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Abstract
Environmental sustainability has become a major concern in the present era. The pressure of sustainable development is not only
exerted by the government but also by the customer. Awareness among the society and strict government regulations force the
industries to reduce environmental impact from their supply chain. Hence, green supply chain management (GSCM) has become
an imperative industrial philosophy to avoid environmental hazards. There are motivational forces which are responsible for the
implementation of GSCM practices. These motivational forces are termed as drivers. The objective of this paper is to prioritize
the drivers of GSCM in Indian manufacturing industries based on government, industry, environment, and public perspectives
using fuzzy TOPSIS methodology. An empirical study is made by collecting the data from a group of 12 decision-makers (DMs),
three from each perspective. Sensitivity analysis is performed to check the effect of preferences given by each DM. The results
show that the regulations forced by the central government play the most significant role followed by regional/state government
legislation. The results obtained help firms in identifying the important drivers to implement GSCM practices in Indian
manufacturing industries based on different perspectives. It will also help the policymakers to identify important drivers of
GSCM in Indian manufacturing industries and will support in implementing GSCM practices.
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Introduction

In the twenty-first century, the growth of the industrial sector
is important for developing as well as developed countries to
improve the living standard of people. At the same time, the
growth of the industrial sector is increasing the rate of deple-
tion of natural resources which leads to degradation of envi-
ronment. The waste and emission released by the industries
have become the origin of environmental problems which
cause severe health threats to mankind. Hence, sustainability

has become the most critical issue to meet the needs of the
society with minimum damage to the integrity and stability of
the natural system. The factors that force industries to address
sustainability issues are known as drivers of green supply
chain management (GSCM).

The drivers of GSCM encourage industries to adopt GSCM
practices to reduce environmental hazards from their supply
chain. Consequently, the researchers and industrial experts
have started research in this field. The drivers motivate the
industries to implement GSCM practices and reduce environ-
mental hazards. The GSCM emphasizes on optimal utilization
of resources considering the environment as a key factor that
makes it different from the conventional supply chain manage-
ment. As per Narasimhan and Carter (1998), GSCM starts from
green design, green logistics, recycling, reuse, and the substi-
tution of green materials. The objective of this paper is to pri-
oritize the drivers which help the industries in effective imple-
mentation of GSCM practices. The prioritizing of the drivers of
GSCM is done based on the four major perspectives, i.e., gov-
ernment, industry, environment, and the public. These
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perspectives are taken because these are four main stakeholders
that play the most significant role in implementing the GSCM
practices. These four stakeholders motivate and force the
Indian manufacturing industries to reduce environmental haz-
ards from their supply chain management.

According to Chai et al. (2013), fuzzy set theory combined
with multi-criteria decision-making (MCDM) technique has
been extensively used to deal with vagueness in the decision-
making process. The prioritizing of the drivers is done by
means of fuzzy set theory with TOPSIS method, which is
fundamentally a MCDM problem. In most of the conditions,
crisp data is insufficient to model real-life problems. It is ev-
ident that human judgments are vague and cannot evaluate
approximate preferences meticulously in numerical value.
Linguistic assessment of the criteria and alternatives is better
than the numerical values (Bellman and Zadeh 1970; Chen
2000; Delgado et al. 1992; Herrera et al. 1996; Herrera and
Herrera-Viedma 2000).

Herrera and Herrera-Viedma (1996) presented a consensus
model in decision-making using linguistic assessments. This
model presented a wide range of consensus measures that allow
evaluating, monitoring, and controlling the consensus
accomplishment process telling the current consensus point.
Chen (2000) used the triangular fuzzy number to express the
rating of the alternative and the weight criterion. He also pro-
posed the vertex method to compute the distance between two
triangular fuzzy numbers. Herrera and Herrera-Viedma (2000)
used linguistic models in decision-making problems that are
extremely beneficial when the judgment cannot be given in
numerical values. It provides higher flexibility to deal with
decision-making problems bymeans of qualitative information.
Therefore, the ratings and weights of criteria in the present
paper are taken by means of linguistic variables. The method
of fuzzy TOPSIS is also proposed by Bellman and Zadeh in
Bellman and Zadeh 1970. Delgado et al. (1992) proposed basic
decision rules, based on fuzzy risk intervals and a general mod-
el is developed.

Literature Review

The GSCM is a new paradigm in the supply chain management
which addresses different issues related to the environment. In
the twenty-first century, global supply chain experts are con-
cerned about the environmental issues (Muduli et al. 2013).
Ahi and Searcy (2013) in their research focused on growing
environmental issues and suggested that organizations must
address potential enablers and barriers to sustainability in
order to measure and assess the sustainability level of a
company. Ansari and Kant (2017) analyzed 286 research arti-
cles published during the period of 2002–2016 in the various
journals. They observed that there are a lot of scopes and op-
portunities which need to be explored, such as the practice of

advanced techniques and efficient development of algorithms.
The effective implementation of GSCM practices depend on
the numerous factors. Researchers are trying to find out these
factors in terms of drivers of GSCM practices.

Diabat and Govindan (2011) identified the drivers of GSCM
in south Indian manufacturing industries and developed an inter-
pretive structural modeling (ISM)model of the drivers of GSCM.
Kathiresan and Ragunathan (2016b) developed models using
ISM, analytical network process (ANP), and fuzzy ANP tech-
niques of drivers in small- and medium-sized tanneries of
Northern Tamilnadu in India. Kathiresan and Ragunathan
(2016a) recognized pivotal and obtrusive drivers for
implementing GSCM in leather industries in northern
Tamilnadu. A model is developed using structural equation
modeling (SEM), VIKOR, and fuzzy VIKOR. Luthra et al.
(2013) ranked the GSCM implementation strategies in Indian
manufacturing industries using analytical hierarchy process
(AHP) and categorized these strategies in four dimensions.
These four dimensions are as follows: non-members, downward
stream, organizational, and upward stream supply chain
members. These four dimensions play very important role in
implementing GSCM. Bhool and Narwal (2013) identified the
important drivers for the implementation of GSCM practices in
various Indian manufacturing sectors. These sectors are two-
wheelers, four-wheelers, and general manufacturing. Jain and
Sharma (2014) in the literature survey identified 14 drivers of
GSCM that have a substantial effect on the implementation of
GSCM practices. The outcome of this literature survey indicates
that regulation, pressure from customers, and competition are the
important drivers of GSCM. Mathiyazhagan and Haq (2013)
studied 16 auto component manufacturing industries in
Tamilnadu (South India) and found that these industries are forced
by government regulation to implement GSCM practices. Barve
and Muduli (2013) analyzed the Indian mining industries for
sustainable development through the GSCM approach and devel-
oped an interpretive structural modeling (ISM) framework.
Diabat et al. (2014) identified important enablers for GSCM by
means of ISM technique in five Indian textile units in South India.
The result shows that the five enablers play a major role in adap-
tation of GSCM practices. These enablers include the adoption of
safety standards, adoption of green practices, community eco-
nomicwelfare, health and safety issues, and employment stability.

Mathiyazhagan et al. (2013) emphasized that due to strict
government regulation and increased customer’s environmen-
tal awareness, the organizations must decrease the environ-
mental effect from their manufacturing activities. Focusing
only on manufacturing activities to decrease the pollution is
not sufficient but complete supply chain should be converted
greener by GSCM practices (Govindan et al. 2015). Malviya
and Kant (2016) developed fuzzy decision-making trail and
evaluation laboratory and fuzzy multi-criteria decision-
making-based framework to predict and measure the success
or failure of GSCM implementation. Luthra et al. (2016)
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documented in their research that competitiveness,
regulations, and internal management are critical success
factors. Chien and Shih (2007) suggested that green
manufacturing companies have a constructive result on both
economic and environmental performances. The effect of
green initiatives varies from industry to industry and
highlighted that power sector has maximum effect on the
green initiative in reducing CO2 emissions as compared to
other sectors. Mittal and Sangwan (2014a, b) identified 12
drivers that are responsible for implementation of green
manufacturing in industries and ranked the drivers according
to the environment, social, and economic point of view. Singh
et al. (2016) considered 12 drivers that affect the successful
implementation of GSCM practices. These drivers are top
management commitment, vendor’s development, integration
between supply chain members, reverse logistics, environ-
mental friendly packaging, transportation, and green
performance measurement system. Zhu and Sarkis (2004)
proposed that the employment of GSCM can help to reduce
the cost of purchase of materials and energy consumption. The
drivers and barriers of GSCM are classified according to the
external, internal, customer, and social perspective (Dhull and
Narwal 2016).

It is a well-known fact that India is one of the fastest de-
veloping economies in the world. The government of India
has started BMake in India^ initiative campaign. The aim of
this campaign is to attract capital and technological invest-
ment to make India a manufacturing hub. This will further
degrade the environment of the country. Hence, there is a need
to identify the vital drivers that will encourage the Indian
manufacturing industries to adopt the GSCM practices. A lot
of research is going on in the field of GSCM but Indian
manufacturing industries are still in the initial phase to imple-
ment GSCMpractices. Themajor advantage of this research is
that all the four major stakeholders (government, industry,
environment, and public perspectives) are considered for
study that were not included in the previous studies. The rank-
ing of the drivers will help the industries to identify the top
drivers which can encourage implementation of GSCM prac-
tices in Indian manufacturing industries.

Research Methodology

Twenty drivers are identified from the literature review related
to GSCM, environmentally conscious manufacturing, green
manufacturing, and sustainable supply chain management as
given in Table 1. The identified drivers from the literature
review were consulted with the experts working on GSCM
through a questionnaire. The experts are from academics, in-
dustry, and government handling industrial environmental
policies. They were also requested to add more drivers (if
any). The suggestions given by the experts were also

incorporated. The experts from academics and industries
working in the field of green supply chain management again
reviewed the developed questionnaire concerning the clarity
and understandability. The experts were taken on the basis of
their experience (more than 10 years) and knowledge in the
field of GSCM. The four perspectives are considered for pri-
oritizing the drivers of GSCM in this study. The literature
review suggests that no work has been made by taking these
above four perspectives into consideration. This inspires anal-
ysis of the drivers for implementation of GSCM practices in
manufacturing industries.

In this research, fuzzy TOPSIS technique is adopted for
solving the multi-criteria decision-making problem for priori-
tizing the driver of GSCM in Indian manufacturing environ-
ment. This segment describes the fuzzy set and linguistic var-
iables briefly, the TOPSIS technique, and proposed fuzzy
TOPSIS technique.

Fuzzy TOPSIS

The TOPSIS technique is widely used and accepted technique
used for prioritizing problems in real-time situation. The main
limitation of the TOPSIS technique is its incapability to work
in the uncertain and vague decision-making process (Yu
2002). The uncertainty and vagueness can be very efficiently
handled by using fuzzy set theory. The fuzzy set theory is
combined with TOPSISmethodology to work in the uncertain
and vague decision-making process. This allows decision-
makers to integrate unquantifiable information and incom-
plete information in the decision-making process. Lee
(2005) in his research analyzed that most of the time, the
ambiguous answer is reported by the decision-maker rather
than accurate value. Consequently, it is very tough to measure
this qualitative value. Bellman and Zadeh (1970) introduced
the fuzzy sets theory in the decision-making problems. The
advantage of using a fuzzy technique is to assign the compar-
ative importance of attribute by means of the fuzzy number,
rather than numeric value. According to Gumus (2009), the
fuzzy TOPSIS approach is far more effective and suitable
approach than conventional TOPSIS.

The relationship between criteria (perspectives) and alter-
native (drivers) is modeled using the Technique of Order
Preference by Similarity to Ideal Solution (TOPSIS) and is
introduced by Hwang and Yoon (1981). There are four
criteria/perspectives (government, industry, environment,
and public perspectives) and 20 alternatives (drivers).
TOPSIS methodology uses the concept that selected alterna-
tive should have the shortest geometric distance from positive
ideal solution (PIS) in the case of benefit criteria and have the
longest geometric distance from the negative ideal solution
(NIS) that is from cost criteria. This technique is then further
extended to the fuzzy environment to account the subjective
nature of measuring evaluation of alternatives and criteria
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using linguistic terms. In this decision-making problem, the
most important driver will be prioritized from all the possible
drivers (alternatives).

The sensitivity analysis is done to check the influence of
the criteria weight given by the decision-maker on the ranking
of drivers. The drastic changes may occur in the final ranking
if minor changes are made in attribute weights.

The following ten steps are used to determine the ranking
of alternatives based on the four perspectives.

According to fuzzy set theory, a triangular fuzzy number ã
can be defined by a fuzzy set (triplet) (a1, a2, a3). Conversion
scale is used to change the linguistic variable into a fuzzy

number. Table 2 is used to get the criteria weight and alterna-
tive weight from the experts. The membership function can be
written as μã (x) (Fig. 1).

μea xð Þ ¼

x−a1
a2−a1

; a1≤x≤a2
a3−x
a3−a2

; a2≤x≤a3
0 Otherwise;

8>><>>: ð1Þ

Step 1: Assigning of ratings to each criterion and
alternative

Table 1 Drivers of GSCM

S. No. Drivers

1 Central government rules and legislation Zhu and Geng (2013), Bhool and Narwal (2013), Singh et al. (2012), Diabat and
Govindan (2011), Gangele and Verma (2011), Hosseini (2007), Zhu and Sarkis
(2006), Zhu et al. (2005), Hall (2000)

2 Environmental concerns and legislature Bhool and Narwal (2013), Walker et al. (2008), Min and Galle (1997), Porter and
Van der Linde (1995), Lin and Ho (2011)

3 Regional/state government legislation Zhu and Geng (2013), Singh et al. (2012), Diabat and Govindan (2011), Gangele
and Verma (2011), Sarkis (2006), Zhu et al. (2005), Henriques and Sadorsky
(1996)

4 Pressure from society or public pressure Zhu and Geng (2013), Singh et al. (2012), Luken and Van Rompaey (2008),
Walker et al. (2008)

5 Supplier’s pressure and willingness Azhar and Talib (2015), Bhool and Narwal (2013)

6 Employee’s motivation, health, and safety Bhool and Narwal (2013), Hanna et al. (2000)

7 Environmental mission of the organization Zhu and Sarkis (2006), Zhu et al. (2005), Drumwright (1994)

8 Social and environmental responsibility Bhool and Narwal (2013), Zhang et al. (2009), Rondinelli and Berry (2000),
Elkington (1997)

9 Competitive advantage Bey et al. (2013), Singh et al. (2012), Zhang et al. (2009), Yu et al. (2008),
Studer et al. (2006), Sarkis (2003)

10 Green image and global marketing Bhool and Narwal (2013), Zhang et al. (2009), Chien and Shih (2007), Zhu
et al. (2007)

11 Demand for environmentally friendly
products

Bhool and Narwal (2013), Bey et al. (2013), Georgiadis and Besiou (2010),
Yu et al. (2008), Walton et al. (1998)

12 Potential liability for disposal of
hazardous materials

Zhu and Sarkis (2006), Min and Galle (1997), Lamming and Hampson (1996),
Karimi et al. (2015)

13 Sales to foreign customers Zhu and Geng (2013), Zhu et al. (2007), Zhu et al. (2005), Christmann and
Taylor (2001)

14 Competitors’ green strategies Singh et al. (2012), Zhu and Sarkis (2006), Zhu et al. (2005), Sarkis (1998)

15 Cost for disposal of hazardous materials Singh et al. (2012), Zhu and Sarkis (2006), Zhu et al. (2005), Min and Galle
(1997)

16 ISO 14001 certification Dashore and Sohani (2013), Singh et al. (2012), Diabat and Govindan (2011),
Zhu et al. (2008a,b), Zhu et al. (2007), Montabon et al. (2000)

17 Scarcity of resources, higher waste
generation, and waste disposal problem

Bhool and Narwal (2013), Walker et al. (2008), Zhu and Sarkis (2006)

18 Product potential conflicts in law Zhu et al. (2007), Zhu and Sarkis (2006)

19 Environmental partnership with suppliers Dashore and Sohani (2013), Singh et al. (2012), Diabat and Govindan (2011),
Zhu et al. (2008a, b), Zhu et al. (2007), Min and Galle (1997)

20 Suppliers advance in developing
environmentally friendly goods
and packaging

Dashore and Sohani (2013), Singh et al. (2012), Zhu et al. (2007), Zhu and
Sarkis (2006), Min and Galle (1997)
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The decision-makers (DMs)/experts are selected according
to four perspectives, government, industry, environment, and
public perspectives. The linguistic ratings of the criteria and
alternatives are given by three decision-makers from each cat-
egory for all the 20 drivers as shown in Tables 3 and 4, re-
spectively. The experts are selected based on their experience,
position, and having the post of decision-maker in their re-
spective field. The experts taken for the study are those who
have more than 10 years of experience in handling industrial
environmental policies and are holding the post of General
Manager (GM) and above. Government perspective is taken
from those experts who are holding the post of Director and
handling industrial policy on sustainable development. The
industrial perspectives were taken from the experts with at
least 10 years of experience in the domain of GSCM and
holding the post of General Manager and above, while envi-
ronmental perspectives were taken from the experts from pol-
lution control department working on the post of executive
engineers. The public perspectives were taken from experts
of public domain working in the environmental field for the
betterment of the society.

Step 2: Calculation of average fuzzy weights for criteria

The criteria’s rating given by the decision-makers in lin-
guistic terms are combined and converted into an aggregate
fuzzy number by using Table 2. Let’s consider that fuzzy
rating of k decision-makers can be given by a triangular fuzzy

number ~Sk ¼ ak ; bk ; ckð Þ, where k = 1, 2, 3… k. The aggre-
gate fuzzy weight of the criteria is shown in Table 5.

where

a ¼ mink akf g; b ¼ 1

K
∑K

k¼1bk ; and c ¼ maxk ckf g‘ ð2Þ

The fuzzy decision matrix for criteria weight (fW jÞ can be
given as:

~W j ¼ ~w1; ~w2; … … … … …~wn

� �
ð3Þ

Step 3: Calculation of fuzzy decision matrix

The linguistic rating given by decision-makers is converted
into fuzzy rating using Table 2. The converted fuzzy ratings in
the various terms are given in Table 6.

The following relation is used to construct the fuzzy deci-

sion matrix for alternatives (~A ):

~A ¼

c1 c2 c3 ⋯ cn
A1
A2
…
Am

~x11 ~x12 ~x13
~x21 ~x22 ~x23

⋯ ~x1n
⋯ ~x2n

⋯ ⋯ ⋯
~xm1 ~xm2 ~xm3

⋯ ⋯
⋯ ~xmn

2664
3775 ð4Þ

Step 4: Compute aggregate fuzzy ratings for the alterna-
tive for each perspective

If the fuzzy ratings and weights for the alternatives of the
kth expert is given by ~xijk ¼ aijk ; bijk ; cijk

� �
, then the fuzzy

rating (~xijÞ of the alternative with respect to each criterion is
given in Table 7.

~xij ¼ aij; bij; cij
� � ð5Þ

where

aij ¼ mink akf g; bij ¼ 1

K
∑K

k¼1bk ; and cij ¼ maxk ckf g ð6Þ

Step 5: Normalization of fuzzy decision matrix

The aggregate fuzzy weights given in Table 7 are
normalized by means of the linear scale conversion by
bringing the various criteria’s and alternatives on a

Table 2 Linguistic terms and
fuzzy rating of various criteria and
alternatives

Linguistic term for
criteria weight

Membership
function

Linguistic term alternative
rating

Membership
function

Very low [VL] [1,1,3] Not important [NI] [1,1,3]

Low [L] [1,3,5] Less important [LI] [1,3,5]

Medium [M] [3,5,7] Fairly important [FI] [3,5,7]

High [H] [5,7,9] Important [I] [5,7,9]

Very high [VH] [7,9,9] Very important [VI] [7,9,9]

1

a1 a2 a3

Fig. 1 Triangular fuzzy number ã

Process Integr Optim Sustain (2018) 2:47–60 51



comparable scale (Table 8). The normalized decision ma-
trix is as follows:

~Sk ¼ ~sij
h i

m�n
; where; i

¼ 1; 2; 3 … … …;m; and j

¼ 1; 2; 3; … … …; n ð7Þ

where

~sij ¼ aij
c*j
;
bij
c*j
;
cij
c*j

 !
and c*j ¼ maxi cij

� �
… benefit or important criteriað Þ

ð8Þ

Step 6: Computation of normalized weighted matrix

To calculate the weighted normalizedmatrix (~V ) for criteria,
it is multiplied by normalized fuzzy decision matrix ~sij

� �
with

the weights (~wjÞ of the estimation criteria. The weighted nor-

malized matrix (~V ) for criteria is as shown in Table 9.
~V ¼ v^ij

� 	
mxn ; i ¼ 1; 2; 3 … : m; j ¼ 1; 2; 3; … … :; n ð9Þ

~vij ¼ ~sij :ð Þ~wj ð10Þ

Step 7: Calculate the fuzzy positive ideal solution (FPIS)
and fuzzy negative ideal solution (FNIS)

Table 4 Linguistic terms and fuzzy rating of the various alternatives

S.
No.

Drivers Government
perspective [C-1]

Industry perspective
[C-2]

Environment
perspective [C-3]

Public perspective [C-4]

DM-1 DM-2 DM-3 DM-4 DM-5 DM-6 DM-7 DM-8 DM-9 DM-10 DM-11 DM-12

1 Central government rules and legislation VI VI VI I VI I VI VI VI VI VI VI

2 Environmental concerns and legislature VI I VI VI I I VI VI VI VI I VI

3 Regional/state government legislation VI VI VI I VI I VI VI VI VI I VI

4 Pressure from society or public pressure I I VI LI FI LI VI I I VI I VI

5 Supplier’s pressure and willingness FI FI I I FI FI FI LI FI FI LI FI

6 Employee’s motivation, health, and safety I VI I FI I FI I FI I I I I

7 Environmental mission of the organization VI I VI I I VI VI VI I I VI VI

8 Social and environmental responsibility I I VI FI I I I I I VI I VI

9 Competitive advantage FI FI I I VI I I I FI FI I FI

10 Green image and global marketing FI FI FI FI I FI FI FI I I FI FI

11 Demand for environmentally friendly
products

FI FI FI FI FI FI FI LI LI FI LI FI

12 Potential liability for disposal of
hazardous materials

I I VI I FI I VI VI I I VI I

13 Sales to foreign customers I FI I I FI I FI FI FI FI I I

14 Competitors’ green strategies FI FI FI VI I VI I FI I FI I I

15 Cost for disposal of hazardous materials FI FI I VI VI I I I VI I FI I

16 ISO 14001 certification VI I VI I VI I VI VI VI I VI I

17 Scarcity of resources, higher waste
generation, and waste disposal problem

FI FI LI LI LI FI FI LI FI FI FI FI

18 Product potential conflicts in law VI VI I I I I VI I VI I I VI

19 Environmental partnership with suppliers FI I FI FI I FI I FI FI FI LI LI

20 Suppliers advances in developing
environmentally friendly goods
and packaging

FI I FI LI FI I FI FI I I FI FI

Table 3 Linguistic terms and fuzzy rating of the various criteria given by DM

Criteria DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8 DM9 DM10 DM11 DM12

Government perspective [C-1] VH VH H H H VH H H H H VH H

Industry perspective [C-2] M H H H M H M M H H M H

Environment perspective [C-3] H H H VH H VH VH H H VH H H

Public perspective [C-4] L M M L L M M M M L M M
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TOPSIS methodology uses the concept that selected
alternative should have the shortest geometric distance
from fuzzy positive ideal solution (FPIS) in the case of
benefit criteria and have the longest geometric distance
from the fuzzy negative ideal solution (FNIS) that is
from cost criteria. The FPIS and the FNIS are computed
and tabulated in Table 10.

F* ¼ ~v1*;~v2* ~v3*…~vn*
� �

; F− ¼ ~v1−;~v2− ~v3−…~vn−
� �

ð11Þ

where

~v j* ¼ maxi vij3
� �

; ~v j− ¼ mini vij3
� �

;

i ¼ 1; 2; 3; … … :; m; j ¼ 1; 2; 3; … … :; n;
ð12Þ

Step 8: Calculate deviation of each alternative from FPIS
and FNIS

The distance d*i ; d
−
i

� �
of each weighted alternative i = 1, 2,

3,…, m from the FPIS to FNIS is calculated and tabulated in
Table 11.

The vertex method is used to calculate the distance from
FPIS and FNIS using the following formula:

d ~a; ~b
� �

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

3
a1− b1ð Þ2 þ a2− b2ð Þ2 þ a3− b3ð Þ2

h ir
ð13Þ

d*i ¼ ∑n
j¼1dv ~vij;~vij*

� �
where i ¼ 1; 2; 3;…;m ð14Þ

d−i ¼ ∑n
j¼1dv ~vij;~vij−

� �
where i ¼ 1; 2; 3;…;m ð15Þ

Table 6 Alternative fuzzy weight (drivers)

Drivers Government perspective [C-1] Industry perspective [C-2] Environment perspective [C-3] Public perspective [C-4]

D-1 (7,9,9) (7,9,9) (7,9,9) (5,7,9) (7,9,9) (5,7,9) (7,9,9) (7,9,9) (7,9,9) (7,9,9) (7,9,9) (7,9,9)

D-2 (7,9,9) (5,7,9) (7,9,9) (7,9,9) (5,7,9) (5,7,9) (7,9,9) (7,9,9) (7,9,9) (7,9,9) (5,7,9) (7,9,9)

D-3 (7,9,9) (7,9,9) (7,9,9) (5,7,9) (7,9,9) (5,7,9) (7,9,9) (7,9,9) (7,9,9) (7,9,9) (5,7,9) (7,9,9)

D-4 (5,7,9) (5,7,9) (7,9,9) (1,3,5) (3,5,7) (1,3,5) (7,9,9) (5,7,9) (5,7,9) (7,9,9) (5,7,9) (7,9,9)

D-5 (3,5,7) (3,5,7) (5,7,9) (5,7,9) (3,5,7) (3,5,7) (3,5,7) (1,3,5) (3,5,7) (3,5,7) (1,3,5) (3,5,7)

D-6 (5,7,9) (7,9,9) (5,7,9) (3,5,7) (5,7,9) (3,5,7) (5,7,9) (3,5,7) (5,7,9) (5,7,9) (5,7,9) (5,7,9)

D-7 (7,9,9) (5,7,9) (7,9,9) (5,7,9) (5,7,9) (7,9,9) (7,9,9) (7,9,9) (5,7,9) (5,7,9) (7,9,9) (7,9,9)

D-8 (5,7,9) (5,7,9) (7,9,9) (3,5,7) (5,7,9) (5,7,9) (5,7,9) (5,7,9) (5,7,9) (7,9,9) (5,7,9) (7,9,9)

D-9 (3,5,7) (3,5,7) (5,7,9) (5,7,9) (7,9,9) (5,7,9) (5,7,9) (5,7,9) (3,5,7) (3,5,7) (5,7,9) (3,5,7)

D-10 (3,5,7) (3,5,7) (3,5,7) (3,5,7) (5,7,9) (3,5,7) (3,5,7) (3,5,7) (5,7,9) (5,7,9) (3,5,7) (3,5,7)

D-11 (3,5,7) (3,5,7) (3,5,7) (3,5,7) (3,5,7) (3,5,7) (3,5,7) (1,3,5) (1,3,5) (3,5,7) (1,3,5) (3,5,7)

D-12 (5,7,9) (5,7,9) (7,9,9) (5,7,9) (3,5,7) (5,7,9) (7,9,9) (7,9,9) (5,7,9) (5,7,9) (7,9,9) (5,7,9)

D-13 (5,7,9) (3,5,7) (5,7,9) (5,7,9) (3,5,7) (5,7,9) (3,5,7) (3,5,7) (3,5,7) (3,5,7) (5,7,9) (5,7,9)

D-14 (3,5,7) (3,5,7) (3,5,7) (7,9,9) (5,7,9) (7,9,9) (5,7,9) (3,5,7) (5,7,9) (3,5,7) (5,7,9) (5,7,9)

D-15 (3,5,7) (3,5,7) (5,7,9) (7,9,9) (7,9,9) (5,7,9) (5,7,9) (5,7,9) (7,9,9) (5,7,9) (3,5,7) (5,7,9)

D-16 (7,9,9) (5,7,9) (7,9,9) (5,7,9) (7,9,9) (5,7,9) (7,9,9) (7,9,9) (7,9,9) (5,7,9) (7,9,9) (5,7,9)

D-17 (3,5,7) (3,5,7) (1,3,5) (1,3,5) (1,3,5) (3,5,7) (1,3,5) (1,3,5) (3,5,7) (3,5,7) (3,5,7) (3,5,7)

D-18 (7,9,9) (7,9,9) (5,7,9) (5,7,9) (5,7,9) (5,7,9) (7,9,9) (5,7,9) (7,9,9) (5,7,9) (5,7,9) (7,7,9)

D-19 (3,5,7) (5,7,9) (3,5,7) (3,5,7) (5,7,9) (3,5,7) (5,7,9) (3,5,7) (3,5,7) (3,5,7) (1,3,5) (1,3,5)

D-20 (3,5,7) (5,7,9) (3,5,7) (1,3,5) (3,5,7) (5,7,9) (3,5,7) (3,5,7) (5,7,9) (5,7,9) (3,5,7) (3,5,7)

Table 5 Criteria’s aggregate fuzzy weights

Criteria DM-1 DM-2 DM-3 DM-4 DM-5 DM-6 DM-7 DM-8 DM-9 DM-10 DM-11 DM-12 Aggregate fuzzy
weight

C-1 (7,9,9) (7,9,9) (5,7,9) (5,7,9) (5,7,9) (7,9,9) (5,7,9) (5,7,9) (5,7,9) (5,7,9) (7,9,9) (5,7,9) (5, 7.67, 9)

C-2 (3,5,7) (5,7,9) (5,7,9) (5,7,9) (3,5,7) (5,7,9) (3,5,7) (3,5,7) (5,7,9) (5,7,9) (3,5,7) (5,7,9) (3, 6.17,9)

C-3 (5,7,9) (5,7,9) (5,7,9) (7,9,9) (5,7,9) (7,9,9) (7,9,9) (5,7,9) (5,7,9) (7,9,9) (5,7,9) (5,7,9) (5, 7.67, 9)

C-4 (1,3,5) (3,5,7) (3,5,7) (1,3,5) (1,3,5) (3,5,7) (3,5,7) (3,5,7) (3,5,7) (1,3,5) (3,5,7) (3,5,7) (1, 4.33, 7)
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Step 9: Calculate the closeness coefficient (CCi) of each
alternative

Prioritizing of the drivers of GSCM is done according to
closeness coefficient (CCi) value of each alternative in

Table 8 Normalized fuzzy
weights of the alternatives Drivers Government [C-1] Industry [C-2] Environment [C-3] Public [C-4]

Cj 9 9 9 9

D-1 (0.78,1,1) (0.56,0.85,1) (0.78,1,1) (0.78,1,1)

D-2 (0.56,0.93,1) (0.56,0.85,1) (0.78,1,1) (0.56,0.93,1)

D-3 (0.78,1,1) (0.56,0.85,1) (0.78,1,1) (0.56,0.93,1)

D-4 (0.56,0.85,1) (0.11,0.41,0.78) (0.56,0.85,1) (0.56,0.93,1)

D-5 (0.33,0.63,1) (0.33,0.63,1) (0.11,0.48,0.78) (0.11,0.48,0.78)

D-6 (0.56,0.85,1) (0.33,0.63,1) (0.33,0.70,1) (0.56,0.78,1)

D-7 (0.56,0.93,1) (0.56,0.85,1) (0.56,0.93,1) (0.56,0.93,1)

D-8 (0.56,0.85,1) (0.33,0.70,1) (0.56,0.78,1) (0.56,0.93,1)

D-9 (0.33,0.63,1) (0.56,0.85,1) (0.33,0.70,1) (0.33,0.63,1)

D-10 (0.33,0.56,0.78) (0.33,0.63,1) (0.33,0.63,1) (0.33.63,1)

D-11 (0.33,0.56,0.78) (0.33,0.56,0.78) (0.11,0.40,0.78) (0.11,0.48,0.78)

D-12 (0.56,0.85,1) (0.33,0.70,1) (0.56,0.93,1) (0.56,0.85,1)

D-13 (0.33,0.70,1) (0.33,0.70,1) (0.33,0.56,0.78) (0.33,0.70,1)

D-14 (0.33,0.56,0.78) (0.56,0.93,1) (0.33,0.70,1) (0.33,0.70,1)

D-15 (0.33,0.63,1) (0.56,0.93,1) (0.55,0.85,1) (0.33,0.70,1)

D-16 (0.56,0. 93,1) (0.56,0.85,1) (0.78,1,1) (0.56,0.85,1)

D-17 (0.11,0.48,0.78) (0.11,0.41,0.78) (0.11,0.48,0.78) (0.33,0.56,0.78)

D-18 (0.56,0.93,1) (0.56,0.78,1) (0.56,0.93,1) (0.56,0.85,1)

D-19 (0.33,0.63,1) (0.33,0.63,1) (0.33,0.63,1) (0.11,0.40,0.78)

D-20 (0.33,0.63,1) (0.11,0.56,0.78) (0.33,0.63,1) (0.33,0.63,1)

Table 7 Aggregate fuzzy ratings
for the alternative Drivers Government [C-1] Industry [C-2] Environment [C-3] Public [C-4]

D-1 (7,9,9) (5,7.67,9) (7,9,9) (7,9,9)

D-2 (5,8.33,9) (5,7.67,9) (7,9,9) (5,8.33,9)

D-3 (7,9,9) (5,7.67,9) (7,9,9) (5,8.33,9)

D-4 (5,7.67,9) (1,3.67,7) (5,7.67,9) (5,8.33,9)

D-5 (3,5.67,9) (3,5.67,9) (1,4.33,7) (1,4.33,7)

D-6 (5,7.67,9) (3,5.67,9) (3,6.33,9) (5,7,9)

D-7 (5,8.33,9) (5,7.67,9) (5,8.33,9) (5,8.33,9)

D-8 (5,7.67,9) (3,6.33,9) (5,7,9) (5,8.33,9)

D-9 (3,5.67,9) (5,7.67,9) (3,6.33,9) (3,5.67,9)

D-10 (3,5,7) (3,5.67,9) (3,5.67,9) (3,5.67,9)

D-11 (3,5,7) (3,5,7) (1,3.67,7) (1,4.33,7)

D-12 (5,7.67,9) (3,6.33,9) (5,8.33,9) (5,7.67,9)

D-13 (3,6.33,9) (3,6.33,9) (3,5,7) (3,6.33,9)

D-14 (3,5,7) (5,8.33,9) (3,6.33,9) (3,6.33,9)

D-15 (3,5.67,9) (5,8.33,9) (5,7.67,9) (3,6.33,9)

D-16 (5, 8.33,9) (5,7.67,9) (7,9,9) (5,7.67,9)

D-17 (1,4.33,7) (1,3.67,7) (1,4.33,7) (3,5,7)

D-18 (5,8.33,9) (5,7,9) (5,8.33,9) (5,7.67,9)

D-19 (3,5.67,9) (3,5.67,9) (3,5.67,9) (1,3.67,7)

D-20 (3,5.67,9) (1,5,7) (3, 5.67,9) (3,5.67,9)
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Table 9 Weighted normalized
matrix of alternatives Drivers Government [C-1] Industry [C-2] Environment [C-3] Public [C-4]

D-1 (3.89,7.67,9) (1.67,5.25,9) (3.89,7.67,9) (0.78,4.33,7)

D-2 (2.78,7.10,9) (1.67,5.25,9) (3.89,7.67,9) (0.56,4.01,7)

D-3 (3.89,7.67,9) (1.67,5.25,9) (3.89,7.67,9) (0.56,4.01,7)

D-4 (2.78,6.53,9) (0.33,2.51,7) (2.78,6.53,9) (0.56,4.01,7)

D-5 (1.67,4.83,9) (1,3.88,9) (0.56,3.69,7) (0.11,2.09,5.44)

D-6 (2.78,6.53,9) (1,3.88,9) (1.67,5.40,9) (0.56,3.37,7)

D-7 (2.78,7.10,9) (1.67,5.25,9) (2.78,7.10,9) (0.56,4.01,7)

D-8 (2.78,6.53,9) (1,4.34,9) (2.78,5.96,9) (0.56,4.01,7)

D-9 (1.67,4.83,9) (1.67,5.25,9) (1.67,5.40,9) (0.33,2.73,7)

D-10 (1.67,4.26,7) (1,3.88,9) (1.67,4.83,9) (0.33,2.73,7)

D-11 (1.67,4.26,7) (1,3.43,7) (0.56,3.12,7) (0.11,2.09,5.44)

D-12 (2.78,6.53,9) (1,4.34,9) (2.78,7.10,9) (0.56,3.69,7)

D-13 (1.67,5.40,9) (1,4.34,9) (1.67,4.26,7) (0.33,3.05,7)

D-14 (1.67,4.26,7) (1.67,5.71,9) (1.67,5.39,9) (0.33,3.05,7)

D-15 (1.67,4.83,9) (1.67,5.71,9) (2.78,6.53,9) (0.33,3.05,7)

D-16 (2.78, 7.10,9) (1.67,5.25,9) (3.89,7.67,9) (0.56,3.69,7)

D-17 (0.56,3.69,7) (0.33,2.51,7) (0.56,3.69,7) (0.33,2.41,5.44)

D-18 (2.78,7.10,9) (1.67,4.80,9) (2.78,7.10,9) (0.56,3.69,7)

D-19 (1.67,4.83,9) (1,3.88,9) (1.67,4.83,9) (0.11,1.77,5.44)

D-20 (1.67,4.83,9) (0.33,3.43,7) (1.67, 4.83,9) (0.33,2.73,7)

FPIS (B+) (9, 9, 9) (9, 9, 9) (9, 9, 9) (7, 7, 7)

FNIS (B-) (0.56,0.56,0.56) (0.33, 0.33, 0.33) (0.56,0.56,0.56) (0.11, 0.11, 0.11)

Table 10 Distance for GSCM
drivers from FPIS and distance
for GSCM drivers from FNIS

S. No. Drivers Distance for GSCM drivers from FPIS Distance for GSCM drivers from FNIS

Cj C1
+ C2

+ C3
+ C4

+ C1
− C2

− C3
− C4

−

D-1 d(D1, D+) 3.05 4.75 3.05 3.91 6.66 5.80 6.66 4.68

D-2 d(D2, D+) 3.76 4.75 3.05 4.10 6.30 5.80 6.66 4.58

D-3 d(D3, D+) 3.05 4.75 3.05 4.10 6.66 5.80 6.66 4.58

D-4 d(D4, D+) 3.86 6.36 3.86 4.10 6.11 4.05 6.11 4.58

D-5 d(D5, D+) 4.87 5.48 5.87 4.97 5.50 5.42 4.14 3.28

D-6 d(D6, D+) 3.86 5.48 4.72 4.27 6.11 5.42 5.66 4.41

D-7 d(D7, D+) 3.76 4.75 3.76 4.10 6.30 5.80 6.30 4.58

D-8 d(D8, D+) 3.86 5.35 4.00 4.10 6.11 5.53 5.93 4.58

D-9 d(D9, D+) 4.87 4.75 4.72 4.57 5.50 5.80 5.66 4.26

D-10 d(D10, D+) 5.17 5.48 4.87 4.57 4.34 5.42 5.50 4.26

D-11 d(D11, D+) 5.17 5.75 6.05 4.97 4.34 4.26 4.01 3.28

D-12 d(D12, D+) 3.86 5.35 3.76 4.18 6.11 5.53 6.30 4.49

D-13 d(D13, D+) 4.72 5.35 5.17 4.47 5.66 5.53 4.34 4.33

D-14 d(D14, D+) 5.17 4.64 4.72 4.47 4.34 5.94 5.66 4.33

D-15 d(D15, D+) 4.87 4.64 3.86 4.47 5.50 5.94 6.11 4.33

D-16 d(D16, D+) 3.76 4.75 3.05 4.18 6.30 5.80 6.66 4.49

D-17 d(D17, D+) 5.87 6.36 5.87 4.76 4.14 4.05 4.14 3.35

D-18 d(D18, D+) 3.76 4.88 3.76 4.18 6.30 5.68 6.30 4.49

D-19 d(D19, D+) 4.87 5.48 4.87 5.08 5.50 5.42 5.50 3.22

D-20 d(D20, D+) 4.87 5.95 4.87 4.57 5.50 5.31 5.50 4.26
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descending arrangement. The CCi represents the distances to

FPIS, d*i , and the FNIS distances to FPIS, d−i . The closeness
coefficient (CCi) represents the geometric distance of alterna-
tive from FPIS d∗ (for benefit) and for FNIS d−(for cost
criteria). The aggregate closeness coefficient value and the

individual perspective closeness coefficients of each driver
are given in Table 12. The values of CCi is calculated as
follows for each alternative and given in Table 11:

CCi ¼ d−i
d−i þ d*i
� � where i ¼ 1; 2; 3;…;m ð16Þ

Step 10: Ranking of the alternatives/drivers

The driver that has the highest value of CCi is ranked at the
top, while the driver with the least value is ranked at the bottom
of the table. The alternative on the top has the shortest geomet-
ric distance from the FPIS and longest geometric distance from
FNIS. The ranking of the drivers is shown in Table 13.

Figure 2 shows the closeness coefficient (CCi) of individ-
ual alternative/driver on public, environment, industry, and
government perspectives.

Sensitivity Analysis

According to Awasthi et al. (2011), sensitivity analysis is car-
ried out to check the effect of the preferences specified by the
decision-makers on different perspectives on prioritizing the
drivers of GSCM. In this analysis, total, nine experiments are
performed that are shown in Table 14. Primarily, five experi-
ments carried with the weight of each criteria are placed as
(1,1,3) (1,3,5) (3,5,7) (5,7,9), and (7,9,9), respectively. In ex-
periment numbers 1 to 9, one criteria are set to maximum
(7,9,9) every time and other criteria were set by a minimum
value (1,1,3). The results are given in Table 14.

Table 11 Closeness coefficient for alternatives (aggregate)

Drivers d*i d−i CCi

D-1 14.76 23.80 0.617

D-2 15.66 23.34 0.598

D-3 14.95 23.70 0.613

D-4 18.19 20.84 0.534

D-5 21.19 18.34 0.464

D-6 18.34 21.59 0.541

D-7 16.37 22.98 0.584

D-8 17.31 22.14 0.561

D-9 18.92 21.22 0.529

D-10 20.10 19.52 0.493

D-11 21.94 15.89 0.420

D-12 17.15 22.42 0.567

D-13 19.71 19.85 0.502

D-14 19.00 20.26 0.516

D-15 17.85 21.87 0.551

D-16 15.74 23.25 0.596

D-17 22.86 15.68 0.407

D-18 16.58 22.77 0.579

D-19 20.30 19.65 0.492

D-20 20.26 20.57 0.504

Table 12 Closeness coefficient
for alternatives (individual
perspective)

Drivers CCi (Government
perspective)

CCi (Industry
perspective)

CCi (Environment
perspective)

CCi (Public
perspective)

D-1 0.686 0.550 0.686 0.545
D-2 0.626 0.550 0.686 0.527
D-3 0.686 0.550 0.686 0.527
D-4 0.612 0.389 0.612 0.527
D-5 0.530 0.497 0.413 0.398
D-6 0.612 0.497 0.545 0.508
D-7 0.626 0.550 0.626 0.527
D-8 0.612 0.508 0.597 0.527
D-9 0.530 0.550 0.545 0.482
D-10 0.456 0.497 0.530 0.482
D-11 0.456 0.426 0.398 0.398
D-12 0.612 0.508 0.626 0.518
D-13 0.545 0.508 0.456 0.492
D-14 0.456 0.561 0.545 0.492
D-15 0.530 0.561 0.612 0.492
D-16 0.612 0.550 0.686 0.518
D-17 0.413 0.389 0.413 0.413
D-18 0.626 0.538 0.626 0.518
D-19 0.530 0.497 0.530 0.388
D-20 0.530 0.400 0.545 0.482
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As shown in Table 14, one can see that the ranking of
drivers of GSCM changed slightly with respect to the criteria
weight. In the first five experiments, no change in ranking
occurs. But in sixth, seventh, and eighth experiments, there
is a slight change in the ranking due to criteria weight.

Result

The identification of drivers of GSCM and their prioritizing
are based on four perspectives: government, industry, environ-
ment, and public perspectives using fuzzy TOPSIS. The

analysis furnished very motivating and constructive results.
The results obtained from the proposed fuzzy TOPSIS meth-
odology for prioritizing the drivers of GSCM is shown in
Table 13. The prioritizing of drivers of GSCM is based on
the values of closeness coefficient (CCi). The driver with a
maximum value of CCi is considered as the most effective
driver and is ranked at the top position while the driver with
the minimum value of CCi is considered the least effective
driver and is ranked at the bottom position.

The results reveal that central government rules and legis-
lation is ranked at top and this is the most effective driver for
the implementation of GSCM practices. The regional/state

Table 13 Aggregate values of
closeness coefficient (CCi) for
alternatives

Drivers Name of the drivers CCi Rank

D-1 Central government rules and legislation 0.617 1

D-3 Regional/state government legislation 0.613 2

D-2 Environmental concerns and legislature 0.598 3

D-16 ISO 14001 certification 0.596 4

D-7 Environmental mission of the organization 0.584 5

D-18 Product potential conflicts in law 0.579 6

D-12 Potential liability for disposal of hazardous materials 0.567 7

D-8 Social & environmental responsibility 0.561 8

D-15 Cost for disposal of hazardous materials 0.551 9

D-6 Employee’s motivation, health, and safety 0.541 10

D-4 Pressure from society or public pressure 0.534 11

D-9 Competitive advantage 0.529 12

D-14 Competitors’ green strategies 0.516 13

D-20 Suppliers advances in developing environmentally friendly goods and packaging 0.504 14

D-13 Sales to foreign customers 0.502 15

D-10 Green image and global marketing 0.493 16

D-19 Environmental partnership with suppliers 0.492 17

D-5 Supplier’s pressure and willingness 0.464 18

D-11 Demand for environmentally friendly products 0.420 19

D-17 Scarcity of resources, higher waste generation, and waste disposal problem 0.407 20
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Fig. 2 Shows closeness
coefficient (CCi) of alternatives/
drivers (public, environment, in-
dustry, and government
perspectives)
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government legislation and environmental concerns and leg-
islature are ranked at the second and third positions, respec-
tively. The same is evident from the measures taken by central
and state government to reduce the pollution from the northern
part of India. The strict rules and regulations made by the
central as well as state/regional government force the indus-
tries to implement these rules and regulations stringently to
reduce the environmental hazards in their supply chain man-
agement. ISO 14001 certifications is at the fourth position.
ISO 14001 certifications helps the organizations to reduce
environmental impact by giving more importance to wastes,
resources, and energymanagement. The ISO 14001 also helps
to minimize the negative effect on the environment by indus-
trial operations. This will also fulfill supplementary
environment-oriented necessities through applicable laws
and regulations.

BEnvironmental mission of the organization^ and BProduct
potential conflict in law^ are ranked at the fifth and sixth posi-
tions, respectively. After legislation, environment mission of the
organization plays a significant role in the implementation of
GSCM practices. BProduct potential conflict in law^ is ranked
at the seventh position. The European Union has imposed
RoHS (restrictions on the use of hazardous substances) direc-
tives in 2006. The EU banned electrical and electronic equip-
ment containing lead, mercury, cadmium, hexavalent chromi-
um, polybrominated biphenyls (PBB), and polybrominated
diphenylethers (PBDE).

The five least important drivers are BGreen image, & global
marketing,^ BEnvironmental partnership with suppliers,^ and
BSupplier’s pressure & willingness^ at the 16th, 17th, and 18
positions, respectively. The drivers named BDemand for envi-
ronmentally friendly products^ and scarcity of resources,
higher waste generation, and waste disposal problem are at
the bottom of the ranking. It can be observed from these re-
sults that demand of environment friendly goods is very low

by the consumers in India. The consumers do not want to pay
a higher cost for environmental friendly goods. Their main
focus is on economical goods.

Prioritization of drivers helps the policymaker to identify the
factors in the order of their importance which motivate the
Indian manufacturing industries for implementing GSCM prac-
tices. Prioritization helps the government and policymakers in
making policies considering the most important factors first and
then others in order of their prioritization.

Conclusion

The conclusions of the study help to prioritize and ascertain
the significant driver of GSCM for the implementation of
GSCM practices in Indian manufacturing industries which is
achieved by means of four major perspectives: government,
industry, environment, and public perspectives. This study can
be enormously valuable to the Indian manufacturing indus-
tries that need to exert more pressure for GSCM implementa-
tion. Prioritization of drivers helps the industries to decide
which factors need to be given more importance in order to
get the best possible results in respect of implementation of
GSCM practices. Moreover, government can also use this
ranking for making new laws and legislations which can fur-
ther pressurize industries for the implementation of GSCM
practices. In this study, only 20 drivers for GSCM implemen-
tation are studied under four perspectives based on the exten-
sive investigation and discussion with experts from relevant
fields. Further studies can be conducted by taking more
drivers under consideration.

The drivers of GSCM are prioritized through fuzzy
TOPSIS methodology. Fuzzy TOPSIS does not allow the
sub-criteria into a hierarchy structure. The other techniques
like PROMETHEE and VIKOR can be employed for

Table 14 Sensitivity analysis of criteria weight

E.
No

Description Prioritization

1 WC1, WC2, WC3, WC4 (1,1,3) D1>D3>D2>D16>D7>D18>D12>D8>D15>D6>D4>D9>D14>D13>D20>D10>D19>D5>D11>D17

2 WC1, WC2, WC3, WC4 (1,3,5) D1>D3>D2>D16>D7>D18>D12>D8>D15>D6>D4>D9>D14>D13>D20>D10>D19>D5>D11>D17

3 WC1, WC2, WC3, WC4 (3,5,7) D1>D3>D2>D16>D7>D18>D12>D8>D15>D6>D4>D9>D14>D13>D20>D10>D19>D5>D11>D17

4 WC1, WC2, WC3, WC4 (5,7,9) D1>D3>D2>D16>D7>D18>D12>D8>D15>D6>D4>D9>D14>D13>D20>D10>D19>D5>D11>D17

5 WC1, WC2, WC3, WC4 (7,9,9) D1>D3>D2>D16>D7>D18>D12>D8>D15>D6>D4>D9>D14>D13>D20>D10>D19>D5>D11>D17

6 WC1 = (7,9,9), WC2, WC3,

WC4 = (1,1,3)
D1>D3>D2>D16>D7>D18>D12>D8>D6>D4>D15>D9>D14>D13>D20>D19>D10>D5>D11>D17

7 WC2 = (7,9,9), WC1, WC3,

WC4 = (1,1,3)
D1>D3>D2>D16>D7>D18>D12>D15>D8>D6>D9>D14>D4>D13>D10>D20>D19>D5>D11>D17

8 WC3 = (7,9,9), WC1, WC2,

WC4 = (1,1,3)
D1>D3>D2>D16>D7>D18>D12>D8>D15>D4>D6>D9>D14>D20>D13>D10>D19>D5>D11>D17

9 WC4 = (7,9,9), WC1, WC2,

WC3 = (1,1,3)
D1>D3>D2>D16>D7>D18>D12>D8>D6>D15>D4>D9>D14>D13>D20>D10>D19>D5>D11>D17
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imminent research. The results obtained by these techniques
can be compared with the results of this research.
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