et al. Drivers identification CE, ASC
(2019)

Yadav et al. Framework development (challenges and solution Industry 4.0, CE, sustainable
(2020) measure identification) supply chain

Joshi et al. (2020)

Yadav et al.

Factor identification

Barriers identification

A-FSC, sustainability

ASC, blockchain

Interviews, thematic analysis

Interviews, “soft system methodology (SSM)”
Semi-structured interviews, Survey

AHP, Expert opinion, Explanatory factor analysis

ISM

Expert input, “Graph theory and matrix approach (GTMA)”
ISM

Case Study

Delphi, ISM

Failure mode and effect analysis, Step-wise Weight
Assessment Ratio Analysis,

Elimination and Choice Expressing Reality, Best Worst
Method

Semi-structured interview, “principal component analysis
(PCA)”

(2020)

Delphi, ISM, Fuzzy- MICMAC

3. Research methodology

In this study, the adoption barriers of 14.0-CE in ASC were
demonstrated using a three-phase hybrid research methodology. In
the first phase, existing literature was reviewed and analyzed with
one round of Delphi study to identify essential barriers influencing
14.0-CE adoption in ASC. The second phase incorporated ISM to
yield the hierarchical structure or inter-relationship between the
identified barriers. The ANP approach was used to evaluate the
importance of the barriers in the last phase of the study. The
complete roadmap of the research methodology is shown in Fig. 1.

3.1. Phase-I: delphi technique

The Delphi technique is an organized, iterative procedure, with
anonymous assessments and systematic enhancement, to get a
collective opinion from experts coming from diverse domains
(Linstone and Turoff, 1975). Delphi helps to relieve the impact of an
influential person to produce a more accurate and more informed
judgment (Green and Price, 2000; Tersine and Riggs, 1976). In the
SC domain, the Delphi method is widely used by researchers to
study various problems. It was used with TOPSIS to evaluate loca-
tion selection factors (Yen et al., 2017) and with fuzzy clustering for
the application of “big data analytics” in SC operations (Roffmann
et al., 2018). Delphi, along with DEMATEL, was used in the textile
and apparel SC to enlist the critical challenges against achieving the
sustainable goals (Gardas et al., 2018). The method was also used to
explore sustainability indicators for food manufacturers (Ahmad
and Wong, 2019) and to get better insights about how CE was
creating a transition path towards sustainability (de Jesus et al,,
2019).

3.2. Phase-lII: interpretive structural modeling

ISM is a well-known approach proposed by Warfield (1974), to
identify the relationship between different factors with their hier-
archical structure. The processes involved in ISM are explained
below:

ISM Step-1: It starts with the identification of attributes for
specific problems or issues whose interactions are to be developed.

ISM Step-2: A relative relation is determined between the at-
tributes relating to the pairs of variables modeled.

ISM Step-3: After identifying the factors, a contextual relation
called structural self-interaction matrix (SSIM) is established. The
matrix can be explained as follows:

1 C ...Cp

¢ [0 o2 O1n
w=2 | o1 0 Oan (eq. 01)
Cm b'm] l.TmZ 0

Where ¢; signifies the it factors o;j indicates the interrelationship
among the i" and j factors and W symbolize the SSIM. The
developed SSIM matrix is filled by industry experts using these
symbols:

e V: shows the link from i to j (attribute i will help reach
attribute j).

e A: shows the link from j to i (attribute j will help reach
attribute 7).

e X: is used to show bi-directional relation between iand j
(attribute i and j will help get each other).

e O: shows no link among i to j.

There may be a difference in the view of experts regarding the
linkages between two attributes. To confirm that the linkages
contain only the crucial attributes, the technique is resumed till all
the experts approve the direction of the linkages.

ISM Step-4: From SSIM, initial reachability matrix (IRM) is
established by substituting “V”, “A”, “X” and “O” of SSIM using the
following binary rules:

o If (i, j) in “SSIM” is assigned with symbol “V”, then (i, j) replaced
by 1 and (j, i) replaced by O.
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Literature Review (Web of Science, Scopus)

Identification of barriers for Industry 4.0 and CE adoption in ASC

Transitivity test
Satisfied

Determine level partitions

Construct digraph

Dependencies among barriers

Pairwise comparison

Formulation of unweighted matrix

Formulation of weighted matrix

Formulation of limit super matrix

Rank of the Barriers

Delphi analysis for finalization of barriers <
Identification of contextual relation between barriers

Prepare structural self interaction matrix (SSIM)

Develop the initial reachability matrix

Develop the final reachability matrix

Expert opinion
-~

Not satisfied

ISM Method

———————————————————— - - =

ANP Method

Fig. 1. Roadmap of present research work.

o If (i, j) in “SSIM” is assigned with symbol “A”, then (i, j) replaced
by 0 and (j, i)replaced by 1.

o If (i, j) in “SSIM” is assigned with symbol “X”, then (i, j)and (j, i)
replaced by 1.

o If (i, j) in “SSIM” is assigned with the symbol “O”, then (i, j) and
(j, 1) replaced by 0.

ISM Step-5: Final reachability matrix is achieved by using
Boolean multiplication and addition of the set theory. The inference
arises due to multiple indirect linkages that are eliminated by the
transitivity concept, i.e., if p —q (p is linked to q) and q —r (q is
linked to r), it may be inferred that p — r (p is linked to r).

ISM Step-6: Using the reachability set (RS), antecedent set (AS),
and final reachability matrix of attributes, the level partitions are
done. The RS for an attribute constitutes the element present in the
row with the value of “1” including factors itself. The AS for an
attribute constitutes the element present in the column with the
value of “1” including the attribute itself. Then, the intersection set

(IS) is identified by selecting the same elements from the AS and RS.
The attribute for the RS and IS is the same, occupying top position in
the ISM model. The elements that occupy the top position have
been separated from other list and a similar process is continued to
obtain the position for other elements.

ISM Step-7: A digraph is obtained from the final reachability
matrix. In this method, the top-position element is placed at the top
of the digraph, and the second positioned elements are placed next
to and so on until all elements are used. Then, as per the driving and
dependence power, elements can be classified into four clusters
using MICMAC.

3.3. Phase-III: analytical network process

The ANP is the developed form of AHP (Saaty, 1996) that is
generally used to rank the factors having bi-directional relations. As
compared to AHP, the ANP technique has the benefit of prioritizing
sets of items, considering unidirectional, bidirectional, dependency,
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and the independency of the items (Chen et al., 2019). The AHP
method is best suited for linear relations and cannot be used for
network structure. Apart from AHP, DEMATEL has been widely used
for establishing the cause-and-effect relation based on the deter-
mined weight of the items and integrated with ANP or AHP to
ascertain the priority of the items (Li et al., 2020). The weight ob-
tained from DEMATEL is only used for finding the interaction of the
item but fails to give the actual rank or priorities of the item (Yi
et al,, 2021). In this study, initially, a pair-wise matrix, also called
a supermatrix, is formulated that represents the importance of one
attribute in the network on the other characteristic. Suppose a
system of nattributes; component p indicated by ¢y, p = 1,1...N,
has N element that indicates epqep;...ep,, ; then, supermatrix will
be derived as:

o) [ Cn
€11 --€1n;, €21 €2, €n1 - Enny
e
€1 : Agq Az o A
€1in,
€1
A=cy, Ax Az, Az (eq. 02)
€2n,
en1
Cn Ans Apz o App

€nny

By doing the pairwise assessment, a priority vector is obtained,
which represents the influence of a given set of attributes on
another attribute in the system. When an attribute has no impact
on another, the assigned value should be zero (Saaty, 1996). For
example, the matrix with three levels of hierarchy is given by:

I A O
A=1A; O 0 (eq. 03)
0 Azp

Where vectors Aq;, Ay; and Az, represent the influence of the

factor, lis the identity matrix, and A is the supermatrix. Overall

significances of factors is illustrated as per the Cesaro Sum rule

(Saaty and Vargas, 2013) to bring up the supermatrix to limiting

powers, A® = klim (1 /N)a}‘ because it converges to a unique limit
— 00

column vector (A* = A~ xeT) and gives the desired priorities. Still,
if A can be simplified, then the g; of the “principal eigenvalue” must
be measured to get the limit priorities of a simplified stochastic
matrix (Chang et al., 2013). For example, g; = 1, A% for a hierarchy
with 3 stages is given as follows:

0 0 0

Abyhon AL, 0

k-2 k-1 (eq. 04)
Az ZAlz)z Az ZAgz [
p=0 p=0

If, | A2, | <1 infers that (Ay;)¥ —0, as k— oo, 50:

0 0 0
A°°:klim 0 0 0
7o\ Al — Asp) Ay Asp(I—Ap) ™' I
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4. Data analysis

The research was conducted in three phases.

Phase 1: In the first phase, one round Delphi study was carried
out to gather the information and conceptual understanding
related to the identified barriers. The literature’s identified barriers
were discussed with practitioners and classified into 11 critical
barriers and their sub-barriers based on the experts’ opinion. The
experts were selected from different government and private or-
ganizations by applying the Delphi technique for validations. The
demographic profile of experts and common questions asked dur-
ing the discussion are presented in the Supplementary (see Tables 2
and 3 of Supplementary).

Phase 2: Based on the proposed barriers identified from Phasel,
questionnaires were prepared. A short summary and definition of
each barrier was provided in the questionnaires to help the re-
spondents. This data was collected in a specific format as per the
ISM methodology.

Phase 3: After obtaining the relationship between the barriers,
another set of questionnaires was prepared for collecting data for
the third phase. Data was raised in the form of relative weight for
each pair of barriers as per the standard rule used for ANP.

4.1. Phase I: delphi analysis

Step 1: All the identified barriers from literature (see Table 1 of
Supplementary) were discussed with industry experts for formu-
lating the final list of barriers. These barriers were categorized into
11 critical barriers, with their critical elements through expert in-
terviews in Table 2. Under each barrier, there were critical elements
associated with it and could be considered sub-barriers. The
considered sub-barriers are industry-specific and categorized
based on expert suggestions.

4.2. Phase II: ISM modeling

Step 2: Now, pairwise comparison was made by experts to
obtain the contextual relationships among all the barriers.

Step 3: Development of SSIM as per eq 0.1 (seeTable 3).

Step 4: Conversion of SSIM into the “initial reachability matrix,”
(Table 4).

Step 5To obtain the “final reachability matrix”, the “initial
reachability matrix” undergoes a transitivity check (Table 5).

Step 6:Identification of IS and level partition (Table 6).

Step 7: In this step, the structural model was established with
the help of the level of partitions. The relationship between
different barriers is shown through connected arrows. The gener-
ated diagram is called a digraph or ISM model. Fig. 2 shows the
linkages and level partition of different barriers, but it is still un-
clear which are the dependent barriers and which are the inde-
pendent ones. To get a clear understanding of dependent and
independent barriers, the MICMAC analysis was performed. All the
identified barriers were categorized into four clusters based on
their dependence and driver power (Fig. 3). The analysis shows that
many barriers have the same driving power or dependence power
and are placed at the same level in the ISM model. This might be
infeasible or can create confusion for practitioners during decision
making. Hence, to prioritize the selected barriers, the method of the
analytical network process is employed as ISM is not suitable to
obtain the ranking (Chang et al., 2013).Fig4.

4.3. Phase IlI: ANP analysis

Step 8: In this step, the methodology of ISM was utilized for
establishing the ANP model, as shown in Fig4. The result of IRM and
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Table 2
Proposed barrier after one round Delphi.
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Barriers Sub-barriers

Descriptions

References

Lack of awareness Unclear benefit, low understanding, the poor
(LAW) vision of the organization, low awareness of

There is a need to understand the importance of 4.0 for
accomplishing the goal of CE in ASC. Despite the rich

Long et al. (2016); Perales et al. (2018);
Sharma et al. (2019) Brozzi et al. (2020)

sustainable raw material, awareness of farmers volume of research works related to 14.0, CE and ASC,
practitioners are still unaware and unfamiliar with these

terms.
Lack of generalized Global standards, protocols, integrated
framework (LGF) platforms, no universal consensus

Organizations are facing problems in the effective
implementation of 14.0 due to the unavailability of globally (2018); Rajput & Singh (2019); Yadav
accepted processes. Lack of a verified framework has

Long et al. (2016); Luthra & Mangla

et al. (2020c); Yadav et al. (2020a)

become a significant concern for ASC practitioners.

Lack of skilled
workforce and
digital
environment
(Lsw)

Lack of physical
and IT
infrastructure
(LD)

Lack of
competency and CE practices
motivation
(LCM)

Lack of
government
support and
incentives (LGS)

Lack of sustainable Lack of compliance, sustainability regulation
practices (LCP)

Skilled workforce, Digital culture, Language
barriers, process digitalization

Sensor integration, infrastructure
standardization, interface platform,
compatibility issues

No suitable infrastructure to the established connection
between the physical and digital world. The conventional 2019)
structure is not appropriate for a modern concept.

No foundational sustainability practices have been
acquired by the ASC like lean, circular, green practices for (2020a)

Less technical skills and knowledge in the workforce to run Long et al. (2016); Luthra and Mangla
and understand the technologically advanced systems. No (2018); Kumar et al. (2019); Rajput
digital platform and resources to provide training services and Singh (2019); Lezoche et al. (2020)
necessary for the adoption of 14.0 -CE in ASC.

(Lezoche et al., 2020; Rajput and Singh,

Competitiveness, capability, fewer priorities to No competition in the market in terms of environmental Luthra & Mangla (2018)
performance. Less motivation due to the lack of incentives
for better sustainability programs and skills.

Legal issues, collaboration issues, unavailability No government incentives, financial subsidies, and training (Kirchherr et al., 2018; Kumar et al.,
of financial support, low price of virgin material programs to lower the adoption cost. Unavailable policy
and protocol for CE and technology adoption.

2019; Yadav et al., 2020a)

Sehnem et al. (2019; Yadav et al.

upgrading into modern techniques. Low investigation of
environmentally suitable practices.

Lack of effective
policy and
protocol (LPP)

supports CE transition, monitoring,
Sustainability standard and regulations,

Semantic interoperability issues, a policy that The unavailability of inline policies concerning CE in ASC Long et al. (2016); Kirchherr et al.
restricts the entrepreneur to invest and generate business (2018); Long et al. (2019); Sharma
opportunities.

Lack of acceptance High investment cost, sustainability adoption High investment cost and no real example of financial

et al. (2019)
Liboni et al. (2018);

(LA) cost, security issues, fear to lose business during feasibility, security issues with technologies are reducing Kumar et al. (2019); Yadav et al.

the transformation phase, trust issues
Eco-innovation, eco-design, eco-efficient
technologies

Lack of circular
design aspect

the acceptance rate.
Lack of design of the product with aspects of redesigning, Kirchherr et al. (2018);
remanufacturing, regeneration, and restoration for
(LCD) developing CE business models due to inefficient

(2020c); Yadav et al. (2020b)

Rajput and Singh (2019);
Lahane et al. (2020);

technology and lack of digitalization

Fear of change of
culture (FCC)

Producer and consumers culture,

Farmers are always under the fear of change. Being
financially unstable, modernization and the environment is Kirchherr et al. (2018); Yadav et al.

Liboni et al. (2018);

not on their priority list. They do not believe in long-term (2020a)
payback and investment.

Table 3 Table 4

Datasheet of ISM. Initial reachability matrix.
Barriers LAW LGF LSW LI LCM LGS LCP LPP LA LCD FCC Barriers LAW LGF LSW LI LCM LGS LCP LPP LA LCD FCC
LAW 0] \Y 0o A A \Y \Y vV Vv \% LAW 1 0 1 0 0 0 1 1 1 1 1
LGF 0] O O (o] \Y A vV X 0] LGF 0 1 0 0 0 0 1 0 1 1 0
LSW 0O O A \Y A vV Vv A LSW 0 0 1 0 0 0 1 0 1 1 0
LI \Y A \Y A vV O 0 LI 0 0 0 1 1 0 1 0 1 0 0
LCM A X A X A (e} LCM 1 0 0 0 1 0 1 0 1 0 0
LGS \Y \Y vV Vv \% LGS 1 0 1 1 1 1 1 1 1 1 1
LCP A X A A LCP 0 0 0 0 1 0 1 0 1 0 0
LPP \% \% \% LPP 0 1 1 1 1 0 1 1 1 1 1
LA A A LA 0 0 0 0 1 0 1 0 1 0 0
LCD 0 LCD 0 1 0 0 1 0 1 0 1 1 0
FCC FCC 0 0 1 0 0 0 1 0 1 0 1

the result of MICMAC analysis was used for developing the ANP
network. During ANP analysis, the independent barriers were not
compared with any other barriers, and the rest of the pairwise
comparison was performed by removing the transitivity link of
FRM (Chang et al., 2013). Depending on the relationship between
barriers, a pairwise comparison matrix was designed in the SUPER
DECISION software based on data gathered from industry
experts.Table 7.

Step 9: After all the questionnaires in the network were filled,
i.e.,, once the relative weight was assigned as per eq. 02, an un-
weighted supermatrix using (see Table 7) representing the influ-
ence of each barrier on other barriers was built.Table 9.

Step 10: As there was no cluster or alternative, in this case, the
unweighted and weighted supermatrix would be the same.

Step 11. In this step, the weighted supermatrix was converted into
a limit supermatrix using eq 0.4, by raising its power until all the
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Table 5
Final reachability matrix.
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Barriers LAW LGF LSW LI LCM LGS LCP LPP LA LCD FCC Driver Power
LAW 1 1* 1 1* 1* 0 1 1 1 1 1 10
LGF 0 1 0 0 1* 0 1 0 1 1 0 5
LSW 0 1* 1 0 1* 0 1 0 1 1 0 6
LI 1* 0 0 1 1 0 1 0 1 0 0 5
LCM 1 0 1* 0 1 0 1 1* 1 1* 1* 8
LGS 1 1* 1 1 1 1 1 1 1 1 1 11
LCP 1* 0 0 0 1 0 1 0 1 0 0 4
LPP 1* 1 1 1 1 0 1 1 1 1 1 10
LA 1* 0 0 0 1 0 1 0 1 0 0 4
LCD 1* 1 0 0 1 0 1 0 1 1 0 6
FCC 0 0 1 0 1* 0 1 0 1 1* 1* 6
Dependence 8 6 6 4 11 1 11 4 11 8 5
Table 6
Level partitions of barriers.
Barriers RS AS IS Level
LAW LAW,LPP LAW,LGS,LPP LAW,LPP VI
LGF LGF LAW,LGF,LSW,LGS,LPP LGF 11
LSW LSW LAW,LSW,LGS,LPP,FCC LSW v
LI LAW,LI LAW,LLLGS,LPP LAW,LI 111
LCM LAW,LSW,LCM,LCP,LPP,LA LAW,LGF,LSW,LI,LCM,LGS,LCP LAW,LSW,LCM,LCP,LPP I
LCD,FCC LPP,LA,LCD,FCC LA,LCD,FCC
LGS LGS LGS LGS VI
Lcp LAW,LCM,LCP,LA LAW,LGF,LSW,LI,LCM,LGS,LCP, LAW,LCM,LCP,LA I
LPP,LA,LCD,FCC
LPP LAW,LPP LAW,LGS,LPP LAW,LPP VI
LA LCM,LCP,LA LAW,LGF,LSW,LI,LCM,LGS,LCP LCM,LCP,LA I
LPP,LA,LCD,FCC
LCD LAW,LGF,LCD LAW,LGF,LSW,LGS,LPP,LCD,FCC LAW,LGF,LCD Il
FcC FCC LAW,LGS,LPP,FCC FCC \Y
Lack of competency and Lack of sustainable <, Lack of acceptance (LA)

motivation (LCM)

practices (LCP)

A

A

Lack of generic
framework (2)

Lack of circular design

A

(LCD)

Lack of skilled workforce and
digital environment (LSW)

Lack of infrastructure

(LD)

N

Lack of awareness
(LAW)

Fear of change of culture (FCC)

Lack of government support

and incentives (LGS)

Lack of effective policy

and protocol (LPP)

Fig. 2. ISM model.
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11 | LGS
10 LAW
9 LPP
8 Independent Linkage LCM
5|7
z
2 FCC LSW LCD
o | 6
[
2
A5 LI LGE
4 LCP, LA
3 Autonomous Dependent
2
1
1 213 4 5 6 7 8 9110 11

Dependence Power

Fig. 3. Driving and dependence power diagram for Industry 4.0 and CE adoption.

Rank the Barriers of Industry 4.0 and CE in ASC

Fig. 4. ANP network.

elements in the column became identical (Table 8).

Step 12. Once the limit supermatrix was obtained, the raw col-
umn yielded the prioritized list of barriers.

5. Discussion

This research illustrated the efficiency of combined one round
Delphi-ISM-ANP techniques to study the adoption barriers against

14.0 and CE in ASC. The 11 critical barriers were selected for this
study after a comprehensive literature search and endorsement by
the Delphi method. Then, ISM was used for determining the in-
terrelationships between the barriers, which were then ranked
using the ANP analysis.

The developed ISM model can be separated into three levels:
top-level barriers, intermediate level, and bottom-level barriers.
Bottom-level barriers are identified as the base of the model, and
they are likely to greatly impact the other barriers. In this analysis
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Table 7
The unweighted and weighted supermatrix.
LAW LGF LSW LI LCM LGS LCP LPP LA LCD FCC
LAW 0.190 0.077 0.065 0.074
LGF 0.090 0.024 0.028
LSW 0.119 0.091 0.173
LI 0.074 0.052 0.015
LCM 0.1 0.014 0.037
LGS 0.9 0474 0.614 0.376 0.308 0.233 0431
LCP 0.171 0.106 0.000
LPP 0.667 0.268 0.268 0.236 0.199 0.258 0.279
LA 0.049 0.021 0.000
LCD 0.333 0.094 0.091 0.108 0.015
FCC 0.069 0.117 0.031 0.062
Table 8
Limit supermatrix.
LAW LGF LSW LI LCM LGS LCP LPP LA LCD FCC
LAW 0.061 0.061 0.061 0.000 0.061 0.000 0.061 0.000 0.061 0.061 0.000
LGF 0.015 0.015 0.015 0.000 0.015 0.000 0.015 0.000 0.015 0.015 0.000
LSW 0.047 0.047 0.047 0.000 0.047 0.000 0.047 0.000 0.047 0.047 0.000
LI 0.014 0.014 0.014 0.000 0.014 0.000 0.014 0.000 0.014 0.014 0.000
LCM 0.028 0.028 0.028 0.000 0.028 0.000 0.028 0.000 0.028 0.028 0.000
LGS 0.517 0.517 0.517 0.000 0.517 0.000 0.517 0.000 0.517 0.517 0.000
LCP 0.023 0.023 0.023 0.000 0.023 0.000 0.023 0.000 0.023 0.023 0.000
LPP 0.216 0.216 0.216 0.000 0.216 0.000 0.216 0.000 0.216 0.216 0.000
LA 0.008 0.008 0.008 0.000 0.008 0.000 0.008 0.000 0.008 0.008 0.000
LCD 0.046 0.046 0.046 0.000 0.046 0.000 0.046 0.000 0.046 0.046 0.000
FCC 0.025 0.025 0.025 0.000 0.025 0.000 0.025 0.000 0.025 0.025 0.000
Table 9
Priorities of barriers.
Barriers Limiting value Priorities
Lack of government support and incentives (LGS) 0.517355 Rank1
Lack of effective policy and protocol (LPP) 0.216422 Rank2
Lack of awareness (LAW) 0.060718 Rank3
Lack of skilled workforce and digital environment (LSW) 0.047309 Rank4
Lack of circular design aspect (LCD) 0.046202 Rank5
Lack of competency and motivation (LCM) 0.027657 Rank6
Fear of change of culture (FCC) 0.025114 Rank7
Lack of sustainable practices (LCP) 0.022952 Rank8
Lack of generalized framework (LGF) 0.014691 Rank9
Lack of physical and IT infrastructure (LI) 0.013873 Rank10
Lack of acceptance (LA) 0.007708 Rank11

LGS, LAW, LPP and FCC were at the bottom-level barriers, driving all
the intermediate barriers LSW, LGF, LI, and LCD. Government bodies
or organizations must concentrate on the bottom-level barriers to
reduce the complexities in implementing 14.0 and CE for ASC. The
barriers at the top level (LCM, LCP, LA) have very low influencing
value as they depend on the barriers below them. Based on driving
power and dependence power, all the barriers were grouped into
four clusters using MICMAC analysis for further investigation.

(1) Autonomous barriers: are described as those with low
dependence and driving power. The barriers falling under
this category can be tackled easily and have less impact on
the system. In this case, the barrier lack of infrastructure (LI)
fell under this cluster.

(2) Dependent barriers: explained as a weak driver but deeply
dependent on the others. Generally, these barriers appear at
the top of the ISM model. In this analysis, the barriers lack of
sustainable practices (LCP) and lack of acceptance (LA) came
under this cluster.

10

(3) Linkage barriers: They have a strong driving and dependence
power. Barriers falling under this cluster are considered as
unstable. These unstable barriers can be influenced easily as
they depend on other barriers. In this model, lack of aware-
ness (LAW) and lack of competency and motivation (LCM) fell
under this category. The Linkage Barriers have a feedback
effect (Chang et al., 2013) and must be considered carefully
while implementing the 14.0 and CE in ASC.

(4) Independent barriers: They have high driving power but low
dependence. Such barriers demand the maximum attention
of decision-makers. “Lack of government support and in-
centives (LGS)” and “lack of policy and protocol (LPP)”
emerged as significant barriers with a strong driving force in
the present study.

The result of the ISM-ANP analysis showed a similar pattern and
relation among the barriers. The rank obtained in decreasing order
in ANP analysis is
“LGS > LPP > LAW > LSW > LCD > LCM > FCC > LCP > LGF > LI > LA”.
Lack of government support and incentives (LGS) emerged as the
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biggest challenge for the adoption of 14.0-CE practices in ASC, fol-
lowed by the lack of effective policy and protocol (LPP) and lack of
awareness (LAW) in both the ISM and ANP analysis.

The government needs to financially support the ASC practi-
tioners who implemented 14.0 and CE in their business processes,
for their implementation needs high investment. Similarly, the
adoption of the concept of CE becomes unprofitable for organiza-
tion as the price of the virgin product is much lower than the
recycled or remanufactured one. There should be the provision of
some incentives from the government side to attract more orga-
nizations. Government support will be instrumental in making
policies and protocols related to environmental protection for the
entrepreneur in monitoring the ASC effectively. The outcome of this
study is also supported by the findings of Govindan et al. (2016),
who claim that weaker administration practices and lack of a
specific policy lead to poor green practices. Hence, the analysis
recommends developing the circular systems and business pro-
tocols that may solve legal issues and eliminate the barrier lack of
policy and protocol (LPP). Lack of awareness (LAW) ranked third in
the ANP analysis and was placed at level 2 in the ISM level partition.
It is important to make all stakeholders of ASC properly aware
regarding the benefits of modern technologies, CE, and recycled
products. The importance of awareness is aligned with the findings
of Brozzi et al. (2020) who highlight the societal and environmental
prospects for 14.0 adoption. An increase in awareness among the
stakeholders would reduce the fear of culture change (FCC). The
finding is aligned with the study of Donnelly (2017) who reports
the fear of change as an important factor that can be reduced by
making farmers more aware of technological innovation and
providing the necessary support and work. The findings of Muduli
et al. (2020) also highlights the behavioral aspect of workers in
order to usher in the much-needed cultural change in Indian or-
ganizations. These can be achieved by developing a digital envi-
ronment and by increasing the number of training programs for the
unskilled workforces. As per the report of ILO (2019), 163 industries
in 44 countries are not able to adopt [14.0 and CE in their business
processes due to the lack of skilled workforce (LSW). Like other
developed countries, the Government of India has launched many
digital programs like “BharatNet”, “Make in India”, “eNAM” etc.
with the intention of creating a digital environment within the
country, improve the digital infrastructure and get skilled man
power (Government of India, 2019). Development of a digital
environment will help in tackling the problem of lack of circular
design (LCD), lack of infrastructure (LI) and the lack of generic
framework (LGF). It was estimated that over 7 to 8 million jobs will
be created by 2030 in the field of CE and green agriculture, once the
developing countries undergo significant skill change. The devel-
opment of global standards, integrated platforms and protocols for
the adoption of Industry 4.0-CE may motivate the ASC practitioners
to accept and enable sustainable practices in ASC.

5.1. Managerial implications and recommendations for decision-
makers

The present research work was undertaken to help the practi-
tioners and stakeholders of the agriculture supply chain for timely
planning of strategy to eliminate the identified adoption barriers.
Based on the three levels of the developed ISM model, the ASC
practitioners can plan short, middle, and long-term strategies for
effective adoption of 14.0 and CE. In a short-term strategic plan, the
agri-organizations should focus on low-level barriers, i.e., on the
lack of government support and incentives (LGS), lack of effective
policy & protocol (LPP), lack of awareness (LAW), and fear of culture
change (FCC). Government bodies and the key stakeholders of the
companies should create policies encouraging the implementation

1
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of 14.0 and CE practices. It should include the transformation of
culture inside and outside the organizations for creating awareness.
LAW and LPP will both go hand-in-hand. LPP only finds meaning if
it is known and adhered to by employees and stakeholders. Such
policies lack efficiency because users do not know of them. In order
to assess individual awareness organizations, need to perform
surveys. Stakeholders must be given the go-ahead to share that
view and be encouraged to cooperate. The government and orga-
nization should also include rewards and compensations for or-
ganizations to adopt these policies in their process. Organizations
need to pressure the government to ensure financial support and
incentives to build more eco-friendly products and uphold sus-
tainable practices. It is also recommended for an organization to
investigate the behavioral aspect of workers that may influence the
operation due to fear of cultural change. Top management should
include the lack of generalized framework (LGF), lack of physical
and IT infrastructure (LI), lack of skilled workforce and digital
environment (LSW), and lack of circular design aspect (LCD) in
planning the intermediate strategy. Public and private companies
are recommended to conduct awareness programs to train the
workforce and their clients for further boosting the efficiency of the
implementation process of [4.0 and CE. These programs will
strengthen the relations between employers and customers and
inspire both to develop a sustainable system. Lack of competency
and motivation (LCM), lack of sustainable practices (LCP), and lack
of acceptance (LA) can be part of the long-term strategy for ASC
practitioners. Although these barriers appeared in the last of ANP
rankings, they are important in the long term; also, these will take
time to reduce their impact on the adoption process. This study’s
recommendations and implications are also in line with the recent
study of Yadav et al. (2020a) and Shen et al. (2016). The develop-
ment of these strategies effectively can usher in adopting 4.0 and
CE in the agriculture supply chain, which would enable the sub-
sequent socio-economic and environmental benefits.

5.2. A unique contribution of the study

The study attempted to address the adoption of barriers against
4.0 and CE for ASC. The research helped identify different barriers
and their sub-components restricting the effective implementation
of integrated 14.0 and CE practices in ASC. The analysis provided
recommendations for ASC professionals, service providers, and
policymakers in governing bodies to plan an effective strategy for
the stakeholders without losing the market during the trans-
formation process. Barriers were finalized based on the judgment
of ASC experts who were drawn from the companies that were
either the starting points of the transition or were willing to
transform their business operations. Further, the research
employed the integrated MCDM techniques ISM and ANP to assess
the interrelationships between the barriers and ascertain the
importance of one barrier over others. The use of the integrated
technique is supported by the recent study by Bai et al. (2020),
which indicates that such studies help get a border view of the
relationship between 14.0 and sustainability. Hence, the research
methodology used in this study is unique and overcomes the lim-
itation of other methods.

6. Conclusions and limitations

In the last few years, consumers have become more concerned
about the environmental and sustainability issues that are pushing
the agriculture supply chain players to adopt the new technologies
and circular economy practices. To reach the goal of sustainability
there are innovations allied to Industry 4.0 and the circular econ-
omy concept, but the replacement and transformation of
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conventional activities is still a major concern. This study was
carried out to find the barriers concerning the adoption problem. In
this study, the authors identified 11 critical barriers through liter-
ature review and the Delphi technique, structuring them in an or-
der using the ISM technique. Based on the dependence and driving
power, the identified barriers were divided into four clusters. It was
found that lack of government support, lack of policy & protocol
and lack of awareness had strong impacts, which could influence
the adoption of Industry 4.0 and circular economy. Lack of com-
petency and motivation, lack of sustainable practices and lack of
acceptance displayed strong dependencies. Further, the dependent
and independent relation of ISM was used for building the ANP
network. The rank obtained in ANP analysis showed a similar trend
as ISM. The three barriers with the highest driving power ranked
first, second and third. These findings of this study provide valuable
insights for policymakers and practitioners for developing strate-
gies to ensure the popularity of 14.0 and CE.

Two main limitations burden the present investigation. First, the
generalization of the findings of this research is limited to the
agriculture sectors. For getting the barriers from other sectors, the
challenges need to be redefined and adjusted. Second, both ISM and
ANP analysis are based on the experts’ opinions, which may differ
from their expertise. The obtained model is partially biased. Every
decision-making depends on the experience, interests, and some
prejudice of decision-makers; hence, decision-makers’ judgment is
likely to vary from one another. All the selected experts were from
India; therefore, the result is appropriate for Indian organizations
and may be valid for other developing countries. This research work
can be extended to remove the biasness with a more extensive set
of data using statistical analysis and sensitivity analysis. Further, the
current work can also be extended to find the cause-and-effect
relationship between these barriers with a dynamic system
approach.
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