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Keywords Abstract

Closed-Loop Supply Chain, Closed-loop supply chain (CLSC) is a kind of supply chain which contains
Multi-Objective Model, forward and backward flows of commodities within a logistics network. In the
Mixed-Integer Model, decision-making process of CLSC, locational, inventory control and
Goal Attainment Method, transportation issues are addressed to deal with strategic, tactical and
Sensitivity Analysis. operational decisions. This paper utilizes a novel bi-objective mixed-integer

linear programming (MILP) model to formulate a multi-period multi-product
CLSC design problem considering aggregate cost minimization and service
level maximization at the same time. To tackle the bi-objectiveness of the
model, goal attainment method (GAM) is applied which is then executed by
Gurobi Python API to test the applicability of the suggested model for three
different scales (small, medium and large). It is demonstrated that the
proposed methodology can find the optimal solutions for different problems in
a maximum of 500 seconds. Finally, a set of sensitivity analyses is carried out
on the main parameters in order to test the behaviors of the objective functions
and suggest managerial insights as well as decision aids. The results reveal that
the model is highly dependent on the demand parameter, that is, an increase
in demand is closely related to an increase in the aggregate cost and a
simultaneous downward trend in the service level.

COK PERIYOTLU COK URUNLU KAPALI DONGU TEDARIK ZINCIRI ICIN
YENI BiR CIFT-AMACLI MODEL

Anahtar Kelimeler 0z

Kapali-Déngii Tedarik Agi, Kapali dongi tedarik zinciri (KDTZ), bir lojistik ag icinde tiriinlerin ileri ve geri
Cok Amagh Model, akislarimi igeren bir tiir tedarik zinciridir. KDTZ'nin karar verme stirecinde,
Karmasgik-Tamsayili Model, stratejik, taktik ve operasyonel kararlarla basa ¢cikmak icin lokasyon, envanter
Hedefe Ulasma Yontemi, kontroli ve tasima konular1 ele alinmaktadir. Bu arastirma, ayn1 anda hem
Duyarlilik Analizi. toplam maliyet minimizasyonu hem de hizmet seviyesi maksimizasyonu

dikkate alinarak ¢ok periyotlu ve ¢ok iirtinli bir CLSC tasarim problemini
formiile etmek icin yeni bir ¢ift-amach karma tamsayili dogrusal programlama
(KTDP) modelini kullanmaktadir. Modelin iki yonliliiglini saglamak adina
hedefe ulasma yontemi (GAM) kullanilmis ve daha sonra Gurobi Python API
kullanilararak oénerilen modelin ii¢ farkl dlgekteki (kiigik, orta ve biiytik)
problemler tizerinde uygulanabilirligi test edilmistir. Onerilen metodolojinin
farkli problemler icin en uygun ¢oziimleri maksimum 500 saniyede bulabildigi
gosterilmistir.  Son  olarak, amag¢ fonksiyonlarinin davranislarini
degerlendirmek ve yonetimsel 6ngoriiler ve karar destek ¢cikarimlari saglamak
icin anahtar parametreler tizerinde bir dizi duyarhlik analizi yapilmaktadir.
onuglar modelin talep parametresine yiliksek oranda bagl oldugunu
gostermektedir. Oyle ki, talepteki bir artis toplam talepteki artisla ve ayni anda
servis seviyesinde goriilen asag1 yonlii trendle yakinda iliskilidir.
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1. Introduction

Supply chain is a value creating network and supply chain network design is one of the key components
that determine the competitive advantage of a business. Closed-loop supply chains (CLSCs) gained
significant importance in recent years due to their honoring of the sustainable development requirements
through recycling and the remanufacturing of used products, which is also known as ‘reverse logistics’. The
idea behind reverse logistics is to reclaim used products, either under warranty or at the end of use/lease
period so as to make sure that they are properly disposed, reused, recycled or remanufactured. A thorough
discussion on reverse logistics can be recognized in Dekker et al. (2013).

A CLSC refers to a supply chain network where all forward and reverse logistics operations are merged to
take place in a single loop to ensure economic circularity as well as environmental and social sustainability
in industrial operations. As such CLSC differs from a traditional supply chain with not just its particular
focus on long-term profitability and growth, but also its effort to avoid a rapid deprivation of natural
resources. Environmental and social sustainability aspect is integrated through a business model which
aims to contribute to low-carbon and socially responsible development process (Kumar and Kumar, 2013).
The interest in CLSC is on the rise as the benefits arising from shifting to the latter can largely outweigh the
costs incurred due to the transformation process. Businesses in general and manufacturers in particular
can strengthen their financial positions by reselling refurbished products or substituting recycled products
for their conventional raw materials. The aim here is to capture additional value by integrating all supply
chain activities - most notably turning users into suppliers.

In this context, the present study is proposing a bi-objective MILP model coupled with a multi-period, multi-
product CLSC structure with a view to minimizing the aggregate cost while, at the same time, maximizing
the service level. Afterwards, a number of sensitivity analyses are presented to provide decision-makers at
organizations with a proper insight into optimal CLSC design policy and help them determine the optimal
level of resources to be rendered throughout the CLSC network.

There are various studies in the literature that deal with different aspects of CLSC, such as design,
optimization, performance metrics, and pricing. A detailed survey of studies in this domain can be found in
Govindan et al. (2015) where authors review 382 articles published between January 2007 and March
2013. Stindt and Sahamie (2014) offer a database of 167 relevant publications on CLSC management in the
process industry. The literature on uncertainty factors, methods, and solutions concerning CLSC is more
recently presented in Stindt and Sahamie (2014).

Majority of the studies reviewed are found to deal with the design, optimization or configuration of CLSCs
taking a multi-objective approach. Besides, Devika et al. (2014), Zhen et al. (2019) and Fathollahi-Fard et al.
(2020) put more emphasis on ‘sustainable’ design of the CLSC.

Mixed-integer linear programming (MILP) models are the most famous methodologies among researchers
dealing with the optimization of CLSCs. Pishvaee et al. (2011), a comparison of deterministic MILP model
vs. robust MILP model based on various test problems is presented. Kannan et al. (2010), authors use a
heuristics-based genetic algorithm (GA) for solving a multi-echelon multi-product multi-period MILP
model. Amin and Zhang (2013) employ weighted sum and e-constraint methods to boil their multi-objective
model down into a single-objective one and use stochastic programming. In another study, Amin and Zhang
(2012) introduce a fuzzy multi-objective MILP model that aims to maximize profit and weights of suppliers,
while minimizing the defect rate. Ruimin et al. (2016) and Hajiaghaei-Keshteli et al. (2019) use multi-
objective mixed-integer nonlinear programming (MINLP) models. The first paper employs LP-metric
method, whereas the latter metaheuristics and hybridized algorithms to solve the proposed models,
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respectively. Economical profit/cost, environmental impact, defect rate, social responsibility, carbon
emissions are among the most addressed factors that in the objective functions. A non-traditional approach
is presented in Ramezani et al. (2014) where financial constraints are integrated into a MILP model which
uses an objective function aiming to maximize shareholder’s value (measured through change in equity)
rather than profit. Paksoy et al. (2011), Olugu and Wang (2012) and Pochampally et al. (2009) rather focus
on the performance metrics pertaining to the CLSCs. Kenné et al. (2012) present a numerical algorithm to
solve a stochastic dynamic programming model for production planning problem associated with a CLSC.
Last but not the least, applications on various industries, such as glass, tires, plastic goods, automotive,
electrical and dairy goods, and battery, are presented to showcase the applicability of models (Yildizbasi et
al,, 2018; Pervin et al., 2019; Goli et al., 2020; Aghighi et al,, 2021).

Recently, a robust optimization model is offered by Lotfi et al. (2021) in order to design a CLSC network
addressing sustainability, resiliency and conditional value at risk. A heuristic relaxation algorithm is
developed by Pazhani et al. (2021) to configure a multi-period multi-product CLSC network. The validation
of their proposed model is also evaluated using case studies and hypothetical datasets. Mondal and Roy
(2021) examine the effects of COVID-19 pandemic on the sustainable development of CLSC under mixed
uncertainty. They also deal with operational decisions through a pick-up-delivery vehicle routing problem.

Based on the above survey, the following items can be listed as the main contributions of the study:

i. Development of a novel mathematical model for a multi-period multi-product CLSC network,
ii. Addressing of two important aspects of sustainable development through aggregate cost
minimization and service level maximization,
iii. Application of goal attainment method (GAM) to cope with model bi-objectiveness,
iv. Presentation of sensitivity analyses to study the impact of the changes in key parameter values.

The structure of the remaining sections is organized as follows: Section 2 describes the problem and
proposed mathematical model. GAM is represented in Section 3 as the solution method. The computational
results are given in Section 4. Finally, the concluding remarks and outlook are explained in Section 5.

2. Problem Description

In this section, the proposed network as well as the associated mathematical model is presented. In our
problem, a CLSC network includes manufacturing plants, distribution centers, customers, collection centers,
recovery centers and disposal centers. The first three centers deal with forward logistics and the remaining
three centers establish backward logistics. In the first phase and as a strategic decision, the aim is to
determine the optimal locations for distribution centers, collection centers, recovery centers and disposal
centers given the relationships between them. Then, the tactical decisions in terms of inventory control are
made at distribution centers, and in the meantime, operational decisions including transportation planning
and determination of product flow between different facilities are put in place.

The two objectives are to minimize the aggregate cost and maximize the service level in order to maximize
customer satisfaction. Figure 1 represents the schematic view of the suggested network.

The main assumptions of the model are listed below:

- The proposed network includes 6 different levels of facilities; i.e., manufacturing plants,
distribution centers, customers, collection centers, recovery centers and disposal centers,

- Locational decisions are made at distribution centers, collections centers, recovery centers and
disposal centers,

- All the required facilities should be located at the beginning of the planning period,

- Capacities of all facilities are limited,

- Parameters are deterministic,

- Multiple products are taken into account,

- There is initial inventory at each distribution center,

- Noinventory is held by manufacturing plants,

- Shortage of products is allowed at distribution centers,

- Aplanning horizon including multiple planning periods is considered,

- Locational, inventory, allocation and transportation decisions are made at the same time.
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Figure 1. Schematic View of The Proposed CLSC Network of The Problem.
2.1. Mathematical Model
2.1.1. Indices and Sets

p: Index of manufacturing plants (p € P),
d: Index of distribution centers (d € D),
c: Index of customers (c € D),

i: Index of collection centers (i € D),

r: Index of recovery centers (r € R),

j: Index of disposal centers (j € J),

k: Index of products (k € K),

t: Index of time periods (t € T).

2.1.2. Parameters

DM_y;: Demand of customer c for product k in period ¢,

CAyy: Capacity of manufacturing plant p to produce product k in each period,

CBgy: Capacity of distribution center d to distribute product k in each period,

CCyy: Capacity of collection center i to collect product k in each period,

CD,: Capacity of recovery center r to recover product k in each period,

CEjy.: Capacity of disposal center j to dispose product k in each period,

TAypq: Unit shipment cost of product k from manufacturing plant p to distribution center d,
TBpqc: Unit shipment cost of product k from distribution center d to customer c,

TCpe;: Unit shipment cost of product k from customer c to collection center i,

TDy,;,-: Unit shipment cost of product k from collection center i to recovery center r,

TE};j: Unit shipment cost of product k from collection center i to disposal center j,

TFy,p: Unit shipment cost of product k from recovery center r to manufacturing plant p,
DA, 4: Distance between manufacturing plant p and distribution center d,

DBy Distance between distribution center d and customer c,

DC,;: Distance between customer c and collection center i,

DD;,: Distance between collection center i and recovery center r,

DE;;: Distance between collection center i and disposal center j,

DF,,,: Distance between recovery center r and manufacturing plant p,

Qi Return rate for product k from customer c in period ¢,

Bri:: Return rate for recoverable product k from collection center i to recovery centers in period ¢,
1 — Byt Return rate of disposable product k from collection center i to disposal centers in period ¢,
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FAyp: Unit production cost of product k at manufacturing plant p,

FBy4: Unit processing cost of product k at distribution center d,

FCy;: Unit processing cost of product k at collection center i,

FDy,: Unit processing cost of product k at recovery center r,

FEy;: Unit processing cost of product k at disposal center j,

LA,: Fixed establishment cost of distribution center d,

LB;: Fixed establishment cost of collection center i,

LC,: Fixed establishment cost of recovery center r,

LD;: Fixed establishment cost of disposal center r,

Glyq: Unit holding cost of product k at distribution center d,

GBy4: Unit shortage cost of product k at distribution center d,

1044 Initial inventory level of product k at distribution center d at the beginning of planning period,
Opke: Demand of manufacturing plant p for recovered product k from recovery centers in period ¢,

2.1.3. Variables

Xipe: Amount of product k produced by manufacturing plant p in period ¢,

Y Aypar: Amount of product k shipped by manufacturing plant p to distribution center d in period ¢,
Y By 4ce: Amount of product k shipped by distribution center d to customer c in period ¢,

Y Cycie: Amount of product k shipped by customer c to collection center i in period ¢,

YDyire: Amount of product k shipped by collection center i to recovery center r in period ¢,

YEy;j: Amount of product k shipped by collection center i to disposal center j in period ¢,

Y Fyrpe: Amount of product k shipped by recovery center r to manufacturing plant p in period ¢,
ZA4: A 0-1 variable representing whether distribution center d is established or not,

ZB;: A 0-1 variable representing whether collection center i is established or not,

ZC,: A 0-1 variable representing whether recovery center r is established or not,

ZD;: A 0-1 variable representing whether disposal center j is established or not,

IV, 4¢: Amount of inventory level of product k in distribution center d at the beginning of period ¢,
BO;4¢: Amount of shortage (back-order) for product k in distribution center d at the beginning of period
t.

2.1.4. Objective Functions

Let AC and SL denote aggregate cost and service level, respectively. First objective function given by Eq. (1)
defines the aggregate cost minimization including 17 terms. Terms (1)-(4) stand for establishment costs of
facilities. Terms (5) and (6) express the inventory holding and shortage costs, respectively. Terms (7)-(12)
indicate the transportation costs. Terms (13)-(17) show the processing costs at different facilities.

min AC = Z LA, ZA, +ZLBi ZB; + Z LC, ZC,

deDr

el TER/
+ z LD; ZD; + z z Z Glig Lear + Z Z Z GBrgq Brat

JEJ! k€K deD teT k€K deD teT

YD Thipa DAya VAgae + D D" Y > TBuge DB VBier

KEK d€eD teT peP K€K deD teT ceC

FD DY Tt DCa YCiie + ). D - > > Dy DDy YDy

KEK i€l teT ceC KEK i€l teT rER (1)
-I-ZZZ TEy;j DE;j YEy;j; +ZZZZTFRW DE., YEpt

keK i€l jeJ reR keK peP teT reR

+ Z Z Z FApp Xype + Z Z Z Z FBig YAwpar

k€K peP teT k€K pEP teT deD

+ Z Z Z Z FCii YCroeie + Z Z Z Z FDy. YDy

KEK c€eC teT i€l KEK rER teT i€l

DRPWRCAC

k€K jeJ teT i€l
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Our second objective function given by Eq. (2) below deals with service level maximization, whereas service
level is defined as the proportion of demand that is fulfilled after considering any shortages (or, backorders)
in distribution centers.

ZkEK ZtET ZCEC DMth - ZdED ZkEK ZtET Bokdt
max SL = (2)
ZkEK ZtET ZCEC DMckt

2.1.5. Constraints

We can now define our model constraints. Namely, constraint (3) represents the capacity limitation of
manufacturing plants to produce various products in each period.

Xipt < CApy ~ VPEPKEKLET. (3)

Constraints (4)-(7) stand for the capacity limitation as well as locational decisions at distribution facilities,
collection facilities, recovery facilities and disposal facilities, respectively.

Z YAypar < CBax ZAq VkeK,teT,deD, (4)
pEP
Zyckcitfccik ZB; VkeK,teT,i€l, (5)
ceC
Z YDyire < CDyy ZC, VreER keEK,teT, (6)
iel
Z YEyjt < CEj ZD; vkeK,je] teT, 7

i€l

Constraints (8)-(10) show the flows of backward logistics at collection facilities, recovery facilities and
disposal facilities, respectively.

Z YCkCit = akct z YBdet Vc € C,k [S K, t e T, (8)
i€l dep’

> VD =P ) VCow  Vi€LKEKET, (g
TER cec’

Z YEije = (1 = Brae) Z YCir VIELKEKTET, (10
jel cec’

Constraint (11) ensures that the amount of products sent by manufacturing facilities to distribution centers
do not surpass the produced amount of products at a given period.

ZYAkpdtSkat VpEP,kEK,tET, (11)
deD

Constraint (12) represents the product flows at distribution centers in which the output flow is restricted
to the input flow in a given period.

z YBraer < Z YAwpar VAdEDkEK,tET, (12)

cec pEP

Constraint (13) expresses the balance between input and output flow at collection centers.
Z YCruir = Z YDyire + Z YEu. vielLkekter, (13

cec TER JjEJ

Constraint (14) expresses the balance between input and output flow at recovery centers.
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ZYFkrpt ZZYDkirt VreR,kEK,teT, (14)

pEP i€l

Constraint (15) guarantees that the products shipped from recovery centers to manufacturing plants do not
exceed their demands from recovered products.

Z YFirpe < Opie VpeP keK,teT, (15)
TrEeR

Constraint (16) ensures that the amount of products transported from distribution facilities to each
customer do not exceed its demand considering the shortages.

Z(YBdet + BOkdt) = DMth Vc € C,k € K,t € T, (16)

deD

Constraints (17) and (18) indicate the inventory balance at the first period and the remaining periods,
respectively.

10,y + Z YApar — Z YBraes = Viar Vk €K,d €D,t € {1}, (17)
pEP cec
Wige_y + Z YAipar — Z YBuger = Vig; Vk€K,d€D,te{23,..,1), (18
pEP cec

Finally, constraints (19) and (20) define variable domains.

ZAq4, 7By, ZC,, ZD; € {0,1} Viel,deD,j€],r €R, (19)
kat' YAkpdtv YBdet! YCkCit’ YDkirtv YEkijt! YFkrptl Idet; BOkdt € R+ (20)
viel,deD,j€],reRp€eEPVkEK cECLET.

3. The solution method: GAM

GAM is one of the well-known approaches to deal with multi-objectivensss which was first introduced by
Gembicki and Haimes (1975). It includes a set of supreme goals, U* = {uj, u3, ..., uy}, that correspond to a
set of objective functions, F(x) = {f; (x), f5(x), ..., fu(x)}. The supreme value of each objective function is
achieved by individually optimizing the single-objective model corresponding to that objective function.
Furthermore, importance weights W = {w,,w,, ...,w, } are assigned to each objective function, such that

=1 w; = 1. Eventually, the single-objective model that results from GAM can be represented as follows:a

minZgay = @ (21)
i) -—we<sw  (=1), (22)
fiG) +wip = (U=2), (23)

where ¢ is a free scalar variable, subject to constraints (3)-(20). Here, f;(x) = AggregateCost and f,(x) =
ServiceLevel. Moreover, we take into account (w;, w,)=(0.6, 0.4), and u; and u} are found by optimizing the
primal single-objective model with the first and second objective function, respectively.

4. Experimental results

This section summarizes the computational results obtained for our proposed methodology using three
problem instances that are randomly generated. For this purpose, Gurobi Python API is utilized to
implement the model. Tables 1 and 2 illustrate the input information related to the problem scale and
parameters, respectively. Here, U(q, b) refers to continuous uniform distribution. Figure 2 illustrates the
significant impact of the problem scale on computational complexity and runtimes. The model results for
the three sample problems are represented in Table 3 in terms of the objective function values and
runtimes.
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Table 1. Information About Different Problem Scales
Problem P D C 1 R ] K T
#1 2 2 10 2 2 2 2 2
#2 4 4 20 4 4 4 4 4
#3 8 8 40 8 8 8 8 8
Table 2. Input Parameters of The Mathematical Model
Parameter Value Parameter Value
DM, U(20,40) DApq
CA,x U(1000,2000) DB,
CB gy U(200,500) DC,;
cCy DD,, U(10,50)
CD, U(300,800) DE;;
CEji DF,,
TAkpd Ayt U(Ol,OZ)
TBiac Buit U(0.2,0.4)
TCp.i FA u(10, 20
kci U(2,12) kp ( )
TDyy FByg4
TEy;; FCy.;
= b U2, 5)
TFkrp FDy,
LA, FEy;
LB; 10,4 U(100, 500)
LC, U(100000,200000) Bk U(200, 400)
LD; GB4 U(20, 30)
Gl g, U(L,2)

Table 3. Computational Results Obtained For The Proposed Methodology

Figure. 2. Run Time Comparison of Different Problems

Problem Zcam uj u; |AggregateCost| ServiceLevel |Runtime (s)
#1 0.194 676022.518 1 676022.634 0.923 1.06
#2 0.089 1476802.274 1 1476802.327 0.964 2.19
#3 272131.165 | 6442388.235 |0.988| 6605666.934 0.983 457.64

Run time (seconds)
500
400
S 300
©
>
(4]
£ 200
S 100
o
0
1 2 3
#Problem

Furthermore, in order to evaluate the reactions of the objective functions to the changes in key parameter
values (i.e, demand and return rates), a set of sensitivity analyses is conducted. The results of these analyses
are presented in Table 4 and Figures 3-5.
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Table 4. Results of the sensitivity analyses
DM, -20% -10% 0% +10% +20%
AC 676022.624 676022.630 676022.634 684512.182 693001.847
SL 0.929 0.925 0.923 0.923 0.923
Agct -20% -10% 0% +10% +20%
AC 676022.632 676022.633 676022.634 678039.408 680056.299
SL 0.924 0.923 0.923 0.923 0.923
Brit -20% -10% 0% +10% +20%
AC 676022.634 676022.634 676022.634 676210.134 676397.750
SL 0.923 0.923 0.923 0.923 0.923
DMckt
0,9300 695.000
_ 09280 690.000
3 685.000 @
30,9260 8
Y 680.000 —
'S 0,9240 g
5 675.000 °
0,9220 670.000
0,9200 665.000
-20%  -10% 0% 10% 20%
Percentage changes
=@==ServiceLleve| «==@==TotalCost
Figure 3. Sensitivity analysis for DM
akct
0,9242 681.000
g'gggg 680.000
5 09236 679.000
3 09234 678.000 b7
§ 0,9232 677.000 O
2z 09230 ¢ ® 676000 =
o 0,9228 [
0,226 675.000
0,9224 674.000

-20% -10% 0% 10% 20%

Percentage changes

=@==ServiceLevel ==@==TotalCost

Figure 4. Sensitivity analysis for a;;
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Figure 5. Sensitivity analysis for By,

We can observe from Table 4 and Figures 3-5 that change in key parameter valeus can significantly affect the
solution values and, thereby, optimal policy. Demand turns out to be the most important parameter when
compared to the return rates as the objective function values show a higher sensitivity to the fluctuations in
demand. By increasing the demand parameter, we see that the aggregate cost also increases while service level
follows a downward trend. A similar behaviour is also observed for the product return rates
ape- Yet, for different change intervals considered for the recoverable product return rates
Bri+ (from collection to recovery facilities), service level remains fixed and shows almost no change. On the other
hand, it is positively correlated to the aggregate cost.

With the help of these implications, managers and decision makers can decide on the optimal policy for the timing
and amount resources to be utilized throughout the CLSC network.

5. Conclusion and Outlook

In this study, a multi-period multi-product CLSC network design that simultaneously minimizes the aggregate cost
and maximize the service level is proposed. Six different network elements, namely, manufacturing plants,
distribution centers, customers, collection facilities, recovery facilities and disposal facilities, were taken into
account to make strategic, tactical and operational decisions. A novel bi-objective MILP model was then formulated
to represent the problem. Moreover, GAM was employed to tackle the bi-objectiveness of the model. To test the
efficiency of the model, three problems in different scales were analyzed using the Gurobi Python API. Finally, a
set of sensitivity analyses were conducted to evaluate the responses of objective function values to the changes in
demand as well as two return rate parameters. It was demonstrated that the objective value is most sensitive to
the demand parameter and, therefore, the latter should be paid utmost attention by managers during the decision-
making process.

The following outlook is presented for future research:

i. Objectives such as total pollution minimization and total job opportunity maximization can be incorporated

into the problem with a view to addressing more issues from sustainable development domain,

ii. Assumptions can be relaxed to make the model more realistic by handling parameter uncertainty and using
approaches such as fuzzy programming, robust optimization and stochastic optimal control,

iii. Application of heuristic and meta-heuristic algorithms can be considered to tackle the model complexity at
larger scales,

iv. Different transportation modes and routing decisions can be accommodated in the model to make the latter
closer to the real-world.

Acknowledgement

This research was conducted as part of “2535 TUBITAK-MSRT Joint Call for Proposals 2020” with Project ID:
119N668.

47



AYDIN 10.21923/jesd.999165

Conflict of Interest
No conflict of interest was declared by the author.
References

Aghighi, A, Goli, A, Malmir, B., & Tirkolaee, E. B. (2021). The stochastic location-routing-inventory problem of perishable
products with reneging and balking. Journal of Ambient Intelligence and Humanized Computing, 1-20.

Amin, S. H,, & Zhang, G. (2012). An integrated model for closed-loop supply chain configuration and supplier selection: Multi-
objective approach. Expert Systems with Applications, 39(8), 6782-6791.

Amin, S. H,, & Zhang, G. (2013). A multi-objective facility location model for closed-loop supply chain network under uncertain
demand and return. Applied Mathematical Modelling, 37(6), 4165-4176.

Amin, S. H., & Zhang, G. (2013). A three-stage model for closed-loop supply chain configuration under uncertainty. International
Journal of Production Research, 51(5), 1405-1425.

Chuang, C. H., Wang, C. X., & Zhao, Y. (2014). Closed-loop supply chain models for a high-tech product under alternative reverse
channel and collection cost structures. International Journal of Production Economics, 156, 108-123.

Dekker, R., Fleischmann, M., Inderfurth, K., & van Wassenhove, L. N. (Eds.). (2013). Reverse logistics: quantitative models for
closed-loop supply chains.

Devika, K., Jafarian, A., & Nourbakhsh, V. (2014). Designing a sustainable closed-loop supply chain network based on triple
bottom line approach: A comparison of metaheuristics hybridization techniques. European Journal of Operational
Research, 235(3), 594-615.

Fathollahi-Fard, A. M., & Hajiaghaei-Keshteli, M. (2018). A stochastic multi-objective model for a closed-loop supply chain with
environmental considerations. Applied Soft Computing, 69, 232-249.

Fathollahi-Fard, A. M., Ahmadi, A., & Al-e-Hashem, S. M. (2020). Sustainable closed-loop supply chain network for an integrated
water supply and wastewater collection system under uncertainty. Journal of Environmental Management, 275, 111277.

Garg, K, Kannan, D., Diabat, A, & Jha, P. C. (2015). A multi-criteria optimization approach to manage environmental issues in
closed loop supply chain network design. Journal of Cleaner Production, 100, 297-314.

Gaur, J., Amini, M., & Rao, A. K. (2017). Closed-loop supply chain configuration for new and reconditioned products: An
integrated optimization model. Omega, 66, 212-223.

Gembicki, F,, & Haimes, Y. (1975). Approach to performance and sensitivity multiobjective optimization: The goal attainment
method. IEEE Transactions on Automatic control, 20(6), 769-771.

Giri, B. C., & Sharma, S. (2015). Optimizing a closed-loop supply chain with manufacturing defects and quality dependent return
rate. Journal of Manufacturing Systems, 35, 92-111.

Goli, A, Tirkolaee, E. B., & Weber, G. W. (2020). A perishable product sustainable supply chain network design problem with
lead time and customer satisfaction using a hybrid whale-genetic algorithm. In Logistics operations and management for
recycling and reuse (pp. 99-124). Springer, Berlin, Heidelberg.

Golroudbary, S.R., & Zahraee, S. M. (2015). System dynamics model for optimizing the recycling and collection of waste material
in a closed-loop supply chain. Simulation Modelling Practice and Theory, 53, 88-102.

Govindan, K,, Jha, P. C., & Garg, K. (2016). Product recovery optimization in closed-loop supply chain to improve sustainability
in manufacturing. International Journal of Production Research, 54(5), 1463-1486.

Govindan, K., Soleimani, H., & Kannan, D. (2015). Reverse logistics and closed-loop supply chain: A comprehensive review to
explore the future. European journal of operational research, 240(3), 603-626.

Hajiaghaei-Keshteli, M., & Fard, A. M. F. (2019). Sustainable closed-loop supply chain network design with discount supposition.
Neural computing and applications, 31(9), 5343-5377.

Kannan, G., Noorul Haq, A., & Devika, M. (2009). Analysis of closed loop supply chain using genetic algorithm and particle swarm
optimisation. International Journal of Production Research, 47(5), 1175-1200.

Kannan, G., Sasikumar, P., & Devika, K. (2010). A genetic algorithm approach for solving a closed loop supply chain model: A
case of battery recycling. Applied mathematical modelling, 34(3), 655-670.

Kenné, J. P, Dejax, P., & Gharbi, A. (2012). Production planning of a hybrid manufacturing-remanufacturing system under
uncertainty within a closed-loop supply chain. International Journal of Production Economics, 135(1), 81-93.

Kumar, N.R. and Kumar R.M.S. (2013). Closed Loop Supply Chain Management and Reverse Logistics - A Literature Review,
International Journal of Engineering Research and Technology, 6(4), pp. 455-468.

Lotfi, R, Mehrjerdi, Y. Z., Pishvaee, M. S, Sadeghieh, A., & Weber, G. W. (2021). A robust optimization model for sustainable and
resilient closed-loop supply chain network design considering conditional value at risk. Numerical Algebra, Control &
Optimization, 11(2), 221.

Mohammed, F. Selim, S. Z., Hassan, A., & Syed, M. N. (2017). Multi-period planning of closed-loop supply chain with carbon
policies under uncertainty. Transportation Research Part D: Transport and Environment, 51, 146-172.

Mondal, A, & Roy, S. K. (2021). Multi-objective sustainable opened-and closed-loop supply chain under mixed uncertainty
during COVID-19 pandemic situation. Computers & Industrial Engineering, 159, 107453.

Olugy, E. U, & Wong, K. Y. (2012). An expert fuzzy rule-based system for closed-loop supply chain performance assessment in
the automotive industry. Expert Systems with Applications, 39(1), 375-384.

Ozceylan, E., & Paksoy, T. (2013). A mixed integer programming model for a closed-loop supply-chain network. International
Journal of Production Research, 51(3), 718-734.

Paksoy, T., Bektas, T., & Ozceylan, E. (2011). Operational and environmental performance measures in a multi-product closed-
loop supply chain. Transportation Research Part E: Logistics and Transportation Review, 47(4), 532-546.

Panda, S., Modak, N. M., & Cardenas-Barrdn, L. E. (2017). Coordinating a socially responsible closed-loop supply chain with
product recycling. International Journal of Production Economics, 188, 11-21.

48



AYDIN 10.21923/jesd.999165

Pazhani, S, Mendoza, A., Nambirajan, R, Narendran, T. T., Ganesh, K., & Olivares-Benitez, E. (2021). Multi-period multi-product
closed loop supply chain network design: A relaxation approach. Computers & Industrial Engineering, 155, 107191.

Peng, H,, Shen, N, Liao, H., Xue, H., & Wang, Q. (2020). Uncertainty factors, methods, and solutions of closed-loop supply chain—
A review for current situation and future prospects. Journal of Cleaner Production, 254, 120032.

Pervin, M., Roy, S. K,, & Weber, G. W. (2019). Multi-item deteriorating two-echelon inventory model with price-and stock-
dependent demand: A trade-credit policy. Journal of Industrial & Management Optimization, 15(3), 1345.

Pishvaee, M. S., & Torabij, S. A. (2010). A possibilistic programming approach for closed-loop supply chain network design under
uncertainty. Fuzzy sets and systems, 161(20), 2668-2683.

Pishvaee, M. S., Rabbani, M., & Torabi, S. A. (2011). A robust optimization approach to closed-loop supply chain network design
under uncertainty. Applied mathematical modelling, 35(2), 637-649.

Pochampally, K. K., Gupta, S. M., & Govindan, K. (2009). Metrics for performance measurement of a reverse/closed-loop supply
chain. International Journal of Business Performance and Supply Chain Modelling, 1(1), 8-32.

Ramezani, M., Kimiagari, A. M., & Karimi, B. (2014). Closed-loop supply chain network design: A financial approach. Applied
Mathematical Modelling, 38(15-16), 4099-4119.

Ruimin, M. A, Lifei, Y. A. 0., Maozhu, J. I. N,, Peiyu, R. E. N., & Zhihan, L. V. (2016). Robust environmental closed-loop supply
chain design under uncertainty. Chaos, Solitons & Fractals, 89, 195-202.

Soleimani, H., & Kannan, G. (2015). A hybrid particle swarm optimization and genetic algorithm for closed-loop supply chain
network design in large-scale networks. Applied Mathematical Modelling, 39(14), 3990-4012.

Soleimani, H., Govindan, K., Saghafi, H., & Jafari, H. (2017). Fuzzy multi-objective sustainable and green closed-loop supply chain
network design. Computers & industrial engineering, 109, 191-203.

Stindt, D., & Sahamie, R. (2014). Review of research on closed loop supply chain management in the process industry. Flexible
Services and Manufacturing Journal, 26(1), 268-293.

Yang, G. F,, Wang, Z. P,, & Li, X. Q. (2009). The optimization of the closed-loop supply chain network. Transportation Research
Part E: Logistics and Transportation Review, 45(1), 16-28.

Yildizbasi, A., Calik, A., Paksoy, T., Farahani, R. Z., & Weber, G. W. (2018). Multi-level optimization of an automotive closed-loop
supply chain network with interactive fuzzy programming approaches. Technological and Economic Development of
Economy, 24(3), 1004-1028.

Zhen, L., Huang, L., & Wang, W. (2019). Green and sustainable closed-loop supply chain network design under uncertainty.
Journal of Cleaner Production, 227, 1195-1209.

49



