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Abstract: To develop more competitive strategies for different types of remanufacturing companies 

under the trade-in remanufacturing policy, this paper investigates the impact of the trade-in 

remanufacturing policy and consumer choice behavior on decisions of a traditional brand 

remanufacturer and a third-party brand remanufacturer by using a consumer utility model. The 

results suggest that the trade-in remanufacturing policy increases demand for the third-party brand, 

but does not increase demand for the traditional brand. Further, although trade-in remanufacturing 

policy increases both brand prices, it also increases consumer surplus and corporate profits. Neither 

the traditional brand remanufacturer nor the third-party brand remanufacturer can completely 

monopolize the remanufacturing market. In this situation, the traditional brand remanufacturer 

should strive to increase consumer loyalty, and the third-party brand remanufacturer should strive 

for consumer recognition of third-party remanufactured products. 
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1. Introduction 

The introduction of the trade-in remanufacturing policy for automotive engines has not only 

attracted traditional automotive engine manufacturers to expand their business into the 

remanufacturing market, but it also has attracted many third-party automotive engine 

remanufacturers to enter the market as well. According to survey data from social platforms and the 

Internet, some consumers have shown a preference for the remanufactured products of traditional 

automotive engine manufacturers, and some consumers are even loyal to a particular brand [1]. Of 

course, there are other consumers who prefer remanufactured engines produced by third-party 

remanufacturers. These consumers believe that third-party remanufacturers’ automotive engines are 

more cost effective than those of traditional brands. Due to the different preferences of consumers, it 

will inevitably cause competition between remanufacturing engines of different brands. Both 

traditional brand automotive engine remanufacturers and third-party automotive engine 

remanufacturers hope to attract more consumers and have an edge, thereby achieving more profits. 

A series of studies have been conducted in the field of brand competition decision research. 

Scholars find a phenomenon that consumers tend to repurchase previously purchased products, 

which is called consumer inertia dependence, and discuss the impact of this dependence behavior 

[2]. Others further explore the impact of this preference behavior on brand competition decisions. 

Considering the online product reviews, Li and Hitt [3] study the impact of consumer preferences on 

the long-term consumer purchase behavior and suggest that firms can benefit by adapting their 

strategies to take into account consumer behaviors. Bronnenberg and Dubé [4] delve into the 

formation of consumer brand preferences. Some scholars have further studied the impact of deeper 

brand preferences where brand preferences have been transformed into brand loyalty [5–7]. Shen et 
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al. [8] build a cooperation model to study the impacts of brand loyalty on a brand’s business 

performance and find the optimal brand loyalty levels with respect to the different financial benefits. 

Using survey data from a university in India, Kamboj et al. [9] study the impact of social networking 

sites’ participation motivations on brand loyalty and suggest that they have a positive effect on brand 

loyalty. They also find that brand trust plays a mediator role between them. Scholars also explore the 

impact of consumer recognition on brand competition decisions. By using data from 300 French 

consumers, Bartsch et al. [10] investigate the roles of consumer attitudes and identification with 

brands and highlight the importance of brand identification. Jing [11] studies the effects of customer 

recognition on firms’ competition in a two-period duopoly and suggests that consumers’ recognition 

in the second period depends on their realized values in the first period. Scholars also discuss the 

impact of differences and characteristics among consumer groups. Focusing on the video game 

industry, Zhu and Zhang [12] discuss the impact of consumer characteristics on product sales and 

find that companies should develop marketing strategies based on the consumers’ characteristics. Li 

[13] investigates the effects of adopting pricing that is based on consumer behavior on marketing 

channel members and finds that this approach increases the consumer surplus but decreases 

marketing channel members’ profits. 

However, most studies only focus on the impact of consumer behavior on brand competition 

strategies, while few studies also focus on the impact of government intervention on brand 

competition strategies. The biggest difference between the brand competition decision research of the 

remanufacturing automotive engines and the brand competition decision research of other products 

is that the influence of government intervention needs to be considered. In the field of 

remanufactured automotive engines, government intervention refers to the trade-in remanufacturing 

policy for remanufactured automotive engines introduced by the government. 

In the research on the impact of the trade-in remanufacturing policy, scholars have carried out 

a series of studies [14–16]. Shi et al. [17] investigate the effects of the trade-in remanufacturing policy 

in a two-stage profit-maximization problem. They find that the optimal trade-in remanufacturing 

policy may cause low remanufacturing rates. Shu et al. [18] investigate the optimal pricing decision 

under the remanufacturing subsidy and find that the trade-in remanufacturing policy can encourage 

customers to replace their existing products. Zhang and Zhang [16] study the impact of the trade-in 

remanufacturing policy on the economic and environmental benefits and find that adopting this 

policy for highly strategic customers may negatively affect economic and environmental benefits. 

Using the dynamic pricing method, Li et al. [19] construct a model to improve a monopolistic original 

equipment manufacturer’s sales under the trade-in remanufacturing policy and find that the 

manufacturer prefers customers to participate in this policy. Feng et al. [20] study the effects of 

whether an original equipment manufacturer adopts the trade-in remanufacturing policy and find 

that the manufacturer prefers to set up remanufacturing systems under this policy. Han et al. [15] 

investigate the conditions when firms enter the remanufacturing market under the trade-in 

remanufacturing policy and find that the government subsidy is a strong incentive. Zhao et al. [21] 

discuss the effect of the government subsidy on the decisions of the remanufacturer and find that 

when a remanufacturer shares a proportion of the subsidy with consumers, it can achieve greater 

profits. Huang [22] investigates the impact of the trade-in remanufacturing policy on profits in a 

closed-loop supply chain and find that the manufacturer prefers to implementing this policy by 

himself for the immediate benefits of remanufacturing. Although some scholars have paid attention 

to a series of effects of the trade-in remanufacturing policy, few studies have discussed the impact of 

the trade-in remanufacturing policy on remanufacturing brand competition decisions. In particular, 

the impact of the trade-in remanufacturing policy on remanufacturing brand competition decisions 

about two different types of remanufacturers is rarely discussed. 

Therefore, this paper discusses the impact of the trade-in remanufacturing policy on competition 

strategies of different automotive remanufacturing engine brands. From the perspective of consumer 

utility, by constructing and solving utility functions for different types of consumers, this paper 

investigates the impact of the trade-in remanufacturing policy and consumer choice behavior on the 
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decisions of the traditional brand automotive engine remanufacturer and the third-party automotive 

engine remanufacturer. Specifically, the paper attempts to answer the following research questions: 

(1) How are the decisions of the traditional brand automotive engine remanufacturer and the 

third-party automotive engine remanufacturer affected by trade-in remanufacturing policy? 

(2) From a consumer choice perspective, will the third-party brand remanufacturer gradually 

eat away at the traditional brand remanufacturer? Or is the traditional brand remanufacturer 

gradually eating away at the third-party brand remanufacturer? 

The findings of this paper provide a theoretical basis and effective suggestions for two types of 

remanufacturers to make decisions based on their circumstances under the intervention of the 

government trade-in remanufacturing policy. 

2. Model 

2.1. Model Description 

In the automotive engine remanufacturing market, there are two types of remanufacturers: 

traditional brand remanufacturers and third-party brand remanufacturers. For example, Volkswagen 

produces its own remanufactured automotive engines, while third-party automotive engine 

remanufacturers (such as Bksun) also produce remanufactured engines that match Volkswagen 

specifications. In order to research consumers’ choice of remanufactured automotive engines 

produced by traditional brands versus those produced by third-party brands, consumers are divided 

into two categories. One group of consumers has previously replaced an engine and chose a 

traditional brand (the proportion is α), while the other group of consumers has never replaced an 

engine (the proportion is 1 − α). Different consumers have the different product value θ. Consumers 

make decisions by measuring the utility of three choices that include the remanufactured engine from 

the traditional brand, the remanufactured engine from the third-party brand, and the repair of the 

original engine. Although third-party remanufactured engines are very popular with some 

consumers, there are others who have a selective dependence on the traditional brand 

remanufactured engines [23]. The dependence on the traditional brand is represented by � , the 

loyalty to the traditional brand is represented by γ, and the acceptance degree of the third-party 

brand is represented by � , where 0 < � < γ. The price of the traditional brand remanufactured 

engines is ��  and its wholesale price is   �� , where �� >  �� . The price of the third-party brand 

remanufactured engines is ��  and its wholesale price is �� , where �� >  ��  and �� > �� . The 

government’s trade-in remanufacturing policy is represented by R. 

According to the modeling of consumers’ choice behavior for two different brand products [24], 

the first type of consumers’ utility for three different choices is shown in Figure 1. 

 

Figure 1. The first type of customers’ choice behavior. 

The specific achievable utility of the three types of behaviors is expressed as follows: For the first 

type of consumer, the utility of replacing an existing engine with a traditional brand remanufactured 

engine is 

��� = (1 + γ)� − �� + � +  � (1)

where ���  indicates the first type of consumers’ utility of replacing an existing engine with a 

traditional brand remanufactured engine. 
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For the first type of consumers, the utility of replacing an existing engine with a third-party 

brand remanufactured engine is 

��� = � − �� + � + � (2)

where ��� indicates the first type of consumers’ utility of replacing an existing engine with a third-

party brand remanufactured engine. 

For the first type of consumers, the utility of repairing an existing engine is 

��� = �� − �� (3)

where ��� indicates the first type of consumers’ utility of repairing an existing engine. � indicates 

the available utility as a percentage of the original utility after repair, where 0 < � < 1. The price to 

pay for repair is ��, where �� < ��. 

According to the modeling of consumers’ choice behavior for two different brand products [24], 

the second type of consumers’ utility for three different choices is shown in Figure 2. 

 

Figure 2. The second type of customers’ choice behavior. 

For the second type of consumers, the utility of replacing an existing engine with a traditional 

brand remanufactured engine is 

��� = (1 + γ)� − �� + � (4)

where ��� indicates the second type of consumers’ utility of replacing an existing engine with a 

traditional brand remanufactured engine. 

For the second type of consumers, the utility of replacing an existing engine with a third-party 

brand remanufactured engine is 

��� = � − �� + � (5)

where ��� indicates the second type of consumers’ utility of replacing an existing engine with a 

third-party brand remanufactured engine. 

For the second type of consumers, the utility of repairing an existing engine is 

��� = �� − �� (6)

where ��� indicates the second type of consumers’ utility of repairing an existing engine, where 0 <

� < 1, and �� < ��. 

2.2. Model Solution 

According to the consumer utility model constructed in the previous section, we solve the model 

to obtain the optimal decisions. The proof of this section is provided in Appendix A. First, the optimal 

price and demand decisions are solved. According to the utility function of the two types of 

consumers’ different choice behaviors constructed in Section 2.1, the demand for the traditional brand 

remanufactured engine can be expressed as 

�� = α(1 − ��) + (1 − α)(1 − ��) (7)

The demand for the third-party brand remanufactured engine can be expressed as 
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�� = α(�� − ��) + (1 − α)(�� − ��) (8)

The demand for repairing the engine can be expressed as 

��  =  α�� + (1 − α)�� (9)

By solving ���(��) = ���(��), the optimal value �� can be obtained: 

�� =
�� − �� + � − �

γ
 (10)

By solving ���(��) = ���(��), the optimal value �� can be obtained: 

�� =
�� − � − �� − �

1 − �
 (11)

By solving ���(��) = ���(��), the optimal value �� can be obtained: 

�� =
�� − ��

 γ
 (12)

By solving ���(��) = ���(��), the optimal value �� can be obtained: 

�� =
�� − �� − �

1 − �
 (13)

The total profit function can be expressed as 

π = (�� − ��)�� + (�� − ��)�� + �� ∗ �� (14)

The optimal prices of two brands are derived as seen below by solving 
��

���
= 0 and 

��

���
= 0: 

�� =
�� + � + �� + γ + 1 − � + � ∗ �

2
 (15)

�� =
�� + � + �� + �� + 1 − �

2
 (16)

Substituting �� and �� in Equations (15) and (16) into Equations (10)–(13), then Equations (10)–

(13) into Equations (7) and (8), 

�� =
�� − �� + γ − �� + � ∗ �

2γ
 (17)

�� =
�� − �� + �� − � ∗ �

2γ
+

�� − � − �� − ��

2(� − 1)
 (18)

Then, according to the modeling approach of Zhang et al. [25], the consumer surplus � can be 

expressed as 

� = � �∫ ���(�)
�

��
�� + ∫ ���(�)��

��

��
+ ∫ ���(�)��

��

�
� + (1 − �) �∫ ���(�)

�

��
�� +

∫ ���(�)��
��

��
+ ∫ ���(�)��

��

�
�  

(19)

Substituting Equations (10)–(13) into Equation (19), 

� = � ��
���

�
�� + (� − ��) ⋅ �� |��

� + �
��

�
+ (� + � − ��) ⋅ �� |��

�� + �
���

�
− �� ⋅

�� |�
��� + (1 − �) ��

���

�
�� + (� − ��) ⋅ �� |��

� + �
 ��

�
+ (� − ��) ⋅ �� |��

�� + + �
���

�
− �� ⋅ �� |�

���  

(20)

Moreover, according to the modeling approach of Park et al. [26], the social welfare � can be 

expressed as 
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� = � + � − � ⋅ (�� + ��) (21)

By solving 
��

��
= 0, 

�∗ = �� − �� + �� + 1 − � (22)

Substituting Equation (22) into Equations (15)–(18), the optimal price of the traditional brand 

remanufactured engine can be expressed as 

��
∗ =

�� − �� + γ + �� + � ∗ �

2
+ 1 + �� − � (23)

The optimal price of the third-party brand remanufactured engine can be expressed as 

��
∗ = �� − � + 1 + �� (24)

The optimal demand for the traditional brand remanufactured engine can be expressed as 

��
∗ =

�� − �� + γ − �� + � ∗ �

2γ
 (25)

The optimal demand for the third-party brand remanufactured engines can be expressed as 

��
∗ =

�� − �� + �� + γ − � ∗ �

2γ
+

�� − �� − ��

(� − 1)
 (26)

3. Analysis and Discussion 

This section demonstrates the effects of trade-in remanufacturing policy and consumer choice 

behavior on the decisions of the traditional brand automotive engine remanufacturer and the third-

party automotive engine remanufacturer. 

Proposition 1. The impact of trade-in remanufacturing policy. 

Proposition 1a. The price of the third-party brand remanufactured engine is lower than the price of the 

traditional brand remanufactured engine. That is to say, �� > ��. Moreover, 
���

��
=

���

��
> 0. 

Proposition 1a states that the price of the traditional brand remanufactured engine is higher than 

the price of the third-party brand remanufactured engine, which is in line with the actual situation. 

The trade-in remanufacturing policy positively impacts on the prices of the traditional brand 

remanufactured engine and the third-party brand remanufactured engine. As the trade-in 

remanufacturing subsidy increases, the prices of both brand remanufactured engines increase. The 

proof of Proposition 1a is provided in Appendix B. 

Proposition 1b. The demand for the traditional brand remanufactured engine is higher than the demand for 

the third-party brand remanufactured engine. That is to say, �� < ��. Moreover, 
���

��
= 0 and 

���

��
> 0. 

Proposition 1b states that the demand for the third-party brand remanufactured engines is 

higher than the demand for the traditional brand remanufactured engines. The trade-in 

remanufacturing policy has little effect on the demand for the traditional brand remanufactured 

engines, but the effect on the demand for the third-party brand remanufactured engines is positive, 

as shown in Figure 3. 
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Figure 3. Influence of � on �� and ��. 

As the trade-in remanufacturing subsidy increases, the demand for the third-party brand 

remanufactured engines increases. The proof of Proposition 1b is provided in Appendix B. 

Proposition 1c. The total profit function � and the consumer surplus � rise with the increase of the trade-in 

remanufacturing subsidy �. That is to say, 
��

��
> 0 and 

��

��
> 0. 

According to Proposition 1a, the prices of both brand remanufactured engines increase with the 

increase of the trade-in remanufacturing subsidy. However, Proposition 1c states an interesting 

phenomenon that the consumer surplus does not decrease but increases. The proof of Proposition 1c 

is provided in Appendix B. 

Proposition 2. The impact of consumer choice behavior on the optimal prices. 

Proposition 2a. As the proportion of consumers who have replaced an engine increases, the prices of both 

brands of remanufactured engines increase. That is, 
���

��
> 0 and 

���

��
> 0. Moreover, when � − � > 0, 

���

��
>

���

��
 and when � − � < 0, 

���

��
<

���

��
. 

Proposition 2a states that the prices of both brands of remanufactured engines increase with an 

increase in the proportion of consumers who have replaced an engine. Then, the marginal effects of 

the proportion of consumers who have replaced an engine on the prices of both brands of 

remanufactured engines are further discussed, as shown in Figure 4. 

 

Figure 4. Influence of � on �� and ��. 
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When � − � > 0, 
��1

��
>

��2

��
.That is to say, when the consumer’s dependence on the traditional 

brand is greater than the acceptance degree of the third-party brand, the price of the traditional brand 

increases more than that of the third-party brand with an increase in the proportion of consumers 

who have replaced an engine. In other words, the more consumers choose the traditional brand, the 

greater the price of the traditional brand increase with the proportion of consumers who have 

replaced engines increases. 

When � − � < 0, 
���

��
<

���

��
. That is to say, when the consumer’s dependence on the traditional 

brand is less than the acceptance degree of the third-party brand, the price of the traditional brand 

increases less than that of the third-party brand with an increase in the proportion of consumers who 

have replaced an engine. In other words, the more consumers choose the traditional brand, the 

greater the price of the third-party brand increase as the proportion of consumers who have replaced 

an engine increases. The proof of Proposition 2a is provided in Appendix C. 

Proposition 2b. As consumers’ loyalty to the traditional brand increases, the price of the traditional brand 

increases, while the price of the third-party brand does not change. That is to say, 
���

��
>

���

��
= 0. 

Proposition 2b states that the price of the traditional brand increases with the increase of 

consumers’ loyalty to the traditional brand. However, the price of the third-party brand does not 

change with the increase of consumers’ loyalty to the traditional brand. That is, the more consumers 

have loyalty to the traditional brand, the more the price of the traditional brand will rise. The proof 

of Proposition 2b is provided in Appendix C. 

Proposition 2c. As the acceptance degree of the third-party brand increases, the prices of both brands of 

remanufactured engines increase. That is, 
���

��
> 0 and 

���

��
> 0. Moreover, 

���

��
<

���

��
. 

Proposition 2c states that the prices of both brands of remanufactured engines increase with the 

increase of the acceptance degree of the third-party brand. In addition, the price increase of the third-

party brand is greater than the price increase of the traditional brand. The proof of Proposition 2c is 

provided in Appendix C. 

Proposition 2d. As the dependence on the traditional brand increases, the price of the traditional brand 

increases, while the price of the third-party brand does not change. That is to say, 
���

��
>

���

��
= 0. 

Proposition 2d states that the price of the traditional brand increases with the increase in the 

dependence on the traditional brand. However, the price of the third-party brand does not change 

with the increase in the dependence on the traditional brand. That is, the greater the consumer’s 

dependence on the traditional brand, the more the price of the traditional brand will rise. The proof 

of Proposition 2d is provided in Appendix C. 

Proposition 3. The impact of consumer choice behavior on the optimal demands. 

Proposition 3a. The impact of the proportion of consumers who have replaced engines on demand is discussed: 

when � − � < 0, 
���

��
< 0, and 

���

��
> 0; when � − � > 0 and 0 < � <  

(���)(���)

��
, 

���

��
< 0; and when � −

� > 0 and � >  
(���)(���)

��
, 

���

��
> 0. 

When � − � < 0, 
���

��
< 0, and 

���

��
> 0. When the consumer’s dependence on the traditional 

brand is less than the acceptance degree of the third-party brand, the demand for the traditional 

brand decreases with an increase in the proportion of consumers who have replaced the engine. 

Additionally, the demand for the third-party remanufacturing brand increases with an increase in 

the proportion of consumers who have replaced the engine. 

When � − � > 0, 
��1

��
> 0, 

��2

��
 needs to be discussed as follows: 
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(1) When � − � > 0 and 0 < � <  
(���)(���)

��
, 

���

��
< 0; 

(2) When � − � > 0 and � >  
(���)(���)

��
, 

���

��
> 0; 

When the consumer’s dependence on the traditional brand is greater than the acceptance degree 

of the third-party brand, the demand for the traditional brand increases with an increase in the 

proportion of consumers who have replaced the engine. The impact of the proportion of consumers 

who have replaced engines on the demand for the third-party brand needs to be discussed. When the 

consumer’s dependence on the traditional brand is greater than the acceptance degree of the third-

party brand and 0 < � <  
(���)(���)

��
, the demand for the third-party brand decreases with an increase 

in the proportion of consumers who have replaced the engine. When the consumer’s dependence on 

the traditional brand is greater than the acceptance degree of the third-party brand and � >

 
(���)(���)

��
, the demand for the third-party brand increases with an increase in the proportion of 

consumers who have replaced the engine. 

In summary, it can be summarized as follows: for the traditional brand, when � − � < 0, 
��1

��
< 0; 

and when � − � > 0, 
��1

��
> 0, as shown in Figure 5. 

 

Figure 5. Influence of � on ��. 

For the third-party brand, when � − � < 0, 
���

��
> 0; when � − � > 0 and 0 < � <  

(���)(���)

��
, 

���

��
< 0; and when � − � > 0 and � >  

(���)(���)

��
, 

���

��
> 0. The proof of Proposition 3a is provided in 

Appendix D. 

Proposition 3b. The impact of consumers’ loyalty to the traditional brand on demand is discussed: when � −

� < 0, 
���

��
> 0, 

���

��
< 0; when � − � > 0 and 0 < � − � <  

�����

�
 , 

���

��
> 0, 

���

��
< 0; and when � − � > 0 

and � − � >
�����

�
, 

���

��
< 0, 

���

��
> 0. 

When � − � < 0, 
���

��
> 0, 

���

��
< 0. When the consumer’s dependence on the traditional brand is 

less than the acceptance degree of the third-party brand, the demand for the traditional brand rises 

with an increase in the consumer’s loyalty to the traditional brand. Additionally, the demand for the 

third-party brand decreases with an increase in the consumer’s loyalty to the traditional brand. 

When � − � > 0, 
���

��
 and 

���

��
 need to be discussed as follows: 

(1) When � − � > 0 and 0 < � − � <  
�����

�
, 

���

��
> 0, and 

���

��
< 0; 
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(2) When � − � > 0 and � − � >
�����

�
, 

���

��
< 0, and 

���

��
> 0. 

When the consumer’s dependence on the traditional brand is greater than the acceptance degree 

for the third-party brand and 0 < � − � <  
�����

�
, the demand for the traditional brand increases with 

an increase in the consumer’s dependence on the traditional brand. Additionally, the demand for the 

third-party brand decreases with an increase in the consumer’s dependence on the traditional brand. 

When the consumer’s dependence on the traditional brand is greater than the acceptance degree of 

the third-party brand and � − � >
�����

�
, the demand for the traditional brand decreases with an 

increase in the consumer’s dependence on the traditional brand. Additionally, the demand for the 

third-party brand increases with an increase in the consumer’s dependence on the traditional brand. 

The proof of Proposition 3b is provided in Appendix D. 

Proposition 3c. As the acceptance degree of the third-party brand increases, the demand for the traditional 

brand decreases. That is, 
���

��
< 0. The demand for the third-party brand increases. That is, 

���

��
> 0. 

Proposition 3c states that the demand for the third-party brand increases with an increase in the 

acceptance degree of the third-party brand. Additionally, the demand for the traditional brand 

decreases with an increase in the acceptance degree of the third-party brand. In other words, the 

greater the acceptance degree of the third-party brand, the greater the demand for the third-party 

brand and the smaller the demand for the traditional brand. The proof of Proposition 3c is provided 

in Appendix D. 

Proposition 3d. As the dependence on the traditional brand increases, the demand for the traditional brand 

increases. That is, 
���

��
> 0. The demand for the third-party brand decreases. That is, 

���

��
< 0. 

Proposition 3d states that the demand for the traditional brand increases with an increase in the 

dependence on the traditional brand. Additionally, the demand for the third-party brand decreases 

with an increase in the dependence on the traditional brand. Combined with Proposition 2d, even 

under the condition of a rising price of the traditional brand, the demand for the traditional brand 

also increases. Further, even if the price of the third-party brand has not changed and is much lower 

than the traditional brand, the demand for the third-party brand decreases. The proof of Proposition 

3d is provided in Appendix D. 

4. Conclusions 

The trade-in remanufacturing policy was introduced to promote the development of the 

remanufactured automotive engine industry. However, few studies have discussed the impact of the 

trade-in remanufacturing policy on the competition decision of the different brand engine 

remanufacturers. Therefore, this paper studies the impact of the trade-in remanufacturing policy and 

consumer choice behavior on the competitive decisions of the traditional brand automotive engine 

remanufacturer and the third-party automotive engine remanufacturer by constructing a consumer 

utility model. 

The first conclusion of the theoretical analysis presented here is that the prices of both brands of 

remanufactured engines increase with the increase of the trade-in remanufacturing subsidy. As the 

trade-in remanufacturing subsidy increases, the demand for the third-party brand increases, while 

the demand for the traditional brand does not change. Interestingly, even as prices of both brands 

rise, the consumer surplus and the total profits also increase. 

Second, even if the acceptance degree of the third-party brand is greater than the dependence 

on the traditional brand, the demand for the traditional brand still increases with the increase of the 

loyalty to the traditional brand. This suggests that consumers still choose to buy the remanufactured 

engine of the traditional brand and reduce their purchases of the third-party remanufactured engine. 
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Therefore, the traditional brand should strive to increase consumer loyalty to counter the competition 

from third-party remanufacturers. 

Third, when the acceptance degree of the third-party brand is greater than the dependence on 

the traditional brand, the demand for the traditional brand decreases and the demand for the third-

party brand increases with the increase in the proportion of consumers who have replaced engines. 

Even when dependence on the traditional brand is greater than the acceptance degree of the third-

party brand, as long as consumers have sufficient recognition of the third-party remanufactured 

engines, the demand for the third-party brand also increases with the increase in the proportion of 

consumers who have replaced engines. This suggests that third-party remanufacturers can realize 

their own advantages and can gain market share, while the traditional remanufacturers cannot 

achieve complete monopoly status. 

Our study provides a methodology for two types of remanufacturers to help them make 

reasonable decisions considering the trade-in remanufacturing policy and consumer choice behavior. 

Furthermore, our study also offers important managerial implications. For the traditional brand 

automotive engine remanufacturer, they will inevitably suffer competition from third-party brands 

after entering the remanufacturing market. They can take measures to increase consumer brand 

loyalty to achieve a competitive advantage. For third-party automotive engine remanufacturers, in 

the face of competition from the traditional brands, they can gain competitive advantage by 

increasing consumer recognition of their products. 
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Appendix A. Proof of the Model 

Substituting �� into Equations (1) and (2) and solving ���(��) = ���(��), the optimal value �� 

can be obtained: 

(1+  �) �� − �� + � − � =  �� − �� + � + � 

��� = �� − �� + � − � 

      �� =
�� − �� + � − �

�
 

(A1)

Substituting �� into Equations (2) and (3) and solving ���(��) = ���(��), the optimal value �� 

can be obtained: 

�� − �� + � + � = ��� − ��  

(1 − �)�� = �� − � − �� − �  

�� =
�� − � − �� − �

1 − �
 

(A2)

Substituting �� into Equations (4) and (5) and solving ���(��) = ���(��), the optimal value �� 

can be obtained: 

(1 +  �)�� − �� + � =  �� − �� + � ��� = �� − �� �� =
�����

 �
 (A3)



Sustainability 2020, 12, 5980 12 of 18 

Substituting �� into Equations (5) and (6) and solving ���(��) = ���(��), the optimal value �� 

can be obtained: 

�� − �� + � =  ��� − �� 

(1 − �)�� = �� − � − ��  

�� =
�� − �� − �

1 − �
 

(A4)

Substituting � , � , �� , and ��  in Equations (14), (19), and (25)–(26) into Equation (21) and 

solving 
��

��
, the value 

��

��
 can be obtained: 

��

��
=

� + � − �� + �� − �� − 1

2(� − 1)
 (A5)

In addition, the value 
���

��� can be obtained: 

���

���
=

1

2(� − 1)
 (A6)

Because 0 < � < 1 , 
���

��� < 0 . Therefore, the social welfare �  is a concave function of the 

government’s trade-in remanufacturing policy �, and there is an optimal subsidy. 

By solving 
��

��
= 0 , the optimal government’s trade-in remanufacturing policy �  can be 

obtained as shown in Equation (22). 

Because of Equations (16) and (24), �∗ can be expressed as 

�∗ = �� − ��  (A7)

Because �� > ��, �∗ > 0. The result can be obtained. This completes the proof of Section 2.2. □ 

Appendix B. Proof of Proposition 1 

Appendix B.1. Proof of Proposition 1a 

According to Equations (23) and (24), 

�� − �� =
������ ������∗�

�
+ 1 + �� − � − [�� − � + 1 + ��] =

������ ������∗�

�
− �� =

������ ������∗�

�
> 0 

(A8)

Therefore, �� > ��. The result can be obtained. 

By solving 
���

��
, the solution can be obtained: 

���

��
=

1

2
> 0 (A9)

By solving 
���

��
, the solution can be obtained: 

���

��
=

1

2
> 0 (A10)

Therefore, 
���

��
=

���

��
> 0. The result can be obtained. This completes the proof of Proposition 1a. 

□ 

Appendix B.2. Proof of Proposition 1b 

According to Equations (25) and (26), 

�� − �� =
������ ������∗�

��
− �

������������∗�

��
+

��������

(���)
�  (A11)
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=
−�� + 2� ∗ �

2�
−

�� − �� − ��

(� − 1)
< 0 

Therefore, �� < ��. The result can be obtained. 

By solving 
���

��
, the solution can be obtained: 

���

��
= 0 (A12)

By solving 
���

��
, the solution can be obtained: 

���

��
=

1

2(1 − �)
 (A13)

Because 0 < � < 1, 
���

��
> 0. 

Therefore, 
���

��
= 0  and 

���

��
> 0 . The result can be obtained. This completes the proof of 

Proposition 1b. □ 

Appendix B.3. Proof of Proposition 1c 

By Equation (14) and solving 
��

��
, the solution can be obtained: 

��

��
=

���

��
 ⋅ �� + ( �� − ��) ⋅

���

��
+

���

��
 ⋅ �� + ( �� − ��) ⋅

���

��
  

=
�� + ��

2
+

 �� − ��

2(1 − �)
> 0 

(A14)

Therefore, 
��

��
> 0. The result can be obtained. 

By Equation (19) and solving 
��

��
, the solution can be obtained: 

��

��
=

��������������

����
  

=
 �� − ��

2(1 − �)
> 0 

(A15)

Therefore, 
��

��
> 0. The result can be obtained. This completes the proof of Proposition 1c. □ 

Appendix C. Proof of Proposition 2 

Appendix C.1. Proof of Proposition 2a 

By using Equation (15) and solving 
���

��
, the solution can be obtained: 

���

��
=

���

�
  (A16)

Because � > 0 and � > 0, 
���

��
> 0. 

By using Equation (16) and solving 
���

��
, the solution can be obtained: 

���

��
= �  (A17)

Because � > 0, 
���

��
> 0. 

Therefore, 
���

��
> 0 and 

���

��
> 0. The result can be obtained. 

According to Equations (14) and (15), 

 
���

��
−

���

��
=

���

�
− �  

=
���

�
  

(A18)
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When � − � > 0, 
���

��
−

���

��
> 0 and when � − � < 0, 

���

��
−

���

��
< 0. 

Therefore, when � − � > 0 , 
���

��
>

���

��
 and when � − � < 0 , 

���

��
<

���

��
. The result can be 

obtained. This completes the proof of Proposition 2a. □ 

Appendix C.2. Proof of Proposition 2b 

By using Equation (15) and solving 
���

��
, the solution can be obtained: 

���

��
=

�

�
  (A19)

Therefore, 
���

��
> 0. 

By using Equation (16) and solving 
���

��
, the solution can be obtained: 

���

��
= 0 (A20)

Therefore, 
���

��
>

���

��
= 0. The result can be obtained. This completes the proof of Proposition 2b. 

□ 

Appendix C.3. Proof of Proposition 2c 

By using Equation (15) and solving 
���

��
, the solution can be obtained: 

���

��
=

�

�
  (A21)

Because � > 0, 
���

��
> 0. 

By using Equation (16) and solving 
���

��
, the solution can be obtained: 

���

��
= � (A22)

Because � > 0, 
���

��
> 0. 

Therefore, 
���

��
> 0 and 

���

��
> 0. The result can be obtained. 

According to Equations (A21) and (A22), 

 
���

��
−

���

��
=

�

�
− �  

= −
�

�
< 0  

(A23)

Because � > 0, 
���

��
−

���

��
< 0. Therefore, 

���

��
<

���

��
. The result can be obtained. This completes the 

proof of Proposition 2c. □ 

Appendix C.4. Proof of Proposition 2d 

By using Equation (15) and solving 
���

��
, the solution can be obtained: 

���

��
=

�

�
  (A24)

Because � > 0, 
���

��
> 0. 

By using Equation (16) and solving 
���

��
, the solution can be obtained: 

���

��
= 0 (A25)

Therefore, 
���

��
> 0 and 

���

��
= 0. The result can be obtained. 

According to Equations (A24) and (A25), 
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���

��
−

���

��
=

�

�
− 0  

=
�

�
  

(A26)

Because �> 0, 
���

��
−

���

��
> 0. Therefore, 

���

��
>

���

��
= 0. The result can be obtained. This completes 

the proof of Proposition 2d. □ 

Appendix D. Proof of Proposition 3 

Appendix D.1. Proof of Proposition 3a 

When � − � < 0, by solving 
���

��
, the solution can be obtained: 

 
���

��
=

���

��
  (A27)

By solving 
���

��
, the solution can be obtained: 

                                                                 
���

��
=

���

��
+

�

���
  

=
(���)(���)����

��(���)
  

=
����(���)(���)

��(���)
  

(A28)

Because � − � < 0 and > 0, 
���

��
< 0 and 

���

��
> 0. 

When � − � > 0, according to Equation (A27), 
���

��
> 0. 

���

��
 needs to be discussed as follows: 

When 2�� − (� − �)(1 − �) = 0, the solution can be obtained: 

� =
(���)(���)

��
  (A29)

Therefore, when � >
(���)(���)

��
, 2�� − (� − �)(1 − �) > 0  and  

���

��
> 0 ; when 0 < � <

(���)(���)

��
, 2�� − (� − �)(1 − �) < 0 and 

���

��
< 0. 

In summary, the result can be obtained: 

⎩
⎪⎪
⎨

⎪⎪
⎧

 

���

��
< 0, ��� 

���

��
> 0, �ℎ�� � − � < 0 

���

��
> 0, ��� 

���

��
< 0, �ℎ�� � − � > 0 ��� 0 < � <

(� − �)(1 − �)

2�
 

���

��
> 0, ��� 

���

��
> 0, �ℎ�� � − � > 0 ��� � >

(� − �)(1 − �)

2�

 

This completes the proof of Proposition 3a. □ 

Appendix D.2. Proof of Proposition 3b 

When � − � < 0, by solving 
���

��
, the solution can be obtained: 

���

��
=

��������������∗�

���   (A30)

By solving 
���

��
, the solution can be obtained: 

���

��
=

��������������∗�

���   (A31)

Because � − � < 0, 
���

��
> 0 and 

���

��
< 0. 

When � − � > 0, 
���

��
 needs to be discussed as follows: 
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When 2�� − 2�� + 2�� − 2� ∗ � = 0, the solution can be obtained: 

� − � =
�����

�
  (A32)

Therefore, when 0 < � − � <
�����

�
, 2�� − 2�� + 2�� − 2� ∗ � > 0 and 

���

��
> 0; when � − � >

�����

�
, 2�� − 2�� + 2�� − 2� ∗ � < 0 and 

���

��
< 0. 

Similarly, when � − � > 0, 
���

��
 needs to be discussed as follows: 

When 2�� − 2�� − 2�� + 2� ∗ � = 0, the solution can be obtained as shown in Equation (A29). 

Therefore, when 0 < � − � <
�����

�
, 2�� − 2�� − 2�� + 2� ∗ � < 0 and 

���

��
< 0; when � − � >

�����

�
, 2�� − 2�� − 2�� + 2� ∗ � > 0 and 

���

��
> 0. 

In summary, the result can be obtained: 

⎩
⎪⎪
⎨

⎪⎪
⎧

 

���

��
> 0 and 

���

��
< 0, �ℎ�� � − � < 0 

���

��
> 0 and 

���

��
< 0, �ℎ�� � − � > 0 ��� 0 < � − � <

�� − ��

�
 

���

��
< 0 and 

���

��
> 0, �ℎ�� � − � > 0 ��� � − � >

�� − ��

�

 

This completes the proof of Proposition 3b.□ 

Appendix D.3. Proof of Proposition 3c 

By using Equation (15) and solving 
���

��
, the solution can be obtained: 

���

��
=

��

��
< 0  (A33)

Because � > 0 and � > 0, 
���

��
< 0. 

By using Equation (16) and solving 
���

��
, the solution can be obtained: 

���

��
=

�

��
+

�

(���)
> 0  (A34)

Because � > 0, � > 0, and 0 < � < 1, 
���

��
> 0. 

Therefore, 
���

��
< 0  and 

���

��
> 0 . The result can be obtained. This completes the proof of 

Proposition 3c. □ 

Appendix D.4. Proof of Proposition 3d 

By using Equation (15) and solving 
���

��
, the solution can be obtained: 

���

��
=

�

2�
   (A35)

Because � > 0 and � > 0, 
���

��
> 0. 

By using Equation (16) and solving 
���

��
, the solution can be obtained: 

���

��
=

−�

2�
 (A36)

Because � > 0 and � > 0, 
���

��
< 0. 

Therefore, 
���

��
> 0  and 

���

��
< 0 . The result can be obtained. This completes the proof of 

Proposition 3d. 
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