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ABSTRACT 
GSCM is highly used to reduce waste, reduce emission, preserving the quality of natural resources, decrease of consumption of 
hazardous and harmful materials, better product life cycle and increase not only environmental performance but economic 
performance also. But it has been very difficult to understand and analysis the effect of individual activities and its 
corresponding contribution. In this paper MCDM (Multi Criteria decision making) is used for determining GSCM performance 
with the help of the parameter related to GSCM performance. MCDM is used to making decisions in the presence of multiple, 
usually conflicting criteria. Fuzzy comprehensive method has been applied to get the performance having different 
environmental, operational, Economic performance parameters, after gating performance, comparing the comprehensive 
performance before and after the implementation of the green supply chain for Chhattisgarh manufacturing industry. AHP 
method is applied to determine the weight of all parameters, and fuzzy comprehensive evaluation method is used to evaluate 
independent technical innovation capability of manufacturing industry. Finally, an empirical analysis is carried out on a 
manufacturing industry. 
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1. INTRODUCTION 
Supply chain management system is a vital and a global form of a management system which consist of inbound 
logistics, intermediate processing stage and outbound logistics. Supply chain management is a process of planning, 
implementing, and controlling the operations of the supply-chain network catering to the requirements of customers 
(purchasers) as efficiently as possible (Rajesh kumar2012). The waste and emissions caused by the supply chain have 
become one of the main sources of serious environmental problems including global warming and acid rain. Green 
supply chain policies are desirable since reactive regulatory, to proactive strategic and competitive advantages (Rajesh 
kumar et. al. 2012).GSCM has emerged in the last few years. GSCM is integrating environmental thinking (Gilbert, 
2000) into Supply Chain Management (SCM).Researcher suggests that GSCM practices consist of eight major factors 
(Rituraj chandraker et.all 2013). Although organization considers environmental management their own strategies 
measuring GSCM performance based on practices implemented. To implement GSCM, organizations should follow 
GSCM practices which consist of environmental supply chain management guidelines. 
There are three major aspects related with performance, environmental, economic and operation. In terms of 
environmental performance, Zhu and Sarkis (2004) distinguish between positive and negative economic impacts. 
Positive economic impacts such as decreased costs of purchasing materials decrease in costs of energy consumption, 
decrease of waste treatment or decrease in fines for environmental accidents. Finally, negative economic impacts such 
as investment in technology or training, increase of operational cost or increase of costs for purchasing environmentally 
friendly products, given the availability and relatively cheap costs of virgin materials. However, GSCM can be 
considered as a relatively new topic, so with current data sources and experiences it is difficult to assess if in practice 
GSCM is delivering better results to the companies involved (Zhu and Sarkis, 2004). In today’s global scenario of 
intense competition and environmental uncertainty flexibility in supply chain has an important role to play for the 
existence of any supply chain business. (Rituraj Chandraker et. al. 2012) 
In this paper author used Fuzzy comprehensive evaluation method to see performance after and before implementation 
of GSCM factors based ISM modelling. Fuzzy comprehensive evaluation method is a method to comprehensively 
evaluate systems by using fuzzy set theory of fuzzy mathematics. Through the fuzzy evaluation information about the 
priority of various alternatives can be achieved as a reference for decision makers to make decision. Fangzhuwang 
(2012) used fuzzy comprehensive evolution method for evaluate GSCM performance of enterprise, this paper is based 
on the same method but for stabilize weight AHP is used (Pang Yan 2011). 
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2. LITERATURE 
Amy H.I. Lee et. al. (2008) The objective of this study is to construct an approach based on the fuzzy analytic hierarchy 
process (FAHP) and balanced scorecard (BSC) for evaluating an IT department in the manufacturing industry in 
Taiwan.  
ÖmürTosunet. all. (2012) In this paper, relations between green supply chain management and environmental 
technologies are presented 
Fangzhou Wang (2012) using SCOR model as a framework of green supply chain, the authors establish the indicator 
system of overall performance evaluation on the green supply chain from the finance, operations and environment of 
the supply chain. 
PANG Yan et. all. (2011) combined with the supply chain management practice in Hunan Valin Xiangtan Iron and 
Steel Limited Corporation (Xiang Gang for short in the following), through applying the green supply chain 
management theory, on the basis of demonstrating the connotation of environment-friendly green supply chain, and 
constructs corresponding index evaluation model through applying level fuzzy comprehensive appraisal.               
L.K.Tokeet. all. This  study aims  to  rank,  interactions, and weightage of critical success  factors  (CSF) of the  green  
supply  chain management(GSCM)  in  Indian  manufacturing  sector. The AHP was applied for determining relative 
importance and selecting appropriate approach in GSCM practice. 
P. Muralidharet. all.(2012) This paper presents a new decision making approach for group multi-criteria evaluation for 
green supply chain management strategies, which clubs green procurement, manufacturing, green service to customer 
and environmental management process with order allocation for dynamic supply chains to cope market variations.  
According to Debmallya Chatterjee et.al. (2010)Increased competition amongst the banks and the liberalization of 
policies has helped many institutions to take up the banking business.  
 

3. PROPOSED METHODOLOGY  
Rituraj et. al (2013) investigate GSCM practices, and challenges that the Manufacturing supply chain are experiencing 
in practice, and using moving average method give fist level implementation factors, i.e. Top management 
commitment, ISO 14001 certification, Environmental compliance and auditing programs, Training personnel about 
environmental issues, Environmental management systems exit, Developing environmental and technical standards for 
purchasing raw materials, Developing environmental and technical standards for purchasing machinery, equipment’s 
and instruments Continuous check-up of machinery and instruments erosion, Check-up of stages of manufacturing 
processes, Existence of advanced carrying system to reduce wastes, Sale of scrap and used materials, , Soil, water and 
air pollution by Working together to reduce environmental impact of sc. This all factors are considered for 
implementation. This will definitely lead to enhanced performance and long term benefits for the company. This will 
also result in more environment friendly practices and will build company’s reputation. With the help of this paper 
authors investigate the GSCM performance using fuzzy comprehensive method. 
 
The methodology can be expressed in the following ways.  
Steps 1- In the basis of Literature establish GSCM Practices & Performance factors.  
Step 2- After understanding the market developing questionnaires which covers all the drivers which are essential for 
understanding the pressure, performance, and practices of GSCM. 
Step 3- The questionnaires were mailed to the selected originations.  
Step 4- The data obtained from the units related to GSCM practices were analyzed by moving weight age method.  
Step 5- Above 0.7 weighted factors are used for implementation. (Rituraj chandraker et. all 2013) 
Step 7- After that find correlation with the help of ISM modal. 
Step 8-Afer modelling, I compared the opinion of industrial experts of before implementing of GSCM and after 
implementing GSCM by AHP Fuzzy Comprehensive method. 
 
AHP allows user to access the relative weight of multiple criteria or multiple options against given criteria in an 
intuitive manner. In case quantitative ratings are not available, policy makers or assessors can still recognize whether 
one criterion is more important than another. Therefore pair-wise comparisons are appealing to users. Comparisons(X 
is more important than Y) (Yan Pang et. all 2011) 
 
Step 1.AHP Formulation 
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Then take the consistency test, If the test is unqualified, we need revise the former matrix.  
Then determine the maximum Eigen value λmax that is approximate to Eigen value. Then calculate the consistency 
index CI = (λmax - M)/(M-1). The smaller the value of CI, the smaller is the deviation from the consistency. 
Then obtain the random index (RI) for the number of attributes used in decision making. Refer to table 3.1 for details 
derived from Saaty’s book, in which the upper row is the order of the random matrix, and the lower is the 
corresponding index of consistency for random judgments. 
Then calculate the consistency ratio CR= CI/RI. Usually, a CR of 0.1 or less is considered as acceptable, 

Table 3.1 

 

 
Fig.3.1  Detailed Methodology 

 
Step 2.Determining the reviews set for fuzzy comprehensive evaluation 
 
The evaluation results of every indicators of the environmental performance evaluation system of the green supply 
chain is divided into 5 grades, which are excellent, good, medium, qualified, and poor. Using (1,0.9) points is said 
excellent, successive declining, and (0,0.5) points is considered bad. (Fangzhou Wang 2012) 
 
Step 3.Finding the evaluation matrix 
        Y =W .R {Y1 ,Y2,………. ,Yg } 
 
Step4. Finally, calculating a composite score M = Y ⋅ST , M is the comprehensive Performance score, and Y is the final 
comprehensive evaluation matrix, and S is to the row vector of the evaluate grade-point, and S T is the transfer matrices 
about S.  
 
Step5. M k= Y ⋅ S t. The value M reflects the strengths and weaknesses of the different evaluation indicators, which 
provides a scientific basis for the environmental performance assessment of the green supply chain. 
 
Step 6.Analyzing the assess results 
Using this method can calculate the comprehensive performance of the manufacturing unit and all levels performance 
of the green supply chain. (Fangzhou Wang 2012) 

(I) If M / M ′ >1.1 , the implementation of the green supply chain management improves the manufacturing unit 
performance.  
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4. GSCM PRACTICES MODAL 
 

 
 

Figure 4.1: “Model for Factors to Implement GSCM in Chhattisgarh Manufacturing Industry”. (Rituraj Chandraker et. al. 
2013 

 
 

5.  RESULT 
In this Section, using ISM model as a framework of green supply chain (Rituraj Chandraker et. all. 2013), and establish 
the indicator system of overall performance evaluation on the green supply chain from the finance, operations and 
environment of the supply chain. According to the characteristics of the multi-level performance evaluation system and 
the fuzzy comprehensive evaluation method, we build the manufacturing unit performance evaluation model on the 
green supply chain management. Using the implementation of the green supply chain in the Manufacturing industry as 
a case, we analyze and test that the green supply chain management can improve the overall performance of 
manufacturing unit. 
 
I. AHP method is used to determine the weights of the attributes and prepared the following matrix : 
 

Environment 
Positive 
Economic 

Negative 
Economic 

Operation 
Performance 

Environment 1 2 2 0.667 
Positive Economic 0.5 1 1 1 
Negative Economic 0.5 1 1 1 
Operation Performance 1.5 1 1 1 
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So, now calculating the geometric means we get, 
 
 

   = 
 
 
Now, let us calculate the weights of the parameters; 
 
 
              W   = 
 
 
Now, λmax=  4.1546 
 
CI = (4.1546 – 4)/(4 – 1) = 0.051533 
 
CR = 0.051533/0.9  = 0.057259 
 
Now, since CR is less than 0.1, so whatever matrix A1, have been decided, is correct i.e. there is good consistency in 
the judgments made. Also, there is no contradiction in the judgments. 
 
Similarly we find the weight for Environmental, Positive economic, Negative economic and Operational 
 
a. Now, AHP method is used to determine the weights of the attributes and prepared 

The Sub factors of Environmental performance matrix: 

 
 

  W1 = ( 0.21 015  0.011  0.38  0.15) 

b. Now, AHP method is used to determine the weights of the attributes and prepared 
The Sub factors of Positive economic performance matrix: 
 

 

                 W2   = (0.23  0.26  0.14  0.27  0.10) 

1.27 
0.84 
0.84 
1.1 

0.31 

0.21 
0.21 
0.27 
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c. Now, AHP method is used to determine the weights of the attributes and prepared 
The Sub factors of negative economic performance matrix: 
 

 
 

W3  =   (0.28  0.26  0.23  0.23) 
d. Now, AHP method is used to determine the weights of the attributes and prepared 
The Sub factors of operational performance matrix: 
 

 
 

W4 = (0.26  0.09  0.26, 0.19, 0.20) 
So             
                 W = (0.31   0.21   0.21   0.29) 
                 W1 = ( 0.21 015  0.011  0.38  0.15) 
                 W2   = (0.23  0.26  0.14  0.27  0.10) 
                  W3  =   (0.28  0.26  0.23  0.23) 
                  W4 = (0.26  0.09  0.26, 0.19, 0.20) 
II. The comprehensive performance before the implementation of the green supply chain 

a. Writing the fuzzy relationship matrix 

Investigating the technical staff, and we obtain only 20 valid questionnaires. Then the fuzzy membership degree of all 
reviews set are 2/20 = 0.1, 2/ 20 = 0.1, 5 / 20 = 0.25, 7/ 20 = 0.35, 4 / 40 = 0.2. We can write R11 = (0.10  0.150.25  
0.35  0.2 ). According to this way, we can also obtain R12, R 13, R 14, R15.Therefore the fuzzy relation matrix of the 
environmental performance may be recorded R1. Similarly, we can also write the fuzzy relationship matrix of the 
positive & negative economic performance and the operational performance. 
 

 
 

 
a. We already calculate each weight factor of the second-level indicator 

 
 W = (0.31   0.21   0.21   0.29) 
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W1  =  ( 0.21  015   0.011  0.38  0.15) 
W2   =  (0.23  0.26  0.14  0.27  0.10) 
W3  =   (0.28  0.26  0.23  0.23) 
W4 =  (0.26  0.09  0.26  0.19  0.20) 
 
b. Determining the matrix of the reviews set 

S =(0.9  0.8  0.7  0.6  0.5 ) 

S = {0.9(excellent), 0.8(above average), 0.7(average), 0.6 (below average, 0. 5(poor）} 

c. Finding the evaluation matrix 
Y WRk,k 1,2,3.We can obtain  

Y1W R1 

 

 
 

So 

Y1(0.1035  0.1565  0.1915  0.369  0.1795

Y2W R20.1885  0.1545  0.2015  0.3035  0.152

Y3W R30.1  0.195  0.1935  0.336  0.1755

Y4W R40.328  0.2415  0.1905  0.155  0.085. 

Similarly, we can obtain  Y2,Y3 , Y4 in turn. 

The total membership matrix is 
 

 
 

The weight coefficient matrix of the first-level indicator is W.  
W  = (0.31  0.21  0.21  0.27).We can also write the comprehensive evaluation matrix.  
Y  =W.R  = (0.18123  0.187115  0.19375  0.290535  0.14737) 

b. Calculating the comprehensive performance score 

Finally the comprehensive performance score is calculated. 
M = (Y .ST)= 0.69643.  
The comprehensive performance score of every-level are respectively 
 The environmental performance  

             M1 =Y1.ST= 0.66355, 
 The positive economic performance 

             M2= Y2.ST =0.6924,  
 The negative economic performance  

            M3= Y3.ST= 0.6708, 
 And the operational performance  

           M4= Y4.ST = 75.72.  
The performance evaluation of the green supply chain is 0.69643 points, whose basic assessment is between poor and 
average. The environmental performance score, the financial (positive & negative) performance score and the 
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operational performance score are respectively 0.66355, 0.6924, 0.6708, and 0.75725. However, its operating 
performance is in-between above average & average, and the environmental performance is poor. Sum up the 
Manufacturing industry comprehensive performance is near to average; its performance is inadequate so it can improve 
with the help of implementing GSCM.(Fangzhou Wang 2012) 
 
Similarly the comprehensive performance after the implementation of the green supply chain 
a. Writing the fuzzy relationship matrix 

 

 
 

b. Similarly finding the evaluation matrix 
Y WRk,k 1,2,3.We can obtain  

Y1W R1 

 
So 
Y10.479  0.355  0.0755  0.0755  0.015
Y2W R20.359  0.2415  0.2355  0.136  0.028
Y3W R30.269  0.2915  0.243  0.149  0.0475
Y4W R40.441  0.287  0.194  0.068  0.01. 
Similarly, we can obtain Y2,Y3 , Y4 in turn. 
The total membership matrix is 

 
 

The weight coefficient matrix of the first-level indicator is W.  
W 0.31  0.21  0.21  0.27.We can also write the comprehensive evaluation matrix.  
Y WR 0.39944  0.29947  0.17627  0.101615  0.023205. 
I. Comparing the comprehensive performance before and after the implementation of the green supply chain 
The comprehensive performance, the environmental performance, the positive economic performance, negative 
economic performance and the operational performance before the implementation is respectively   M = 0.69643, 
M1=0.66355, M2= 0.6924, M3 = 0.6708 and M4= 0.75725 and after implementing is respectively M’= 0.7950, M’1 = 
0.82075 M’2

 =0.77675, M’3 
= 0.75855and M’4= 0.8081. 

Using the benchmarking method, according to M and M’, we can calculate their ratio, whose result is  
M/M’=1.141>1.1 
 
6. CONCLUSION 
The evaluation of Environmental operational and financial performance can show all current level of internal control. 
The manufacturing unit performance has improved after the implementation of the green supply chain management. 
The environmental performance increase, which indicates the implementation of the green supply chain significantly, 
enhances the level of the industrial environmental performance. 
As the performance measurement and calculating weight is a MCDM thing, the fuzzy comprehensive evaluation 
method is used evaluating it and it is effective method and for establish weight AHP is an effective method. 
 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 6, June 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 6, June 2013 Page 248 
 

References 
[1.] Ali Mohamadi, Payamshojaei Determining Gas Pipeline Optimum Route  By Using Integrated FAHP/Gra Model 

Australian Journal of Business and Management Research Vol.1 No.3 | June-2011 
[2.] Amy H.I. Lee a, Wen-Chin Chen b*, Ching-Jan Chang  “A fuzzy AHP and BSC approach for evaluating 

performance of IT department in the manufacturing industry in Taiwan” Expert Systems with Applications 10 
(2008) 96–107. 

[3.] Arash Habibi Lashkariet. all. Graphical Password Security Evaluation Criteria by Fuzzy Analytical Hierarchical 
Process (FAHP) J. Basic. Appl. Sci. Res., 2(5)4368-4376, 2012 

[4.] Babak Daneshvar Rouyendegh et. all. Selection of academic staff using the fuzzy analytic hierarchy process (fahp): 
a pilot study Technical Gazette 19, 4(2012), 923-929 

[5.] Chunyan Shao “The Implication of Fuzzy Comprehensive Evaluation Method in Evaluating Internal Financial 
Control of Enterprise” International Business Research Vol. 2, No. 1. 

[6.] Debmallya Chatterjeeet. all. A Study of The Application Of Fuzzy Analytical Hierarchical Process (Fahp) In The 
Ranking Of Indian Banks Debmallya Chatterjee et. al. / International Journal of Engineering Science and 
Technology Vol. 2(7), 2010, 2511 2520. 

[7.] Elham Ravasizadehet. al. Identifying and Evaluate E-Supply Chain Risks using Fuzzy MADM American Journal 
of Scientific Research ISSN 1450-223X Issue 40(2011), pp. 134-159 © Euro Journals Publishing, Inc. 2011 

[8.] Fangzhou Wang Research on Performance Measurement of Green Supply Chain Management 2012 2nd 
International Conference on Economics, Trade and Development IPEDR vol.36 (2012) IACSIT Press, Singapore 

[9.] Gilbert, S. (2000), Integrated summary of the conference on “Greening Supply Chain”, May 25-27, 1-6. 
[10.] L.K.Toke, DR. R.C.Gupta, DR. Milind Dandekar “An empirical study of green supply chain management in 

Indian perspective” Int. Journal of Applied Sciences and Engineering Research, Vol. 1, No. 2, 2012 
[11.] Lin Wang et. al. Fuzzy analytic hierarchy process (FAHP) and balanced scorecard approach for evaluating 

performance of Third-Party Logistics (TPL) enterprises in Chinese context African Journal of Business 
Management Vol.6(2), pp. 521-529,18 January, 2012 

[12.] Mohamad Ashari Alias et.al. Using Fuzzy Analytic Hierarchy Process for Southern Johor River Ranking Int. J. 
Advance. Soft Comput. Appl., Vol. 1, No. 1, July 2009 

[13.] Mohammad Reza Mehregan, Mona Jamporazmey, Mahnaz Hosseinzadeh, and Mohsen Mehrafrouz “Application 
of Fuzzy Analytic Hierarchy Process in Ranking Modern Educational Systems’ Success Criteria” International 
Journal of e-Education, e-Business, e-Management and e-Learning, Vol. 1, No. 4, October 2011. 

[14.] Nooramin, Amir Saeed et.all. Comparison of AHP and FAHP for Selecting Yard Gantry Cranes in Marine 
Container Terminals Journal of the Persian Gulf (Marine Science)/Vol. 3/No. 7/March 2012/12/59-70 

[15.] Ömür Tosun1, Fahriye Uysal2 Linking Green supply chain management with environmental Technologies and an 
application of technology selection 3rd International Symposium on Sustainable Development, May 31 - June 01 
2012, Sarajevo. 

[16.] P. Muralidhar1, Dr K Ravindranath2, Dr V Srihari “ Evaluation of Green Supply Chain Management Strategies 
Using Fuzzy AHP and TOPSIS IOSR Journal of Engineering Apr. 2012, Vol. 2(4) pp: 824-830 

[17.] Process (Fahp) In The Ranking Of Indian Banks Debmallya Chatterjee et. al. / International Journal of 
Engineering Science and Technology Vol. 2(7), 2010, 2511-2520 

[18.] Rajesh Kumar, Rituraj Chandrakar 2012. Overview of Green Supply Chain Management: Operation and 
Environmental Impact at Different Stages of the Supply Chain . International Journal of Engineering and 
Advanced Technology (IJEAT) ISSN: 2249 – 8958, Volume-1, Issue-3, February 2012. 

[19.] Rajesh Kumar, Rituraj Chandrakar, Anil Kumar, Haldhar ram chandrakar (2012). Taguchi loss function as 
optimised model for supplier selection and evaluation. IJAET/Vol.III/ Issue I/January-March, 2012/268-270. 

[20.] Rituraj Chandrakar, Anil Kumar, Rajesh Kumar and Robin Joy (2012). Performance measurement of supply chain 
flexibility using witness. Management Science Letters 2 (2012) 2581–2590. 

[21.] Rituraj chandraker et. all. (2013). “Review and Development of key factors of green supply chain management 
practices and correlate with GSCM function and strategies” Proceedings of the 2013 International Conference on 
Eco Friendly Technologies in Computer Science & Engineering for Sustainable Growth Rungta College of 
engineering C.G, India. Feb. 8– 9, 2013. 

[22.] Rituraj Chandrakera, Rajesh Kumarb, Apoorv Tiwari “Analysis of GSCM Practices factors and sub factors for 
implementation of GSCM in manufacturing industries” International Conference on metallurgical and mechanical 
Engineering . 17 Feb, 2013 Nagpur. 

[23.] Rituraj Chandraker & Rajesh Kumar “Analysis of Practices for Implementation of GSCM in Chhattisgarh 
Manufacturing Industries (India) Using Interpretive Structural Modeling Technique” International Journal of 
Industrial Engineering & Technology(IJIET); Volume: 3; Issue:3; 35-44. 

[24.] Rituraj Chandraker et. al. “Evaluation of Furniture industry Using Topsis Method in terms of Environmental 
Parameter” All India Conference on Global Innovations For Technological Development in Mechanical 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 6, June 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 6, June 2013 Page 249 
 

Engineering & Mechatronics Engineering, April12th -13th, 2013 Chhtrapati Shivaji Institute of Technology, 
Durg, 491001, Chhattisgarh, India ISBN: 978-81-923288-1-2. 

[25.] Saaty, T.L., 1980. “The Analytical Hierarchy Process”. McGraw-Hill, New York, NY. 
[26.] Thomas L. Saaty Decision-making with the AHP: Why is the principal eigenvector necessary European Journal of 

Operational Research 145 (2003) 85–91 
[27.] XU Ze-shui1,2,∗, CHEN Jian1 Approach to Group Decision Making Based on Interval-Valued Intuitionistic 

Judgment Matrices Systems Engineering - Theory & Practice Volume 27, Issue 4, April 2007 Online English 
edition of the Chinese language journal 

[28.] Yan Pang, Lihui Hu, Hongxia Li “Construction and Evaluation of Environment-friendly Green Supply Chain in 
Steel and Iron Manufacturing Industry” Management & Engineering 02 (2011) 1838-5745 

[29.] Zhu, Q., & Sarkis, J. (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), 265-89. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


