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Abstract - Contemporary Supply Chain Management aims to maintain long-term partnership with the
suppliers who are not only reliable, quality conscious, promptness of delivery, price competitive but also
environmental conscious. The increasingly deterioration of environment in the fast phase forces many
organizations particularly in the industrial sectors to develop and implement the Green Supply Chain
Management (GSCM) in their business activity gains its momentum. In this research work an attempt
has been made to integrate the Decision-Making Trial and Evaluation Laboratory (DEMATEL) and
Analytic Hierarchy Process (AHP) for developing a unique Multi Criteria Decision Making (MCDM)
model green supplier selection problem applicable to Government Public Procurement under typical
Indian environment. Twenty six GSCM criteria under eight dimensions were identified from literature
review and interview with six Decision Makers(DM), Sr.Managers from the Purchase Department,
Materials Management Department, Production Department, Quality Control Department, Finance
Department and Environmental Departments of the case study company, the Metropolitan Transport
Corporation(MTC), a part of State owned Public Transport Corporation. By considering the
interrelationships among the criteria, DEMATEL was applied to deal with the importance and causal
relationships among the evaluation criteria of supplier selection. AHP has been applied to help the
Decision Makers (DM) to make pair-wise comparison of suppliers who satisfy the GSCM criterion
prioritized by the DEMATEL process. Obtained results show that the criteria of Green Supply Chain
Management systems of Management Dimensions and Price Dimensions are the top two significant
influences in selecting suppliers with Green Competencies. By identifying the structures and
interrelationships, it can offer an insight for DM s to understand the cause-effort relationships and allow
selecting suitable supplierswho have competencein GSCM and improve the environmental performance.

Keyword - Decision Making Trial and Evaluation Laboratory, Analytic Hierarchy Process, Multi
Criteria Decision Making, Green Supply Chain Management.

I. INTRODUCTION

Green Supply Chain Management (GSCM) makes the organization to systematically evaluate the potential
and appropriate business partners to maintain competitive advantage and increasingly aware of the propensity
for environmental pollution incidents within their supply network to cost them in penalties, cleanup and
consumer backlash [1]. Though a number of researchers have addressed the Green Supplier Selection Problems
(GSSP) in Business to Business (B2B) and Business to Consumer (B2C) environments [2], but rarely explored
it in public procurement for Government and Public Sector Undertakings [3]. The Indian PSUs are yet to
recognize the GSSP as one of the critical factors in their business process that play key role on climate change.
More recently, few Indian PSUs have attempted to develop a way to address the GSCM in electronics
components production. This motivated the other PSUs[4] for developing comprehensive GSSP model to
determine appropriate suppliers for their long-term collaborative business partnership. Most of the early
literature are limited to exploring the broad environmental criteria for B2B and B2C and very little has been
done in Government sector. Analytic Hierarchy Process (AHP) has been effectively used to evaluate the
supplier’s environmental performance, environmental costs, management competencies, green design, and
environmental competencies in a GSSP for public procurement. It is also inevitable to include the economic,
environmental, and social criteria into the GSSP model for public procurement [5]. The Decision Making Trial
and Evaluation Laboratory (DEMATEL) approach has been considered as one of the best tools to deal with
Cause and Effect Relationships (CER) among the evaluation criteria due to its ability to derive a direct graph
showing the interrelationships among factors [6]. The main objective of this study is to develop an integrated
model MCDM approach to select a green supplier in accordance with GSCM for Government Public
Procurement in Indian scenario.
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II. MATERIALS AND METHODS
A. Selection of DEMATEL Methodology

Supplier Selection Problems in GSCM needs the Multi Criteria Decision Making (MCDM) approach and the
related literature has proposed several supplier selection methodologies which require additional data for
analysis the CER between criteria[7]. One of the such MCDM approach is Decision Making Trial and
Evaluation Laboratory (DEMATEL) method, which uses matrices and diagrams for visualizing the structure of
complicated causal relationships. Originally the DEMATEL was developed by the Science and Human Affairs
Program of the Battelle Memorial Institute of Geneva between 1972 and 1976 and was used to solve the
complicated and intertwined problem group [8,9,10,11]. DEMATEL technique does not need large amounts of
data and is capable of revealing the relationship among these factors influencing other factors in the supplier
selection [12]. DEMATEL modeling will better fits the problem examined in this study, and offers the advantage
of providing a systematic approach to supplier selection in GSCM for Public Procurement[13].

B. Selection of AHP Methodology

The another popular MCDM tool, AHP has also been applied in conjunction with DEMATEL in the current
research work. The AHP which was originally proposed by Saaty helps to reduce any multidimensional problem
into one dimensional top down approach[14]. The application of AHP in current research work helps the
decision makers to make pair-wise comparison between decision alternatives. The AHP can be applied to
decompose any complicated problem into a one dimensional hierarchical structure of Goal, Criteria and
Alternatives [15]. The pair-wise comparison has been carried out to assess the relative importance of variables
to make the best decision among the alternatives [16]. Due to its flexibility in selecting the number of
alternatives, AHP has been extensively used for SSP[17].

C. Application of DEMATEL method.

The DEMATEL method has been applied to the current research in eight steps as per the flow chart shown in
Fig. 1, starting from formulating Direct Answer Matrix, Original Average Matrix, Normalizing the Direct
Influence Matrix, Deriving the Total Relation Matrix and deciding threshold value to get the CER diagram [18].

Step -1
Gather DMs opinion and formulate the
Direct Answer Matrix ‘A’

v
Step -2
Compute the
Original Average Matrix ‘B’

Step -3
Compute the normalized
Initial Direct Influence Matrix ‘D’

v
Step -4
Derive the
Total Relation Matrix ‘T’

v
Step -5
Compute the
Positions and Relations
v
Step -6
Compute the
Threshold Value (&)

Step -7
Construct the
Cause and Effect Relationship(C&ER) Diagram

Is the C & ER
Diagram represents the required
data?

Re-fix the Threshold
value (@)

+ Yes

Apply the factors
as per the priority indicated by the
Cause and Effect Relationship Diagrams

Fig. 1. DEMATEL Application Methodology
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Step 1: Construct the Direct Answer Matrix;

The Direct Answer Matrix for each dimensions are to be constructed by the scores awarded by ‘m’ Decision
Makers (DM) with ‘n’ factors. Each DM is asked to view the degree of direct influence between two factors

based on pair-wise comparison. The degree to which the DM perceived factor ‘i’ affects on factor "j" is denoted
by akij. The integer score of ‘0’ to ‘4’ is assigned for each pairs as per the values given in Table I.
TABLE I
Degree of Influence and Numerical Score for Pair Wise Comparisons
SI.No. Degreeof influence Score
1 No influence 0
2 Low influence 1
3 Medium influence 2
4 High influence 3
5 Very high influence 4
For each DM, ‘n x n’ nonnegative Direct Answer Matrix is constructed as: Ak= [akij],
(1)

with all diagonal elements are set to ‘0’, where k is the number of the DM participating the evaluation process
with 1<k<m, and hence ~ A', A%, A®,...A™ are the Direct Answer Matrix from ‘m’ DMs.
Step 2: Compute the Original Average Matrix;
The ‘n x n’ Original Average Matrix, B=[b;], for all DMs opinions can be computed by averaging the scores
of the ‘m’ DMs as shown below:
m
_1 K
O m = @
i=1
Step 3. Compute the normalized Initial Direct Relation Matrix;

The normalized Initial Direct Relation Matrix D is obtained by normalizing the Original Average Matrix B in
the following method:

n n
_ max max
S— max lflfnzbu’lf_]fl’l Zbij (3)
=1 i=1
Thus D = B 4)
S

The positive scalar ‘s’ is equal to the bigger of two extreme sums. The matrix ‘D’ is obtained by dividing each
element of ‘B’ by the scalar and hence that each element ‘d;;” of matrix is ‘D’ is between 0 and 1.

Step 4: Derive the Total Relation Matrix;

Indirect effects between factors are measured by powers of ‘D’. A continuous decrease of the indirect effects
of factors along the power of matrix ‘D’, namely, D!, D?, D,...D", guarantees convergent solutions to the
matrix inversion similar to an absorbing Markov Chain Theory.

Note that lim D"=[0], and
m-—o0

lim (1+D+D*D*+......... D™ =[1-D]",
m—oo
where ‘0’ is the ‘n x n’ null matrix and ‘I’ is the ‘n x n’ identity matrix. The total relation matrix ‘T’ is an ‘n x

n’ matrix and defined as follows.
o0

T=[t;] Y D'=D{-D)' ij=1,23,...n
i=1

aslim D= [0],xn

k—o0

where D=[d;j]nxn, 0=5d;=<1 and 0=(3i d;j <1<(3’i d;j)<1 and at least one column sum <(3 i d;j or one row sum
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<> jdjequalsto I.

Step 5: Compute the Positions and Relations,

The sum of rows and the sum of columns of the total relation matrix ‘T’ are denoted as vector ‘r’ and vector
‘c’. The calculation of ‘r’ and ‘c’ is given below.

o0
r :[ri]nx 1= Z tii (6)
=1 | nx1
(o )t
C :[ri] Ixn Z tii (7)
i=1 Ixn
- ~

Where superscript ‘t” denotes transpositions.

e Let ‘r; be the sum of the i row in matrix ‘T’. The value ‘r; shows the total effects, both direct and
indirect exerted by the i factor on other factors.

e Let ‘c;’ be the sum of the j column matrix ‘T’. The value ‘c;’ shows the total effects, both direct and
indirect received by the " factor from other factors.

e The sum (ri+c;) gives an index called the ‘Position’ representing the total effects both given and received
by the i factor, ie, (ritc;) shows the degree of importance that the i"™ factor plays in the system (total sum
of effects given and received).

e The difference (1i-c;) gives an index called the ‘Relation’” shows the net effect, the i" factor contributes to
the system.

e If (ri-c;) is positive, then i factor is a ‘net causer’ and,

e If (1j-c;) is negative, then i™ factor is a ‘net receiver’.

Step 6. Compute Threshold value(a,);

The threshold value (¢) can be computed by the average of the elements in total relation matrix ‘“T’. Setting of
threshold value will help to eliminate some of the minor effects elements of the total relation matrix ‘“T’[18].

n n
6= Yo 2im [til (3
N

Step 7. Construct Cause and Effect Relationship diagram,

The Cause and Effect Relationship diagram is constructed by mapping all coordinate sets of (ri+c;, 1i-cj) to
visualize the complex interrelationship and provide information to judge which are the significant factors and
their influence affect other factors [19]. Only the factors that ‘t;’ is greater than the threshold value ‘4’ are
selected and shown in cause and effect relationship diagram.

D. Application of AHP method.

The Principle of Decomposition, Principle of Comparative Judgment and Principle of Synthesis of Priorities
are the three basic principles of AHP application. In this current research work AHP has been applied in nine
steps as follows:-

Step 1: Set-up Hierarchy: The basic linear hierarchical structure shown in Fig. 2 is a top down approach
consisting of Goal (1% Level), Criteria (2™ Level) and Alternatives (3" Level).
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- Selection of
1™ Level Goal Suitable Green
Supplier
- Prioritizing of
2% Level Criteria Green Criteria
AV Alternative
3" Level | | Alternatives | Green Suppliers

Fig. 2. Model Linear Hierarchy of “AHP”

The ‘Goal’ is to select a suitable Green Supplier for the case industry by pair-wise comparison with
Factor/Criteria which are prioritized in the first stage by DEMATEL has been shown in Fig. 3.

Green Supplier

_—

D, D, D; D,

Supplier Supplier Supplier Supplier
A ‘B’ c ‘D’

Fig. 3. The Proposed Hierarchy Structure of “AHP”

Step 2: Compare Criteria: The pair-wise comparison elements of one level with another level in their strength
of influence are made by collecting the data through survey conducted in MTC. The pair wise comparisons
are rated by nine point Saaty’s scales [14] as given in Table II.

TABLE I
Saaty‘s Scale for Pair Wise Comparisons
Comparison Judgments Numerical value

Equally preferred 1
Moderately preferred 3
Strongly preferred 5

Very strongly preferred 7
Extremely preferred 9
Intermediate values 2,468
Reciprocals for inverse comparisons

Let Cy,.., C, are elements of some level in a hierarchy and wy,..., w,, are weights of influence on some
elements in the next level to be found. The elements of the matrix are selected representing judgment of pair-
wise comparisons. If “a; ” is the element of row “i" and column “j” of the matrix, then “1/a;” is the element of
row “4” and column “i” of the matrix. ie “a;=1/a;”. If the element “a;; ” indicate the strength of “C,” when
compared with “C;”. This matrix is denoted by matrix “A”. When “a;=1/a;;”, matrix “A” becomes reciprocal. If
judgment is perfect in all comparisons, then “a; = ajj« a;”., for all i,j,k and the matrix “A” becomes consistent.
The matrix “A” has been shown as Fig. 4.
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Fig. 4. Comparison Reciprocal Matrix

Step 3: Priority Vector for Criteria: The pair-wise comparison reciprocal matrix is obtained by:-
i.  Sum the values in each column of the pair-wise comparison reciprocal matrix.

ii. Divide each value by the corresponding column sum to get the “Normalized Matrix”.
iii. Average the values in each row of the normalized matrix and compute the “Priority Vector”.
Step 4: CompareAlternatives: Repeat the step “i" to “iii” for each alternatives.
Step 5: Priority Vector for Alternatives: Compute the overall score for each decision alternatives.
Step 6: Overall Priority Vector: Rank the decision alternatives, according to the magnitude.
Step 7: Consistency Index: CI=( Ayax —n)/(n-1), where, Ay is the Principal Eigen value and “n” is the order of
the matrix.
Step 8: Consistency Ratio: CR = CI/RI, where RI is the Random Index as given in Table III.

TABLE III

Values for Random Index

n 1 2 3 4 5 6 7 8 9 10

RI [ 0.00 | 0.00 | 0.58 | 090 | 1.12 | 1.24| 1.32 | 1.41 | 1.45 | 1.49

Step 9: Check for Consistency: If 0< CR < 0.1, then the judgment is perfectly consistent and the
criteria/alternative can be accepted and if CR>0.1, the judgment is inconsistent and untrustworthy. Hence
it needs to revise the subjective judgment.

III. AN ILLUSTRATIVE CASE STUDY

A case study has been conducted in bus body building facility of Metropolitan Transport Corporation (MTC),
a wing of state owned Public Sector Transport Corporation, which provides urban mass transport service to the
state capital city located in South India. The MTC has a six members (Decision Makers-DMs) Committee
comprising of Sr.Managers from Purchase Department, Materials Management Department, Production
Department, Quality Control Department, Finance Department and Environmental Departments [20]. Through a
thorough and detailed study and analysis of the pertinent literature and in-depth interviews with the DMs, 26
criteria under 8 dimensions listed in Table IV, were recognized as the bases for GSCM for this research study
[21]. The DMs were requested to fill out expert questionnaire using a five point scale as listed in the Table I,
indicating the influence of each dimensions and criteria on other dimensions and criteria. In this section
computation was divided into two parts for calculating on dimensions and criteria respectively [22, 23].
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TABLE IV
GSCM Dimensions and Criteria

GSCM Dimensions Criteria Code
Price Dimensions Dy
_ - _ ) Price Competitiveness D.\C,
S:(}ijpll)l:;zse ability to supply the products and services at optimum cost Price Fluctuation D,C,
IPayment Terms D\C;
Quality Dimensions D,
Compliance to Quality D,C,
Corrective and Preventive Action D,C,
Suppliers capability to meet the buyers quality specifications. — -
Reliability of Quality D,C;
TQM Programme D,C,
Delivery Dimensions D3
Compliance to Delivery DsC,
Suppliers capability towards in-time delivery of products and services. [Delivery Reliability D;C,
Geographical Location D;Cs
Environmental Dimensions D,
Environmental Compliance D,C,
Green Products and Design D,C,
Suppliers commitment to meet the environmental issues Extended Producer Responsibility D.Cs
Corporat_e Epvironmental D.C,
Responsibility
Public Procurement Policy Dimensions Ds
KVIC Products DsC,
Compliance to governmental laid down purchase procedures and to IMSME/SSI Products DsC,
follow guidelines. IPSU/Government Sector Products DsC;
Corporate Social Responsibility DsCy4
Technical Dimensions Ds
IProcess Control Capability DsC,
Technical capacity established at suppliers organization IProduction Control Capability DsC,
ISO-QMS Compliance DsC;
Financial Dimensions D,
. o . . Financial Capability D,C,
IFinancial implications related with the supplier - - -
[Financial Regulatory Compliance D.C,
Managerial Dimensions Dg
Organization Capability DsCy
Supplier's management control and caliber Customer Focus DsC,
Purchase Order Reactiveness DsCs

A. Applying DEMATEL on eight Dimensions

Direct Answer Matrix are generated by pair-wise comparisons of 8 dimensions by using the relation Ak=
[akij] applying DEMATEL method. Original Average Matrix ‘B’ has been computed by using the equation (2).
Normalized Initial Direct Influence Matrix ‘D’ has been computed by using the equations (3) and (4). Total
Relation Matrix ‘T’ has been computed by using the equations (5) and presented as Table V.

TABLE V. Total Relation Matrix

Db D, D; Da Ds Ds D, Ds
D, 18] 172 | 156 | 1.63 | 164 | 172 ] 173 171
D, 142 134 | 151 | 168 | 159 | 1.61 | 1.64 1.67
D; 089 131 117 145 132 124 132 129
D, 123 146 137 | 151 | 159 | 1.49 138
Ds 124 135 134 137 129 | 154 | 144 134
De 089 115 121 114 115 114 127 129
D, 114 112 119 109 113 107 112 176
De 097 098 111 105 121 105 103 126
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The threshold value (&) has been computed from the average of elements of Total Relation Matrix ‘T’ by
using the equation (8) ie. (94.72/64=1.48). The values of ‘t;’ in Table IV, which are greater than & (1.48), are
shown in box. Positions (ri+c;) and Relations (ri-cj) among dimensions are computed by using the equation (6)
and (7). The direct and indirect effects of the criteria under 8 dimensions were summarized in Table VI.

TABLE VI. Positions and Relations among Dimensions

Dimensions Code ri G ri+ G ri- G
Price Dimensions D, 11.51 10.78 22.29 0.73
Quality Dimensions D, 12.46 10.56 23.02 1.90
Delivery Dimensions D; 12.89 8.96 21.85 3.93
Environmental Dimensions Dy 11.03 10.84 21.87 0.19
PP Policy Dimensions Ds 8.96 12.00 20.96 -3.04
Technical Dimensions Ds 9.62 11.04 20.66 -1.42
Financial Dimensions D, 9.99 10.55 20.54 -0.56
Managerial Dimensions Dy 9.24 10.96 20.20 -1.72

The Cause and Effect Relationship among the eight dimensions are constructed and shown as Fig.5.

5
4 *
3
2

‘> r+c

0 Ve n 22 23 24

Fig. 5. The Cause and Effect Relationship Diagram

1). Positions and Relations: The ‘Position’ (r+c) values of the dimensional factors are presented in Table VI,
shows that Quality Dimensions (D) is the most important factor with largest (r+c) value of 23.02, whereas the
Managerial Dimensions (Ds) is the least important factor with the smallest (r+c) value of 20.20. Considering the
significance of Dimensions for GSCM as presented in Table VI, the importance of dimensions are identified as
D,>D>Ds>D3s>Ds>D¢> D,>Dg. Based on (r-c) values, the eight dimensions are classified into:- (1) Cause
Group Dimensions and (2) Effect Group Dimensions[24].

2). Cause Group-Dimensions: As per DEMATEL method, if the ‘Relation’ (r-c) value is positive, such
factors are classified as ‘Net Causer’ or ‘Cause Group’ and directly affect other factors. Also the degree of
impact is proportionate to their numerical value. The highest (r-c) valued dimension has the greatest direct
impact on other dimensions [25]. The outcome of the DEMATEL indicate that Price Dimensions (D), Quality
Dimensions (D,), Delivery Dimensions (D3), and Environmental Dimensions (D) are fall into the Cause Group,
since their (r-c) values are positive and their numeric values are 0.73, 1.90, 3.93, and 0.19 respectively. This has
been graphically depicted in Fig. 5.

3). Effect Group- Dimensions: On the other hand, if the ‘Relation’ (r-c) value is negative, such factors are
classified as ‘Net Receiver’ or ‘Effect Group’ and largely influenced by other factors. The present research
shows that Public Procurement Policy Dimensions (Ds), Managerial Dimensions (Dg), Technical Dimensions
(Dg) and Financial Dimensions (D) are falls into the Effect Group, since their (r-c) values are negative and their
numeric values are -3.04, -1.72, -1.42 and -0.56 respectively.
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B. Applying AHP on Cause Group Dimensions

The DMs are presented with the list of Cause Group Dimensions and their significance to the GSSP from
DEMATEL application. The list of four suppliers namely “Supplier ‘A’, Supplier ‘B’, Supplier ‘C* and Supplier
‘D’ identified from the case company’s panel of suppliers also been provided to the DMs. The DMs are
requested to apply the AHP among the four suppliers for each of the cause group dimensions and rate them by
nine point Saaty’s scales [14] as given in Table II.

1) Ranking of Dimensions: The global weight for the each of the Cause Group Dimensions with respect to
the goal ie selecting Suitable Green Supplier are computed and depicted in Table VIII.

TABLE VIII. Pair-Wise Comparison Matrix of Criteria With Respect to Goal “Suitable Green Supplier”

o Pair-wise comparison matrix Normalized matrix Priority Check for
Criteria. —- D, . D D D, D, D, Sum vector Consistency
D, 1 172 3 2 0.26 0.22 0.30 0.36 1.15 0.287 o= 4.054
D, 2 1 4 2 0.52 0.44 0.40 0.36 1.73 0.432 n= 4
D; 1/3 1/4 1 1/2 0.09 0.11 0.10 0.09 0.39 0.097 Cl=  0.018
D, 1/2 1/2 2 1 0.13 0.22 0.20 0.18 0.73 0.184 CR=  0.020
Sum 3.83 2.25 10.00 5.50 1.00 1.00 1.00 1.00 4.00 1.000

1) Ranking of suppliers: The pair-wise comparisons of the suppliers with respect to the four cause group
dimensions ie, Price Dimensions (D;), Quality Dimensions (D,), Delivery Dimensions (D;), and
Environmental Dimensions (D,) are computed and presented as Tables IX, X, XI and XII.

TABLE IX. Pair-Wise Comparison Matrix of Suppliers With Respect to Criteria“D,-Price Dimensions"

D,-Price Pair-wise comparison matrix Normalized matrix aum  Priority Check for

Dimensions S‘A  S'B s‘«C s'D S‘A S‘B’ sC S'D vector Consistency

Supplier ‘A’ 1 12 2 3 0.26 0.24 0.25 0.35 1.10 0.276 A= 4.189

Supplier ‘B’ 2 1 3 4 0.52 0.48 0.38 0.47 1.85 0.462 n= 4

Supplier ‘C’ 1/2 1/3 1 1/2 0.13 0.16 0.13 0.06 0.47 0.119 CI=  0.063

Supplier ‘D’ 1/3 1/4 2 1 0.09 0.12 0.25 0.12 0.57 0.144 CR=  0.070
Sum 383  2.08 8.00 8.50 1.00 1.00 1.00 1.00 4.00 1.000

TABLE X. Pair-Wise Comparison Matrix of Suppliers With Respect to Criteria “D,-Quality Dimensions"

D,-Quality Pair-wise comparison matrix Normalized matrix oum  Priority Check for

Dimensons s'A sB SC SD SA SB SC SD vector Consistency

Supplier ‘A’ 1 2 3 2 0.43 0.52 0.46 0.25 1.66 0.415 Amax= 4.186

Supplier ‘B’ 1/2 1 2 3 0.21 0.26 0.31 0.38 1.16 0.289 n= 4

Supplier ‘C’ 1/3 1/2 1 2 0.14 0.13 0.15 0.25 0.68 0.169 CI= 0.062

Supplier ‘D’ 1/2 1/3 1/2 1 0.21 0.09 0.08 0.13 0.50 0.126 CR= 0.069
Sum 2.33 3.83 6.50 8.00 1.00 1.00 1.00 1.00 4.00 1.000

TABLE XI. Pair-Wise Comparison Matrix of Suppliers With Respect to Criteria “D;-Delivery Dimensions"

Ds-Delivery Pair-wise comparison matrix Normalized matrix oum | Priority Check for

Dimensions S’A sB sSsC SD SA SB SC SD vector Consistency

Supplier ‘A’ 1 2 1/3 1/4 0.12 0.22 0.16 0.07 0.57 0.142 Amax=  4.223

Supplier ‘B’ 1/2 1 1/4 1/2 0.06 0.11 0.12 0.13 0.42 0.106 n= 4

Supplier ‘C’ 3 4 1 2 0.35 0.44 0.48 0.53 1.81 0.453 Cl= 0.074

Supplier ‘D’ 4 2 12 1 0.47 0.22 0.24 0.27 1.20 0.300 CR= 0.082
Sum 8.50 9.00 2.08 3.75 1.00 1.00 1.00 1.00 4.00 1.000

TABLE XII. Pair-Wise Comparison Matrix of Suppliers With Respect to Criteria “D4-Environmental Dimensions"

DsEnvironmental  Pair-wise comparison matrix Normalized matrix o Priority Check for

Dimensions S‘A S'B S'C  S'D S'‘A  S'‘B  S'C S'D’ vector Consistency

Supplier ‘A’ 1 2 12 1/3 0.15 0.29 0.10 0.15 0.69 0.173 A= 4.254

Supplier ‘B’ 12 1 172 12 0.08 0.14 0.10 0.23 0.55 0.138 n= 4

Supplier ‘C’ 2 2 1 1/3 0.31 0.29 0.20 0.15 0.95 0.237 Cl=  0.085

Supplier ‘D’ 3 2 3 1 0.46 0.29 0.60 0.46 1.81 0.452 CR=  0.094
Sum 6.50 7.00 5.00 2.17 1.00 1.00 1.00 1.00 4.00 1.000
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2) Overall ranking of suppliers: The priority vectors of the Criteria (Dimensions) and Alternatives
(Suppliers) are computed. The ranking of the four suppliers ie. “Supplier ‘A’, Supplier ‘B’, Supplier
‘C’ and Supplier ‘D’ in order of the magnitude of their overall score are listed in Table XIII.

TABLE XIII. Overall priority vector and Supplier Ranking

Alternatives D. D, Ds D, Criteria  Priority Final Ranking
Supplier ‘A’ 0.276 0.415 0.142 0.173 0.287 0.304 1
Supplier ‘B’ 0.462 0.289 0.106 0.138 0.432 0.293 1T
Supplier ‘C’ 0.119 0.169 0.453 0.237 0.097 0.195 v
Supplier ‘D’ 0.144 0.126 0.300 0.452 0.184 0.208 11

IV. RESULTS AND ANALYSIS

The Cause and Effect Relationship Diagram of DEMATEL for the dimensions and the Priority Vector of AHP
for the criteria are analyzed and presented in the following paragraphs.

1) Prioritizing of Dimensions by DEMATEL: The analysis of Cause and Effect Relationship Diagram
(Fig.-5) of DEMATEL show that the Quality Dimension (D,) is the highest priority dimension for the selection
of Green Suppliers to the case company with the position (r+c) value of “23.02” followed by Price Dimension
(D;) with the position value of “22.29”, Environmental Dimension (D4) with the position value of “21.87” and
Delivery Dimension (Ds) with the position value of “21.85” respectively [26].

2) Prioritizing of Dimensional Criteria by AHP: The analysis of priority vectors depicted in Table VII
resulting from the application of AHP  show that for the case study industry, the Quality Dimensional
criteria(D,) found to be the most important attribute with a score of 43.20%, followed by Price Dimensional
criteria (D) as the second priority with a score of 28.70%, and the Environmental Dimensional criteria (Dy)
falls to the third priority with a score of 18.40% and the Delivery Dimensional criteria (Ds) having a marginal
score of 9.70% as the least important criterion. The comparative analysis of the priority of dimensions by
DEMATEL and AHP has been depicted in Fig. 6.
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Fig. 6, Prioritizing of Dimensional Criteria by Integrated DEMATEL and AHP.

1) Prioritizing of Dimensional Criteria by integrating DEMATEL and AHP: The summary of
supplier’s overall score in order of preference show that the Supplier-‘A’, is best suitable green
supplier for MTC as it got the highest overall rank with a score of 30.40% followed by Supplier-‘B’,
with a score of 29.30%. The Supplier-‘D’ and Supplier-‘C” got 20.80% and 19.50% respectively.

V. CONCLUSIONS

This paper presents a hybrid model of MCDM approach by integrating DEMATEL and AHP for selecting
suitable Green Suppliers for the Case Company. The current research work is based on the set of factors and key
criterion that are selected from the existing resource bank and also from earlier research articles. The uniqueness
of the current study stems from the fact that the Environmental Factors are consider as the crucial leading
factors for the GSSP. There is an increasing interest on implementing efficient GSCM techniques in Government
departments as well in PSUs too. The authors applied 26 criteria under eight dimensions of Green Supplier
Selection strategies in this research work. The proposed framework brings several metrics to green supplier
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evaluation and selection. A model framework with 26 criteria has not been proposed in literature yet. The results
also show that 18 out of 26 criteria are falls into the ‘Cause Group’ and the remaining 8 criteria are of “Effect
Group”. This is one of the most critical information to the case industry ‘MTC’ to select highly influential
GSCM criteria for its business operations. Though the DEMATEL, AHP and the integrated DAHP methods are
yielding to the identical results, the integrated approach converged into more precisely distinguished the goals.
This helps the Decision Makers (DM) from pitfall of selecting wrong suppliers which follows very close to the
best one with marginal difference.

The advantage of the current method stems by its inbuilt flexibility by applying to dissimilar dimensions with
varied conditions. This feature is also unique with regard to previous studies. Any Government Departments or
PSUs under typical Indian environment who propose to incorporate environmental criteria into their supplier

selection and evaluation process can adopt the present model as a road map for their future business operations.
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