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Abstract 

With the increase of people's awareness of environmental protection. Therefore, many 
researchers have focused on how to recycle and reuse old products in the hands of 
consumers. In order to propose an analysis framework for the trade-in strategy under 
the closed-loop supply chain, based on summarizing the existing consumer trade-in 
policy research, a closed-loop supply chain analysis framework is first constructed, and 
it is proposed that producers and consumers are separated (according to stage profit or 
Decision-making based on profit) and unified decision-making (decision based on total 
profit or total profit). Then, in the closed-loop supply chain, combined with the consumer 
trade-in policy, a four-group dynamic game process and A set of consumer trade-in 
analysis frameworks in a static game process. 
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1. Introduction 

Trade-in means that when consumers buy new products, if they can deliver similar old products 
to the store, they can discount a certain price. Old products serve as discount coupons; if 
consumers cannot submit old products, new products can only Sold at the original price. The 
trade-in policy is an important macro-control measure in my country. Since its implementation 
in June 2009, it has started to further promote the expansion of consumer demand, improve the 
efficiency of resource and energy use, reduce environmental pollution, promote energy 
conservation, emission reduction and the development of circular economy, and revitalize the 
national economy. To the positive promotion effect. The trade-in strategy can be divided into 
two categories[1]: market spontaneous and government-regulated. The former is mainly to 
stimulate consumer demand and belongs to business strategy, and the latter is mainly to 
protect the ecological environment and belongs to environmental economic policy, which is 
used to trade electronic products. It represents the recycling management of wastes that have 
both environmental hazards and resource utilization. 

Trade-in requires consumers to purchase new products when they sell old electronic waste. 
When consumers return old products, they get a price discount, that is, trade-in operates in the 
entire closed-loop supply chain process. On August 17, 2015, Huawei Consumer Business 
announced the launch of the Green Action 2.0 mobile phone recycling program. The trade-in 
business covers up to 1,500 models of mobile phones from brands such as Huawei, Honor, 
Apple, Samsung, and HTC. Consumers can use the old trade-in platform  on the Huawei Mall to 
evaluate and recycle the idle mobile phones in their hands. They can exchange up to 4428 yuan 
worth of Huawei and Honor mobile phone vouchers for Huawei New machine purchase. It is 
understood that Huawei’s “Green Action” was launched as early as 2013, when Huawei’s French 
team cooperated with European waste equipment recycling agencies Recommerce solutions 
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and Ateliers du Bocage to launch a trade-in service. By 2014, the service has expanded to 190 
pilot recycling stations in 8 countries including China, Saudi Arabia and Thailand. This data 
increased to 327 recycling stations worldwide in the first half of 2015[2]. In addition, studies 
have shown that the implementation of the old-for-new strategy can not only stimulate 
consumer demand and affect the production of positive products, it can also achieve waste 
reduction at the source and end-of-life recycling. It can also affect the production of positive 
products, thus affecting the entire closed-loop supply chain. Then, from the perspective of the 
operation of the old-for-new strategy and its implementation effect, it is necessary to study the 
old-for-new strategy under the closed-loop supply chain, so this article will propose an old-for-
new strategy analysis framework under the closed-loop supply chain. 

2. Literature Review 

Most current researches are based on closed-loop supply chains. For example, Ma and Zhao[3] 
analyzed the impact of trade-in subsidies on closed-loop supply chains from the perspectives 
of consumers, the scale of closed-loop supply chains, and enterprises. Wu [4] studied the existing 
products with stable or mature sales in the market, and divided the market into first-time 
consumers and trade-in consumers according to whether consumers own the products, and 
discussed how companies should price products and the impact of trade-in strategies. Miao 
Chaowei and Xia [5] analyzed three closed-loop supply chain decision-making models based on 
the old-for-new strategy, and discussed the optimal pricing and recycling strategies of the 
model. Li and Zhu [6] studied the issue of recycling of waste products under the restriction of 
the extended producer responsibility system (EPR) and the centralized decision-making of 
home appliance manufacturers and sales enterprises. 

In addition, there are also literatures that have proposed an analysis framework for the 
mechanism of enterprise trade-in. For example, Liu and Yu [7] described a competitive model of 
recycling and disposal costs, and found that the difference in recycling and disposal costs keeps 
informal enterprises in a competitive position. Explain why formal production and sales 
companies rarely participate in the recycling process in actual operations. Aiming at some 
enterprises’ trade-in practices, this paper constructs an old-for-new model at the supply chain 
level, considering the relationship among stakeholders-related variables such as the amount of 
recycling, recycling price, and government subsidies, and analyzing the enterprise from the 
economic perspective of cost and benefit. The impact of trade-in on products and stakeholders. 
Li and Yan[8] Based on the background of enterprises' independent implementation of trade-in 
business, and closed-loop supply chain system as the research basis, according to whether there 
are three supply chain models that combine old trade-in with different investment entities, 
construct corresponding consumer utility in turn Compare and analyze the market strategy 
selection issues and pricing decisions of decision-making entities with market segmentation 
decision-making models. Finally, discuss the social advantages of optimization strategies from 
the perspective of consumer surplus and social welfare. 

In Liu and Yu [7] , Li and Yan [8] in the analysis framework of enterprise trade-in, the former 
analyzes the impact of trade-in from an economic perspective in the closed-loop supply chain 
to highlight that trade-in is an excellent environmental economic policy ; The latter analyzes all 
aspects of decision-making before and after the implementation of the enterprise’s 
independent trade-in in the closed-loop supply chain from the perspective of operation and 
management, in order to formulate a company that is suitable for the real environment, and the 
purpose of this article is to study how the enterprise trade-in should be proposed in the closed-
loop supply chain An analytical framework to improve the study of the old-for-new mechanism. 
Therefore, this article will first establish a closed-loop supply chain analysis framework, and 



Volume 1 Issue 10, 2020 

DOI: 10.6981/FEM.202010_1(10).0008 

60 

Frontiers in Economics and Management 

ISSN: 2692-7608 

then use the operation management analysis method under the closed-loop supply chain to 
propose an analysis framework for the enterprise trade-in mechanism. 

3. Closed-loop supply chain analysis framework 

Closed-loop Supply Chain  includes a forward supply chain and a reverse supply chain. It turns 
the traditional supply chain from an open-loop process of resource-production-consumption-
abandonment into a resource -production -consumption -recycling process. Closed-loop 
feedback loop process of reproduction and utilization [9]. A complete CLSC is composed of the 
logistics operation process, stakeholders and their decision-making. The following will propose 
a CLSC analysis framework from these three aspects. 

3.1. Operational Structure  

CLSC includes forward logistics  and reverse logistics (product recovery-reprocessing-reuse 
and remanufacturing). The recycling link is located at the junction of forward and reverse 
logistics. After being recycled and processed, it flows into the hands of the producer for 
remanufacturing, thus realizing a closed-loop structure. 

3.2. Stakeholder 

According to the operation of CLSC, stakeholders usually include suppliers, manufacturers, 
retailers, consumers and recyclers, and each stakeholder can act as other stakeholder roles at 
the same time. For example, a producer can act as a supplier and a recycler in the CLSC at the 
same time, and its benefits involve the production and recycling links [10], or a retailer can also 
act as a recycler in the CLSC at the same time, and its benefits involve the sales and recycling 
links [11]; In the actual CLSC, Lenovo, as a design and manufacturing company, also assumes the 
roles of supplier, retailer and recycler. Then, according to the characteristics of the supply chain 
that the closed loop is formed when the producer recycles the product, the main stakeholders 
on the CLSC can be summarized into two, namely the producer (supplier, retailer and recycler 
at the same time). And consumers. However, considering that there are actually a large number 
of informal recyclers in China’s waste recycling market, and these recyclers account for about 
70% of the market share [12], based on China’s national conditions, this article summarizes 
CLSC’s stakeholders as producers , Informal recyclers and consumers. 

3.3. Decision-making 

In CLSC, regardless of whether they undertake multiple functions, all stakeholders always make 
relevant decisions with the goal of maximizing personal total profit. For example, a producer 
who also serves as a recycler makes simultaneous decisions on production and recycling with 
the goal of maximizing the sum of production profits and recycling profits [13], while retailers 
make decisions on sales with the goal of maximizing sales profits [13]. Formal recyclers make 
decisions on recycling with the goal of maximizing recycling profits [14], while consumers make 
decisions on product demand with the goal of maximizing personal (family) utility under the 
constraint of total income [15], or maximizing utility Turn it into a target and use a linear function 
of price to directly express product demand [11]. In fact, when consumers buy general products, 
they only consider whether the product itself meets personal expectations, but when 
purchasing durable goods with high product value, such as electronic products, consumers 
represented by China will think that when the product becomes waste The sale value [16], so 
some consumers will also consider the benefits of future sales of waste. For this type of durable 
goods, consumers have two ways to make purchase decisions: buy products only based on the 
consideration of the product itself or purchase products based on the consideration of future 
waste sales revenue. From the current CLSC research, there is no research on constructing CLSC 
models from the perspective of different consumer decision-making methods. Furthermore, if 
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the idea that consumers have different decision-making methods is extended to producers, then 
for products that can be recycled, the producer's production decision and recycling decision 
can also be considered separately, that is, the producer maximizes the production profit and 
the recycling profit. Make production and recycling decisions for the goal, but according to 
current research, the academic community generally adopts the assumption that producers 
make simultaneous decisions on production and recycling with the goal of maximizing total 
profit in CLSC, but there is no basis to support this hypothetical method . 

According to the above analysis, in the closed-loop supply chain of durable goods where the 
stakeholders are producers, consumers and informal recyclers, producers need to make 
decisions on production and recycling, consumers need to make decisions on purchase and sale, 
and informal recycling The producer only needs to make decisions on recycling with the goal 
of maximizing the profit of recycling, while the producer and consumer have two decision-
making methods for their two decision variables. For ease of presentation, consumers’ 
consideration of the product itself is called willingness to pay for the product [17]-[18], and 
consumers’ consideration of future waste sales income is called the residual value estimation 
of waste [19] , Then it is possible to define consumers to meet the product willingness to pay and 
waste residual value estimation as the goal. The way to separate purchase and sale decisions as 
decentralized decision-making, to meet the product willingness to pay and waste residual value 
estimation as the goal to make purchase decisions The method is unified decision-making; it is 
defined that the way that producers make separate decisions on production and recycling with 
the goal of maximizing sales profits and recycling profits is decentralized decision-making, and 
the goal is to maximize the sum of sales profits and recycling profits for production and 
recycling together The method of decision-making is unified decision-making. When the two 
randomly adopt any of the decision-making methods to form a strategy combination, a different 
decision-making structure will be formed in the CLSC. 

4. Analytical framework of the mechanism of trade-in for enterprises 
under the closed-loop supply chain 

Since this article is consistent with the research background of Li and Yan [8], we learn from the 
literature based on the closed-loop supply chain's implementation plan of trade-in, improve its 
supply chain links, and determine a complete closed-loop supply chain enterprise's 
implementation plan for trade-in. Maximizing their own interests determines the selling price 
of the product. Consumers decide whether to buy the product according to their willingness to 
pay. After that, the producer gives a price discount to consumers who repurchase the product, 
and the consumer decides whether to trade in or sell the product. To third-party recyclers. 
Among them, the government has a price discount based on producers who recycle old 
electronic products. 

According to the closed-loop supply chain analysis framework in Section 3, since producers and 
consumers can randomly adopt decentralized or unified decision-making methods, four 
strategic combinations can be formed in the closed-loop supply chain, namely (1) Both 
producers and consumers make decentralized decisions; (2) Producer decentralized decision-
making, consumer unified decision-making; (3) Producer unified decision-making, consumer 
decentralized decision-making; (4) Producer and consumer both make unified decision. Under 
the combination of these four strategies, the company’s trade-in, Corresponding to the 
formation of four groups of enterprise trade-in models, which will be analyzed in detail below. 

4.1. Combination 1: When manufacturers, retailers, and consumers all 
decentralize decision-making 

When manufacturers, retailers, and consumers all make decentralized decisions in CLSC, the 
manufacturer first determines the wholesale price of the product, the retailer determines the 
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retail price of the product in the product sales market according to the maximization of sales 
profit, and then the consumer meets the willingness to pay for the product as The premise is to 
purchase products from producers; when the products enter the waste recycling market after 
a period of use, manufacturers and retailer recyclers respectively determine the recycling price 
of waste according to their own recycling profit maximization, and then consumers meet the 
surplus of old electronic products Value estimation is the premise to decide whether to trade 
in old or sell old electronic products to third-party recyclers. The trade-in model is shown in 
Figure 1. At this time, a dynamic game is formed in the sales market and the recycling market, 
and these two games are independent of each other, and there is a time sequence. 
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Figure 1 Trade-in model when both producers and consumers are decentralized in decision-making
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4.2. Combination 2: When producers make decisions separately and 
consumers make unified decisions 

Different from the trade-in model when both producers and consumers make decentralized 
decision-making in Combination 1, when consumers become a unified decision-making, they 
not only consider their willingness to pay when buying products in the sales market, but also 
consider future waste sales income. That is to meet the product willingness to pay and the 
estimation of the remaining value of the old electronic products, the old-for-new model is 
shown in Figure 1. At this time, a dynamic game is also formed in the sales market and the 
recycling market, but these two games affect each other because of the estimation of the surplus 
value of consumer old electronic products. 
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4.3. Combination 3: When producers make unified decisions and consumers 
make decisions separately 

Different from the trade-in model when both producers and consumers make decentralized 
decision-making in Combination 1, when the producer becomes a unified decision, the 
producer not only considers the sales profit but also the recovery profit when making 
production decisions in the sales market. And the renewal model is shown in Figure 4: First, the 
producer in the electronic product sales market determines the product price and discounted 
price based on the maximization of the sum of the sales profit and the return profit. At the same 
time, the third-party recycler also determines its return based on the maximization of the 
return profit. After that, consumers purchase products from producers on the premise of 
satisfying the willingness to pay for the products; when the products are used for a period of 
time and enter the waste recycling market, consumers decide whether to trade-in or recycle to 
a third party on the premise of satisfying the estimation of the remaining value of the old 
electronic products The dealer sells old electronic products. At this time, a dynamic compound 
game is formed in CLSC. Two sub-games are induced in the stage when the producer determines 
the product price and the recycling price and the third-party recycler determines the recycling 
price, that is, the consumer decides whether to repurchase the product and the consumer 
decides whether to submit to a third party. Recyclers sell old electronic products, and these two 
subgames are independent of each other. 
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Figure 3 Trade-in model when the producers are unified and consumers are decentralized in decision-making
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4.4. Combination 4: When both producers and consumers make unified 
decisions 
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Unlike the trade-in model under combination 3, when consumers become a unified decision-
making, they purchase products from producers and pay deposits on the premise of satisfying 
the product willingness to pay and the estimated sum of the remaining value of the old 
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electronic products in the electronic product sales market, The trade-in model is shown in 
Figure 4. At this time, Combination 4 is the same as Combination 3. CLSC also forms a dynamic 
compound game, but these two sub-games influence each other because of the estimated 
surplus value of consumers' old electronic products. 

According to the game theory, the optimal strategy of the game player tends to change with the 
strategy of other players, so the above four strategy combinations of the consumer and 
producer are not stable. Inverse induction is applied to obtain the equilibrium results of the 
above four strategy combinations, that is the subsidies 𝑡𝑛  product prices 𝑝𝑠

𝑛 , producer discount 
prices 𝑝𝑟

𝑛  and third-party recycling prices  𝑝𝑖
𝑛 ,  𝑛 is the number of the combination, 𝑖. 𝑒. ,𝑛 =

1,2,3,4. We can further obtain the total profits of the producer ∏ (𝑡𝑛 , 𝑝𝑠
𝑛 , 𝑝𝑟

𝑛 , 𝑝𝑖
𝑛)𝑀  and consumer 

∏ (𝑡𝑛 , 𝑝𝑠
𝑛 , 𝑝𝑟

𝑛 , 𝑝𝑖
𝑛)𝐶 . Finally, four groups of total profits of the producer and consumer form the 

profit matrix shown in Table 1, which represents a static game between the producer and 
consumer about the choice of decision-making method. Actually, the dynamic game formed by 
four strategy combinations is the sub-game in the same stage of static game. The static game 
between the producer and consumer are supported by obtaining the equilibrium result of sub-
game. Finally, by solving the Nash equilibrium of static game, we can get the most consistent 
form of decision-making method between the producer and consumer, and the optimal 
consumer-paid deposit-refund system. 

 

Table 1 The profit matrix 
                consumer 
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decentralized decision-making unified decision-making 

decentralized 
decision-making 

（∏ (𝑡1, 𝑝𝑠
1, 𝑝𝑟

1, 𝑝𝑖
1), ∏ (𝑡1, 𝑝𝑠

1, 𝑝𝑟
1, 𝑝𝑖

1)𝐶𝑀 ） （∏ (𝑡2, 𝑝𝑠
2, 𝑝𝑟

2, 𝑝𝑖
2), ∏ (𝑡2 , 𝑝𝑠

2, 𝑝𝑟
2, 𝑝𝑖

2)𝐶𝑀 ） 

unified decision-
making 

（∏ (𝑡3, 𝑝𝑠
3, 𝑝𝑟

3, 𝑝𝑖
3), ∏ (𝑡3 , 𝑝𝑠

3, 𝑝𝑟
3, 𝑝𝑖

3)𝐶𝑀 ） （∏ (𝑡4, 𝑝𝑠
4, 𝑝𝑟

4, 𝑝𝑖
4), ∏ (𝑡4 , 𝑝𝑠

4, 𝑝𝑟
4, 𝑝𝑖

4)𝐶𝑀 ） 

 

Therefore, through the analysis of four models, we find that each strategy combination has a 
dynamic game process. When solving each dynamic game to get the equilibrium result, we 
found that the four equilibrium results form a profit matrix, which represents a static game 
between the producer and consumer about the choice of decision-making method. Accordingly, 
the consumer-paid deposit-refund system analysis framework in closed-loop supply chain 
includes not only four system models, but also includes the profit matrix. That is to say, the 
static game between the producer and consumer, and the four dynamic games supporting the 
static game together constitute a complete analysis framework. 
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