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ABSTRACT

Industrialists and researchers now realize the rtapoe of preserving the environment and principles
related to. Sustainable protection can be achiéyegrotection of environment. Such factors encoerag
manufacturers to adhere principles of ecologicadpction. In this way, study of factors effective i
success of green supply chain management can bg hedpful. Assistance to manufacturers having a
successful green supply chain is an incentive litg $tudy. Results of this study shed the lighttios
matter that activities based on green supply ch&nagement approach and external driving factans ca
affect the efficiency of whole of the supply chairhis means that Industrialists’ activities mustibe
accordance with the principles of environmentalt@ction and they should consider external pressares
order to remain competitive in business world. Besj results show that environmental regulations,
green purchasing and green design are the sub-acemmthat can affect the entire system. However,
other sub-components that can have a role in tloeess of green supply chain management take
affection of the whole system instead of influemcin

Keywords. Green Supply Chain, Green Supply Chain Manageménternal Driving Factors,
Organizational Efficiency, Fuzzy DEMATEL Method

1. INTRODUCTION Every modern manufacturing organization, for

meeting the challenges of a highly competitive dorl
International fluctuating environment and intense has to apply the new and innovative strategies, in
competition have brought about the organizations toorder to create competitive advantages, meet the
consider more carefully about the approach for rgama stake_holder’s needs and consider the legal i§sues

their resources and maintain the consequent cotiveeti (Farzianpouret al., 2012). Moreover, manufacturing

advantages (Farzianpouet al., 2014). Nowadays, activities are the major factors which have d_lsamr
. o . . effects on the balanced ecosystem and might have
environmental activities play a strategic role moguct

. : ) . disruptive influences on the environment in many
design planning and working process, senior masager yitterent periods of product life cycle, such as

support for the organization and manufacturingvétets utilizing the resources, production, supplying the
and also, influence the organization’s manufacturin consumers and recycling (Farzianparal., 2013b).
performance (Tseng, 201la; 2011b; Tzeng andThis represents the importance of manufacturers’
Opricoric, 2003; Farzianpowt al., 2013a). caution for manufacturing activities’ influences tre
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environment. Manufacturers can improve their and the knowledge management has become a key
competitive advantages through complying with the factor in determining the competitive advantages.
environmental rules and regulations. Recently, Nowadays, organizations make more attempts at
considering the environmental regulations has beenobtaining the knowledge by improving the efficieray
even much more important than internal activitied a their supply chain (Let al., 2011). The occurrence of
has been expanded all over the supply chain. As anew requirements among the customers and also the
result, the supply chain management has been morexistence of the government’s rules and interventio
elaborated in comparison to the past. For managingwhich affect the bargaining power amongst the syippl
the supply chain, must give your more attentiomhi® chain members, arise the necessity of evolving from
needs of stakeholders and some rules, such as EU’asual supply chain. For this reason, the green Igupp
approved rules (EC, 2000; US-AEP, 1999) that management, as a notable philosophy of organization
appeals manufacturers to take the responsibility fo has been established to meet these needs. Green
the probable disastrous consequences through th@roducts and the manufacturing processes that @ensi
product life cycle. Actually, manufacturing these principles, could preserve the environmemt an
environmentally_friendly products is extremely make the optimum use of the resources (Diabat and
notable and assists the organizations, with theGovindan, 2011; Chung and Wee, 2011). The concept
emphasis on developing green products, in stablingof green supply chain is an interdisciplinary suabje
their conditions in the current highly competitive which focuses its attention on implementing the
markets (Wallacet al., 2011). environmentally_friendly course of actions in the

So, This raises the question about the crucialsupply chain. Handling such actions means that the
factors which are effective in successful executbddn  organization to what extent is concerned about the
green supply chain plan and also, express theenvironment and is eager to reduce the harmfukctffe
influence of each factor on the whole system, whenof its products (Eltayebt al., 2011).
the entire factors generally create a system. As a All people who work for an organization have to
result, the purpose of this research is discovetiteg realize that with improving collaboration basedtbe
most crucial effective factors, by studying thee@sh organizational values, they can arouse enthusiasm f
literature and determining their mutual relatiopshi  raising environmental awareness on the whole supply
in order to make the green supply chain much morechain and implement the knowledge management
flourishing (Tseng and Lin, 2009). much better (Cheng, 2011). The purpose of the green

We apply the Decision Making Trial and Evaluation supply management in not only reducing the
Laboratory (DEMATEL) method for answering the expenditure or giving satisfaction to customers_as
research’s main question, because it simply divittes considered in the usual supply chain_but also gayin
effective factors for implementing the green supply attention to the environmental issues and the $ocia
chain, with the aid of experts’ advice, into twamgps; duty of the organization in this matter. The amoaht
cause and effect (Lin, 2013). Causes are the fathat  organization’s tendency to make a green supplyrchai
influence the whole system and their actions cdecaf is more affected by the organization’s view of the
the way for obtaining a satisfactory green supigic. environmental issues (Holt and Ghobadian, 2009).
Actually, DEMATEL is a mathematical method that Organizational culture and people’s behavior play a
can convert the components of the cause and effect important role in converting usual supply chainthe
an illustrative structural model. This method prése green supply chain (Setthasakko, 2009). If the
the indirect relationships between the system’sorganization is willing to confirm its position ithe
components in a cause and effect model. Fuzzy setenvironmental issues, must consider its activitas
theory has been used alongside the DEMATEL methodthe supporting culture for them, more carefully and
for removing any ambiguity in human perception and select the suppliers who obey the rules (Tsengl.,
also, obtaining more thoroughly information. 2008). The aim of activities related to obtainire t

. environmental rules in the supply chain, is that to

1.1. Theoretical Framework keep a balance between the organization’s effigienc

Global competition has made the relationship in the market and considering environmental matters
between the suppliers and customers more susceptiblSuch activities will result in challenges like sagithe
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energy and protecting the environment from pollatio can be considered a survey research, too. Datakiesere
(Zhuet al., 2011). gathered based on the questionnaire measuremdnt too
Since the businesses manufacture the productsind sent to the 18 experts of Saipa Automative
designed according to the eco-friendly technology, Manufacturing Group, in order to get their professil
recycling the products and designing the distributi  opinion. The reason for choosing such a manufawuri
channels of the supply chain appropriately, theg ar group is that, this group considers the green suapt
perfectly capable of reducing the wast endeavors to follow the rules of safeguarding the
taking advantages of environmental resesl  gnyironment to such an extent that the Saipa Yaak_
and also cutting the economic eiture.  gnare parts supplier and one of the members ofaSaip
Green activities have positive effect on quality, Group_won a prize in the third festival of green

customer satisfaction and efficiency, that all bgt economy. Selected experts are really experienced an

above result in boostmg profits (Oluga "’.‘l" 2011). well-informed about the managerial knowledge and
Actually, supply chain management involves the . . .
concepts used in questionnaire.

integration of different organizations and puttithgm For determining the mutual effects of the

in the same direction in order to make them indigat . .
components used in the green supply chain

the characteristics of the complex systems. Green X
supply chain management, while it can be management, DEMATEL method has been applied.

implemented well that in the flow of materials and 'S method with the aid of structural modeling
information from suppliers and manufacturers @PProach, divide the components into two separate

customers there is proper coordination. According t categories; cause and effect. This helps the rekees
the researchers’ findings, there will be more baiaf  t0 gain a better understanding of the structural
competitive advantages as a result of existence ofelationships between the factors (Lin, 2011;
harmony through the supply chain (Tseng, 2010). Wang and Zhang, 2010).

Because of the importance of this issue, numerous The vast majority of organizations for dealing with
researches have been done in this scope. Someeof tithe decision making issues, faced with in the real
relevant researches are as followed: Wang and Zhangvorld, apply the group decision making methods. But
(2010) come to a conclusion that with applying while we are confronting the complicated systerhs, t
DEMATEL method, it will be possible to recognizeesth  experts’ opinion becomes more explanatory and giyes
direct relationships from the indirect ones in more its absolute values. This sort of opinions make the
elaborating issues of supply chain. Also, identife decision making process much more complicated and
main factors which can cause the complexity of the causes the ambiguity (Tzeng and Opricovic, 2003).
system (Wang and Zhang, 2010). Then Lin (2011) Therefore, the fuzzy theory developed by Dr. Asgdeh
realized that under the existing conditions, inabhihe in order to take advantages of ambiguous dataalyzing
green supply chain has become a practical apprimach the matters (Zadeh, 1965). In this research, tiengular
the expansion of eco-friendly activities, utilizirthe Fuzzy Numbers (TFN) have been used, because timey ca
fuzzy DEMATEL method can be useful in evaluating be calculated more easily and have a surprisingedeof

the green supply chain’s activities. accuracy. A sample of the triangular fuzzy numbers
According to these researches, we can point odit thashowed in théig. 1, as (al, p, a2).
there are different components involved in sucasgdi The membership function of the triangular fuzzy

the supply chain. After gathering the components numbers defined as followed:
considered in this research, they have been categor

and represent to the experts, in order to get their X-a
. - . ) K XK g,
professional opinions. Major components and theatsho a,-3a
description of them are includedTrable 1. -
: A, (x) = 2 a, < X<a,
1.2. Research M ethodologies a,-a
The research, according to its direction and 0

objectives, is a kind of descriptive research. Meeg, it
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Table 1. Components of the research

Code Component Short Description Resource No.
Green supply chain management activities
Cl Green purchase All the activities that ensure theufacturing (lgarastt al., 2013; Hervanét al.,

items are bought based on the environmental ptexip  2005; Wheelest al., 2013;
Raw materials that can be used for making produets a Zhuet al., 2007)
recyclable and they do not harm the environment.
C2  Green designing Designing the product with thenition of decreasing (Kananal., 2014; Hervanet al.,
the harmful impact of the products on the envirentn 2005; Zhwet al., 2007)
during the product life cycle.

C3 Reverse logistics All the activities done with thepose of (Alvarez-Gt al., 2007; Kanamt al.,
recycling and reusing the products. 2014; Richey,, 2005)
C4  Close cooperation All the activities done with furpose of improving (Chamal., 2012;
with customers the eco-friendly performances enh#meeustomers’ Vachon and Klassen, 2006; 2007)

abilities in order to encourage them to take jpart
different projects, develop the green products and
indicate the efficient innovations in this scope.

C5 Close cooperation All the activities done with fhurpose of improving (Chamal., 2012;

with suppliers the eco-friendly performances enhaheeustomers’ Vachon and Klassen, 2006; 2007)

abilities in order to encourage them to take
part in different projects.

External effective factors

C6  Environmental rules Environmental rules_even gawental or international (Papadopouslos and Giaf@iy;2
ones_ which can be considered in the organizatiosisn Kanaret al., 2014)
and influence the performance of the green sugipdyn.
Among these rules is ISO-14001

C7 Coming under pressure

from the stakeholders  Stakeholders of the orgdnizagn influence the (Holt and Ghobadian, 2009;
organization’s care for the environmental factors, Govindanet al., 2013)
by stressing their needs.
Efficiency
C8 Environmental This component consists of all thesiots that (Liangt al., 2006;
efficiency organization activities have had on ¢heironment, Papadopouslos and Giama, 2007)
in the realm of the green supply chain. These itspzan
be measured by operational indicators, such as energy
indicators, consumption and also performance
management such as environmental politics.
C9 Economic efficiency Financial benefits which itweothe whole (Carteat al., 2000;

organization and consist of annual profits, Raotold, 2005)
market share and increased productivity.
C10 Operational efficiency All the advantages wtach influencing the operational (Caréeal., 2000;

level of the organization, such as cutting theg;ast Rao and Holt, 2005;
increasing the flexibility, are considered here. ackon and Klassen, 2006; 2007)
C11 Intangible influences Perceptional advantagds asiorganization’s
of the performance social images or customer satisfaate the intangible (Smith, 2005;
influences that result in doing some eco-friendly ackon and Klassen, 2007)

activities in the supply chain.

For determining the internal relationships between
essential factors, experts have been asked to paike
""""""""""""""""""" g comparisons between these factors. For the purpbse
{ making these pair comparisons, we asked the exferts
use the fuzzy numbers frofrable 2.
So, the matrix “Z", called direct relationship
matrix is created in the first step. One of themedats

of this matrix is shown agal.d;.4,)= 2, which

a ajl 2 indicates the Kth expert’s evaluation of elemerit
on the impact of element “ j “. In this step direct
Fig. 1. The triangular fuzzy numbers relationship matrix will be obtained. In the nexgps,
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matrix “Z “must be normalized (Tseng and Lin, 2009) z, zl/p(zj% + 72+ 4)) 9)
Equation (1 to 4):

In this research, the direct relationship matri>xs ha

xal :(%j _mi”ﬁ-) i\ 1) become as shown ifiable 3 after defuzzification of the
experts’ opinions.
Xafmj :(;,{mij _mi“ﬁij) max 2) According to the defuzzified direct relationship

matrix which is a combination of experts’ opinioasd

i _(é; min& ) max 3) based on the following formulas, Normalized Direct
% =\ & — E n Relationship Matrix can be created Equation (10 Hhyd
Ape=maxal; _ming (4) X=s*Z (10)
In this functions; s=1/maxy L, Z = 1,2,...1 (12)
In the 3rd step, normal left values (Is) and norrigdit
values (rs) calculated in this way Equation (5 @nd So, the Normalized Direct Relationship Matrix imsth
research will be as depictedTmable 4.
xIsf = xal; /( I+ e — xé) (5) In the next step, total relation matrix (T) must be
calculated. Total relationship matrix in this resdawill
be as the following, iTable 5 Equation (12):
xrsf = xg; /( I+ xg; - x,ﬁ.j) (6) 9 q (12)

, T=x(1-X)" 12
Also, the final normal absolute value calculateshas ( ) (12)

following Equation (7): For providing the cause and effect’'s graph (or

table??), the total elements of the column and riows
X :[Xlsjk (1_ X'#)J’ xrg O xri#} ( F x5+ )ﬂ%) (7) the Total Relationship Matrix, called in turn R abd
. _ If R + D is big, it means that the relevant fackad
The absolute value will be calculated in the next many interaction (or relationships) with other farst

stage with the use of Equation (8): and as a result gets a lot of importance. When D-R
. . indicates a positive amount, we can say this fabts
Z; =ming' + XA (8) been the superior one. Finally, we can have theseau

and effect’s graph (or table??) by drawing the poin
In the final step must join the values according to with the coordinates of (R + D, D-R). R and D retht

Equation (9): to the total matrix of the research showrTiable 6.
Table 2. Explanatory variables and corresponding fuzzy nusibe
Triangular fuzzy numbers Explanatory scale’s values Triangular fuzzy numbers Explanatory scale’s value
(0, 0.25, 0.5) Very small impact (1,1,0.5) Hugeanot
(0, 0, 0.25) With no impact (0.5,0.75, 1) Big impa
(0.75, 0.5, 0.25) small impact

Table 3. Defuzzified direct relationship matrix

Ci Cc2 C3 C4 C5 C6 C7 C8 C9 C10 Ci11
C1 0.000 0.966 0.697 0.697 0.697 0.000 0.445 0.9660.697 0.697 0.966
Cc2 0.697 0.000 0.697 0.966 0.966 0.697 0.445 0.9660.966 0.966 0.966
C3 0.000 0.211 0.000 0.697 0.697 0.211 0.445 0.9660.966 0.966 0.697
c4 0.211 0.445 0.445 0.000 0.000 0.211 0.445 0.6970.966 0.697 0.966
C5 0.697 0.697 0.445 0.445 0.000 0.000 0.445 0.6970.697 0.697 0.697
Cc6 0.966 0.966 0.697 0.966 0.966 0.000 0.697 0.6970.966 0.966 0.697
c7 0.445 0.445 0.211 0.697 0.697 0.000 0.000 0.6970.445 0.445 0.445
Ccs8 0.445 0.697 0.697 0.445 0.211 0.445 0.445 0.0000.445 0.697 0.697
Cc9 0.697 0.697 0.697 0.697 0.697 0.000 0.445 0.6970.000 0.966 0.697
C10 0.697 0.697 0.697 0.697 0.697 0.000 0.445 0.6970.697 0.000 0.697
C11 0.445 0.445 0.697 0.697 0.697 0.000 0.697 0.6970.697 0.697 0.000
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Table4. Normalized direct relationship matrix

C1 Cc2 C3 C4 C5 C6 Cc7 Ccs8 C9 C10 C11
C1 0.000 0.112 0.081 0.081 0.081 0 0.051 0.112 10.08 0.081 0.112
c2 0.081 0.000 0.081 0.112 0.112 0.08 0.051 0.112 .1120 0.112 0.112
C3 0.000 0.024 0.000 0.081 0.081 0.02 0.051 0.112 .1120 0.112 0.081
C4 0.024 0.051 0.051 0.000 0.000 0.02 0.051 0.081 .1120 0.081 0.112
C5 0.081 0.081 0.051 0.051 0.000 0.000 0.051 0.081 0.081 0.081 0.081
C6 0.112 0.112 0.081 0.112 0.112 0.000 0.081 0.081 0.112 0.112 0.081
Cc7 0.051 0.051 0.024 0.081 0.081 0.000 0.000 0.081 0.051 0.051 0.051
Cc8 0.051 0.081 0.081 0.051 0.024 0.050 0.051 0.000 0.051 0.081 0.081
C9 0.081 0.081 0.081 0.081 0.081 0.000 0.051 0.081 0.000 0.112 0.081
C10 0.081 0.081 0.081 0.081 0.081 0.000 0.051 0.081 0.081 0.000 0.081
C11 0.051 0.051 0.0812 0.0812 0.081 0.000 0.081 810.0 0.081 0.081 0.000
Table5. The total relationship matrix

C1 c2 C3 C4 C5 C6 Cc7 c8 C9 C10 C11
C1 0.144 0.273 0.249 0.267 0.245 0.051 0.1890 0.321 0.2830 0.2920 0.3160
Cc2 0.255 0.212 0.287 0.337 0.310 0.132 0.2210 0.367 0.3570 0.3680 0.3620
C3 0.126 0.169 0.145 0.235 0.216 0.062 0.1670 0.283 0.2760 0.2850 0.2520
C4 0.135 0.178 0.181 0.146 0.133 0.059 0.1560 0.239 0.2590 0.2400 0.2620
C5 0.195 0.217 0.192 0.207 0.141 0.040 0.1640 0.255 0.2450 0.2530 0.2510
C6 0.290 0.323 0.294 0.347 0.321 0.060 0.2520 0.351 0.3670 0.3770 0.3460
Cc7 0.146 0.164 0.139 0.201 0.186 0.033 0.0920 0.219 0.1860 0.1920 0.1920
c8 0.165 0.212 0.214 0.205 0.164 0.088 0.1620 0.175 0.2170 0.2490 0.2450
C9 0.208 0.233 0.235 0.251 0.232 0.045 0.1770 0.277 0.1920 0.3020 0.2720
C10 0.202 0.226 0.228 0.244 0.225 0.044 0.1720 90.26 0.2590 0.1920 0.2650
C11 0.168 0.191 0.217 0.233 0.215 0.040 0.1914 66.25 0.2475 0.2548 0.1767
Table 6. Components and their value of R and D
Code component D R D-R D+R
C1 Green purchase 2.6358 2.03700 0.5988 4.6720
Cc2 Green designing 3.2131 2.40300 0.8094 5.6160
C3 Reverse Logistics 2.2225 2.38570 -0.1632 4.6080
C4 Close cooperation with customers 1.9924 2.67700 -0.6849 4.6690
C5 Close cooperation with suppliers 2.1629 2.39200 -0.2295 4.5550
C6 Environmental rules 3.3330 0.6H88 2.6742 3.9918
C7 Coming under pressure from the stakeholders 48.75 1.94900 -0.1951 3.7037
C8 Environmental efficiency 2.1009 3.01600 -0.9155 5.1173
C9 Economic efficiency 2.4282 2.89300 -0.4656 50822
C10 Operational efficiency 2.3318 3.00900 -0.6772 3468
Cl1 Intangible influences of the performance 2.1933 2.94400 -0.7514 5.1380

One of the functions of the DEMATEL method is 1.3. The Research Achievements
giving the structure to the complicated factors tle
format of cause and effect groups. So, DEMATEL can
divide the enormous sets of factors into the cears®
effect groups and help the decision-maker to umaleds
the conditions much better. (D+R) is the horizoatas of
the graph which is called importance axis. (D-R}Yhs
vertical axis of the graph which is called relagibip axis.

This study pays attention to the executing of green
supply management, in order to improve it. elevexjom
sub- components which are considered in previaidiest
have been applied. As a result of asking the expert
advices in Saipa Group, the components divided timto
cause and effect groups in order to identify thetualu
relationships of the components. The cause andteffe
With applying this procedure, the cause and effeaph  graph inFig. 2 can display the sub-components’ positions
that is comprised of sub-components, will bé&ias 2. according to the factors; importance and relatigossh

We can follow the same procedure for three major Therefore, some sub- components such as, greehgserc
components of this research and draw its cause an@C1), green designing (C2) and environmental r({z8)
effect graph irFig. 3. are the ones that can affect on the system.

38
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But, other components such as, reverse logistid),(C3 and intangible influences of the performance (Ca®
close cooperation with customers (C4), close caatjmr the sub-components that take effect of the systther

with suppliers (C5), coming under pressure from thethan affect on it.

stakeholders (C7), Environmental efficiency (C8), Since the cause sub- components have an effect on
Economic efficiency (C9), operational efficiencyl(@ the whole system, their performance can highly affe
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the main goal. So, we have to pay attention moreissues such as productivity, efficiency, economic
deeply to them. If you take a look at (D-R) colurgau efficiency and intangible influences of the
can realize that among the cause sub-componentsgerformance are really crucial for the managerthin
environmental rules with the score of 2.607 haheige green supply chain and thus, the organization ¢geea
impact on the system. This score has a significantto obey the environmental rules with the intentmn
difference with others and as a result, can plagry getting notable economic achievements. By the way,
important role in succeeding the green supply chainobeying the environmental rules will earn a good
management. IfTable 6, the column D represents the reputation for the organization and it can make som
amount of impacts that a sub-component has on théetter intangible influences.
others. The column R represents the amount of Also, the cause and effect graph of components, i.e
impacts that a sub-component receive from the sther the Table 2, shows, between three major components,
As you see, environmental rules have the highestgreen supply chain management activities and eaftern
score among the other sub-components, although ieffective factors can affect the whole system.
receives the less impact from them. Organizational efficiency is the only component ethis
The following sub-components, located in the affect_ed by the system. External effective factoase
positive zone of the axis, are the sub-componefits oMOstimpact on the whole system, while the gre@plsu
green purchase and green designing. Green desigaing chain management activities, because of having the

the second rank and after environmental rulesast the !onge?t ?'fta?ﬁe from_thte_ coorglrrw]atedlaxtes. It iy ve
highest score in column D. So, this sub- compoment important for the organization and handle it prépean

very important and has a great impact on the otherImprove the organization’s efficiency.

sub- components. Actually, the green designing has 2. CONCLUSION
been located in the far distance of the coordimxis. '

It was said that the horizontal axis shows the (P+R  This research has taken into consideration theysid
which is called, importance axis. According to the effective components in executing the green supipéin,
expert's opinion, green designing is not only thesm i, order to give a better understanding of desgrtire
important sub-component among the others, butialso environmental. The DEMATEL method has been used
the whole system. As a result, the managementdas twith the intention of determining the mutual resaghips
consider the way of designing the product in ondet  petween the effective factors in the green supplgirc
to harm the environment in each step of life cycle. Since the fuzzy sets theory can remove any ampiguit
Green purchase is one of the cause sub-comporents, relevant to the explanatory figures, it has begpiieg for
well. So the way of implementing this sub-component developing the group DEMATEL method.
can influence the main purpose of supply chain, i.e  The fuzzy group DEMATEL method can divide the
safeguarding the environment. Therefore, the prisduc components into two cause and effect groups. The
could be made of materials which are not harmfuh®®  conclusion of applying this method confirms that
environment and have could be recycled. environmental rules, green designing and greenhasee
The rest of the sub-components of the system areare three sub- components which are considereduszc
located in the negative zone of the graph. In othergroup. Among other things, environmental rules hivee
words, all of them are the effect gmments. most effect on the system. The rests are amongftéet
Among them, reverse logistic has the shortest miigta components and environmental efficiency take thetmo
from the positive zone of the axis. So, it receitesless  effect from other sub_components. This piece of
impact from the other sub- components. Environmenta information will be of use to the business managers
efficiency receives the most impact from the oth&rss order to realize that for handling the green sumblgin
is completely logical, because while you consides t have to consider which one of these sub- components
environmental issues in purchasing green matenal omore significantly and which one is not that much
designing the product, the organization’s actiwtjll important to be considered. Actually, this study
have positive impact on the environment and bdwest t represented that among the three major componients;
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