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Abstract. Since pricing strategies that take advantage of the lower refurbishment costs will result in a higher market demand for refurbished items, innovation in the refurbishing process will benefit those in the supply chain. The manufacturer may ask the retailer to split the cost of creating a refurbishing procedure. The manufacturer's Research and Development (R&D) costs to create an innovative refurbishing procedure are another incentive for the retailer to participate. Therefore, while creating a cost-sharing contract, the supply chain should be coordinated. This work creates a closed-loop supply chain that incorporates a cost-sharing mechanism and an innovative refurbishing technique. However, the cost-sharing mechanism is impacted by the power structures in the supply chain. We examine how power structures impact the cost-sharing agreement and the ideal. The manufacturer-led under investigation. We develop and assess the optimal cost-sharing strategy for the retailer in manufacture-Ied structure with many parameter to maximize its financial success. There are two market segments: high end and low end. In this paper, we propose a construct that bases company decision-making on an estimation of the proportion of customers that switch for a specific price difference. Because our approach doesn't rely on a Willingness to Pay (WTP), it can handle such complex and realistic scenarios. Furthermore, the remanufacturable product supply is constrained. The retailer only has limited access to used products and may not be able to collect enough them to satisfy refurbished product demand.
INTRODUCTION
Refurbishing give many benefit. Recycling and reusing waste products, including refurbishing, has been shown in practice to generate revenue [10] and boost competitiveness [12], in addition to maximizing resource use and establishing a positive public image. Refurbishing is the best option for environmental protection. Because of the ongoing global environmental deterioration, businesses and academics are eagerly anticipating refurbishment [1]. Manufacturers functionalize used products before reselling them on the market. Many innovators are working to improve and reinvent the refurbishing process in order to reduce costs and improve the efficiency of the reverse channel. Our definition of refurbishing process innovation is to reduce remanufactured costs through research and development. Both [8] and [6] use the related concept of refurbishing process innovation. Lower refurbishing costs will stimulate market demand through lower refurbished product prices, improving the economic and environmental performance of the closed-loop supply chain. [8] looked specifically at manufacturer process innovation in several collection channels. They also investigated the influence of refurbishing process innovation on the selection of the reverse channel and the best course of action for the closed-loop supply chain. In a similar vein, [6] examined how collaboration between manufacturers and retailers affects decisions that are best for the environment and a closed-loop supply chain. They focus on identifying which member of the supply chain introduces the unique refurbishing technique. However, the manufacturer frequently innovates the process as opposed to the retailer and third party.
Since the market demand for refurbished items may be enhanced through pricing strategies due to the lower refurbishment costs, which benefits the retailer, innovation in the refurbishing process might help other partners in the supply chain. The producer may ask the merchant to split the cost of creating a refurbishing procedure. The manufacturer's R&D costs to create a novel refurbishing technique are another incentive for the retailer to pay to those costs. So, when creating the cost-sharing contract, the supply chain should be coordinated [2]. In both supply chain literature and practice, this kind of game model is most frequently employed [3], [7], [9], [13], [14]. However, the cost-sharing mechanism is impacted by the power structures in the supply chain. For example, in a supply chain that is led by the manufacturer, the manufacturer collaborates with the retailer to share a portion of the cost of process innovation in refurbishing and to give the retailer a lower wholesale price for the refurbished products; in a supply chain that is led by the retailer, the retailer will initiate the cost-sharing contract with the aim of increasing the profit of the refurbished products [8]. In order to determine the optimal course of action for both the producer and the retailer, it is crucial to consider how the power structure influences the cost-sharing agreement. With this study, we hope to address a number of significant questions.
To obtain the answers to the aforementioned questions, we look at the supply chain, which consists of one producer and one retailer. Using a game-theoretic model, we investigate two power structures that are retailer-led and manufacturer-led. To increase its own earnings, the shop halves the R&D expenses related to process innovation for refurbishing. Our results show that the retailer wants to share more advancements in R&D for process innovation in refurbishing when power in the supply chain shifts from manufacturer to retailer. The cost-sharing arrangement for the innovation in the refurbishment process is also significantly impacted by consumer demand for refurbished goods.
MODEL ASSUMPTIONS AND NOTATIONS
In this part, a closed-loop supply chain between a manufacturer and a retailer is established. As seen in Figure 1, the firm creates both new and used products and conducts R&D efforts to innovate the refurbishment process. While doing so, the merchant shares a portion of the manufacturer's R&D costs while selling consumers new and reconditioned products from the manufacturer. We examine two potential closed-loop supply chain models based on the various supply chain power topologies. The manufacturer leads the Stackelberg game in the manufacturer-led model (M), and the retailer follows. In the retailer-led model (R), the maker plays the role of the follower while the retailer leads the Stackelberg game. Decentralized decision-making models. We examine the cost-sharing behavior, ideal decisions, and economic performance between the maker and retailer under various channel configurations using decentralized decision-making models.
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FIGURE 1. The supply chain model

The symbols and definitions of variables included in this model are summarized in Table 1.





TABLE 1. Notations and associated description
	Symbol
	Description

	
	The unit cost of production with new material

	
	The unit of refurbishing with collected used product

	
	Wholesale price of new products set by the manufacturer

	
	Wholesale price of refurbished products set by the manufacturer

	
	Cost-sharing coefficient between the manufacturer and retailer

	
	The retail price of new products decided by the retailer

	
	The retail price of refurbished products decided by the retailer

	
	Market demand of new products

	
	Market demand of refurbished products

	
	Unit saved cost of refurbishing through process innovation decided by the manufacturer

	

	Scale parameter of refurbishing process innovation costs
Price elasticity on market demand of low-end customer

	
	Demand for new products when there is no refurbished unit available

	
	Cannibalization coefficient

	
	Cannibalization elasticity, where 

	



	Composite effect of refurbished product’s price on its demand, where 
Difference between retail price of new products decided by the retailer and wholesale price of refurbished products set by the manufacturer, where 
Difference between wholesale price of new products set by the manufacturer and unit cost of production with new material, where 

	
	Profit of the manufacturer

	
	Profit of the retailer

	
	Profit of the whole closed-loop supply chain system

	
	A superscript denotes the optimal value of decisions and profits functions

	
	A superscript denotes the different model, 



Based on the most recent literature [2] and [12], we assume , which promises that the refurbished activities are beneficial for the manufacturer. In this paper, we have denoted , the refurbishing cost of the manufacturer. In reality, the unit cost of refurbishing may conclude the cost that depends on the effort of refurbishing process innovation. Therefore, we denote , the level of refurbishing process innovation. In other words, the manufacturer’s actual refurbishing cost is ,. Meanwhile, we assume that the cost of refurbishing process innovation is strictly convex decreasing with respect to , namely, , where  is the scale parameter, which differs in industry categories. We assume that the manufacturer and the retailer are rational and risk neutral, and they are self-interested to maximize their own profits. There is no information asymmetry between the supply chain members.
The market is divided into two segments: high-end and low-end. Customers at the high-end are willing to purchase new products, whereas at the low-end purchase only refurbished products at lower prices. In the absence of refurbished products, the demand for new products (i.e., high-end demand) is . In the presence of the refurbished product market, a fraction  of customers at the high-end switch to refurbished products, if they are available. By offering a refurbished product at price , a 3P attracts  low-end customers who will not purchase new products. The number of consumers who purchase new and refurbished products are as follows:
	                                                                            (1)
	                                                             (2)
We consider  and assume that cannibalization mimics a general linear switching function, that is
	                                          (3)
for some coefficient . 
We consider our model with unconstrained remanufacturable product supply throughout the product life cycle. The 3P can collect enough used products to satisfy refurbished product demand.

MODEL FORMULATION AND SOLUTION
Manufacturer-Stackelberg Game (Model M)
In this subsection, we establish a closed–loop supply chain model based on Stackelberg game, where the manufacturer is leader while the retailer is follower like manufacturers such as Apple and Nike play a more dominant role than their suppliers and downstream members such as retailers and third-party logistics providers so Apple and Nike are typically regarded as the Stackelberg leader, while the other supply chain participants are followers [4]. In reality, this pattern is widespread in practice. For instance, many companies such as Apple is the leaders in their supply chain and they have enough power to standardize and influence the decision-making behavior of other supply chain members. In Model M, the manufacturer first sets the decisions . Then, according to the manufacturer’s optimal decisions, the retailer sets the decisions . The model is illustrated in Figure 2.
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FIGURE 2. Model M

The profits functions of the manufacturer and retailer in the model M are

 =                                             (4)
s.t   

 = 	   		                       (5)

According to Equations (1), (2), and (3), Model (4) and (5) can also expressed as follows:

 = 


In model M, we use the method of backward induction to achieve the optimal decisions of the manufacturer and retailer. Constrained remanufactured product supply in this paper is market demand of new product and refurbishing product . We assume for fraction  of the used products is available for the retailer to collect, and the remaining for fraction (1- ) is available. Also, the retailer has access to 100+% of the cores for collection assumed. This means that the amount the retailer collects is constrained by , and the amount the retailer collect is  constrained by  For first model M in proposition 1, profit function of the retailer is concave with respect to , and the profit function of the manufacturer is jointly concave with respect to . For second model M in proposition 2,  profit function of the retailer is concave with respect to , and the profit function of the manufacturer is jointly concave with respect to  and . We can obtain the optimal decisions  and .

Proposition 1. In manufacturer-Stackelberg game (Model M) with decision variable profit function of the retailer is concave with respect to , and the profit function of the manufacturer is jointly concave with respect to  are as follows in TABLE 1:
TABLE 1. Proposition 1
	Variables
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Proposition 2. In manufacturer-Stackelberg game (Model M) with decision variable profit function of the retailer is concave with respect to , and the profit function of the manufacturer is jointly concave with respect to  and are as follows in TABLE 2:

TABLE 2. Proposition 2
	Variables
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




MODEL ANALYSIS
The manufacturer's investment in process innovation not only helps him by lowering the cost of refurbishing, but it may also help the retailer by using pricing strategies in games to increase sales. In other words, by sharing the manufacture's R&D cost, the retailer has an incentive to encourage innovation in the refurbishing process. Investigating the retailer's optimum , which optimizes profit functions under various power configurations, is therefore required. Additionally, we find the ideal value of  in various cases by deriving the first derivative of the retailer's profit function with respect to  as follow, which are illustrated in Lemma 3.

Proposition 3. Under different power structures, optimal value of m are as follows:
· From TABLE 1,  is effect from because propostion 1 decision variable not  so m is stable for  and 
· From TABLE 2,  is effect from because propostion 2 decision variable result is same, so m is stable for  and 

Proposition 3. Under process innovation, opposite   and  are as follows:
· From TABLE 1, only in  give effect for 
· From TABLE 2,  and  give opposite result only and 
CONCLUSION
	The manufacturer and retailer have a theoretical framework for making decisions based on their positions in the closed-loop supply chain since the best pricing tactics and creative refurbishing procedures are initially developed under varied power structures. In regard to the cost-sharing agreement, we also look at the finest decisions made by supply chain players and the optimal profits generated by the overall supply chain system. We find that the best cost-sharing arrangement for the retailer cannot maximize the profits of the entire supply chain system. In terms of the supply chain's overall economic performance and the effort to develop the refurbishing process, we find that the M model with  and  and opposite variable decisions.  Finally, a comparison of the best supply chain member solutions under different power structures shows that the imbalance power structure can lessen the channel conflict between new products and the channel for refurbished products. This is because the member with more power in the closed-loop supply chain is more likely to experience the negative effects of the channel conflict with a high preference for the remanufactured products through pricing strategies. Because remanufacturing has the highest earnings and design effort among the three structures, our research's findings indicate that all stakeholders in the supply chain should take part in activities like the development of new refurbishing processes. The government should also balance the power between manufacturers and retailers and encourage their cooperation in remanufacturing process innovation. The investigation has a number of limitations, and more research may be able to relieve some of our assumptions.
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