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ABSTRACT

The present paper developed an integrated closed-loop supply chain model by considering social responsibility. The novelty of this research is
considering social responsibility in the model. In order to achieve this goal, a three-objective mathematical model was presented with the following
aims: 1) Minimizing the costs, 2) Maximizing social responsibility or social benefits of the model, and 3) Minimizing the adverse environmental
effects. The mathematical method which is applied proves the validity of the model.
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1. INTRODUCTION

Significant progress in civilization of human being has been made over 20" century. (Torabzade Khorasani & Almasifard,
2017) One of the most important type of these progresses is in sustainable supply chain management. Sustainable supply chain
management is explained as the management of materials, data, and investment for cooperation between organizations during
the supply chain and has been an important topic for studies during the past decade (Hsueh, 2015). Recently, sustainability in
supply chain management (Hussain and Tiwari, 2015) and considering the environmental aspects and social factors have
become vital topics (Brandenburg et al, 2014). Considering social responsibility for the environment are relatively complicated
issues, but it has a great impact on the ability of different sectors of supply chain by adapting technologies, creating an

environmentally friendly environment and considering environmental factors (Longoni et al, 2014).

Corporate social responsibility is the moral acceptance of business for achieving the sustainability and includes economic,
environmental, and social conditions. Social responsibility is studied based on four aspects: 1) Economic responsibility: It is
the most fundamental layer of social responsibility because shareholders demand for the return of their capital; it leads to
economic growth and there is a direct relationship between economic growth and financial freedom (Ciftgioglu & Almasifard,
2015). 2) Legal responsibility: Rules must be implemented based on international standards. 3) Moral responsibility:
organizations must conduct the activities expected by society. 4) Humanitarian responsibility: It is the fourth aspect of social
responsibility including such subjects as supporting the poor, preventing risk, reducing energy consumption, protecting natural

resources, preventing pollution, etc. (Zeng et al,2014).

Social responsibility has been converted from small concepts into complicated ones and has influenced organizational
decision-making for more than several decades. From an economic standpoint, the lagged value of final consumption
expenditure has a significant effect on the share of final consumption expenditure in Gross Domestic Product (Almasifard &
Saeedi, 2017). The combination of social responsibility, sustainability, and cost clarification helps shareholders to accept more
social responsibility, have self-confidence, and make efforts for new innovations. This strategy has many effects on suppliers
and organizational implementation helping to promote the safety of products, technology, and process in terms of environment.

When organizations improve programs by implementing social responsibility, they should pay attention to the opinions and
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needs of shareholders and workers to improve working conditions, health, and job security in the long term (Bijoylaxmi et al,
2015).

The purpose of implementing social responsibility is to create consistency in supply chain, optimize social welfare, and reduce
production costs leading to the reduction of price, stimulation of customers for more purchases, and optimization of supply
chain profit. Analyzing the effect of social responsibility on 133 Eco-Responsible Spanish companies showed that it has
non-economic effects such as organizational liability, creating motivation in employees, customer satisfaction, innovations,
energy saving, material recycling, etc.(Reverte et al,2015). According to previous reviews, few articles applied quantitative
models for supply chain sustainable management (Reverte et al,2015). Based on the importance of the subject and this research
gap, the present study provided the mathematical model of sustainable closed-loop supply chain by considering social
responsibility. As a result, a multi-objective quantitative model was presented to optimize the implementation cost and levels

of social responsibility and reduce the environmental effects.

2. LITERATURE REVIEW

In recent years, some researchers studied and presented models for closed-loop supply chain. For example, Vahdani (2015)
provided a multi-product and multi-period model for designing the closed-loop supply chain network under fuzzy
environment. Demirel et al (2014) developed a multi-piece and multi-period hybrid linear planning for a closed-loop supply
chain network. Fallah-Tafti et al (2014) in their study designed the supply chain network in an integrated way. Their proposed
network is a multi-level network including assembly, customers, and collection and disposal centers. MA et al (2016)
presented a bi-objective planning model for closed-loop supply chain under the conditions of uncertainty. The model that they
provided was a single-objective mathematical model for closed-loop supply chain problem. Banasik et al (2017) presented the
linear planning multi-objective model of closed-loop supply chain for mushroom production. Their model in direct logistics
included producer and retailer level but other levels were not considered. In addition, in reverse logistics, the collection and
rehabilitation centers were considered. Hassanzadeh Amin and Baki (2017) presented the multi-objective facility location

model in closed-loop supply chain under fuzzy conditions. They modeled the reverse logistics facility location in their model.

Moreover, there are some studies that have been done in the field of social responsibility. Hussain et al (2015) used interpretive
structural modeling (ISM) and analytical network process (ANP) for evaluating the appropriate alternatives of resources, time,
and money in line with economic-environmental and social aspects in supply chain sustainable management. Furthermore,
MCarment Suescun (2015) found that there are still lots of unknown problems according to the development of social
responsibility area by studying the extractive industries of Latin America and the Caribbean (LAC). Saeidi et al (2014) studied
250 manufacturers in Iran and they concluded that there is a direct relationship between social responsibility and organizational
programs; they also found a direct relationship between social responsibility and three factors of comparative advantage.
Sustainability, liability, and customer satisfaction were considered as the probable intermediates between these two

relationships.

3. MATHEMATICAL MODELING

The network studied in this research is a direct and reverse integrated logistic network that can be applied in industries which
can recycle, bury, dispose, remanufacture, and repair the products that are at the end of life products. In the designed model, the
return products are divided into recoverable products, remanufacturing products, recyclable products, and products for

disposal.
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Recoverable products are recovered in collection and rehabilitation centers and can be completely reused after the recovery.
These products are sent to distribution centers for sale. Remanufacturing products can be recovered in production centers and
enter the production line after the recovery. The products which cannot be used anymore, except in raw materials or
convertible materials, are sent to recycling centers. The products which cannot be used anymore, even in raw materials
preparation, are sent to burial and disposal centers for secure burial. This network can support a variety of industries like

electronic and digital equipment (computers, cameras, etc.), automotive industries and other similar industries.

According to the issues mentioned above, the hypotheses considered for modeling are:

¢ The model is multi-period and multi-product. In addition, the capacity of all facilities is limited.

o The number is three-dimensional, and the solution space is discrete.

o The number of facilities is not predetermined.

o All customers’ demands are responded and all return products are collected.

o Customer demand and values of return products are certain.

¢ The place of suppliers and producers are certain and fixed.

* The maintenance cost is dependent on the finishing point of period inventory and shortage is not allowed.

o The place of producers, suppliers, and customers is fixed and other places include potential distribution, collection,
rehabilitation, recycling, burial, and disposal centers.

3.1 Parameters, Indices and Variables
3.1.1. Parameters

st
r| : The amount of product s from customer center | at time t

st
d| The amount of product demand s by customer | at time t

B' st

J - return product rate s from collection and rehabilitation center m to production center j at time t
Bp® . _— . . .
: return product rate s from collection and rehabilitation center m to burial and disposal center at time t
Bk : —_ - :
Return product rate s from collection and rehabilitation center m to distribution center k at time t

st
Bp : return product rate s from collection and rehabilitation center m to supply center p at time t
fk : The fixed costs of constructing the distribution center at place k

fm : The fixed costs of constructing the collection and rehabilitation center m at place m

fp : The cost of constructing the recycling center at place p

fn : The cost of constructing the burial and disposal at place n

S
Cij . All costs of transporting product s from supplier product | to producer center j

127|Page Online ISSN: 2456-883X Publication Impact Factor: 0.825 Website: www.ajast.net



-k' Asian Journal of Applied Science and Technology (AJAST)
AST Volume 1, Issue 8, Pages 125-134, September 2017

EXCELLENCE THROUGH RESEARCH

s
C jk = All costs of transporting product s from producer product j to distribution center k

S
Ck| . All costs of transporting product s from distribution center k to customer center |

S
C|m . All costs of transporting each return product from customer | to collection and rehabilitation center m

S

C

S

C

S

C

S

C

S
ij . All costs of transporting each return product from recycling center p to production center j

s
C pi - All costs of transporting each return product from recycling center p to supply center i

s
Cq ji + All costs of transporting product s from production center j to its warehouse

s
Cq jk = All costs of transporting product s from production warehouse k to distribution center k

Ca, : The capacity of supply center at place i
Caj The capacity of production center at place j
Ca ji - The capacity of production center at place j

er : The capacity of remanufacturing in production center at place j

Ca, : The capacity of distribution center at place k

CI, The capacity of distributing the recovered products in distribution center at place k

Cr; : The capacity of producing raw materials from return products in supply center at place i

CQa,,, : The capacity of collection and rehabilitation center at place m

Ca’p The capacity of recycling center at place p

Ca,, : The capacity of burial and disposal center at place n

s
hj : The maintenance cost of each product s in production warehouse at place j
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@, : The number of job opportunities created in the k-th distribution center

a;,, - The number of job opportunities created in the centers related to reverse logistics

SPs: The average waste created in the j-th production center to produce each unit of product s

dpjs : The average dangerous materials used in the j-th production center to produce each unit of product s
HW : The weight factor of the produced waste (the weight of produced waste in the objective function)

6,, : The weight factor of dangerous materials (the weight of dangerous materials in the objective function)

3.1.2. Indices

I: Fixed points set for supply centers iel

J: Fixed points set for production centers j € J

K: Fixed points set for distribution centers keK
L: Fixed points set for customers leL

M: Fixed points set for collection and rehabilitation centers me M

P: Fixed points set for recycling centers p e P

N: Fixed points set for burial and disposal centers N € N
S: set of products S € S

T:timeteT

3.1.3. Variables

Yt © If the collection and rehabilitation center is established at place m at period t, its value will be 1, otherwise it will be 0.

Yyt : If the distribution center is established at place k at period t, its value will be 1, otherwise it will be 0.

ypt - If the recycling center is established at place p, its value will be 1, otherwise it will be 0.

Yot o If the burial and disposal center is established at place n, its value will be 1, otherwise it will be 0.

st
Xij : The stream amount of product s from supply center i to production center j at time t

st
Xjk : The stream amount of product from production center j to distribution center k at time t
st
ij : The stream amount of product s from production center k to its warehouse at time t
Xst
kl : The stream amount of product s from distribution center k to customer I at time t

st
ij : The stream amount of product from production center j to distribution center k at time t

st
le : The stream amount of return product s from customer | to collection and rehabilitation center m at time t
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st
ka : The stream amount of return product s from customer | to collection and rehabilitation center m to distribution center

attime t

st
me _ The stream amount of return product s from customer | to collection and rehabilitation center m to recycling center p

at time t

st
an : The stream amount of return product s from customer | to collection and rehabilitation center m to disposal center n at

time t

st
ij : The stream amount of return product s from customer I to collection and rehabilitation center m to production center j at

time t

st
ij : The stream amount of return product s from recycling center p to production center j at time t

st
Xpi : The stream amount of return product s from recycling center p to supply center i at time t

st
U j : The amount of remaining product s in production center warehouse j at time t

3.2 The Final Structure of Model

The objective function of the model refers to the minimization of supply chain costs and is presented as equation 1.

min Z, Z(Z fkykt+2f ymt+2f ypt+Zf ym+ZZZc X;

teT keK meM peP seS iel jeld
D IPNHCHEDIPISIEEDIPIPIHHEDIDIP I
seS jeld seS jed keK seS ijed keK seS keK leL (1)
IPIPICHCEDIPIPICHEEDIPIPIL=AEAD DD IP =t =
seS leL meM seS meM peP seS meMneN seS meM jel
IDIPICREEDIDIICECEDIPIPICSEDIP I
seS meMkeK seS peP iel seS peP jed seS jeld

Second objective function: This target refers to the maximization of social responsibility or social benefits.

max ZZ = Z(Z QYke + Z QinyYmt + Z QinvYpt + Z 0(inv}’nt) (2)

teT keK meM pEP neN

Third objective function: the reduction of environmental effects

minZ; =0,, Z Z Z Z spjs (X + Q) + sz Z Z Z dpjs (X + Qe 3)

teT je€J keK seS teT j€J keK seS

Limitations:

D xg=d'VleL, VseSteT @
keK
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D Ximas =1 VI €L, Vs €S, allquality —level )

meM

Expressions 4 and 5 guarantee that all customers’ demands are satisfied in the direct stream, and all return products are

collected from customers’ centers in the return stream.

DXy =Bk xnvmeM,VseSteT

m

keK leL (6)
DXy =Bi*Y xpvmeM,VseS,teT 7)
jed leL

D xs =Bi*> xnvmeM,VseS,teT (8)
iel leL

fontn=BnStZanﬁVmeM,VSeS,teT 9
neN leL

DG +Q) =D %1 - D X VkeK,VseS,teT (10
jed leL meM

St S+ x =S xS +QiVj e, VseS,teT (1)
iel meM peP keK

Uft=ijt—I;Qf§VjeJ,VSES,teT (12)

Limitations 6 to 12 are related to the stream balance in nodes.

> QL <Q;Vjel, VseS,teT

keK

(13)

Expression 13 guarantees that the amount of output stream from production warehouse is less than the total input to

production warehouse.

d Y xi<caVvielteT (14)
seS jeld

DI xE+> Q) <cavjel,teT (15)
seS keK seS

>3 xi <cay,vkeKteT (16)
seS leL

DX AD D X D Y X+ Y xa <ca Y, VmeM teT a7
seS keK seS jeld seS neN seS peP
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ZZx;‘k <cry.VkeK,teT (18)
seS meM

YOI+ x)<crVielteT (19)
seS meM peP

Yy xs<cervielteT (20)
seS peP

> > xs <cay,vneN,teT (21)
seS meM

D> xy <ca,y,VpePteT (22)
seS meM

dUf'<ca;VjelteT (23)

seS
Expressions 14 to 23 guarantee that the stream is only between the points in which feasibility is established and the total

stream in feasibility does not exceed its capacity.

D Vi 21 @28
keK
D Vm 21 (25)
meM
Z ypt >1 (26)
peP
> Y21 27)
neN

Expressions 24 to 27 guarantee that at least one of the potential centers is active.

Bk* +Bj" +Bp® +Bn* =1vseS,teT (28)
Expression 28 guarantees that the total coefficients of return products are equal to 1.
Yo Yoo Ypur Yoo €{03VMe M, vk e K, Vpe P,Vvne N, teT (29)

st st st
u’XJk’Q”’U Xkl’ij’xlm’XmJ7ka7me’an20

(30)
Viel,Vjel,VkeK,VlelL,VmeM,VneN,VpeP,teT
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Limitations 29 and 30 are the logical and obvious limitations related to decision variables of the problem.

4, CONCLUSION

In this study, a three-objective model for the integrated closed-loop supply chain was studied. In this model, social
responsibilities were considered. The objectives considered for the proposed model were minimizing the supply chain costs,
maximizing social responsibility or social benefits, and minimizing the environmental effects. The proposed model is a novel
one according to the objectives of the model. For further researches, it is suggested to solve this model by different softwares
and compare the results of problem solving so as to make sure about the validity of the model. Another interesting topic could

be considering more objectives and make the model more complicated.
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