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Collecting and remanufacturing worn-out products provide significant financial advantages. In this 

research, we examine how remanufacturing worn-out ball and gate valves, which are important pieces 

of equipment in the oil and gas industry, could improve the profitability of the closed-loop Supply Chain 

(SC). In this regard, four different scenarios for collecting and remanufacturing processes are considered: 

(1) The manufacturer collects the worn-out product from the consumers and remanufactures them; (2) 

The retailer collects the worn-out products and both manufacturer and retailer remanufacture them; (3) 

The third party collects the worn-out products and both manufacturer and third party remanufacture 

them, and (4) The manufacturer collects the worn-out products without remanufacturing them. To 

formulate the interactions of the Closed-Loop Supply Chain (CLSC) members under the four different 

scenarios, we use the Nash and Manufacturer-Stackelberg games. Accordingly, the optimal decision 

variables i.e., the acquisition price, wholesale price, and retail price are calculated under four scenarios. 

Then, the optimal solutions are compared in four scenarios. In addition, the optimal profit of the CLSC 

and members are obtained under the different scenarios. The results show that in the Nash game, 

Scenario 2 is the best scenario. However, in the Stackelberg game, Scenario 3 is the best scenario. 

1. Introduction

In recent decades, manufacturers have incorporated 

remanufacturing issues into their Supply Chain (SC) operations 

besides manufacturing new products. Accordingly, Closed-

Loop Supply Chains (CLSCs) are introduced by collecting the 

used products in the reverse flow [1]. In today's competitive 

environment, many manufacturers collect the used products 

because of the potential of products for remanufacturing. 

Remanufacturing the used products not only conserves the 

environment but also reduces the costs of manufacturing. 

According to Wan and Hong [2], manufacturers could have 40-

50% cost saving. In the oil and gas industry, the ball valves 

which are used to cut and connect the fluid flow are suitable for 

remanufacturing. Because of their compact structure and the 

fast operation expected in controlling the fluid flow, the ball  

valves are subject to severe corrosion and erosion. Thus, 

remanufacturing these products reduces the costs and avoids 

more use of natural resources. Additionally, the remanufactured 

ball valves are used in active service satisfactorily [3]. As a 

result, collecting and remanufacturing the worn-out bell and 

gate valves are profitable for the manufacturers. 

In the CLSC, the amount of the returned products directly 

affects the CLSC profitability. Accordingly, to increase the 

amount of returned products, adopting an effective strategy 

is of high significance [4]. One of the effective strategies is 

to offer an acquisition price for each used product to entice 

the customers to return their products. Monetary incentives 

for collecting the used products not only increase the amount 

of the returned products but also can boost the customers’ 
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demand because of achieving public praise [4]. Therefore, 

the acquisition price can have a bilateral effect on both 

reverse and forward flows in the CLSC. 

In addition, to collect the returned products from the 

customers, one of the significant challenges is to find a 

suitable reverse flow [5]. In this regard, some manufactures 

directly collect the used products from the customers such as 

Xerox and Canon [6]. The other manufacturers collect the 

used products through the retailers such as Kodak [7] or third 

parties such as Dell and Acer [5]. A suitable option for 

collecting significantly affects the performance of the CLSC. 

Thus, it is high of importance that a suitable option is 

selected for the collection process. 

The oil and gas industry are of special importance in 

Iran and scholars investigate reducing costs [8], and 

increasing productivity [9,10] issues in this industry. 

Motivated by the significance of the oil and gas industry 

in Iran, in this study a CLSC with one manufacture, one 

retailer, and one third party is considered. The 

manufacturer produces the ball and gate valves and sells 

them through a retailer. Furthermore, the manufacturer 

collects worn-out products from the customers and 

remanufactures the worn-out products. To entice the 

consumers to return the used products, an acquisition 

price is offered for each used item. In addition, the used 

products can be collected by the manufacture, retailer, or 

third party. In this study, four different scenarios are 

investigated to find a suitable collection channel in the 

CLSC. The Stackelberg and Nash games are used to 

obtain the optimal decisions such as the acquisition price, 

wholesale price, and retail price in each scenario. The 

main aims of this study are as follows: (i) Examining 

different scenarios for the collecting and remanufacturing 

the ball and gate valves in the oil and gas industry to find 

the suitable option for the collecting process; (ii) 

Examining the interactions of the CLSC members in each 

scenario by applying the Nash and Stackelberg games; 

(iii) Evaluating the bilateral effects of the acquisition 

price under four different scenarios; (iv) finding the 

optimal acquisition price, retail price, and wholesale price 

in each scenario under both Stackelberg and Nash games. 

The rest of this paper is as follows. In Section 2, the 

related literature is reviewed in three streams. The problem 

definition and model formulation are provided in Section 3. 

A set of sensitivity analyses on the key parameters is 

analyzed in Section 4. Finally, Section 5 represents the 

discussion and conclusions of this study. 

2. Literature review

In this section, the related literature is reviewed in three 

streams to highlight the contributions: (1) Collection strategy 

in the CLSCs; (2) Collection option in the CLSCs, and (3) 

Game theory in the CLSCs. At the end of this section, the 

research gaps and contributions are provided. 

2.1. Collection strategy in the CLSCs 

In the recent era, many manufacturers involve themselves in 

remanufacturing because remanufacturing process not only 

reduces the manufacturing costs but also achieves 

environmental sustainability [5]. The remanufacturing issues 

have been extensively studied in the CLSC literature. In the 

CLSCs, the amount of returned products is an important 

challenge for the manufacturers. To deal with this challenge, 

effective strategies should be adopted by the collectors in the 

CLSCs. 

In the CLSC literature, different strategies are adopted to 

collect used products. Most of the studies consider that the 

amount of returned products is influenced by the collection 

rate, which is determined by the collectors, e.g., Giri et al. 

[11], Modak et al. [1], Wan and Hong [2], Hosseini-Motlagh 

et al. [12], and Mondal and Giri [5]. Other strategies such as 

discounts, exchange offers, corporate social responsibility, 

and services are investigated by several papers. For instance, 

Govindan and Popiuc [13] consider a reverse SC in which 

the retailer’s discount influences the customers’ willingness 

to return the used products. Maiti and Giri [14] investigate a 

CLSC in which the used products are collected via exchange 

offers to the customers. Hosseini-Motlagh et al. [15] consider 

that the amount of return products is influenced by the 

dealers’ services. The effects of corporate social 

responsibility on the amount of returned products are 

considered by Hosseini-Motlagh et al. [16] and Hosseini-

Motlagh et al. [17].  

In addition, the effect of the acquisition price on the 

amount of returned products is studied by some scholars. For 

instance, Bulmuş et al. [18] investigate the effects of the 

acquisition price and marketing strategies on the 

remanufacturing and manufacturing systems. Li et al. [19] 

coordinate the wholesale price, retail price, and acquisition 

price decisions in a reverse SC. Zheng et al. [20] determine 

the acquisition price and collection effort under the 

incomplete information. Hosseini-Motlagh et al. [21] 

examine the effects of the acquisition price on the supply 

function. All the reviewed papers consider the effects of the 

acquisition price on the amount of returned products. 

However, in reality, the acquisition price not only influences 

the amount of returned products but also can affect the 

demand for the products [4]. In this study, the effects of the 

acquisition price are examined in both the amount of 

returned products and demand for products. 

2.2. Collection options in the CLSCs 

In the CLSC, the returned products can be collected by the 

manufacturer, retailer, and third party. Accordingly, different 

collection options for returned products are widely 
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investigated by many scholars in the CLSC literature [5]. For 

example, Savaskan et al. [7] examine different structures for 

collecting the used products (i.e., collecting through the third 

party, retailer, and manufacturer) and they illustrate that the 

retailer’s collection is the most effective structure. Hong et 

al. [22] study the effect of the advertising on the performance 

of a CLSC under the centralized structure and three 

decentralized structures e.g., the third party collection, the 

retailer collection, and the manufacturer collection. Xu and 

Liu [23] investigate the reference price effects in a CLSC 

under the manufacturer collection, retailer collection, and 

third party collection structures. Modak et al. [1] examine the 

quality level, retail price, and collection rate decisions under 

the three different collection structures. Chen and 

Akmalul'Ulya [6] consider the manufacturer’s and the 

retailer’s green effort under the reward-penalty mechanism 

in four different structures. Mondal and Giri [5] investigate 

the collection rate, marketing effort, and green innovation 

decisions in a two-period CLSC under four different 

structures.  

Similar to the all above reviewed papers, in this study, 

three collection options (i.e., manufacturer collection, 

retailer collection, and third-party collection) are examined 

under the different structures. In contrast to the above papers, 

the retailer or third party is remanufactured a fraction of the 

returned products and the rest of the returned products is 

remanufactured by the manufacture. More precisely, both 

manufacturer and retailer remanufacture the used products, 

or both manufacturer and third party remanufacture the used 

products. Furthermore, most of the reviewed papers are used 

the Stackelberg game under the different structures. 

However, in this study, both Nash and Stackelberg games are 

applied for each structure. 

2.3. Game theory in the CLSCs  

Game theory is a scientific method to analyze conflict and 

cooperation in different areas such as trade, management, 

and production [24]. In the past two decades, game theory 

has often been used as a prediction tool in the SC 

management by academics and authorities. Although 

applications of game theory in the SC are so varied, it is often 

used in strategic decision-making in areas like pricing, 

advertising, and services [25]. In the SC management 

literature, many studies have used game theory approaches. 

For instance, Yue and Raghunathan [26] use a Stackelberg 

game in which the manufacturer as the leader determines the 

wholesale price and the retailer as the follower determines 

the retail price and order quantity under the full returns 

policy. Xiong [27] examines the effects of quality and retail 

price on the market demand using the retailer-Stackelberg 

game. Zhang et al. [28] use both supplier-Stackelberg game 

and retailer-Stackelberg game to investigate the effects of the 

trade credit period on the performance SC. Noori-Daryan et 

al. [29] apply the Stackelberg and Nash games to examine 

the reaction of SC members. Amirtaheri et al. [30] use the 

Manufacturer-Stackelberg and Distributor-Stackelberg 

games to model the cooperative adverting. 

Furthermore, the game theory approaches are used to 

formulate the problem in the CLSC. For example, Huang and 

Wang [31] examine the effect of remanufacturing of returned 

products under different models by applying the Stackelberg 

game. Nazari et al. [32] examine the pricing and ordering 

policies in the CLSC by using the Nash and Stackelberg 

games. Maiti and Giri [33] study a CLSC under five different 

scenarios using the Stackelberg and Nash games. Taleizadeh 

et al. [34] determine the level of effort, quality, and price 

decisions under different channel power structures. Jian et al. 

[35] investigate a CLSC with fairness concern using a 

Stackelberg game. Rezaei and Maihami [36] formulate the 

equal powers of the retailer and manufacture in a CLSC 

using the Stackelberg and Nash games. Asl-Najafi and 

Yaghoubi [37] coordinate the collection effort and selling 

price decisions in a CLSC.  

Regarding the reviewed papers, the Nash and Stackelberg 

game approaches are applied for remanufacturing process in 

the CLSCs. The current study utilizes game theory 

approaches (i.e., Stackelberg and Nash games) to examine 

the collecting and remanufacturing processes for the ball and 

gate valves of the oil and gas industry. The ball and gate 

valves are very particular products and broadly are used in 

the oil and gas industry. Accordingly, remanufacturing these 

products influences the CLSC profitability. 

2.4. Research gaps and contributions  

In the following, the research gaps and the contributions of 

this study are provided. Table 1 shows a summary of 

reviewed literature. According to Table 1, many studies 

investigate the effects of the collection rate on the CLSC 

performance. Several papers consider the effects of the 

acquisition price on the collection amount in the CLSC. 

However, they ignore the effects of acquisition price on the 

marketing demand, except Hosseini-Motlagh et al. [4]. In 

contrast to the literature, this study examines the bilateral 

effects of acquisition price on both reverse and forward flows 

under four different scenarios. Additionally, both 

Stackelberg and Nash games are used to formulate the 

interactions of the CLSC members. 

Furthermore, from Table 1, most scholars consider one 

collection option in the CLSC and also use the Stackelberg 

game to formulate the CLSC members’ interactions. 

However, in reality, the used products can be collected by the 

manufacturer, retailer, or third party. Moreover, the CLSC 

members’ interactions can be modeled with the Nash game 

or Stackelberg game. Therefore, in this study, four different 

scenarios are proposed for collecting and remanufacturing 

processes in the CLSC. Additionally, to formulate 

interactions of the CLSC members, both Stackelberg and 

Nash games are applied under each scenario. 
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In addition, several papers which investigate the different 

scenarios for collection consider that all the used products 

are remanufactured by a member who collects the used 

products, except Huang and Wang [31]. They assume that a 

fraction of used products is remanufactured by the third party 

or distributor and the rest of them is remanufactured by the 

manufacturer. Similar to Huang and Wang [31], in this study, 

the retailer or third party remanufacturers a fraction of the 

used products according to their ability, and the manufacture 

remanufactures the rest of them. However, this study is 

different from the study of Ref. [31] in examining the 

bilateral effects of the acquisition price and applying the 

Nash game to model the different scenarios. 

     The main contributions of this study are as follows: (i) 

Investigating the collecting and remanufacturing of ball and 

gate valves in the oil and gas industry; (ii) Examining the 

collection option in four different scenarios; (iii) Evaluating 

the bilateral effects of the acquisition price in the CLSC 

under different scenarios; (iv) Obtaining the optimal 

acquisition price, wholesale price, and retail price under 

different scenarios by using the Stackelberg and Nash games.  

 

 

3. Problem definition and mathematical model 

In this study, a CLSC with one manufacture, one retailer, and 

one third party is considered. The manufacture produces the ball 

and gate valves and sells them to the customers through a 

retailer. The retailer determines the retail price of the products 

and the demand for the manufacture's products depends on the 

retailer's selling price. On the other hand, since remanufacturing 

the worn-out ball and gate valves can reduce the manufacturer's 

costs, the manufacturer remanufactures the worn-out products. 

In this regard, to entice the customers to return the worn-out bell 

and gate valves, an acquisition price is determined for each of 

the worn-out products. Accordingly, the amount of returned 

products depends on the acquisition price. Furthermore, the 

acquisition price can affect the market demand. Accordingly, 

determining an optimal acquisition price is of high importance 

to improve the value of collection and the market demand. In 

addition, the worn-out products can be collected by the 

manufacturer, retailer, or third party. Therefore, determining a 

suitable option for collecting the used products is of high 

significance. 
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Figure 1. The CLSC structures under four scenarios. 

Table 2. Decision variables and parameters. 

Parameter 

𝛿0 Initial demand 

𝛿1 Demand sensitivity to the retail price 

𝛿2 Demand sensitivity to the acquisition price 

𝜑0 Initial number of returned products 

𝜑1 Collection amount sensitivity to the acquisition price 

R Number of returned products 

C Manufacturing cost from raw materials 

GM Remanufacturing cost of the returned product for the manufacturer 

GR Remanufacturing cost of the returned product for the retailer 

GT Remanufacturing cost of the returned product for the third party 

T1 Cost saving by remanufacturing each returned product for the manufacturer 

T2 Cost saving by remanufacturing each returned product for the retailer 

T3 Cost saving by remanufacturing each returned product for the third-party 

f licensing fee paid by the retailer/third party to the manufacturer 

b Transfer price of the returned product paid by the manufacturer to the retailer/third party 

t Ability of the retailer and third party to remanufacturer the returned products 

w Wholesale price for each product 

s Acquisition price for each returned product 

p Retail price 

∏ Profit function 

D Market demand 

h Retailer's revenue for selling each product 

M,R,T,C These suffixes represent the manufacturer, retailer, third-party, and CLSC, respectively. 

A,B,C,D These prefixes represent Scenarios 1-4 under the Nash game, respectively. 

E,F,G,H These prefixes represent Scenarios 1-4 under the Stackelberg game, respectively. 

3.1. Determining CLSC scenarios and modeling 

To find a suitable collection option, we investigate four different 

scenarios. In Scenario 1, the manufacturer directly collects the 

worn-out products from the customers and remanufactures 

them. In Scenario 2, the retailer collects the worn-out products 

and both manufacturer and retailer remanufacture them. More 

precisely, a fraction of the returned products is remanufactured 

by the retailer and the rest of them is remanufactured by the 

manufacturer. In Scenario 3, the third party collects the worn-

out products and both manufacturer and third party 

remanufacture them. In Scenario 4, the manufacture collects the 

worn-out products without remanufacturing. Figure 1 shows the 

CLSC structure under four different scenarios. To model the 

CLSC members' interactions, the Manufacturer-Stackelberg 

game and Nash game are applied. In the Manufacturer-

Stackelberg game, the manufacturer as the leader determines its 

decision to optimize its profitability. Then, the retailer and third 

party set their decisions by considering the manufacturer's 

decision. However, in the Nash game, all CLSC members 

simultaneously determine their decisions to maximize their 

profitability. 

There are other methods used in the previous studies to 

validate scenarios. Some scholars use coordinate or non-

coordinate methods. Regarding the non-coordinate method, 

some models have been solved using the meta-heuristic 

algorithms [38] or the Newton-Raphson algorithm [39]. This 

method helps to solve the problems such as the effect of quality 

on remanufactured products, collection of defective products, 

load limit parameter on storage of worn products, the effect of 

advertising on the collection of used products. For 

remanufacturing the ball valves, the non-coordinate method is 

the best way to model the issue. The most important factor for 

the customers of ball valves is the consistent quality of the 

products. Therefore, in this research, the non-coordinate 

methods are taken into account for modeling the issue to 

determine the decision variables such as the wholesale price, 

acquisition price, and retail price of each product. 

Table 2 shows notations used for decision variables and 

parameters in this study. 
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3.1.1. Scenario 1 (A, E): Collecting and remanufacturing by 

manufacturer 

In this scenario, a two-level CLSC including a manufacturer 

and a retailer is considered. The products are sold to the 

customers by the retailer. The manufacturer collects the 

returned products and remanufactures them. Similar to 

Oraiopoulos et al. [40] and Atasu et al. [41], the cost saving 

of remanufacturing each returned product is as follows: 

1 .MT C G   (1) 

The market demand depends on the retail price and the 

acquisition price. Accordingly, the demand for products is 

formulated as: 

𝐷(𝑝, 𝑠) = 𝛿0 − 𝛿1𝑝 + 𝛿2𝑠. (2) 

The number of returned products, which depends on the 

acquisition price, is formulated in Eq. (3). Such a function is 

used in the related literature e.g., Larsen et al. [42].  

0 1( ) .R s s    (3) 

In this scenario, the profit function of the manufacturer is 

formulated as follows: 

1( )[ ( , ) ( )] ( ) ( ).A

M w c D p s R s w c T s R s         (4) 

The profit function of the retailer is formulated as follows: 

0 1 2( )( ).A

R p w p s        (5) 

The profit functions of the manufacturer and the retailer are 

linear with respect to w. The first-order derivative of the 

profit functions with respect to w will be a constant value. 

Therefore, to avoid losing the optimal value of w, we 

substitute the following relation to p [43]. 

.p h w   (6) 

By substituting Eq. (6) into Eq. (4), the manufacturer's profit 

function is transformed to: 

0 1 1 2 1 0 1( )[ ] ( )( ).A

M w c h w s T s s               (7) 

To obtain the optimal values of w, s, and p under the Nash 

game, the first-order and second-order derivatives of the 

profit functions should be calculated. 

0 1 2 12 0.
A

R p s w
p

   


    


 (8) 

To prove the concavity of the retailer’s profit function, the 

second-order derivative of the retailer’s profit function must 

be negative with respect to p. 

2

1 12
( ) 2 0.

A

RH p
p


 

   


 (9) 

Eq. (9) is negative. Thus, the optimal value of p is calculated 

by solving Eq. (8). 

0 2 1

1

.
2

A A

A s w
p

  



 
  (10) 

At the same time, the manufacturer's decision variables (i.e., s 

and w) are determined. To prove the concavity of the 

manufacturer’s profit function, the Hessian matrix is calculated 

as follows: 

2 2

2
1 2

2 2
2 1

2

2
( , )

2

A A

M M

A A

M M

s ww
H w s

w s s

 

 

    
        

      
 
   

, (11) 

2

1 12
( , ) 2 0,

A

MH w s
w


 

   


(12) 

2
2 2 2

2 2 2

2

1 1 2

( , )

4 0.

A A A

M M MH w s
w s w s

  

         
     

       

  

(13) 

The first principle minor is negative and the second principle 

minor is positive. Thus, the manufacturer’s profit function is 

concave. The first-order derivatives with respect to w and s 

are as follow: 

0 1 1 2 12 0,
A

M h w s c
w

    


     


(14) 

2 2 0 1 1 12 0.
A

M w c s T
s

    


     


 (15) 

By substituting Eq. (10) to Eqs. (14) and (15), we have: 

0 2 1

1

3
0,

2 2 2

A

M s w c
w

  



    


(16) 

2 2 0 1 1 12 0.
A

M w c s T
s

    


     


 (17) 

By solving Eqs. (16) and (17), the optimal values of w and s 

are as follows: 

2

2 02 2 1 1
1 0 1 1

2

2
1 1

2
2 2 2 ,

3
2

A

c T
c

w

   
   


 

   





(18) 

2 2 0 1 1

1

.
2

A

A w c T
s

   



  
  (19) 

Therefore, by substituting the optimal values of wA, sA, pA in 

the profit functions of the manufacturer and retailer, as well 

as the market demand, the optimal profits and market 

demand are obtained under the Nash game. 

To determine the optimal decisions under the 

Manufacturer-Stackelberg game, backward induction is 

applied. According to the backward induction, by substituting 

the optimal value of p in the manufacturer’s profit function, 

the optimal values of w and s can be determined. Similar to the 

previous scenario, the optimal retail price is obtained as 

follows: 

0 2 1

1

.
2

E E

E s w
p

  



 
  

(20) 

By substituting Eq. (20) into Eq. (7), we have: 

0 2 1
1 0 1( , ) ( )( ) ( )( ).

2 2 2

E

M w s w c s w T s s
  

          
(21) 

To prove the concavity of the manufacturer’s profit function, 

the Hessian matrix is calculated as follows: 
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2 2

2

12

2 2
2

12

2
( , )

2
2

E E

M M

E E

M M

s ww
H w s

w s s







      
        

             

, (22) 

2

1 12
( , ) 0,

E

MH w s
w


 

   


(23) 

2
2 2 2

2 2 2

2

2

1 1

( , )

2 0.
4

A A A

M M MH w s
w sw s


 

         
     

      

  

(24) 

The first principle minor is negative and the second principle 

minor is positive. Thus, the manufacturer’s profit function is 

concave. The first-order derivatives with respect to w and s 

are as follow: 

0 2 1

1 0,
2 2 2

E

E EM c
s w

w

  



    


(25) 

2 2

0 1 1 12 0.
2 2

E

E EM w c s T
s

 
  


     


 

(26) 

By solving Eqs. (25) and (26), the optimal decision variables 

of manufacturer are: 

0 2 1 2 2 1
1 0 1 1 1

2

2
1 1

4 4 2 ,

2
4

E

c c
T

s

     
   


 

   





 (27) 

0 2 1

1

2 2 2 .

E

E

c
s

w

  



 

  
(28) 

Therefore, by determining the optimal decision variables (i.e.
Ew , 𝑠𝐸 and 𝑝𝐸) in Scenario E, the profits of the manufacturer

and retailer, as well as the market demand, are obtained. 

3.1.2. Scenario 2 (B,F): Collecting by retailer and 

remanufacturing by both manufacturer and retailer 

In this scenario, both manufacturer and retailer remanufacture 

the worn-out products. In other words, a fraction of the returned 

products is remanufactured by the retailer, and the rest of them 

is remanufactured by the manufacturer. The manufacturer sells 

the products to the retailer at the wholesale price (w), then the 

retailer sells the product to the consumer at the retail price (p). 

The cost saving of remanufacturing each returned product 

for the manufacturer is similar to Eq. (1), and the cost saving of 

remanufacturing each returned product for the retailer is 

formulated in Eq. (29). Similar cost saving is used in the 

literature e.g., Huang and Wang [31].  

2 .RT C G   (29) 

Moreover, the number of returned products is similar to 

Scenario 1 which is formulated in Eq. (3). Thus, in Scenario 2, 

the manufacturer's profit function is as follows: 

1( ) ( )[ ( , ) ( )] [( )

(1- )] ( ) ( ).

B

M w w c D p s R s w c T b

t R s ftR s

       


(30) 

By simplifying Eq. (30), the manufacturer's profit 

function is: 

0 1 2

1 0 1

( ) ( )[ ] [( )

( )(1 )]( ).

B

M w w c p s f w c t

T b t s

  

 

       

   

(31) 

The retailer's profit function can be formulated as: 

2( , ) ( ) ( , ) ( )

( ) (1 ) ( ) ( ) ( ).

B

R p s p w D p s w c T

tR s b t R s sR s ftR s

     

   
(32) 

By simplifying Eq. (32), the retailer's profit function is: 

0 1 2

2 0 1

( , ) ( )( ) [(

+ ) ]( ).

B

R p s p w p s w c

T b f t b r s

  

 

      

    
(33) 

3.1.3. Scenario 3 (C,G): Collecting by third party and 

remanufacturing by both manufacturer and third Party 

In this scenario, a CLSC with one manufacturer, one retailer, 

and one third party is considered. The manufacturer sells the 

products to the retailer at the wholesale price (w), and the 

retailer sells them to the consumer at the retail price (p). The 

worn-out products are collected by the third party by offering 

an acquisition price (s) for each worn-out product. Then, a 

fraction of worn-out products (t) is remanufactured by the 

third party and the rest of them is remanufactured by the 

manufacturer. The cost saving of remanufacturing each 

returned product for the manufacturer is similar to Eq. (1). 

According to Huang and Wang [31], the cost saving of 

remanufacturing each returned product for the third party is 

modeled as follows: 

3 .TT C G   (34) 

Market demand and the number of returned products are 

similar to Eq. (2) and Eq. (3), respectively. Hence, in 

Scenario 3, the profit function of the manufacturer is as 

follows: 

1

( ) ( )[ ( , ) ( )]

+[( )(1 )] ( ) ( ).

C

M w w c D p s R s

w c T b t R s ftR s

   

    
(35) 

The manufacturer's profit function can be simplified as: 

0 1 2

1 0 1

( ) ( )[ ] [( )

+( )(1 )]( ).

C

M w w c p s f w c t

T b t s

  

 

       

  
(36) 

The retailer's profit function is formulated in Eq. (37). 

0 1 2( ) ( )( ).C

R p p w p s        (37) 

In this scenario, the third party collects and remanufactures 

a fraction of returned products. Accordingly, the profit 

function of the third party is as follows: 

3( ) ( ) ( ) ( ) (1 ) ( ) ( ).C

T s w c T tR s sR s b t R s ftR s        (38) 

By simplifying Eq. (38), the profit function of third party is: 

3 0 1( ) [( ) ]( ).C

T s w c T b f t b s s           (39) 

3.1.4. Scenario 4 (D,H): Collecting by manufacturer without 

remanufacturing 

In this scenario, a CLSC with one manufacturer and one 

retailer are considered. The manufacturer purchases the 

worn-out product from the customer at an acquisition price 

(s). The number of worn-out products which are collected by 
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Table 3. Closed-form of the optimal decision variables in different scenarios under the Nash game. 

Scenario 1 (A) Scenario 2 (B) Scenario 3 (C) Scenario 4 (D) 

w 

2

2 02 2 1 1
1 0 1 1

2

2
1 1

2
2 2 2

3
2

c T
c

   
   


 

   



 
1 2 1 0 1

1 0

( )t s c p

t

    

 

   



1 2 1 0 1

1 0

( ) C Ct s c p

t

    

 

   



2 0 1

2

2 Dc s  



   

s 
2 2 0 1 1

12

Aw c T   



  
1 6 3 4

2 4 1 5

B B B B

B B B B





4

1 1 2 1 1 2
1

1 0 1 0 1

( )
2

( )

C

t t t C

t t C

    


   




 

 

0 2 1 0 1 2

2

1 1 22

Dp     

  

 



p 
0 2 1

12

A As w  



   
2 3 4 2 1 6

3

2 4 1 5 2 4 1 5

1

B B B B B B
B

B B B B B B B B

B

 
   2 3

1

CC s C

C

   

1 2 0 1 1 0 2 1 0
0 2

2 2 1 1 2

0 2 1 0 2

2

1 1 2

2 2

1 1 2 1 2
1 2 2

1 1 2 1 1 2

( ) 2 ( )
(

(2 )

( )
)

2

2
( 2 )

2 2

c        


    

    

  

    


     

 
  








  
 

Table 4. Closed-form of the optimal decision variables in different scenarios under the Stackelberg game. 

Scenario 1 (E) Scenario 2 (F) Scenario 3 (G) Scenario 4 (H) 

w 
0 2 1

1

2 2 2

E c
s

  



  5 4 6 7

1

4 6

( )

( )(1 )

2 2

f c t
H H c H H t

T b t

H tH

  
    

  


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2
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c
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   


 

  



s 
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2
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2
4

c c
T
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
 

   



3 0 2 1 1

2

2 1 1

2
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FH w H  

  

  



0 1 1

12

Gtw E 



   2 2
0

1

2 2

2

Hw c
 





   

p 
0 2 1

12

E Es w  



   0 2 1

12

F Fs w  



   0 2 1

12

G Gs w  



   0 2 1

12

H Hs w  
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   

the manufacturer is similar to Eq. (1). Under this scenario, 

the profit function of the manufacturer is as follows: 

0 1 2 0 1( , ) ( )( ) ( ).D

M w s w c p s s s            (40) 

In which, the first term represents the revenue of selling the 

product and the second term shows the cost of collecting the 

returned products.  

The retailer's profit function is formulated in Eq. (41). 

0 1 2( ) ( )( ).D

R p p w p s        (41) 

In this study, to model the CLSC members' interactions, we 

use the Nash and Manufacturer-Stackelberg games. 

Accordingly, the optimal decision variables such as the 

acquisition price, wholesale price, and retail price are 

determined under Nash and Stackelberg games. In addition, 

the profit of the whole CLSC and members (i.e., the 

manufacturer, retailer, and third party) are calculated under 

Nash and Stackelberg games.  

Under the Nash game, the closed-forms of the optimal 

decision variables (i.e., wholesale price, acquisition price, 

and retail price) in four different scenarios are illustrated in 

Table 3.  

Under the Stackelberg game, the closed-forms of the 

optimal decision variables in four different scenarios are 

shown in Table 4.  

B1 to B6, C1 to C4, E1 to E6, and H1 to H7 which are used 

in Tables 3 and 4 are defined in Appendix 1. 

4. Numerical and sensitivity analyses

The cost of repairing the sensitive ball valves is about 50-

60% of a new ball valve, and the cost of repairing the 

insensitive ball valves is about 30-40% of a new ball valve. 

The prices offered for the remanufactured products depend  

Figure 2. Profit of the CLSC over 𝑡 in the Nash equilibrium. 

on the customer's order, and the prices usually decrease as 

the rate of manufacturing increases. Moreover, different 

parts are sold as worn-out and used stock, which can be 

reused as new parts with the same initial quality by the 

proper repairs. 

The wholesale price, acquisition price, retail price are 

considered as the decision variables. Other parameters in the 

manufacturing and remanufacturing of ball valves have been 

obtained based on the statements of the specialists dealing 

with this industry. In order to collect the data, we visited the 

centers of remanufacturing and overhaul of oil and gas 

industries in 2019 and collected the required data by studying 

the documents of companies, which are as follows: 

0 1 2

0 1

3000,  8.4,  2.4,  25,  5,

5,  5,  80,  2.2,  40,  50

M

R T

c G

G G f b

  

 

    

     

4.1. Selecting pricing strategy under the nash equilibrium 

Figure 2 illustrates the effects of retailer’s/third party’s 

ability for remanufacturing on the CLSC profit under the 

Nash equilibrium in the four scenarios (i.e., Scenarios A, B, 

C, and D). From Figure 2, the best option under the Nash 

game is Scenario B, where the retailer collects the  worn-out 



9 M. Safari et al./ Scientia Iranica (2025) 32(8): 5076 

Figure 3. Retail price over 𝑡 under four scenarios in the Nash 

equilibrium. 

Table 5. Optimal decision variables and profits under the 

Nash game (output data).

A B C D

𝑤 95.7 46.10 29.21 161.2

𝑠 48.7 31.14 0.44 98.85

𝑝 108.8 83.86 146.40 170.8

∏𝑀 34269.70 15840.68 8693.67 216125.45

∏𝑅 17193.72 229971.73 202727.84 17289.95

∏𝑇 - - 184.565 -

∏𝐶 51463.43 245812.42 211606.09 23415.41

products and both manufacturer and retailer remanufacture 

the worn-out products. Under Scenario B, when t ≤0.85, the 

CLSC profit increases, and when t >0.85, the CLSC profit 

decreases. Thus, the optimal value of t is 0.85. It means that 

85% of returned products must be remanufactured by the 

retailer and the rest of them is remanufactured by the 

manufacturer. 

As shown in Figure 3, when t ≥0.85, the retail price in 

Scenario B decreases compared to the other scenarios. Thus, 

under Scenario B, remanufacturing the returned products not 

only decreases the production costs but also reduces the retail 

price. Accordingly, under this scenario, the market demand 

and the CLSC profitability improve. 

Furthermore, by increasing t, the profit of the CLSC 

increases in Scenario C, and the optimal value of t is 0.95 in 

Scenario C. If Scenario 3 is applied, remanufacturing all the 

worn-out products by the third party is preferred in the 

CLSC. Table 5 shows the optimal decision variables and 

profits of the manufacturer, retailer, third party, and whole 

CLSC under the four scenarios in the Nash equilibrium. The 

ability of retailer and third party for remanufacturing are 

considered 0.8 and 0.95, respectively. 

According to Table 5, in Scenario B, by reducing 

production costs, the retail price decreases compared to the 

other scenarios, and the CLSC profit improves in comparison 

with the other scenarios. 

4.2. Choosing a pricing strategy under the Manufacturer-

Stackelberg game 

In this section, the four scenarios are compared under the 

Manufacturer-Stackelberg game. Similar to the Nash 

equilibrium, a numerical example is provided to obtain the 

optimal  decision  variables and  the CLSC profit  in each 

Table 6. Optimal decision variables and profits under the 

Stackelberg game (output data). 

E F G H

𝑤 196.2 189.3 181.1 195.1

𝑠 36.01 92.1 69.8 28.20

𝑝 281.8 286.4 279.1 280.15

∏𝑀 119776.9 116065.4 115654.7 117517.3

∏𝑅 61561.4 75264.4 80631.1 60762.3

∏𝑇 - - 35.27104 -

∏𝐶 181338.4 191329.9 196321.1 178279.7

Figure 4. Profit of the CLSC over 𝑡 under different scenarios in 

the Stackelberg game. 

Figure 5. Retail price over 𝑡 under different scenarios in the 

Stackelberg game. 

scenario. Figure 4 illustrates the trend of CLSC profits over 

t in each scenario, which are represented by the symbols E, 

F, G, and H. 

From Figure 4, when t <0.4, the profit of the CLSC in 

Scenario G is more than those of the other scenarios. This 

scenario, in which the manufacturer and the third party 

remanufacture the returned products and the retailer sells the 

product to the customers, leads to more profit for the CLSC. 

However, when t ≥0.4, Scenario F is more profitable in 

which the manufacturer and the retailer remanufacture the 

returned products in the CLSC. Therefore, the best scenario 

from the CLSC viewpoint depends on the ability of the 

retailer/third party for remanufacturing (t). Furthermore, 

Figure 5 shows that when t <0.4, the retail price decreases 

over t in Scenario G. 

In addition, in Scenario G, the optimal t is 0.37 which 

maximizes the profit of the CLSC ( 196321.1)G

C  . In 

Scenario F, the optimal t is 0.43 which maximizes the CLSC 

profit ( 191330)G

C  . According to the optimal t in 

Scenarios G and F under the Stackelberg game, Table 6 

shows the optimal decision variables and the profit of whole 

CLSC and members in the four scenarios. 
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Figure 6. Comparison of eight methods (A to H). 

As can be seen in Table 6, in Scenario G, the CLSC profit 

is more than those of the other scenarios under the 

Stackelberg game. In addition, the retail price (p) in this 

scenario is lower than those of the other scenarios. It is 

concluded that under Scenario G, the worn-out ball valves 

can be remanufactured at a lower cost, and accordingly, the 

products can be sold to the consumer at a lower retail price. 

Thus, the CLSC achieves a higher profit compared to other 

scenarios. 

4.3. Choosing the best pricing strategy 

Figure 6 shows the profit in the different scenarios under the 

Stackelberg and Nash games. From Figure 6, under the Nash 

game, the profit is more than those of the Stackelberg game. 

Moreover, Scenario B is the best scenario in comparison with 

the other scenarios.  

5. Discussions and conclusion

This research develops four different scenarios for collecting 

and remanufacturing the worn-out ball and gate valves. The 

Closed-Loop Supply Chain (CLSC) members' interactions 

are formulated using the Nash and Manufacturer-Stackelberg 

games. Under both Nash and Manufacturer-Stackelberg 

games, the optimal decision variables such as the acquisition 

price, wholesale price, and retail price are determined. 

Furthermore, the profit of all CLSC members and whole 

CLSC are calculated under all different scenarios. The 

results of this study show that under the Nash game, Scenario 

2 is the best strategy in comparison with other scenarios. 

Additionally, in Scenario 2, the retail price is lower than 

those of the other scenarios. Under the Stackelberg game, 

Scenario 3 is the best in comparison with the other scenarios. 

In Scenario 3, the CLSC profit is more than those of the 

others and the wholesale and retail prices are lower than 

those of the other scenarios. On the other hand, under the 

Nash game, the CLSC profitability increases compared to the 

Stackelberg game. Therefore, the simultaneous interaction 

among the CLSC members in the ball valve industry will 

yield better results compared to the situation where the 

manufacturer is the leader in the CLSC. Since the important 

decisions such as the acquisition price and retail price do not 

determine by the manufacturer in most scenarios, the 

manufacturer as the leader cannot reduce costs as much as 

the Nash game. 

The current case study of ball valves in the oil and gas 

industry shows that Scenario 2 is the most profitable one 

since it brings about the most reduction in the costs of 

collecting, remanufacturing worn-out products, and 

production. Thus, it results in overall good performance of 

CLSC. As the consumer in this active numerical example 

concerns with the oil and gas outputs of the industry, the 

reduction in production costs will also reduce the cost of the 

final product that is oil and gas itself. Thus, this strategy will 

also have other benefits such as increased demand and sales 

of oil and gas in the competitive market. To conclude, a 

congregated effort among the manufacturer, retailer, and 

third party can result in the much-needed reduction in the 

collecting and remanufacturing costs of ball valves and can 

pay off with more benefits in this product’s retail market 

along with cross sectorial benefits for the sales of oil and gas 

products. 

Funding 

This research did not receive any specific grant from funding 

agencies in the public, commercial, or not-for profit sectors. 

Conflicts of interest 

The authors declare that they have no known competing 

financial interests or personal relationships that could have 

appeared to influence the work reported in this paper.  

Authors contribution statement 

Mehdi Safari: Data curation; Formal analysis; Writing – original 

draft; Investigation; Visualization; Resources. 

Mohammad Fallah: Project administration; Software supervision; 

Formal analysis; Writing – review and editing. 

Hamed Kazemipour: Methodology; Conceptualization; Software; 

Validation. 

References 

1. Modak, N.M., Modak, N., Panda, S., et al. “Analyzing

structure of two-echelon closed-loop supply chain for pricing,

quality and recycling management”, Journal of Cleaner

Production, 171, pp. 512-528 (2018).

https://doi.org/10.1016/j.jclepro.2017.10.033

2. Wan, N. and Hong, D. “The impacts of subsidy policies and

transfer pricing policies on the closed-loop supply chain with

dual collection channels”, Journal of Cleaner Production,

224, pp. 881-891 (2019).

https://doi.org/10.1016/j.jclepro.2019.03.274

3. Huang, X.L., Liu, L., Gu, B.Q., et al. “Remanufacturing of

high temperature ball valve by surface engineering

technology”, In Advanced Materials Research, 97, pp. 1381-

1384 (2010).

https://doi.org/10.4028/www.scientific.net/AMR.97101.131

4. Hosseini-Motlagh, S.M., Ebrahimi, S., and Zirakpourdehkordi,

R. “Coordination of dual-function acquisition price and corporate 

social responsibility in a sustainable closed-loop supply chain”,

Journal of Cleaner Production, 251, 119629 (2020).

10 

https://doi.org/10.1016/j.jclepro.2017.10.033
https://doi.org/10.1016/j.jclepro.2019.03.274
https://doi.org/10.4028/www.scientific.net/AMR.97101.131


M. Safari et al./ Scientia Iranica (2025) 32(8): 5076 

5. Mondal, C. and Giri, B.C. “Pricing and used product

collection strategies in a two-period closed-loop supply chain

under greening level and effort dependent demand”, Journal

of Cleaner Production, 265, 121335 (2020).

https://doi.org/10.1016/j.jclepro.2020.121335

6. Chen, C.K. and Akmalul'Ulya, M. “Analyses of the reward-

penalty mechanism in green closed-loop supply chains with

product remanufacturing”, International Journal of

Production Economics, 210, pp. 211-223 (2019).

https://doi.org/10.1016/j.ijpe.2019.01.006

7. Savaskan, R.C., Bhattacharya, S., and Van Wassenhove, L.N.

“Closed-loop supply chain models with product

remanufacturing”, Management Science, 50(2), pp. 239-252

(2004).

8. Amiri, M., Sadjadi, S., Tavakkoli-Moghaddam, R., et al.

“Optimal fleet composition and mix periodic location-routing

problem with time windows in an offshore oil and gas

industry: A case study of National Iranian Oil

Company”, Scientia Iranica, 26, pp. 522-537 (2019).

https://doi.org/10.24200/sci.2018.20412

9. Alabyev, V., Kruk, M., Bazhina, T., et al. “Economic

efficiency of the application of artificial air cooling for

normalization of thermal conditions in oil mines”, Scientia

Iranica, 27, pp. 1606-1615 (2020).

https://doi.org/10.24200/sci.2018.50549.1753

10. Farshad, F., Garber, J., Rieke, H., et al. “Predicting corrosion

in pipelines, oil wells and gas wells; A computer modeling

approach”, Scientia Iranica, 17, pp. 86-96 (2010).

https://www.researchgate.net/publication/322055464

11. Giri, B.C., Chakraborty, A., and Maiti, T. “Pricing and return

product collection decisions in a closed-loop supply chain

with dual-channel in both forward and reverse logistics”,

Journal of Manufacturing Systems, 42, pp. 104-123 (2017).

https://doi.org/10.1016/j.jmsy.2016.11.007

12. Hosseini-Motlagh, S.M., Johari, M., Ebrahimi, S., et al.

“Competitive channels coordination in a closed-loop supply

chain based on energy-saving effort and cost-tariff contract”,

Computers & Industrial Engineering, 149, 106763 (2020).

https://doi.org/10.1016/j.cie.2020.106763

13. Govindan, K. and Popiuc, M.N. “Reverse supply chain

coordination by revenue sharing contract: A case for the

personal computers industry”, European Journal of

Operational Research, 233(2), pp. 326-336 (2014).

https://doi.org/10.1016/j.ejor.2013.03.023

14. Maiti, T. and Giri, B.C. “Two-way product recovery in a

closed-loop supply chain with variable markup under price

and quality dependent demand”, International Journal of

Production Economics, 183, pp. 259-272 (2017).

https://doi.org/10.1016/j.ijpe.2016.09.025

15. Hosseini-Motlagh, S.M., Nouri-Harzvili, M., Johari, M., et al.

“Coordinating economic incentives, customer service and

pricing decisions in a competitive closed-loop supply chain”,

Journal of Cleaner Production, 255, 120241 (2020).

https://doi.org/10.1016/j.jclepro.2020.120241

16. Hosseini-Motlagh, S.M., Nouri-Harzvili, M., Choi, T.M., et al.

“Reverse supply chain systems optimization with dual channel

and demand disruptions: Sustainability, CSR investment and

pricing coordination”, Information Sciences, 503, pp. 606-634 

(2019). https://doi.org/10.1016/j.ins.2019.07.021

17. Hosseini-Motlagh, S.M., Nami, N., and Farshadfar, Z.

“Collection disruption management and channel coordination in

a socially concerned closed-loop supply chain: A game theory 

approach”, Journal of Cleaner Production, 276, 124173 (2020). 

https://doi.org/10.1016/j.jclepro.2020.124173 

18. Bulmuş, S.C., Zhu, S.X., and Teunter, R.H. “Optimal core

acquisition and pricing strategies for hybrid manufacturing

and remanufacturing systems”, International Journal of

Production Research, 52(22), pp. 6627-6641 (2014).

https://doi.org/10.1080/00207543.2014.906073

19. Li, J., Wang, Z., Jiang, B., et al. “Coordination strategies in a

three-echelon reverse supply chain for economic and social

benefit”, Applied Mathematical Modelling, 49, pp. 599-611

(2017). https://doi.org/10.1016/j.apm.2017.04.031

20. Zheng, B., Yang, C., Yang, J., et al. “Pricing, collecting and

contract design in a reverse supply chain with incomplete

information”, Computers & Industrial Engineering, 111, pp.

109-122 (2017). https://doi.org/10.1016/j.cie.2017.07.004

21. Hosseini-Motlagh, S.M., Nematollahi, M., Johari, M., et al.

“Reverse supply chain systems coordination across multiple

links with duopolistic third-party collectors”, IEEE

Transactions on Systems, Man, and Cybernetics: Systems,

50(12), pp. 4882-4893 (2019).

https://doi.org/10.1109/TSMC.2019.2911644

22. Hong, X., Xu, L., Du, P., et al. “Joint advertising, pricing and

collection decisions in a closed-loop supply chain”,

International Journal of Production Economics, 167, pp. 12-

22 (2015). https://doi.org/10.1016/j.ijpe.2015.05.001

23. Xu, J. and Liu, N. “Research on closed loop supply chain with

reference price effect”, Journal of Intelligent Manufacturing,

28(1), pp. 51-64 (2017).

https://doi.org/10.1007/s10845-014-0961-0

24. Morgenstern, O. and Von Neumann, J., Theory of Games and

Economic Behavior, Princeton university press (1953).

25. Leng, M. and Parlar, M. “Game theoretic applications in

supply chain management: a review”, INFOR: Information

Systems and Operational Research. 43, pp. 187–220 (2005).

https://doi.org/10.1080/03155986.2005.11732725

26. Yue, X. and Raghunathan, S. “The impacts of the full returns

policy on a supply chain with information asymmetry”,

European Journal of Operational Research, 180, pp. 630–

647 (2007). https://doi.org/10.1016/j.ejor.2006.04.032

27. Xiong, W. “Coordination and incentives in a supply chain

with manufacturer quality effort”, in the 26th Chinese Control

and Decision Conference (2014 CCDC), pp. 3557–3561

(2014). https://doi.org/10.1109/CCDC.2014.6852796

28. Zhang, C., You, M., and Han, G. “Integrated supply chain

decisions with credit-linked demand-A Stackelberg

approach”, Scientia Iranica, 28, pp. 927-949 (2021).

https://doi.org/10.24200/sci.2019.50342.1646

29. Noori-Daryan, M., Taleizadeh, A.A., and Rabbani, M.

“Optimal pricing in the presence of advance booking

strategies for complementary supply chains”, Scientia

Iranica, 27, pp. 1616–1633 (2020).

https://doi.org/10.24200/sci.2019.50604.1784

30. Amirtaheri, O., Zandieh, M., and Dorri, B. “A bi-level

programming model for decentralized manufacturer-

11 

https://doi.org/10.1016/j.jclepro.2020.121335
https://doi.org/10.1016/j.ijpe.2019.01.006
https://doi.org/10.24200/sci.2018.20412
https://doi.org/10.24200/sci.2018.50549.1753
https://www.researchgate.net/publication/322055464
https://doi.org/10.1016/j.jmsy.2016.11.007
https://doi.org/10.1016/j.cie.2020.106763
https://doi.org/10.1016/j.ejor.2013.03.023
https://doi.org/10.1016/j.ijpe.2016.09.025
https://doi.org/10.1016/j.jclepro.2020.120241
https://doi.org/10.1016/j.ins.2019.07.021
https://doi.org/10.1016/j.jclepro.2020.124173
https://doi.org/10.1080/00207543.2014.906073
https://doi.org/10.1016/j.apm.2017.04.031
https://doi.org/10.1016/j.cie.2017.07.004
https://doi.org/10.1109/TSMC.2019.2911644
https://doi.org/10.1016/j.ijpe.2015.05.001
https://doi.org/10.1007/s10845-014-0961-0
https://doi.org/10.1080/03155986.2005.11732725
https://doi.org/10.1016/j.ejor.2006.04.032
https://doi.org/10.1109/CCDC.2014.6852796
https://doi.org/10.24200/sci.2019.50342.1646
https://doi.org/10.24200/sci.2019.50604.1784


M. Safari et al./ Scientia Iranica (2025) 32(8): 5076 

distributer supply chain considering cooperative advertising”, 

Scientia Iranica, 25, pp. 891–910 (2018). 

https://doi.org/10.24200/sci.2017.4416 

31. Huang, Y. and Wang, Z. “Closed-loop supply chain models

with product take-back and hybrid remanufacturing under

technology licensing”, Journal of Cleaner Production, 142,

pp. 3917–3927 (2017).

https://doi.org/10.1016/j.jclepro.2016.10.065

32. Nazari, L., Seifbarghy, M., and Setak, M. “Modeling and

analyzing pricing and inventory problem in a closed-loop supply 

chain with return policy and multiple manufacturers and multiple

sales channels using game theory”, Scientia Iranica,

Transactions E, Industrial Engineering, 25, pp. 2759–2774 

(2018). https://doi.org/10.24200/sci.2017.4459

33. Maiti, T. and Giri, B.C. “A closed loop supply chain under

retail price and product quality dependent demand”, Journal

of Manufacturing Systems, 37, pp. 624-637 (2015).

https://doi.org/10.1016/j.jmsy.2014.09.009

34. Taleizadeh, A.A., Moshtagh, M.S., and Moon, I. “Optimal

decisions of price, quality, effort level and return policy in a

three-level closed-loop supply chain based on different game

theory approaches”, European Journal of Industrial

Engineering, 11(4), pp. 486-525 (2017).

https://doi.org/10.1504/EJIE.2017.086186

35. Jian, J., Li, B., Zhang, N., et al. “Decision-making and

coordination of green closed-loop supply chain with fairness

concern”, Journal of Cleaner Production, 298, 126779

(2021). https://doi.org/10.1016/j.jclepro.2021.126779

36. Rezaei, S. and Maihami, R. “Optimizing the sustainable

decisions in a multi-echelon closed-loop supply chain of the

manufacturing/remanufacturing products with a competitive

environment”, Environment, Development and Sustainability, 

22(7), pp. 6445-6471 (2020).

https://doi.org/10.1007/s10668-019-00491-5

37. Asl-Najafi, J. and Yaghoubi, S. “A novel perspective on

closed-loop supply chain coordination: Product life-cycle

approach”, Journal of Cleaner Production, 289, 125697

(2021). https://doi.org/10.1016/j.jclepro.2020.125697

38. Mwandiya, B.K., Jha, J.K., and Thakkar, J.J. “Optimal

production-inventory policy for closed-loop supply chain

with remanufacturing under random demand and return”,

Operational Research, 42(1), pp. 1623-1664 (2018).

https://doi.org/10.1007/s12351-018-0398-x

39. Zhao, S. and Zhu, Q. “Remanufacturing supply chain

coordination under the stochastic manufacturability rate and

the random demand”, Annals of Operations Research, 257(1-

2), pp. 661-695 (2017).

https://doi.org/10.1007/s10479-015-2021-3

40. Oraiopoulos, N., Ferguson, M.E., and Toktay, L.B.

“Relicensing as a secondary market strategy”, Management

Science, 58, pp. 1022–1037 (2012).

https://doi.org/10.2307/41499536

41. Atasu, A., Sarvary, M., and Van Wassenhove, L.N.

“Remanufacturing as a marketing strategy”, Management

Science, 54, pp. 1731–1746 (2008).

https://doi.org/10.1287/mnsc.1080.0893

42. Larsen, S.B., Masi, D., Feibert, D.C., et al. “How the reverse

supply chain impacts the firm’s financial performance”,

International Journal of Physical Distribution & Logistics 

Management, 48(3), pp. 284-307 (2018). 

https://doi.org/10.1108/IJPDLM-01-2017-0031 

43. Wei, J. and Zhao, J. “Pricing and remanufacturing decisions

in two competing supply chains”, International Journal of

Production Research, 53, pp. 258-78 (2014).

https://doi.org/10.1080/00207543.2014.951088

Appendix A 

Defined fixed parameters 

(A.1) 

2

1

1 1

1 0

2 ,B
t




 
 


 

(A.2) 
1 2 1

2 2

1 0

( )
,

t
B

t

  


 


 


 

(A.3) 

2

1 0

3 0

1 0

,
c

B
t

 


 


 



(A.4) 
1 2 1

4 2

1 0

( )
,

t
B

t

  


 


 


 

(A.5) 

2

1 2 1

5 1

1 0

( )
2 ,

t
B

t

  


 


 


 

(A.6) 

1 2 1 0
6 0

1 0

1 2

( )

[( - - - ) ],

t c
B

t

T c b f t b

   


 



 
 



 

(A.7) 

2

1

1 1

1 0

2 ,C
t




 
 


 

(A.8) 
1 1 2

2 2

1 0

( )
,

t
C

t

  


 


 



(A.9) 

2

1 0 1

3 0

1 0

,
c

C
t

  


 


 


 

(A.10) 

1 0 1 3 1 1
4 0

1 0 1 0 1

1 3

( )

( )

+ [( ) ],

c t C t
C

t t C

T c b f t b

    


   




   

 

   

 

(A.11) 1 1 2H [(T - c -b - f )t b],   

(A.12) 2 1 2 ,H t    

(A.13) 3 1 2 1 22 ,H H     

(A.14) 
2 31

4 2

2 1 1

,
2 2( 4 )

H
H



  
  


 

(A.15) 

2

0 2 0 2 1 1

5 2

2 1 1

( 2 )
,

2 2( 4 )

H
H

    

  


 



(A.16) 
3 1

6 2

2 1 1

,
4

H
H



  
 


 

(A.17) 
1 0 2 1 1

7 0 2

2 1 1

( 2 )
,

2( 4 )

H
H

   


  


 



(A.18) 𝐸1 = (𝑇2 − 𝑐 − 𝑏 − 𝑓)𝑡 + 𝑏,

(A.19) 
0 2 0 1

2

1

( )
,

2 4

E
E

  




 

12 

https://doi.org/10.24200/sci.2017.4416
https://doi.org/10.1016/j.jclepro.2016.10.065
https://doi.org/10.24200/sci.2017.4459
https://doi.org/10.1016/j.jmsy.2014.09.009
https://doi.org/10.1504/EJIE.2017.086186
https://doi.org/10.1016/j.jclepro.2021.126779
https://doi.org/10.1007/s10668-019-00491-5
https://doi.org/10.1016/j.jclepro.2020.125697
https://doi.org/10.1007/s12351-018-0398-x
https://doi.org/10.1007/s10479-015-2021-3
https://doi.org/10.2307/41499536
https://doi.org/10.1287/mnsc.1080.0893
https://doi.org/10.1108/IJPDLM-01-2017-0031?urlappend=%3Futm_source%3Dresearchgate
https://doi.org/10.1108/IJPDLM-01-2017-0031?urlappend=%3Futm_source%3Dresearchgate
https://doi.org/10.1080/00207543.2014.951088


M. Safari et al./ Scientia Iranica (2025) 32(8): 5076 

(A.20) 
2 1 1

3

1

,
4 2

t
E

  


   

(A.21) 0 1

4 ,
2 2

E
E


 

(A.22) 1

5 ,
2

t
E




(A.23)  6 5 1( ) ( )(1 )E E f c t T b t    

Biographies 

Mehdi Safari is currently a PhD candidate under doctor 

Mohammad Fallah supervision at Islamic Azad University-

Central Tehran Branch in Iran. He obtained his MSc in 

management from Alam Tabatabai University in Iran (2007) 

and his BSc in Industrial Engineering from Iran university of 

science and technology, in Iran (2001). His research interests 

include supply chain management, mathematical modeling, 

and Game theory. 

Mohammad Fallah is a Professor of Industrial Engineering 

at Islamic Azad University-Central Tehran Branch in Iran. He 

received his PhD degree at Azad University University-Science 

and Research Branch in Iran. His research interests include 

supply chain management, mathematical modeling, and the use 

of heuristic and meta-heuristic methods in optimizing systems 

design, closed-loop supply chain, strategic management, 

process redesign, business management Project, and Game 

theory. 

Hamed Kazemipour is an Assistant Professor of Industrial 

Engineering at Islamic Azad University-Central Tehran 

Branch in Iran. He received his PhD degree at Azad 

University University-Science and Research Branch in 

Iran. His research interests include Operations research, 

mathematical modeling, and the use of heuristic and meta-

heuristic methods in optimizing systems design, analysis, 

and design of information systems, statistical analysis 

methods, computer simulation, and statistical quality 

control.

13 


