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A B S T R A C T  
 

 

This paper develops a model for the closed-loop supply chain network design with disruption risk. By 

considering supply disruption, two factors including extra inventory and lateral transshipment are used 
as resilience strategies. The main purpose is to reduce the supply chain costs due to the location 

decisions, quantity of products between different levels and lost sale. Disruption in a supply is assumed 

completely by different scenarios, and then the problem is formulated by a mixed-integer programming 
model. Furthermore, a two-stage stochastic approach is implemented to tackle uncertainty. Finally, a 

sensitivity analysis is carried out to examine the effects of the resilience strategies on the structure of 

the supply chain and to propose some managerial insight for using the model in real world situations. 

doi: 10.5829/idosi.ije.2017.30.03c.07 
 

 
1. INTRODUCTION1 
 

The supply chain network design is of great importance 

and can simply impact on the  efficiency and 

effectiveness of any company. It includes strategic 

decisions on the number, location, capacity and 

commission of the production–distribution facilities of 

the company [1]. The aim of the supply chain design is 

dramatically to reduce the purchasing, production, 

transportation, location and other associated costs. The 

suitable supply chain network design causes an 

optimum structure that makes it easy to manage the 

chain efficiently. An integrated forward and reverse 

supply chain network is one of the main fields of the 

logistics network design. Based on environmental, legal, 

social and economic factors, the reverse logistic and 

closed-loop supply chain has received great attentions 

among colligates. 

During recent years, different kinds of unpredictable 

events (e.g., terroristic actions, disaster and some other 

similar events) took place to show that the world is 

increasingly uncertain and vulnerable. Moreover, it 
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seems that supply chains are more fragile due to 

plurality of industries, decentered production, reduction 

in a number of suppliers and focusing on deduction of 

inventory. Although different industries have decreased 

supply chains costs, but make them open to risks and 

disruptions simultaneously [2]. Supply chain failures are 

unplanned events that disrupt the normal flow of 

products and materials; thus, companies inside the 

supply chain become more susceptible to financial and 

operational risks consequently. While the closed-loop 

supply chain network (CLSCN) design has gained great 

attentions by researchers and practitioners during last 

decades, most of the existing models in the literature 

ignore disruption risks while configuring the CLSCN.   

Generally, most of the supply chain failures can be 

categorized in three groups in relation with supply, 

demand and other risks. Supply disruptions usually 

occur when the supplier cannot satisfy the customer's 

demands on time. These risks potentially cause 

disruption in supply process or the services offered by 

supply chains to their customers. Demands disruptions 

may occur due to a sudden decrease or increase in 

customer orders. The risks associated with demands can 

potentially make some kinds of disruptions in a retailer's 

action and effect on their delivering abilities. Other risks 

 

 



will effect on the business such as sudden changes in 

purchasing costs, interest rate, currency rate and safety 

regulations ruled by governmental agencies. Supply 

chain resilience is concerned with the system ability to 

return to its original state or to a new and more desirable 

one after experiencing a disturbance and avoiding 

occurrence of failure modes. In other words, the supply 

chain resilience is not only the ability to maintain 

control of the system over performance variability when 

encountering disturbance, but also a property of being 

adaptive and capable of sustained response to sudden 

and significant shifts of environment in the form of 

uncertain demands. 

In order to the importance of the disruptions subject, 

this paper assumes that existing suppliers in a closed-

loop supply chain have complete disruption in a way 

that they will lose all of  their capacity consequently and 

they cannot satisfy the customer's demands on the 

appropriate time. In addition, for decreasing the 

disruption impact on the performance of the supply 

chain, two resilience strategies are proposed and their 

advantages are investigated.  

The remainder of this work is organized as follows. 

The first section includes an introduction about the 

closed-loop supply chain and risks underlying. The 

second part related literature will be reviewed and 

mathematical model is being presented in the third 

section. The forth section deals with some numerical 

examples and sensitivity analysis. In the last section, 

conclusion and future studies will be examined. 

 

 
2. LITERATURE REVIEW 
 
In this section, a brief review on the most relevant 

models for the closed-loop supply chain network design 

problem is presented in two separate complementary 

research streams: the closed-loop supply chain network 

design and the models developed for dealing with 

disruption risks. As the first attempts for designing a 

closed-loop supply chain, Berman et al. [3] proposed a 

model to design a supply chain network, in which the 

facility disruption probabilities are not identical. They 

have implemented both several exact and heuristic 

solution methods for analyzing the impact of the 

disruption probabilities on co-location and 

centralization of  facilities. Salema et al. [4] tried to 

generalize the model proposed by Fleischmann et al. [5] 

and presented a model for designing reverse networks 

and presented a general model using a stochastic mixed-

integer programming approach. Then, Listeş and 

Dekker [6] proposed a scenario-based stochastic 

programming model for designing an integrated 

forward/reverse supply chain network and used a 

decomposition method to solve the model for large-

scale instances based on a branch-and-cut method. 

Then, Lu and Bostel [7] considered a bi-level location 

problem with three types of facilities that should be 

located in a remanufacturing network. They presented a 

mixed-integer programming (MIP) model that considers 

both forward and reverse flows and proposed a 

lagrangian-based heuristic algorithm to solve it. Then, 

for improving the service level of a supply chain 

network, a new lateral transshipment policy was 

implemented by Lee et al. [8]. Yücesan [9] presented an 

effective pooling mechanism by introducing 

transshipment methods, which incorporated the 

replenishment lead times. 

Pishvaee et al. [10] presented a bi-objective mixed-

integer linear programming (MILP) model that 

maximizes the network responsiveness and minimizes 

the total costs in a CLSCN. They used a memetic 

algorithm to solve their model. Then, Pishvaee et al. 

[11] proposed a robust optimization model for handling 

the inherent uncertainty of input data in a CLSCN 

design problem. First, a deterministic MILP model was 

developed for designing a CLSCN. Then, the robust 

counterpart of the proposed model was presented by 

using the recent extensions in robust optimization 

theory. Qiang et al. [12] examined a CLSCN with the 

decentralized decision-makers consisting of raw 

material suppliers, retail outlets, and the manufacturers 

that collect the recycled product directly from the 

demand market.  

Amin and Zhang [13] investigated a bi-objective 

CLSCN that includes multiple plants, collection centers, 

demand markets, and products. To this aim, a MILP 

model proposed for minimizing the total costs. Kamali 

et al. [14] tried to solve the CLSCN model via 

determisnistic and metaheuristics namely genetic 

algorithm, particle swarm optimization, differential 

evolution and artificial bee colony. Özceylan et al. [15] 

described an integrated model that simultaneously 

optimizes the strategic and tactical decisions of a 

CLSCN. The main goal of this problem is to minimize 

costs including transportations, purchasing, refurbishing 

and operating the disassembly workstations costs. Also, 

a mixed-integer non-linear programming (MINLP) 

model was described for the problem. Demirel et al. 

[16] proposed an MIP model for a CLSCN with multi-

periods and considered two policies, namely secondary 

market pricing and incremental incentive policies. To 

solve the model in real sizes, a genetic algorithm was 

developed. Yadegari et al. [17] presented an integrated 

forward/reverse logistics model, while considering three 

kinds of transportation modes. They proposed a 

memetic algorithm to solve the model. 

In recent years, many researchers considered the 

possible disruptions in the SCND. Qi et al. [18] studied 

an integrated supply chain design problem that 

determines the locations of retailers and the assignments 

of customers to retailers in order to minimize the costs 
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of locations, transportations, and inventory, 

respectively. This system is subject to random supply 

disruptions that may occur at either the supplier or the 

retailer. Peng et al. [19] proposed a model for designing 

a reliable network performed after failure like a normal 

condition (without disruption) as much as possible. 

Jabbarzadeh et al. [20] presented a model for designing 

a resilient supply chain by considering major 

disruptions and interruptions in both supply and demand 

sides.  

Vahdani et al. [21] presented a model for designing 

a reliable network of facilities in a CLSCN under 

uncertainty. For this purpose, a bi-objective 

mathematical programming model was developed, 

which minimizes the total costs and the expected 

transportation costs after failure of facilities of a 

logistics network. To solve the model, a new hybrid 

solution methodology was introduced by combining a 

robust optimization approach, queuing theory and fuzzy 

multi-objective programming. Then, Hatefi and Jolai 

[22] suggested a robust and reliable model for an 

integrated forward-reverse logistics network design that 

simultaneously takes uncertain parameters and facility 

disruptions into account. The proposed model was 

formulated based on a robust optimization approach to 

protect the network against uncertainty. The proposed 

network was single-period, single-product and multi-

echelon which include production and distribution 

centers in the forward flow and collection, recovery and 

disposal centers in the reverse flow.  

Esmaeilikia et al. [23] studied new methods for 

improving the supply chain flexibility to deal with 

operational risks. They assumed a supply chain includes 

suppliers, production and distribution centers with final 

customers and solved their model by simulation based 

optimization method. Madadi et al. [24] presented a 

quality-based model that effects the total disruption of 

supply chain. In this paper reduction of tainted raw 

materials by producer is investigated. They presented a 

single-period, single-product supply chain to prevent 

sending tainted materials. They implemented an 

efficient heuristic and meta-heuristic for solving the 

proposed mixed-integer stochastic model. In order to 

solve the proposed model, a modified version of 

Benders’ decomposition was applied.  

Hatefi et al. [25] proposed a model for reliable 

design of an integrated forward-reverse logistics 

network and used reliability concepts to deal with 

facility disruptions. Unreliable hybrid facilities were 

allowed to be partially disrupted but they could still 

serve their customers with their remaining capacities. 

To compensate the lost capacity at unreliable facilities, 

a sharing strategy was also considered.  

Namdar et al. [26] proposed a model for designing a 

reliable distribution network with limited capacity under 

partial and complete disruption which has been 

developed by Lee et al. [8] considering different 

mitigation strategies. Same as Lee et al. [8], Avci and 

Selim [27] considered a multi-agent system model to 

propose a novel preventive lateral transshipment 

strategy with both considering demand and supply 

uncertainties. Hasani and Khosrojerdi [28] studied an 

MIP model to design a robust global supply chain 

considering six resilience strategies for mitigating 

disruption risks. They also developed a Taguchi-based 

memetic algorithm to determine an appropriate set of 

neighborhood structures. Finally, the proposed model 

was used for a real medical device manufacturer to 

prove its application.  

As it can be seen from the literature, a majority of 

existing papers around CLSCN did not consider 

disruption and unavailability of facilities in their model 

and they considered that facilities are always available. 

Moreover in few studies, the supply chain's disruption 

has been considered to be handled by resilience concept. 

Thus, in this paper, a CLSCN is considered that some 

levels of this chain are disrupted by the natural disaster 

or human events, and then a model is proposed capable 

enough to deal it by sourcing disruption risk to make a 

resilient supply chain. 

 

 
3. PROBLEM DEFINITION 
 
A CLSCN is considered that includes suppliers, 

production, collection, disposal centers and customers. 

The structure of the proposed CLSCN is depicted in 

Figure 1.  

In the proposed CLSCN design, determining the 

optimal locations of production and collecting centers 

with respect to the known customer zone locations and 

the best flow of products in the CLSCN is of high 

importance in a way that the total cost of location, 

inventory and transportation is minimized. Moreover for 

preventing the effects of probable disruptions the 

concept of resilience strategies are implemented. 

 
 

Reliable 

suppliers

Collection/Inspection 

centers
Disposal center

Production/Recovery 

centers

customers

Unreliable 

suppliers

Forward flow

Reverse flow
 

Figure 1. Schematic structure of considered closed-loop 

supply chain network 
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It is assumed that the raw materials are transferred 

from suppliers to the production centers and then by 

considering the operational and setup time after 

assembling and final manufacturing they will be 

delivered to the customers due to their demands. On the 

other hand, returned products are sent to collecting 

centers by considering returning policies and in these 

sections the products are disassembled and categorized 

in two groups, namely the recyclable and unrecyclable 

units that have their special operation time. Recyclable 

units are returned to a production section and 

implemented in the production process again. 

Otherwise, they are sent to the disposal center with 

other unrecyclable units. The model considered to be 

multi-period and single product when all the returned 

products should be conveyed to the collecting centers.  

The main objective of this problem is to determine 

the location of production and collecting centers with 

the quantity of products transferring between the 

facilities. It has been assumed that the supplier will have 

some other disruptions in addition to natural disasters or 

human events, so this make him unable to serve the 

customers and then it will face complete disruptions in 

which their capacity will be reduced consequently. 

Moreover in this paper, to the best of our knowledge, 

for the first time with considering several resilience 

strategies such as keeping extra inventory and having 

lateral transshipment the concept of resilience strategy 

have been pondered in closed loop supply chain 

network design. For resilience strategies, using extra 

inventrory both in material or final product will prevent 

disruption in production processes and facing shortage 

consequently. Using lateral transshipment is in a way 

that when an unreliable supplier disrupts completely and 

is unable to serve the considered amount of material, by 

having transshipment among reliable and unreliable 

suppliers the required amount of materials will be 

supplied and will help to improve the service level of 

the proposed closed-loop supply chain and make it more 

resilient simultaneously.    

 

 

4. MODEL FORMULATION 
 
The model involves the following sets, parameters and 

decision variables: 
Sets 

Set of suppliers h  

Set of reliable suppliers i  

Set of unreliable suppliers i  

Set of production centers j  

Set of collection and disassembling centers l  

Set of customers k  

Set of unrecyclable units n  

Set of recyclable units m  

Set of scenarios s  

Set of time periods t  

Parameters
 

Probability of each scenario 
s  

Transportation cost from supplier i to production center j 
per recyclable unit of type m ijma  

Transportation cost from supplier i to production center j 

per unrecyclable unit of type n ijna  

Transportation cost from production center j to customer k 

per unit of product jkb  

Transportation cost from customer k to collection center l  klc  

Capacity of unreliable supplier i per unrecyclable unit of 

type n incap  

Holding cost of recyclable units in collecting center l 
lho

 

Fixed cost of opening production center j je  

Fixed cost of opening collection center l lf  

Disassembling cost in disassembly center l lg  

Assembling cost in production center j ju  

Capacity of collection center l 
lcap  

Capacity of unreliable supplier i per recyclable unit of type 

m imcap  

Demand of customer k 
kd  

Returned product's rate from customer k 
kr  

Mean disposal fraction of recyclable units in each collecting 
center 

  

Is equal to one if the supplier i under scenario s in period t 
disrupts otherwise 0 

s

it  

Is equal to one if supplier i  having complete disruption 

under scenario s otherwise 0  
s

i  

Usage of recyclable unit type m in each product m  

Usage of unrecyclable unit type n in each product n  

Penalty of every dissatisfied demand for customer k k  

Holding cost of inventory for assembling in production 

center j jho  

 
Decision Variables 

Equal to 1 if production center j is opened otherwise 0 
jop  

Equal to 1 if collecting center l is opened otherwise 0 
loc  

Recyclable quantity of type m transported from supplier i 

to production center j at period t under scenario s  

s

ijmtx  

Unrecyclable quantity of type n transported from supplier 

i to production center j at period t under scenario s 
s

ijntx  

Recyclable quantity of type m transported from reliable 

supplier i to production center j at period t under 

scenario s 

s

i jmtxr 
 

Unrecyclable quantity of type n transported from reliable 

supplier i to production center j at period t under 

scenario s 

s

i jntxr 
 

Quantity of products transported from production center j 

to customer k at period t under scenario s 
s

jkty  

Quantity of products transported from customer k to 

collecting center l at period t under scenario s 
s

kltw  

Quantity of unrecyclable units of type n transported from 
collecting center l to disposal center at period t under 

scenario s  

s

lntz  

Quantity of recyclable units of type m transported from 
collecting center l to production center j at period t under 

scenario s 

s

ljmtz  

Quantity of recyclable units of type m  in collecting 
center l at period t under scenario s 

s

lmtz  
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Quantity of recyclable units of type m transported from 

collecting center l to disposal center at period t under 
scenario s 

s

lmtz  

The amount of dissatisfied demand of customer k at 

period t under scenario s 
s

ktls  

Inventory of recyclable units type m in production center 

j at period t under scenario s 

s

jmtIn  

Inventory of unrecyclable units type n in disposal center j 
at period t under scenario s 

s

jntIn  

Inventory at collecting center l under scenario s at period 

t 
s

ltIn
 

 
 
 

Equal to 1 if reliable supplier i   transships unrecyclable 

units type n to unreliable supplier i at period t under 
scenario s oteherwise 0 

s

i intTR   

Equal to 1 if reliable supplier i   transships recyclable 

units type m to unreliable supplier i at period t under 
scenario s oteherwise 0 

s

i i m tTR 
 

Equal to 1 if unreliable supplier i assigned to production 

center j for suppling unrecyclable units type n at period t 
under scenario s oteherwise 0 

s

ijntv  

Equal to 1 if unreliable supplier i assigned to production 

center j for suppling recyclable units type m at period t 
under scenario s oteherwise 0 

s

ijmty  

 

4.1. Mathematical Model 

(1) 

 

   

 

Min
j j l l

j l

s s s s

ijm ijmt ijn ijnt i jm i jmt i jn i jnt

i j m t i j n t i j m t i j n t

s s

jk j jkt kl l klt

j k t k l t

s

ljm ljmt

l j m t

s s s s

ln ln t lmt k kt

l n m t k t

z e Op f Oc

a x a x a xr a xr

b u y c g w o z

o z z ls ho




   

 

 

 

  





 

   

 

   

  


   s s

j jmt jnt

j m n t

s

l lt

l m t

In In

ho In





 
 
 
 
 
 
 
 
  
 





 

 

 s.t. 

(2) 
s s

m klt lmt

k

w z  ( l L, m M , s S , t T )         

(3) 
s s

n klt ln t

k

w z 
( l L, n N , s S , t T )         

(4) 
s s

lm t lm tz z  ( l L, m M , s S , t T )         

(5) (1 ) s s

lmt ljmt

j

z z  ( , , )l L m M s S t T         

(6) 
s s

jkt kt kt

j

y ls d  ( k K , s S , t T )       

(7) 
s s

klt k jkt

l L j

w r y


  ( k K , s S , t T )       

(8) 

 

 
Min

s s s

ijmt i jmt ljmt

i i l

s

jkt

k
s s

ijnt i jnt

i i

m

n

1
x xr z

Y

1
x xr

,












 





 
 
 
 
 
 

  



 

( j J , m M , n , s S , t T )           

(9) 
1

s s s s

ijmt ijmt ljmt jkt

i I m i I m l m k

s s

jmt jmt x xr z YIn In 
 

       

j J , s S , m m )( t T ,        

(10) 
1

 


     

s

ijnt

i I n i I n

s s s s

jnt jnt ijnt jkt

k

xIn In xr Y

j J , s S , n N )( t T ,        

(11) 
1



     
s s s s s

lt lt klt lmt ln t

k K j m j n

In In w z z

l L, s S ,( t T )       

 

 

(12) 
j j

s s

jnt jmt cap opIn In  ( j J , s S , t T )       

(13) s

lt ll
In cap Oc ,( l L, s S t T )       

(14) 
s

i jmt i m

j

xr cap  ,( i I , m M s S , t T )         

(15) 

s

i jnt i n

j

xr cap 

,( i I , n N s S , t T )         

(16) 

s s s s s

i int it ijnt ijnt ijnt

i j

TR (1 v )x x



   

,( i I , s S t T , n N )         

(17) 




   s s s s s

i imt it ijmt ijmt ijmt

i j

TR (1 y )x x

,( i I , s S t T , m M )         

(18) 

s s s

i i n t ijnt ijnt in

i j

TR x v cap



  

,( i I , s S t T , n N )         

(19) 

s s s

i i m t ijmt ijmt im

i j

TR x y cap



  

,( i I , s S t T , m M )         

(20) 

s s

ijnt in ijnt

j j

x cap v 

,( i I , n N , s S t T )         

(21) 

s s

ijmt im ijmt

j j

x cap y 

,( i I , m M , s S t T )         

(22)  0 1  
j l

s s s s

ijnt ijmt i int i i m t
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(23) 0s s s s s s s s s s s s s s

ijmt ijnt i jmt i jnt jkt klt lnt ljmt lmt lmt kt jmt jnt ltx ,x ,xr ,xr , y ,w ,z ,z ,z ,z ,ls ,In ,In ,In    

 

The objective function (1) aims to reduce the total costs, 

in which the first term shows the fixed costs of opening 

production centers and the next one refers to the cost of 

transporting recyclable units from suppliers to the 

production centers. The other terms include contract 

costs with reliable suppliers, transportation cost of 

unrecyclable units from suppliers to production centers, 

assembly cost in production centers, transportation cost 

of products from production centers to customers, costs 

of returning products from costumers to the collection 

centers and then to the disposal and production centers, 

demands penalty costs and costs of holding inventory, 

respectively. Constraint (2) shows the quantity of 

recyclable products in collecting centers. Equation (3) 

displays the quantity of unrecyclable products in 

collecting centers. Constraint (4) refers to the quantity 

of returned products that cannot be recycled and will be 

transferred to disposal center. Constraint (5) represents 

the quantity of returned products from customers that 

can be recycled and transferred from collecting centers 

to the production centers. Constraint (6) deals with 

satisfying demands. Constraint (7) refers to the 

limitation of returned products.  

Constraint (8) evaluates the quantity of production in 

these centers. Constraints (9) to (11) explain the 

inventory balance limitations in production and 

distribution centers for recyclable and unrecyclable 

products. Constraints (12) and (13) state the capacity of 

production and distribution centers. Constraints (14) and 

(15) show the maximum capacity of reliable supplier for 

suppliyng both recyclable and unrecyclable units. The 

following constraints have been considered for 

resilience strategy. Equations (16) and (17) show that 

when facing disruption, lateral transshipments will 

support the flow of raw material shipped from suppliers 

to the production centers. Constraints (18) and (19) state 

that all transmitted material from suppliers to the 

production centers is equal to their capacity. Constraints 

(20) and (21) mean that the total received quantity of 

unrecylable (recyclable) units doesn't violate admission 

capacity of production centers. Constraints (22) and (23) 

state the binary conditions and non-negativity of 

decision variables, respectively. 

 
4. 2. Model Linearization        As it is obvious in the 

model constriants, two continuous and binary variables 

are multiplied, and so the model is nonlinear. For 

linearization of the model, we use a novel approach 

using some concepts introduced by Vidal and 

Goetschalckx [29]. In this approach, another continuous 

variable is introduced by multiplying those binary and 

continuous variables. For example in Equations (18) and 

(19), s
v

ijnt
,
 

s
y

ijnt
,
 

s
x

ijnt
 and

 

s
x

ijnt
are multiplied to each 

other and the following set of constriants should be 

replaced to solve the problem. 

s s

i i n t ijnt in

i j

,( i I , s S t T , n N )

TR z cap



       

  

 
(24) 

s

ijmt

s
v

ijnt
z M 

 

(25) 
s

ijmt

s

ijmt

s
x

ijnt

s s
x ( 1 v ) M

ijnt ijnt

,( i I , j J t T , n N , s S )

z

z  

         




 

s s

i i m t ijmt im

i j

,( i I , s S t T , n N )

TR z cap



       

    
(26) 

s

ijmt

s

ijmt

s

ijmt

s
y

ijnt

s
x

ijnt

s s
x ( 1 y ) M

ijnt ijnt

,( i I , j J t T , n N , s S )

z M

z

z  

         

 





 
(27) 

So, by replacing each nonlinear constraint with the new 

set of constraints, the model is linearized and ready to 

be solved. 
 

 

5. COMPUTATIONAL EXPERIMENTS 

 
To assess the performance of the proposed model, a 

computational study is considered and tested. Then, the 

related results are reported in this section. The model is 

solved by GAMS 24.3/CPLEX and with random data 

then the sensitivity analysis is done as follows: 

 
5. 1. Model Validation        To validate the accuracy of 

the model, it is solved with GAMS/ CIPLEX by random 

data. The following results are achieved by solving the 

model with these sizes: 3H  , 2I   , 5I  , 2J  ,

3L  , 5K  , 3N  , 4M  , 5S  , 3T  , 3Q  .  

As it is can be seen in Table 1, for testing the model 

accuracy, some analyses are carried out on the holding 

cost parameters and as been expected by increasing the 

cost of holding in each warehouse, the total hold 

inventory is reduced in all periods, which reveals the 

exactness of the model. 
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TABLE 1. Validation test on the inventory cost parameters 

E
x

p
e
r
im

e
n

t 

Holding cost 

(per unit of 

Product) 

Total inventory hold in 

each period Total hold 

invemtory 
1 2 3 

1 30 98.73 88.76 69.4 355.917 

2 33 98.52 76.22 96.7 345.644 

3 36 77.78 64.74 97.5 325.938 

4 39 66.86 73.52 85.71 302.462 

5 42 81.54 67.33 54.38 285.674 

6 45 73.59 31.21 97.24 261.287 

 
 
5. 2. Considering the Lateral Transshipment for a 
Resilience Strategy        As it can be seen in Figure 2 

and Table 2, considering lateral transshipment decreases 

the objective function costs significantly. The reason is 

that, when a production center is disrupted, it will not be 

able to satisfy the customer’s demand, and because the 

penalty of dissatisfied demands is very high, the 

production center will incur large losses. However, by 

responsing to their demands through unaffected 

facilities with lateral transshipment, the penalty cost and 

consequently the total costs will decrease significantly. 

 
5. 3. Forward or Closed-Loop         As known before, 

in a CLSCN, the used products are taken back to the 

supply chain through collection centers. This fact will 

have a significant effect on costs. Because supplying 

raw materials from mines or other suppliers are more 

costly than reusing the products. Figure 3 is a proof to 

this fact. We also investigate the effects of varying 

different parameters of the model on the strategic and 

operational costs of the supply chain. The parameters 

under investigation include the returned products and 

production capacity. 

 

 

 

Figure 1. Differences between considering and not 

considering the lateral transshipment startegy 
 

 

TABLE 2. Analysis on the resilience strategy 

Example 

Close loop costs 

with transshipment 

(Millions) 

Close loop costs 

without 

transshipment 

(Millions) 

Percentage 

of 

difference 

1 7309 5610 23.25 

2 7128 5633 20.97 

3 7355 5996 18.47 

4 7642 6370 16.64 

5 7716 6671 13.55 

6 7824 6755 13.67 

7 8034 6923 13.83 

8 8354 6924 17.12 

9 8792 7265 17.37 

10 9733 7589 22.03 

 
 

 

Figure 3. Comparison between the forward and closed-loop 

supply chain 
 

 
5. 4. Sensitivity Analysis on Returned Products      
Figure 4 and Table 3 show that an increase in the 

quantity of returned products leads to an increase in the 

operational costs (e.g., transportation, inventory and 

penalty).  

Conversely, it results in a considerable decrease of 

the strategic cost (e.g., fixed opening cost of facilities 

and total cost of the supply chain). It means that a 

company can save significant costs by improving the 

utilization of returned products from the customers. 
 

 

5. 5. Sensitivity Analysis on Production Capacity  
By increasing the production capacity at production 

centers, the total cost will be decreased. It should be 

noted that increasing the production capacity needs to 

spend costs. However, the increased production capacity 

causes less strategic and operational costs because of 

less production facility numbers, which incur a 

reductioon in total costs. This issue can be seen in 

Figure 5. 
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Figure 4. Impacts of varying the quantity of the returned 

products on the strategic and operational costs of the supply 

chain 
 

 
TABLE 3. Impacts of varying the quantity of the returned 

products on the strategic and operational costs of the supply 

chain 

Returned 

product 

objective 

function 

(Millions) 

strategic costs 

(Millions) 

operational costs 

(Millions) 

30000 72.5 13.0 59.5 

35000 68.3 13.0 55.3 

40000 63.5 13.0 50.5 

45000 58.8 26.7 32.1 

50000 49.6 26.7 22.9 

55000 45.3 26.7 18.6 

60000 42.3 26.7 15.6 

 

 

 

Figure 5. Changes of the total cost by changing the production 

capacity 

 

 

6. CONClUSION 
 
Nowadays, disruption and demolition has great effects 

on the performance of supply chains. This paper deals 

with the problem of closed loop supply chain with 

supply risk that aims to reduce supply costs due to the 

location decisions, quantity of products between supply 

chain levels and lost sale. In this paper, to the best of 

our kowledge the resilience and flexibility concept has 

been presented with supply risk in closed loop supply 

chain design by considering lateral transshipment and 

keeping extra inventory then some sensitivity analyses 

has been done on the proposed model to evaluate its 

efficiency. The effects of disruption, other parametes 

such as production capacity and implementing resilience 

strategies on the closed loop supply chain have been 

showed by the results of analysis. Proposing exact 

solution methods for solving the model in large scale 

can be a challenging scope for future study. In addition, 

the model can be extended by considering quality 

engineering for dividing returned products and 

improving final products features, having multiple 

decision makers in closed loop network and the concept 

of game theory. Moreover, robust programming can be 

an efficient tool for dealing with uncertainty in supply 

chain to make the model more flexible and strong 

enough to mitigate uncertainties. 
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 هچكيد
 

 
شود. عالوه بر در  در این مقاله، به بررسی مسئله طراحی شبکه زنجیره تامین حلقه بسته در شرایط ریسک تامین پرداخته می

تقال عرضی به عنوان استراتژی های نظر گرفتن اختالل در تأمین، عواملی از قبیل استفاده از موجودی اضافی و همچنین ان

شوند. هدف این مسئله کمینه کردن هزینه های زنجیره با توجه به تصمیمات مکان یابی،  پذیری در نظر گرفته می انعطاف

یزان جریان بین سطوح و فروش از دست رفته می باشد. اختالل در تامین کنندگان به کمک سناریوهای مختلف به م

شود و همچنین از رویکرد  شود. مسئله با استفاده برنامه ریزی عدد صحیح آمیخته مدل می صورت کامل در نظر گرفته می

شود. در خاتمه، نیز تحلیل حساسیت  دل پیشنهادی استفاده میدو مرحله ای احتمالی برای در نظر گرفتن عدم قطعیت در م

بر روی مدل به منظور بررسی تاثیرات استراتژی های تاب آوری )برگشت پذیری( بر روی ساختار زنجیره تامین انجام 

 شود. شود و سپس پیشنهاداتی به منظور استفاده از مدل در دنیای واقعی ارائه می می
doi: 10.5829/idosi.ije.2017.30.03c.07 
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