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Abstract: The transition toward low-carbon transportation represents a critical strategy for 10 

mitigating climate change and reducing greenhouse gas emissions. New energy vehicles 11 

(NEVs), powered by advanced battery technologies, have emerged as a pivotal solution to 12 

address the dual challenges of energy security and environmental degradation. However, the 13 

high costs and technological uncertainties associated with battery research and development 14 

(R&D) present significant strategic dilemmas for NEV manufacturers in selecting optimal 15 

production modes. This study investigates the environmental and economic implications of 16 

three distinct battery production strategies—in-house R&D, outsourcing, and joint R&D 17 

collaboration—within a supply chain framework comprising traditional fuel vehicle 18 

manufacturers, NEV manufacturers, suppliers, and third-party battery producers. By 19 

developing game-theoretic models, we analyze how R&D efficiency, market distribution 20 

preferences, and R&D cost-sharing ratios influence equilibrium outcomes including pricing, 21 
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green performance, market demand, and profitability across supply chain participants.Key 22 

findings reveal that: (1) reduced R&D efficiency under in-house production negatively impacts 23 

NEV manufacturers' environmental performance and profitability while benefiting traditional 24 

automakers; (2) consumer market distribution significantly shapes strategic decisions, with 25 

traditional vehicle market dominance adversely affecting green innovation; (3) outsourcing 26 

proves superior only when battery suppliers demonstrate clear technological leadership; and (4) 27 

joint R&D strategies enhance supply chain profitability but are most effective in markets with 28 

high traditional vehicle demand. This research provides actionable insights for environmental 29 

management practitioners and policymakers seeking to promote sustainable manufacturing 30 

practices and accelerate the decarbonization of the automotive industry. 31 

Keywords: Environmental management; Sustainable supply chain; New energy vehicles; 32 

Battery production strategies; Game theory; Low-carbon manufacturin 33 

1.Introduction 34 

Climate warming and greenhouse effect are the serious environmental problems faced by 35 

countries all over the world nowadays, and it has become a global consensus to enhance energy 36 

efficiency, reduce pollution emission and realize low-carbon development, and in order to cope 37 

with the double challenges of energy crisis and environmental degradation, new energy vehicles, 38 

an emerging sustainable development technology, have emerged [1-3]. New energy vehicles 39 

use power battery packs and electric motors as power sources, completely abandoning 40 

traditional fuel engines, and do not release any exhaust gases during the working process, thus 41 

avoiding tailpipe pollution. This feature is crucial for environmental protection and maintaining 42 
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clean air, almost reaching the ideal state of “zero pollution” [4]. Therefore, new energy vehicles 43 

are regarded as an effective innovative technology to solve the dual crisis of environment and 44 

energy, and are highly concerned and favored by the government and various industries [5-6]. 45 

Our government has successively introduced a series of supportive policies since 2001 to lower 46 

the entry threshold of the new energy industry and to improve the quality standards of new 47 

energy vehicle products so as to boost the development of the new energy vehicle industry.[7-48 

8] 49 

A new round of global scientific and technological revolution and industrial change is 50 

developing rapidly, and the automobile industry is in an era of great change that has not been 51 

seen in a hundred years. New energy automobile industry not only fits the current green 52 

development concept, helps to promote the economic and social transformation to eco-friendly, 53 

but also an important direction for the automobile industry to realize sustainable development 54 

[9]. As one of the core components of new energy vehicles, the power battery plays a crucial 55 

role in improving vehicle range and performance. At the same time, in recent years, with the 56 

development of lithium battery technology, a large number of new energy vehicles rely on its 57 

performance advantages favored by consumers, and gradually stand firm in the fierce market 58 

competition [10]. 59 

Limited range and low re-sale value are the biggest problems hindering consumers from 60 

choosing new energy vehicles, and these problems are related to power battery technology. 61 

Therefore, increasing the range of new energy vehicles and improving the durability of batteries 62 

through the development of power batteries and corresponding battery management 63 
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technologies are the key factors to improve the acceptance of new energy vehicle users [11-13]. 64 

Based on this, companies are actively taking action to increase R&D investment in the field of 65 

battery technology. At this stage, car companies have different strategies regarding the 66 

manufacturing of new energy vehicles, for example, Tesla, Build Your Dreams (BYD), 67 

Xiaopeng, and Azure only produce new energy vehicles, while Geely, Honda, and General 68 

Motors produce both new energy vehicles and fuel vehicles.[14-15] In addition, in the fierce 69 

competition, car companies have gradually differentiated into a variety of car-making mode, 70 

one is the independent research and development mode, such as Tesla has a complete battery 71 

production line, BYD's subsidiary Fudi Battery to provide battery components for it; the second 72 

is the battery outsourcing mode, for example, Geely battery production is mainly outsourced to 73 

contemporary amperex technology Co., Ltd.; the third is the joint vehicle building mode. 74 

Different production strategies have different advantages, which are highly related to the market 75 

positioning of enterprises.[16-17] In the context of the rapid development of new energy 76 

vehicles, most of the enterprises in the supply chain have chosen to maximize their own benefits 77 

as a business strategy, while the high cost of power battery research and development, 78 

uncertainty and other characteristics, so that many enterprises in the battery R & D investment 79 

in the concerns, cuts or even dare not invest. It is of great significance to study the battery R&D 80 

investment in new energy vehicle supply chain and analyze the best decision that can be 81 

achieved under different production modes, so as to how to promote power battery R&D more 82 

effectively [18-20]. This study analyzes the differences between the battery self-research, 83 

outsourcing and joint R&D production strategies of new energy vehicle enterprises by 84 
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constructing a game model, and digs out the optimal production strategies of new energy 85 

vehicle enterprises in different scenarios by analyzing factors such as consumer market 86 

distribution and R&D efficiency[21-23]. This paper considers the optimal R&D strategies 87 

under different modes to provide a decision-making basis for manufacturers and suppliers to 88 

maximize the development of new energy vehicles. 89 

2.Model Assumptions 90 

Given that new energy vehicle enterprises have different strategic modes for the 91 

production of battery components, this chapter discusses the production and pricing strategies 92 

of new energy vehicle manufacturers under three different modes, i.e., self-research strategy, 93 

outsourcing strategy, and joint R&D strategy. 94 

Based on the above issues, this chapter assumes that there are both consumers who prefer 95 

conventional energy and those who prefer new energy vehicles in the market, in proportions 96 

of ߠ and1 − 0）ߠ < ߠ < 1）, respectively. To simplify the analysis, it is assumed that there exists 97 

a supplier  ܵ , a traditional automobile manufacturer 1ܯ   and a new energy automobile 98 

manufacturer 2ܯin the market, and manufacturers  2are the dominant players in the 99ܯ 1andܯ 

market. Supplier ܵall sells its products to Manufacturers 1ܯand 2ܯ at the same wholesale price 100 

of ܹ .Due to the heterogeneity of Manufacturers 1andܯ  1ܯ  's products, they will be sold to 101 

consumers with different preferences at retail prices of 1ܲ and 2ܲ, respectively, and the unit 102 

costs of Supplier ܵ, Manufacturer 1ܯ and 2ܯ  are ܥ௦,  ܥெ1, and ܥெ2, respectively. 103 
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Since the manufacturer is considered to be the dominant player in the market, for the 104 

purpose of subsequent model derivation and analysis, it is assumed in this chapter that 105 

manufacturers 1ܯ and 2ܯ sell their products at markups ݉1and ݉2, respectively, i.e. ௜ܲ= ௜ܹ +106 ݉௜.When the new energy vehicle manufacturer 2ܯ considers self-development for new energy 107 

battery components, it needs to invest an additional R&D cost  ఓீ22 . When it chooses an 108 

outsourcing strategy or a joint R&D strategy, it buys the third-party battery manufacturer 109 .ܭ 

The battery manufacturer ܭproduces a unit of battery assembly product at a cost of ܥ௄and sells 110 

it to the new energy vehicle 2ܯ at a price of  ܶ. Given that the R&D technologies and R&D 111 

efficiencies of new energy battery producers and manufacturers2ܯ  tend to be different, it is 112 

assumed here that the R&D cost of battery producers is  ఌீ22 ,ߤ) ߝ and ߤ , ߝ > 0) indicate that 113 

manufacturers2ܯ and battery producers ܭ   have different R&D efficiencies for new energy 114 

battery R&D. For the convenience of the subsequent analysis, without losing the generality of 115 

the conclusions, it is assumed that the unit cost of each participant is 0,i.e.,ܥௌ = ெ1ܥ = ெ2ܥ =116 

௄ܥ = 0 .At this point, 1ܦ = ߙߠ − ܹ)ߚ + ݉1) + 0ܩߛ and 1)=2ܦ − ߙ(ߠ − ܹ)ߚ + ݉2) + 0ܩ)ߛ +  117 (ܩ

are used in this chapter to denote the market demand for traditional fuel vehicles and new energy 118 

vehicles, respectively, withߙ) ߙ > 0) denoting the overall market capacity, ߚ and ߚ) ߛ, ߛ > 0) 119 

denoting the parameters of consumers' preference for the product price and the green 120 

performance, 0ܩand0ܩ +  being the product green performance for traditional fuel vehicles 121  ܩ

and new energy vehicles, respectively. In view of the lower green performance of traditional 122 

fuel vehicles, without losing the generality of the conclusions, 0ܩ = 0  is set. In addition, in 123 

order to differentiate the differences in the production strategies of different scenarios, the 124 
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equilibrium results under the battery outsourcing strategy and the joint R&D strategy of the 125 

new energy vehicle manufacturers 2ܯ are denoted by superscripts*and**, respectively. 126 

2.1. Production strategy for self-research 127 

In the case where a new energy vehicle manufacturer  decides to self-research its 128 2ܯ 

batteries, it needs additional inputs to realize the green performance improvement of its 129 

products [24-25]. Given that the participants in the supply chain all aim to maximize profits, 130 

denote the profits of the supplier, the conventional fuel manufacturer and the new energy 131 

manufacturer by ߨௌ,  ߨெ1and ߨெ2, respectively: 132 

  133 

ௌߨ = ߙߠ]ܹ − ܹ)ߚ + ݉1)] + ܹ[(1 − ߙ(ߠ − ܹ)ߚ + ݉2) +  134  (1)              [ܩߛ

ெ1ߨ = ߙߠ]1݉ − ܹ)ߚ + ݉1)]                                 (2)  135 

ெ2ߨ = ݉2[(1 − ߙ(ߠ − ܹ)ߚ + ݉2) + [ܩߛ − ఓீ22                       (3)  136 

 137 

Since the manufacturer is the dominant player in the market in the supply chain, the 138 

manufacturer 1ܯfirst decides the retail price of the product 1ܲ.The manufacturer 2ܯdetermines 139 

both the retail price of the product 2ܲ and the green performance ܩ , and then the supplier is 140 

deciding the wholesale price of the product ܹ. 141 

Therefore, first let డగೄడௐ = 0 ,which yields ܹ = ఈ−ఉ(௠1+௠2)+ఊீ4ఉ  ,and further 142 

substituting ߨெ2,at this point, the Hessian matrix of the manufacturer2ܯprofit ߨெ2with respect 143 

to its markup  and green performance ܩ  is[−32/ߚ 4/ߛ43/ߛ3 ߤ− ] ,Thus when the condition ߤ > 3ఊ28ఉ   144 
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is satisfied, there exists an extremal solution for profit ߨெ2 with respect to ݉2  and ܩ .uurther 145 

let∂గಾ∂௠1 = 0 , ∂గಾ2∂௠2 = 0 and∂గಾ2∂ீ = 0 ,the solution of the association can be obtained as   ݉1 =146 

4ఈ(20ఉఏఓ−3ఉఓ−6ఊ2ఏ)ఉ(140ఉఓ−51ఊ2) ,  ݉2 = 4ఈఓ(17−20ఏ)140ఉఓ−51ఊ2     and 147 

ܩ = 3ఈఊ(17−20ఏ)140ఉఓ−51ఊ2 .  The result can be substituted into the wholesale price can be obtained  148 

ܹ = 3ఈ(7ఉఓ−3ఊ2ఏ)ఉ(140ఉఓ−51ఊ2) . Thus, when ߤ > 3ఊ28ఉ   ,the supply chain equilibrium results for the case 149 

where automaker chooses to develop its own battery: 150 

 ܹ = 3ఈ(7ఉఓ−3ఊ2ఏ)ఉ(140ఉఓ−51ఊ2) , ܩ = 3ఈఊ(17−20ఏ)140ఉఓ−51ఊ2  (4) 151 

  ݉1 = 4ఈ[ఉఓ(20ఏ−3)−6ఊ2ఏ]ఉ(140ఉఓ−51ఊ2) , ݉2 = 4ఈఓ(17−20ఏ)140ఉఓ−51ఊ2  (5) 152 

1ܦ   = 3ఈ[ఉఓ(20ఏ−3)−6ఊ2ఏ]140ఉఓ−51ఊ2 , 2ܦ = 3ఈఉఓ(17−20ఏ)140ఉఓ−51ఊ2  (6) 153 

௦ߨ   = 18ఈ2(7ఉఓ−3ఊ2ఏ)2ఉ(140ఉఓ−51ఊ2)2 , ெ1ߨ = 12ఈ2[ఉఓ(20ఏ−3)−6ఊ2ఏ]2ఉ(140ఉఓ−51ఊ2)2  (7) 154 

ெ2ߨ   = 3ఈ2ఓ(17−20ఏ)2(8ఉఓ−3ఊ2)2(140ఉఓ−51ఊ2)2  (8) 155 

To ensure that the equilibrium outcome makes economic sense, the condition  156 

݉1, ݉2, ܹ, ܩ > 0 needs to be satisfied. Given the precondition that the Hessian matrix has an 157 

extremal solution ߤ > 8ఊ28ఉ ,it is clear that 140ߤߚ − 2ߛ51 > 2ߛ1.5 > 0.To ensure that  ݉2, ܩ > 0, 158 

and since 0 < ߠ < 0  , the condition0 < ߠ < 1720  also needs to be satisfied. Visible, when the 159 

traditional fuel vehicle market demand comparison is too high, automakers 2ܯwill no longer 160 

need to transition to new energy vehicles, which is also in line with the logic of reality, and the 161 

early development of new energy vehicles to match the reality of the situation. Whenߠ = 1720, 162 

ߤߚ7 − ߠ2ߛ3 > 340 2ߛ > 0,so when 0 < ߠ < 1720, 163 

ܹ > 0is established. Based on the equilibrium result , it is clear that the condition  164 

ߠ > 320  ,needs to be satisfied. That is to say, when the market demand for traditional fuel vehicles 165 



 

9 

 

is low, automakers will be unprofitable, and will even be driven out of the market. In fact, 166 

Guangzhou Automobile, uAW and other fuel car as the main products of the old enterprises, in 167 

the new energy car enterprises under the double pressure of technological progress, cost 168 

reduction, is gradually being marginalized by the market, market share is shrinking. When ߠ >169 

320  , ,if ߤ > 6ఊ2ఏఉ(20ఏ−3), Automakers 1ܯaise prices1ܯ > 0.Therefore, to ensure that the equilibrium 170 

outcome makes economic sense, the parameters need to satisfy the conditions ߤ >171 

ݔܽ݉ { 6ఊ2ఏఉ(20ఏ−3) , 3ఊ28ఉ }  and  320 < ߠ < 1720. 172 

2.2. Production strategies for outsourcing 173 

And when the new energy vehicle manufacturer  decides to outsource the battery 174 2ܯ 

production, it will buy the battery components directly from the battery manufacturer 175 

directly[26-27], and the third-party battery producerܭwill decide the green performance ܩ and 176 

the unit outsourcing price ܶ sold to the manufacturer 2ܯ. At this time, the profit of the supplier 177 

in the supply chain ߨௌ, the traditional fuel vehicle manufacturer ߨெ1, the new energy vehicle 178 

manufacturer ߨெ2, and the third-party battery producer  ߨ௄  are respectively: 179 

∗ௌߨ   = ߙߠ]∗ܹ − ∗ܹ)ߚ + ݉1∗)] + ܹ∗[(1 − ߙ(ߠ − ∗ܹ)ߚ + ݉2∗ + ܶ∗) +  180 (9) [∗ܩߛ

∗ெ1ߨ   = ߙߠ]∗1݉ − )ߚ 1ܹ∗ + ∗ெ2ߨ (10) [(∗1݉ =181 

݉2∗[(1 − ߙ(ߠ − ∗ܹ)ߚ + ݉2∗ + ܶ∗) +  182 (11)  [∗ܩߛ

∗௄ߨ   = ܶ∗[(1 − ߙ(ߠ − ∗ܹ)ߚ + ݉2∗ + ܶ∗) + [∗ܩߛ − 12  183 (12) 2∗ܩߦ

In this case, as the dominant players in the supply chain, manufacturer1ܯand manufacturer 184 

∗2continue to take the lead in determining the retail prices of the products, ݉1ܯ  and ݉2∗ .The 185 
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supplie ܵ determines the wholesale price of the product  ܹ∗ and the battery 186 

manufacturer determines the outsourcing  ܭ   ܶ∗ and the green performance  of the battery 187  ∗ܩ 

module product. Based on this game sequence, it is first known that the Hessian function of the 188 

profit function ܭߨ∗ of the battery manufacturer ܭwith respect to the outsourcing price ܶ∗ and 189 

the green performance of the battery product is [−2ߚ ߛߛ ߦ and thus when,[ߦ− > ఊ22ఉ,there exists 190 

an extreme solution for profit ∗ܭߨ  with respect to outsourcing price ܶ∗ and green 191 

performance ∗ܩ .Further, let 
∂గ∗ഁ∂ௐ∗ = 0 , 

∂గ∗಼∂்∗ = 0 ,and
∂గ∗಼∂ீ∗ = 0  ,which in turn leads to ܹ∗ =192 

ఈ[ఉ(1+ఏ)క−ఊ2ఏ]−ఉ௠1(2ఉక−ఊ2)−ఉ2క௠2ఉ(7ఉక−3ఊ2) , ܶ∗ = [ఈ(3−4ఏ)+ఉ(௠1−3௠2)]క7ఉక−3ఊ2 ∗ܩ , = ఊ[ఈ(3−4ఏ)+ఉ(௠1−3௠2)]7ఉక−3ఊ2  , further 193 

substituting into Eqs. (10) and (11) and maki ∂గಾ∗∂௠1∗ = 0 , ∂గಾ2∗∂௠2∗ = 0 ,we get ݉1∗ =194 

ఈ[ఉక(32ఏ−3)−12ఊ2ఏ]ఉ(59ఉక−24ఊ2) , ݉2∗ = ఈ[ఉక(29−34ఏ)−2ఊ2(6−7ఏ)]ఉ(59ఉక−24ఊ2) .So when ߦ > ఊ22ఉ, the game equilibrium of the 195 

supply chain under the outsourcing strategy of the automaker 2ܯ battery production is: 196 

  ܹ∗ = ఈ[ఉ2క2(36+29ఏ)−ఉఊ2క(15+41ఏ)+12ఊ4ఏ]ఉ(7ఉక−3ఊ2)(59ఉక−24ఊ2)  (13) 197 

  ܶ∗ = 3ఈక[ఉక(29−34ఏ)−2ఊ2(6−7ఏ)](7ఉక−3ఊ2)(59ఉక−24ఊ2)  (14) 198 

∗ܩ   = 3ఈఊ[ఉక(29−34ఏ)−2ఊ2(6−7ఏ)](7ఉక−3ఊ2)(59ఉక−24ఊ2)  (15) 199 

  ݉1∗ = ఈ[ఉక(32ఏ−3)−12ఊ2ఏ]ఉ(59ఉక−24ఊ2) , ݉2∗ = ఈ[ఉక(29−34ఏ)−2ఊ2(6−7ఏ)]ఉ(59ఉక−24ఊ2)  (16) 200 

∗1ܦ   = ఈ(5ఉక−2ఊ2)[ఉక(32ఏ−3)−12ఊ2ఏ](7ఉక−3ఊ2)(59ఉక−24ఊ2)  (17) 201 

∗2ܦ   = 3ఈఉక[ఉక(29−34ఏ)−2ఊ2(6−7ఏ)](7ఉక−3ఊ2)(59ఉక−24ఊ2)  (18) 202 

∗௦ߨ   = 2ఈ2[ఉ2క2(36+29ఏ)−ఉఊ2క(15+41ఏ)+12ఊ4ఏ]2ఉ(7ఉక−3ఊ2)2(59ఉక−24ఊ2)2  (19) 203 

∗ெ1ߨ   = ఈ2(5ఉక−2ఊ2)[ఉక(32ఏ−3)−12ఊ2ఏ]2ఉ(7ఉక−3ఊ2)(59ఉక−24ఊ2)2  (20) 204 

∗ெ2ߨ   = 3ఈ2క[ఉక(29−34ఏ)−2ఊ2(6−7ఏ)]2(7ఉక−3ఊ2)(59ఉక−24ఊ2)2  (21) 205 

∗௄ߨ   = 9ఈ2క(2ఉక−ఊ2)[ఉక(29−34ఏ)−2ఊ2(6−7ఏ)]22(7ఉక−3ఊ2)2(59ఉక−24ఊ2)2  (22) 206 
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Similarly, to ensure that the results make economic sense, the condition  ݉1∗ , ݉2∗ , ܹ∗, 207 

,∗ܩ ܶ∗ > 0 needs to be satisfied. Due to ߦ > ఊ22ఉ, it follows that 7ߦߚ − 2ߛ3 > 0  and 59ߦߚ −208 

2ߛ24 > 0.To ensure that ݉1∗ > 0,it is necessary to satisfy the condition 
332 < ߠ < 1and ߦ >209 

12ఊ2ఏఉ(32ఏ−3).And to ensure that ݉2∗ > 0,it is necessary to ensure that  29)ߦߚ − (ߠ34 − 6)2ߛ2 − (ߠ7 >210 

0.if 
2934 < ߠ < 1,then ߦ < 2ఊ2(6−7ఏ)ఉ(29−34ఏ)  is required.Further,by making (ߠ)1ܩ = 2ఊ2(6−7ఏ)ఉ(29−34ఏ),we obtain 211 

(ߠ)′1ܩ = 2ఊ2ఉ(29−34ఏ)2 >  is monotonically increasing on(ߠ)1ܩ ,0
2934 < ߠ < 1,and hence (ߠ)1ܩ (1)1ܩ 212> < 2ఊ25ఉ ,contrary to premise  ߦ > ఊ22ఉ,so 

2934 < ߠ < 1is not valid. If 0 < ߠ < 2934,requires 213 

fulfillment of condition ߦ > 2ఊ2(6−7ఏ)ఉ(29−34ఏ) .based on this, when ݉1∗ , ݉2∗ > 0 ,required to fulfill 214 

condition
332 < ߠ < 2934andߤ > ݔܽ݉ { 12ఊ2ఏఉ(32ఏ−3) , 2ఊ2(6−7ఏ)ఉ(29−34ఏ) , ఊ22ఉ},and at this point the conditions are 215 

also metܩ∗, ܶ∗ > 0.To ensure thatܹ∗ > (ߦ)1ܨ ,0 = 36)2ߦ2ߚ + (ߠ29 − 15)ߦ2ߛߚ + (ߠ41 ߠ4ߛ12 216+ ,we can get (ߦ)′1ܨ = 36)2ߚ2 + ߦ(ߠ29 − 15)2ߛߚ + (ߠ41 ,thereby (ߦ)′1ܨ > ′1ܨ (ఊ22ఉ) 7)2ߛߚ3 217= − (ߠ4 > 0 (ߦ)1ܨ , ,monotonically increasing on (ఊ22ఉ , +∞) (ߦ)1ܨ , > ܨ (ఊ22ఉ) =218 

14 6)4ߛ − (ߠ5 > 0,it follows that ܶ∗ > 0 is constant at this point. Therefore, the results are 219 

economically meaningful when the conditionߦ > ݔܽ݉ { 12ఊ2ఏఉ(32ఏ−3) , 2ఊ2(6−7ఏ)ఉ(29−34ఏ) , ఊ22ఉ}and 220 

332 < ߠ < 2934  is satisfied. Similar to the self-research strategy, in a situation where the 221 

market demand for both traditional fuel vehicles and new energy vehicles is severely skewed, 222 

one type of automaker will be gradually driven out of the market. 223 

2.3. Joint R&D Production Strategy 224 

When a new energy vehicle manufacturer 2ܯ decides to jointly develop a new energy 225 

battery with a third-party battery manufacturer ܭ,it will bear part of the R&D expenditures of 226 
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the battery manufacturer , assuming that the proportion of the R&D costs borne by the battery 227 

manufacturer is ∅ (0 < ∅ < 1). Correspondingly, the battery manufacturer will also be based 228 

on the proportion of the R&D undertaken by the manufacturer  to purchase the battery 229 2ܯ 

product price concessions[28-32], assuming that the joint R & D production strategy under the 230 

new energy vehicle manufacturer purchase price of (1 − ߶)ܶ. At this time, the supply chain 231 

supplier profits ௦ߨ  , traditional fuel vehicle manufacturers ெ1ߨ  , new energy vehicle 232 

manufacturers ߨெ2G, and the third-party battery manufacturer K's profits, respectively: 233 

 234 

∗∗ௌߨ = ߙߠ]∗∗ܹ − ∗∗ܹ)ߚ + ݉1∗∗)] + ܹ∗∗[(1 − ߙ(ߠ − ∗∗ܹ)ߚ + ݉2∗∗ + (1 − ߶)ܶ∗∗) +  235 (23)  [∗∗ܩߛ

∗∗ெ1ߨ  = ߙߠ]∗∗1݉ − ∗∗ܹ)ߚ + ݉1∗∗)]  (24) 236 

∗∗ெ2ߨ  = ݉2∗∗[(1 − ߙ(ߠ − ∗∗ܹ)ߚ + ݉2∗∗ + (1 − ߶)ܶ∗∗) + [∗∗ܩߛ − 12  237 (25) 2∗∗ܩߦ߶

∗∗௄ߨ  = (1 − ߶)ܶ∗∗[(1 − ߙ(ߠ − ∗∗ܹ)ߚ + ݉2∗∗ + (1 − ߶)ܶ∗∗) + [∗∗ܩߛ − 12 (1 −  238 (26) 2∗∗ܩߦ(߶

Similarly, it is first known that the profit function of the battery producer K is ߨ௄∗∗,the 239 

Hessian function on the price ܶ∗∗ and green performance ∗∗ܩ of the battery product 240 

is[−21)ߚ − ߶)2 1)ߛ − 1)ߛ(߶ − ߶) 1)ߦ− − ߶)] ,so whenߦ > ఊ22ఉ(1−థ),there exists an extreme solution of the 241 

profit function ߨ௄∗∗with respect to the priceܶ∗∗and the green performance ܩ∗∗of the battery 242 

product. Further let
∂గೄ∗∗∂ௐ∗∗ = 0 , 

∂గ∗಼∗∂்∗∗ = 0 and
∂గ∗಼∗∂ீ∗∗ = 0 ,which in turn leads to ܹ∗ =243 

ఈ[ఉ(1+ఏ)క(1−థ)−ఊ2ఏ]−ఉ௠1[2ఉక(1−థ)−ఊ2]−ఉ2క௠2(1−థ)ఉ[7ఉక(1−థ)−3ఊ2] , ܶ∗∗ = [ఈ(3−4ఏ)+ఉ(௠1−3௠2)]క7ఉక(1−థ)−3ఊ2 ∗∗ܩ , =244 

ఊ[ఈ(3−4ఏ)+ఉ(௠1−3௠2)]7ఉక(1−థ)−3ఊ2 .Substituting into equations (24) and (25),and let
∂గಾ1∗∗∂௠1∗∗ = 0and ∂గಾ2∗∗∂௠2∗∗ = 0,so 245 

when ߦ > ఊ22ఉ(1−థ),the equilibrium result of the game for the supply chain under the joint R&D 246 

battery production strategy between the manufacturer and the third-party battery producer is: 247 
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 248 

 ܹ∗∗ = ఈ{ఉ2క2(36+29ఏ)(1−థ)3+6ఊ4ఏ(2−3థ)−ఉఊ2క(1−థ)[15(1−థ)+ఏ(41−56థ)]}ఉ஺  (27) 249 

 ܶ∗∗ = 3ఈక(1−థ)஻஺ , ∗∗ܩ = 3ఈఊ(1−థ)஻஺  (28) 250 

 ݉1∗∗ = ఈ[7ఉక(1−థ)−3ఊ2]஼ఉ஺ , ݉2∗∗ = ఈ(1−థ)[7ఉక(1−థ)−3ఊ2]஻ఉ஺  (29) 251 

∗∗1ܦ  = ఈ[5ఉక(1−థ)−2ఊ2]஼஺ , ∗∗2ܦ = 3ఈఉక(1−థ)2஻஺  (30) 252 

∗∗ெ1ߨ  = ఈ2[5ఉక(1−థ)−2ఊ2][7ఉక(1−థ)−3ఊ2]஼2ఉ஺2  (31) 253 

∗∗ெ2ߨ  = 3ఈ2క(1−థ)2[14ఉక(1−థ)2−3ఊ2(2−3థ)]஻22஺2  (32) 254 

∗∗௦ߨ  = 2ఈ2{ఉ2క2(36+29ఏ)(1−థ)3+6ఊ4ఏ(2−3థ)+ఉఊ2క(1−థ)[15(1−థ)+ఏ(41−56థ)]}2
ఉ஺2  (33) 255 

∗∗௄ߨ  = 9ఈ2క(1−థ)3[2ఉక(1−థ)−ఊ2]஻22஺2  (34) 256 

Superscript ܣ = 1)2ߦ2ߚ413 − ߶)3 − 1)ߦ2ߛߚ3 − ߶)(115 − 144߶) + 2)4ߛ36 − 3߶) ܤ 257 , = 29)ߦߚ − 1)(ߠ34 − ߶) − 6)2ߛ2 − (ߠ7 and ܥ = ߠ32)ߦߚ − 3)(1 − ߶)2 − 2)ߠ2ߛ6 −258 3߶).To ensure that the results are economically meaningful, ݉1∗∗, ݉2∗∗, ܹ∗∗, ,∗∗ܩ ܶ∗∗ > 0.First, 259 

let (ߦ)2ܨ = ܣ ,which in turn leads to (ߦ)′2ܨ = 1)ߦ2ߚ826 − ߶)3 − 1)2ߛߚ3 − ߶)(115 −260 144߶)and(ߦ)′′2ܨ = 1)2ߚ826 − ߶)3.Due to0 < ߶ < 1,   it follows that(ߦ)′′2ܨ >  261 (ߦ)′2ܨ   ,0

is monotonically increasing on( ఊ22ఉ(1−థ) , +∞),but2ܨ′ ( ఊ22ఉ(1−థ)) = 68)2ߛߚ − 49߶ − 19߶2) >262 0 (ߦ)2ܨ , is also monotonically increasing on ( ఊ22ఉ(1−థ) , +∞) 2ܨ , ( ఊ22ఉ(1−థ)) = ఊ4(11+19థ)4 >263 0,soܣ > 0is constant. Moreover, due to ߦ > ఊ22ఉ(1−థ), 51)ߦߚ − ߶) − 2ߛ2 > 0 and 71)ߦߚ −264 ߶) − 2ߛ3 > 0can be obtained, and in order to guarantee ݉1∗∗, ݉2∗∗, ,∗∗ܩ ܶ∗∗ > 0, condition 265 ܤ, ܥ > 0  should be satisfied. Similarly, to ensure that ܤ > 0 ,if
2934 < ߠ < 1 ,then ߦ <266 

2ఊ2(6−7ఏ)ఉ(29−34ఏ)(1−థ)  is required at this time, Based on the results above, it is clear that 267 
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2ఊ2(6−7ఏ)ఉ(29−34ఏ)(1−థ) < 2ఊ25ఉ(1−థ),Contrary to premiseߦ > ఊ22ఉ(1−థ) , therefore
2934 < ߠ < 1  is not valid; 268 

if 0 < ߠ < 2934,Condition ߦ > 2ఊ2(6−7ఏ)ఉ(29−34ఏ)(1−థ)needs to be met. To ensure thatܿ > 0 , if0 < ߠ <269 

332  , then condition C needs to be satisfiedߦ < 6ఊ2ఏ(2−3థ)ఉ(32ఏ−3)(1−థ)2 ,It is clear that when߶ > 23 , 270 

6ఊ2ఏ(2−3థ)ఉ(32ఏ−3)(1−థ)2 > 0,Thus, ߶ > 23, and
ఊ22ఉ(1−థ) < ߦ < 6ఊ2ఏ(2−3థ)ఉ(32ఏ−3)(1−థ)2  are required at this point; 271 

if
332 < ߠ < 1 ,Then condition ߦ > 6ఊ2ఏ(2−3థ)ఉ(32ఏ−3)(1−థ)2   needs to be satisfied .So, to 272 

ensure ݉1∗∗, ݉2∗∗, ,∗∗ܩ ܶ∗∗ > 0  .if 0 < ߠ < 332 ݔܽ݉ , { ఊ22ఉ(1−థ) , 2ఊ2(6−7ఏ)ఉ(29−34ఏ)(1−థ)} < ߦ <273 

6ఊ2ఏ(2−3థ)ఉ(32ఏ−3)(1−థ)2and߶ > 23,if
332 < ߠ < ߦ ,2934 > ݔܽ݉ { ఊ22ఉ(1−థ) , 2ఊ2(6−7ఏ)ఉ(29−34ఏ)(1−థ) , 6ఊ2ఏ(2−3థ)ఉ(32ఏ−3)(1−థ)2}.In 274 

addition, condition ܹ∗∗ > 0 , needs to be satisfied in order to ensure 275 

that{36)2ߦ2ߚ + 1)(ߠ29 − ߶)3 + 2)ߠ4ߛ6 − 1)ߦ2ߛߚ−(߶3 − ߶)[15(1 − ߶) + 41)ߠ − 56߶)]} > 0. 276 

3.Results 277 

3.1. Production strategy for self-research 278 

Based on the equilibrium results under the self-research of the manufacturer's battery 279 

component products, the influence of the manufacturer's technology development parameters 280 

and the share of traditional fuel vehicle market demand on the equilibrium results is discussed, 281 

and in turn, Corollary 1 and Corollary 2 can be obtained[33]. 282 

Corollary1: Under the production strategy of battery self-research, an increase in the 283 

technology development parameter will lead to an increase in the pricing, market demand and 284 

profit of the fuel vehicle manufacturer's products, but it will lead to a decrease in the supplier's 285 

wholesale price and profit, as well as in the green performance, pricing, and sales of the new 286 

energy manufacturer's products, whereas the relationship of the new energy vehicle 287 
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manufacturer's profit function with the technology development parameterߤis also affected by 288 

the relationship between the size of ߤ  and 17ఊ244ఉ  .If 17ఊ244ఉ >289 

ݔܽ݉ { 6ఊ2ఏఉ(20ఏ−3) , 3ఊ28ఉ } ,when݉ܽݔ { 6ఊ2ఏఉ(20ఏ−3) , 3ఊ28ఉ } < ߤ < 17ఊ244ఉ  ,new energy vehicle manufacturer 290 

profit increases with increasing R&D parameter ,while at that time, ߤ ≥ 17ఊ244ఉ , manufacturer 291 

profit decreases with increasing R&D parameter if; ߤ 17ఊ244ఉ ⩽ ݔܽ݉ { 6ఊ2ఏఉ(20ఏ−3) , 3ఊ28ఉ } ,then the 292 

manufacturer's profit always decreases as the R&D parameter increases. 293 

Proof: Based on the equilibrium results in the case of the automaker's battery self-research, 294 

the derivation of the R&D parameter , respectively, leads to
∂௠1∂ఓ = 36ఈఊ2(17−20ఏ)(1402ߛ51−ߤߚ)2, ∂௠2∂ఓ =295 

− 204ఈఊ2(17−20ఏ)(1402ߛ51−ߤߚ)2 , ∂ீ∂ఓ = − 420ఈఉఊ(17−20ఏ)(1402ߛ51−ߤߚ)2 , ∂ௐ∂ఓ = − 36ఈఊ2(17−20ఏ)(1402ߛ51−ߤߚ)2 , ∂஽1∂ఓ =296 

27ఈఉఊ2(17−20ఏ)(1402ߛ51−ߤߚ)2 , ∂஽2∂ఓ = − 153ఈఉఊ2(17−20ఏ)(1402ߛ51−ߤߚ)2 , ∂గೞ∂ఓ = − 756ఈ2ఊ2(17−20ఏ)(7ఉఓ−3ఊ2ఏ)(1402ߛ51−ߤߚ)3  , ∂గಾ1∂ఓ =297 

216ఈ2ఊ2(17−20ఏ)[ఉఓ(20ఏ−3)−6ఊ2ఏ](1402ߛ51−ߤߚ)3  , ∂గಾ2∂ఓ = − 27ఈ2(17−20ఏ)2(44ఉఊ2ఓ−17ఊ4)2(140ఉఓ−51ఊ2)3  .Due to ߤ >298 

ݔܽ݉ { 6ఊ2ఏఉ(20ఏ−3) , 3ఊ28ఉ }and 320 < ߠ < 1720,it is clear that∂௠1∂ఓ , ∂஽1∂ఓ , ∂గಾ1∂ఓ > 0, ∂௠2∂ఓ , ∂ீ∂ఓ , ∂ௐ∂ఓ , ∂஽2∂ఓ , ∂గೄ∂ఓ <299 

0 ,And since  17ఊ244ఉ − 3ఊ28ఉ = ఊ288ఉ > 0 ,so when 17ఊ244ఉ > ݔܽ݉ { 6ఊ2ఏఉ(20ఏ−3) , 3ఊ28ఉ ߤ , { ∈300 

ݔܽ݉) { 6ఊ2ఏఉ(20ఏ−3) , 3ఊ28ఉ } , 17ఊ244ఉ ] , ∂గಾ2∂ఓ > 0 ,when ߤ ∈ (17ఊ244ఉ , +∞) ,  ,and ∂గಾ2∂ఓ < 0  holds 301 

when 17ఊ244ఉ ⩽ ݔܽ݉ { 6ఊ2ఏఉ(20ఏ−3) , 3ఊ28ఉ }. 302 

urom Corollary 1, it can be seen that an increase in R&D parameter  is favorable to 303 

traditional automakers in terms of pricing, sales and profits, while it is unfavorable to new 304 

energy automakers in terms of green performance, pricing and sales, as well as to suppliers in 305 

terms of pricing and profits. This is because an increase in R&D Parameter indicates that the 306 

cost conversion efficiency in the battery production of a new energy vehicle manufacturer 307 

becomes lower, leading to a lower green performance of its battery products and lower pricing 308 
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and sales of its products, while on the contrary, it is favorable for the traditional vehicle 309 

manufacturer, which realizes an increase in its pricing, sales, and profits. uor suppliers, when 310 

the battery production efficiency of a new energy vehicle manufacturer is low, due to its high 311 

market position, it may reduce the purchase price of parts and components to alleviate the 312 

pressure of research and development, which will lead to lower pricing and profits for suppliers. 313 

In addition, new energy vehicle manufacturers in the R&D parameter in the smaller hours its 314 

increase leads to rising profits, while in the R&D parameter in the larger when its increase 315 

leads to a decline in profits, which may be mainly due to the higher R&D efficiency, the increase 316 

in R&D parameters will lead to a huge decline in its green performance, R&D's cost reduction 317 

effect is obvious, which may lead to this time to the overall profits of the upper body, the R&D 318 

efficiency is lower, the R&D parameter increase leads to a more pronounced marginal revenue 319 

reduction effect, and thus a decline in overall profits[34-35]. 320 

Corollary 2: Under the production strategy of battery self-research, an increase in the 321 

traditional automobile market demand share parameter  will traditional automobile 322 

manufacturers pricing, sales and profits rise, while suppliers pricing and profits as well as new 323 

energy automobile manufacturers green performance, pricing, sales and profits fall. 324 

Proof: Based on the equilibrium results in the case of the automaker's battery self-research, 325 

the equilibrium results are partial derivatives with respect to the parameter ߠ，which leads to 326 

∂௠1∂ఏ = 8ఈ(10ఉఓ−3ఊ2)ఉ(140ఉఓ−51ఊ2) , ∂௠2∂ఏ = − 80ఈఓ140ఉఓ−51ఊ2 , ∂ீ∂ఏ = − 60ఈఊ140ఉఓ−51ఊ2 , ∂ௐ∂ఏ = − 9ఈఊ2ఉ(140ఉఓ−51ఊ2) , 327 

∂஽1∂ఏ = 6ఈ(10ఉఓ−3ఊ2)140ఉఓ−51ఊ2  , ∂஽2∂ఏ = − 60ఈఉఓ140ఉఓ−51ఊ2 , ∂గೄ∂ఏ = − 108ఈ2ఊ2(7ఉఓ−3ఊ2ఏ)ఉ(140ఉఓ−51ఊ2)2  , ∂గಾ1∂ఏ =328 

48ఈ2(10ఉఓ−3ఊ2)[ఉఓ(20ఏ−3)−6ఊ2ఏ]ఉ(140ఉఓ−51ఊ2)2  , ∂గಾ2∂ఏ = − 60ఈ2ఓ(17−20ఏ)(8ఉఓ−3ఊ2)(140ఉఓ−51ఊ2)2  .Given the parametric 329 
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constraints ߤ > ݔܽ݉ { 6ఊ2ఏఉ(20ఏ−3) , 3ఊ28ఉ } and 320 < ߠ < 1720 ,it is clear that ∂௠1∂ఏ , ∂஽1∂ఏ , ∂గಾ1∂ఏ >330 

0and∂௠2∂ఏ , ∂ௐ∂ఏ , ∂ீ∂ఏ , ∂஽2∂ఏ , ∂గೄ∂ఏ , ∂గಾ2∂ఏ < 0. 331 

Corollary 2 suggests that an increase in the proportion of consumers with traditional 332 

preferences in the consumer market for automobiles is favorable to traditional automobile 333 

manufacturers and unfavorable to new energy automobile manufacturers; this is obvious, and 334 

the market share of consumers has a significant impact on the pricing power of the firm's market, 335 

which, in turn, affects sales volumes and profits. However, an increase in the market share of 336 

traditional consumers is detrimental to suppliers' pricing and profits, suggesting that in a market 337 

environment with both traditional and new energy vehicle manufacturers, the share of new 338 

energy vehicle manufacturers has a greater impact on the wholesale price of their products, and 339 

that greater market demand for new energy vehicles is more favorable to suppliers. 340 

3.2.Production strategies for outsourcing 341 

Based on the equilibrium results under the outsourcing of the manufacturer's battery 342 

component products, the effects of the third-party battery manufacturer's technology 343 

development parameters  and the share of traditional automotive market demand  on the 344 

equilibrium results are further discussed, which in turn can lead to Corollary 3 and Corollary 4. 345 

Corollary 3: Under the production strategy of battery outsourcing, the pricing of both 346 

conventional automobile manufacturers and new energy vehicle products increases with the 347 

increase of the technical R&D parameter A of the battery producer. The relationship between 348 

the green performance and sales volume of conventional automakers, the wholesale price and 349 
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profit of suppliers, and the pricing of battery producers and the R&D parameter is also affected 350 

by the parameter . 351 

Proof: Based on the results in the case of outsourcing of battery production by an automobile 352 

manufacturer, the derivation of each with respect to the R&D parameter  leads to ∂௠1∗∂క =353 

12ఈఊ2(6−5ఏ)ఉ(59ఉక−24ఊ2)2 , ∂௠2∗∂క = 2ఈఊ2(6−5ఏ)(592ߛ24−ߦߚ)2 , ∂ீ∗∂క = − 3ఈఉఊ௅1(59ఉక−24ఊ2)2(7ఉక−3ఊ2)2 , ∂்∗∂ఏ =354 

− 3ఈఊ2௅2(59ఉక−24ఊ2)2(7ఉక−3ఊ2)2 , ∂ௐ∗∂ఏ = − ఈఊ2௅3(59ఉక−24ఊ2)2(7ఉక−3ఊ2)2 , ∂஽1∗∂ఏ = ఈఉఊ2௅4(59ఉక−24ఊ2)2(7ఉక−3ఊ2)2 , 355 

∂஽2∗∂క = − 3ఈఉఊ2௅2(59ఉక−24ఊ2)2(7ఉక−3ఊ2)2, ∂గೄ∗∂క = − 4ఈ2ఊ2௅3௅5(59ఉక−24ఊ2)3(7ఉక−3ఊ)3. 356 

 357 

 358 

where1ܮ = 29)2ߦ2ߚ413 − (ߠ34 − 6)2ߛߚ1652 − ߦ(ߠ7 + 342)4ߛ6 −  359 ,(ߠ397

2ܮ = 5049)2ߦ2ߚ − (ߠ5948 − 29)2ߛߦߚ144 − (ߠ34 + 6)4ߛ144 −  360 ,(ߠ7

3ܮ = 6225)2ߦ2ߚ − (ߠ6928 − 216)2ߛߚ24 − ߦ(ߠ239 + 10)4ߛ108 − 4ܮ  ,(ߠ11 =361 

2697)2ߦ2ߚ − (ߠ3988 − 45)2ߛߚ48 − ߦ(ߠ67 + 2)4ߛ216 −  362 (ߠ3

5ܮ         = 36)2ߦ2ߚ + (ߠ29 − 15)2ߛߚ + ߦ(ߠ41 +  363 .ߠ4ߛ12

Based on the above results, it is obvious that∂௠1∗∂క , ∂௠2∗∂క > 0  , both traditional and new 364 

energy vehicle manufacturers pricing is increased with the third-party battery manufacturer's 365 

R&D efficiency, which is mainly due to the fact that when the third-party battery manufacturer's 366 

efficiency is low, it may increase the manufacturer's price for purchasing the battery 367 

components to increase profitability, and accordingly, the new energy vehicle manufacturer will 368 

also increase pricing to obtain higher profits, when the price competition between traditional 369 

price competition between fuel and new energy vehicles is not intense, and thus traditional 370 
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manufacturers will also increase their pricing to gain more profit. In spite of 5ܮ > 0 , the 371 

magnitude relationship between  and 0 is uncertain, thus leading to an uncertain 372 

functional relationship between the equilibrium outcome and the parameters. In addition, due 373 

to the complexity of the functional relationship between the profit function of traditional 374 

automakers, new energy vehicle manufacturers and third-party battery producers and the R&D 375 

parameter , its will be further analyzed in the numerical simulation section. 376 

Corollary 4: Under the production strategy of battery outsourcing, an increase in the 377 

proportion of consumers  in the market with a preference for conventional cars leads to an 378 

increase in pricing, sales, and profits for conventional car makers and a decrease in green 379 

performance, pricing, sales, and profits for new energy car makers, as well as in profits for 380 

third-party battery producers, while the impact on suppliers is not certain.if ఊ2ఉ >381 

ݔܽ݉ { 12ఊ2ఏఉ(32ఏ−3) , 2ఊ2(6−7ఏ)ఉ(29−34ఏ) , ఊ22ఉ},whenߦ > ఊ2ఉ ,supplier pricing and profitability increase with an 382 

increase in the consumer proportion parameterߠA and conversely decrease with an increase in 383 

the consumer proportion parameterߠ ;ifఊ2ఉ ⩽ ݔܽ݉ { 12ఊ2ఏఉ(32ఏ−3) , 2ఊ2(6−7ఏ)ఉ(29−34ఏ) , ఊ22ఉ} ,then the supplier's 384 

pricing and profits always increase with the increase in the consumer ratio parameter 385 .ߠ 

Proof: based on the equilibrium results in the case where the automaker chooses to 386 

outsource its batteries, partial derivatives are obtained with respect to the parameter ߠ, which 387 

leads to ∂௠1∗∂ఏ = 4ఈ(8ఉక−3ఊ2)ఉ(59ఉక−24ఊ2) , ∂௠2∗∂ఏ = − 2ఈ(17ఉక−7ఊ2)ఉ(59ఉక−24ఊ2) , ∂ீ∗∂ఏ = − 6ఈఊ(17ఉక−7ఊ2)(59ఉక−24ఊ2)(7ఉక−3ఊ2) , ∂்∗∂ఏ =388 

− 6ఈక(17ఉక−7ఊ2)(59ఉక−24ఊ2)(7ఉక−3ఊ2), ∂ௐ∗∂ఏ = ఈ(29ఉ2క2−41ఉఊ2క+12ఊ4)ఉ(7ఉక−3ఊ2)(59ఉక−24ఊ2)  ,  

389 

∂஽1∗∂ఏ = 4ఈ(8ఉక−3ఊ2)(5ఉక−2ఊ2)(59ఉక−24ఊ2)(7ఉక−3ఊ2) , ∂஽2∗∂ఏ = − 6ఈఉక(17ఉక−7ఊ2)(59ఉక−24ఊ2)(7ఉక−3ఊ2) ,  

390 

∂గೄ∗∂ఏ = 4ఈ2(29ఉ2క2−41ఉఊ2క+12ఊ4)௅5ఉ(59ఉక−24ఊ2)2(7ఉక−3ఊ2)2  , ∂గಾ1∗∂ఏ = 8ఈ2(8ఉక−3ఊ2)(5ఉక−2ఊ2)௅6ఉ(59ఉక−24ఊ2)2(7ఉక−3ఊ2)  ,  391 
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∂గಾ2∗∂ఏ = − 6ఈ2క(34ఉక−14ఊ2)௅7(59ఉక−24ఊ2)2(7ఉక−3ఊ2), ∂గ∗಼∂ఏ = − 9ఈ2క(2ఉక−ఊ2)(34ఉక−14ఊ2)௅7(59ఉక−24ఊ2)2(7ఉక−3ఊ2)2 .where 392 

6ܮ = ߠ32)ߤߚ − 3) − 7ܮ , ߠ2ߛ12 = 29)ߦߚ − (ߠ34 − 6)2ߛ2 −  Given that the 393. (ߠ7

precondition 332 < ߠ < 2934 and ߦ > ݔܽ݉ { 12ఊ2ఏఉ(32ఏ−3) , 2ఊ2(6−7ఏ)ఉ(29−34ఏ) , ఊ22ఉ}  is satisfied between the 394 

parameter, it follows that∂௠1∗∂ఏ , ∂஽1∗∂ఏ > 0and∂௠2∗∂ఏ , ∂ீ∗∂ఏ , ∂்∗∂ఏ , ∂஽2∗∂ఏ , ∂గಾ2∗∂ఏ , ∂గ∗಼∂ఏ < 0.And the relationship 395 

between suppliers' wholesale prices and profits and parameters is also related to the size 396 

relationship between R&D parametersߝandఊ2ఉ .Given that A 397 

2ߦ2ߚ29 − ߦ2ߛߚ41 + 4is less than 0 on12ఊ229ఉߛ12 < ߦ < ఊ2ఉ ,and greater than 0 at 398 

ߦ < 12ఊ229ఉ  and ߦ > ఊ2ఉ  .so,if ఊ2ఉ > ݔܽ݉ { 12ఊ2ఏఉ(32ఏ−3) , 2ఊ2(6−7ఏ)ఉ(29−34ఏ) , ఊ22ఉ} ,when ߦ > ఊ2ఉ  , ∂ௐ∗∂ఏ , ∂గೄ∗∂ఏ >399 

0 ,but when ݔܽ݉ { 12ఊ2ఏఉ(32ఏ−3) , 2ఊ2(6−7ఏ)ఉ(29−34ఏ) , ఊ22ఉ} < ߦ ⩽ ఊ2ఉ ， ∂ௐ∗∂ఏ , ∂గೄ∗∂ఏ ⩽ 0 ； if ఊ2ఉ ⩽400 

ݔܽ݉ { 12ఊ2ఏఉ(32ఏ−3) , 2ఊ2(6−7ఏ)ఉ(29−34ఏ) , ఊ22ఉ}, ∂ௐ∗∂ఏ , ∂గೄ∗∂ఏ > 0 is constant. 401 

Similar to the results of Corollary 2, an increase in the proportion of consumers who prefer 402 

traditional fuel vehicles leads to an increase in pricing, sales, and profits for traditional 403 

manufacturers, but a decrease in pricing, sales, and profits for new energy vehicle 404 

manufacturers, as well as a decrease in green performance, pricing, and profits for third-party 405 

battery manufacturers. The difference, however, is that the impact on suppliers is inconsistent, 406 

with an increase in the proportion of consumers who prefer conventional cars leading to a 407 

decrease in supplier pricing and profits when the R&D parameters are small, and an increase in 408 

supplier pricing and profits when the R&D parameters are large. This is because when the 409 

battery manufacturer R & D efficient, it can significantly improve the green performance of the 410 

product, in the market with greater competitiveness, when the traditional fuel car market 411 

accounted for an increase in the new energy vehicle market demand will be significantly 412 
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reduced, which will lead to a reduction in the overall demand for suppliers as well as a reduction 413 

in profits, while in the battery manufacturer R & D inefficient, the two products in the market 414 

price competition is not obvious, the supplier's pricing power is higher, you can Realize greater 415 

profits in the form of higher wholesale prices. 416 

3.3.Production strategies for joint R&D 417 

Since the equilibrium results of the game under the joint R&D and production strategy are 418 

more complicated, the impact of the traditional fuel vehicle market preference ratio ߠ on the 419 

equilibrium results is mainly analyzed here, while the functional relationship between the third-420 

party battery producer's technological research and development parameterߝand the new energy 421 

vehicle manufacturer's R&D commitment ratio ∅ and the equilibrium results is more 422 

complicated, which will be discussed and analyzed in the numerical simulation section further. 423 

Based on the results under the joint R&D and production strategy, Corollary 5 can be 424 

obtained[36-38]. 425 

Corollary 5: Under the production strategy of joint R&D, an increase in the proportion of 426 

consumers  who prefer conventional cars leads to higher pricing, sales, and profits for 427 

conventional car makers, while green performance, pricing, sales, and profits for new energy 428 

car makers, as well as profits for third-party battery producers, decrease, and the effect on 429 

supplier pricing and profits is not certain. 430 

Proof: Based on the equilibrium results in the case of joint research and development by 431 

the battery manufacturer and the new energy vehicle manufacturer, the partial derivatives are 432 
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obtained with respect to the parameter  respectively, which in turn leads to ∂௠1∗∗∂ఏ =433 

ఈ௅8[7ఉక(1−థ)−3ఊ2]ఉ஺  , ∂௠2∗∗∂ఏ = − 2ఈ௅9[17ఉక(1−థ)−7ఊ2]ఉ஺  , ∂ீ∗∗∂ఏ = − 6ఈఊ[17ఉక(1−థ)−7ఊ2](1−థ)஺  , ∂்∗∗∂ఏ =434 

− 6ఈక[17ఉక(1−థ)−7ఊ2](1−థ)஺  , ∂ௐ∗∗∂ఏ = ఈ௅10ఉ஺  , ∂஽1∗∂ఏ = 2ఈ௅11[5ఉక(1−థ)−2ఊ2]஺  , ∂஽2∗∗∂ఏ =435 

− 6ఈఉక[17ఉక(1−థ)−7ఊ2](1−థ)2஺  , ∂గೄ∗∗∂ఏ = 4ఈ2௅10௅12ఉ஺2  , ∂గಾ1∗∗∂ఏ = 4ఈ2஼௅11[5ఉక(1−థ)−2ఊ2][7ఉక(1−థ)−3ఊ2]ఉ஺2  , 436 

∂గಾ2∗∗∂ఏ = − 6ఈ2క஻௅13(1−థ)2[17ఉక(1−థ)−7ఊ2]஺2 , ∂గഉ∗∂ఏ = − 18ఈ2క஻(1−థ)3[2ఉక(1−థ)−ఊ2][17ఉక(1−థ)−7ఊ2]஺2 。 437 

where8ܮ = 1)ߦߚ32 − ߶)2 − 2)2ߛ6 − 9ܮ ,(߶3 = 1)ߦߚ7 − ߶)2 − 1)2ߛ3 − 2߶), 438 

10ܮ = 1)2ߦ2ߚ29 − ߶)3 − 1)ߦ2ߛߚ − ߶)(41 − 56߶) + 2)4ߛ6 − 3߶), 439 

11ܮ = 1)ߦߚ16 − ߶)2 − 2)2ߛ3 − 13ܮ ,(߶3 = 1)ߦߚ14 − ߶)2 − 2)2ߛ3 − 3߶),  440 

 441 

12ܮ = 36)2ߦ2ߚ + 1)(ߠ29 − ߶)3 − 1)ߦ2ߛߚ − ߶)[15(1 − ߶) + 41)ߠ − 56߶)] + 2)ߠ4ߛ6 − 3߶)。 442 

Due toߦ > ఊ22ఉ(1−థ)andܣ, ,ܤ ܥ > 0,It follows that 51)ߦߚ − ߶) >   ,2ߛ2

443 

1)ߦߚ7 − ߶) > 1)ߦߚ17 , 2ߛ3 − ߶) > so∂ீ∗∗∂ఏ, 2ߛ7 , ∂்∗∗∂ఏ , ∂஽2∗∗∂ఏ , ∂గ∗಼∗∂ఏ < 0 .In addition, given 444 

that ߦ > ఊ22ఉ(1−థ) ,it follows that 8ܮ > 2)2ߛ2 + 9ܮ , (߶ > 12 1)2ߛ + nܮ , (߶5 > 2)2ߛ + ߶) , 445 

13ܮ > 1)2ߛ + 2߶) ,so ∂௠1∗∗∂ఏ > 0 , ∂௠2∗∗∂ఏ < 0 , ∂஽1∗∗∂ఏ > 0 , ∂గಾ1∗∗∂ఏ > 0 , ∂గಾ2∗∗∂ఏ < 0 .Whereas  446  10ܮ

and12ܮ are not necessarily related to 0 in terms of magnitude. This in turn leads to uncertainty 447 

about the magnitude of ∂ௐ∗∗∂ఏ  and ∂గೄ∗∗∂ఏ  in relation to zero. Similar to the results of Corollary 4, 448 

under the production strategy of new energy vehicle manufacturers choosing joint R&D with 449 

battery producers, the increase in the proportion of consumers who prefer traditional fuel 450 

vehicles is favorable to traditional vehicle manufacturers and unfavorable to new energy vehicle 451 

manufacturers and battery producers, but the effect on suppliers is not necessarily the same, for 452 

reasons similar to those not discussed here. Given the complexity of the functional relationship 453 
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between some parameters and the equilibrium results, the analysis will be further discussed and 454 

analyzed through numerical simulation in the following. 455 

4. Numerical simulation 456 

Based on the above analysis of the equilibrium results, this section will explore the 457 

influence of key parameters on the equilibrium results under different scenarios through 458 

numerical simulation, and verify the correctness of the above inference[39]. In addition, this 459 

section will further compare and analyze the differences in the equilibrium results under 460 

different production strategies, and explore the optimal strategies for battery production of new 461 

energy vehicle manufacturers under different scenarios[40]. To ensure the consistency of the 462 

results, this part unifies the assumptions under different scenarios ߙ = 100,  

463 

ߚ = ߛ , 5 = 10 , 30 ⩽ ߤ ⩽ 50 , 15 ≤ ߦ ≤ 30 , 0.3 ≤ ߠ ≤ 0.7 , 0 ≤ ߶ ≤ 0.5 ,we also discuss 464 

the effects of R&D parameterߤ , R&D parameter  of the third-party battery manufacturer, 465 

traditional consumer market share and R&D cost ratio , ߠ ∅ of the new energy vehicle 466 

manufacturer under the joint R&D strategy on the equilibrium results, so as to find out the 467 

optimal production strategy of the new energy vehicle manufacturer under different scenarios. 468 

The subsequent numerical simulations are as follows: firstly, we analyze the effects of R&D 469 

parameter ߤ  and traditional consumer market share ߠ on the equilibrium results in the self-470 

research scenario, then we compare the results of the self-research and outsourcing scenarios to 471 

analyze the effects of R&D parameter ߦ  and traditional consumer market share Con the 472 

equilibrium results in the battery manufacturer scenario, and finally, we discuss the effects of 473 
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traditional consumer market share and traditional consumer market shareߠon the equilibrium 474 

results by comparing the results of the outsourcing and joint research scenarios. uinally, we 475 

discuss the effects of traditional consumer market share ߠand R&D cost share∅of new energy 476 

vehicle manufacturers on the equilibrium results by comparing the results of the outsourcing 477 

and joint R&D scenarios. 478 

4.1. Production strategy for self-research 479 

This part first analyzes the effects of parameters ߤ and ߠ on the equilibrium results under 480 

the battery production self-research strategy of new energy vehicle manufacturers, and with 481 

reference to existing studies and in the context of reality, it is assumed here that 30 ⩽ ߤ ⩽482 

50 and0.3 ≤ ߠ ≤ 0.7 ,In turn, the relationship between the supplier's wholesale price ܹ and 483 

profitߨ௦, the traditional automobile manufacturer's product pricing ݉1, sales volume1ܦ, and 484 

profit ߨெ1, and the new energy automobile manufacturer's product green performanceܩ, pricing 485 

݉2 , sales volume 2ܦ , ,and profit  is obtained, and the 486  ߠ and  ߤ ெ2  with the parametersߨ 

specific results are shown in uigs. 1-3. 487 

 488 

uig. 1 Wholesale priceܹand green performanceܩversus parameters ߤ and ߠunder self-489 
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research strategy 490 

uigure.1 shows the relationship between supplier wholesale price and green performance 491 

of new energy vehicles with parameters ߤ andߠ. Overall, the increase of R&D parameterߤand 492 

traditional automobile market shareߠis unfavorable to the wholesale price of suppliers and the 493 

green performance of new energy vehicle products. It is obvious that the decrease of R&D 494 

efficiency will lead to the need of new energy vehicle manufacturers to spend more cost 495 

investment, which will lead to the reduction of green performance, while the increase of 496 

traditional automobile market share will further reduce the market competitiveness of new 497 

energy vehicles, which will also compress the R&D motivation of new energy vehicle 498 

manufacturers. The increase in the market share of traditional vehicles will further reduce the 499 

competitiveness of new energy vehicles, which will also compress the R&D motivation of new 500 

energy vehicle manufacturers. The trend in suppliers' wholesale prices suggests that new energy 501 

vehicle manufacturers have more influence over their pricing, as the investment in new energy 502 

vehicles allows them to price their products at a higher level than conventional vehicles, which 503 

in turn gives suppliers more pricing space, and thus changes in new energy vehicle pricing have 504 

a greater impact on suppliers' wholesale prices.  505 

 506 



 

26 

 

uig. 2 Markup ݉௜ and Market Demandܦ௜versus Parameters ߤ andߠ under Self-Research 507 

Strategy  508 

uig. 3 Relationship between supplier profit ߨ௦ and manufacturer profit ݅ܯߨ and parameters 509 ߤ 

and ߠunder the self-developed strategy 510 

uigures 2 and 3 show the relationship between pricing, sales and profits of the two types 511 

of automakers as well as supplier profits and the two parameters. It is clear from uigures 2 and 512 

3 that market share is the most significant factor influencing both conventional and new energy 513 

vehicle manufacturers in comparison, and that it has a clear opposite effect on both. It is not 514 

difficult to understand that when the market share is larger, the manufacturer has more pricing 515 

power and thus can make more profit. In addition, new energy vehicle manufacturers have 516 

higher pricing, market demand, and profits when the market share is equalized due to their 517 

higher green performance, which makes them more attractive for consumers to buy. uigure 3 518 

also shows the relationship between supplier profits and parameters, and shows that an increase 519 

in the market share of traditional automakers leads to a decrease in supplier profits, which is 520 

more pronounced when the R&D parameters are small, because when the market share of 521 

traditional automakers increases, the pricing and sales of products from new energy automakers 522 
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decrease more than the pricing and sales of products from traditional automakers increase, and 523 

in combination with uigure 1, it can be seen that suppliers' wholesale prices will also fall, which 524 

in turn will lead to lower overall revenues. 525 

4.2.Production strategies for outsourcing 526 

This section will further consider analyzing the equilibrium results as a function of 527 

parameters under the outsourcing strategy of new energy vehicle manufacturers, focusing 528 

mainly on the impacts of parameter  of battery producers and parameterߠof traditional vehicle 529 

market demand share on the equilibrium results. According to the numerical simulation analysis 530 

of the self-research scenario, it is known that parameterߠhas a greater impact on the equilibrium 531 

results, so this section uses ߠ  = 0.4 and ߠ  = 0.6 to represent the two scenarios of market 532 

dominance by new energy vehicle manufacturers and market dominance by traditional fuel 533 

vehicle manufacturers, respectively. Given that the professional technical level and productivity 534 

of the third-party outsourced battery manufacturer are also important reasons for automakers to 535 

adopt the outsourcing strategy, and in order to compare and analyze the differences in the 536 

equilibrium results between the self-research strategy and the outsourcing strategy, this section 537 

assumes that the R&D parameters of the manufacturer under the self-research strategy are ߤ =538 

40, which is the same as that in the outsourcing strategy.While the range of R&D parameters 539 

of the battery manufacturer under the outsourcing strategy is 15 ≤ ߦ ≤ 30 , the relationship 540 

between the supplier's wholesale priceܹand profitߨ௦, the traditional automobile manufacturer's 541 

product pricing݉1, sales volume1ܦ and profitߨெ1, the new energy automobile manufacturer's 542 
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product green performance , pricing ݉2, sales volume 2ܦand profitߨெ2, as well as the battery 543 

manufacturer's pricing ܶ  and profit ܭߨ , and the relationship with parameters ߝ  and ߠ can be 544 

obtained for the two scenarios, and the specific results are shown in uigures 4-6. shown in uig. 545 

4-6. 546 

 547 

 548 

uig. 4 Relationship between green performance ܩ∗, wholesale price ܹ∗, outsourcing 549 

priceܶ∗and parameters ߝ andߠ under the outsourcing strategy 550 

According to uigure 4, the increase of R&D parameter ߝ of battery manufacturers is also 551 

unfavorable to the green performance of new energy vehicles, and when R&D parameter ߝ is 552 

larger, the green performance of the outsourcing scenario is even lower than that of the self-553 

research scenario. It can be seen that when automobile manufacturers dominate the market, and 554 

when the technological leadership in battery production is not obvious, the green performance 555 

of products under self-research is better. uigure 4 also shows that battery manufacturers are 556 

only able to price their products higher when their R&D is more efficient, while in the rest of 557 

the cases the wholesale price of the suppliers is smaller than in the self-developed case. This is 558 
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mainly because the battery manufacturer's outsourcing makes the supplier's market pricing 559 

power is further reduced, only through the form of price reductions to increase the 560 

manufacturer's demand for its products, while in the battery manufacturer's R & D efficiency is 561 

relatively high, when the product greenness is higher than the case of self-research and 562 

development, to obtain a greater market demand, which leads to the enhancement of the 563 

wholesale price of the product pricing. In addition, in the case of self-research, the wholesale 564 

price is always greater in the new energy vehicle market demand, while outsourcing is not 565 

necessarily the case, in the battery manufacturer R & D efficiency is higher, the supplier 566 

wholesale price is still in the new energy vehicle market demand accounted for a high 567 

proportion of the larger, while in the battery manufacturer R & D efficiency is low, the 568 

traditional automotive market accounted for a high proportion of the more favorable to it, 569 

because the R & D efficiency is low when it will reduce the product's market price, and in the 570 

automaker-dominated market, it will further lead to lower product pricing, and thus high 571 

demand in the traditional automotive market at this time is unfavorable to suppliers. uor battery 572 

producers, pricing decreases with increasing R&D parameters and is higher when demand is 573 

higher in the new energy vehicle market. It is clear that market demand has a significant impact 574 

on battery producers and that R&D inefficiencies can only lead to lower pricing. 575 

 576 
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.  577 

uig. 5 Relationship between manufacturer markup ݉௜∗and market demandܦ௜∗ and parameters 578 

 under the outsourcing strategy 579 ߠ and ߝ

uigure 5 mainly shows the relationship between R&D parameters and market distribution 580 

with product pricing and market demand. uirst, regarding the relationship between 581 

manufacturers' pricing and parameters, when comparing the pricing size of traditional and new 582 

energy manufacturers horizontally, it is clear that manufacturers, whether they adopt self-583 

development or outsourcing production strategies, will increase the price of traditional fuel 584 

vehicle manufacturers' products by a higher percentage of the market demand for traditional 585 

fuel vehicles, and vice versa for new energy vehicle manufacturers. When comparing product 586 

pricing vertically between the two scenarios, whether the market demand is dominated by 587 

traditional fuel vehicles or new energy vehicles, the pricing of new energy vehicle 588 

manufacturers is always lower in the outsourcing scenario, whereas the pricing of traditional 589 

manufacturers is not necessarily the same in both scenarios, and it is only in the case of higher 590 

R&D efficiency of the battery manufacturer that the outsourcing pricing is lower, and vice versa 591 

for the self-research and development pricing is lower. In addition, unlike uigure 1, the markup 592 
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on the manufacturer's product increases with the R&D parameters in both outsourcing scenarios. 593 

Unsurprisingly, market share has a significant impact on both automakers, and both are able to 594 

price their products higher than their competitors when they have a larger market share. The 595 

fact that the price increase for the new energy vehicle manufacturer's products in the 596 

outsourcing scenario is always lower than the result in the in-house scenario is because in the 597 

outsourcing scenario the cost of battery R&D is no longer an in-house cost and it has to pay for 598 

the additional battery cost, so the price increase is lower than in the in-house scenario. The price 599 

increase of traditional manufacturers' products in both the self-research and outsourcing 600 

scenarios is only lower when the battery producer develops efficiently mainly because in the 601 

manufacturer-dominated market, the manufacturer has greater market pricing power, and its 602 

pricing will be higher when the battery producer develops efficiently, and at this time, new 603 

energy vehicle manufacturers can only reduce their prices in order to obtain market 604 

competitiveness, and similarly, the traditional manufacturers can only be forced to reduce their 605 

prices, even if the price increase is lower than in the self-research scenario. lower than in the 606 

case of self-research. 607 

In addition, according to uigure 5, a horizontal comparison of the market demand for the 608 

two products shows that, again, when the market share of a certain type of automobile is large, 609 

the market demand for that type of automobile manufacturer is larger than that of its competitors. 610 

While comparing the market demand of the two products vertically, it can be seen that the 611 

market demand of traditional fuel automobile will be larger than that of self-research, while the 612 

market demand of new energy automobile will be larger than that of self-research when the 613 
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R&D parameters are smaller and smaller than that of self-research when the R&D parameters 614 

are larger, and the impact of the increase of R&D parameters on the market demand of the two 615 

products is opposite. It can be seen that the outsourcing strategy is favorable to the market 616 

demand of traditional fuel vehicles, slightly increasing the market sales of traditional fuel 617 

vehicles. However, the impact on the market demand for new energy vehicles is huge, and only 618 

when the outsourcing R&D efficiency is high can the market sales of new energy vehicles be 619 

greater than the results of the self-research scenario. This is because outsourcing the battery 620 

components, although it reduces the R&D cost, but it also reduces the pricing power of the 621 

market, which leads to the pricing of the final product is higher in the case of larger R&D 622 

parameters, which leads to a significant drop in market demand. 623 

 624 

 625 

uig. 6 Participants' profitsߨ௦∗, ߨ௄∗ andߨெ௜∗  in relation to parameters ߝ and ߠ under 626 

outsourcing strategy 627 

uigure6 shows the relationship between profit and parameters for suppliers, conventional 628 

manufacturers, new energy manufacturers, and battery producers. uirst, the profits of battery 629 
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manufacturers decrease as the R&D parameters increase and are larger when the market share 630 

of new energy vehicles is larger, while the profits of suppliers are different from the results in 631 

the in-house scenario in that they are larger when the R&D parameters are smaller and when 632 

the R&D parameters are larger, they are larger when the traditional vehicle manufacturers have 633 

a larger market share. This is mainly due to the fact that when the battery manufacturer's R&D 634 

parameters are small, the new energy vehicle has greater green performance and market demand, 635 

and the supplier is able to obtain greater profits, while when the R&D parameters are large, 636 

although the demand in the traditional automobile market can increase, the demand in the new 637 

energy vehicle market declines even more, which may lead to a decline in the overall profits of 638 

the supplier. In addition, the supplier's profits will be greater than the new energy vehicle 639 

manufacturer's self-developed battery only if the battery manufacturer's R&D parameters are 640 

small, mainly because when the battery manufacturer's R&D is inefficient, the product's pricing 641 

and sales volume will be lower, and lead to a decrease in the supplier's profits. Overall, there is 642 

an inverse relationship between the profits of traditional and new energy vehicle manufacturers 643 

and the R&D parameters of battery manufacturers. Regardless of the market distribution of the 644 

two products, an increase in the R&D parameters of battery manufacturers will lead to an 645 

increase in the profits of traditional vehicle manufacturers and a decrease in the profits of new 646 

energy vehicle manufacturers, and the change in the R&D parameters has the greatest impact 647 

on the profits of new energy vehicle manufacturers when new energy vehicles dominate the 648 

market. When new energy vehicles dominate the market, changes in R&D parameters have the 649 

greatest impact on the profits of new energy vehicle manufacturers. The reason for this is that 650 



 

34 

 

the increase in R&D parameters indicates a decrease in the efficiency of battery manufacturers 651 

and a decrease in the greenness of their products, which leads to a significant decline in market 652 

competitiveness and a decrease in the profitability of new energy vehicle manufacturers, 653 

whereas traditional vehicle manufacturers benefit from this and realize a further increase in 654 

profitability. When the market share of traditional fuel vehicles is relatively large, due to the 655 

small market share of new energy vehicles, changes in the R&D efficiency of battery 656 

manufacturers will have less impact on the profitability of new energy vehicles, while in the 657 

case of new energy vehicles with a large market share, the reduction in R&D efficiency will 658 

greatly reduce the profitability of new energy vehicles. In addition, further comparing the 659 

results of the two strategies of new energy vehicle manufacturers' self-research and outsourcing, 660 

it can be seen that in most cases, it is favorable for the traditional automobile manufacturers to 661 

realize their profit enhancement, while for the new energy vehicle manufacturers, it is the 662 

opposite, and it is unfavorable for them in most cases, and the profit of the new energy vehicle 663 

manufacturers is greater only when the battery manufacturers' research and development is 664 

relatively efficient in the outsourcing situation. Visible, in the automobile manufacturers 665 

dominate the market, if the new energy vehicle manufacturers of R & D efficiency and third-666 

party battery manufacturers efficiency gap is not too big, its own research has a greater profit 667 

margin, as the domestic BYD, Geely have chosen to self-research battery strategy. 668 

4.3.Production strategies for joint R&D 669 

This part will further analyze the impact of the joint development and production strategy, 670 
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the proportion of new energy vehicles and battery manufacturers߶ and the demand ratio of 671 

traditional vehicles ߠ  on the equilibrium results. Here assume battery manufacturers 672 

development parameters for ߦ = 20 , and 00.4 ߠ and ߠ = 0.6  respectively said new energy 673 

vehicles in demand dominant and traditional fuel car demand market environment, new energy 674 

vehicles development range of 0 ≤ ߶ ≤ 0.5 , and then can outsourcing strategy and joint 675 

development strategy and two cases supplier wholesale priceܹ  and profit  , automobile 676 

manufacturers product pricing  , sales  , and profit  , new energy automobile 677 

manufacturers product green performance and battery manufacturers pricing and profit678 

and parameters the relationship between and , the specific results as shown in figure 7-9. 679 

 680 

uig.7 Relationship between green performance , wholesale price and pricing and 681 

parameters ߶ and ߠ under the joint development strategy 682 

According to figure 7, clearly know the higher the new energy automobile manufacturing, 683 

the more favorable green performance of the battery, this is because the new energy automobile 684 

manufacturers as the leader in the market, the money, cooperation with battery manufacturers 685 

can significantly reduce the production risk of battery manufacturers, which can improve the 686 
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green performance of the product. As for the relationship between parameters ߶ and ߠ and 687 

the wholesale price of the product, it shows ߦ = ఊ2ఉ particularity, that is, when parameterߦ = 20, 688 

the distribution of consumer market demand will not affect the pricing of the product. This 689 

image verifies the result of inference 4, namely, the proportion of traditional car preference 690 

consumers ߠ  in the market will not affect the wholesale price of the product.In addition, 691 

whether the demand of traditional automobile market is dominated or the demand of new energy 692 

vehicle market is dominated, the increase of the proportion of R&D undertaking will lead to 693 

the increase of wholesale price, when the proportion of undertaking is small, the wholesale 694 

price is higher when the demand of new energy vehicle is dominated in the market, while when 695 

the proportion of undertaking is large, the wholesale price is higher when the demand of 696 

traditional automobile is dominated in the market, which also verifies that the supplier's 697 

wholesale price in Corollary 5 and the market distribution parameter This also verifies that the 698 

relationship between supplier wholesale prices and market distribution parameters in Corollary 699 

5 is not certain and will be affected by other parameters. However, in comparison, the impact 700 

on suppliers' wholesale prices is small, while the impact on battery producers is more significant, 701 

which can significantly increase their product pricing. This may be due to the fact that when 702 

new energy vehicles dominate the market, a certain degree of collaborative research and 703 

development can enhance the realization of performance enhancement is also beneficial to the 704 

supplier, but when the new energy vehicle manufacturers to bear a higher proportion of its 705 

demand for discounts is also higher, which may lead to higher pricing of battery manufacturers, 706 

which may lead to the wholesalers can only reduce the pricing. 707 
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 708 

uig.8 Relationship between manufacturer markup ݉௜∗∗and sales volumeܦ௜∗∗and parameters ߶ 709 

and ߠ under the joint research and development strategy 710 

As can be seen from uigure 8, the pricing and sales volume of traditional automobile 711 

manufacturers and new energy vehicle manufacturers are exactly opposite in the two market 712 

distribution situations, that is, the pricing of traditional automobile manufacturers at ߠ = 0.4 713 

and ߠ = 0.6 is consistent with the price of new energy vehicle manufacturing at ߠ = 0.6 and 714 

ߠ = 0.4. uirst of all, the change of the two market distribution of traditional car manufacturers 715 

and new energy automobile manufacturers pricing influence is the same, in the new energy 716 

vehicles market demand dominated both pricing decline, while the traditional car market 717 

demand dominant lead to both prices rise, and the traditional car manufacturers in its market 718 

dominance pricing is always higher, and new energy automobile manufacturers pricing in 719 

parameter ߶ hours, the new energy vehicles market demand dominated high pricing, and when 720 

the parameter ߶  is larger, in the traditional car market demand dominated high pricing. 721 

Investigate its reason, the joint research and development of green performance and pricing will 722 

improve, and the traditional carmakers "free rider" effect will improve pricing, and new energy 723 
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automobile market demand dominated, given the new energy vehicles have obvious green 724 

performance advantage, it may expand the market competitiveness, even lower than the 725 

traditional consumer dominant pricing, while the traditional auto makers can only be forced to 726 

price. 727 

In terms of the sales of the two products, when the market is dominated by consumers who 728 

prefer traditional cars, the sales of both products first increase and then decrease with the 729 

increase of parameter߶, and even lower than the result under the outsourcing strategy, while 730 

when the market is dominated by consumers who prefer new-energy cars, the sales of the two 731 

products first decrease slightly and then increase sharply with the increase of parameter߶, and 732 

ultimately higher than the result under the outsourcing strategy. The main reason is that in the 733 

market dominated by consumers who prefer new energy vehicles, the pricing of both products 734 

will decrease, and then the sales of both products will increase, and the more the proportion of 735 

new energy vehicles is taken up by the market demand will be greater, realizing the expansion 736 

of the overall market demand. In the traditional automobile preference consumers dominate the 737 

market, the green performance of the products under the joint R&D strategy will be enhanced, 738 

which will attract consumers to buy new energy vehicles, and then due to the fact that new 739 

energy vehicles are the main demand in the market, the market pricing power is strong, and in 740 

the case of a high proportion of R&D commitment, the high pricing of the products will also 741 

lead to a decline in consumer demand. Excessive pricing by new energy vehicle manufacturers 742 

and battery producers can even lead to a smaller market demand for their products than would 743 

result from an outsourcing strategy, while traditional automobile manufacturers have less 744 
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market pricing power, and their market demand will also decline. 745 

 746 

uig. 9 Relationship between participant profits ߨ௦∗∗, ߨ௄∗∗, ߨெ௜∗∗ and parameters ߶and ߠ under 747 

the joint development strategy 748 

As can be seen from uigure 9, both traditional and new energy vehicles dominate the 749 

market demand, and the joint R&D strategy is unfavorable to the profits of battery producers, 750 

which will lead to a continuous decline in their overall profits, mainly because under the joint 751 

R&D strategy, the new energy vehicle manufacturers will require them to sell their battery 752 

component products at lower prices, which in turn will squeeze the profit margins of the battery 753 

producers, so the joint R&D is unfavorable to the profits of battery producers. Therefore, joint 754 

R&D is unfavorable to the profits of battery manufacturers, and to a certain extent, it will reduce 755 

their absolute competitiveness in the market and cut down their profit margins. Regardless of 756 

the market distribution of consumers, the joint R&D strategy is favorable to the profits of the 757 

supply chain, which can realize the profit improvement, in the traditional automobile preference 758 

consumers accounted for the majority of the market, the joint R&D strategy will lead to a 759 

continuous improvement of supplier profits, while in the new energy automobile preference 760 
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consumers accounted for the majority of the market, will lead to the supplier profits firstly rise 761 

and then fall, its in the proportion of the bearer is small, the new energy automobile Supplier 762 

profits are greater in consumer-dominated markets than in consumer-dominated markets for 763 

conventional cars. Since the supplier's profit is mainly composed of wholesale price and sales 764 

volume, combining uigures 7 and 8 shows that the proportion of new energy vehicle 765 

manufacturers' commitment in the joint research and development strategy has a smaller impact 766 

on their wholesale price, but the impact relationship on the sales volume of the two products is 767 

not the same, which leads to the impact between the supplier's profit and the proportion of 768 

commitment parameter presenting a similar functional relationship between the sales volume 769 

and the proportion of commitment parameter. 770 

uurther analyzing the relationship between the profit of traditional automobile 771 

manufacturers and new energy automobile manufacturers and the parameter of the proportion 772 

of undertaking under the joint R&D strategy, it can be clearly seen that when the demand of the 773 

new energy automobile market is dominant, the joint R&D strategy at this time will lead to the 774 

decline of the profit of traditional automobile manufacturers and new energy automobile 775 

manufacturers, while when the demand of the traditional automobile market is dominant in the 776 

market, an increase in the proportion of R&D undertaken by the new energy automobile 777 

manufacturers will When the market demand for traditional vehicles dominates, the increase in 778 

the proportion of R&D undertaken by the new energy vehicle manufacturers will lead to a 779 

decrease in the profits of both manufacturers, and the result will be lower than that under the 780 

outsourcing strategy when the parameter of the proportion of R&D is larger. Combined with 781 
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uigures 7 and 8, this is mainly due to the fact that when the market for new energy vehicles is 782 

more dominant, despite the fact that R&D cooperation can improve the green performance of 783 

the product, the pricing of the automakers will be lower, and thus the overall profits of both will 784 

be lower. When traditional consumers dominate the market, R&D collaboration can lead to 785 

higher pricing and sales, which is beneficial to both traditional and new energy vehicle 786 

manufacturers, leading to higher profits. uigure 9 shows that for automakers aiming to transition 787 

to new energy and with a strong market position, outsourcing production is more effective than 788 

joint R&D when demand is high in the new energy market, while when demand is high in the 789 

traditional automotive market, they should collaborate with battery manufacturers to advance 790 

technology and realize higher profits at the same time. 791 

5. Conclusions  792 

Based on the coexistence of traditional fuel vehicles and new energy vehicles in the market 793 

environment, this study considers three production strategies of new energy vehicle 794 

manufacturers, namely, self-development, outsourcing and joint research and development of 795 

battery components, and constructs the corresponding game model to discuss in depth the 796 

impact of R&D efficiency, market distribution, R&D commitment ratio and other parameters 797 

on the equilibrium results, and explore the appropriate development strategies of new energy 798 

vehicle manufacturers in different situations by comparing and analyzing the results under 799 

different production strategies. vehicle manufacturers in different situations. The main 800 

conclusions of this study are as follows: 801 
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(1) The reduction of R&D efficiency under the self-research production strategy of new 802 

energy vehicle manufacturers is unfavorable to their own sales, pricing and profits, but 803 

favorable to traditional vehicle manufacturers. Under the outsourcing strategy and joint R&D 804 

strategy, the reduction of battery manufacturers' R&D efficiency is unfavorable to battery 805 

manufacturers and new energy vehicle manufacturers, but traditional manufacturers can profit 806 

from it. 807 

(2) Consumer market distribution is an important factor influencing supply chain decisions. 808 

Under the battery self-development strategy, the increase in the market share of traditional 809 

vehicles leads to the rise in pricing, sales and profits for traditional automakers, and the decline 810 

in pricing and profits for suppliers and green performance, pricing, sales and profits for new 811 

energy vehicle manufacturers. The outsourcing strategy and R&D strategy will also lead to a 812 

decline in pricing and profits for battery manufacturers, while the impact on pricing and profits 813 

for suppliers at this time is not certain. 814 

(3) new energy vehicle manufacturers have a dominant position in the market, only when 815 

the battery manufacturer's technology R & D efficiency leading edge is obvious, the choice of 816 

outsourcing strategy is more favorable to them. When the R&D efficiency of the battery 817 

producer is only large, the supplier and the new energy vehicle manufacturer can obtain higher 818 

profits than under the self-research strategy, but the traditional manufacturer can always obtain 819 

higher profits. 820 

(4) The joint R&D strategy of new energy vehicle manufacturers and battery 821 

manufacturers is only relatively effective when the demand of the traditional vehicle market is 822 
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high, while the outsourcing strategy is better when the demand of the new energy vehicle market 823 

is high. Under the joint R&D strategy, suppliers are always profitable and able to increase their 824 

profits, while battery producers' profits continue to be cut. 825 
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