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Abstract

Due to the importance of environmental effects of manufacturing system in recent decades, the production systems are

obliged to comply different environmental regulations. The present research, aims to design a green supply chain model

for Guilan Steel industry with a hybrid approach. This study is applied research in term of purpose, exploratory in term

of method, quantitative and qualitative in terms of data type. A researcher made questionnaire are applied, in addition to

interview, for data gathering. The under-study research population includes steel industry experts out of them, 12 experts

were selected for data gathering phase. Conducting the research, first applying fuzzy Delphi method, 5 main factors and
25 important sub-factors were identified. Then, using fuzzy DEMATEL and Interpretive Structural Modeling (ISM)
methods, the importance of each facto was determined, in which two factors "external environment study" and "internal

environment study" were at the highest level of the importance, while "waste reduction", "waste recycling" and

"purchasing based on environmental products" were at the last level. These variables ate interrelated and affect their next

levels.
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Introduction

Supply chain of the organizations can be simply defined as a set of directly involved entities in the
upstream and downstream flows of products, services, finances, and/or information from a source
to a customer [1]. Today, competition along or across chains is of particular importance among
researchers. The supply of products and services by changing the pattern of customer competition
has led to a change in the type of market competition from the state of competition between
independent companies to competition between supply chains. Supply chain design has extensive
literature, most of which is related to the single supply chain, and the existence of competing supply
chains and their emergence in the future have not been considered. However, supply chains compete
with each other for greater market share. Therefore, supply chains must be prepared for future
competitiveness even if there is no competitor at the same time [2].
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In recent years, the advent of new technologies and shifts in global markets have necessitated the Supply
Chain Management (SCM), so that different organizations use SCM inevitably to create and maintain
their competitive position [3]. SCM involves the planning of the entire supply chain from the raw
material supplier to the end customer. Since SCM has become the core of the otrganization's
management in the 21st century, there is a high interest to exploit the full potential of SCM in increasing
organizational competitiveness [4]. SCM is considered as a business strategy. It has evolved over time
from a focus on optimizing the internal processes of an organization [1].

Green Manufacturing (GM) is introduced as a manufacturing process that utilizes input data with
relatively low environmental impacts, whereas is highly efficient and creates little waste or pollution, and
Greenhouse Gas Emission (GHG) [5]. Today's world experiences an increase in pollution,
environmental problems and countries' concerns about the earth climate. Climate change is quite
obvious at present, and its impact is falling adversely on the population and the world economy [6]. 1t
caused to increase in environmental concerns from consumers, manufacturing companies, governments
and communities around the world. On the other hand, global organizations attemp to cerate
competitive advantage by improving their environmental performance according to the environmental
laws and standards and increasing customers’ knowledge about green products and services. Therefore,
the necessity of green supply chains has obliged governments to set environmental standards and on the
other hand the demand of customers for the supply of green products [7]. It has been more than two
decades since green SCM has been studied. Many companies and industries are keen to initiate a

partnership with the suppliers, so they would be able to enhance their competitiveness performance

globally [8].

The functions of green supply chain are summarized in three important themes: green design (product),
green production (process), and product recycling. In fact, the green supply chain is based on the
integration of internal and external measures to control environmental effects on the product life cycle
by sharing information, coordination and cooperation of the all players in supply chain [9]. Green SCM
integrates SCM with environmental requirements at all stages. Internal and external actions in the supply
chain include product design, selection and supply of raw materials, production and manufacturing,
distribution and transfer processes, delivery to the customer and, recycling in order to maximize energy
efficiency. Since the issue of the environment was linked to the economy and countries have come to
the conclusion that environmental protection can increase productivity, different approaches have been
taken to realize these technologies, one of which is the latest, the green SCM [10]. The idea of green
SCM is to eliminate or minimize waste, which as an important innovation helps the organization to
develop strategies to achieve common profit and market goals by reducing environmental risks and
enhancing environmental efficiency [11]. Homayounfar et al. [12] proposed a hybrid fuzzy MCDM
approach based on fuzzy Delphi, fuzzy analytical hierarchy process and fuzzy VIKOR techniques to
evaluate and select the green suppliers of Saipa Corporation. The results indicate that the proposed
approach is an effective framework for prioritizing green suppliers of Saipa Corporation. Examining the
theoretical issues of the research shows that companies are increasingly believing that considering green
SCM measures and observing them as a key strategy could lead to great impact on organizational
performance. Rezace Kelidbari et al. [13] used a combined multiple criteria decision-making method
(extent analysis and PROMETHEE) for supplier selection in a spare producer company in Iran. The
result of this belief can be seen in the implementation of ISO 14001 standard by most companies. For
example, Laari et al. [14] stated that paying attention to green management activities will improve the
performance of the organizations in financial and environmental dimensions. Therefore, identifying
green SCM measures can be very important. Some researchers believe that waste reduction, total quality
management, ISO standards and reverse logistics, which are measures of green SCM, have a significant
effect on green productivity. Thus, it can be said that in today's era, various organizations and industries
by identifying and observing green SCM measures such as waste reduction, total quality management,
green production, green design, reverse logistics, etc. can easily achieve the goals with more efficiency
[15]. However, the industrial development trend shows that, the green issues are neglected by many
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industries especially in developing countries. So, this study aims to present a hybrid model to investigate
the green supply chain in Guilan Steel industry as one of the leading industries in Iran.

2 | Methodology

This research is descriptive-survey in terms of method and practical in terms of purpose. In term of time
horizon, it is cross-sectional research and from the methodological point of view, this research is based on
mix methodology. The experts include academic experts in supply chain and top managers of Guilan Steel
company who are familiar with SCM which have the following conditions: 1) at least 10 years of work
experience, 2) at least 5 years of work experience in managerial positions, 3) having a mastet's degree or
higher in the fields of industrial management or industrial engineering. According to the mentioned
features, 5 academic experts and 7 industry experts were identified as research experts to conduct the
research, based on the literature review and studying the scientific papers related to the green supply chain,
its criteria were extracted. In this research, first a Delphi questionnaire was designed based on the factors
identified from the literature review and was sent to the experts in 3 rounds. Analyzing the answers using,
25 more important factors of green supply chain with the score of 2 0.7 were selected. Finally, in order to
investigate the relationships between the main factors, other questionnaires were designed and sent to the
research experts. According to the answers and applying Interpretive Structural Modeling (ISM) and
DEMATEL methods these factors were structured and the critical ones were identified. The software used
to implement the data analysis was, MATLAB software. In the following, methods used for data analysis
are described.

2.1 | Fuzzy Delphi

Fuzzy Delphi method introduced by Ishikawa et al. [16] is a method derived from the traditional Delphi
method and fuzzy set theory. According to Noorderhaben's study, fuzzy Delphi method solves the
ambiguities in experts' opinions to a large extent [12]. In the first step of the research, fuzzy Delphi method
is used to screen the factors identified in theoretical bases. In the next step, a questionnaire containing
factors will be sent to the experts to determine the importance of each factor based on linguistic values
(Table 2). After collecting the questionnaires, the results of the first round were sent to the experts in the
form of a questionnaire so that they modify their judgments after reviewing the results of the initial stage,
if it is needed. After collecting and analyzing the experts' judgments in the second round, the average
difference was checked, if this difference is less than 0.2, consensus is achieved and the fuzzy Delphi steps
will be completed. Otherwise, the analysis of the results of this round will also be sent to the experts, again.
This process will continue until the experts achieve to the consensus in the judgments. If the experts decide
to add a criterion during these rounds, this criterion will be added to the questionnaire in the next round
and opinions about this criterion will be asked. At the end, in order to confirm the final criteria, the average
score of each criterion should be compared with the threshold value (0.7). For this purpose, first the
triangular fuzzy numbers of experts' judgments should be calculated and then their fuzzy average should
be calculated to compute the average of n respondents' judgments. In this study, Table 7 illustrates the
utilized scale for transforming linguistic words into triangular fuzzy numbers.

Table 1. Verbal words and their fuzzy values.

Fuzzy Value Linguistic Value
(7,9,9) Very high

(5,7,9) High

(3,5,7) Medium

1,3,5) Low

(1,1, 3) Very low




2.2 | DEMATEL Method

DEMATEL is a graph theory-based technique, was first put forward by American scientist in Science
and Human Affairs Program (SHAP) between 1972 and 1976 to resolve the complicated and intertwined
problem group [17]. This structural modeling approach adopts the form of a directed graph, a causal-
effect diagram, to present the interdependence relationships and the values of influential effect between
factors. Through analysis of visual relationship of levels among system factors, all elements are divided
into causal group and effected group and this can help researchers better understand the structural
relationship between system elements, and find ways to solve complicate system problems [18]. At first,
DEMATEL method focused primarily on the fragmented and even contradictory phenomenon to find
a reasonable solution. With further research, this method has been widely applied in more and more
areas. Currently, DEMATEL method has been applied to many fields. Moreover, DEMATEL method
is currently applied in many other areas. The steps of DEMATEL method based on Sharifi and
Homayounfar [19] are as follows:

1. Find out the factors influencing the under-examination system. A large number of literature reviews is
required to search and collect relevant information in this phase.

2. Generate the initial direct-relation matrix form a committee of experts, and acquire the assessments about
direct affect between each pair of elements. Converting the linguistic assessments into crisp values, we
obtain the direct-relation matrix A = [aij], where A is a nXn non-negative matrix, aij indicates the direct
impact of factor i on factor j. When i=j the diagonal elements are zero (aij = 0).

3. Normalize the initial direct-relation matrix (D) through Eg. (7). All elements in matrix D are complying
with 0 < d;; <1, and all principal diagonal elements are equal to 0.

D ! A
= A 0
max 21:1 ajj

4. Acquire the total-relation matrix T using the Eg. (2) in which I is a nXn identical 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.

T=D(@I-D) @)

5. Calculate the sum of rows and columns in matrix T through Egs. (3) and (). The sum of row i (ri)
represents all direct and indirect influence given by factor i to all other factors, and so ri can be called the
degree of influential impact. Similatly, the sum of column j (cj) can be called as the degree of influenced
impact, since ¢j summarizes both direct and indirect impacts received by factor j from all other factors.

n
1 = E: tij. ©)
=1
n
¢ = E: ti. @
: i1

Naturally, when 1=j, the indicator i+ ci can represent all effects received by factor i. On the contrary,
ri- ci shows the net effect that factor 1 has on the whole system. Specifically, if the value of ri-ci is
positive, the factor i is a net cause, exposing net causal effect on the system. When ri-ci is negative, the
factor is a net result clustered into effect group.

6. Construct cause-effect relationship diagram based on ri+ ¢j and ri-cj. A cause-effect diagram can be
drawn by mapping the dataset of (ri +¢j, 1i-¢j).

2.3 | ISM Method

ISM is a method by which the effect of each element of the system on other varelements can be
structured and analyzed. This approach, provide a comprehensive attitude to the system and details its
performance [20]. In addition to ordering and directing the relations among the items of a system, the
method helps to analyze and evaluate the effect of an element on other elements. Thereby, the relational
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complexity among the items is coped with, and the elements are ultimately classified on the basis of their
drivingdependence power. The various steps of ISM method as follow:

Step 1. List the elements of the system.

Step 2. Establish the relationships among the elements in form of the Structural Self-Interaction Matrix

(SSIM).

Step 3. Developed the reachability matrix based on the SSIM, and the matrix is checked for transitivity.
The transitivity indicates that, if variable A is related to B and B is related to C, then A is necessarily related
to C.

Step 4. Structure the elements of the reachability matrix into different levels.
Step 5. Depict a hierarchial graph based on the relationships in the reachability matrix.

Step 6. Review the ISM model developed in Step 5 to check against conceptual inconsistencies, and

necessary modifications are made.

3 | Results

Since, the green SCM factors derived from the literature are to many, it is rational that a screening method
be applied to filter the important factors. Therfore, a questionnaire consisting 35 items was designed for
evaluating based on a five-point scale from unimportant to extremely important. Then, the most important
factors were determined with the fuzzy Delphi technique in three rounds. This technique was applied at
the level of both factors and subfactors. Here, we present the rounds and results of the fuzzy Delphi at the
subfactor level. To this end, a questionnaire was first distributed among 12 experts. Table 2 summarizes the

results.
Table 2. Results of the first round of the Delphi method.
& Linguistic Values
2 z . & F
& = R
2 E g t % 2k
< g > A = I B .
2B 1 3 5 7 9 Numerical Values g
’S 9 ~ Fuzzy Value g
ST =1 ~ ~ ) = = o,
g g 2 & © WmE 9= g
s & = = S = N S S g
Z 1 = . ¢ L T O
8.09 620 820 952 0 0 2 6 17 Suitability of material prices to
market prices
7.86 596 796 946 0 0o 3 7 15 Transportation cost =
8.16 628 828 956 0 0 2 5 18 Product price g g
7.93 6.04 804 936 0 0 4 4 17 Order Cost Lg g
8.16 6.28 828 956 0 0 2 5 18  Defective rate
7.94 6.04 8.04 944 0 0 2 8 15 Management commitment to
quality
8.24 636 836 9.64 O 0 1 6 18  Guarantees and policies
6.08 412 612 7.88 0 4 9 6 6  Ability to achieve abnormal quality
7.64 572 772 9.16 0 1 3 14 ISO quality management system
7.94 6.04 804 944 O o 2 8 15 Quality guarantee g
5.07 408 508 7.00 0 9 8 6 2  System of corrective and 8
preventive measures &
4.44 244 444 644 0 15 2 8§ 0  Process improvement %\
4.28 228 428 0628 0 16 2 7 0  Timely delivery 5,




Table 2. Continued.

Linguistic Values

o
° = "gn

) o E —

& — = e

R I

<z > A = T > .
2B 1 3 5 7 9 Numerical Values g
N

£ 9 ~ Fuzzy Value g

= ~ —~ ) = = o

& a 9 NEY o N S S g
3T £ 3 g - T N s

ZW = = = & d ¢ e C O

7.94 6.04 8.04 944 O o 2 8 15 Technology level

7.63 572 772 9.16 0 0 5 6 14 Research and development

capabilities
06.63 4.68 6.68 840 0 2 7 9 7  Current production capabilities or
facilities g
6.79 484 684 852 0 2 6 9 8  Development of supplier g
technology for... L%

7.77 588 7.88 924 0 1 3 5 16 Technology compatibility )

4.36 240 436 0632 1 9 13 1 1 Technological capacity é

8.29 6.32 840 980 O 0 3 o 17 Ability to prevent contamination [§

8.17 6.28 828 9.60 O 0 1 7 17 Environmental certification such as

ISO 14000

7.94 6.04 804 944 O 0 2 8 15 Environmental productivity

4.28 228 428 628 0 16 2 7 RoHS compliant

3.86 1.88 3.84 592 3 16 2 5 0  Protection program or policy...

8.31 644 844 9.68 0 0 1 5 19 Environmental policies §
Q
<

8.24 6.36 836 9.64 0 0 1 6 18 Continuous monitoring and L;B

compliance %

7.71 580 7.80 924 0 o 4 7 14 Green process planning S

8.26 6.28 828 956 0 0 2 5 18 Check the interior

7.85 596 796 932 0 0 4 5 16  Examination of the external

environment .

6.01 404 0604 784 O 5 7 8 5  Environmental constraints g

3.99 212 396 596 4 9 8 4 0  Payattention to uncertainty L‘E

8.17 628 828 9.64 0 0 0 9 16  Waste reduction *E
o

7.94 6.04 804 944 0 0 2 8 15 Recycling g

7.86 596 796 931 0 o 3 7 15  Shopping based on products... £
B

6.01 404 0604 784 0 5 7 8 5  Flexibility 5

In the second round, the desinged questionnaire was prepared and sent to the experts for the second
time. Collecting the distributed questionnaire and measuring the differences between average responses
in first and second round, the confirmed factors were determined. The results of the calculations are

presented in Table 3.

According to the views presented in the first stage and its comparison with the results of this stage,
according to the Pareto (20/80) rule, if the difference between the two stages is less than the threshold
of 0.2, then the poll process will stop. As the table above shows, some of the variables, the members of
the expert group have reached a consensus and the amount of disagreement in the first and second
stages was less than the threshold of 0.2, so the survey on the above variables was stopped. Among the
mentioned variables, the variables that have a non-fuzzy average of expert opinions less than 8 were
removed from the conceptual model of the research. The poll will continue in the third stage.
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Table 3. Results of the second round of Delphi method.

2
g 2 =
f £ E g &0 Lineuistic Val
3 7 Og. S 3 . T inguistic Value
§8 g g & T 2 5
o g 2 > 4 = T >
sSg &
%’ '«% % 1 3 5 7 9 Numerical Value
28 .
§ % S R Fuzzy Value g
= i T g BT 53 @ @8 8 8 2
3 28 O s s = S S S 3
& AL Z S © ¢ v © o
Confirmed 0.07 816 628 828 956 0 0 2 5 18  Suitability of material g
prices to Market prices S
Confirmed 0.15 801 612 812 944 0 0 3 5 17 Transportation cost :N
Confirmed 015 831 644 844 968 0 O 1 5 19 Product price §
Next 0.53 846 6.60 8.60 976 0 0 1 3 21 Order Cost Lg
Confirmed 0.07 823 636 836 9.60 0 0 2 4 19  Defective rate
Confirmed 0.15 8.09 620 820 952 0 0 2 6 17 Management
commitment to quality
Confirmed 0.15 839 652 852 972 0 0 1 4 20 Guarantees and policies
Unconfirmed  0.13 595 396 596 7.88 0 1 13 9 2 Ability to achieve 8
abnormal quality &
Next 047 809 620 820 956 0 0 1 8 16 ISO quality B
management system §
Confirmed 0.07 801 o612 812 948 0 0 2 7 16 Quality guarantee o
Unconfirmed  0.15 492 292 492 692 0 7 12 6 0 System of corrective
and preventive
measures
Unconfirmed  0.08 436 236 436 0636 0 15 3 7 0 Process improvement
Unconfirmed  0.08 420 236 420 6.04 0 11 6 6 0 Timely delivery
Confirmed 008 802 612 812 952 0 0 1 9 15 Technology level
Next Round 0.61 824 636 836 9.64 0 0 1 6 18  Research and
development
capabilities .
Unconfirmed  0.07 656 4.60 6.60 836 0 2 7 10 o6 Current production 3
capabilities or facilities g
Unconfirmed  0.07 671 476 676 848 0 2 6 10 7 Development of &
supplier technology for %
(=]
Next Round 047 824 636 836 9.64 0 0 1 6 18  Technology §
compatibility =
Unconfirmed  0.16 420 220 420 06.20 10 15 0 Technological capacity
Confirmed 0.12 817 6.28 828 9.60 0 1 17 Ability to prevent
contamination
Confirmed 0.15 832 644 844 972 0 0 0 7 18  Environmental
certification such as
ISO 14000
Confirmed 0.08 8.02 612 812 952 0 0 1 9 15  Environmental =
productivity g
Unconfirmed  0.08 420 220 420 620 0 15 5 5 0 RoHS compliant e
Unconfirmed 012 374 184 372 572 3 16 0 6 0 Protection program or ,;3
policy... _%o
Confirmed 0.15 847 6.60 860 980 0 0 0 5 20 Environmental policies LL]8




Table 3. Continued.

()]
o <
N g g C
2 & - = B T Linguistic Value
s 8 5 2oz T OB B
= o, o ) Q = )
= 3 k: > a2 = T 5
% 5 = 1 3 5 7 9 Numerical Value
(=N} 1)
g8 ¥
£9% %
v »n >
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§ g E’ ” Fuzzy Value g
5f 2f - :
= = B ] 2 ~ ~ —~ ~ =1 &,
2 & & .8 9 % P L S S § g
3 v 38 & S T N N N W 3
=7 Q<= ZOo = = = S ¢ ¢ ©v t© ®)]
Confirmed 0.15 839 652 852 972 0 0 1 4 20  Continuous
monitoring and
compliance
Next Round 0.46 8.17 628 828 9.60 0 0 1 7 17 Green process
planning
Confirmed 0.15 831 6.44 844 9.68 0 1 5 19 Check the interior 5
Confirmed 0.16 8.01 612 812 948 0 0 2 7 16  Examination of the g
external environment &
Unconfirmed  0.01 6.02 404 6.04 792 0 3 9 10 3 Environmental g
constraints ‘é
Unconfirmed  0.01 397 204 396 596 2 1 10 2 0  Pay attention to g
uncertainty s
Confirmed 0.07 825 636 836 9.68 0 0 0 8 17  Waste reduction LS
Confirmed 0.16 8.10 620 820 9.60 0 0 0 10 15  Recycling
Confirmed 0.15 8.01 612 812 944 0 0 3 5 17 Shopping based on
products...
Unconfirmed  0.16 6.17 420 620 8.00 0 3 9 8 5 Flexibility

Survey of the third stage

In this stage, while applying the necessary changes in the model variables, the third questionnaire was
prepared and sent to the experts again with the previous point of view of each person and the extent of
their differences with the average views of other experts. The difference is that at this stage, 30 of the
components in the previous stage were stopped and a survey was conducted on the remaining 5

components, the results of which are presented in Tuble 5.

Table 4. Results of the second round of Delphi method.

e - 5 < Linguistic Value
3 g S g o
3] 13 - 2 o
R E &t 325
| S > a4 =2 I >
g s & 1 3 5 7 9 Numerical Value
&
Ei g O Fuzzy Value
M PR <
w5 >
SENE
= g 2% B8 -~
: 258 tf: 3 3z a@cga g
~ AR=0 ZO = p= = D N o S
Confirmed  0.07 839 652 852 976 0 0 0 6 19 Otder Cost
Confirmed  0.08 817 628 828 9064 0 0 0 9 16 ISO quality
management system
Confirmed  0.08 832 0644 844 972 0 0O 0 7 18 Researchand
development capabilities
Next round  0.15 839 652 852 972 0 0 1 4 20 Technology
compatibility
Confirmed ~ 0.07 8.09 620 820 956 0O 0 1 8 16 Green process planning
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As the table above shows, the amount of disagreement of experts in the second and third stages is less
than the threshold of 0.2, and therefore the poll is stopped at this stage. The fuzzy Delphi results showed
that in order of weight of criteria, out of 35 sub-factors, 12 sub-factors were removed from the final
conceptual model of the research and finally there was a consensus for 5 main indicators along with 23
effective sub-indicators. Now, to the first question of the research, "what are the indicators affecting the
green supply chain in the steel industry of Guilan province?" it was answered that the most important
factors are identified in Table 5.

Table 5. Factors and sub-factors affecting the green supply chain.

Code Sub-Factors Factors

Cn Suitability of material prices to market prices Financial factor
Ci2 Transportation cost Ci

Cis Product price

Cuy Order Cost

Co Defective rate Quality factor
Co Management commitment to quality Cy

Cos Warranties and Policy

Coy ISO quality management system

Cas Quality assurance

Csi Technology level Technology factor
Cs R&D capability Cs

Css Technology compatibility

Csy Ability to prevent contamination

Ca FEnvironmental certification such as ISO 14000 Ecology factor
Ca Environmental productivity Cy

Cu3 Environmental policies

Cuy Continuous monitoring and compliance with regulations

Cys Green process planning ISO 14000

Csy Examination of the interior Environmental factor
Csp Fxamination of the external environment Csy

Cs; Reduction of waste

Csy Waste recycling

Css Purchase based on environmental products

Finally, according to the factors and factors listed in Tuble 5, the hierarchial model was formed as follows:

Grzzn Supply Chain Factors in Stesl Industry

Fig. 1. Hierarchial structure of the factors.

DEMATEL solution

The sum of the elements of the columns and rows of the matrix T  are calculated for the main factors and
their sub-factors and are named as vectors R (influencing) and D (to be oinfluenced). The calculations
are mentioned in Tables 6 and 7.



Table 6. Criteria values R,D,R +D,R-D.

Factors D R D+R D-R Result

Financial 0.901 1.897 2.798 -0.996 The most effective
Quality 1.293 1.321 2.614 -0.028 Effective
Technology 1.524 0.84 2.364 0.684 Effective
Ecologicy 1.096 1.548 2.644 -0.452 Effective
Enviromental 1.651 0.858 2.509 0.792 The most effective

Table 7. Non-standard values R, D,R + D, R-D .

Main Factors  Sub-Factors D R D+R D-R
Financial Suitability of material prices to 0.394 0322 0.715 0.0717
factor Market prices
Cy Transportation cost 0.392 0.355 0.747 0.0364
Product price 0.356  0.384  0.739 -0.028
Otder Cost 0.32 0.4 0.72 -0.08
Quality factor ~ Defective rate 0373 0373  0.746 0.0003
G Management commitment to quality 0.473  0.393  0.866 0.0794
Warranties and Policy 0.355 0346 0.701 0.0093
ISO quality management system 0332 0.367  0.699 -0.035
quality assurance 0.282  0.336  0.619 -0.054
Technology Technology level 0.389 0391  0.78 -0.002
factor R&D capability 0.367 0365  0.732 0.0012
& Technology compatibility 0.354  0.457  0.812 -0.103

Ability to prevent contamination 0.364 0351  0.714 0.0131
Ecology factor ~ Environmental certification such as ~ 0.454  0.418  0.871 0.036

Cy 1SO 14000
Environmental productivity 0392 0.391  0.783 0.0004
Environmental policies 0.444 0432  0.876 0.0115
Continuous monitoring and 0.393 0.357  0.75 0.0367
compliance with regulations
Green process planning ISO 14000  0.336  0.42 0.756 -0.085
Environmental Examination of the interior 0.355 0.312  0.667 0.0427
factor Examination of the external 0.323 0.305 0.628 0.0179
Cy environment
Reduction of waste 0.325 0.306 0.631 0.0184
Waste recycling 0.304  0.308  0.612 -0.004
Purchase based on environmental 0.282  0.357  0.64 -0.075
products

Fig. 2 shows the importance of impact and effectiveness between criteria. The horizontal axis of the
graph shows the importance of the criteria and the vertical axis shows the effectiveness of the criteria.
Therefore, it can be concluded that the importance and effectiveness of the critetia are "environmental

" "technology factor", "quality factor", "environmental factor" and "financial factor", respectively.

factor
Indicators that have a positive D -R according to Table 4 of the value definitely show the effectiveness
of these factors, and factors that have a negative D -R indicate the definite influence of these factors
on other factors; Therefore, among the main factors, "environmental factor" with an impact value of
0.792 is the most effective and "financial factor" with a net impact value of -0.996 are the most effective
indicators. In general, positive D -R, causal factors and negative D -R are considered effective disability
factors. At this time, to the second question of the research, "what is the causal relationship
(effectiveness and effectiveness) between the criteria affecting the green supply chain in the steel industry
of Guilan province?" was answered. Finally, the cause-and-effect relationships are plotted by drawing

points with coordinates D + R and D -R based on the T matrix and the degree to which factors affect
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each other in a Cartesian coordinate system. Accordingly, the cause-and-effect diagram and the map of
I]RIE network networks of factors are shown in Fig. 2.

83

Fig. 2. Network map of the relationship between the main criteria and sub-criteria.
In this section, the structural-interpretive method is used for modeling, in which the relationship and how
their effects and segregation for the green supply chain in the steel industry are determined. Problem

solving in the present study with structural-interpretive method is as follows:

Table 8. Determining the levels of factors affecting the green supply chain in the steel industry.

Designing a hybrid model for the green supply chain in Guilan steel industry

Factors D R D-R Level Result
Product price 4 22 23 22 1 dependent
Suitability of material prices to market prices 1 -18 22 -18 2 dependent
Order Cost 2 18 22 -18 2 dependent
Transportation cost 3 -18 22 -18 2 dependent
Defective rate 8§ -13 19 -13 3 dependent
Quality assurance 9 -13 19 -13 3 dependent
Environmental productivity 5 -9 17 9 4 dependent
Green process planning ISO 14000 8 -9 17 9 4 dependent
ISO quality management system 5 4 15 4 5 dependent
Management commitment to quality 7 -4 15 -4 5 dependent
Environmental certification such as ISO 14000 16 -4 15 4 5 dependent
Warranties and Policy 2 122 6 free
Continuous monitoring and compliance with regulation 14 2 122 6 free
Environmental policies 17 2 12 2 6 free

Ability to prevent contamination 10 7 9 7 7 Independent
Technology compatibility 127 9 7 7 Independent
R& D ability m 11 7 11 8 Independent
Technology level 3 11 7 1 8 Independent
Reduction of waste 20 16 5 16 9 Independent
Waste recycling 22 16 5 16 9 Independent
Purchase based on environmental products 23 16 5 16 9 Independent
Examination of the external environment 19 21 2 21 10 Independent
Examination of the interior 21 21 2 21 10 Independent

After determining the relationships and level of variables, they can be drawn as a model. For this purpose,
we first adjust the variables in descending order according to their level. In the present study, the factors
are in 10 levels. Fig. 3 shows the model of interpretive structure to separate the effective factors of green
supply chain in the steel industry.



Price product
Level 1
Order price Transport cost Suitability of material prices to market Leovel 2
<+—» > prices
Quality Assurance ? Defective Rate Level 3
l :
Green process planning ISO Environmental .
d |-
14000 < T > productivity <":|| e
QM planning Management QM system ISO Tevels
Peommitment to quality —p < :::
A
! * T 4
Warranties and Policy Continuous monitoting Environmental
<+—> and compliance with  (g—p pOHCiCS Level 6
" regulations
+ x ¥
Ability to prevent T Technology Level 7
contamination < > compatibility
) T
I [ |
Purchase based on environmental Reduction of waste Waste recycling Level 9
. »
products —> - > d
A
t — '
Examination of the | T Examination of the Level 10
interior N external environment

Fig. 3. Interpretive-structural model for green supply chain in steel industry.

At the highest level of the model (Level 10) there are two factors "external environment study” and
"internal environment study" that act as the foundation of the model that the green supply chain in the
steel industry starts from these factors and spreads to others. The factors "waste reduction”, "waste
recycling”" and "purchasing based on environmental products” are at level 9. These variables are
interrelated and affect their next levels. These factors are affected by the previous level and affect the
next level factor. In the second level, there are three factors "suitability of material price to market price",
"order cost" and "shipping cost", which in addition to affecting the first level, also have internal relations
with each other. The second level factors affect the first level factors of "product price" which leads to
the green supply chain. The "product price" factor is a component that is the result of other factors
planned in the green supply chain.

4 | Conclusions

The first purpose of this study was to identify the factors affecting the green supply chain in the steel
industry, especially Guilan Steel Company. According to the research conducted in the field of research
and after screening, 23 important factors were identified, the main criteria of which are "financial, quality,
technology, environmental and environmental" factors, which are in line with the first goal of the

research.
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The second purpose of the study was to determine the relationships and effects of factors on each other.
To achieve this goal, the fuzzy DEMATEL technique was used. The results of this technique are described
as follows: "Financial factor" is the most influential factor in the green supply chain in the steel industry.
In other words, this factor is the main problem and bottleneck of improving the supply chain design in the
organization, which is solved by influential factors. In fact, the success or failure of the green supply chain
depends on this factor; therefore, it can be concluded that in order to achieve organizational productivity,
the organization must be in the green supply chain to the financial factor and so on. Note. This finding is
in line with the findings of researchers such as Malviya and Kant [15], Chand et al. [21], Govindan et al.
[22], Kannan et al. [23], Wang et al. [24] and so on. "Environmental factot" is also the most influential
factor in the green supply chain. In other words, it is the criterion that is most important and solves the
problem and should be priotitized to improve the system. It can be concluded that environmental factors
have a significant impact on the green supply chain. Also, the management factor can increase the efficiency
and improve processes, etc. can be an effective factor in the green supply chain and its use in the
organization. This finding is in line with the findings of Malviya and Kant [15], Tseng et al. [25], Azad [26],
Yazdani et al. [27], Ansari and Sadeghi Moghaddam [28] and etc.

According to the ISM, two factors, "external environment study" and "internal environment study" are at
the highest level of the model and we should try to use the intensity of this criterion to strengthen the
system. Therefore, it is recommended to the senior managers of the organization and the decision-making
department of the steel industry, especially steel of Guilan province (private joint stock company) by
reducing the price of the product, reducing the cost of transportation, improving the cost of ordering, the
appropriateness of material prices to market prices. They should try to maintain their competitive position
and should try to make the company under study successful with suggestions. Because the success or failure
of the company is to this criterion (the most effective) and we should try to use the intensity of penetration
of this criterion to strengthen the system. Therefore, senior managers and decision-makers of the steel
industry, especially steel in Guilan province (private joint stock company) are advised to try to further
reduce waste and such cases to increase and maintain their competitive position by using the study of the
external environment and the study of the internal environment.

The Main limitation of the research was the lack of access to experts during office hours, so an attempt
was made to get experts judgments out of the work hours. The other limitation of the research is arised
from the diversification of the green supply chain factors which needs to comprehensive research in such
as literature review. For conducting the future studies, in recommends to researchers to study the green
supply chain papers and deeply investigate its factors, drivers, obstacles, threats, and etc and teoritically
contribute on this literature. Also, the qualitative modelling methods such as theme analysis, grounded

theory and similar methods are recommended to use as conceptualization of this scope.
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