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Abstract – Green supply chain management has emerged as a proactive approach for 

improving environmental performance of processes and products in accordance with the 

requirements of environmental regulations.  A tentative list of critical factors of GSCM was 

developed in this study based on a thorough and detailed analysis of the pertinent literature. 

Various approaches for implementing green supply chain management practices has been 

proposed and recognized in previous literatures, yet no investigation has identified the 

reliability and validity of such approaches particularly in Indian industries. This study 

examines the consistency approaches by Principal component analysis that determines the 

adoption and implementation of green supply chain management in industry. The analytic 

network process methodology is applied to prioritize the relative importance of three 

dimensions and sixteen approaches among enterprise. The findings indicate that the 

enterprise would emphasize on supplier management and organization involvement as the 

crucial roles of implementing green supply chain management. Supplier evaluation and 

selection, asking for product testing report and top management support are among the 

most important approaches. The results for the implications of green supply chain 

management implementation in industry investigated in this work generate a generic 

network model for decision-makers who can prioritize those approaches for implementing 

green supply chain management. 

Index Terms – Analytical network process, Green chain, Green design, Green supply chain, 

Green operations, Life Cycle Analysis, Supply chain management. 

 

 

——————————      —————————— 
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1 INTRODUCTION 

 

The manufacturing firms are increasingly facing the environmental protection issues that force 

firm to the environment in their market competition. This requires with green technical 

capabilities in every industry.  

       

Scholars and practitioners explore the close relationship between supplier‟s product quality and 

environmental performance influenced the customers in global market.  

 

Environmental impacts occur at all stages of a product‟s life cycle. Hence, GSCM has emerged 

an important strategy for helping firms to achieve profit and market share by lowering their 

environmental risks and impacts while raising their efficiency. 

 

The economic growth increases the level of energy and material consumption, which contribute 

to the environmental issues and resource depletion problems. It has become increasingly 

significant for organizations facing competitive, regulatory, and community pressures to balance 

economic and environmental performance. Nowadays, most organizations are starting to go 

green in their business as concern to environmental sustainability. They have realized the greater 

benefit of the green technology adoption in business operation, which also affected suppliers and 

customers. Environmental issues under legislation and directives from customer especially in the 

US, the European Union (EU), and Japan become an important concern for manufacturers. As a 

result, Green Supply Chain Management (GSCM) emerges as a new systematic environmental 

approach in supply chain management and has been increasingly accepted and practices by 

forward-thinking organization. 

 

The current changing in environmental requirements that influenced manufacturing activities had 

increased attention in developing environmental management (EM) strategies for the supply 

chain. Thus, the concept of GSCM arises as a new systematic approach and becoming an 

important factor for business activities today. Zhu et al. also claimed GSCM can be regarded as 

an environmental innovation. By integrating the „green concept to the supply chain‟ concept, it 

has created a new research agenda where the supply chain will have a direct relation to 

environment. Thus, it becomes interesting issue because the past literatures showed these two 

paradigms were related each other. It is important to integrate environmental management 

practices into the whole supply chain management in order to achieve a greener supply chain and 

maintain competitive advantage and also increase business profit and market share objectives. 

 

1.1 GREEN SUPPLY-CHAIN MANAGEMENT DEFINED 

 

Green Supply Chain Management is defined as "the process of using environmentally friendly 

inputs and transforming these inputs into outputs that can be reclaimed and re-used at the end of 

their lifecycle thus, creating a sustainable supply chain”. Various definition of GSCM exists in 

the literature. Accordingly, Zhu and Sarkis defines GSCM as which ranged from green 

purchasing to integrated supply chains starting from supplier, to manufacturer, to customer and 

reverse logistics, which is “closing the loop”. According to Srivastava  GSCM can be defined as 

“integrating environmental thinking into supply chain management, including product design, 
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material sourcing and selection, manufacturing process, delivery of the final product to the 

consumers as well as end-of-life management of the product after its useful life”. 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Green supply-chain management Model 

 

1.2 METHODOLOGY –  PRINCIPALCOMPONENT ANALYSIS 

 Principal component analysis (PCA) is a standard tool in modern data analysis - in 

diverse fields from neuroscience to computer graphics - because it is a simple, non-parametric 

method for extracting relevant information from confusing data sets. With minimal effort PCA 

provides a roadmap for how to reduce a complex data set to a lower dimension to reveal the 

sometimes hidden, simplified structures that often underlie it. Principal component analysis is 

appropriate when one have obtained measures on a number of observed variables and wish to 

develop a smaller number of artificial variables (called principal components) that will account 

for most of the variance in the observed variables. The principal components may then be used 

as predictor or criterion variables in subsequent analyses. 

 

 Principal component analysis is a variable reduction procedure. It is useful when there is 

data on a number of variables (possibly a large number of variables), and there is some 

redundancy in those variables. In this case, redundancy means that some of the variables are 

correlated with one another, possibly because they are measuring the same construct. Because of 

this redundancy, one can believe that it should be possible to reduce the observed variables into a 

smaller number of principal components (artificial variables) that will account for most of the 

variance in the observed variables. 

 

Technically, a principal component can be defined as a linear combination of optimally-weighted 

observed variables. In order to understand the meaning of this definition, it is necessary to first 

describe how subject scores on a principal component are computed.  

 

2. STEPS IN PRINCIPAL COMPONENT ANALYSIS: 

1) Pre-treatment of data: Scaling 

2) Calculation of covariance matrix 

a) Calculation of Covariance matrix (S) of Data Matrix (X) 

b) Property of Covariance matrix (S) of Data Matrix (X) 

3) Calculation of Eigen values and eigenvectors of covariance matrix 
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a) Calculation of Eigen values of Covariance matrix (S) 

b) Calculation of the corresponding Eigenvectors of Covariance matrix (S) 

4) Calculation of scores 

a) Mathematical representations of transformation of axes 

b) Calculations of scores 

  SPSS 16.0 is employed to reduce the factors using Principal Component Analysis 

to obtain approaches of GSCM. Data collected from the Industry in form of questionnaire is 

given as input in SPSS 16.0 and results are obtained.  

 

2.1 APPLYING AN ANP MODEL 

It is useful to utilize MCDM method to solve this complex problem when we face the need to 

make decisions with multi-criteria. There are many MCDM methods have been developed such 

as the elimination and choice translating reality (ELECTRE), the technique for order preference 

by similarity to ideal solution (TOPSIS), the analytic hierarchy process (AHP), but these 

methods do not deal with the interdependence among elements. For dealing with the 

interdependence among elements, the ANP as a new MCDM method was proposed by Saaty 

(1996). As Saaty (2003) states, it allows one to include all the factors and criteria, tangible and 

intangible, that have bearing on making an optimum decision. Thus, the ANP is a multi-criteria 

approach for decision-making, and may transform qualitative judgments into quantitative values. 

 

 ANP is a more general form of AHP. Both AHP and ANP provide the overall weights of 

alternatives under the multiple criteria. AHP decomposes a decisional problem into several 

decision levels in such a way that they form a hierarchy. The network modeling capability adds 

ANP with new applications to Supply Chain Management such as the strategic decision analysis 

of a long-term partnership within Supply Chain. AHP, the origin of ANP, sometimes provides an 

irrational ranking and it is called rank reversal phenomenon. 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Structural Difference between a Hierarchy and a Network 

(a) A Hierarchy (b) a Network (Chung et. al., 2006) 

 

 

2.2 THE PROCESS OF ANP COMPRISES FOUR MAJOR STEPS: 

 

Step 1: Model construction and problem structuring: The problem should be stated clearly and 

decomposed into a rational system like a network. The structure can be obtained by the opinion 
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of decision makers through brainstorming or other appropriate methods. An example of the 

format of a network is as shown in Figure 1(b). 

 

Step 2: Pair wise comparisons matrices and priority vectors: In ANP, like AHP, decision 

elements at each component are compared pair wise with respect to their importance towards 

their control criterion, and the components themselves are also compared pair wise with respect 

to their contribution to the goal. Decision makers are asked to respond to a series of pair wise 

comparisons where two elements or two components at a time will be compared in terms of how 

they contribute to their particular upper level criterion (Meade and Sarkis, 1999).  

 

In addition, if there are interdependencies among elements of a component, pair wise 

comparisons also need to be created, and an eigenvector can be obtained for each element to 

show the influence of other elements on it. The relative importance values are determined with 

Saaty‟s 1-9 scale (Table 1), where a score of 1 represents equal importance between the two 

elements and a score of 9 indicates the extreme importance of one element (row component in 

the matrix) compared to the other one (column component in the matrix) (Meade and Sarkis, 

1999). 

 

A reciprocal value is assigned to the inverse comparison; that is, aij=1/aji, where aij (aji) denotes 

the importance of the i
th

 (j
th

) element. Like AHP, pair wise comparison in ANP is made in the 

framework of a matrix, and a local priority vector can be derived as an estimate of relative 

importance associated with the elements (or components) being compared by solving the  

following equation:  

A× w = λmax×w          (1) 

Where A is the matrix of pair wise comparison, w is the eigenvector, and λmax is the largest 

Eigen value of A. Saaty (1980) proposes several algorithms for approximating w. In this paper, 

the following three-step procedure is used to synthesize priorities (Chung et al., 2006). 

 

1. Sum the values in each column of the pair wise comparison matrix. 

2. Divide each element in a column by the sum of its respective column. The resultant matrix is 

referred to as the normalized pair wise comparison matrix. 

3. Sum the elements in each row of the normalized pair wise comparison matrix, and divide the 

sum by the n elements in the row. These final numbers provide an estimate of the relative 

priorities for the elements being compared with respect to its upper level criterion. 

 

STEP 3: SUPERMATRIX FORMATION:  

The super matrix concept is similar to the Markov chain process (Saaty, 1996). To obtain global 

priorities in a system with interdependent influences, the local priority vectors are entered in the 

appropriate columns of a matrix. As a result, a super matrix is actually a partitioned matrix, 

where each matrix segment represents a relationship between two nodes (components or clusters) 

in a system (Meade and Sarkis, 1999). Let the components of a decision system be Ck, k=1, 2… 

n, and each component k has mk elements, denoted by ek1, ek2…ekmk. The local priority 

vectors obtained in Step 2 are grouped and located in appropriate positions in a super matrix 

based on the flow of influence from a component to another component, or from a component to 

itself as in the loop. 
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STEP 4: SELECTION OF BEST ALTERNATIVES: If the super matrix formed in Step 3 covers 

the whole network, the priority weights of alternatives can be found in the column of alternatives 

in the normalized super matrix. On the other hand, if a super matrix only comprises of 

components that are interrelated, additional calculation must be made to obtain the overall 

priorities of the alternatives. The alternative with the largest overall priority should be the one 

selected. 

     The main objectives of this study are to evaluate the approaches that can affect the GSCM 

implementation; to determine the interactions among the identified drivers; and to understand the 

managerial implications. Next chapter explains the process of applying principal component 

analysis through SPSS 16.0 to extract vital approaches of GSCM and prioritizing them using 

super decisions software adopting analytic network process. 

 

2.3 A MODEL FOR PRIORITIZATION OF GREEN SUPPLY CHAIN MANAGEMENT 

APPROACHES 

In this section, prioritization of GSCM approaches problem is modeled with ANP method, and 

factors used in selection process are weighted according to this method. Study is carried out with 

the algorithm steps given below. 

Algorithm: 

Step 1: Establishing a selection team and determining the factors. 

Step 2: Grouping the designated factors according to Supplier Management, Organization 

Involvement and Product Recycling categories. 

Step 3: Determining interdependencies between factors and setting up the ANP model. 

Step 4: Bearing in mind the interdependencies determined in Step 3, constituting comparison 

matrices with respect to Supplier Management and Organization Involvement factors, and 

creating priority vectors. 

Step 5: Forming the initial super matrix by using priority vectors and estimating the weights 

corresponding to Supplier Management and Organization Involvement factors by taking this 

matrix as a starting point. 

Step 6: Weighting the factors in Product Recycling factor group. 

Step 7: Determining global weights corresponding to all factors. 

 

2.4 DETERMINING PRIORITIZATION FACTORS AND BUILDING THE 

APPROACHES TO GSCM MODEL 
 

      This survey, in which the factors within the prioritization of GSCM approaches model are 

determined in a general level, is not aimed at a specific sector. Yet it differs in prioritization of 

approaches criteria classification viewpoint. Examining other surveys in literature, it was 

observed that prioritization of approaches model criteria were categorized in two main groups as 

Supplier management and Organization involvement criteria. Prioritization of GSCM approaches 

model in this study, however, hosts a third group of factors which could be denoted as Product 

recycling. The network model developed in order to find out weights of the factors that are to be 

used in prioritization of GSCM approaches process. 

 

The Super Decisions software implements the Analytic Network Process (ANP) for decision 

making with dependence and feedback, a mathematical theory for decision making developed by 
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Thomas L. Saaty. It is an extension of his Analytic Hierarchy Process (AHP) for decision 

making which involves breaking down a problem into its decision elements, arranging them in a 

hierarchical structure, making judgments on the relative importance of pairs of elements and 

synthesizing the results. With the AHP the process is top-down. With the ANP it is recognized 

that there is feedback between the elements in different levels of the hierarchy and also between 

elements in the same level, so the decision elements are organized into networks of clusters and 

nodes.  

 

3. RESULTS AND DISCUSSIONS 

Results of Principal component Analysis by using SPSS: 

 The result of principal component analysis after entering the questionnaire survey data 

which is collected from the targeted organization is as follows. 

 

 

 

 

 

 

 

 

Table 1.  KMO and Bartlett's Test Result 

3.1 COMMUNALITIES  
 

 This is the proportion of each variable's variance that can be explained by the principal 

components (e.g., the underlying latent continua).  It is also noted as h2 and can be defined as the 

sum of squared factor loadings. Taken together, these tests provide a minimum standard which 

should be passed before a principal components analysis (or a factor analysis) should be 

conducted. 

 

3.2 SCREEN PLOT:  
 

The screen plot graphs the Eigen value against the component number. From the sixteenth 

component on, one can see that the line is almost flat, meaning the each successive component is 

accounting for smaller and smaller amounts of the total variance.  In general, we are interested in 

keeping only those principal components whose Eigen values are greater than 1. Therefore 

sixteen variables are retained and the remaining variables are eliminated to proceed for further 

analysis. 

 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of 

Sampling Adequacy. 
0.786 

Bartlett's Test of 

Sphericity 

Approx. Chi-

Square 

454.8

68 

 

df 
300 

Sig. 0.000 
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    After performing Principal component analysis, to extract factors in accordance with the 

eigenvalues of discontinuity which is greater than 1 (Tabachnick and Fidell, 1989) and factor 

loading exceeding 0.6 were necessary to choose factors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph.1 Screen Plot 

 

 

So following components are extracted from principal component analysis and are arranged into 

three dimensions. 

Supplier Management (D1) Factors: 

Environmental auditing for suppliers (D11) 

Supplier environmental Questionnaire (D12) 

Requesting compliance Statement (D13) 

Asking for product testing report (D14) 

Demanding bill of material (D15) 

Implementing green Purchasing (D16) 

 

Organization Involvement (D2) Factors: 

Green design (D21) 

Top management Support (D22) 

Environmental policy for GSCM (D23) 

Cross-function Integration (D24) 

Manpower involvement (D25)       

Effective communication Platform within companies (D26) 

Supplier evaluation and selection (D27) 

 

Product Recycling (D3) Factors 

Joining local recycling organization (D31) 

Collaboration on products recycling with the same sector industry (D32) 

Produce disassembly Manual (D33). 
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Above two screen shots show how principal component analysis is carried out with help of SPSS 

16.0 

3.3 RESULTS OF ANALYTIC NETWORK PROCESS BY USING SUPER DECISIONS 

SOFTWARE: 

 

 

 

 

 

 

Table 2.Pair wise Comparison Matrices Based on Environmental auditing for suppliers Factor 

 

      Two tables show the pair wise comparison matrices based on Environmental auditing for 

suppliers factor and its relationship with other factors which resulted in following tables as 

generated by super decisions software. The method presented in Step 2 of Chapter 3 is used 

while obtaining priority vectors by utilizing pair wise comparison decision matrices. Similarly, 

other factors are also evaluated with 19 pair wise comparison decision matrices. Initial super 

matrix is formed by making use of priority vectors obtained from decision matrices. 
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Table 3. Pair wise Comparison Matrices Based on Environmental auditing for suppliers Factor 

 

          Above two tables show the pair wise comparison matrices based on Environmental 

auditing for suppliers factor and its relationship with other factors which resulted in following 

tables as generated by super decisions software. The method presented in Step 2 of Chapter 3 is 

used while obtaining priority vectors by utilizing pair wise comparison decision matrices. 

Similarly, other factors are also evaluated with 19 pair wise comparison decision matrices. Initial 

super matrix is formed by making use of priority vectors obtained from decision matrices.  

 

 

 

 

 

 

 

 

 

 

Table 4. Initial Super matrix 

 

 

 
 

Table 5. Pair wise Comparison Matrix and Priority Vector for Product recycling Factors 

 

After the values of weights of all the factors in the model shown in Figure 4.1 are estimated, 

these factors are gathered on a common ground. In this sense, supplier management and 
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organization involvement factor groups, whose weights are determined through the super matrix, 

are compared to product recycling factor group, whose weights are determined by means of the 

pair wise comparison decision matrix. 

 

 

 

Table 6. Pair wise Comparison Matrix and Priority Vector for Factor Groups 

 

      Recognizing the consistency and priority approaches for implementing GSCM is important 

because of the uncertainties in current environmental regulations so that enterprises cannot 

ensure whether current management approaches can comply with the requirements of 

regulations. Although the previous literature has contributed to recognize various approaches in 

greening the supply chain, litter is known about the consistency and priority approaches, 

particularly in electronics industry. In addition, the priority approaches of GSCM 

implementation show the respondents‟ perceptions about the importance of them and assisted 

organizations recognize their strengths to move towards continuous improvement. 

 

4 CONCLUSIONS 

              In this work, a method including interdependencies between implementing GSCM 

approaches criteria is developed and presented. The model consists of an algorithm having seven 

steps. Various GSCM approaches prioritization model comprises three stages and 16 factors in 

total. Therefore, it is possible to increase the number of stages and factors in prioritizing the 

approaches of GSCM model up to the limit permitted by analytic network process model.  

Competence ratings are calculated by means of factor weights and measurement scales In order 

to determine the importance of the dimensions and approaches, the judgments collected from 

respondents generated the normalized local and global weights for approaches to implementing 

GSCM. The results of priority weights determined the relative importance of individual 

dimensions and approaches and in turn recognized the points on which organizations should put 

their efforts throughout the process of GSCM implementation.  

Incorporating the analysis of Analytical Network Process evidences, the local weights for each 

dimension demonstrate that „supplier management‟ and „organizational involvement‟ (0.889) are 

the two most important dimensions for implementing GSCM practice, followed by „Product 

recycling‟ (0.111) In addition, it is also worth mentioning that supplier management plays the 

crucial part of implementing GSCM, the buyer-supplier relationships affect GSCM 

implementation to address the related issues. The approaches of „product testing reports‟ (0.225), 

„Supplier evaluation and selection‟ (0.128), and „Effective communication Platform within 
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companies‟ (0.084) reveal the highest importance with regard to each dimension in sequence of 

supplier management, product recycling, and organization involvement respectively 
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