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Abstract 

The importance of remanufacturing used products into new ones has been 

widely recognized both in literature and in practice. In this paper, we address the 

problem of integrating the positive supply chain and the reverse supply chain. First 

we obtain the pricing models of the manufacturer, the retailer and the third party. 

Then the pricing decisions with the maximum profit of the whole Closed-loop Supply 

Chain (CLSC) are discussed. The pricing decisions of the manufacturer, the retailer 

and the third party are analyzed in Game. At the end three assessing CLSC factors are 

presented. 
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1. Introduction 

 

Closed-loop supply chains (CLSC) focus on taking back products from 

customers and recovering added value by reusing the entire product and/or some of 

its modules, components, and parts. Over the past decade, CLSC have gained 

considerable attention in industry and academia. 

CLSC have enormous economic potential. The remanufacturing sector is 

presently larger than the U.S domestic steel industry in terms of sales and 

employment with annual sales in excess of $53 billion ([16]). Large retailers, such as 

Home Depot, can have return rates of 10% of sales, or higher, because of liberal 

return policies. [20] estimates the annual costs of commercial returns are over $100 

billion. Hewlett Packard estimates that returns cost them as much as 2% of total 

outbound sales ([13]). Less than half of the value of product returns is being 

recovered. 

The earliest work [15] treats remanufacturing as a path for developing 

countries to get technical know-how and also tout the energy savings from 

remanufactured goods (compared to production from virgin materials). Then some 

researchers work on improving remanufacturing shop control and coordination ([10]). 

This early research is often sponsored by U.S. military where remanufacturing of 

expensive assets (e.g. aircraft weapons system) is a critical concern.  

The research is quite different in Europe. Reverse-logistics activities come 

through legislation via European Union directives on end-of-life products. 

Researchers logically study subjects such as design for disassembly ([8]), or design of 

minimum-cost recycling networks and reduction of environmental impact ([9]). 

There are two ways to explore CLSC issues. The first uses a classic 

Operations Research activity optimization approach ([7]). It focuses on inventory 

control system ([6]), reverse-logistics networks ([9]), hybrid manufacturing and 

remanufacturing([1]), value of information ([14]), lot sizing for 

remanufacturing([2],[3]), and remanufacturing shop/line design ([19]). The second is 

exploring this area from a business perspective ([12]). 
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There are a growing number of research papers on reverse logistics that use 

game theory to model remanufacturing decisions. [17] examines how third-party 

remanufacturing can induce competitive behavior when the recycled products 

cannibalize the demand for the original product. [5] models the durability choice of 

the remanufacturer when consumers act strategically. For an excellent survey and 

state-of-art techniques, we refer to [4]. Most details about the evolution of closed-

loop supply chain research can be found in [11]. 

[18] makes a contribution to the literature on distribution channel design by 

drawing attention to closed-loop supply chains. In his paper four models, i.e., the 

centrally coordinated system, the manufacturer collecting used products, the retailer 

collecting used products and third party collecting used products, are discussed. But 

the difference between the positive supply chain and the reverse supply chain is not 

pointed out because only one formula is used to describe both the supply function of 

products and the demand of used products. In real world, the supply function of 

products and the demand function of used products are different. 

This paper uses different functions to describe the demand of products and 

supply of used products respectively, discusses two cases in which the manufacturer, 

the retailer and the third party face the same game, and obtains the stable solution. 

But the stable solution is not the optimal solution of the entire CLSC. This paper also 

presents one price-decision formula which could produce different channel structures. 

 

2. Model Assumptions and Notations 

 

This model is based on the simple case that there are only one manufacturer, 

one retailer, one third party take-backer business and customers. The manufacturer 

provides products to the retailer, and the retailer sells products to customers. The 

third party buys customers’ products, and sells them to the manufacturer. The 

manufacturer can remanufacture part or whole of a returned unit into a new product.  

The manufacturer, the retailer and the third party are independent decision-

makers and want to obtain the best profits respectively. The manufacturer makes 

manufacture plan and market prices by the market demand of products, the market 

supply of used products, and the cost of manufacturing products and remanufacturing  
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used products. The retailer and the third party change their price responses according 

to the manufacturer’s decision. 

Before discussing the price-decision and the optimization in CLSC, we 

present our model assumptions and the CLSC model.  

2.1 Assumption  

1) There is symmetric information among the manufacturer, the retailer and the third 

party take-back business.  

2) Product demand function -

r r rQ (P )=kP  , where k>0  and >1 are known parameters, 

and rP  is the retail price, at which the retailer sells to the customer. 

3) Used product supply function 
w W WQ (P )=b P  , where b>0  and >1  are known 

parameters, and wP  is the used product price , at which the third party take-back 

business buys from the customer. 

4) All used products can be repaired and sold in the product market.  

2.2 Parameters 

mC is the marginal cost of the manufacturer manufacturing normal products. 

mW is the marginal cost of the manufacturer remanufacturing used products well. 

nP is the wholesale price, at which the manufacturer sells to the retailer. 

lP is the price, at which the manufacturer buys a used product from the third party 

take-back business. 

rC is the cost of retailer, including inventory cost and transportation cost. 

tC is the cost of the third party take-bake business. 

rP is the retail price, at which the retailer sells to the customer. 

wP is the used product price, at which the third party take-back business buys from the 

customer . 

rQ is the market demand quantity of products at the price rP . 

wQ is the market supply quantity of used products at the price wP . 

Parameters are limited by the following inequations. 

w t l l m m n n r rP + C  <P < P  +W  < C  < P  < P  + C  < P  

w rQ  <Q  

2.3 Profit functions 

The profit function of the manufacturer is 
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m w n l m r w n m=Q (P  - P  - W )+( Q  - Q )( P  - C )    (1) 

The profit function of the retailer is 

r r r n r=Q (P  - P  - C )                                                     (2) 

The profit function of the third party take-back business is 

t w l w t=Q (P - P - C )
     

(3) 

 

3. Price-Decision with/without Exogenous Constraint 

 

3.1 Price decision with Exogenous Constraint 

The total profit of CLSC is the sum of the profit of the manufacturer, the 

profit of the retailer and the profit of the third party. Adding (1), (2) and (3), the total 

profit of the whole CLSC is 

r r m r w m m w t=Q (P -C -C )+Q (C -W -P -C )
  

             (4) 

The exogenous constraint is to maximize the total profit of the whole CLSC.  

With this exogenous constraint, rP and wP  can be obtained as follows. 

r m rP  = (C +C )/( -1)                                         (5) 

w m m tP  = (C -W -C )/( +1)                                    (6) 

Substituting wP
 
and rP into (4), the optimal total profit of CLSC is 
- -1 - +1 - -1 +1

m r m m t=k ( -1) (C +C ) + (1+ ) (C -W -C )         
  

(7) 

Under the exogenous constraint, the manufacturer, the retailer and the third 

party have no choice but to maximize their profits respectively.  

Case 1: the profit of the manufacture is maximized first. 

Since the retail price is given by equation (5), the market demand quantity of 

products can be computed as Qr. Since the used product price is given by equation 

(6), the market supply quantity of used products can be computed as Qw. 

From equation (1), the price decision is made as follows 

r m rP  = (C +C )/( -1)   

w m m tP  = (C -W -C )/( +1)   

Pl= Pw+Ct     (8) 

Pn=Pr-Cr     (9) 

In this case, the manufacturer obtains the maximum profit which is the same 

as the total profit of the whole CLSC.  On the other hand, the profit of the retailer  
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is r r r n r=Q (P  - P  - C ) =0, and the profit of the third party take-back business 

is t w l w t=Q (P - P - C )   = 0.    

Case 2: the profits of the retailer and the third party are maximized first. 

From equation (2) and (3), the price decision is made as follows 

r m rP  = (C +C )/( -1)   

w m m tP  = (C -W -C )/( +1)   

Pn=Cm     (10) 

Pl=Cm-Wm     (11) 

The profit of the manufacturer is m w n l m r w n m=Q (P  - P  - W )+( Q  - Q )( P  - C )  =0.     

The profit of the retailer is 

r r r n r=Q (P  - P  - C )  = kα
-α

(α-1)
α-1

(Cm+Cr)
 –α+1

 

The profit of the third party take-back business is 

t w l w t=Q (P - P - C )  = bβ
β 

(β+1)
 -β-1

(Cm-Wm-Ct)
 β+1

 

3.2 Price decision without Exogenous Constraint 

The manufacturer achieves its own benefit maximization only when it 

considers the retailer and the third party take-back business response to its decision-

making separately. So rP and wP  can be obtained by maximizing the profit functions 

of the retailer and the third party take-back business. The price decision is made as 

follows 

2 2

r m rP  = (C + C )/( -1)  
    

(12)
 

2 2

w m m t P  =  (C - W -C )/( +1)  
   

(13)
 

n m rP  =( C + C )/( -1) 
    

(14) 

l m m tP =( (C - W )+C )/( +1) 
    

(15) 

The optimal profit of the manufacturer is
 

-2 2 -1 - +1 2 -2 -1 +1

m m r m m t=k ( -1) (C + C ) +b ( +1) (C - W -C )            
(16) 

The optimal profit of the retailer is 

-2 +1 2 -2 - +1

r m r=k ( -1) (C + C )    
    

(17) 

The optimal profit of the third party take-back business is 

2 +1 -2 -2 +1

t m m t=b ( +1) (C - W -C )    
    

(18)
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3.3 The Common features between them 

From equations (5) and (12), it can be obtained that both retailer price with 

exogenous constraint and the one without exogenous constraint increase linearly with 

mC
 
and rC . The cost of the manufacturer manufacturing normal products should be 

considered before the retailer would make price decision. The more the cost was, the 

more rP would be. The cost of the retailer should be considered before the 

manufacturer would make price decision. The more the cost was, the more rP  would 

be. 

There are common features of the wholesale price with mC and rC except that 

the wholesale price is only related to mC  but has nothing to do with rC when the 

profit of the retailer is maximized first with exogenous constraint.  

From equations (6) and (13), it can be obtained that both used product price 

with exogenous constraint and the one without exogenous constraint decrease linearly 

with Wm and Ct, but increase linearly with mC . The cost of the manufacturer 

manufacturing normal products should be considered before the third party take-back 

business would make price decision. The more the cost was, the more wP  would be. 

The cost of the manufacturer remanufacturing used products should be considered 

before the third party take-back business would make price decision. The more the 

cost was, the less wP  would be. The cost of the third party take-back business should 

be considered before the third party take-back business would make price decision. 

The more the cost was, the less wP  would be. 

There are common features of lP  with Wm, mC and Ct except in case that the 

profit of the manufacturer is maximized first with exogenous constraint.  

3.3 The Different features between them 

Comparing equation (5) to (12), we can conclude that the retailer price with 

exogenous constraint is smaller than the one without exogenous constraint. In other 

words, customers can spend less money on one product and buy more products with 

the same money. 

 Comparing equation (6) to (13), we can conclude that the used product price 

with exogenous constraint is more than that one without exogenous constraint. In 

other words, customers can get more money by selling the used product and would 

like to sell it. 
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By adding equations (16), (17) and (18) and comparing the sum with equation 

(7), we can obtain the conclusion that the profit with exogenous constraint is more 

than that one without exogenous constraint. In other words, the manufacturer, the 

retailer and the third part take-back business could get more profit by maximizing the 

total profit of the whole CLSC. 

The profit of the positive supply chain can be written as follows. 

πp=Qr(Pr-Cm-Cr)     (19) 

The profit of the reverse supply chain can be written as follows. 

πn=Qw(Cm-Pw - Ct - Wm)     (20) 

From equation (19), the first order derivative of πp with Cm can be obtained as follows. 

əπp/ əCm =- Qr<0                                                            (21) 

As shown in equation (21), the first order derivative of πp with Cm is negative. 

The profit of the positive supply chain would increase if the cost of manufacturing 

normal product decreases. In other words, mC  should be reduced to optimize the 

positive supply chain. 

 From equation (20), the first order derivative of πn with Cm can be obtained as 

follows. 

əπn/ əCm = Qw>0                                                         (22) 

As shown in equation (22), the first order derivative of πn with Cm is positive. 

The profit of the reverse supply chain would increase if the cost of manufacturing 

normal product increases. In other words, mC  should be reduced to optimize the 

reverse supply chain. 

Comparing equation (21) with (22), it is not clear how to change the cost of 

manufacturing normal product to optimize the whole CSLC. 

From equation (4), the first order derivative of  with Cm can be obtained as 

follows. 

m w r/ C =Q -Q <0                                                        (23) 

As shown in equation (23), the first order derivative of with Cm is negative. 

The total profit of the whole CLSC would increase if the cost of manufacturing 

normal product decreases. In other words, mC  should be reduced to optimize the 

whole CSLC. 
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4. The Appropriate Channel Structure 

 

Through the above study, we could obtain the same conclusion as most papers, 

such as [18]. That is, there should be one role in the positive supply chain which is 

the manufacturer for the whole CLSC to be optimized and there should be one role in 

the reverse supply chain which is the manufacturer for the whole CLSC to be 

optimized and for the return rate of used products to be maximized.   

This conclusion would fit luxury goods. Since α is very large, α/(α-1) would 

be larger than 1 but have a definite value and then т2 is the definite maximum of  the 

four cases. The luxury goods being taken back by the third party would have less 

return rate of used products from the customers than the ones being taken back by the 

manufacturer itself. In real world, these luxury goods are taken back by the 

manufacturer itself. 

However, if the products are necessaries, α is very small, and α/(α-1) would 

be very large. There is no definite maximum of the four cases. In real world, the 

products such as bottles, cans and other necessaries are taken back by the third party. 

This section will discuss the appropriate channel structure for CLSC with 

many manufacturers, one retailer, one third party take-backer business and customers. 

4.1Model  

As we mentioned in Section 2, the model is based on the simple case that 

there are only one manufacturer, one retailer, one third party take-backer business and 

customers.  In this section, we would put many manufacturers in the model. Many 

manufacturers provide products to the one retailer, and the retailer sells products to 

customers. The third party buys customers’ products, and sells them to the 

manufacturers. The manufacturers can remanufacture part or whole of a returned unit 

into a new product.  

We suppose that there is a complete competitive equilibrium among the 

manufacturers. In other words, manufacturers cannot get the super profit by selling 

the products to the retailer or taking back the used products from the third party 

take-back business. 
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If the manufacturer q sells the products to the customers directly, there would 

be an adding cost of the manufacturer, Cq, which includes inventory cost and 

transportation cost. This cost, Cq1, can be written as follows. 

Cq1=K1-ɑ1Qq1                                          (23) 

Where K1 and ɑ1 are constant positive coefficients and Qq1 is the quantity of 

products that the manufacturer q sells to customers directly.  

If the manufacturer q takes back the used products from the customers directly, 

there would be an adding cost of the manufacturer, Cq2, which includes inventory 

cost and transportation cost. This cost, Cq2, can be written as follows. 

Cq2=K2-ɑ2Qq2                                                  (24) 

Where K2 and ɑ2 are constant coefficients and Qq2 is the quantity of used 

products that the manufacturer q takes back from the customers directly. 

4.2The Appropriate Channel Structure for Selling Products to Customers 

As we mentioned in Section 3.1, the wholesale price is only ranged between 

Cm and Pr-Cr. If the wholesale price is smaller than Cm, the manufacturer would stop 

manufacturing the products and then the retailer would have no products to sell. On 

the other hand, if the wholesale price is more than Pr-Cr, there would not be any 

retailer which could buy products from the manufacturer. If there is only one 

manufacturer q in the chain, Cr is equal to Cq1. Manufacturer q would sell the 

products to customers directly. If there are many manufacturers in the chain, Cr is 

less than Cq1. Manufacturer q would reduce wholesale price to Pr-Cr to obtain more 

profits. 

When there are many manufacturers in the chain, equation (9) should be 

written as follows. 

Pn=Pr-Cq1 

Since Qq1 is much smaller than Qr, the approximate value of Cq1 is K1. 

Equation (9) could be rewritten as follows. 

Pn=Pr-K1                                                                                  (25) 

When the wholesale price of the manufacturer is more than Pr-K1, there would 

be some new manufacturers joining the chain which sell the products to the retailer 

until the wholesale price of the manufacturer is equal to Pr-K1. On the other hand, 

when the wholesale price of manufacturer q is less than Pr-K1, manufacturer q  
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could sell the products to the customers so that the wholesale price of manufacturer 

q is equal to Pr-K1. 

4.3The Appropriate Channel Structure for Collection of Used Products from Customers 

As we mentioned in Section 3.1, the used product price is only ranged 

between Pw+Ct and Cm-Wm. If the used product price is more than Cm-Wm, the 

manufacturer would stop remanufacturing the used products. On the other hand, if 

the used product price is smaller than Pw+Ct, there would not be any third party take-

back business which could buy the used products from the customers.  

When there are many manufacturers in the chain, equation (8) should be 

written as follows. 

Pl= Pw+Cq2 

Since Qq2 is much smaller than Qr, the approximate value of Cq2 is K2. 

Equation (9) could be rewritten as follows. 

Pl=Pw+K2     (26) 

When the used product price of the manufacturer is smaller than Pw+K2, there 

would be some new manufacturers joining the chain which buy the used products 

from the third party take-back business until the used product price of the 

manufacturer is equal to Pw+K2. On the other hand, when the used product price of 

manufacturer q is less than Pw+K2, manufacturer q could buy the used products from 

the customers so that the used product price of manufacturer q is equal to Pw+K2. 

4.4Price-decision and the Appropriate Channel Structure 

When there are many manufacturers, one retailer, one third party take-backer 

business and customers, the price-decision is made as follows. 

r m rP  = (C +C )/( -1)   

w m m tP  = (C -W -C )/( +1)   

Pl= Pw+K2 

Pn=Pr-K1 

The profit of the manufacturer is 

πm=π–k(K1-Cr)ɑ
-ɑ

(ɑ-1)
ɑ
(Cm+Cr)

-ɑ
-b(K2-Ct)ß

ß
 (1+ß)

-ß
(Cm- Wm -Ct)

ß
 

where π is defined in equation (7). 

The profit of the retailer is 

r r r n r=Q (P  - P  - C )  =k(K1-Cr)ɑ
-ɑ

(ɑ-1)
ɑ
(Cm+Cr)

-ɑ
 

The profit of the third party take-back business is 
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t w l w t=Q (P - P - C )  = b(K2-Ct)ß
ß
 (1+ß)

-ß
(Cm- Wm -Ct)

ß
 

When the adding cost of the manufacturer, Cq1, is more than the cost of the 

retailer, Cr, there would be at least one manufacturer and one retailer in the positive 

chain.  

When the adding cost of the manufacturer, Cq2, is more than the cost of the 

third party take-back business, Ct, there would be at least one manufacturer and one 

third party take-back business in the reverse chain. 

4.5 The Appropriate Channel Structure 

When the adding cost of the manufacturer, Cq1, is not more than the cost of 

the retailer, Cr, there would be only manufacturers in the positive chain. When the 

adding cost of the manufacturer, Cq1, is more than the cost of the retailer, Cr, there 

would be at least one manufacturer and one retailer in the positive chain. 

As we know, when new products are produced, the adding cost of the 

manufacturer, Cq1, is not more than the cost of the retailer, Cr, so the manufacturer 

would sell the products to the customers directly. For the huge profit, there will be 

more and more manufacturers producing the products. When the adding cost of the 

manufacturer, Cq1, is more than the cost of the retailer, Cr, there would be at least one 

manufacturer and one retailer in the positive chain. In real world, for example, when 

the personal computer was first sold in the market, there were only one manufacturer 

and very few users. The adding cost of the manufacturer, Cq1, is not more than the 

cost of the retailer, Cr, so there would be only manufacturers and no retailer in the 

positive chain. And then there were two or more manufacturers producing computers, 

and more and more users buying them, so the adding cost of the manufacturer, Cq1, is 

more than the cost of the retailer, Cr, and there would be at least one manufacturer 

and one retailer in the positive chain. For example, DELL Computer Corp. sells 

computers to the customers directly, because they know that the adding cost of the 

manufacturer, Cq1, is not more than the cost of the retailer, Cr, while most computer 

companies sell the computers to the retailers because they think that the adding cost 

of the manufacturer, Cq1, is more than the cost of the retailer, Cr, due to the scale of 

economy. 

When the adding cost of the manufacturer Cq2 is not more than the cost of the 

third party take-back business Ct there would be only manufacturers in the reverse 

chain. When the adding cost of the manufacturer, Cq2, is more than the cost of the  
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third party take-back business, Ct, there would be at least one manufacturer and one 

third party take-back business in the reverse chain. In real world, for example, if the 

products are necessities and competing goods, such as beer, the adding cost of the 

manufacturer, Cq2, is more than the cost of the third party take-back business, Ct, and 

the used products are taken back by the third party. On the other hand, if the products 

are luxury goods or monopoly goods, such as piped water, the adding cost of the 

manufacturer, Cq2, is not more than the cost of the third party take-back business, Ct, 

the used products are taken back by the manufacturer itself. 

 

5. The Assessing CLSC Factors 

 

There are three assessing CLSC factors. The first factor is the profit which is 

the intrinsic incentive value of each role in the chain. For example, the manufacturer 

wants to obtain its maximum profit, while the retailer and the third party take-back 

business want to get their own maximum profits respectively. The second factor is the 

customer utility which can be denoted as the selling product quantity. When there 

were more and more products to be sold, there would be more and more customers 

using the products. The third factor is the return rate of used products which is 

denoted as the fraction of current generation products remanufactured from returned 

units. When there are more and more used products to be taken back, there would be 

better and better environment for people to live with. 

These three assessing CLSC factors are inconsistent. As mentioned in Section 

3, without the exogenous constraint, the retailer price would be high, and the selling 

product quantity would be small. In other words, customers would spend more money 

on one product and be not able to buy more products with the same money. Without 

the exogenous constraint, the used product price is small. In other words, customers 

can get less money by selling the used products. The manufacturer, the retailer and 

the third party take-back business all obtain their maximum profits respectively. 

As for the profit, the profit with exogenous constraint is more than the one 

without exogenous constraint. In other words, the manufacturer, the retailer and the 

third part take-back business could get more profit by maximizing the total profit of 

the whole CLSC. 
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We should use these three factors to assess CLSC. CLSC could not be 

assessed by any one of these three factors completely. For example, if we just use the 

return rate of used products, which is studied in [18], to assess CLSC, CLSC will not 

be assessed completely and the right appropriate channel structure could not be given. 

As we discussed in Section 3, the return rate of used product is maximized in the case 

that there should be one role in the positive supply chain which is the manufacturer 

and one role in the reverse supply chain which is the manufacturer. But when there 

are many manufacturers, the appropriate channel structure is that there should be two 

roles in the positive supply chain which are the manufacturers and the retailer and 

two roles in the reverse supply chain which are the manufacturers and the third party 

take-back business. 

In fact, by equation (22), the return rate of used product is increasing when the 

quantity of selling products decreases.  

As we know, there are many manufacturers and retailers in Personal 

Computer market. Before DELL Corporation sold the products to the customers 

directly, each manufacturer sold the products to the retailer and the retailer sold them 

to the customers. The manufacturer could not reduce the product price when it 

obtained its local optimal profit value such as price-decision without exogenous 

constraint. DELL Corporation knows that it could get the extra profit when it reduced 

the PC’s price, while most PC manufacturers did not understand it due to the scale of 

economy. So DELL Corporation sold the products to the customers directly with 

lower price than other products in the market and then became one of the top 

manufacturers in PC market. 

 

6. Conclusions 

 

There are many manufacturers, many retailers and many third party take-

backer businesses in the CLSC. We can divide them into many sub-CLSCs where 

there are many manufacturers, one retailer and one third party take-backer business 

and thus the conclusion of this paper can be applied in all kinds of CLSC. By 

comparing price decision with exogenous constraint and without exogenous 

constraint, the advantage of CLSC is obtained that is the retail price is low, the price 

of used product is high and the total profit of the whole CLSC is large.  
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By maximizing the return rate of used products, this paper drives the same 

result as [18], which is that there are two roles in positive supply chain which are one 

manufacturer and one retailer, while there is only one role in reverse supply chain 

which is the manufacturer. By maximizing the whole CLSC’s profit, we provide the 

answer that the cost of manufacturing normal products should be reduced to 

maximize the total CLSC’s profit. If we had not analyzed the whole CLSC, the 

conclusion would not be obtained. If we consider the positive supply chain, the cost 

of manufacturing normal products should be reduced. But if we consider the reverse 

supply chain, the cost of manufacturing normal products should be raised so that 

more profits would be obtained. 

The most important contribution of this paper is that we give the following 

price-decision  

r m rP  = (C +C )/( -1)   

w m m tP  = (C -W -C )/( +1)   

Pl= Pw+K2 

Pn=Pr-K1 

When the adding cost of the manufacturer, K1, is not more than the cost of the 

retailer, Cr, there would be only manufacturers in the positive chain. When the adding 

cost of the manufacturer, K1, is more than the cost of the retailer, Cr, there would be 

at least one manufacturer and one retailer in the positive chain. 

When the adding cost of the manufacturer K2 is not more than the cost of the 

third party take-back business Ct there would be only manufacturers in the reverse 

chain. When the adding cost of the manufacturer, K2, is more than the cost of the 

third party take-back business, Ct, there would be at least one manufacturer and one 

third party take-back business in the reverse chain. 

At the end three assessing CLSC factors are presented to assess the CLSC. 

The first factor is the profit which is the intrinsic incentive value of each role in the 

chain. The second factor is the customer utility which can be noted as the selling 

product quantity. The third factor is the return rate of used products which is denoted 

as the fraction of current generation products remanufactured from returned units.  

 

 

 



4030                                                                                 Yang Tan and Yongke Yuan 

 

 

References 

 

[1] N. V. Aras, T.Verter and Boyaci, Coordination and priority decisions in hybrid 

manufacturing/remanufacturing systems, Production Operations Management, 15 

(2006), 528-543. 

[2] A. S.Atasu and Cetinkaya, Lot sizing for optimal collection and use of 

remanufacturable returns over a finite life cycle, Production Operations Management, 

15 (2006), 473-487. 

[3] J. D. Beltran and Krass, Dynamic lot sizing with returning items and disposals, 

IIE Transactions, 34 (2002), 437-448. 

[4] G. Cachon and S. Netessine, Game theory in supply chain analysis, Supply Chain 

Analysis in the eBusiness Era, Kluwer, 2004. 

[5] L. B.Debo, L. N.Toktay and Van Wassenhove, Market segmentation and product 

technology selection for remanufacturable products, France, 2002. 

[6] G.DeCroix, Optimal policy for a multiechelon inventory system with 

remanufacturing, Operations Research, 54 (2006), 523-543. 

[7] R.,M. Dekker, K.Fleischmann, and L.N. Inderfurth, Reverse Logistics: 

quantitative models for closed-loop supply chains, Berlin, 2004. 

[8] De Ron and A. K. Penev, Diassembly and recycling of electronic consumer 

products: an overview, Technovation, 15(1995), 363-374. 

[9] M., P. Fleischmann, J.Beullens, L. N.Bloemhof-Ruwaard,and Van Wassenhove, 

The impact of product recovery on logistics network design, Production Operations 

Management, 10 (2001),156-173. 

[10] V. D. Guide and R. Srivastava, Inventory buffers in recoverable manufacturing, 

Journal of Operations Management, 16 (1998), 551-568. 

[11] V. D. Guide and Van Wassenhove,The evolution of closed-loop supply chain 

research, Operations Research, 57 (2009), 10-18. 

[12] V. D. Guide and Van wassenhove, Special section on closed-loop supply chain, 

Interfaces, 33(2003), 1-2. 

[13] V. D. Guide and Van wassenhove,Feature issue on closed-loop supply chains, 

Production Operations Management, 15 (2006), 3-4. 

 



Optimal pricing decision                                                                                         4031 

 

 

[14] M. E.Ketzenberg, Van der Laan, and R. H. Tenunter, Value of information in 

closed-loop supply chains, Production Operations Management, 15 (2006), 393-406. 

[15] R.T. Lund, Remanufacturing industry: the experience of the United States and 

implications for developing countries, Washington, D.C., 1984. 

[16] R.T. Lund, The remanufacturing industry: hidden giant, Boston, 1996. 

[17] P. H.Majumder, and Groenevelt, Competition in remanufacturing, Production 

Operations Management, 10 (2001), 125-141. 

[18] R.C. Savaskan, S. Bhattacharya and Van Wassenhove, Closed-loop supply chain 

models with product remanufacturing, Management Science, 50 (2004), 239–252. 

[19] G. M. Souza and V. D. Guide, Capacitated remanufacturing with service level 

constraints, Production Operations Management, 11 (2002), 231-248. 

[20] J. T.Stocket, Speh and H.Shear, Many happy(product) returns”, Harvard 

Business, 80 (2002), 16-17. 

 

 

Received: September, 2011 

 


