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 Today the green supply chain management (GSCM) has been growing in recent years 

with an interest from both academia and industry. A greater degree of integration 

between suppliers and customers in the supply chain results in a greater competitive 

advantage such as managerial advantage. Adopting the proper supplier group to 

promote competitive capability and supplier performance is the greatest task so 

choosing the suitable supplier is a key strategic decision for management in many 

firms. Considering the effect of management in organizations and activities and 

fulfilling the goals, this paper attempts to look at the green supply chain management 

topics from managerial perspective. And in this regard, by using Fuzzy DEMATEL 

method, tries to evaluate the influential of factors among twenty tow criteria of five 

main managerial factors included: production management, financial management, 

strategic management, supplier management and customer management, for the 

selection of suitable suppliers and proponents of environment. The results show that 

customer cooperation with environmental considerations has the greatest influence 

among the criteria for selecting green suppliers. 

 

 

© 2013 AENSI Publisher All rights reserved. 

 

INTRODUCTION 

 

 During the past decade, environmental concerns is growing, a general agreement is appearing that 

environmental pollution issues joining along with industrial development should be addressed together with 

supply chain management, so contributing to green supply chain management (GSCM) [1]. Green supply chain 

management (GSCM) has been growing in recent years with an interest from both academia and industry. For 

the first time, organizational theory has presented broad applications to a number of disciplines within 

management studies. The application of organizational theory to organizations and the natural environment [2, 

3] and supply chain management [4] separately is becoming more accepted. However, organizational theory‟s 

influence and relationship to environmental management or GSCM has been accepted in initial inspections, with 

no based review of its possibility for advancing the emergent GSCM research field. On top of that, 

organizational theory applications [5] has been inspected by sustainability and environmentally focused research 

in management disciplines [2], and business disciplines traditionally outside an organizational management, 

e.g., marketing [6]. Green supply chain management (GSCM) has been revealed as an organizational 

philosophy. Organizations and their partners utilize it to achieve corporate profit and market-share objectives by 

reducing environmental risk and impacts while improving ecological efficiency [7, 8, 9]. Therefore nowadays, it 

is expected that managers not only reduce lead times, improve quality, reduce costs and increase flexibility, but 

also become more environmentally liable [10] and The issues of clean production and green products have 

become more important for manufacturers [11]. Hence, green supply chain management (GSCM) has served as 

a way for firms to achieve profit and market share objectives by lowering environmental impacts and increasing 

ecological efficiency [12]. In the result of working with GSCM, firms execute to manage a set of internal and 

external environmental activities [13]; each with specific targets, investments, and impacts on both economic 

and environmental performance [14].Generally, GSCM is deduced to involve screening suppliers based on their 

environmental performance and doing business only with those that meet certain environmental rules or 

standards [15].Because of subjectively judgments and unclear preferences of human and difficulty of decision 

making, fuzzy logic evaluation is needed to cope with this problem [16, 17, 18]. For creating a random diagram 

of mutually dependent factors, a decision making trial and evaluation laboratory (DEMATEL) method is 

conducted. Advantages of this method are in showing the relationships among factors and prioritizing the 

criteria based on the type of relationships and strictness of their effects on each other criteria. In addition, 
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considering the condition of the fuzziness and managing with flexibly with fuzziness situation [19] are the most 

advantage of hybrid fuzzy DEMATEL. Thus, DEMATEL is used to determine effect and cause criteria, and to 

gain the model regarding linguistics parameterized with triangular fuzzy numbers. Finally, the proposed method 

illustrates the interrelationships among criteria to examine on each criterion used triangular fuzzy numbers and 

analyzes the criteria importance by assessing values to DEMATEL. Multi-criteria evaluation of those pressures 

and practices requires the decision makers to provide qualitative/quantitative assessments to identify the value 

of each alternative with respect to each criterion, as well as the relative importance of the criteria with respect to 

the overall objective of the problem [20]. The objective of this study is to investigate the aspects that 

implemented in GSCM and discover their interactive relationships using the fuzzy DEMATEL method. And the 

structure of this study is as follows: Section 1 introduces the background and motivation. The review of 

literature related to GSCM is mentioned in Section 2. Offering model is presented in Section 3. The fuzzy 

DEMATEL is described in Section 4. The results are presented in Section 5. Section 6 discusses the results with 

some managerial and theoretical implications. Finally, conclusion and implications are presented in Section 7. 

 

Litrature Reveiew: 

 In order to provide sufficient understanding of the relationships among proposed GSCM criteria, this 

chapter clearly presents the literature related to green supply chain management, green supply chain 

management practices and management factors. A well-integrated GSCM involves production management, 

financial management, customer management, supplier management, strategic management and information 

between suppliers, manufacturers and customers, and implements product postponement and mass 

customization in the supply chain. Results have shown that a greater degree of integration between suppliers and 

customers in the supply chain results in a greater competitive advantage [21, 22]. Hence it is important that 

green supplier selection criteria evaluate on managerial factors. Supplier differentiation refers to differences 

derived from supplier characteristics such as organizational culture, manufacturing procedure, technology 

capability and geographic location distribution [23]. Adopting the proper supplier group to promote competitive 

capability and supplier performance is the greatest task. On this basis, twenty tow criteria were determined and 

classified in 5 main groups (Table 1). 

 

Production Management: 

 Green production management refers to the products or services with certain environmental consciousness 

[24]. It is the systematic consideration of product issues associated with pollution prevention, optimization of 

process to reduce solid waste and emissions, resource conservation and waste management. Green production is 

closely related to use of environment friendly technology, degree of innovativeness of R&D green products, 

flexibility and technological capabilities and Product changeability, product safety. In addition, life-cycle 

analysis is critical in green production concept which is used to evaluate environmental and resource related 

products through production process [25]. Green production management measurements include tracking all 

material and reverse flow of a product from the retrieval of raw materials out of the environment to the disposal 

of the product back into the environment [26, 27, 28]. 

 

Customer management: 

 Due to customer demands for green products which are manufactured using environmental friendly raw 

materials and green production processes, firms have to integrate its environmental goals with long-term 

customer management.  Customer management addresses issues such as  maximize the fraction of customer 

orders filled on time, customer relationship management, customer cooperation with environmental 

considerations, customer service and support and customer requirement processing. Customer collaboration 

plays an important role in a successful environmental management program [29]. 

 

Financial management: 

 Financial management is typically the most important driver for companies that wish to implement 

environmental management performance. Alvarez Gil et al. indicated that environmental management such as 

green supply chain management has a positive relationship with a corporation‟s financial management [30]. 

Green supply chain management not only increases environmental profit but also can be of some benefit to 

financial performance [31]. Good environmental performance not only has a positive effect on good financial 

performance but also on environmental exposure [32]. Green supply chain management can reduce procurement 

cost and energy consumption, decrease of fee for waste treatment and waste discharge and decrease of fine for 

environmental accidents [14]. Sustainable methods lead to a reduction in internal costs and the development of 

new markets; they also develop the reusable properties of the waste [33, 34]. In China, no significant financial 

benefits have been gained through green supply chain management. Even though environmental practices don‟t 

typically result in short-term financial benefits, in the long-term financial performance can be achieved [35].  
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Strategic management: 

 Due to customer demands for green products which are manufactured using environmental friendly raw 

materials and green production processes, firms have to integrate its environmental goals with long-term 

strategic management [36]. At a strategic management level, GSCM includes other measures such as green 

image, green planning, environmental policy and etc. [37]. 

 

Supplier  management: 

 The supplier plays an important role in the whole chain, and good suppliers directly affect the product 

quality, cost and reputation of the company. Suppliers often have long-term contracts with the firm and provide 

multiple services [38]. A green supplier is expected to achieve environmental compliance, integration of 

supplier into environmental management processes, effective communication within companies and suppliers, 

guiding suppliers to set up their own environmental programs and perform life cycle analyses. Thus, in a green 

supply chain, firms must possess extensive supplier selection and performance evaluation processes [39]. The 

environmental performance of the supplier is now thought to be a key decisive factor in many companies. 

 
Table 1: Managerial criteria and sub criteria of supplier selection. 

Goal Criteria references Sub-criteria references 

G
re

en
 S

u
p

p
ly

 C
h

ai
n

 M
an

ag
em

en
t 

(G
S

C
M

) 

Production 

management 

40, 41, 42 Degree of innovativeness of R&D green products (C1) 43, 44 

Use of environment friendly technology (C2) 38, 45, 46, 18, 47, 

48, 49 

Optimization of process to reduce solid waste and emissions 

(C3) 

50, 51 

Flexibility and technological capabilities and product 

changeability (C4) 

38, 43, 42, 38, 52 

Financial 

management 

42, 53 Decrease of fine for environmental accidents (C5) 53, 54 

Minimization of procurement costs while maximizing the 

security within the supply process (C6) 

53 

Decrease of cost for energy consumption (C7) 55, 56, 57, 58, 59, 

53 

Decrease of fee for waste treatment (C8) 45, 60, 53, 54 

Decrease of fee for waste discharge (C9) 45, 60, 53, 54 

Sale of scarp and used materials (C10) 61, 8, 62, 53, 54 

Customer 

management 

41, 40 Maximize the fraction of customer orders filled on time (C11) 52 

Customer relationship management (C12) 41, 40 

Customer cooperation with environmental considerations 

(C13) 

63, 61, 8, 53, 54 

Customer service and support (C14) 43,  64, 65 

Customer requirement processing (C15) 66 

Strategic 

management 

36, 63, 50 Green image (C16) 63, 47, 8 

Green planning (C17) 67 

Environmental policy (C18) 37, 47 

Supplier 

management 

55 Effective communication within companies and suppliers 

(C19) 

57, 68 

Integration of supplier into environmental management 

processes (C20) 

51 

Guiding suppliers to set up their own environmental programs 

(C21) 

51, 69 

environmental auditing for suppliers (C22) 70, 31 

 

Propose Model: 

 In this study tries offering a model to identification managerial criteria in green supply chain and shows it is 

important that using these criteria to assessment suppliers to achieve a green supply chain. This compound 

pyramid model (GSCM) adopts a gradually refining, multi-hierarchical configuration, in which the different 

layers focus on independent management aspect and the compound pyramid model is composed of 3 layers. The 

model combines a mixed model including strategic management model, tactical management and functional 

management model. Fig. 1 shows three sides of a green managerial criteria pyramid. 

 

Methodology: 

 This section show a complex evaluation environment and proposes Fuzzy DEMATEL method and 

linguistic information in complex evaluation systems to easily judge differences and measurement scores and 

construct a visual map for further strategic decision , and classifying and analyzing those managerial criteria that 

presented in previous section. 

 

DEMATEL method: 

 The DEMATEL method is a highly pragmatic way to form a structural model of evaluation for better 

decision making [71]. The DEMATEL method has recently become very popular in Japan, because of its ability 
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to pragmatically visualize complicated causal relationships [72, 73, 74, 75]. Specifically, The DEMATEL is 

based on digraphs, which can separate involved factors into cause group and effect group [76, 77]. Directed 

graphs, known as digraphs, are more useful than directionless graphs because digraphs demonstrate the directed 

relationships of sub-systems. The digraph may portray a basic concept of contextual relation among elements of 

a system, in which the values represent the strength of influence. Hence, The DEMATEL can convert the 

relationship between cause and effect factors into an intelligible structural model of the system. The DEMATEL 

can propose the most important criteria which affects other criteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Three sides of a green managerial criteria pyramid. 

 

 The DEMATEL can reduce the number of criteria for evaluating factor effectiveness, concurrently; 

companies can improve effectiveness of specific factors based on the impact digraph map [78]. Therefore, The 

DEMATEL evaluates supplier performance to find key factor criteria to improve performance and provide 

decision-making information in SCM supplier selection [71, 79]. According to Gabus and Fontela (1972, 1973), 

the steps of DEMATEL method are as follows:  

 Step 1: Generating the direct-relation matrix. We use five scales for measuring the relationship among 

different criteria: 0 (no influence), 1 (very low influence), 2 (low influence), 3 (high influence), and 4 (very high 

influence). Next, decision makers prepare sets of the pair-wise comparisons in terms of effects and direction 

between criteria. Then the initial data can be obtained as the direct-relation matrix which is an n×n matrix T 

where each element of aij is denoted as the degree in which the criterion i affects the criterion j. 

 Step 2: Normalizing the direct-relation matrix. The normalized direct-relation matrix K = [dij] can be 

obtained through Eq. (1) and Eq. (2). 

           (1) 

S = K × A           (2) 

 

 Step 3: Acquire the total-relation matrix T using the Eq. (2) in which I is an n × n identity matrix. The 

element tij indicates the indirect effects that factor i have on factor j, so the matrix T can reflect the total 

relationship between each pair of system factors. 

 

           (3) 

 

 Step 4: Producing a causal diagram. The sum of rows and the sum of  columns are separately denotes as 

vectors D and R within the  total relation matrix M To make the outcome more visible, we compute D and R 

through Eqs. (4), respectively. A causal and effect graph can be acquired by mapping the dataset of (D+R, D-R). 

The horizontal  axis vector (D+R) named “Prominence” is made by  adding D to R, which reveals how much 

importance the criterion has. Similarly, the vertical axis (D-R) named “Relation” is made by subtracting D from 

R, which may group criteria into  a cause group. Or, if the (D-R) is negative, the criterion is  grouped into the 

effect group. 
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T = [tij]n×n , i,j= 1,2,…,n           (4) 

 

          (5) 

 

                    (5) 

 

 Step 5: Construct cause-effect relationship diagram based on (D+R) and (D–R). A cause-effect diagram can 

be drawn by mapping the dataset of (D+R, D-R). And the complex interrelationship among factors is visualized 

through the diagram construction process. 

 

Fuzzy set theory: 

 Zadeh (1965) proposed the fuzzy set theory and introduced the concept of membership function [80]. In 

fuzzy set theory, each number between 0 and 1 indicates a partial truth, whereas crisp sets correspond to binary 

logic: 0 or 1. Hence, fuzzy set theory can express and handle vague or imprecise judgments mathematically. 

Generally, decision-makers usually tend to give assessments based on their past experiences and knowledge, 

and also their estimations are often expressed in equivocal linguistic terms. Based on the definition of fuzzy sets, 

the concept of linguistic variables is introduced to represent a language typically adopted by a human expert. A 

linguistic variable is a variable whose values, namely linguistic values, have the form of phrases or sentences in 

a natural language [81, 82, 83]. The linguistic term approach is a convenient way for decision makers to express 

their assessments. 

 In practice, the linguistic values can be represented by fuzzy numbers, and the triangular fuzzy number is 

commonly used. This study builds on some important definitions and notations of fuzzy set theory from Zadeh 

(1975) and Chen et al., (1992) [84, 17]. The related definitions are as follows: 

 Let X be the universe of discourse, X = {x1, x2, x3…,xn}. A fuzzy set Ã of X is a set of order pairs {(x1, 

ƒÃ(x1)), (x2, ƒÃ(x2)), …, (xn, ƒÃ(xn))}, where ƒÃ: X→[0, 1] is the membership function of Ã and ƒÃ(xi) stands 

for the membership degree of xi in Ã. To deal with the research problems in uncertainty, an effective fuzzy 

aggregation method is required (63; 43). 

 Definition 1: When X is a continuous rather than a countable or finite set, the fuzzy set Ã is denoted as:  Ã 

= ƒÃ(xi) / (x), where x X. 

 Definition 2: When X is a countable or finite set, the fuzzy set Ã is represented as , 

where xi X. 

 Definition 3: A fuzzy set Ã of the universe of discourse X is normal when its membership function ƒÃ(x) 

satisfies max ƒÃ(x) = 1. 

 Definition 4: A fuzzy number is a fuzzy subset in the universe of discourse X that is not convex but also 

normal. 

 Definition 5: the fuzzy α- cut Ãα and strong α- cut Ãα+ of the fuzzy set Ã in the universe of discourse X is 

defined by 

, where α        (6) 

 

, where α        (6) 

 

 Definition 6: A fuzzy set Ã of the universe of discourse X is convex if and only if every Ãα is convex, that 

is Ãα is a close interval of R. It can be written as 

 

       (7) 

 

 Definition 7: A triangular fuzzy number (TFN) can be defined as a triplet (a1, a2, a3); the membership 

function of the fuzzy number Ã is defined. 

 

   

    (8)
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Let Ã and  be two TFN parameterized by the triplet (a1, a2, a3) and (b1, b2, b3) respectively, then the 

operational laws of these two TFNs are as follows: 

        

    (9)

   

    (9) 

 

    (9)

  

     (9) 

 

Where a1, a2 and a3 are real numbers and a1<a2<a3. 

 In achieving a favorable solution, the group decision making is important. Because the process of arriving 

at a consensus is based upon the reaction of multiple individuals, an acceptable judgment may be gained. To 

cope with the uncertainty of the research, fuzzy aggregation is required that contains defuzzification method 

because the human being‟s judgments with fuzzy linguistic variables are fuzzy numbers. Defuzzification refers 

to the selection of a specific crisp element based on the output fuzzy set, which converts fuzzy numbers into 

crisp score. This study applies the converting fuzzy data into crisp scores developed by Opricovic and Tzeng 

(2004) [85], the main procedure of determining the left and right scores by fuzzy minimum and maximum; the 

total score is determined as a weighted average according to the membership functions. Let  

 , mean the degree of criterion i that affects criterion j and fuzzy questionnaires 

 

 

Normalization: 

         (10) 

 

         (10) 

 

         (10) 

 

Where  

 

Compute right (rs) and left (ls) normalized values: 

 

         (11)  

 

         (11) 

 

Compute total normalized crisp values: 

 

     (12) 

 

Compute total normalized crisp values: 

 

          (13) 

 

Integrate crisp values from different opinions of k respondents: 

 

           (14) 

 

The application procedures of fuzzy DEMATEL and results of this study: 

 To further explore the DEMATEL method in uncertainty, the analysis procedures are explained as follows: 
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 This study is designed to estimate the influence of each criterion in supplier selection and to compare the 

importance of each criterion to represent the degree of significance. This study applies the fuzzy DEMATEL to 

GSCM performance in order to build up a cause and effect model for GSCM supplier selection for manufacturer 

enterprises. This research conducts four proposed steps as follows: 

 Step 1: Identifying decision goal - gathering the relevant information and defined the goals for further 

developing twenty tow green managerial criteria to study the interrelationships of criteria in uncertainty. 

 Step 2: twenty tow criteria are evaluated including: (C1), (C2), …,(C22). The fuzzy DEMATEL method is 

also used to test the influence of each criterion. Then, the respondents were asked to evaluate the 

interrelationship of each criterion using four scores in linguistic term: 0 (no influence), 1 (very low influence), 3 

(high influence), and 4 (very high influence). To ensure the relationships among the evaluation criteria, it is 

necessary to consult the experts to confirm reliable information of the criteria influences and directions using a 

survey instrument (Table 2 and Table 3).  

 To Selection of committee of experts with experience about this research issue, twenty experts were invited 

to evaluate the criteria. We anticipated the interview would last two hours. We collected empirical data from 

several key experts involved in different industries. The industry representation was optimal as we covered all 

relevant industry sectors and academic researchers (University and manufacturing industries). A great majority 

of the experts participated in the previous interview campaign. Therefore, they were already quite familiar with 

our approach. 

 
Table 2: The fuzzy linguistic scale. 

Linguistic variable Influence score Corresponding triangular fuzzy numbers (TFNs) 

No influence 0 (0,0,0.25) 

Very low influence 1 (0,0.25,0.5) 

Low influence 2 (0.25,0.5,0.75) 

High influence 3 (0.5,0.75,1) 

Very high influence 4 (0.75,1,1) 

 

Table 3: Direct relation matrix T. 

T C1 C2 C3 ……… C21 C22 

C1 3 4 2 ……… 1 2 

C2 4 3 3 ……… 3 4 

C3 1 2 2 ……… 2 1 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

……… . 

. 

. 

. 

. 

. 

C21 1 2 4 ……… 3 2 

C22 4 0 1 ……… 0 3 

 

 Step 3: Interpret the linguistic information into fuzzy linguistic scale. The empirical data is obtained from 

each individual expert assessment, using Eq. (2) to normalize the assessment data. The linguistic information 

converts the TFNs into crisp value by using Eqs. (1)-(4);  is the computed crisp values. Eqs. (2)-(5) obtain 

the DEMATEL initial direct relation matrix. 

 Step 4: The crisp value of GSCM criteria from the fuzzy assessment is composed of the initial direct 

relation matrix. The normalized direct relation matrix can be obtained through Eqs. (2) and (3). Following Eq. 

(4), the total relation matrix can be acquired, and is presented in Table 4.  

 
Table 4: Total DEMATEL relation matrix. 

 C1 C2 C3 ……… C21 C22 

C1 0.248 0.257 0.229 ……… 0.021 0.021 

C2 0.238 0.253 0.242 ……… 0.021 0.021 

C3 0.218 0.219 0.231 ……… 0.020 0.020 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

……… . 

. 

. 

. 

. 

. 

. 

. 

C21 0.018 0.019 0.019 ……… 0.004 0.004 

C22 0.018 0.019 0.019 ……… 0.004 0.004 

 

 Then use Eqs. (5), the horizontal axis vector (D + R) named “Prominence” is made by adding D to R, which 

reveals the importance of criterion. Similarly, the vertical axis (D - R) named “Relation” is made by subtracting 

D from R, which may criteria into a cause group (Table 5). If the (D - R) is negative, the criteria are grouped 

into the effect group. Therefore, the causal and effect diagram can be acquired by mapping the dataset of the (D 

+ R, D - R), providing valuable insight for problem solving. Recognizing the position of each factor in the 

whole system, this study can find out the ones which have more effect on the system and the efficiency of the 
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system is attended to greatly improvement [63, 43]. Study findings from the causal diagram are described as 

follows: 

 
Table-5: The prominence and relation axis for cause and effect group. 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 

D 5.56 5.44 5.33 6.14 5.42 5.33 5.47 4.93 3.98 4.15 4.98 

R 4.78 4.83 4.86 4.89 5.10 5.36 4.78 4.73 5.02 4.74 5.96 

D+R 10.3 10.2 10.1 11.0 10.5 10.7 10.2 9.66 9.00 8.99 10.9 

D-R 0.78 0.61 0.47 1.25 0.32 -0.03 0.69 0.20 -1.04 -0.59 -0.98 

 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 

D 4.99 5.35 5.60 4.68 6.02 5.56 5.73 4.69 4.53 5.18 4.91 

R 5.77 6.35 5.87 5.72 4.64 5.02 5.08 5.08 5.17 5.27 4.99 

D+R 10.7 11.7 11.4 10.4 10.6 10.5 10.8 9.77 9.70 10.4 9.90 

D-R -0.78 -1.00 -0.27 -1.04 1.38 0.54 0.65 -0.39 -0.64 -0.09 -0.08 

 

 Degree of innovativeness of R&D green products: (C1), Use of environment friendly technology: (C2), 

Optimization of process to reduce solid waste and emissions: (C3), Flexibility and technological capabilities and 

product changeability: (C4), Decrease of fine for environmental accidents: (C5), Minimization of procurement 

costs while maximizing the security within the supply process: (C6), Decrease of cost for energy consumption: 

(C7), Decrease of fee for waste treatment: (C8), Decrease of fee for waste discharge: (C9), Sale of scarp and 

used materials: (C10), Maximize the fraction of customer orders filled on time: (C11), Customer relationship 

management: (C12), Customer cooperation with environmental considerations: (C13), Customer service and 

support: (C14), Customer requirement processing: (C15), Green image: (C16), Green planning: (C17), 

Environmental policy: (C18), Effective communication within companies and suppliers: (C19), Integration of 

supplier into environmental management processes: (C20), Guiding suppliers to set up their own environmental 

programs: (C21), environmental auditing for suppliers: (C22). 

 

 
 

Fig. 2: Cause and effect diagram. 

 

Conclusion and future study: 

 This study suggests fuzzy DEMATEL approach to evaluate green suppliers according to managerial 

criteria. Based on the literature survey and with the validation of industrial experts, possible green supplier 

evaluation criteria were defined and a new evaluation model was formulated. The proposed model was about 

green managerial criteria Pyramid and fuzzy DEMATEL approach used in this study to more precise and 

accurate analysis relationship among all criteria and evaluated them to identification more effective factor 

among twenty tow green managerial criteria for selection a green supplier in supply chain to achieve a green 

supply chain. 

 The result of this study can hopefully help the company evaluate and analyze the suitable supplier which 

focuses on this research. The results from causal diagram divide criteria into two groups of cause and effect 

criteria. Degree of innovativeness of R&D green products: (C1), Use of environment friendly technology: (C2), 

Optimization of process to reduce solid waste and emissions: (C3), Flexibility and technological capabilities and 

product changeability: (C4), Decrease of fine for environmental accidents: (C5), Decrease of cost for energy 

consumption: (C7), Decrease of fee for waste treatment: (C8), Green image: (C16), Green planning: (C17), 
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Environmental policy: (C18), belong to cause group which should be controlled and paid more attention to. 

Minimization of procurement costs while maximizing the security within the supply process: (C6), Maximize 

the fraction of customer orders filled on time: (C11), Customer relationship management: (C12), Customer 

cooperation with environmental considerations: (C13), Customer service and support: (C14), Customer 

requirement processing: (C15), Effective communication within companies and suppliers: (C19), Integration of 

supplier into environmental management processes: (C20), Guiding suppliers to set up their own environmental 

programs: (C21), environmental auditing for suppliers: (C22) are in effect group that needs to be improved. 

Amongst those, Customer cooperation with environmental considerations: (C13) and Flexibility and 

technological capabilities and product changeability: (C4) would to be taken into deeper consideration. Also our 

research results show that Customer cooperation with environmental considerations has the greatest influence 

among the criteria for selecting green suppliers. This study however finds that Customer cooperation with 

environmental considerations is the real source that influences other factors, perceived as the most important 

factors by experts. A supplier with Customer cooperation with environmental considerations may have higher 

green performance among other suppliers. 

 This research suggests further studies in order to extend the scope of this study. For example: the addition 

of a green supply chain could be explored in future studies. Such research could boost awareness of 

environmental protection from green logistics, green dashboard and etc. Businesses could better maintain a 

balanced development within the economy and the environment. Therefore, the green supply chain that is 

already a hot topic could become the new trend of the future. 

 

REFERENCES 

 

[1] Sheu, J.B., Y.H. Chou, C.C. Hu, 2005. An integrated logistics operational model for green supply chain 

management. Transp. Res. Pt. e-Logist. Transp. Rev., 41: 287-313. 

[2] Etzion, D., 2007. Research on organizations and the natural environment, 1992– present: a review, Journal 

of Management, 33(4): 637-664. 

[3] Hoffman, A.J., M.J. Ventresca, (Eds.), 2002. Organizations, Policy, and the Natural Environment: 

Institutional and Strategic Perspectives. Stanford University Press, Stanford, California, 2002, 489 pp. 

[4] Ketchen, D.J., Jr., G.T.M. Hult, 2007. Bridging organization theory and supply chain management: The 

case of best value supply chains, Journal of Operations Management, 25(2): 573-580. 

[5] Tang, C.S., 2010. A review of marketing-operations interface models: from co- existence to coordination 

and collaboration, International Journal of Production Economics, 125(1): 1-214. 

[6] Connelly, B., D. Ketchen, S. Slater, 2011. Toward a „„theoretical toolbox‟‟ for sustainability research in 

marketing, Journal of the Academy of Marketing Science, 39: 86-100. 

[7] Rao, P., D. Holt, 2005. Do green supply chains lead to competitiveness and economic performance?, 

International Journal of Operations & Production Management, 25(9): 898-916. 

[8] Zhu, Qinghua, Sarkis, Joseph, Lai, Kee-hung, 2008a. Confirmation of a measurement model for green 

supply chain management practices implementation, Int. J. Production Economics, 111: 261-273. 

[9] De Figueiredo, J.N., S.F. Mayerle, 2008. Designing minimum-cost recycling collection networks with 

required throughput, Transportation Research Part E: Logistics and Transportation Review, 44(5): 731-

752. 

[10] Ann, G.E., S. Zailani, N.A. Wahid, 2006. A study on the impact of environmental management system 

(EMS) certification towards firms' performance in Malaysia, Management of Environmental Quality: An 

International Journal, 17(1): 73-93. 

[11] Padma, P., L.S. Ganesh, C. Rajendran, 2008. A study on the ISO 14000 certification and organizational 

performance of Indian manufacturing firms, Benchmarking: An International Journal, 15(1): 73-100. 

[12] Van Hock, R., I. Erasmus, 2000. From reversed logistics to green supply chains. Logistics Solutions, 2: 

28-33. 

[13] Rao, P., 2004. Greening production: a South- East Asian experience, International Journal of Operationis 

& Production Management, 24(3): 289-320. 

[14] Zhu, Q. and J. Sarkis, 2004. Relationships between operational practices and performance among early 

adopters of green supply chain management practices in Chinese manufacturing enterprises, Journal of 

Operations Management, 22(3): 265-289. 

[15] Rao, P., 2002. Greening the supply chain a new initiative in south East Asia, International Journal of 

Operationis & Production Management, 22(6): 632-655. 

[16] Chang, Y.H., C.H. Yeh, J.H. Cheng, 1998. Decision support for bus operations under uncertainty: a fuzzy 

expert system approach, Omega. International Journal of Management Science, 26(3): 367-380. 

[17] Chen, T., T.W. Chiou, 1999. A fuzzy credit-rating approach for commercial loans: a Taiwan case, Omega. 

International Journal of Management Science, 27(4): 407-419. 



3514                                                             Fallahian-Najafabadi 

Advances in Environmental Biology, 7(11) Oct 2013, Pages: 3505-3516 

 

 

[18] Tseng, M.L., 2010. Using a hybrid MCDM model to evaluate firm environmental knowledge management 

in uncertainty. Applied Soft Computing, 11: 1340-1352. 

[19] Wu, W.W., 2008. Choosing knowledge management strategies by using a combined ANP and DEMATEL 

approach. Expert System with Applications, 35(3): 828-835. 

[20] Dalalah, D., M. Hayajneh, F. Batieha, 2011. A fuzzy multi-criteria decision making model for supplier 

selection, Expert Systems with Applications, 38: 8384-8391. 

[21] Anderson, M.G., P.B. Katz, 1998. Strategic sourcing, International Journal of Logistics Management, 9(1): 

1-13. 

[22] Van Hoek, R., 1984. Reconfiguring the supply chain to implement postponed manufacturing, International 

Journal of Logistics Management, 9(1): 95-110. 

[23] Chang, S.L., R.C. Wang, S.Y. Wang, 2007. Applying a direct multi-granularity linguistic and strategy-

oriented aggregation approach on the assessment of supply performance, European Journal of Operational 

Research, 177(2): 1013-1025. 

[24] Fiksel, J., 1996. Design for environment: creating eco-efficient products and processes, London: McGraw-

Hill. 

[25] Srivastava, S.K., 2007. Green supply-chain management: a state-of-the-art literature review, International 

Journal of Management Reviews, 9(1): 53-80. 

[26] Gungor, A., S.M. Gupta, 1999. Issues in environmentally conscious manufacturing and product recovery: 

a survey, Computers & Industrial Engineering, 36: 811-853. 

[27] Tibben-Lembke, R.S., 2002. Life after death: reverse logistics and the product life cycle, International 

Journal of Physical Distribution & Logistics Management, 32: 223-244. 

[28] Arena, U., M.L. Mastellone, F. Perugini, 2003. The environmental performance of alternative solid waste 

management options: a life cycle assessment study, Chemical Engineering Journal, 96: 207-222. 

[29] Vachon, S., R. Klassen, 2006. Extending green practices across the supply chain. The impact of upstream 

and downstream integration, International Journal of Operations & Productions, 26(7): 795-821. 

[30] Alvarez Gil, M.J., J.B. Jimenez and J.C. Lorente, 2001. An analysis of environmental management, 

organizational context and performance of Spanish hotels, Omega, 29(6): 457-71. 

[31] Lippmann, S., 1999. Supply chain environmental management elements for success, Environmental 

Management, 6(2): 175-182. 

[32] Al-Tuwaijri, S.A., T.E. Christensen, K.E. Hughes, 2004. The relations among environmental disclosure, 

environmental performance, and economic performance: a simultaneous equations approach. Accounting, 

Organizations and Society, 29: 447-471. 

[33] Tsoulfas, G.T., C.P. Pappis, 2006. Environmental principles applicable to supply chains design and 

operation, J. Clean. Prod., 14: 1593-1602. 

[34] Chien, Ming-Kuei and Shih, Li-Hsing, 2007. Relationship between management practice and organization 

performance under European Union directives such as RoHS: A case-study of the electrical and electronic 

industry in Taiwan, African Journal of Environmental Science and Technology, 1(3): 037-048. 

[35] Bowen, F.E., P.D. Cousins, R.C. Lamming and A.C. Faruk, 2001. Horse for courses: explaining the gap 

between the theory and practice of green supply, Greener Management International, 9(3): 41-60. 

[36] Sarkis, J., 2006. The adoption of environmental and risk management practices: relationships to 

environmental performance, Annals of Operations Research, 45(1): 367-381. 

[37] Testa, F. and F. Iraldo, 2006. Shadows and lights of GSCM (Green Supply Chain Management): 

determinants and effects of these practices based on a multi-national study, Journal of Cleaner Production, 

18: 953-962. 

[38] Tseng, M.L., 2011. Green supply chain management with linguistic preferences and incomplete 

information, Applied Soft Computing, 11(8): 4894-4903. 

[39] Kainuma, Y., N. Tawara, 2006. A multiple attribute utility theory approach to lean and green supply chain 

management, International Journal of Production Economics, 101: 99-108. 

[40] Narasimhan, R. and S.W. Kim, 2001. Information system utilization strategy for supply chain integration, 

Journal of Business Logistics, 22: 51-57. 

[41] Tseng, M.L., Wu, Kuo-Jui, Nguyen, Thi Thoa, 2011. Information technology in supply chain 

management: a case study, Procedia - Social and Behavioral Sciences, 25: 257-272. 

[42] Büyüközkan, Gülçin., Çifçi, Gizem, 2012. A novel hybrid MCDM approach based on fuzzy DEMATEL, 

fuzzy ANP and fuzzy TOPSIS to evaluate green suppliers, Expert Systems with Applications, 39(3): 3000-

3011. 

[43] Wu, Kuo-Jui, Tseng, Ming-Lang, Vy, Truong, 2011. Evaluation the drivers of green supply chain 

management practices in uncertainty, Procedia - Social and Behavioral Sciences, 25: 384-397. 

[44] Humphreys, P., A. McCloskey, R. Mclvor, L. Maguire, C. Glackin, 2006. Employing dynamic fuzzy 

membership functions to assess environmental performance in the supplier selection process, International 

Journal of Production Research, 44(12): 2379-2419. 

http://www.sciencedirect.com/science/article/pii/S1568494611002481
http://www.sciencedirect.com/science/article/pii/S1568494611002481
http://www.sciencedirect.com/science/article/pii/S1568494611002481


3515                                                             Fallahian-Najafabadi 

Advances in Environmental Biology, 7(11) Oct 2013, Pages: 3505-3516 

 

 

[45] Lin, Ru-Jen, Chen, Rong-Huei, Nguyen, Thi-Hang, 2011. Green supply chain management performance in 

automobile manufacturing industry under uncertainty, Procedia - Social and Behavioral Sciences, 25: 233-

245. 

[46] Amelia, L., D.A. Wahab, C.H. Che Haron, N. Muhamad, C.H. Azhari, 2009. Initiating automotive 

component reuse in Malaysia,  Journal of Cleaner Production, 17: 1572-1579. 

[47] Zhu, Q., J. Sarkis, K. Lai, 2007a. Initiatives and outcomes of green supply chain management 

implementation by Chinese manufacturers. Journal of Environmental Management, 85(1): 179-189. 

[48] Jabbour, A.B.L.S., C.J.C. Jabbour, 2009. Are supplier selection criteria going green? Case studies of 

companies in Brazil. Industrial Management & Data Systems, 109: 477-495. 

[49] Kurk, F., P. Eagan, 2008. The value of adding design-for the-environment to pollution prevention 

assistance options. Journal of Cleaner Production, 16(6): 722-726. 

[50] De Giovanni, Pietro, Vinzi, Vincenzo Esposito, 2012. Covariance versus component-based estimations of 

performance in green supply chain management, Int. J. Production Economics, 135: 907-916. 

[51] Choudhary, Mansih, Seth, Nitin, 2011. Integration of Green Practices in Supply Chain Environment The 

practices of Inbound, Operational, Outbound and Reverse logistics, International Journal of Engineering 

Science and Technology, 3(6): 4985-4993. 

[52] Bhateja, Ashish Kumar, Babbar, Rajesh, Singh, Sarbjit, Sachdeva, Anish, 2011. Study of Green Supply 

Chain Management in the Indian Manufacturing Industries: A Literature Review cum an Analytical 

Approach for the measurement of performance, International Journal of Computational Engineering & 

Management, 13: 84-99. 

[53] Zhu, Q., Y. Geng, T. Fujita and S. Hashimoto, 2010. Green supply chain management in leading 

manufacturers Case studies in Japanese large companies, Management Research Review, 33(4): 380-392. 

[54] Zhu, Q., J. Sarkis, K.H. Lai, 2007b. Green supply chain management: pressures, practices and 

performance within the Chinese automobile industry. Journal of Cleaner Production, 15(11-12): 1041-

1052. 

[55] Diabat, Ali, Govindan, Kannan, 2011. An analysis of the drivers affecting the implementation of green 

supply chain Management, Resources, Conservation and Recycling, 55(6): 659-667. 

[56] Holt, D., A. Ghobadian, 2009. An empirical study of green supply chain management practices amongst 

UK manufacturers”, Journal of Manufacturing Technology Management, 20(7): 933-56. 

[57] Paulraj, A., 2009. Environmental motivations: a classification scheme and its impact on environmental 

strategies and practices, Business Strategy and the Environment, 18(7): 453-68. 

[58] Gonzalez, P., J. Sarkis, B. Adenso-Diaz, 2008. Environmental management system certification and its 

influence on corporate practices: evidence from the automotive Industry, International Journal of 

Operations & Production Management, 28(11): 1021-41. 

[59] Christmann, P., G. Taylor, 2001. Globalization and the environment: determinants of firm self-regulation 

in China”,  Journal of International Business Studies, 32(3): 439-458. 

[60] Claver, E., M.D. Lopez, J.F. Molina, J.J. Tari, 2007. Environmental management and firm performance: A 

case study,  Journal of environmental Management, 84: 606-619. 

[61] Wua, Guo-Ciang, Ding, Jyh-Hong, Chen, Ping-Shun, 2012. The effects of GSCM drivers and institutional 

pressures on GSCM practices in Taiwan‟s textile and apparel industry, Int. J. Production Economics, 135: 

618-636. 

[62] Zhu, Qinghua, Sarkis, Joseph, Cordeiro, J. James, Lai, Kee-Hung, 2008b. Firm-level correlates of 

emergent green supply chain management practices in the Chinese context, Omega, 36: 577-591. 

[63] Lin, Ru-Jen, 2013. Using fuzzy DEMATEL to evaluate the green supply chain management practices, 

Journal of Cleaner Production, 40: 32-39. 

[64] Wang, Xiaojun, Chan, Hing Kai, Yee, W.Y. Rachel, Diaz-Rainey, Ivan, 2012. A two-stage fuzzy-AHP 

model for risk assessment of implementing green initiatives in the fashion supply chain, International 

Journal of Production Economics, 135(2): 595-606. 

[65] Hong, Paul, Kwon, He-Boong, Roh, James Jungbae, 2009. Implementation of strategic green orientation 

in supply chain An empirical study of manufacturing firms, European Journal of Innovation Management, 

12(4): 512-532. 

[66] Akao, Y.A., 1990. Quality Function Deployment- Integrating Customer Requirements into Product 

Design, Productivity Press, Cambridge. 

[67] Tseng, M.L., 2010. An assessment of cause and effect decision making model for firm environmental 

knowledge management capacities in uncertainty, Environmental Monitoring and Assessment, 161: 549-

564. 

[68] Iirajpour, A., S. Kazemi, M. Hajimirza, A. Akafpour, I. Latifi, A. Javadi, 2012. Identification and 

Assessment of Managerial and Logistical Factors to Evaluate a Green Supplier Using the DEMATEL 

Method, J. Basic. Appl. Sci. Res., 2(9): 9175-9182. 

http://www.sciencedirect.com/science/article/pii/S0959652611002137


3516                                                             Fallahian-Najafabadi 

Advances in Environmental Biology, 7(11) Oct 2013, Pages: 3505-3516 

 

 

[69] Kolk, A., J. Pinkse, 2004. Market strategies for climate change. European Management Journal, 22(3): 

304-314. 

[70] Hu, Allen, H. and Hsu, Chia-Wei, 2010. Critical factors for implementing green supply chain management 

practice An empirical study of electrical and electronics industries in Taiwan, Management Research 

Review, 33(6): 586-608. 

[71] Wu, W.W., 2012. Segmenting critical factors for successful knowledge management implementation using 

the fuzzy DEMATEL method, Applied Soft Computing, 12(1): 527-535. 

[72] Hori, S., Y. Shimizu, 1999. Designing methods of human interface for supervisory control systems, 

Control Engineering Practice, 7(11): 1413-1419. 

[73] Kamaike, M., 2001. Design elements in the passenger car development: the classification and the influence 

analysis in case of recreational vehicle, Bulletin of JSSD, 48(1): 29-38. 

[74] Yamazaki, M., K. Ishibe, S. Yamashita, I. Miyamoto, M. Kurihara, H. Shindo, 1997. An analysis of 

obstructive factors to welfare service using DEMATEL method reports of the faculty of engineering, 

Yamanashi University, 48: 25-30. 

[75] Yuzawa, A., 2002.  A state and subjects of TMO conception for city core vitalization countermeasure: a 

case study of Maebashi TMO conception, Bulletin of Maebashi Institute of Technology, 5: 61-67. 

[76] Gabus, A., E. Fontela, 1972.  World Problems, An Invitation to Further Thought Within the Framework of 

DEMATEL. BATTELLE Institute, Geneva Research Centre, Geneva, Switzerland. 

[77] Gabus, A., E. Fontela, 1973. Perceptions of the World Problematique: Communication Procedure, 

Communicating With Those Bearing Collective Responsibility (DEMATEL Report No. 1). BATTELLE 

Institute, Geneva Research Centre, Geneva, Switzerland. 

[78] Tzeng, G.H., C.H. Chiang, C.W. Li, 2007. Evaluating intertwined effects in e-learning programs: a novel 

hybrid MCDM model based on factor analysis and DEMATEL. Expert Syst. Appl, 32(4): 1028-1044. 

[79] Chang, B., C.W. Chang, C.H. Wu, 2011. Fuzzy DEMATEL method for developing supplier selection 

criteria, Expert Systems with Applications, 38(3): 1850-1858. 

[80] Zadeh, L.A., 1965. Fuzzy sets. Information and Control, 8(3): 338-353. 

[81] Chen, M.F., G.H. Tzeng, C.G. Ding, 2008. Combining fuzzy AHP with MDS in identifying the preference 

similarity of alternatives, Applied Soft Computing Journal, 8(1): 110-117. 

[82] Hu, Y.C., R.S. Chen, G.H. Tzeng, 2003. Discovering fuzzy association rules using fuzzy partition 

methods, Knowledge-Based Systems, 16(3): 137-147. 

[83] Von Altrock, C.V., 1996. Fuzzy Set Theory & Neurofuzzy Applications in Business and Finance, Prentice 

Hall, New Jersey. 

[84] Zadeh, L.A., 1975. The concept of a linguistic variable and its application to approximate reasoning, 

Information Science, 8: 199-249, 301-357. 

[85] Opricovic, S., G.H. Tzeng, 2004. Compromise solution by MCDM methods: A comparative analysis of 

VIKOR and TOPSIS. European Journal of Operational Research, 156(2): 445-455. 

http://www.sciencedirect.com/science/article/pii/S1568494611002912
http://www.sciencedirect.com/science/article/pii/S1568494611002912
http://www.sciencedirect.com/science/article/pii/S1568494611002912
http://www.sciencedirect.com/science/article/pii/S0957417410007426
http://www.sciencedirect.com/science/article/pii/S0957417410007426
http://www.sciencedirect.com/science/article/pii/S0957417410007426

