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As the subject of environment was connected to the economy and countries
concluded that environmental protection can increase productivity, different
attitudes have been taken to obtain these ideals, which one of them is the green
supply approach. Greening the supply chain needs new inputs that create chances
for companies to invest in the design and production of greener products and meet
sustainability requirements, and this includes not only consumer products, but also
contains the inputs from suppliers which involve them in creating green markets.
Despite the scope of green supply chain management, designing a green network
is necessary. So, in this research, environmental considerations have been
integrated with economic considerations, in which non-definitive conditions have
been considered.

© All rights reserved

\. Introduction

The globalization of the economy and the
development of information technology
have led to the supply-oriented market to
change to the demand-driven market and
organizations to understand the necessity of
meeting customer requirements to meet
their survival (Rad et al., Y+ YA). Nowadays,
green supply chain managers in leading
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companies try to use green logistics and
improve their environmental performance
throughout the supply chain as a strategic
weapon to achieve a competitive advantage
of profit sustainability by creating utility
and environmental satisfaction throughout
the supply chain. Nowadays, many
countries in the world pay a lot of attention
on protecting environment and exerting
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environmental rules. So, industry owners
and producers in supply chain design and
development, consider environmental
factors more than past (Nourjanni et al.,
Y+ V). Environmental performance of an
organization is influenced by the
environmental performance of its suppliers.
Selecting a green supplier is also a strategic
decision to be more competitive in today's
global marketplace. This becomes even
more important when companies are
searching for new markets and
consequently new suppliers (Kadzinski et
al., Y+ V). The point of supply chain and its
management is one of the most important
and non-separable points in human life.
Considering it, especially in manufacturing
companies, factories, organizations, and....,
can significantly help decreasing costs,
making more profit, attract customer’s
satisfaction, planning, staying in the market
and obtaining a competitive advantage over
other competitors and the organization in
general, will improve. After the appearance
of the supply chain, environmental points
because of its importance and having a
healthier environment, were considered in
this regard and the green supply chain
emerged. With this issue, purposes like this
became more important and, in many cases,
will decrease costs, which is one of the most
important and priority purposes in all
organizations. Another important feature of
the supply chain is the term uncertainty,
which brings the model closer to reality.
Due to the instability of economic
conditions, uncertainty in this issue has
been considered differently from previous
articles.  Since  unstable  economic
conditions affect the demand as well as the
prices of raw materials, fuel...,
consequently, the demand parameters and
the total cost of production and
transportation are not definitive. Therefore,
in this study, an integrated multi-objective
model of green supply chain cost under
conditions of uncertainty will be designed.
In this research, MATLAB and Gomez

software are used by using meta-heuristic
algorithms.

Y- Theoretical Foundations

Y-1- Green Supply Chain

The selection of suppliers in the green
supply chain can be considered as the
management of suppliers, their products
and the environment, which includes
environmental protection in  the
management of suppliers (Yeh and Chang,
Y+YY). In addition to goals such as meeting
legal requirements and protecting the
environment, supplying materials and
carrying out activities in accordance with or
environmental requirements, it can reduce
waste costs, energy costs, profitability from
recycling materials and parts
modernization, compensating for the
shortage of some raw materials. It also
leads to recycling, improving the image of
the organization and attracting customers
(Handfield et al., Y+ +Y).

Y-Y- Supply Chain Management

Supply chain management is a set of
approaches used to integrate suppliers,
producers,  warehouses, and  stores
effectively to produce and distribute goods
in the right amount with the purpose of
achieving the required level of service.
Total system costs should also be reduced
(Ghorbanpour et al., Y+ ). Management in
the supply chain can play an effective role
in reducing costs and preventing the waste
of financial, human and time resources and
lead to reforming the structure of energy
consumption. The main components of
supply chain management are (Talebi and
Iron, Y+)¢): logistics management in the
supply chain, information management and
information systems in the supply chain,
management of relations between members
of the supply chain.

Y-¥-The Concept of Green Supply Chain
Management

Green supply chain management tries to
change the traditional linear chain model
from supplier to user and seeks to integrate
recycling economics into supply chain
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management. By doing this, we can have a
closed loop with a cyclic chain mode. If the
company uses green supply chain
management, in addition to solving
environmental problems, it will also obtain
a relative achievement in competitive
advantage. In addition, implementing green
supply chain management can prevent
green obstacles to have international trade
(Huoetal, Y«)+).

Y-t- Supply Chain Integration and its
Purposes

The supply chain includes all activities
related to the flow of goods and services,
from the raw material stage of the final
product to be consumed by the customer. In
addition to the flow of materials, these
transfers also consist of the flow of
information and financial issues (Shafiee,
Y+ YY), The integrity effect of supply chain
on the supply chain management operation:
A company could share its special
operational resources and technology
knowledge in the organization and with
other organizations via the systematic
integrity of the supply chain and therefore,
improve  supply chain  management
operation  (Narasimhan, Y34VY). The
integrated supply chain could be defined as
an interactive process in companies in a
supply chain to achieve goals which are
acceptable for all the other organizations in
the chain (Nobely, Y24Y). Some aspects of
the supply chain integrity have direct and
positive effects on some particular aspects
of performance (Klein et al., Y+V+).

The purpose of an integrated supply chain
is to achieve effective and efficient flows of
products and services, information, money
and decisions to provide maximum value to
the customer at low cost and high speed
(Flynn, Y+« €),

Y-¢- Benefits of Green Supply Chain
The advantages of green supply chain
management are classified into different
groups depending on the different roles of
the supply chain, including the environment
and society: tangible, intangible and
emotional. The material advantageous of

green supply chain management contribute
to lower environmental burden, lower costs
for suppliers, lower costs for the producer,
lower cost of ownership for the customer,
and lower resource consumption for the
community (Yeh et al., Y+))). From an
intangible point of view, green supply chain
management helps to overcome bias and
pessimism about the environment, less
rejection of suppliers, easier construction
for the manufacturer, easier and more
amusing for the customer, and better
adaptation to society. In terms of emotional
benefits, green supply chain management
helps to increase the motivation of
stakeholders for the environment, a better
image for suppliers and producers, a better
feeling and quality of life for customers,
and the creation of industry in the right
direction of society.

Y-%- Uncertainty and Risk in the Supply
Chain

Uncertainty and risk in the supply chain
have a significant influence on its form,
design and operation, which is considered
at both tactical and long-term levels.

The environmental uncertainties related to
the uncertainty in demand and presentation
are a result of the performance of the
customers and suppliers. The systematic
uncertainties  include  the  existing
uncertainties in the production, distribution,
gathering and recycling processes (Ozgan
et al, Y+A). The second kind of
uncertainties are a result of unpredicted
events such as earthquake, flood,
economical crisis and terrorist attacks.
These events will lead to customers’
dissatisfaction.  Since they disrupt the
performance of the supply chain members
and product delivery will definitely by
delayed. Supply chain risk assessment can
protect the business and brand interests of
the organization against the fundamental
and important concept of supply chain
failure.

Y-V- Review of Researches

Talebi and Iron (Y+)°) studied the chain
supply and choosing supplier risks using
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the network analysis process. In this study,
in line with the risk management of the
supply chain, the risks of the Iranian car
producing supply chain are identified, then
the identified risks are considered as the
criteria for choosing the suppliers and the
suppliers of Zamyad car company have
been categorized using the network analysis
method. Ramezani in his research in Y+)V
designed a green closed chain supply chain
network in an uncertainty conditions of
uncertainty.In this study, we design a multi-
level supply chain network with the return
of products under uncertainty conditions.
The model optimizes economic problems in
the first purpose function and optimizes
environmental problems in the second
purpose function. Finally, the sample
examples and their study show the
necessity of environmental points and its
balance with economic issues in supply
chain network design. Yin et al. (Y+V)
have used a new dynamic multi variable
decision maker to choose the green
suppliers in construction projects. In this
paper, we suggest a new dynamic multi
variable decision-making method in
construction projects under time series to
confront these problems. This method uses
the valued geometrical phase revision
method using the operator tool
(IVIFGWHM) and the nonlinear multi
variable model to calculate the results of the
general assessment of the green suppliers.
Finally, a green building case study is
presented to analyze the practical efficiency
of the suggested method. Sarpong et al.
(Y+Y7) have done a research titles assessing
the actions of the green supply chain
management in the mine industry in fuzzy
environment. The green supply chain
management action in this study are green
information technology and systems,
working with suppliers, logistic and

operational integrity, internal
environmental management, choosing new
environment-based innovation methods.
The research results indicated that green
information technology and systems and
managing internal environment have more
importance

Y- Research Methodology

Based on the objectives of this study, it is
applied in terms of purpose. Also, the
method used to obtain the main purpose is
the simulation method. To achieve the
objectives of this research, Gomez and
MATLAB software are used. To solve the
model in case of uncertainty, the robot
model of Gomez software will be used.
Then, due to problem being NP Hard, we
will solve this model in MATLAB software
using meta-heuristic algorithms. The
algorithm in question is the TS (Tabu
search) algorithm.

The data collection method is library and
field method. In this research, in order to
calculate and estimate parameters such as
mean, percentage, absolute frequency,
relative frequency and the like, common
descriptive statistics methods are used.
GAMS and MATLAB software will also be
used to model and analyze the data.

t- Information Analysis

¢-Y- Modeling

In small dimensions we have considered the
number of demands between ) to ¥+, in
medium dimensions between Y+ to A+ and
in large dimensions between Yo« to Y.+,
In the concepts of model implementation in
MATLAB software is specified, we must
first provide the data under study, which is
actually the production of data to get the
results according to them. So, we represent
Table Y as the table of problem input
information (data production).

Table : Problem input information

Amount Definition parameter
v Number of items N
Yoo Buyer’s demand D

€Y Sellers’s fixed order cost (million dollars) Ajs
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Ao Buyer’s fixed order cost (million dollars) Ajp
A Pallet capacity K;
Y Occupied space f;
You. Lower limitation of the order amount L;
T Upper limitation of the order amount U;
Ean Upper limitation the number of pallets for each order M;
Ve Number of buyers N,
¢ Number of sellers N,
\ missed sales Ny
Yeto Yo Discount Cp.
£-Y- Simulation results the result of the Tabu search algorithm
Figure V is the result of the conducting the (TS).
Harmony search algorithm and Figure Y is
23 s 180 B
225 MEAN
%\—‘ 40
205 k
z0 50 100 150 200 250 300 350 400 450 0 100 200 300 400 500 600 700 800 900 1000
iteretion t
Figure Y: Result of the Tabu search algorithm Figure Y: Convergence result of Harmony search
algorithm

In Table Y, we examine Y+ models with
small dimension by using both Harmony

search and Tabu search algorithms.
Table Y: Total cost results in small dimensions (Tabu search algorithm and harmonization)

distribution €O, (ppm) Total price of chain(dollar) Number of number of sample
harmony forbidden harmony Forbidden order production P
Yoy Yo. Y L ATYY YaaYot \ Y \
yav YAL VEYYAY Yyoray <] Y Y
Y)Y ya4 yod4q.Y Y ETAAY \% Y Y
14 o \REERR! yvay.y \K) s £
¢va ¢oq YoooV. YAYYYY VY s °
\ER 1Yy Yvivyoy YYy.m VY ¢ 1
Y. AAo Yaiioey Yéav.e Yo ¢ v
vl qyo YYeYYE \ARARY Yy ¢ A
YoV Yoo¥ YYVeve Yavy.y Yv o q
AREA YaYY YOoAYY) Y.«Y1lo Yo o \a
A comparative graph of the cost of both a comparison between carbon dioxide
algorithms for the small dimension model is distributions between the two algorithms.

shown in Figure Y. Figure ¢ also represents
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Figure ¢: Comparison of carbon dioxide emissions using two Figure ™: Comparison '0]; total chain cost using two

algorithms algorithms
As it is noticed in figure Y, the Harmony Harmony search algorithm. In the next
Search algorithm has improved the total level, in Table ¥, we examine )+ models in
system costs by A,V7 and has been able to the medium dimension mode by using
perform better. As we can see in figure £, both Harmony search algorithms and Tabu
for the small dimension model, the Tabu search algorithms.

search algorithm was ¢7 better than the
Table Y: Total cost results in medium dimensions (Tabu search algorithm and harmony)
distribution €0, (ppm) Total price of chain Number Number of

Harmony | Forbidden Harmony Forbidden of orders  production Sample
yya4 YYVA YYAAAY Yvoddo A\l 1 \
VYA YY. A YAAv 0§ Yvqoo) Yo 1 Y
Ve YYYY AR RE $e8YYE 1) \4 A
VY EYY \YEY (YYYe ¢YYoot ¢o \4 ¢
YTAY yove ¢YAANO £1A041 ov A o
YVY . Y YY o.YYYY ¢qo00¢ R A b
YYAA YV oYYV LAREZAY qo q \
YAYY Yvie o144A0 o¢VYoA Yo ‘Y A
Y44V YAYY TYYYoY oqATTE Yo \R4 q
YYE) YV\Y. Te¢VA.0 1yodve A 1 \l
According to the results of medium Figures © and " indicate a graphical
dimensions, the Tabu search algorithm comparison of the results of both
performed better than the Harmony search. algorithms in medium dimensions.
» =
- _:'.;_-r"-- ...... = - =
Y s —
- e — —

s | alim s2arch = |'abva search

= H armn cany #=Harm oy

wearch search

Figure 1: Comparing carbon dioxide distribution by using two Figure °: Comparing total chain cost by using two

algorithms algorithms
Considering the solution of the model in algorithm has improved by 7 compared
medium dimensions, the Tabu search to the Harmony search algorithm in order

e
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to determine the cost of the total supply
chain. Also, comparing to Harmony search
using the Tabu search algorithm carbon
dioxide distributions have been improved
by ¢,07.

Finally, we solve the model in large
dimensions in which the number of orders
was between Yo« and Y+« items. The
results of the implementation of each
algorithm are shown separately in Table .

Table ¢: Total Cost Results in Large Dimensions (Forbidden and Harmony Search Algorithm)

distribution €0, (ppm) Total price of chain(dollar) ~ Number of Number  of

. - . Sample
Harmony Forbidden Harmony Forbidden order production
Y¥AVe YY¥oy yoovan YoyYos Yo. Y. \
Ve Y¥I0A YIATYR YIYYoy \ Y. A
YEVYE YEuuY Y1Aden yaYYe) £ Yo ¥
FAnN YEYY. yvatie YVYoAde oY, Y. ¢
\EAR YooY Y4.¥.0 YAAO LY Tew Y'Y )
Y1440 1AV Y. YAAYYY 1AYYYTY To. A 1
YYaAe YTAd. Y. 0M0A \RAARE VY. £) v
YAoo) yYoyy YYOTYY YYAVYE Avs g0 A
YAdte VA0 YYY LAY Yyqaay LI o q
\ERXEA YaAo. Y¢uYYo Yyioeny Yoo T '

Figures Y and A indicate a graphical
comparison of the results of both
algorithms in large dimensions.

= |0l search

Harrncy

search

Figure Y: Comparing total chain cost by using two
algorithms

According to the comparison of both
algorithms for the large-scale model, it was
noticed that the Tabu search algorithm with
a Y/ improvement over the Harmony search
algorithm has reduced the further cost of
chain. Based on figure A, which shows the
amount of carbon dioxide distributions
obtained from the two algorithms, it is
shown that the Tabu search algorithm has

e | 0l mearch

Haurrm oy

search

Figure A: Comparing carbon dioxide distribution by using
two algorithms

been effective in reducing the amount of
distribution by Y,YZ,

¢-Y- Sensitivity Analysis

In order to analyze the sensitivity, we
investigate the model for different
dimensions, small, medium, and large. We
examine the results obtained from Gomez,
the Harmony search algorithm, and the
Tabu search algorithm for carbon dioxide
distribution and costs.

Table ¢: Cost and distribution results of C Oy

TS HS GAMS item Dimension
price Idistribution price distribution price distribution

Yyoo.  Yiyov YYove VeV, YEYYY YiooY Y

YYEoE N TYYY Yoy YYAVA YATTY YAY. Y 1 small
YAVEY  AVYYL Y4440 YYY.V YyYeo Youuy A

YYile  Y.vov Yyie Yoo AA - - VY

Yeyey  Yeite Y1A04 YAGQY. - - " medium
YYAQA YA YA9AV AR ARK - - YA

FoloY  YARTA Fruy TYVYYo - - Y.

large
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YeéAvo YY.VA YIAVE ylovey
YVyvéo YéoAo ¢.9A0 YAVIYE

- Y¢
- YA

Now for comparison, we use the genetic
algorithm for statistical and graphical
comparisons in problems with different
dimensions.

| I—

Figure Y+: Comparison Figure %: Comparison
of carbon dioxide of cost results (small
distribution results size)

(small size)

Figure YY: Comparison Figure Y): Comparison
of carbon dioxide of cost results (average
distribution results dimensions)

(medium dimensions)

Figure ) ¢: Comparison  Figure \Y: Comparison
of carbon dioxide of cost results (large
distribution results  dimensions)
(large size)
The findings indicate the high efficiency of
the Tabu search algorithm in both areas of

distribution and price.

o, Discussion and Conclusion

Considering the simulation performed and
based on the result obtained from figure ),
it can be concluded that the convergence of
the Harmony search algorithm after several
repetitions of this algorithm on the
specified  functions and objectives.
cording to Figure Y, which is the result

of the Tabu search algorithm, by observing
this result, we can conclude that we were
able to achieve the best time and the best
price between the server and the customer.
‘best mode created after Yo repetitions
will reach its best. In this research, meta-
heuristic algorithms of Tabu search and
Tabu search as well as genetics have been
implemented, which have optimized the
model answer in the output results. Finally,
we have implemented the problem
parameters in order to provide and solve a
numerical example in Gomez software.
Also, the sensitivity analysis of the input
parameters of-the problem reveals the effect
of 'the parameters on the whole model.
Sensitivity analysis was investigated in all
three conditions of small, medium and large
models by using the mentioned algorithms
in MATLAB software and Gomez
software; it should be noted that since the
problem is NP-Hard type, medium and
large dimensions cannot be implemented in
Gomez. software and only a small model
was solved for this problem. It should be
noted that the two cost criteria are gas
distribution. Carbon dioxide was evaluated
iniall three methods and the results showed
that the algorithms presented in MATLAB
software had better performance than the
model solved in Gomez software. On the
other hand, the results indicate the high
performance of the Tabu search algorithm
compared to the Harmony search. In
reviewing all the elaborated results, it is
noticed that the Tabu search algorithm is
better than the Harmony and genetic search
algorithms because it causes the cost and
time studied in this research to be optimized
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easily and under better and faster
conditions.

Practical Recommendation:

- Considering a more appropriate criterion
for calculating routing costs like: time,
because there are conditions such as vehicle
breakdown or traffic that do not express the
cost of shipping per unit distance correctly.
- Providing supporting coverage for
distribution centers so that goods are not
accessible, it is possible to achieve the
demanded goods from other distribution
centers, including fines

- Considering direct transportation from
the factory to the customer, if the customer
has a high demand rate.

- Considering disrupting the capacity of
machinery for reasons such as theft or
attack, as well as disrupting the path that
may because of natural disasters or pre-
planned operations such as floods,
earthquakes or unexpected events.
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