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Organizational management is forced to incorporate the
environmental management into corporate practices (Yang et
al., 2010). Adding the green component to supply chain
management involves addressing the influence and
relationships of supply chain management to the natural
environment (Ashish Kumar Bhateja et al., 2011).
Green Supply Chain Management (GSCM) has received
more attention in the last few years in academia and industries
(Arvind Jayant et al., 2014). Green Supply Chain Management
(GSCM) basically aims to increase the amount of ‗good‘
outputs, that are Product and Revenue generated and reduce
the ‗bad‘ inputs and outputs that are Raw material consumed,
Energy utilized, Capital invested and Waste produced during
the manufacturing process. The six major activities of GSCM
are Green Sourcing & Procurement, Manufacturing,
Warehousing, Distribution, Packaging and Transportation
(Ashish Kumar Bhateja et al., 2011).
Small and Medium Sized Enterprises (SMEs) play a vital
role in forming the economic foundation for the states of
India. So, most Indian industries will have to develop supply
chains from an environmental sustainability point of view by
modifying traditional SCM to GSCM through initiation of
green procurement strategies (Mudgal et al., 2010). During
adoption of GSCM in traditional SCM, some hurdles can be
anticipated due to the expected transition. These hurdles are
called barriers and industries must equip themselves to remove
them (Kannan Govindan et al., 2013). Although, no company
would be able to eradicate all the possible barriers
simultaneously some major barriers can be eradicated with
GSCM. In present study, I have tried to find out the essential
barriers by ranking them according to their effect on each
other. 22 different barriers to GSCM have been identified
through literature review. These barriers have been
categorized into 5 different categories, namely Technology,
Financial, Knowledge, Involvement & Support and
Outsourcing. Two Multi Criteria Decision Making (MCDM)
tools are used to rank the barriers as to get accurate result.
These are, 1. Interpretive Structural Modeling (ISM) and 2.
Fuzzy-Analytical Hierarchy Process (AHP).
ISM has been performed after listing down all the 22 major
barriers from literature review. As an input, ISM takes the
Structural Self Interaction Matrix (SSIM) of the barriers,
which shows the contextual relationship among the variables.
And as an output, ISM gives a hierarchical structure consisting
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I.

INTRODUCTION

E

NVIRONMENTAL issues have become very important in
present times due to their high level of visibility (Sanjeev
Kumar et al.). To gain strategic advantages, it has become
necessary to change traditional supply chain (Dileep More and
Babu, 2008). Programs such as design for the environment,
life cycle analysis, total quality environmental management,
GSCM and ISO 14000 standards are popular for
environmentally conscious practices (Olugu et al., 2011).
Sustainable Supply Chain Management (SSCM) has been
identified as an appropriate solution to balance environmental,
social as well as economic benefits in supply chain (Luthra et
al., 2014a, 2014b).
"Sustainable Development" was the key concept of the 1992
Earth Summit in Rio, as governments and international
organizations committed themselves to take action to protect
the environment as in integral part of long-term economic
development (Ashish Kumar Bhateja et al., 2011).
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of the all 22 barriers in hierarchy according to their effect and
importance. The hierarchy is made-up of several levels with
arrows pointing upward. The barriers at the bottom are of most
importance and leads to the other barriers which are in the
higher levels. This gives an effective graphical representation
of the level of importance of barriers.
Fuzzy AHP is the combination of Fuzzy logic and AHP.
AHP is applied and the ranking is calculated after using the
Fuzzy logic on the data collected. This method was carried out
after gathering the data from the company officials of a Small
and Medium Scale Enterprise. Fuzzy logic is an approach to
computing based on "degrees of truth" rather than the usual
"true or false" (1 or 0) Boolean logic on which the modern
computer is based. AHP is a theory of measurement through
pairwise comparisons and relies on the judgements of experts
to derive priority scales. It is these scales that measure
intangibles in relative terms. In result, this method gives the
ranking of 22 barriers depending upon the response of a
Supply Chain Management official.
II.

LITERATURE REVIEW

There are a plenty of research papers available on the field
on GSCM. But very few are on the topic of Barrier analysis in
Indian firms. TABLE I shows 6 research papers which helped
me the most in understanding GSCM and carrying out this
research.
No
1.

2.

3.

TABLE I
LITERATURES REVIEWED
Authors and paper titles
Description
Arvind Jayant, Mohd Azhar,
Determine the relationship among the
2014.
barriers in implementing GSCM in
―Analysis of the barriers for
Indian industries using ISM and
implementing green supply
MICMAC analysis. 20 barriers have
chain management (GSCM)
been found. 19 are linkage variables,
Practices: An Interpretive
1 is driver variable. Lack of
Structural Modeling
sustainability certification (ISO
(ISM) Approach‖
14001), Cost of disposal of hazardous
products have been identified as top
level barriers and Lack of
Government support as most
dominant bottom level barrier.
Ashish Kumar Bhateja,
To measure the Green component of
Rajesh Babbar, Sarbjit
performance.
Singh, Anish Sachdeva,
A GSCM Index having 17 Indicators
2011.
& 33 Sub-Indicators. Many important
―Study of Green Supply
findings and results i.e. Key
Chain Management in the
Environmental Issues in Indian
Indian Manufacturing
Manufacturing Sectors, Initiatives
Industries: A Literature
like Green sourcing & procurement,
Review cum an Analytical
Green productions & mfg., Green
Approach for the
warehousing & distribution, Green
measurement of
transportation, Collaboration with
performance‖
suppliers and/or customers on Green,
Criteria for selection a vendor to
support your Green, Barriers to
adopting Green SCM practices.
Helen Walkera, Lucio Di
Identified the drivers and barriers to
Sistob, Darian McBain,
GSCM. They‘ve considered Costs,
2008.
management commitment, lack of
―Drivers and barriers to
buyer awareness, Lack of legitimacy
environmental supply chain
in Internal barriers and Regulation,
management
Poor supplier commitment, Industry
practices: Lessons from the
specific barriers in External barriers.
public and private sectors‖

4.

Kannan Govindan,
MathiyazhaganKaliyan,
DevikaKannan, A.N.Haq,
2013. ―Barriers analysis for
GSCM implementation in
Indian industries using
analytic hierarchy process.‖

5.

Marjan Mohammadjafari,
Reza Shokrizadeh, Majid
Heidari, Saeed Parvaresh,
2014.
―Study the Barriers of Green
Supply Chain Management
Implementation in Iranian
Industries Using Analytic
Hierarchy Process‖

6.

Sanjeev Kumar, Somnath
Chattopadhyaya, Vinay
Sharma.
―Developing green supply
chain system for Indian
Enterprises‖

Identifying the barriers in
implementing GSCM in Indian
industries based on procurement
effectiveness. 47 initial barriers under
five barrier categories namely
Outsourcing, Technology,
Knowledge, Finance and Involvement
& Support were examined from
literature and industrial discussion.
Then they‘ve used AHP and ranked
all the barriers in their respective
categories.
Essential barriers are identified
through recourse to analytic hierarchy
process (AHP). 20 barriers were
identified under 5 categories and sent
to 10 relevant experts who gave the
pair wise comparison weight from
Saaty's method of nine point scale
values (1–9). This concluded that
Iranian industries still struggle to
prioritize environmental performance
improvements over economic
performance. However, they are
interested in improving environmental
performance.
To assess SCM in SMEs of India.
Data collected through the
Competitive Strategies and Best
Practices Benchmarking
Questionnaire from 119 SMEs.
Measurement models of GSCM
practices are compared by factor
analysis. 14 factors were considered
with 105 underlying statements in
questionnaire. Cronbach‘s Alpha
value was calculated.

TABLE II
22 BARRIERS IN 5 CATEGORIES WITH REFERENCE PAPER NUMBERS
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III.

METHODOLOGY

A.
Data Collection
The primary data was collected through the literature
review. 22 different barriers were identified with 5 categories.
This data was used in the Interpretive Structural Modeling to
create a hierarchical structure of barriers. Then one
questionnaire was sent to an official from the Supply Chain
department of one Small and Medium Scale Enterprise to
collect the response regarding the importance of barriers. This
data was used to analyze the barriers with Fuzzy-AHP
method.
B.
Interpretive Structural Modeling (ISM)
Structural Self Interaction Matrix (SSIM), consisting the
barriers, is created. Below mentioned notations are used to
establish the relationship between the barriers.
V- Barrier i will lead to barrier j
A- Barrier j will lead to barrier i
X- Barrier i and j will lead to each other
O- Barrier i and j are unrelated

Create Reachability Matrix by writing ‗1‘ in the cell of
which column barrier leads to the row barrier and ‗0‘ in the
cell of which column barrier doesn‘t lead to the row barrier.
Now prepare a ―Reachability Set‖ for each of the row barrier.
After preparing the Reachability Set, calculate the number of
barriers in each set. Give the level number ‗1‘ to the barrier
having the least number of barriers in set. Now remove the
barrier number which has been given a level from each set.
Again calculate the number of barriers in Reachability Set and
give next level number to the barrier/s having least number of
barriers in ―Reachability Set‖. Some barriers will be given the
same level in case of tie. The barriers are then arranged
according to their levels from bottom to top and connected
with the barriers in upper level. Fig. 2 shows the ISM
constructed after the data analysis.
According to ISM, ―Cost Implication‖ is the most affecting
barrier to implementation of GSCM in Manufacturing firms of
India.

Fig. 2: Interpretive Structural Model
TABLE III
INPUT MATRIX

C.
Fuzzy-Analytical Hierarchy Process (Fuzzy AHP)
After getting a satisfying hierarchical structure, I and my
mentor, Mr. T S Jaikishan, decided to continue the work
further. After this, the data sheet was sent to the company
official of Supply Chain Management department and
response was recorded. This response is used to do further
analysis by Fuzzy AHP. Response was taken in the form of 5
different notations, each having one significant value of Fuzzy
triangle. Fuzzy triangular value is a set of three values
indicating the Fuzzy Input matrix.

TABLE IV
RESPONSE INPUT MATRIX OF CATEGORIES

TABLE V
RESPONSE INPUT MATRIX BETWEEN THE TECHNOLOGY BARRIERS
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TABLE X
RANKING PROCEDURE OF CATEGORIES

TABLE VI
RESPONSE INPUT MATRIX BETWEEN THE FINANCIAL BARRIERS

TABLE VII
RESPONSE INPUT MATRIX BETWEEN THE KNOWLEDGE BARRIERS
IV.

RESULTS

In ISM structure, results show that ―Cost Implication‖ is the
most effective barrier from all the 22 barriers as it leads to the
above leveled barriers.
Whereas in Fuzzy AHP method, the result includes the local
and overall ranks of all the 5 categories and 22 barriers.
Results are shown in below tables.

TABLE VIII
RESPONSE INPUT MATRIX BETWEEN THE INVOLVEMENT & SUPPORT
BARRIERS

TABLE XI
RANKING OF TECHNOLOGY BARRIERS

TABLE IX
RESPONSE INPUT MATRIX BETWEEN THE OUTSOURCING BARRIERS

TABLE XII
RANKING OF FINANCIAL BARRIERS

The TABLE IV to TABLE IX are the input matrices given
by the company officials. The values in right upper triangular
matrix are given the Fuzzy triangular value according to
TABLE I. Then three matrices, 1. FUZZY A, 2. FUZZY B
and 3. FUZZY C, are constructed for each matrix by splitting
triangular values. These matrices are called Fuzzy Split
Matrices. After this, the calculation is done.
If we take the values from first row of Fuzzy A as a11, a12,
a13, ….., a1j, second row of Fuzzy A as a21, a22, a23, …..,
a2j and ith row of Fuzzy A as ai1, ai2, ai3, ….., aij.
Then the value in first cell of calculation matrix =
(a11*a12*a13*...*a1j)1/j. This is how the values for
Calculation matrix are calculated for each Fuzzy input matrix.
Now a new matrix is formed by multiplying the calculation
matrix value with the corresponding column sum value
(TABLE X). The weights in this matrix are given by the
formula : ((c-a)+(b-a))/3 + a. The ranks are given from these
weights. 1st rank is given to the category having the highest
weight. Similarly we‘ll get the weights of barriers. But these
weights will be the local weights of barrier. Now that we‘ve
got the weights of Categories, the overall weights of the
Barriers are obtained by multiplying the local weights of
Barriers with the weight of the corresponding category. These
weights are known as BNP. Overall ranks are now given by
BNP (Best NonFuzzy Performance) values. After doing these
calculations, we get the final output as the ranks of different
barriers and barrier categories. The ranks are given according
to BNP values of different categories and barriers.

TABLE XIII
RANKING OF KNOWLEDGE BARRIERS

TABLE XIV
RANKING OF KNOWLEDGE BARRIERS

TABLE XV
RANKING OF O UTSOURCING BARRIERS

Ranking of the barriers here shows the overall rank of that
particular barrier. i.e. barrier F1 is having 1st rank among all
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the barriers along with the other barriers found from literature
review. Students may apply the methods used in this study to
identify the effect of this particular barrier on the GSCM of
Small and Medium Sized Enterprises of India. MCDM tools
have number of applications from which many can be applied
to the research paper level as well as the academic level.

the 22 barriers. This shows that Cost Implication is most
affecting barrier according to the Fuzzy AHP method.
V.

Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

CONCLUSION

Table XVI
BARRIERS ACCORDING TO THEIR RANKS
Barrier
Cost Implication
Lack of IT applications
Resistance to advance technology adoption
Lack of Technical expertise
Fear of failure
Lack of knowledge about green practice
Non-availability of bank loans to encourage green product
Lack of corporate social responsibility
Cost of disposal of hazardous products
Poor organizational culture in adopting GSCM
Lack of training courses about implementing GSC
Lack of Top management commitment in adopting GSCM
Lack of effective environmental measures
Market competition
Less awareness of customer about GSCM
Complexity of design to reduce energy consumed
Lack of environmental awareness to the supplier
Lack of sustainability certification (ISO 14001)
Lack of government support to adopt GSCM
Lack of awareness about reverse logistics adoption
Lack of recycling and reuse efforts of organization
Pollution/Wastage in industries

Notation
F1
T1
T2
T3
T4
K1
F2
InS1
F3
InS2
O1
InS3
T5
InS4
K2
T6
K3
O3
O2
K4
InS5
O4
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