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Study of the interplay among internal and
external barriers to GSCM in the Indian leather
industry using the total ISM and MICMAC
methodology

Manoj Kumar'* and Rao T Joji?

Abstract: Green Supply Chain Management (GSCM) has received growing attention
in the last few years. Due to public awareness, economic, environmental, or legis-
lative reasons, the requirement of GSCM has increased. The Indian leather industry
is considered to be the most polluted industry in India in terms of all forms of
pollution, i.e. water, land, and air. In the recent past, the Indian leather industry has
been changing basic assumptions. The world’s largest exporter of leather is cur-
rently becoming a net importer of the bovine hide. Manufacturing industries have
started adopting the green concept in their supply chain management recently to
focus on environmental issues. However, industries still struggle to identify the
relationship between internal and external barriers hindering green supply chain
management implementation. In this context, this study aims to develop
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Environmental pollution is a major concern for
humankind as it not only affects the current
lifestyle of human beings but also threatens the
future of human life on this planet. Development
plays a vital role in the progress of humans and
enables them to achieve impossible milestones
in life. , however, any progress has its disadvan-
tages. The Indian Leather industry is one of the
most unorganized sectors in India and getting
the finished product in hand demands tons of
environmental waste in all possible forms, i.e.
water, land, and air pollution. GSCM is the best
answer to these concerns as it encompasses
everything from sourcing to the final product and
its disposal too. GSCM seems very easy to
implement but always finds roadblocks in terms
of internal and external barriers. Understanding
these barriers will surely help the high-
demanding Indian leather industry curb the
concern raised above.
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a structural model between internal and external barriers to implementing GSCM in
the Indian leather industry. To assess the link between internal and external
barriers to GSCM in the Indian leather sector, empirical research was carried out
utilizing a Multi-Criteria Decision Making (MCDM) method called Interpretive
Structural Modeling (ISM). ISM is a useful approach for understanding the complex
relationships between various internal and external barriers and their hierarchies in
the context of green supply chain management (GSCM) adoption. It can be used to
identify the key barriers that influence the effective adoption of GSCM in the Indian
leather industry, as well as the interdependencies between these barriers. This can
help GSCM decision-makers in the Indian leather industry to better understand the
challenges and opportunities for implementing sustainable practices throughout
their supply chain and to develop effective strategies for addressing them.
Additionally, ISM can be used to identify the key drivers and barriers to GSCM
adoption, which can inform the development of targeted interventions to promote
sustainable practices in the Indian leather sector. The findings indicate that incon-
sistent quality and lack of motivational laws are the most crucial barriers to over-
coming the remaining obstacles and implementing GSCM successfully in the Indian
leather sector.

Subjects: Resource Management - Environmental Studies; Environmental History;
Environmental Ethics; Environmental health; Administration and Management;
Management & Organization;

Keywords: green supply chain management; barriers to implementing GSCM; interpretive
structural modeling

1. Introduction

The Indian leather industry dates back to 3000 BC, making it the country’s oldest manufacturing
sector. According to claims, leather was tanned utilizing domestic methods such as fat scrubbing,
fumigation, and dyeing and was mostly utilized for practical items including clothes, tents, foot-
wear, and chairs (2018). Moktadir et al. (2018) Jumping ahead to the 19th century, the British
colonial era, they developed the first shoe factory (1880) at Kanpur, after which they introduced
the most cutting-edge chrome tanning technology (1857). A total of 24 tanneries were approved
for operation by 1913 in various locations throughout India, taking into account the expanding
demand.

A significant development for the leather sector was the founding of the Central Leather
Research Institute in independent India in 1948. India strategically forbids the export of unpro-
cessed hides and skins, reserving the manufacturing of leather and its related products solely for
the small-scale industry. In 1972, a group headed by Dr. A Seetharamiah suggested that exports
be restricted to finished leather and other items with value-added. The 1990s saw the full
development of forex markets in terms of trade liberalization, able to dictate actions at multiple
levels, namely national and global. Committee (2012). It was believed that trade liberalization
would help a variety of developing nations that have comparative advantages in the exploitation
of natural resources and the production of labor-intensive goods. As the Indian government has
always given this sector a high priority. Efforts like (the Working Group Report GOI, 2011; Foreign
Trade Policy 2010-15, published in 2009; Government of India, 5 years plan 2012-17, published in
2011) have demonstrated to be a very consistent foreign exchange earner for our country, making
it the top sector for creating jobs and the leading foreign exchange earner (Bechtsis et al., 2018)
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The Indian leather, leather products, and footwear industries are important to the Indian
economy. This sector is well-known for its consistently high export revenues and is one of the
country’s top 10 foreign exchange-earners. During the 2020-21 fiscal year, India exported
$3.68 billion in footwear, leather, and leather products. The sector has an abundance of raw
materials because India has 20% of the world’s cow and buffalo population and 11% of the
world’s goat and sheep population. Added to this are the advantages of trained labor, new
technology, increased industrial compliance with international environmental standards, and the
unwavering support of linked industries. The leather industry is an employment-intensive sector,
employing over 4.42 million people, the majority of whom come from lower-income families.
Women make up 30% of the workforce in the leather products business. India is the
world’s second-largest exporter of leather garments, the third-largest exporter of saddlery and
harnesses, and fourth largest exporter of leather goods.

All industries have experienced an increased drive to include green practices in their daily
operations in recent decades. In the area of green supply chain management, pressure on the
industry to implement environmental efforts is growing. From the moment an idea is conceived
until the finished product is delivered to the consumer, GSCM is used. All essential supply chain
operations, including process design, purchasing, production, logistics, disposal, recovery, and
reuse, as well as worker health and safety, must incorporate GSCM. Therefore, a wide viewpoint
is necessary to achieve social and economic sustainability for all participants in the food chain and
to make it a norm in society (Mohanty & Prakash, 2014)

The positive application of GSCM in the Indian leather industry is always hindered by the various
barriers faced on the ground by various leather industries. Understanding various internal and
external barriers is much needed and it needs hours. Understanding the relationship between
various internal and external barriers will help the Indian leather industry successfully implement
GSCM (Shao et al., 2016).

Organizations like the Network of Professional Social Workers(NPSW) which is an International
Association of professional Social Workers can play a vital role in establishing green supply chain
management practices on the ground. NPSW connects with Social Workers across the globe beyond
national and regional boundaries. Social Workers from any part of the world, working with any popula-
tion, organization, and setting are welcome to join hands with this global professional association.

2. GSCM barriers classification

There are many barriers to GSCM implementation, and they can be divided into external, internal,
and individual factors. External factors might include inadequate infrastructure, lack of resources,
or geopolitical events such as trade tensions. Internal factors could be related to poor commu-
nication, inadequate forecasting and planning, and differences in legal and regulatory require-
ments. Finally, individual factors might involve a lack of knowledge or skills, a lack of motivation, or
the prioritization of other tasks.

The Indian leather industry faces several barriers to implementing GSCM practices, including
a lack of awareness, inadequate government policies, and a lack of resources. Let’s consider a case
study on the barriers to GSCM in the Indian leather industry. A leather goods manufacturer in India
is looking to implement GSCM practices to reduce its environmental footprint and improve its
sustainability. However, it faces several barriers to achieving this goal. A small case study was
conducted through online interviews of experts in the field of the Indian leather industry and the
following major barriers are reflected in the study: -

(1) Lack of knowledge. The manufacturer faces a lack of knowledge about GSCM practices and

their benefits among its suppliers and employees. Many of them are not aware of the
environmental impact of their actions or the importance of adopting sustainable practices.
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(2) Inadequate Government Policies.The Indian government has not yet implemented suffi-
cient policies to encourage the adoption of GSCM practices. This lack of regulatory support
makes it challenging for companies to invest in sustainable practices.

(3) Economics-related issues.Implementing GSCM practices can require significant investments
in technology, infrastructure, and human resources. Many small and medium-sized enter-
prises in the Indian leather industry may face Economics related issues to implement these
practices.

(4) Technology and infrastructure. Technology and infrastructure can play a crucial role in
promoting Green Supply Chain Management (GSCM) in the Indian leather industry. Energy-
efficient technologies such as LED lighting, efficient motors, and advanced control systems
can help reduce energy consumption and greenhouse gas emissions.

(5) Market and Competitors. The market and competitors for Green Supply Chain Management
(GSCM) in the Indian leather industry are constantly evolving. As environmental concerns
continue to rise, there is growing demand for environmentally sustainable products and
supply chain practices.

(6) Top management involvement. The top management involvement is critical for the success
of GSCM practices in the Indian leather industry. They should provide leadership, allocate
resources, monitor and evaluate, collaborate, and promote training and awareness to
promote sustainable practices in the supply chain.

Further to the above case study and after conducting a thorough review of the literature on GSCM
barriers, 25 carriers can be grouped into seven separate categories. These include technology and
infrastructure-linked issues (T & I), governance and supply chain process-linked issues (G & SC),
economic-linked issues (E), knowledge-linked issues (K), policy-linked issues (P), market and com-
petitors-linked issues, and management-linked issues. Each of these categories has issues that
could hinder the successful implementation of GSCM. Knowing this will help organizations, as they
look to develop more effective GSCM strategies.

GSCM barriers classification. Sources: (Bouzon et al., 2015; Dhillon et al., 2016; Lahane & Kant, 2021;
Muduli et al., 2013).The below Table 1 is made with two columns indicating classification and barriers.
The variables here are the barriers to GSCM, and they are further classified as internal and external
barriers. (IN) denotes the internal barriers and (EX) denotes the external barriers. For GSM implemen-
tation in the Indian leather industry.

3. Research highlights

A systematic literature review was undertaken to understand various barriers to GSCM. Various
barriers play a major roadblock in the successful implementation of GSCM in the Indian leather
industry. Although there might be various other reasons like social, economic, and environmental
reasons for non-implementation various internal and external barriers play a major role in non-
implementation. Notwithstanding the above, the Indian government is working very closely with
various agencies to implement GSCM for the Indian industry.

However, the Indian industry faces the challenge of ground logistics groundwork and the
government is pushing for GSCM at the ground level. Furthermore, to the best of our knowledge,
very few or no GSCM published in various Peer-English-speaking publications in the Indian setting
have examined the link between various internal and external obstacles. In light of this, we outline
the proposed solution approach, Interpretive Structural Modeling (ISM), and study findings.

4. Research gaps
The following are the gaps that emerge post an extensive Literature review: -

(1) A thorough assessment of the literature revealed that the majority of GSCM investigations,
regardless of a sub-category, were done in Western countries, China, and Southeast Asia.
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Table 1. Classification and barriers
Classification Barriers

Technology and infrastructure (T&I) T&I-1(IN). Absence of personnel technical skills
T&I-2(IN). Absence of IT systems standards

T&I-3(IN). Absence of latest technologies

T&I-4(IN). Absence of in-house facilities

(infrastructure)

T&I-5(IN). Technology and the R&D issues linked to

product recovery

Governance and supply chain process linked concerns | G&SC-1(EX). Difficulties with supply chain members
(G&SC) (poor coordination)

G&SC-2(IN). Inadequate forecasting and planning
G&SC-3(IN). Unreliable quality

Economic associated matters (E) E-1(IN). Absence of initial capital

E-2(EX). Absence of financial support for investments
in return monitoring system/storage and handling
E-3(EX). Uncertainty linked to economic issues
E-4(IN). Absence of economy of scale

Knowledge allied concerns (K) K-1(IN). Absence of knowledge on GSCM practices
K-2(EX). Absence of information on take back
channels

K-3(EX). Absence of awareness concerning GSCM and
its benefits

K-4(IN). Absence of taxation knowledge on returned
products

Policy linked problems (P) P-1(EX). Absence of specific laws

P-2(EX). Absence of waste management practices
P-3(EX). Absence of inter-ministerial communication
P-4(EX). Absence of motivation laws

Market and competitors (M&C) M&C-1(EX). Perception of a poorer quality product
M&C-2(EX). Undeveloped recovery marketplaces
M&C-3(EX). Little recognition of GSCM competitive
advantage

Management correlated problems(M) M-1(IN). Low importance of GSCM relative to other
issues

M-2(IN). Low involvement of top management and
strategic planning

There has been very little work publicized and done for the Indian leather sector in
particular.

(2) Majorly recent research papers talk about the environmental concerns caused by vehicle
industries, pulp and paper, electrical and electronic industries, logistics services (3PL), retail
sectors, infrastructure, and so on. There is a major lack in the sector of the Indian leather
industry. The findings and relationships between internal and external barriers are yet to be
established.

(3) This study mainly attempts to address the above gaps by using ISM as a methodology.

5. Solution methodology

The main objective of this work is to determine the relationship between internal and external
barriers in GSCM implementation for the Indian leather industry. This objective is being achieved by
investigating international peer-reviewed articles to select various internal and external barriers
and finally classifying them into various categories. Furthermore, utilizing ISM, rigorous and
empirical research was conducted to assess the link between internal and external barriers to
GSCM adoption.

A detailed study was conducted looking at the barriers to GSCM implementation in the Indian

leather sector. Interpretive Structural Modeling (ISM) is used to explore the bilateral consequences
of the barrier categories and identify internal driving barrier categories that can exacerbate other
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barrier categories. This is an important step in understanding the complexity of GSCM implementa-
tion and developing effective strategies to overcome the barriers (Luthra et al., 2011)

6. Data collection

This research project sought information on barriers to GSCM adoption in the Indian leather
industry context: consequently, the target audience should be aware of GSCM practices and
barriers, as well as specialists in the Indian leather sector. Since this study is the first to look at
how internal and external barriers to the Indian leather industry relate to one another. The
development of knowledge on the subject and the accuracy of the data gathered so become
increasingly significant and pertinent.

Experts were chosen for their understanding of the GSCM in the Indian leather industry and their
availability to answer inquiries. The list of chosen experts, years of experience, and justification for
our choice are given in Table 2. The researchers have chosen two major Indian leather factories to
serve as illustrations of this industry sector. Both businesses have GSCM programs in place. The
environmental specialist and sustainability manager were recommended by the logistics man-
agers at each of the organizations as experts who could best respond to the research questions.
Academicians who have expertise in the GSCM sector and were available to respond to the queries
were nominated.

First, the potential respondents were called by phone, and an in-person interview was set up.
Second, throughout the structured interviews, clarifications on GSCM obstacles were provided to
ensure the best appreciation of the terminology used. Pair-wise comparison questions were
utilized to study the link between GSCM implementation barriers.

The data collected vide the above process is analyzed and put into thought before placing for the
Interpretive structuring modeling (ISM) method to generate the relationship between internal and
external barriers. The self-structural matrix is generated using this data, which will be the basis for
ISM methodology at large. The relationship thereon found post-ISM will be analyzed by industry
experts and researchers in the field for better understanding and apprehension.

The basic flow chart for ISM implementation and application is shown below for a better and
clear understanding (Figure 1).

Table 2. Experts’ description and choice justification

Expert Expert Experience in the field Justification

Environmental Specialist 5 years Responsible for researching
whether firm actions are
appropriate in light of the state
waste management regulation

Sustainability manager 3.5 years In charge of overseeing and
managing the company’s GSCM
program

Doctorate researcher on GSCM 7 years Researchers developing studies on

product return, remanufacturing,
and reverse logistics. Transversal
knowledge by having worked in the
field in many industries in India

Full Professor on Supply 11 years Researchers who have worked on
ChainManagement the extensive literature on GSCM
Management and RL at many Indian companies

that manufacture machinery
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Figure 1. Flow chart for ISM.

List of barriers classified into
categories

Systematic literature review

Establish contextual relationship

(X;)) between varllables (categories) Expert opinion B

Develop a Structural Self-
Interaction Matrix (SSIM)

Develop reachability matrix

|

| Partition the Reachability Matrix into different levels |

I

l Partition the Reachability Matrix in its conical form J

I

Remove transitivity from digraph |-—| Develop digraph

Replace variables nodes with
relationship statements

Is there any conceptual
inconsistency?

Represent relationship statement into model for
the barriers of RL

The above figure reflects the detailed procedure to be followed in this study for understanding
the relationship between internal and external barriers to the successful implementation of GSCM
in the Indian leather industry.

The graphic depicts the steps used to obtain the outcome using the Interpretive structural
modeling (ISM) approach. The creation of a structural self-interaction matrix is critical in variable
analysis using ISM methodology. For a better understanding of the link among various factors in
the research, a reachability matrix will be necessary

7. Literature of review (Step 1)

To better establish the research gap, global peer-reviewed journals on the GSCM were discovered
to determine the GSCM barriers, both internal and external. ISI Web of Science, Scopus, Science
Direct, Springer, and Google Scholar was among the bibliographic databases searched. “GSCM” and
“barriers” are the keywords used to retrieve the papers from the title, keywords, or abstract. Phatak
& Sople (2018) analyzed data from Advanced Micro Devices (AMD), a multinational company with
operations across various nations, to assess the operational components of environmental supply-
chain management.

Branded and non-branded goods and services are contrasted in terms of green supply chain
management strategies and are then assessed and discussed. Using the empirical study of 89
automotive firms in China, (Zhu et al., 2007)investigated the GSCM pressures/drivers (motivators),
efforts, and performance of the automotive supply chain. The findings demonstrate that Chinese
car supply chain firms have faced substantial and rising regulatory and market constraints while
also having strong internal motivations for GSCM practice adoption. Further, the closed-loop supply
chain with multi-stage products under quality control and green policies has been well explained
(Abolfazl Gharaei et al., 2021). Through factor analysis (Lu et al., 2007), looked at the consistency
approaches that affect the adoption and use of green supply chain management in the Taiwanese
electronics industry. Nine electronic firms are utilized to rank the relative importance of four
variables and twenty procedures using the fuzzy analytic hierarchy process method. The statistics
indicate that these companies prioritize effective supplier management while implementing GSCM.
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In addition, there is work undertaken in the field of integrated inventory management that focuses
on multi-level supply chains: and advocates the null-space method for saving inventory costs
(Gharaei et al.,, 2022).

The implementation of GSCM in the sugar industry of India was thoroughly studied by Kumar. Et.
al and they have surveyed some 30 sugar mills in the Indian state of Uttar Pradesh. The environ-
mental impact caused by the source of leather can be best understood from (Gharaei etal., 2022)
work which highlighted the optimal economic growth quantity considering the carbon emissions
for the whole process. Empirical research was carried out to look at the GSCM techniques used by
the Indian manufacturing industry. They provided 59 survey items. Their study produced green
manufacturing, green design, green procurement, and economic performance. They found that the
adoption of GSCM in India is still in its infancy.

Through detailed literature and discussions with industry experts, 45 barriers have been identi-
fied and categorized based on their meaning and similarities. Barriers with sources are illustrated
in Table 3. Those with more than 10 years of experience in purchasing, supply chain management,
and working in environmental management departments of the industry were chosen as experts
and targeted for this study.

8. List of barriers and their categories (Step-2)

The most common barriers are identified through a questionnaire survey from various industrial
sectors. Hence, this study offers a novel approach to understanding the barriers to GSCM imple-
mentation from an Indian leather industry perspective. The 25 identified barriers were classified
into seven categories as reflected below: -

a. Technology and infrastructure-related issues (T&I): this category includes information tech-
nology barriers, technical skills issues, and barriers related to lack of infrastructure for RL
development.

b. Governance and supply chain process-related issues (G&SC): this category refers to reverse
SC barriers, cooperation issues, and performance measurement.

c. Economic related issues (E): this category includes financial and economic barriers related
to RL.

d. Knowledge-related issues (K): this category refers to information flows and RL awareness in
companies.

e. Policy-related issues (P): this category includes issues on regulations and laws concerning
product takeback and RL.

f. Market and competitors-related issues (M&C): this category includes competition advantage
reasons and recovery market issues.

g. Management-related issues (M): this category includes issues such as managers’ posture
concerning RL and the relative importance of RL compared to other activities.

h. These categories were used as the variables for the contextual relationship in the next steps
of the ISM methodology.

Keeping all players at a common platform where an integrated multi-product, the multi-buyer
supply chain for green, quality control policies, and a vendor-managed inventory with consignment
stock agreement is explained by (Gharaei, 2021). Inventory management plays a great barrier in
GSCM implementation and integrated lot size will help in mitigating this constraint (Gharaei et al,,
2022). Integration of various resources and various EOQ models is a stepping stone toward GSCM
for any active industry and the same was explained under the separability approach (Abolfaz!
Gharaei (2021)).
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Table 3. Description of green supply chain management barriers

Barriers

Description

Sources

Outsourcing

(1) Problem in maintaining envir-
onmental suppliers

Due to traditional mindsets,
suppliers’ interests different from
others in the total supply chain
network.

Sarkar and Mohapatra (2006),
Mudgal et al. (2010), and Ninlawan
et al. (2010).

(2) Complexity in measuring and
monitoring suppliers’ environ-
mental practices

Metrics misalignment thought to
be primary source of inefficiency
and disruption in supply chain
interactions.

Faisal et al. (2000), Mudgal et al.
(2010), Hervani et al. (2005) and
Bjorklund et al. (2012).

(3) Lack of an environmental
partnership with suppliers

With environmental
consciousness, industries find it
difficult to maintain partnerships
with suppliers.

Hamner (2006) and Wolf and
Seuring (2010).

(4) Products potentially conflict
with laws

Most industries’ products fail to
conform to environmental laws.

Zhu and Sarkis (2006).

(5) Lack of government support to
adopt Environmental friendly
policies

Government regulations are not
strong enough to force industries
to adopt environmental friendly
policies.

AlKhidir and Zailani (2009) and Zhu
et al. (2012).

(6) No proper training/reward sys-
tem for suppliers

Industries neither train/reward
suppliers for adopting environment
friendly concepts

Massoud et al. (2010).

Technology

(7) Fear of failure

Fear of failure in adopting green
supply chain; that firms could
suffer monetary losses/product
failure, lead to loss of competitive
advantage.

Rao and Holt (2005), Perron (2005)
and Revell and Rutherfoord (2003).

(8) Lack of effective environmen-
tal measures

Industries reluctant to implement
effective environmental measures.

Rao and Holt (2005).

(9) Lack of human resources

Lack of enough laborers in the
organization and/or their quality.
Basically, the fundamental
obstacle to improving
environmental performance of
SMEs is lack of human resources.

Perron (2005) and Hillary (2004).

(10) Difficulty in transforming
positive environmental atti-
tudes into action

Though industries have positive
environmental attitudes, they find
it difficult to put them into action.

Revell and Rutherfoord (2003), and
Hillary (2004) and Perron (2005).

(11) Lack of technical expertise

Inability to find an alternative to
design a pollution free product to
fulfill environmental requirements.

Perron (2005) and Revell and
Rutherfoord (2003).

(12) Complexity of design to
reuse/recycle used products

Design of recycling used products
difficult

Beamon (1999).

(13) Complexity of design to
reduce consumption of
resource/energy

Inability of design technology to
reduce usage of resource/energy.
Present industrial practices
incapable of switching to new
systems.

Russel (1998) and Perron (2005).
Revell and Rutherfoord (2003).

(14) Lack of new technology,
materials and processes

Non-availability of appropriate
technology/process within
organizations to adopt green
supply chain. All materials not very
eco-friendly.

Perron (2005).

(Continued)
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Table 3. (Continued)

Barriers

Description

Sources

(15) Lack of awareness about
reverse logistics adoption

Industries generally unaware of
reverse logistics practices

Ravi and Shankar (2005), Meade
et al. (2007) and Mudgal et al.
(2010).

Knowledge

(16) Disbelief about environmental
benefits

Industries lack belief in
environmental benefits for
implementing green concept.

Revell and Rutherfoord (2003) and
Walker et al. (2008).

(17) Perception of “out-of-
responsibility” zone

Perception of organizations that
taking steps for environmental
good-will is not their responsibility.

Shen and Tam (2002).

(18) Difficulty in identifying envir-
onmental opportunities

Industries inefficient to identify
environmental opportunities.

Theyel (2000).

(19) Lack of Eco-literacy amongst
supply chain members

Supply chain members lack
knowledge about Eco-literacy.

Theyel (2000), Ravi and Shankar
(2005), Mudgal et al. (2010) and
Revell and Rutherfoord (2003).

(20) Lack of Environmental
Knowledge

Lack of awareness of
environmental legislations and
ignorant of environmental impact
on the organization’s activities and
benefits of adopting green supply
chain.

Shen and Tam (2002).

(21) Lack of green system expo-
sure to professionals

SMEs known to lack human
resources both in quantity and
quality to pursue environmental
management.

Yu Lin and Hui Ho (2008).

(22) Complexity in identifying third
parties to recollect used pro-
ducts

Identifying third parties to recollect
used products not easy for
industries.

Our contributed barrier

(23) No specific environmental
goals

Industries lack well set
environmental goals.

Theyel. (2000).

(24) Difficulty in obtaining infor-
mation on potential environ-
mental improvements

Industries struggle to get
information on potential
environmental improvements/
inability to get correct feedback.

Perron (2005).

(25) Hesitation/fear to convert to
new systems

Industries fear adopting new
systems.

Revell and Rutherfoord (2003).

(26) High investments and less
return-on-Investments

High investment-low returns in
implementing green concept.

Our contributed barrier

Financial

(27) Expenditure in collecting used
products

Collection of used products
expensive.

Our contributed barrier

(28) Cost of environment friendly
packaging

High cost of eco-friendly
packaging.

Walker et al. (2008).

(29) Non-availability of bank loans
to encourage green products/
processes

Industries struggle to get bank
loans for environment related
initiatives.

Our contributed barrier

(30) Risk in hazardous material
inventory

Maintaining hazardous materials
inventory involves high probability
of financial loss.

Our contributed barrier

(Continued)
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Barriers

(31) Financial constraints

(32) Need for extra human
resources

Description

Finance plays major role in green
supply chain management
implementation; has many
constraints.

More human resource needed to
adopt/maintain GSCM in
environmental systems.

Sources

Ravi and Shankar (2005), Hervani
et al. (2005) and AlKhidir and
Zailani (2009).

Our contributed barrier

(33) High cost of hazardous waste
disposal

Disposal of hazardous costly due to
threats involved.

Our contributed barrier

(34) Cost of switching to new sys-
tem

Adoption of new system costly.

Mudgal et al. (2010).

(35) Lack of training courses/con-
sultancy/institutions to train,
monitor/mentor progress spe-
cific to each industry

Industry professionals need
training to adopt GSCM in their
units and to monitor progress from
consultancy or institutions.

Carter and Dresner (2001).

Involvement and support

(36) Lack of customer awareness
and pressure about GSCM

Low demand from customers for
eco-friendly products due to lack
of GSCM awareness.

lack of GSCM awareness.

Chen et al. (2006) and Mudgal
et al. (2010).

(37) Lack of Corporate Social
Responsibility

Corporate social responsibility
suggests firms are willing to go
beyond simple compliance. Willing
to consider public consequences of
organizational actions but
industries fail to adopt it.

Mudgal et al. (2010).

(38) Not much involvement in
environmental related pro-
grams/meetings

(39) Restrictive company policies
towards product/process stew-
ardship

Lack of participation in
conferences/seminars related to
green supply chain conducted by
government/organizations which
successfully adopted this concept.
Hence, less exposure to top
management.

Lack of importance attached to
product and process stewardship
and management’s inattention
detrimental to GSCM.

Perron (2005).

Beamon (1999), Revell and
Rutherfoord (2003) and AlKhidir
and Zailani (2009).

(40) Poor supplier commitment/
unwilling to exchange informa-
tion

Suppliers unwilling to exchange
environment related information
with industries, fearing end
product being affected.

Sarkis (2003), Hong et al. (2009).

(41) Lack of Inter-departmental
co-operation in communication

Restriction in information flow
across organization hierarchy
makes GSCM implementation
unfeasible.

Ravi and Shankar (2005).

(42) Lack of involvement of top
management in adopting
green supply chain manage-
ment

(43) Lack of awareness of the
environmental impacts on
business

Resistance of top management to
change existing investments,
information systems and habits
make switchover to a new supply
chain system challenging.

Top management lacks awareness
of environmental impacts on their
business

Ghobadian et al. (1998), Hillary
(2004), Yu Lin and Hui Ho (2008),
Ravi and Shankar (2005), Zhu et al.
(2007)

Mudgal et al. (2010).

(44) Inadequate management
capacity

Management capacity is poor/
unstable.

Beamon (1999).

(Continued)
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Table 3. (Continued)

Barriers Description Sources
(45) Market competition and Implementation of GSCM is time Mudgal et al. (2010).
uncertainty consuming and affects staid
industries.
(46) Lack of support and guidance | Regulatory authorities fail to Perron (2005).
from reqgulatory authorities extend proper support to maintain
a green environment.

9. Establish contextual relationships between variables (Step 3) and develop structural
self-interaction matrix (SSIM) (Step 4)

To decide which pairings of categories should be studied (Step 3), a contextual relationship is
constructed among the categories based on the variables found in Step 2. Variables (categories)
are developed into a structural self-interaction matrix (SSIM) Table 4, which illustrates pairwise
interactions between variables in the system. A “has an effect on” type contextual relationship is
used to analyze the barrier categories. In other words, one category affects another category. As
a result, the contextual relationships (barrier categories) between the variables are developed
using the following classification:

Type V: Category Xi has an impact on classification Xj;
Type A: Category Xj has an impact on Category Xi;
Type X: Category Xi has an impact on Category Xj;

Type O: Category Xi has an impact on Category Xj and vice versa

10. Reachability matrix (RM) (Step 5)

Now SSIM has been transformed into the binary matrix, which is called the initial reachability
matrix (Table 5) by substituting V, A, X, and O into the binary numbers 0 and 1, as per the rules. The
following algorithm has been done based on the following rules.

+ If the value of (i, j) in the matrix is V, the entry of (i, j) in the initial reachability matrix will be 1 and
the entry of (j, i) will be 0.

+ If the value of (i, j) in the matrix is A, the entry of (i, j) in the initial reachability matrix will be 0 and
the entry of (j, i) will be 1.

+ If the value of (i, j) in the matrix is X, the entry of (i, j) in the initial reachability matrix will be 1 and
the entry of (j, i) will be 1.

+ If the value of (i, j) in the matrix is O, the entry of (i, j) in the initial reachability matrix will be 0 and
the entry of (j, i) will be 0.

11. Final reachability matrix (FRM) (Step 6)

The final reachability matrix is shown in Table 6 and is derived from the initial reachability matrix
using the transitivity rule, which states that if a variable “1” is connected to “2” and “2” is related
to “3”, then “1” is surely related to “3”.

11.1. Level partitioning (LP)

The above-mentioned reachability matrix was divided up into layers. The data in the Table 7 were
used to generate the reachability and antecedent sets for each category. The reachability set for
an individual category includes the category itself as well as any additional categories that may
influence it. An individual category’s antecedent set is the collection of categories that may
influence it. For each category, the intersection of these sets was calculated.
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11.2. Level partitioning iterations

The antecedent set A and intersection set R are now finally adjusted to the final level and the
common level in the previous step is clubbed together to decide the top level in this case. Level
partitioning interactions (Table 8) are formulated to get the top level among various levels to
formulate the conical matrix in the next step.

12. Conical matrix (CM) creation (Step 7) ISM model construction (Steps 8, 9, 10, 11)

The partitioned reachability matrix is reorganized by their members according to their level to
produce the conical matrix (Table 9), which indicates that all elements with the same level are
pooled. A digraph is a resultant graph. When the transitivity is eliminated, the digraph is eventually
turned into the ISM model, as described in the ISM technique.

12.1. Driving power and matrix

The subcategories are divided into four clusters or sectors according to Figure 2 autonomous,
independent, dependent, and linked. Sector-I depicts, a low driving power and low reliance type of
barrier composes the sector. Because this area did not receive any barrier categories, they are all
connected. Depending barrier types make up Sector II, which has low driving power but high
dependence power and we have inconsistency quality (8) and lack of motivational law (20) in this
Sector . Sector III will be composed of barriers with both high driving power and strong reliance
power and we have almost all barrier falling into this sector barring inconsistence quality (8) and
lack of motivational law (20). Sector-1V depicts barriers with high driving power and low depen-
dence power and we have no barrier in this sector

Sector I—Autonomous category, Sector II—Dominated/Dependent category
Sector III_ Relay/Linkage category, Sector IV- Dominant/independent category

13. Micmac analysis

MICMAC (Matrice d’'Impacts Croisés-Multiplication Appliquée a un Classement) analysis is a tool
used to identify the interdependencies among the various factors affecting a particular industry. It
helps in identifying the driving factors and their impact on the industry as well as the factors that
are dependent on other factors. According to the experts’ responses, the following are the finding:-

a. All barrier types fall into the third Sector, demonstrating that maximum obstacles have
a strong dependence power and driving power in total.

b. Furthermore, expect inconsistent quality and a lack of motivating laws. All other variables
are interconnected and impact one another.

c. The only inconsistency in quality and a lack of motivation laws come into the second Sector,
which has a high dependence power and a low driving power; nonetheless, these two
obstacles are interconnected to all other factors. The proposed study couldn’t investigate
any possible association between these two factors. The management of these two factors
would be critical for any top management or top leader to effectively adopt GSCM in India’s
leather industry.

14. Findings and managerial implications

Green Supply Chain Management (GSCM) refers to the integration of environmental concerns into
the supply chain management process. In the Indian leather industry, there are both internal and
external barriers that can affect GSCM. Understanding various barriers and their relationships will
help the various stakeholders in the system to enhance the adoption of GSCM. The adoption will
not only help the company follow the GSCM norms within the company but also help the supply
chain outside the core supply chain. There were 13 internal barriers and 12 external barriers, which
were studied in this work in detail. Out of these variables, only two were found to be highly related
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Table 9. Conical matrix (Cm)
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Figure 2. Driving power and
dependence diagram.

Figure 3. Interpretive structural
modeling for barrier classifica-
tion affecting GSCM.
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to all other variables, the rest 12 internal and 11 external barriers were found with strong and high
dependence and high driving power for GSCM implementation in green supply chain management.

15. The following are some managerial insights that appear from the present research
The interrelation depicted in this study indicates that all internal and external variables except
Inconsistent quality and the lack of motivation laws depicts the interrelationship of multiple variables
as reflected in Figure 3. The effective implementation of GSCM in the Indian leather industry depends
on both factors. In the end, the consumer’s approval of the product is influenced by the inconsistent
quality. A wide range of stakeholders must be encouraged to embrace GSCM for it to be adopted. The
industry’s adoption will be hampered by the lack of motivation. Both variables show a strong reliance
on power and little influence from other factors. The leather industry needs to pay attention to these
two variables if it is to implement GSM in the Indian leather industry successfully and effectively.

There is no independent barrier (Sector I). Autonomous barriers are weak drivers and weak
dependents, with little system impact. The absence of such obstacles in the current study suggests
that all the barriers evaluated play a major effect. Inconsistent quality and a lack of motivation
laws are dependent obstacles (Sector II). This barrier is a weak driver, but it is extremely depen-
dent on others. Industries are not focused on laws because of a lack of motivation laws, which is
why this barrier has a poor drive. This proves that industries place little emphasis on rules and
product quality, which should be reorganized and properly enforced.

There are 23 obstacles in the linkage enabler (Sector III). This proves how difficult it is for the
Indian leather manufacturing industries to assess and monitor their goods for environmental
norms and GSCM deployments. The independent barrier is the problem of supporting the GSCM
implementation described in (Sector IV). In our study, there are no variables in this Sector. This
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shows that no barrier has a strong driving power and a low dependence on other variables.
Decision-makers and practitioners should give priority while addressing these factors to achieve
success in GSCM implementation.

15.1. Conclusion

Leather manufacturing, as well as its entire supply chain, has been forced to realize the importance of
enhancing the environment by adopting practices that recycle key resources because of increasing
pressure from international and national regulations, as well as a scarcity of resources. By examining
the barrier categories using ISM, vital barriers that hinder GSCM implementation in the Indian leather
industry can be extracted from this study. From Figure 2, all the barriers are interlinked to each other
and share greater linkage as most of them fall in the III Sectors. Inconsistent quality and Absence of
motivational law fall in the second Sector and show low driving power and high dependence. Both
barriers, i.e., Inconsistent quality and the Absence of motivational law have interrelated with all the
barriers. This model does not quantify the influence of each barrier, although giving useful insight into
how they interact to affect GSCM practices in the Indian leather industry. In future studies, a graphic
theoretic and matrix approach might be employed to quantify the effects of each barrier. Furthermore,
this model has not been statistically confirmed and is simply reliant on the expert’s assessment. As
a result, the model and its conclusions may indeed be verified in the future using structural equation
modeling (SEM). A comprehensive National Policy on Solid Waste (NPSW) in India is the need of
the hour and will surely help major leather industry players actively take part in GSCM practices at
the ground level. Inventive from the government and critical assessment of these barriers will
confidently boost the morale of the Indian leather industry in the successful implementation of GSCM.

16. Research limitations/implications

The findings of this study are dependent on expert judgments, which might be biased and have an
impact on the structural model’s outcome. The research’s ramifications are intended to assist the
field managers of the sector in comprehending the crucial importance of various barriers and in
prioritizing or removing those that stand in the way of the actual implementation of GSCM in the
Indian leather industry.

17. Originality/value

A First-time attempt is made to understand the very critical and imminent problem for the
Indian leather industry, i.e., finding the relationship between internal and external barriers. The
ISM method is also applied for the first time for this type of work. This paper paves a way for
various researchers to understand the various barriers and their interrelationships. This paper
will surely help in removing various barriers against GSCM implementation in the Indian leather
industry.
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