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Abstract 

Remanufacturing product sales of the difficulties faced on the closed-loop supply chain 
and old product recycling and difficult problems, improve the efficiency of the operation 
of closed-loop supply chain, this paper studies using Stackelberg game method, and 
considering the retailer for remanufacturing product marketing efforts and recyclers of 
recycling of waste products and coordinate efforts of closed-loop supply chain pricing 
contract. The results show that only the retail price of remanufactured products is 
affected by the level of marketing effort and the repurchase price of used products is 
affected by the level of recycling effort. The sensitivity of marketing effort level has a 
inhibiting effect on the demand for new products, while the cost coefficient has a 
promoting effect on the demand for new products, and the effect on the remanufactured 
products is just the opposite. Pareto improvement of the whole supply chain can be 
achieved by using revenue sharing and cost sharing contracts. 
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1. Introduction 

With the development of science and technology, a variety of products have entered people's 
lives, making people's demands constantly changing, which also promotes the life cycle of 
products to become shorter, and the increase of waste products. For the excessive consumption 
of resources and the deterioration of the environment, the remanufacturing of waste products 
is also a concern of many scholars. Although China from 2009-2015, remanufacturing 
production rose from 1 billion to 50 billion, but the remanufacturing industry output value is 
still low, and the world in 2019 produced a record 53.6 million tons of electronic waste, only 
17.4% of electronic waste is collected and recycled, for now, remanufacturing enterprises still 
face difficult recycling and remanufacturing product sales problems, so, In the closed-loop 
supply chain, it becomes realistic to consider the retailers' marketing efforts for 
remanufactured products in order to improve consumers' acceptance of remanufactured 
products and the recyclers' recycling efforts in order to increase the recycling amount of waste 
products. In this case, the pricing and coordination of the closed-loop supply chain is of great 
significance. 

At present, there are many researches on the pricing of closed-loop supply chain, and the 
pricing problem has shifted from the homogeneity of new products and remanufactured 
products to the heterogeneity of products. It mainly focuses on two-stage pricing of two-
product cycle, dual-channel supply chain pricing, supply chain pricing of consumer market 
segmentation and supply chain coordination contract. For example, Du et al. studied the pricing 
strategy of supply chain product differentiation from the perspective of trade-in for new in the 
two-product cycle. Ma et al. analyzed the impact of customer strategic behavior on pricing 
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decisions of differentiated products during the two-stage selling period. Take dual-channel 
supply chain pricing as an example, Gan et al. studied dual-channel closed-loop supply chain 
pricing and coordinated decision-making considering consumers' price preferences for new 
products and remanufactured products. Wang et al. studied the impact of green investment and 
green sales on supply chain pricing through dual-channel sales of green products and non-
green products. For example, in the supply chain pricing of consumer market segmentation, the 
advanced people subdivide the market based on the preference degree of consumers for 
remanufactured products and second-hand goods, and study the influence of the change of 
preference degree of consumers for remanufactured products and second-hand goods on the 
closed-loop supply chain. Based on the heterogeneity of consumers' preferences for 
complementary products, Zhang et al. segmented the complementary consumption market and 
studied the pricing equilibrium of the supply chain. Based on the Hotelling model, Huang et al. 
studied the influence of consumer preferences on the pricing strategy of new and used products 
and the benefits of the supply chain in the closed-loop supply chain. For example, supply chain 
coordination contract, Guo et al. studied the pricing and coordination mechanism of closed-loop 
supply chain when consumers have different preferences for new products and 
remanufactured products, and made supply chain coordination through revenue sharing 
contract. Cheng et al. discussed the influence of unit remanufacturing product subsidy, subsidy 
weight and consumers' green preference on product pricing of closed-loop supply chain and 
the coordination mechanism. Based on the above the supply chain in the heterogeneous 
product pricing does not take into account the retailer for remanufacturing product marketing 
efforts and recyclers efforts for the waste products, with the promotion of marketing model for 
retailers, product market to expand, recyclers are adopting a variety of ways to strengthen the 
recovery of ascension, as a result, in the process of supply chain pricing, marketing and 
recycling efforts are also a factor that cannot be ignored. 

There are also many studies on the supply chain pricing considering the effort level. For 
example, Ma et al. studied the closed-loop supply chain pricing considering the marketing effort 
level and equity preference from different recycling methods. Hou et al. studied the impact of 
recovery of publicity input on pricing decision and profit of reverse supply chain in the case of 
cooperation between Internet platform and disintegrator. Literature [12.13] discusses the 
impact of marketing effort level on supply chain pricing in a dual-channel closed-loop supply 
chain. Yang et al. considered the impact of retail marketing service levels on sustainable 
economic development. Chen studied the impact of product price and cooperative advertising 
mechanism on dual-channel supply chain competition. Pu et al. studied the influence of free-
rider effect on the level of marketing effort in a dual-channel supply chain composed of a 
manufacturer and a retailer, and made a coordination contract to balance the supply chain. To 
sum up, the research on supply chain in the process of pricing, did not consider marketing and 
recycling efforts at the same time, also not considering the situation of product heterogeneity, 
based on the closed-loop supply chain facing remanufacturing product sales difficulties and 
discarded products difficult situation, in this paper, considering the efforts for the waste 
product recycling and remanufacturing product marketing efforts, the research of closed-loop 
supply chain pricing and coordination problems.. 

2. Model description 

Assume a single manufacturer and single retailer and a single recycler of closed-loop supply 
chain system, considering the product of heterogeneous situation (new products and 
remanufacturing product), when retailers for remanufacturing product adopts marketing 
efforts and recyclers in recycling of waste products recycling efforts, pricing strategy and 
coordination strategy of closed-loop supply chain research. In the forward supply chain, the 
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manufacturer wholesales the new products and the remanufactured products to the retailer at 
the wholesale price respectively, and the retailer sells the products to the customer at the retail 
price respectively. In the sales process, the manufacturer takes certain marketing efforts to 
increase the sales volume of the remanufactured products. In the reverse supply chain, by a 
third party collector is responsible for recycling of waste products, recyclers will take the price 
from the scrap market to buy back at the same time in the process of recycling the waste 
products will pay a recycling efforts, the manufacturer will be the unit price To recycle the 
waste products from recyclers remanufacturing, related parameter symbols shown in the 
following table. 

 

Table 1 Description of relevant parameters and variables 
symbol meaning 

𝜃1 Consumer preference for new products 
𝜃2 Consumer preference for remanufactured products 
𝑐1 Unit production cost of a new product 
𝑐2 The cost per unit of production of a remanufactured product 
𝛥 Remanufacturing products can save on raw materials compared to new products 
𝛾 The sensitivity of consumers to marketing efforts, ranges from (0 < 𝛾 < 1) 
𝜂 Cost coefficient of marketing effort level, Value range is (𝜂 > 0) 
𝛼 Sensitivity coefficient of recovery effort level, Value range is (𝛼 > 0) 
𝛿 Cost coefficient of recovery effort level, Value range is (𝛿 > 0) 
𝑎 Market basis of waste products, Value range is (𝑎 > 0) 
𝑏 Recovery price sensitive coefficient, Value range is (𝑏 > 0) 

∏  

𝑗

𝑛

 
The profit of 𝑛 in the model 𝑗, 𝑗take 𝐷, 𝐶, 𝜆, 𝑛 take 𝑀,𝑅, 3𝑃, 𝑆𝐶; 𝑆𝐶represents the 

whole supply chain 
decision 
variable 

 

𝑤1 Wholesale price per unit of new product 
𝑤2 Wholesale prices per unit of remanufactured products 
𝑝1 The retail price per unit of new product 
𝑝2 The retail price of a unit of remanufactured product 
𝑝𝑐  Repurchase price of waste products 
𝐴 Recycling price of unit waste products 
𝑒 Retailer's level of marketing effort for remanufactured products 
𝐼 The level of recyclers' efforts to recycle waste products 

 

Based on the above closed-loop supply chain situation, the following assumptions are made: 

Hypothesis 1: Products are heterogeneous, and consumers have different preferences for 
products. The preference of consumers for new products is greater than for remanufactured 
products, meaning 1 2  , and all the activities take place within a product cycle. 

Hypothesis 2: The willingness of consumers to pay for new products is v . And obeys the uniform 
distribution on [0,1]. The utility of consumers to choose a new product is 𝑢1 = 𝜃1𝑣 − 𝑝1, The 
utility of choosing a remanufactured product is 𝑢2 = 𝜃2𝑣 − 𝑝2 + 𝛾𝑒. When 𝑢1 > 𝑢2, Consumers 
will choose new products, when 𝑢1 < 𝑢2, Consumers will choose to remanufacture products. 

Hypothesis 3: The product market capacity is 1, According to the utility function of consumers 
to products and the interval of consumers' selection of products, the demand function of new 

products and remanufactured products can be obtained as 𝑞1 = ∫ 𝑑𝑣
1
𝑝1−𝑝2+𝛾𝑒

𝜃1−𝜃2

= 1 −
𝑝1−𝑝2+𝛾𝑒

𝜃1−𝜃2
, 

𝑞2 = ∫ 𝑑𝑣

𝑝1−𝑝2+𝛾𝑒

𝜃1−𝜃2
𝑝2−𝛾𝑒

𝜃2

=
𝑝1−𝑝2+𝛾𝑒

𝜃1−𝜃2
−

𝑝2−𝛾𝑒

𝜃2
. 
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Hypothesis 4: Based on the linear relationship between the amount of recycling and the 
repurchase price, and considering the level of recycling effort, the recycling function can be 
influenced by both the repurchase price and the level of recycling effort, so the recycling 
function can be written 𝑞𝑐 = 𝑎 + 𝑏𝑝𝑐 + 𝛼𝐼. 

3. Construction and analysis of decentralized model 

3.1. Decentralized model construction 

A Stackelberg game is played between manufacturers, retailers and third-party recyclers. 
Manufacturers as a leader of game, retailers and third-party recycler as a follower, 
manufacturers preferred decision of new products, remanufacturing product wholesale price 
and the optimal recycling waste products price, then the retailer decided to new products and 
the optimal retail price and the remanufacturing product manufacturing products optimal 
marketing efforts, and recyclers to make the optimal offer price for old products and the most 
optimal level of recovery efforts. Each subject makes the optimal decision with profit 
maximization as the goal. Its model is as follows: 

𝑚𝑎𝑥
𝑤1,𝑤2,𝐴

∏ =𝐷
𝑀 (𝑤1 − 𝑐1)𝑞1 + (𝑤2 − 𝑐2)𝑞2 + (Δ − 𝐴)𝑞𝑐                                     (1) 

.s t 𝑚𝑎𝑥
𝑝1,𝑝2,𝑒

∏ = (𝑝1 − 𝑤1)𝑞1 + (𝑝2 − 𝑤2)𝑞2 −
𝜂

2
𝑒2𝐷

𝑅                                          (2) 

𝑚𝑎𝑥
𝑝𝑐,𝐼

∏ =𝐷
3𝑃 (𝐴 − 𝑝𝑐)𝑞𝑐 −

𝛿

2
𝐼2                                                           (3) 

Through solving, the optimal wholesale price, optimal retail price and optimal marketing and 
recycling effort level can be obtained as follows: 

𝑤1
∗𝐷 =

𝜃1+𝑐1

2
, 𝑤2

∗𝐷 =
𝜃2+𝑐2

2
, 𝐴∗𝐷 =

𝑏Δ−𝑎

2𝑏
 

𝑝1
∗𝐷 =

3𝜃1+𝑐1

4
, 𝑝2

∗𝐷 =
3𝜃2+𝑐2

4
+

𝛾2(𝜃2𝑐1−𝜃1𝑐2)

4(2𝜃2𝜂(𝜃1−𝜃2)−𝜃1𝛾2)
, 𝑒∗𝐷 =

𝛾(𝜃2𝑐1−𝜃1𝑐2)

2(2𝜃2𝜂(𝜃1−𝜃2)−𝜃1𝛾2)
, 

𝑝𝑐
∗𝐷 =

Δ𝑏2𝛿−3𝛿𝑏𝑎−𝛼2𝑏Δ+𝑎𝛼2

2𝑏(2𝑏𝛿−𝛼2)
, 𝐼∗𝐷 =

𝛼𝑎+𝛼Δ𝑏

2(2𝑏𝛿−𝛼2)
. 

Substituting the optimal solution into the function of demand and recycling quantity, the 
demand of new products, remanufactured products and recycling quantity of waste products 
can be obtained as follows: 

𝑞1
∗𝐷 =

𝜃1 − 𝜃2 − 𝑐1 + 𝑐2

4(𝜃1 − 𝜃2)
−

𝛾2(𝜃2𝑐1 − 𝜃1𝑐2)

4(𝜃1 − 𝜃2)(2𝜃2𝜂(𝜃1 − 𝜃2) − 𝜃1𝛾2)
 

𝑞2
∗𝐷 =

𝜃2𝑐1 − 𝜃1𝑐2

4(𝜃1 − 𝜃2)𝜃2
+

𝛾2𝜃1(𝜃2𝑐1 − 𝜃1𝑐2)

4(𝜃1 − 𝜃2)𝜃2(2𝜃2𝜂(𝜃1 − 𝜃2) − 𝜃1𝛾2)
 

𝑞𝑐
∗𝐷 =

𝛿𝑏2Δ + 𝛿𝑏𝑎

2(2𝑏𝛿 − 𝛼2)
 

Substituting the optimal solution into the profit function, the optimal profits of manufacturers, 
retailers and recyclers can be obtained as follows: 

∏ =

𝐷

𝑀

(
𝜃1 − 𝑐1

2
) (

𝜃1 − 𝜃2 − 𝑐1 + 𝑐2

4(𝜃1 − 𝜃2)
−

𝛾2(𝜃2𝑐1 − 𝜃1𝑐2)

4(𝜃1 − 𝜃2)(2𝜃2𝜂(𝜃1 − 𝜃2) − 𝜃1𝛾
2)

) 

+(
𝜃2 − 𝑐2

2
)(

𝜃2𝑐1 − 𝜃1𝑐2

4(𝜃1 − 𝜃2)𝜃2

+
𝛾2𝜃1(𝜃2𝑐1 − 𝜃1𝑐2)

4(𝜃1 − 𝜃2)𝜃2(2𝜃2𝜂(𝜃1 − 𝜃2) − 𝜃1𝛾
2)

) +
𝛿(𝑏Δ + 𝑎)2

4(2𝑏𝛿 − 𝛼2)
 

∏ =

𝐷

𝑅

(
𝜃1 − 𝑐1

4
) (

𝜃1 − 𝜃2 − 𝑐1 + 𝑐2

4(𝜃1 − 𝜃2)
−

𝛾2(𝜃2𝑐1 − 𝜃1𝑐2)

4(𝜃1 − 𝜃2)(2𝜃2𝜂(𝜃1 − 𝜃2) − 𝜃1𝛾
2)

) 

+(
𝜃2 − 𝑐2

4
)(

𝜃2𝑐1 − 𝜃1𝑐2

4(𝜃1 − 𝜃2)𝜃2

+
𝛾2𝜃1(𝜃2𝑐1 − 𝜃1𝑐2)

4(𝜃1 − 𝜃2)𝜃2(2𝜃2𝜂(𝜃1 − 𝜃2) − 𝜃1𝛾
2)

) 

∏ =

𝐷

3𝑃

𝛿(𝑏Δ + 𝑎)2

8(2𝑏𝛿 − 𝛼2)
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Proof: Using reverse induction method, the Heisey matrix of the retailer's optimal profit 

function ∏  𝐷
𝑅 is 𝐻 =

[
 
 
 
 

−2

𝜃1−𝜃2

2

𝜃1−𝜃2

−𝛾

𝜃1−𝜃2

2

𝜃1−𝜃2

−2𝜃1

𝜃2(𝜃1−𝜃2)

𝜃1𝛾

𝜃2(𝜃1−𝜃2)

−𝛾

𝜃1−𝜃2

𝜃1𝛾

𝜃2(𝜃1−𝜃2)
−𝜂 ]

 
 
 
 

, available |𝐻1| =
−2

𝜃1−𝜃2
< 0, |𝐻2| =

4

𝜃2(𝜃1−𝜃2)
>

0, |𝐻3| =
−2(2𝜃2(𝜃1−𝜃2)𝜂−𝜃1𝛾2)

𝜃2
2(𝜃1−𝜃2)2

< 0. So ∏  𝐷
𝑅 is a concave function of 𝑝1, 𝑝2, 𝑒, and it has a maximum. 

Make 
∂∏  𝐷

𝑅

∂𝑝1
= 0,

∂ ∏  𝐷
𝑅

∂𝑝2
= 0,

∂∏  𝐷
𝑅

∂𝑒
= 0 , So we get 𝑒(𝑤1, 𝑤2) =

𝛾(𝜃2𝑤1−𝜃1𝑤2)

2𝜃2(𝜃1−𝜃2)𝜂−𝜃1𝛾2 , 𝑝1(𝑤1) =
𝑤1+𝜃1

2
, 

𝑝2(𝑤1, 𝑤2) =
𝑤2+𝜃2

2
+

𝛾2(𝜃2𝑤1−𝜃1𝑤2)

2(2𝜃2(𝜃1−𝜃2)𝜂−𝜃1𝛾2)
. In a similar way, The Hesse matrix of the optimal profit 

function ∏  𝐷
3𝑃 of the recycler is N= [−2𝑏 −𝛼

−𝛼 −𝛿
], available |𝑁1| = −2𝑏 < 0, |𝑁2| = 2𝑏𝛿 − 𝛼2 > 0. 

So ∏  𝐷
3𝑃 is a concave function of 𝑝𝑐 , 𝐼, and it has a maximum. Make 

∂∏  𝐷
3𝑃

∂𝑝𝑐
= 0,

∂ ∏  𝐷
3𝑃

∂𝐼
= 0 So we get 

𝑝𝑐(𝐴) =
𝑏𝛿𝐴−𝛿𝑎−𝛼2𝐴

2𝑏𝛿−𝛼2 𝐼(𝐴) =
𝛼𝑎+𝛼𝑏𝐴

2𝑏𝛿−𝛼2 . Substituting 𝑝1(𝑤1), 𝑝2(𝑤1, 𝑤2), 𝑒(𝑤1, 𝑤2),  𝑝𝑐(𝐴), 𝐼(𝐴)  into 

the manufacturer's optimal profit function, So we get Hesse matrix of ∏  𝐷
𝑀 is 𝑀 =

[
 
 
 
 

−2𝜃2𝜂+𝛾2

2𝜃2𝜂(𝜃1−𝜃2)−𝜃1𝛾2

2𝜃2𝜂

2𝜃2𝜂(𝜃1−𝜃2)−𝜃1𝛾2 0

2𝜃2𝜂

2𝜃2𝜂(𝜃1−𝜃2)−𝜃1𝛾2

−2𝜃1𝜂

2𝜃2𝜂(𝜃1−𝜃2)−𝜃1𝛾2 0

0 0
−2𝛿𝑏2𝐴

2𝑏𝛿−𝛼2]
 
 
 
 

, available |𝑀1| =
−2𝜃2𝜂+𝛾2

2𝜃2𝜂(𝜃1−𝜃2)−𝜃1𝛾2 < 0 , |𝑀2| =

2𝜂

2𝜃2𝜂(𝜃1−𝜃2)−𝜃1𝛾2 > 0  |𝑀3| =
−4𝛿𝑏2𝜂𝐴

(2𝜃2𝜂(𝜃1−𝜃2)−𝜃1𝛾2)(2𝑏𝛿−𝛼2)
< 0 . So ∏  𝐷

𝑀 is a concave function of 

𝑤1, 𝑤2, 𝐴, and it has a maximum. Make 
∂∏  𝐷

𝑀

∂𝑤1
= 0,

∂ ∏  𝐷
𝑀

∂𝑤2
= 0,

∂∏  𝐷
𝑀

∂𝐴
= 0, So we get 𝑤1

∗𝑤2
∗, 𝐴∗. Put 

𝑤1
∗𝑤2

∗, 𝐴∗in 𝑝1(𝑤1), 𝑝2(𝑤1, 𝑤2), 𝑒(𝑤1, 𝑤2), 𝑝𝑐(𝐴), 𝐼(𝐴), So we get 𝑝1
∗𝐷, 𝑝2

∗𝐷 , 𝑒∗𝐷, 𝑝𝑐
∗𝐷, 𝐼∗𝐷. 

3.2. Influence Analysis: 

According to the optimal solution in the decentralized model, the effects of marketing and 
recycling effort level on the optimal solution, the optimal demand and the optimal amount of 
recovery are analyzed. 

Discussion 1: 

For new products and the optimal remanufacturing product pricing, the optimal wholesale 
price and optimal retail price of new products, 𝑤1

∗𝐷 , 𝑝1
∗𝐷 known, the optimal pricing of new 

products and the production cost of new products and consumer preferences associated degree, 
the optimal pricing and new product and its production cost and was positively associated with 
the degree of consumer preferences, the remanufacturing product marketing efforts will not 
affect the optimal pricing for new products; However, from the optimal wholesale price and 
optimal retail price 𝑤2

∗𝐷, 𝑝2
∗𝐷 of the remanufactured products, it can be seen that the marketing 

and promotion of the remanufactured products will only affect the optimal retail price of the 
remanufactured products, but not the optimal wholesale price of the remanufactured products. 
The optimal wholesale price of the remanufacturer is only positively correlated with its 
production cost and consumer preference degree. Remanufacturing product optimal retail 
price under the influence of its marketing efforts, efforts for the remanufacturing product and 
the consumer level of sensitivity of remanufacturing products stimulates the optimal retail 

price, namely 
𝜕𝑝2

∗𝐷

𝜕𝛾
> 0, consumer efforts for the remanufacturing product marketing level, the 

more sensitive, the optimal retail price is higher, remanufacturing product remanufacturing 
level of marketing effort cost coefficient of the optimal retail price of remanufacturing product 
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inhibition, namely
𝜕𝑝2

∗𝐷

𝜕𝜂
< 0 , marketing effort cost coefficient, the greater the optimal 

remanufacturing product retail price is lower. 

Discussion 2: 

For the optimal demand of new product and remanufactured product, marketing effort will 
affect the optimal demand of new product and remanufactured product, and the effect of 
marketing effort level on the optimal demand of the two kinds of product is opposite. The 
sensitivity of consumers to the level of marketing effort has an inhibitory effect on the optimal 
demand for new products and promoting effect on the optimal demand for remanufactured 

products, i.e. 
𝜕𝑞1

∗𝐷

𝜕𝛾
< 0,

𝜕𝑞2
∗𝐷

𝜕𝛾
> 0 ; The cost coefficient of effort level promotes the optimal 

demand for new products and inhibits the optimal demand for remanufactured products, 

i.e.
𝜕𝑞1

∗𝐷

𝜕𝜂
> 0,

𝜕𝑞2
∗𝐷

𝜕𝜂
< 0. 

Discussion 3: 

Regarding the optimal marketing effort level of remanufacturers’ products, the optimal 
marketing effort level is affected by the production costs of new and remanufactured products, 
consumers’ preference for the two types of products, consumers’ sensitivity to marketing 
efforts, and The impact of the cost coefficient on the level of marketing effort. (1) When 𝜃2𝑐1 −
𝜃1𝑐2 ≤ 0, the level of marketing effort and the demand for remanufactured products are 0, and 
there is only demand for new products in the market; when 𝜃2𝑐1 − 𝜃1𝑐2 > 0 , the level of 
marketing effort exists, and both new products and remanufactured products exist in the 
market. Manufacture two kinds of products. (2) The sensitivity of consumers to the level of 
marketing effort promotes the optimal level of marketing effort. When consumers are more 
sensitive to it, the greater the retailer’s optimal level of marketing effort for remanufactured 

products, that is, 
𝜕𝑒∗𝐷

𝜕𝛾
> 0; The cost coefficient of the marketing effort level has an inhibitory 

effect on the optimal marketing effort level. When the cost coefficient is larger, the optimal 

marketing effort level is lower, that is, 
𝜕𝑒∗𝐷

𝜕𝜂
< 0. 

Discussion 4: 

For recycling of waste products, manufacturers from recyclers for optimum recycling of waste 
products price is not affected by the level of recycling efforts, the optimal recycling waste 
products in the market price and the related basis and remanufacturing save raw material 𝛥, 
and the optimal price 𝐴∗𝐷  negative correlation and the waste products market foundation and 
save raw materials and remanufacturing 𝛥 were positively correlated. The optimal repurchase 
price 𝑝𝑐

∗𝐷 of the waste product from the waste product market is affected by the recycling effort 
level, and the sensitivity coefficient 𝛼 of the recycling effort level is negatively correlated with 

the optimal repurchase price 𝑝𝑐
∗𝐷, that is, 

𝜕𝑝𝑐
∗𝐷

𝜕𝛼
< 0, the more sensitive the waste product market 

is to the recycling effort level, the lower the optimal repurchase price; The cost coefficient 𝛿 of 

recovery effort level is positively correlated with the optimal repurchase price 𝑝𝑐
∗𝐷, i.e. 

𝜕𝑝𝑐
∗𝐷

𝜕𝛿
> 0, 

the higher the cost coefficient of recovery effort level, the higher the optimal buyback price. 

Discussion 5: 

As for the optimal recycling quantity of waste products, the optimal recycling quantity is not 
only affected by the market basis of waste products 𝑎  and the raw materials saved by 
remanufacturing 𝛥, but also affected by the sensitivity coefficient of recycling effort level 𝛼 and 
the cost coefficient of recycling effort level 𝛿 . The market base of waste products 𝑎  has 

promoting effect on the optimal recycling quantity, i.e. 
𝜕𝑞𝑐

∗𝐷

𝜕𝑎
> 0. The larger the market base of 

waste products, the greater the optimal recycling quantity of waste products obtained by the 
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recycler; Raw material 𝛥  saved by remanufacturing has a promoting effect on the optimal 

recycling amount of waste products, i.e. 
𝜕𝑞𝑐

∗𝐷

𝜕𝛥
> 0 . When the raw materials saved by 

remanufacturing are larger, the optimal recycling quantity of waste products is larger; The 
sensitivity coefficient of recycling effort level promotes the optimal recycling quantity of waste 

products, i.e. 
𝜕𝑞𝑐

∗𝐷

𝜕𝛼
> 0. The greater the sensitivity coefficient of recycling effort level, the more 

conducive to the increase of the optimal recycling quantity of waste products; The cost 
coefficient of recycling effort level has inhibitory effect on the optimal recycling quantity of 

waste products, that is, 
𝜕𝑞𝑐

∗𝐷

𝜕𝛿
< 0. When the cost coefficient of recycling effort level increases, it 

is not conducive to the increase of the optimal recycling quantity of waste products. 

Discussion 6: 

As for the optimal recovery effort level of the waste product market, the optimal recovery effort 
level is affected by the market base of waste product 𝑎 , the raw materials saved by 
remanufacturing 𝛥, the sensitivity coefficient of recovery effort level 𝛼 and the cost coefficient 
of recovery effort level 𝛿 . The market base of waste products (𝑎 ) promotes the optimal 

recycling effort level, i.e. 
𝜕𝐼∗𝐷

𝜕𝑎
> 0, the larger the market base of waste products is, the recycler 

should pay a larger optimal recycling effort level if he wants to achieve the optimal recycling 
quantity of waste products; Raw material 𝛥 saved by remanufacturing also promotes the 

optimal recovery effort level, i.e. 
𝜕𝐼∗𝐷

𝜕𝛥
> 0 , the larger the raw materials saved by 

remanufacturing, the easier it is to stimulate the recycler to pay a higher optimal recycling effort 
level; The sensitivity coefficient of recovery effort level promotes the optimal recovery effort 

level, i.e. 
𝜕𝐼∗𝐷

𝜕𝛼
> 0. The greater the sensitivity coefficient of recycling effort level is, it is easier to 

promote the recyclers to make the optimal recycling effort level; The cost coefficient of recovery 

effort level has inhibitory effect on the optimal recovery effort level, namely, 
𝜕𝐼∗𝐷

𝜕𝛿
< 0. When the 

cost coefficient of recovery effort level increases, the recycler will pay a smaller optimal 
recovery effort level. 

In view of the above discussion, the following expectations can be drawn for different supply 
chain subjects: 

For manufacturers, manufacturers need to identify new products and the optimal wholesale 
price of remanufacturing product 𝑤1

∗𝐷, 𝑤2
∗𝐷 and 𝐴∗𝐷 , the optimal recycling waste products price 

when retailers for remanufacturing product marketing efforts and recyclers efforts to recycle 
the waste products to manufacturers is not on the forward supply chain of new products and 
the remanufacturing product pricing and on the pricing decision in reverse supply chain, but 
the demand for new products, remanufacturing product and waste product effect of scrap, 
namely marketing and recycling efforts did not impact the unit profit, However, it will affect the 
profit of manufacturers by affecting the demand and recycling amount. Therefore, 
manufacturers need to consider the impact of marketing and recycling efforts on the demand 
and recycling amount when marketing and recycling efforts exist. 

For retailers, retailers need to identify new products and the optimal retail price of 
remanufacturing product 𝑝1

∗𝐷 , 𝑝2
∗𝐷 , and the optimal marketing efforts for remanufacturing 

product level 𝑒∗𝐷, when retailers for remanufacturing product marketing efforts to influence 
the optimal retail price of new products, but the optimal retail price for remanufacturing 
product impact, at the same time, the demand of new products and remanufacturing product is 
affected by the level of marketing efforts, retailers also need to pay a certain marketing costs. 
From the above analysis it is concluded that marketing efforts to influence the optimal 
wholesale price of new product, the retailers in the new product the unit profit is not affected 
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units profit but in remanufacturing products affected, thus, marketing efforts level of demand 
for new products by influencing the way affect retailer's profit, and demand for 
remanufacturing product through the unit profit and two dimensions to the retailer's profit. 
Therefore, when marketing effort level exists, retailers should not only consider the cost of 
marketing effort level, but also consider the impact of marketing effort level on unit profit of 
remanufactured products and on the demand for new products and remanufactured products. 

For the recyclers, they need to determine the optimal repurchase price 𝑝𝑐
∗𝐷  and the optimal 

recycling effort level 𝐼∗𝐷 of the waste products. When recyclers efforts for the waste products 
recycling, the optimal offer price of waste products and the optimal recycled waste products 
are influenced by the optimal level of recycling efforts, namely the recyclers to recycle the waste 
products will be the unit profit and reduced the influence of two dimensions, but also needs to 
pay a certain cost recovery. Therefore, when the recycling effort level exists, the recycler should 
not only consider the cost of recycling effort, but also consider the unit profit of waste products 
and the impact of recycling volume. 

4. Construction and analysis of centralized model 

4.1. Construction of a centralized model 

The manufacturer, retailer and the third party recycler are regarded as one main body. With 
the goal of maximizing the overall profit of the closed-loop supply chain, the optimal retail price 
of the new product and the remanufactured product, the optimal effort level of the 
remanufactured product, the optimal buyback price of the used product and the optimal effort 
level of the used product are determined. Its model is as follows: 

𝑚𝑎𝑥
𝑝1,𝑝2,𝑝𝑐,𝑒,𝐼

∏ =𝐶
𝑠𝑐 (𝑝1 − 𝑐1)𝑞1 + (𝑝2 − 𝑐2)𝑞2 + (Δ − 𝑝𝑐)𝑞𝑐 −

𝜂

2
𝑒2 −

𝛿

2
𝐼2                    (4) 

Through the solution, the optimal retail price, the optimal recovery price and the optimal 
marketing and recycling effort level can be obtained: 

𝑝1
∗𝐶 =

𝜃1+𝑐1

2
, 𝑝2

*C =
𝜃2+𝑐2

2
+

𝛾2(𝜃2𝑐1−𝜃1𝑐2)

2(2𝜃2𝜂(𝜃1−𝜃2)−𝜃1𝛾2)
, 𝑒∗𝐶 =

𝛾(𝜃2𝑐1−𝜃1𝑐2)

2𝜃2𝜂(𝜃1−𝜃2)−𝜃1𝛾2
 

𝑝𝑐
∗𝐶 =

Δ𝑏𝛿−𝛿𝑎−𝛼2Δ

2𝑏𝛿−𝛼2 , 𝐼∗𝐶 =
𝛼𝑎+𝛼Δ𝑏

2𝑏𝛿−𝛼2  

Substituting the optimal solution into the function of demand and recycling quantity, the 
demand of new products, remanufactured products and recycling quantity of waste products 
can be obtained as follows: 

𝑞1
∗𝐶 =

𝜃1 − 𝜃2 − 𝑐1 + 𝑐2

2(𝜃1 − 𝜃2)
−

𝛾2(𝜃2𝑐1 − 𝜃1𝑐2)

2(𝜃1 − 𝜃2)(2𝜃2𝜂(𝜃1 − 𝜃2) − 𝜃1𝛾2)
 

𝑞2
∗𝐶 =

𝜃2𝑐1 − 𝜃1𝑐2

2(𝜃1 − 𝜃2)𝜃2
+

𝛾2𝜃1(𝜃2𝑐1 − 𝜃1𝑐2)

2(𝜃1 − 𝜃2)𝜃2(2𝜃2𝜂(𝜃1 − 𝜃2) − 𝜃1𝛾2)
 

𝑞𝑐
∗𝐶 =

𝛿𝑏2Δ + 𝛿𝑏𝑎

2𝑏𝛿 − 𝛼2
 

Substituting the optimal solution into the profit function, the optimal profit of the centralized 
model can be obtained as follows: 

∏ =

𝐶

𝑆𝐶

(
𝜃1 − 𝑐1

2
) (

𝜃1 − 𝜃2 − 𝑐1 + 𝑐2

2(𝜃1 − 𝜃2)
−

𝛾2(𝜃2𝑐1 − 𝜃1𝑐2)

2(𝜃1 − 𝜃2)(2𝜃2𝜂(𝜃1 − 𝜃2) − 𝜃1𝛾2)
) 

+(
𝜃2 − 𝑐2

2
)(

𝜃2𝑐1 − 𝜃1𝑐2

2(𝜃1 − 𝜃2)𝜃2
+

𝛾2𝜃1(𝜃2𝑐1 − 𝜃1𝑐2)

2(𝜃1 − 𝜃2)𝜃2(2𝜃2𝜂(𝜃1 − 𝜃2) − 𝜃1𝛾2)
) +

𝛿(𝑏Δ + 𝑎)2

2(2𝑏𝛿 − 𝛼2)
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Proof: In the centralized decision model, the Hesse matrix of profit function ∏  𝐶
𝑠𝑐 is 𝐻 =

[
 
 
 
 
 
 

−2

𝜃1−𝜃2

2

𝜃1−𝜃2

−𝛾

𝜃1−𝜃2
0 0

2

𝜃1−𝜃2

−2𝜃1

𝜃2(𝜃1−𝜃2)

𝜃1𝛾

𝜃2(𝜃1−𝜃2)
0 0

−𝛾

𝜃1−𝜃2

𝜃1𝛾

𝜃2(𝜃1−𝜃2)
−𝜂 0 0

0 0 0 −2𝑏 −𝛼
0 0 0 −𝛼 −𝛿]

 
 
 
 
 
 

available  |𝐻1| =
−2

𝜃1−𝜃2
< 0|𝐻2| =

4

𝜃2(𝜃1−𝜃2)
> 0 ,  |𝐻3| =

−2(2𝜃2(𝜃1−𝜃2)𝜂−𝜃1𝛾2)

𝜃2
2(𝜃1−𝜃2)2

< 0 , |𝐻4| =
4𝑏(2𝜃2(𝜃1−𝜃2)𝜂−𝜃1𝛾2)

𝜃2
2(𝜃1−𝜃2)2

> 0 , |𝐻5| =
−2(2𝜃2(𝜃1−𝜃2)𝜂−𝜃1𝛾2)(2𝑏𝛿−𝛼2)

𝜃2
2(𝜃1−𝜃2)2

< 0 . 

Therefore, the profit function ∏  𝐶
𝑠𝑐 is a concave function of 𝑝1, 𝑝2, 𝑒, 𝑝𝑐 , 𝐼 and has a maximum 

value, so we get 𝑝1
∗𝐶 , 𝑝2

∗𝐶 , 𝑒∗𝐶 , 𝑝𝑐
∗𝐶 , 𝐼∗𝐶 . 

4.2. Comparative analysis 

The optimal solution, the optimal demand and the optimal recovery quantity of distributed and 
centralized types are compared and analyzed: 

𝑝1
∗𝐷 > 𝑝1

∗𝐶 , 𝑝2
∗𝐷 > 𝑝2

∗𝐶 , 2𝑒∗𝐷 = 𝑒∗𝐶 , 2𝑞1
∗𝐷 = 𝑞1

∗𝐶 , 2𝑞2
∗𝐷 = 𝑞2

∗𝐶  

For forward supply chain, new product and remanufacturing product pricing can be seen that 
the centralized mode of two kinds of products in the retail price is lower than the distributed 
model and centralized marketing efforts level is twice the decentralized mode, thus can be 
concluded that the centralized more conducive to promote new products and remanufacturing 
product sale, at the same time also more conducive to stimulate greater levels of marketing 
efforts. Changes in retail prices and the level of marketing effort, in turn, drive changes in 
demand for new and remanufactured products, and demand for new and remanufactured 
products is twice as high in the centralized model as in the distributed model. 

𝑝𝑐
∗𝐷 < 𝑝𝑐

∗𝐶 , 2𝐼∗𝐷 = 𝐼∗𝐶 , 2𝑞𝑐
∗𝐷 = 𝑞𝑐

∗𝐶  

For reverse supply chain, from waste products optimal buy back price can get the optimal offer 
price is higher than centralized waste products distributed model, and the level of recovery 
efforts in the centralized model is distributed in the pattern twice, centralized mode of 
repurchase price increase and recycling effort level, is more advantageous to the recycling of 
waste products.In the centralized model, the optimal repurchase price and the improvement of 
recycling effort also promote the increase of recycling quantity of waste products, and the 
recycling quantity of waste products in the centralized model is twice as much as that in the 
decentralized model. 

∏ <

∗𝐷

𝑆𝐶

∏ 

∗𝐶

𝑆𝐶

 

From two dimensions of forward and reverse supply chain of centralized and decentralized 
compares and analyses the optimal solution can be concluded that whether new products, 
remanufacturing product pricing and demand or repurchase pricing and recycled waste 
products, centralized mode is superior to a distributed mode, therefore, through the calculation 
and comparison of all members in the supply chain profit can also be found, the centralized 
supply chain profit is higher than the sum of all members in the decentralized supply chain 
profit. 

The comparative analysis shows that both forward supply chain and reverse supply chain, the 
centralized mode of marketing and stimulates recycling effort level, demand for new products 
and remanufacturing product of scrap and waste products also has promoting effect, and the 
centralized model of a supply chain profit is higher than the distributed model, therefore, all 
the members of the supply chain is regarded as a main body of the centralized model is a better 
model, how to formulate a coordinated strategy will overflow the profit distribution to the 
centralized model among supply chain members in centralized mode has become the urgent 
demand of all supply chain partners. 
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5. Supply chain coordination contract strategy 

Aiming at the situation of a manufacturer, retailer and recycler in this paper, in the process of 
optimizing the closed-loop supply chain by using coordination contract, retail revenue sharing 
and marketing effort cost sharing are implemented in the forward supply chain between the 
manufacturer and retailer to realize the Pareto improvement of the forward supply chain. In 
the closed-loop supply chain between the manufacturer and the collector with a recovery of the 
total cost (cost of recycling efforts and the repurchase of the costs of all waste products) share 
way, and realize the pareto improvement of reverse supply chain, in between and among 
manufacturers, retailers and recyclers corresponding coordination contract at the same time, 
the whole closed-loop supply chain can be realized in pareto improvement. 

Before the sale of new products, remanufactured products and the recycling of waste products, 
the manufacturer, the retailer and the recycler draw up a coordination contract 

(𝑤1
𝜆1 , 𝑤2

𝜆1 , 𝐴𝜆2 , 𝜆1, 𝜆2), Where 𝑤1
𝜆1 , 𝑤2

𝜆1  represents the optimal wholesale price of new products 

and remanufactured products under the coordination contract, and 𝑝𝑐
𝜆2  represents the optimal 

buyback price of used products under the coordination contract, 𝜆1  is the coordination of 
contract between the manufacturer and the retailer parameters, said the ratio between the 
share of benefits and costs of manufacturers and retailers, which is in the supply chain contract 
parameters, 𝜆2  is the coordination between the manufacturer and the collector contract 
parameters, said recycling cost allocation proportion between the manufacturer and the 
collector, the reverse supply chain contracts parameters. In this case, the optimal profit of 
manufacturer, retailer and recycler is: 

𝑚𝑎𝑥
𝑤1,𝑤2,𝐴

∏ =

𝜆

𝑀

(1 − 𝜆1)(𝑝1𝑞1 + 𝑝2𝑞2)(𝑤1 − 𝑐1)𝑞1 + (𝑤2 − 𝑐2)𝑞2 

−
(1−𝜆1)𝜂

2
𝑒2 + (𝛥 − 𝐴)𝑞𝑐 − (1 − 𝜆2)(𝑝𝑐𝑞𝑐 +

𝛿

2
𝐼2)                                           (5) 

.s t 𝑚𝑎𝑥
𝑝1,𝑝2,𝑒

∏ = 𝜆1(𝑝1𝑞1 + 𝑝2𝑞2) − 𝑤1𝑞1 − 𝑤2𝑞2 −
𝜆1𝜂

2
𝑒2𝜆

𝑅                                  (6) 

𝑚𝑎𝑥
𝑝𝑐,𝐼

∏ =𝜆
3𝑃 𝐴𝑞𝑐 − 𝜆2(𝑝𝑐𝑞𝑐 +

𝛿

2
𝐼2)                                                     (7) 

Through solving, it can be known that under the coordination contract, the optimal wholesale 
price of new products and remanufactured products, and the optimal recycling price of waste 

products are 𝑤1
∗𝜆 = 𝜆1𝑐1, 𝑤2

∗𝜆 = 𝜆1𝑐2, 𝐴
∗𝜆 = 𝜆2𝛥 , The range of coordination contract 

parameters is 
1

4
≤ 𝜆1 ≤

1

2
,
1

4
≤ 𝜆2 ≤

1

2
. When the manufacturer, retailer and recycler are 

implemented according to the corresponding coordination contract parameters and the 
optimal wholesale price, retail price, buyback price and recovery price, the whole closed-loop 
supply chain can realize the Pareto improvement from decentralized to centralized type. 

Proof: Under the coordination contract, firstly design the forward supply chain contract, take 
the first-order partial derivative of the retailer's profit function with respect to and make it zero, 

meaning 
𝜕 ∏  𝜆

𝑅

𝜕𝑝1
= 0,

𝜕 ∏  𝜆
𝑅

𝜕𝑝2
= 0,

𝜕 ∏  𝜆
𝑅

𝜕𝑒
= 0 , so we get 𝑒𝜆 =

𝛾(𝜃2𝑤1−𝜃1𝑤2)

𝜆(2(𝜃1−𝜃2)𝜃2𝜂−𝜃1𝛾2)
, 𝑝1

𝜆 =
𝜆𝜃1+𝑤1

2𝜆
, 𝑝2

𝜆 =

𝜆𝜃2+𝑤2

2𝜆
+

𝛾2(𝜃2𝑤1−𝜃1𝑤2)

2𝜆(2(𝜃1−𝜃2)𝜃2𝜂−𝜃1𝛾2)
. In order to make the forward supply chain consistent with the 

optimal retail price of new products and remanufactured products in the centralized mode 

under coordination contract.so making 𝑝1
𝜆 = 𝑝1

∗𝐶 , 𝑝2
𝜆 = 𝑝2

∗𝐶  we get 𝑤1
∗𝜆 = 𝜆1𝑐1, 𝑤2

∗𝜆 = 𝜆1𝑐2. Put 

𝑤1
∗𝜆, 𝑤2

∗𝜆 in 𝑒𝜆 =
𝛾(𝜃2𝑤1−𝜃1𝑤2)

𝜆(2(𝜃1−𝜃2)𝜃2𝜂−𝜃1𝛾2)
, so we get 𝑒∗𝜆 =

𝛾(𝜃2𝑐1−𝜃1𝑐2)

2(𝜃1−𝜃2)𝜃2𝜂−𝜃1𝛾2. The coordination contract 

can be obtained by 𝑒∗𝜆 = 𝑒*C to improve the marketing effort level and make it consistent with 
the optimal marketing effort level in the centralized mode. Secondly, the contract of the reverse 
supply chain is designed. The first partial derivative of the profit function of the recycler with 
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respect to 𝑝𝑐 , 𝐼  is obtained and set to zero. Meaning 
𝜕 ∏  𝜆

3𝑃

𝜕𝑝𝑐
= 0,

𝜕 ∏  𝜆
3𝑃

𝜕𝐼
= 0 , so we get 𝑝𝑐

𝜆 =

𝐴𝑏𝛿−𝐴𝛼2−𝜆2𝛿𝑎

𝜆2(2𝑏𝛿−𝛼2)
,  𝐼𝜆 =

𝜆2𝛼𝑎+𝐴𝑏𝛼

𝜆2(2𝑏𝛿−𝛼2)
. In order to maintain the optimal repurchase price of waste 

products in the reverse supply chain and the centralized model under the cost sharing contract. 

Making 𝑝𝑐
𝜆 = 𝑝𝑐

∗𝐶 , we can get 𝐴∗𝜆 = 𝜆2𝛥. Put 𝐴∗𝜆  in 𝐼𝜆 =
𝜆2𝛼𝑎+𝐴𝑏𝛼

𝜆2(2𝑏𝛿−𝛼2)
, we can get 𝐼∗𝜆 =

𝛼𝑎+𝛥𝑏𝛼

2𝑏𝛿−𝛼2 . The 

cost sharing coordination contract obtained by 𝐼∗𝜆 = 𝐼*C can improve the recovery effort level 
to make it consistent with the optimal recovery effort level in the centralized mode. Finally, by 
substituting the optimal solution into the profit function, the optimal profit of each member of 
the supply chain under the coordination contract can be obtained as follows: 

∏ =

𝜆

𝑀

(1 − 𝜆1)(𝜃1 − 𝑐1)

2
(
𝜃1 − 𝜃2 − 𝑐1 + 𝑐2

2(𝜃1 − 𝜃2)
−

𝛾2(𝜃2𝑐1 − 𝜃1𝑐2)

2(𝜃1 − 𝜃2)(2𝜃2𝜂(𝜃1 − 𝜃2) − 𝜃1𝛾2)
) 

+
(1 − 𝜆1)(𝜃2 − 𝑐2)

2
(

𝜃2𝑐1 − 𝜃1𝑐2

2(𝜃1 − 𝜃2)𝜃2
+

𝛾2𝜃1(𝜃2𝑐1 − 𝜃1𝑐2)

2(𝜃1 − 𝜃2)𝜃2(2𝜃2𝜂(𝜃1 − 𝜃2) − 𝜃1𝛾
2)

) 

+
𝛿(𝑏𝛥 + 𝑎)2(1 − 𝜆2)

2(2𝑏𝛿 − 𝛼2)
 

∏ =

𝜆

𝑅

𝜆1(𝜃1 − 𝑐1)

2
(
𝜃1 − 𝜃2 − 𝑐1 + 𝑐2

2(𝜃1 − 𝜃2)
−

𝛾2(𝜃2𝑐1 − 𝜃1𝑐2)

2(𝜃1 − 𝜃2)(2𝜃2𝜂(𝜃1 − 𝜃2) − 𝜃1𝛾2)
) 

+
𝜆1(𝜃2 − 𝑐2)

2
(

𝜃2𝑐1 − 𝜃1𝑐2

2(𝜃1 − 𝜃2)𝜃2
+

𝛾2𝜃1(𝜃2𝑐1 − 𝜃1𝑐2)

2(𝜃1 − 𝜃2)𝜃2(2𝜃2𝜂(𝜃1 − 𝜃2) − 𝜃1𝛾
2)

) 

∏ =

𝐷

3𝑃

𝜆2𝛿(𝑏𝛥 + 𝑎)2

2(2𝑏𝛿 − 𝛼2)
 

In order to ensure the smooth implementation of the coordination contract in the closed-loop 
supply chain, it must be rationally constrained by three decision makers: manufacturer, retailer 
and recycler, meaning ∏ ≥𝜆

𝑀 ∏  𝐷
𝑀 , ∏ ≥𝜆

𝑅 ∏  𝐷
𝑅 , ∏ ≥𝜆

3𝑃 ∏  𝐷
3𝑃 . With this condition, the value range of 

the coordination contract parameter 𝜆1, 𝜆2  in the closed-loop supply chain can be obtained 

meaning 
1

4
≤ 𝜆1 ≤

1

2
,
1

4
≤ 𝜆2 ≤

1

2
. 

6. Summary 

Based on the consumer preference for new products and remanufacturing product differences, 
first consider the retailer for remanufacturing product marketing efforts and recyclers 
recycling effort levels to different supply chain decisions, the influence of the second through 
the comparison of the centralized and decentralized model, the analysis model of supply chain 
decision-making influence, finally work coordination between contract manufacturers, 
retailers and the collector makes the supply chain to achieve pareto improvement. The main 
results of the research show that: (1) the new products, remanufacturing product waste 
product pricing, only the retail price of remanufacturing products is influenced by marketing 
efforts and waste products of repurchase price is affected by the recycling effort level, and the 
sensitivity of the marketing effort level has promoting effect to the remanufacturing product 
retail price, cost coefficient has inhibitory effect to the retail price, and the sensitivity of the 
level of recycling efforts have inhibition to repurchase price for old products, cost coefficient 
has promoting effect to the repurchase price. (2) The sensitivity of marketing and recycling 
effort level promoted the effort level, while the cost coefficient inhibited the effort level; And 
the marketing effort level is affected by consumer preference and the production cost of new 
products and remanufactured products. (3) The sensitivity of marketing effort level has a 
inhibiting effect on the demand for new products, while the cost coefficient has a promoting 
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effect on the demand for new products, and the effect on remanufactured products is just the 
opposite. (4) Centralized mode is better than decentralized mode on the whole. Through the 
coordination contract between manufacturers and retailers, retailer profit sharing and 
marketing cost sharing, Pareto improvement of forward supply chain is realized. The Pareto 
improvement of the reverse supply chain is realized by the coordination contract of total cost 
sharing between the manufacturer and the recycler, and the values of the two coordination 
contract parameters are consistent. 

In this paper, the pricing and coordination contract of closed-loop supply chain are studied 
under the condition of information symmetry and single sales channel. Information asymmetry, 
inter-channel competition and other situations can be taken as the next. 
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