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Abstract. In the current global refurbishing supply chains, whether an original equipment manufacturer (OEM) performs refurbishing activities in-house or contracts them out to a third party (3P) depends on tax and tariff restrictions. The tax and tariff laws of the importing country, and more specifically the disparity between the sales tax on used goods and the unit product import duties on new goods, have a significant impact on the best refurbishing model. Therefore, in this study, we create a single period model for an OEM from an exporting nation to make decisions. We look into how tax and tariff laws impact outsourcing decisions in the context of modeling. We investigate the effects of global trade tariff and tax rate differential legislation on the social welfare of importing nations as well as the cross-border refurbishing decisions of OEMs. This topic has not gotten much attention in the literature to this point, current deglobalization developments have increased its importance. There are two market segments: high end and low end. The market demand for new and refurbished products is the constraint on the supply of remanufactured goods. The 3P can pick up a fraction of the used goods. 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.   
InTRODUCTION
Refurbishing, defined as the process of bringing old, damaged, or abandoned items up to the quality requirements of new commodities with a comparable guarantee (Ijomah, 2009; Lund, 1984), is an important component of the circular economy and a critical approach to sustainable production. Historically, supply chain renewal has been concentrated in rich economies, but in recent years, developing economies have emerged as markets with faster growth rates due to their potential for competitive economic advantages. The growing involvement of multinational corporations, the liberalization of investment and trade policies, and the lower cost of transportation brought about by technological development all encourage original equipment manufacturers (OEMs) to operate refurbishing supply chains internationally and participate in developing economies.

Making Refurbishment Decisions
Because of its potential benefits, refurbishment has piqued the curiosity of academics as well as other stakeholders such as industrial decision-makers and policy-makers. Refurbishing has the potential to boost profitability because it is a natural low-cost alternative to new manufacture, as evidenced in a range of industries including as vehicle components, machine tools, and consumer electronics (Atasu, Guide & Van Wassenhove, 2010; Zhu & Tian, 2016). Furthermore, it is frequently associated with favorable consequences on the environment and society, such as lesser pollution and solid waste, fewer carbon emissions, and more job opportunities (Diallo, Venkatadri, Khatab & Bhakthavatchalam, 2017; Steinhilper et al., 2011). As a result, legislation and government restrictions have favored green production practices such as refurbishment.
The current activity is built on the decision-making process for manufacturing refurbishment. Businesses commonly employ refurbishment as a clever method to improve their economic and social consequences. Because of the high degree of unpredictability, OEMs may find it difficult to plan, assess, implement, and consolidate complex refurbishing processes. The decision of an OEM to employ a refurbishment model is complicated by concerns such as brand erosion (Lund, 1985; Seitz, 2007), limited capabilities in reverse logistics, intellectual property loss (Hartwell & Marco, 2016), and customer acceptance of remanufactured products (Abdulrahman, Subramanian, Liu & Shu, 2015). Using a game theoretic framework for collection and refurbishing, different collection approaches taking into account various channel designs have been examined.
Many studies on refurbishment production decisions are undertaken with the goal of saving costs or maximizing revenues. If an OEM intends to handle refurbishing autonomously, the investment will be contingent on committed funds, currency rates, inflation, and other future unpredictabilities. Corporates must properly study and assess viability at all phases of the refurbishing process, from strategic planning to operational stage, in order to make logical and informed decisions. To cut costs, it is critical to examine both new and remanufactured items because they may share material prices. The majority of refurbishment costs are incurred due to the additional materials required to return a product to its pre-refurbishing performance levels. These costs include direct manufacturing, quality control, and the establishment of a reverse logistics network required to purchase obsolete commodities (such as cores) (Matsumoto, 2010). Several studies have been conducted to determine how various characteristics of each process may effect a company's earnings from refurbishing and production expenses.
[bookmark: _Hlk109683517]Taxation as a Major Cost of Refurbishing
Several types of taxation, like as tariffs, value added taxes, and income taxes, have been considered in the operations management literature while developing and maintaining a global supply chain. Zhen (2014) employs a cross entropy-based algorithm to examine the integrated optimization of production and outsourcing decisions in the context of the global supply chain and China's export-oriented tax policy. Similarly, Xiao, Hsu, and Hu (2015) analyze the best global production strategy in light of tax cross-crediting using a news vendor model. These analyses, however, do not account for global refurbishment situations, where more complex supply chain procedures occur. OEMs are particularly motivated to promote worldwide refurbishing activity. Numerous MNCs have started to set up refurbishing operations in the region or are considering doing so in light of the startling increase in the number of items being returned in Asia. In such a cross-border refurbishing operation strategy, new products would be exported to target markets first for sales, and then EOL products manufactured from these new products would be renovated. Refurbishing can be implemented by an OEM in one of two ways: either by managing and overseeing the processes internally, or by outsourcing to a 3P.
FDI studies have taken a variety of aspects into consideration empirically, including costs, market size, culture, and technology (Barkema, Bell, and Pennings, 1996; Chung and Alcácer, 2002; Tong & Walter, 1980). Local corporation taxes are recognized as a significant element influencing an OEM's corporate choice to commit FDI (Zhou et al., 2011). According to Webber (2011), paying taxes is one of many firms' major outlays; thus, managing global supply chains must effectively account for tax consequences. Furthermore, because taxes are a source of funding for public goods (such as education, public health care, and public transportation), they have social ramifications for local communities in addition to influencing the cost of refurbishment (Freedman, 2003; Slemrod, 2004).
Numerous domestic studies have shown that refurbishing can be profitable for OEMs (Guide, Harrison, and Van Wassenhove, 2003; Hammond, Andrews, Mott, and Woodrow, 1998), but the majority of research suggests that OEMs should remanufacture on their own and avoid third-party refurbishing because the entry of 3Ps into the market could harm OEMs as well as the refurbishing process itself. Others, on the other hand, have suggested that 3P refurbishing may assist OEMs in receiving government assistance. According to Webster and Mitra's 2007 research, an OEM would do better as a monopolist in the face of government interventions such as enhanced producer responsibility for the takeback and disposal of obsolete items than competing with 3Ps. Several research have been conducted to discover the essential aspects that affect the viability of refurbishing for refurbishing investment choices. Some people focus on cost-benefit analyses or optimization challenges to help them with their feasibility calculations. These evaluations, however, frequently neglect fundamental constraints on refurbishment materials and are based on simplified models of refurbishing processes, failing to represent the underlying complexity at work in actual operations. We contribute to this increasing body of work by assessing the profitability of refurbishing under fundamental supply-loop constraints such as importing country tax regulations and market conditions for remanufactured commodities. We also analyze the links between these constraints and the cost structure of a refurbishment production system. The findings of this study shed light on a problem not previously discussed in the refurbishing literature: the impact of foreign tariffs on OEM decisions to implement refurbishment operations.
MODEL ASSUMPTIONS AND NOTATION
[bookmark: _Hlk109684048]We consider a single period supply chain system that consists of an OEM from the exporting country and a refurbisher locally based in the destination country that is either the OEM itself or a 3P. The OEM manufactures a new product in its home country, incurring unit cost  which covers all new product costs, including manufacturing and cross-border transportation costs, and then exports to the destination country. The importing country charges unit product tariff  according to its bilateral international trade agreement. The new product is sold at price  to customers in the destination market. The OEM either conducts refurbishing itself with unit cost  or authorizes a 3P to refurbhish with unit cost  (or  covers all costs for refurbishing the product, including recycling and production costs) in the host/importing country, where the corporate sales tax rates charged by the local government are differentiated for foreign investors and local companies. It is assumed that the cost of a refurbished product is accepted as less than that of a new product. Additionally, it is assumed that . We posit that 3Ps have lower refurbishing costs because of economies of scale. The OEM charges license fee  for authorizing the 3P to refurbish. Following this pattern, the OEM and 3P maximize their profits by choosing optimal prices ( and ) and quantities of new and refurbished products ( and ) simultaneously. The symbols and definitions of variables included in this model are summarized in Table 1.

TABLE 1. Notations and associated description
	Symbol
	Description

	
	 refers to the OEM - refurbishing model or 3P - refurbishing model

	
	The selling price of a new product set by the OEM

	
	The selling price of a refurbish product set by the OEM or 3P

	
	The sales volume of the new product

	
	The sales volume of the remanufactured product

	
	The unit cost of the new product

	
	The unit cost of the refurbished product produced by the OEM

	
	The unit cost of the refurbished product produced by the 3P

	
	The unit product import tariff set by the government in the importing\country

	
	The difference in sales tax between foreign investment and local\production

	
	The unit license fee set by the OEM

	
	Profit of the OEM

	
	Profit of the 3P

	
	The consumer surplus of new products in the importing country

	
	The consumer surplus of remanufactured products in the importing\country

	
	The total consumer surplus of the importing country

	
	The government taxation of the importing country

	
	The social welfare of the importing country

	
	Demand for new products when there is no refurbished unit available

	
	Cannibalization coefficient

	
	Price elasticity on market demand of low-end customers

	
	Cannibalization elasticity, where 

	
	Composite effect of refurbished product’s price on its demand, where 



[bookmark: _Hlk109684142]The production decision frameworks under the corporate sales tax and international trade tariff policy are provided in Figure 1 and Figure 2. To examine the impacts of 3Ps without the distraction of the initial and terminal time period effect, consistent with the refurbishing literature, the model is developed under a steady state period, which implies that all players make the same decisions in every period after a ramp up in the first period in an infinite horizon setting. Consequently, it is assumed that , where all used products are available for refurbishing, and the quantity of refurbished products in the current period is restricted by the quantity of new products in the previous period, which equals the new product quantity in the current period.
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FIGURE 1. OEM refurbishing model
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FIGURE 2. 3P refurbishing model
The government of the host country can inﬂuence the OEM’s global refurbishing decisions as its tax policy shifts, which includes unit product quantitative tariff  and the difference in the sales tax between foreign investment and local production . It is assumed that , but  may be negative depending on the domestic government’s willingness to attract foreign investment. When the government want to attract foreign investment and offers tax preference to the OEM, . When the government wants to protect local refurbishing companies, . This paper also offers insights for the importing country by presenting analyses of its social welfare including consumer surplus, government taxation, and domestic companies’ profits. Subject to tax policy, the optimal strategy of a cross-border refurbishing supply chain should consider the following aspects or ‘trade-offs’: (1) Is an OEM’s in-house refurbishing or 3P refurbishing more profitable? (2) Which model provides better social welfare to the destination country?
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 assume that cannibalization mimics a general linear switching function, that is

	                                          (3)

for some coefficient .
We consider our model with unconstrained manufacturable product supply throughout the product life cycle. The 3P can collect enough used products to satisfy refurbished product demand. In reality, households keep huge amounts of used products. 3 conducted a national survey of U.S. households and found that on average, each household had 4.1 small and 2.4 large electronic waste (e-waste) items in storage, more than estimates by the United States Environmental Protection Agency (US EPA), suggesting that the backlog of e-waste in the United States is larger than generally believed. According to a survey in Finland by 4, 55% of respondents have two or more unused mobile phones at homes. 5 observe that compared with household consumers, commercial consumers have more stored computers, regardless of brand and capacity factors. 6 point out that it is empirically proven that consumers tend to store their unwanted electronic devices after the last time of usage. According to the US EPA, e-waste has increased by 120% in the past decade, and only 25% of it is collected for recycling or reuse. Therefore, the volume of used products that could be collected is huge, and this study assumes there is no upper limit for the total available refurbishing quantity.

MODEL FORMULATION AND Optimal Solution
OEM-Refurbishing Strategy Model
In the OEM-refurbishing model, a foreign OEM produces a new product in its home country and then exports it to the importing country and conducts refurbishing itself. The OEM completely monopolizes the importing country’s market, whose profit comes from sales of the new and refurbished products. The OEM may independently choose the optimal price and quantity of the new and refurbished products to maximize its own profit. The OEM determines the optimal price and quantity responses to maximize its profit as follows:

[bookmark: _Hlk109031056].                                                       (4)

s.t   
[bookmark: _Hlk109031192]Let  and . According to Equations (1), (2), and (3), Model (4) can also expressed as follows:

.

The profit function of  is concave in , implying the existence of a unique optimal solution.

[bookmark: _Hlk109031595]Theorem 1. In the OEM-refurbishing model, the optimal price and sales volume of the new and refurbished products are as follows:
                                                                                                 (5)
                                                                                   (6)
                                                                             (7)

The OEM’s optimal total profit function is as follows:

                                             (8)

As we know that,  and 
			     (9)

The constraint condition can be simplified to
  			   (10)
The assumption made before is used to determine the social welfare of the importing nation:
	                                             (11)     		        (12)									(13)

The optimal import unit tariff,  are positively correlated in the OEM-refurbishing model. The OEM must raise the new product's best selling price in order to account for the rise in the unit tariff. The best selling price of a remanufactured product, however, shows no association with   and is positively correlated with . The ideal selling price of the remanufactured goods must be increased since the increase in the unit difference of sales tax imposes an additional expense on the product. According to the OEM-refurbishing model, the correlation coefficient has an impact on the ideal sales volumes of new products () and remanufactured products (). In contrast to ,  is negatively impacted by unit tariff  but positively associated to .
With an increase in the unit tariff, the OEM's profit falls. With the increasing tariff, the OEM suffers greater losses while the importing government benefits more. This illustrates how the tariff's income transfer impact works. The entire cost of the OEM grows, the profit of the OEM declines, and the profit margin shrinks as the unit difference of sales tax increases.
3P-Refurbishing Strategy Model
Under the 3P-refurbishing model, the 3P obtains technical authorization from the OEM to refurbish. The OEM can gain income from technical authorization, while the 3P has a comparative cost advantage as discussed above. The OEM and 3P determine the optimal price and quantity responses to maximize their own profits as follows:

,                                                                         (14)
.                                                                  (15)
s.t   

[bookmark: _Hlk109032467]According to Equations (1), (2), and (3), Model (14) and (15) can also expressed as follows:



The profit function of  is concave in  and the profit function of  is concave in , implying the existence of a unique optimal solution.

Theorem 2. In the 3P-refurbishing model, the optimal price and sales volume of the new and refurbished products are as follows:
                                                                     (16)
                                                                        (17)
                                                                  (18)
                                                     (19)

The OEM’s and 3P’s optimal total profit functions are as follows:
                                          (20)
                                                                    (21)
As we know that,  and 
						(22)
The profit of the OEM declines as the unit tariff rises, whereas the profit of the 3P rises. The loss brought on by the tariff is shared by the exporter and the consumers, reflecting the income transfer impact of the tariff.
Then, the social welfare of the importing country is calculated as previously represented by the following assumption:
 			   (23)
  						         (24)
                                
						(25)
Constraint condition (25) is taken into account during the analysis to make sure the two models are accurate and comparable.
MODEL ANALYSIS
Comparing the OEM and 3P models: Price and Quantity
This is different from the findings of several other studies, which claim that when a 3P is given permission to remanufacture, the optimal selling price of new items must decrease. The two selling prices in this study can be equal, indicating that allowing for third-party manufacture may not always result in the new product's best possible selling price. 
Similarly, in order to determine the effects of  and  on the difference between them, we evaluate the optimal selling prices of the remanufactured product under two strategy models.

 				(26)
There exists , for which when , the OEM carries out the refurbishing itself and sells the remanufactured product at a lower price than the 3P. When , The OEM decides to authorize the 3P to remanufacture, the product produced by the 3P is more cost-effective to market.
The original equipment manufacturer (OEM) can make the remanufactured product at a relatively low cost and sell it at a relatively low price when the unit difference in sales tax determined by the importing country is modest. The OEM chooses to authorize third-party refurbishing because the 3P can offer the remanufactured product at a reasonably low price when the unit difference in sales tax determined by the importing country is particularly substantial. After analyzing the impact on prices, we move on to another crucial factor: quantity. In order to determine the effects of  and  on the difference between them, we compare the optimal volumes of the new product and the remanufactured product under two strategy models.
 				(27) 			(28)
Positively associated with  and negatively correlated with  is the new product's volume differential. In terms of the volume of the new product,  has a less impact on OEM than 3P refurbishing, whereas  has a bigger impact on OEM than 3P refurbishing. In contrast,  has a bigger impact on OEM refurbishing than 3P refurbishing, and  has a smaller impact on OEM refurbishing than 3P refurbishing, when it comes to the volume of the remanufactured product.
Under the 3P-refurbishing model as opposed to the OEM-refurbishing model, the volume of the new product gradually grows and the volume of the remanufactured product gradually decreases with an increase in   and a drop in . So, under the 3P-refurbishing model with an increase in   and a drop in , the cannibalization effect that remanufactured items have on new products is larger.
There exists  such that
· When , and ;
· When ,  and ; and
· When , under the two approach models, the volumes of new and remanufactured products are identical.
Prove that the OEM performs the refurbishing themselves when the OEM chooses to permit when , and the OEM choose to authorize the 3P manufacture when . Therefore, when 3P performs refurbishing, the cannibalization effect that the remanufactured product has on the new product is larger. The OEM refurbishing model offers a cost advantage over the 3P refurbishing model, and the OEM will profit from increasing the volume of the remanufactured product and decreasing the volume of the new product, and vice versa, when the unit difference in sales tax set by the importing country is low.
CONCLUSION
As previously stated, taxes and tariffs play a significant effect in the cost of capital and are hence vital for company corporate decisions (Graham & Mills, 2008; Zhou et al., 2011). In addition to other influential factors (such as site setup costs, volume fluctuations of returned cores, labor costs, material costs, and logistics costs) that have already been well studied in the existing literature, our research focuses on two underrepresented elements that frequently result in significant costs for businesses and can significantly influence an OEM's strategy for deploying cross-border refurbishing supply chains. A two-stage game model is developed to explain how tax and tariff policies affect OEM profitability (optimal prices, sales volumes, and revenues from new and remanufactured products) as well as the social welfare of the importing country. Our work advances our understanding of how taxes and tariffs affect global supply chains for refurbishment and presents critical issues that must be brought to the attention of numerous stakeholders. First, it analyzes the trade-off associated with an OEM's decision to engage in worldwide refurbishment while accounting for tax rate variances. Second, it is demonstrated that, under certain tax circumstances, an OEM can maximize profits while diminishing the social benefits to the importing country. Third, this study provides recommendations for policymakers, particularly those in emerging economies, to consider when implementing appropriate tax policies for remanufacturers that take into consideration economic and social benefits.
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