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This article constructs a collaborative innovation decision-making model for the new energy
vehicle industry chain under decentralized and carbon quota sharing contracts, and obtains the
optimal parameter values and profit values of the new energy vehicle industry entities under two
different scenarios. Taking BYD's new energy vehicle industry as a case study, the beneficial effect
of carbon sharing contracts on the collaborative decision-making of the new energy vehicle industry
system is empirically analyzed. Research has found that although carbon sharing contracts may
weaken the willingness of new energy vehicle battery suppliers to innovate in carbon reduction,
they will effectively improve their innovation in the range of new energy vehicles. The market price
of new energy vehicle manufacturers under carbon sharing contracts decreases with the increase of
the carbon sharing coefficient. Carbon sharing contracts can significantly increase the profits of the
main players in the new energy vehicle industry system, and are directly proportional to the carbon
sharing coefficient of the contract.
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1. Introduction

At present, the carbon emissions in China's transportation sector account for about 10% of the country's total carbon emissions.
China is actively promoting the development of the new energy vehicle market. Although new energy vehicles have lower
carbon emissions than traditional fuel vehicles, there are still high carbon emitting enterprises in the new energy vehicle
industry system, such as new energy vehicle battery production nodes. Therefore, based on the construction of carbon
emissions and carbon trading market system, this article has certain practical significance in studying the impact of carbon
trading system on the collaborative decision-making of new energy vehicle industry system entities.

In recent years, many experts and scholars at home and abroad have conducted research on collaborative innovation in the
new energy vehicle industry. Scholars' research on the synergy of the new energy vehicle industry mainly focuses on various
perspectives and the impact of various factors. The perspectives for studying collaborative innovation in the new energy
vehicle industry include those based on dynamic networks (Li & Li, 2025), ecological innovation systems (Liu et al., 2023),
technology and cooperation networks (Suo & Li, 2023), and collaborative network evolution (Wang et al., 2024; Yuan et al.,
2023) and the perspective of industry collaboration (Quan et al., 2024). Some scholars have shifted their research perspective
to the dual credit policy and studied its impact on collaborative innovation in the new energy vehicle supply chain (Shi &
Ming, 2023; Zhou & Qiu, 2023). There is also a policy perspective based on new energy vehicles (Joo et al., 2018). Bigerna
et al. (2019); Huang et al. (2013) and Shao et al. (2017) analyzed its impact on technological innovation and low-carbon
aspects of new energy vehicles.

Scholars have analyzed the impact of various contract forms on collaborative innovation in the new energy vehicle industry,
with a focus on cost sharing contracts, revenue sharing contracts, and so on. The impact of revenue sharing contracts on supply
chain collaborative decision-making was studied (Han et al., 2021; Shafiq & Luong, 2021; Bangjun et al., 2021; Cui et al.,
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2021). Research on supply chain coordination strategy based on cost sharing contract (Zhu et al., 2021; Kumar et al., 2021;
Peng & Luo, 2015). In the field of new energy vehicle industry, scholars have studied incentive contracts for the synergy of
the new energy vehicle industry (Liu et al., 2022). Our team has previously conducted research on cost sharing and revenue
sharing contracts for collaborative innovation in the new energy vehicle industry (Jun et al., 2024). Based on the bounded
rationality of the main body of the new energy vehicle industry system, some scholars have used differential game theory to
study collaborative innovation decision-making problems (Tao et al., 2023).

Previous scholars' research has provided useful references for this article to study the collaborative innovation decision-
making of the new energy vehicle industry chain through carbon quota sharing contracts. However, previous scholars' research
mainly focused on the impact of cost sharing contracts and revenue sharing contracts on the collaborative decision-making of
the new energy vehicle industry. Unlike previous research, this article studies the corresponding carbon trading system of the
Party Central Committee, considering the collaborative innovation decision-making role of carbon quota sharing contracts on
member entities in the new energy vehicle supply chain. Therefore, based on carbon quota sharing contracts, this article
constructs a profit game model between new energy battery suppliers and new energy vehicle manufacturers, obtains the
optimal factor solution and optimal profit value of the model, and empirically analyzes the impact of carbon quota sharing
contracts on innovation decisions of new energy vehicle supply chain entities.

Basic assumptions of the model

In the ecosystem of China's new energy vehicle industry chain, the production cost of new energy vehicle batteries almost
determines the production cost and sales price of new energy vehicle manufacturers. Therefore, reducing the production and
manufacturing costs of new energy vehicle batteries is the key to improving the ecology of China's new energy vehicle industry
chain and promoting the healthy development of the industry. However, currently, in addition to considering production costs,
the cost of new energy vehicle batteries also needs to take into account the cost of carbon emissions. Our team has previously
studied cost sharing contracts and revenue sharing contracts between new energy vehicle manufacturers and new energy
vehicle battery suppliers. Now this article will study the innovation coordination of the new energy vehicle industry chain
from the perspective of carbon quota sharing. As is well known, new energy vehicle battery suppliers are high carbon emitting
enterprises, and their carbon quotas are not enough to meet their carbon emissions, so they need to purchase additional carbon
quotas; New energy vehicle manufacturers have lower carbon emissions during the entire vehicle production and assembly
process, and conflicting carbon quotas are available for trading. Carbon quota "refers to the total amount of greenhouse gases
emitted into the atmosphere by enterprises during a certain period of time, as approved by the competent government
department; Carbon trading "refers to one party to a contract receiving greenhouse gas emissions reductions by paying the
other party, and the buyer can use the purchased emissions reductions to mitigate the greenhouse effect and achieve their
emission reduction goals. In October 2011, the National Development and Reform Commission of China issued a notice on
the pilot work of carbon emission trading.

Based on this, this article considers incorporating carbon quota sharing contracts into the new energy vehicle industry chain,
and constructing a new energy vehicle industry ecosystem consisting of a single new energy battery supplier and a single new
energy vehicle manufacturer. Propose the following basic assumptions:

Assumption 1: Production cost. New energy vehicle manufacturers and new energy battery suppliers need to pay
corresponding costs when producing new energy vehicles and new energy vehicle batteries, such as raw material costs, labor

costs, etc. This article C, represents the production cost of new energy vehicle battery suppliers; Use C. to represent the

production cost of new energy vehicle manufacturers.

Assumption 2: Technological innovation. New energy vehicle battery suppliers who want to reduce production and carbon
emission costs must carry out technological innovation. At the same time, the positive demand of new energy vehicle
manufacturers for carbon credits will inevitably drive new energy battery suppliers to innovate. This article uses 7, to
represent the carbon emissions reduced by the technological innovation of new energy vehicle battery suppliers; Use H to
represent the mileage increase due to technological innovation of new energy vehicle battery suppliers. Technological
innovation requires corresponding costs. Based on the cost model studied (Zhang et al., 2015), this article constructs the

1
cost function of technological innovation for new energy vehicle battery suppliers as follows: C(Te)z—lee2 ,

2
1 . . . .
C(H) :5k2H *, where k, represents the innovation cost coefficient of reduced carbon emissions, and %, represents the

innovation cost coefficient of increased mileage.

Assumption 3: Carbon quotas and carbon trading. The carbon quota of the new energy vehicle industry system refers to the
legal carbon emissions owned by Chinese new energy vehicle manufacturers and new energy vehicle battery suppliers. When
producing new energy vehicle batteries, a large amount of carbon emissions will be generated, so the self owned carbon quotas
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and technological innovations of new energy vehicle battery suppliers often cannot meet carbon emissions and require the
purchase of carbon credits; New energy vehicle manufacturers, due to their low carbon emissions during the production
process, can earn carbon credits for every new energy vehicle they produce and sell, which can be used for sales benefits. This

article uses ' —T, to represent the carbon quota that a new energy vehicle battery supplier needs to purchase to produce a set

of automotive batteries; Use G to represent the carbon credits that a new energy vehicle manufacturer can earn from
producing and selling a new energy vehicle. According to the “Parallel Management Measures for Average Fuel Consumption
and New Energy Vehicle Credits of Passenger Vehicle Enterprises” issued by three ministries and commissions, as well as the
degree of innovation, the calculation method for carbon credits in the production and sales of new energy vehicles is:
G =0.0034(R+ H)+0.2 . Among them, R is the driving range of electric vehicles.

Assumption 4: Carbon cost and carbon benefit. According to hypothesis 2, both new energy vehicle battery suppliers and
new energy vehicle manufacturers will participate in carbon trading. New energy vehicle battery suppliers need to purchase
due to insufficient carbon credits, while new energy vehicle manufacturers need to sell due to sufficient carbon credits.
According to the carbon credit calculation method, new energy vehicle battery suppliers need to purchase a set of new energy

vehicle battery systems at a cost of e(T' —7,) for excess carbon; The carbon credits earned from the production and sale of a
new energy vehicle by a new energy vehicle manufacturer are (0.0034(R + H) +0.2)e . To simplify the model, this article
defines the carbon credit income of each new energy vehicle as (R + H)e . Where e is the response coefficient of carbon
credits to kilometers, and A is the carbon trading price.

Assumption 5: Price. New energy vehicle battery suppliers and new energy vehicle manufacturers each produce a
corresponding price. This article uses w to represent the wholesale price of a battery sold by a new energy vehicle battery
supplier; Use p to represent the price at which a new energy vehicle manufacturer sells a new energy vehicle.

Assumption 6: Market size. The market has the greatest potential demand for any product. Use a to represent the potential
demand in the new energy vehicle market; If » represents the demand price elasticity coefficient, then the demand function
of the new energy vehicle market is: O=a—bp .

2. Model Analysis and Solution
2.1 Decentralized Decision Model

According to the assumed conditions, the profit functions of new energy vehicle battery suppliers and new energy vehicle
manufacturers in decentralized decision-making can be obtained as follows:

[, =(w-C, —e(T—Te))(a—bp)—%lee2 —%szz &

[, =(p-w—C. +te(R+ H))(a—bp) 2

In decentralized decision-making, as new energy vehicle battery suppliers are upstream enterprises in the new energy vehicle
industry ecosystem, they have priority pricing power, while new energy vehicle manufacturers can only price based on the
pricing of new energy vehicle battery suppliers. Therefore, the order of decentralized decision-making is that upstream new
energy vehicle battery suppliers first determine the price of new energy vehicle batteries, and then the new energy vehicle
manufacturers determine the selling price of the vehicles. This article uses reverse induction method to solve the optimal
strategy combination, and the calculation process is as follows.

Firstly, based on the profit function [], of the new energy vehicle manufacturer, the first-order and second-order derivative
functions of the new energy vehicle price p are solved as follows:

0

I, =a+b(w+C, —te(R+H))-2bp

op
62

1} =-2b<0
op
2

Due to —- <0, the profit function [, of new energy vehicle manufacturers is a convex function with respect to the sales

price of new energy vehicles, and takes its maximum value when the first-order derivative is zero.



264

0 . . . . . . L
Therefore, let ;_[Z =0 obtain the optimal car sales price p~ for the new energy vehicle manufacturer at this time, which is:
P

._a+bw+C, —te(R+H)) 3)
P 26
By substituting the optimal sales price p” of the new energy vehicle manufacturer into Eq. (1), the profit function of the

photovoltaic system supplier at this time can be obtained as:

a—b(w+C. —te(R+H)) 1 4)

1
——kT? ——k,H*
> ) 5 fte 75

However, according to equation (4), the profit function [] ¢ of the new energy vehicle battery supplier can be solved for its

[, =(w=C, —e(T-T)))

first-order and second-order derivative functions regarding the price w of the new energy vehicle battery, which are:

Oll, _a+b(C, +e(T=T)~b(C.~te(R+H)) |
ow 2 v
Tl

ow?

£=-b<0

2
Due to a—zg < 0, the profit function Hg of the new energy vehicle battery supplier is a convex function with respect to the
W

price w of the new energy vehicle battery, and takes its maximum value when the first-order derivative is zero. Therefore,

oIl . . . .
assuming 5 £ =0, the optimal new energy battery price w* for new energy vehicle battery suppliers under decentralized

decision-making can be obtained as follows:

. a+tb(C,+e(T-T,)-b(C. —te(R+H))
W=
2b
By substituting the optimal new energy battery price w" of the new energy vehicle battery supplier into equation (3), the

optimal car sales price p* of the new energy vehicle manufacturer can be obtained as follows:

_3a+b(C, +e(T-T))+b(C, —te(R+ H))
4b
Based on the optimal new energy battery price w* obtained from the new energy vehicle battery supplier and the optimal

*

vehicle sales price p* obtained from the new energy vehicle manufacturer, by substituting Eq. (1) and Eq. (2), the optimal
profits of the new energy vehicle battery supplier and the new energy vehicle manufacturer can be obtained, which are:

T _[a=b(C, +e(T~T,))~b(C. —te(R+ H))] —lle}—lszz
¢ 8b 27 2

T - [a—b(C, +e(T—T,))~b(C, —te(R+ H))
o 16b

Based on the optimal profit function [1°, of the new energy vehicle battery supplier obtained, solve the first-order and second-

order derivative functions of the carbon reduction 7, and new mileage H achieved by the new energy vehicle battery supplier

due to technological innovation, which are:

O, (T, H) _2bela—b(C, +e(T ~T,))=b(C, ~te(R+ H))] |

kT,
or, 8b
OI (T H)  be
Ly 2
o°T, 4
oIl (T H) 2btela—b(C, +e(T ~T.))~b(C. —te(R+ H))]
o ] 8h “ ~hH

P, (T H) b
0°H 4

_k2
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oIl (T..H) oIl (T, H)

Let ——=0 and ———
oT. o

H* achieved by the new energy vehicle battery supplier due to technological innovation at this time:

=0 respectively obtain the optimal carbon reduction 7°, and optimal new mileage

- kyela—=b(C, +eT)—b(C, —teR)]
¢ Ak,k, — kbt’e* —k,e’b

o kitela—b(C, +eT)—b(C. —teR)]
4k k, —kbt’e’ —k,e’b

Based on the optimal carbon emission reduction 7°, and the optimal new mileage /" obtained, which are then incorporated

into the optimal new energy battery price w", the optimal car sales price p*, and the optimal profits of new energy vehicle
battery suppliers and manufacturers, we can obtain:

e DG, +eT)Rhiky —hbr*e’) +(a—b(C, ~teR)N2kk, —kbe’)
b(4kk, —kbi*e® —k,eb)
aGkk, — kbt —k,be*) + bk k,((C, +eT) +(C, ~teR))

p* > >
b(dk k, — kbi’e* —k,e'b)
ke [a—b(C, +eT) ~b(C, —teR)]
lx, = 2b(4k k, — kbr*e* — k,e’b)
K k%, [a—b(C, +eT)~b(C, —teR)]
[T, = b4k k, —kb’e® —k,e’b)’

So, the overall optimal profit of the entire new energy vehicle industry ecosystem under decentralized decision-making is:

kk, (6k ke, — kbt*e* —k,e*b)[a—b(C, +eT)~b(C, ~teR)]
- 2b(4k,k, — kbi’e* — k,e*b)*

T

Property 1: The optimal carbon emission reduction 7°, and optimal new mileage A" achieved by new energy vehicle

battery suppliers due to technological innovation indicate that the low-carbon technological innovation of new energy vehicle
battery suppliers is limited by their own cost factors. The higher the cost, the more restricted the technological innovation;
Secondly, the optimal carbon emission reduction is the reduction function of the emission reduction response coefficient. The
optimal innovation level of new energy vehicle battery suppliers is influenced by carbon emission factors. The more carbon
emissions, the higher the carbon emission cost, and the lower the innovation level; The optimal new mileage is the decreasing
function of the mileage innovation cost coefficient.

Property 2: According to the optimal battery price w* of the new energy vehicle battery supplier, the optimal new energy
battery price increases with the increase of its own cost; Simultaneously affected by the carbon price, it increases with the rise
of carbon price.

2.2 Carbon quota sharing contract model

In the case of decentralized decision-making, due to the existence of double marginal effects, new energy vehicle battery
suppliers neglect the improvement of new energy battery innovation level and investment in carbon reduction research and
development in order to obtain high profits and low innovation costs. In order to achieve the national "dual carbon" goal,
realize the long-term plan of carbon peak and carbon neutrality, and meet people's low-carbon consumption preferences, the
country is promoting the upgrading and transition of China's new energy vehicle industry ecosystem from the traditional fuel
vehicle era to the new energy vehicle era. As the core component supplier, the new energy vehicle battery supplier plays an
important role, and the range and carbon reduction of the new energy vehicle lifecycle are related to it. Therefore, in order to
achieve goals such as technological innovation and carbon reduction, the ecosystem of the new energy vehicle industry should
work together to solve problems. In previous studies, our team has investigated the impact of contract forms such as innovation
cost sharing and revenue sharing contracts on the ecosystem of the new energy vehicle industry. This article will not elaborate
further here. Only considering the impact of carbon quota sharing contracts on the decision-making of the new energy vehicle
industry ecosystem based on carbon quota trading. Although carbon quota sharing contracts, cost sharing contracts, and
revenue sharing contracts are all benefit contracts, they are different from pre - or post contracts. Carbon quota sharing is more
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similar to industrial integration carbon emission methods. As is well known, in the ecosystem of the new energy vehicle
industry, the production of new energy vehicle batteries is a high carbon process. Faced with high carbon emission costs, the
increase in carbon emission costs invisibly weakens the cost share of enterprises for technological innovation. The carbon
credits that a new energy vehicle manufacturer can earn from selling a new energy vehicle are closely related to the range of
the new energy vehicle. If the new energy vehicle industry system is integrated for emissions, that is, new energy vehicle
manufacturers are willing to share some carbon quotas with new energy vehicle battery suppliers in order to encourage
innovation in new energy vehicle battery suppliers and achieve innovation in new energy vehicle battery manufacturing range,
this will make new energy vehicle battery suppliers no longer consider carbon emission costs, thereby increasing funding for
technological innovation.

Under the carbon quota sharing contract decision, this article assumes that new energy vehicle manufacturers will share a
portion of their carbon emission quotas with new energy vehicle battery suppliers, with a sharing ratio of €. So the proportion
of carbon emissions borne by new energy vehicle manufacturers for new energy vehicle battery suppliers is @, and the
proportion of carbon emissions borne by new energy vehicle battery suppliers is 1— 6. Therefore, in this situation, the profit
functions of new energy vehicle battery suppliers and new energy vehicle manufacturers are as follows:

I, = (w-C, —e(l—e)(T—n))(a—bp)_%klnz _%szz (5)

1. =(p—w-C. +e(t(R+H)-(T -T,)))a—bp) (6)
The reverse induction method is still used to solve the optimal strategy combination, and the calculation process is as follows.

Firstly, based on the profit function [[. of the new energy vehicle manufacturer, the first-order and second-order derivative
functions of the new energy vehicle price p are solved as follows:

aaHz =a+b(w+C, —e(t(R+H)+60(T-T,)))-2bp
/4
62
I} =-2b<0
p
2
Due to —- <0, the profit function [, of new energy vehicle manufacturers is a convex function with respect to the sales

price of new energy vehicles, and takes its maximum value when the first-order derivative is zero. Therefore, let ;_[Z =0
4

obtain the optimal car sales price p* for the new energy vehicle manufacturer at this time, which is:

. a+bw+C.—e(t(R+H)+6(T -T)))) @)
p=
2b
By substituting the optimal sales price p° of the new energy vehicle manufacturer into equation (5), the profit function of the
photovoltaic system supplier at this time can be obtained as:

- —-e(t(R+H T-T,
a-blvt R HIWOT T, Lgs Ly

However, according to the profit function || . of the new energy vehicle battery supplier in the above equation, the first-order

1, = (w—C, —e(1-8)T ~T,)X

and second-order derivative functions of the new energy vehicle battery price w can be solved as follows:

Oll, _a+b(C, +e(1-O)T-T.)-b(C, —e(t(R+H)+6T -1))) ,
— —bw

ow 2
o’ Tl
£ =-b<0
ow
2
Due to = <0, the profit function [ . of the new energy vehicle battery supplier is a convex function with respect to the

price w of the new energy vehicle battery, and takes its maximum value when the first-order derivative is zero.
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0
Therefore, assuming p £ =0, the optimal new energy battery price w* for new energy vehicle battery suppliers under
%
decentralized decision-making can be obtained as follows:
. a+b(C,+e(1-0)T -T,))-b(C. —e(t(R+ H)+0(T -T))))
W=

2b
By substituting the optimal new energy battery price w* of the new energy vehicle battery supplier into Eq. (7), the optimal

car sales price p* of the new energy vehicle manufacturer can be obtained as follows:

_3a+b(C, +e(1-0)T-T))+b(C, —e(t(R+ H)+ (T -T,)))

- 4b

Based on the optimal new energy battery price w* obtained from the new energy vehicle battery supplier and the optimal
vehicle sales price p* obtained from the new energy vehicle manufacturer, by substituting Eq. (5) and Eq. (6), the optimal
profits of the new energy vehicle battery supplier and the new energy vehicle manufacturer can be obtained, which are:

*

0 - [a—b(C, +e(1-O)T ~T,)) =b(C. —e(t(R+ H)+0(T - T))))] —%kﬂf—%kﬁz

g 8h
- [a—b(C, +e(1-0)T —-T,))-b(C, —e(t(R+ H)+O(T - T)I
o 16b

Based on the optimal profit function []° . of the new energy vehicle battery supplier obtained, solve the first-order and second-

order derivative functions of the carbon reduction 7, and new mileage /1 achieved by the new energy vehicle battery

supplier due to technological innovation, which are:

oIl (T,,H) B 2be(1-20)[a—b(C, +e(1-0)T -T,))—b(C. —e(t(R+H)+9(T—TG)))]_

KT,
oT, 8b
Il (T,,H) _ be*(1-26) e
o°T, 4 :
OIT, (T, H) _ 2bieda—b(C, +e(1-OXT ~T.))~b(C, — R+ H)+ 6T -T))]
oH 8b :
o H'g (T,,H) _ bt’e?
*H 4

oI’ (T ,H
Let—Hg(e ):
o,

H*" achieved by the new energy vehicle battery supplier due to technological innovation at this time:

o O, (@, 1)

0 an =0 respectively obtain the optimal carbon reduction 7", and optimal new mileage

kye(1-20)[a—b(C, +e(1-20)T) ~b(C. —etR)]
" akk, — kbt —k,eb(1-20)°
kytela—b(C, +e(1-20)T)~b(C. - etR)]
T akk, - kbite’ —k,e'b(1-20)

ok

ok

Based on the optimal carbon emission reduction 7, and the optimal new mileage H*" obtained, they are incorporated into

the optimal new energy battery price w", the optimal car sales price p*, and the optimal profits of new energy vehicle battery

suppliers and manufacturers. The following can be obtained:

b(C, +eT)(2kk, —kbr*e*) +(a—b(C, — teR))(2k k, — kybe* (1~ 20)) + k,bi*e*bedT
k=
b(4k k, — kbt*e® —k,e’b(1—20))
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aBkk, — kbt —k,be* (1-20)°) + bk k, (C, +e(1-20)T) +(C, —teR))
b(4kk, — kbr*e® — k,e*b(1—26)°)
kky[a—b(C, +e(1-20)T)~b(C, ~teR)]
£ 2b(4k k, — kbt*e® —k,e’b(1—20)7)
kK2, [a—b(C, +e(1-20)T) ~b(C, ~teR)]
b(4kk, —kpt’e® —k,e’b(1—20)")’

p**

IJEE

[T,
So, considering the overall optimal profit of the entire new energy vehicle industry ecosystem under the carbon sharing

contract decision, it is:

ki, (6kk, ki —k,e*b(1-20)")a ~b(C, +e(1-20)T) ~ b(C, ~teR)}
2b(4k k, — kbt*e® —k,e’b(1—20)°)

*k

Property 3: The optimal carbon reduction 7, and optimal new mileage H** achieved by new energy vehicle battery

suppliers due to technological innovation indicate that the technological innovation of new energy vehicle battery suppliers is
influenced by the carbon sharing contract coefficient. As the carbon sharing contract coefficient increases, the innovation of
new energy vehicle suppliers in carbon reduction gradually decreases, while the innovation in vehicle mileage gradually
increases.

Property 4: It can be inferred from the optimal battery sales price w™ of the new energy vehicle battery supplier and the
optimal new energy vehicle sales price p™ of the new energy vehicle manufacturer that the battery price of the new energy

vehicle battery supplier is not affected by the carbon sharing contract coefficient. However, the selling price of new energy
vehicle manufacturers decreases as the carbon sharing contract coefficient increases.

2.3 Equilibrium result analysis

New energy vehicle battery suppliers and new energy vehicle manufacturers, as rational economic agents, will only choose
carbon sharing contracts when the profits after implementing carbon sharing contracts are greater than those in decentralized
decision-making situations. Therefore, this article assumes that [[++*, is greater than [[*_, and []**_ is greater than []*, .

It can be inferred from this that:

[a=b(C, +e(1-20)T)~b(C. ~1eR)}' _[a=b(C, +eT)~b(C. ~teR)]
(4k,k, —kbr*e® —k,e*b(1-20)°) (4k,k, —kbi*e* —k,e’b)

The range of values for the carbon emission ratio of new energy vehicle battery suppliers borne by new energy vehicle
manufacturers can be obtained as follows:

k,[a—b(C, +eT)~b(C, —teR)] —T[a—b(C, +eT)~b(C, —teR)|(4k,k, —kbi*e* —k,e*b)
ky[a—b(C, +eT)~b(C, —teR)[ +beT? (4kk, —kbi*e* —k,e’b)

>

Based on the optimal new energy battery price w", optimal new mileage H", optimal new energy vehicle sales price p°,
and optimal carbon reduction amount 7, obtained in the previous text, they are integrated into the profit function of new

energy battery suppliers, new energy vehicle manufacturers, and the entire new energy vehicle supply chain system to
summarize and form the decision results of the new energy vehicle supply chain system under different situations. As shown
in Table 1. According to Table 1, the following proposition can be found to be consistent with the previous properties:

# s

lad >0 and
e

> 0 that the optimal wholesale price is an increasing function of

Proposition 1: It can be inferred from

g
the integral transaction price and the cost of new energy vehicle batteries.

s

! 0 . . .
P >0, and L0 that the optimal product transaction price is a

L . op”
Proposition 2: It can be inferred from — <0, P
Oe oC,

decreasing function of the integral transaction price and an increasing function of the manufacturing costs of new energy

batteries and new energy vehicles.
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Table 1
Optimal parameter values and profit results under different scenarios
parameter Decentralized decision-making Decision on Carbon Quota Sharing Contract
T, kyela—b(C, +eT)—b(C, —teR)] kye(1-20)[a—b(C, +e(1-20)T) - b(C, —etR)]
4k k, — kbt’e® —k,e’b 4kk, — kbt’e® — k,e’b(1—20)°
H* kitel[a—b(C, +eT)—b(C, —teR)] kitela—b(C, +e(1-20)T) - b(C, —etR)]
4k k, — kbt’e’ — k,e’b 4k k, — kbt’e* — k,e’b(1 —26)
w# b(C, +eT)(2kk, - kbt’e*)+(a—b(C. - teR))(2k,k, — k,be’) b(C, +eT)(2kk, - kbt’e*) +(a—b(C. - teR))(2k,k, — k,be’ (1—26)*) + k,bt’ e’ bedT
b(4kk, - klbtze2 = kzezb) b(4k,k, - klbtze2 = k2ezb(l —26)%)
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[JES k21k22[a =b(C, +eT)-b(C, - teR)] k21k22[a =b(C, +e(1-20)T)-b(C. - teR)I’
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3. Empirical Analysis

By analyzing and organizing relevant data from BYD's annual financial reports and other internal reports in recent years, we
have obtained cost data and market point trading price data for BYD Auto from 2020 to 2024. Taking BYD Han as an example,
new energy vehicles are equipped with approximately 75KW lithium batteries to calculate the cost of new energy vehicle
batteries. The cost data of new energy batteries is set as 40% of the manufacturing cost of new energy vehicles. The detailed
data table is shown in Table 2. (2024 data is forecast data)

Table 2

Cost and Market Data of BYD New Energy Vehicles from 2020 to 2024
parameter 2020 2021 2022 2023 2024
Cost of lithium batteries (Yuan/kw) 650 788 1200 691 400
Cost of new energy batteries (Yuan) 48750 59100 90000 51825 30000
Manufacturing cost of new energy vehicles (Yuan) 121875 147750 225000 129562.5 75000
Market sales volume (Liang) 179054 593745 1868500 3020000 3757300
Points trading price (Yuan) 1000 2088 1128 3000 3000

Note: k, =100: &, =100: b =5: #=0.0034: T =2000000: R =500

This article studies the ecosystem of the new energy vehicle industry chain. As the new energy vehicle industry is greatly
affected by market price fluctuations, this article assumes a price demand elasticity coefficient of 5; The innovation cost
coefficient for carbon emissions is set to 100, and the innovation cost coefficient for increased mileage is set to 100; The
integral coefficient is set to 0.0034 based on the latest policy in 2023. In addition, although the carbon emissions of new
energy vehicle battery manufacturers vary each year, this article sets the annual carbon emissions of battery manufacturers as
a fixed value of 2 million tons for simple calculation, and sets the normal mileage of new energy vehicles at 500 kilometers.
Based on this, the optimal parameter values and profit values for different scenarios in this article can be calculated.

3.1 Collaborative decision-making results of new energy vehicle industry entities under different circumstances
Firstly, calculate the optimal parameter values and profit values for the decision-making of new energy vehicle battery

suppliers and new energy vehicle manufacturers under decentralized decision-making. The calculation results are shown in
Table 3.

g;)tt)ilr?l:l parameter values and profit values under decentralized decision-making scenarios
year
parameter 2020 2021 2022 2023 2024e
T, 2.79E-02 8.33E-01 1.81E+00 8.56E+00 1.10E+01
o 2.37E-02 7.08E-01 1.54E+01 7.27E+01 9.32E+01
w' 8.62E+04 3.49E+05 1.11E+06 1.87E+06 2.34E+06
P 2.15E+05 6.17E+05 1.84E+06 2.88E+06 3.55E+06
IT, 1.22E+08 2.48E+10 4.00E+11 1.26E+12 2.07E+12
IT. 6.10E+07 1.24E+10 2.00E+11 6.36E+11 1.04E+12
1T 1.83E+08 3.72E+10 6.01E+11 1.90E+12 3.12E+12

From Table 3, it can be seen that in the case of decentralized decision-making between new energy vehicle battery suppliers
and new energy vehicle manufacturers, as the carbon emissions reduction and new mileage of new energy vehicle battery
production by new energy vehicle battery suppliers increase, the wholesale selling price of new energy vehicle batteries
gradually increases, and the selling price of new energy vehicle manufacturers also increases year by year.

In collaborative decision-making, new energy vehicle manufacturers choose to share their carbon quotas with new energy
vehicle battery suppliers to incentivize innovation in carbon reduction and mileage. Therefore, considering the benefit
decision-making between new energy vehicle battery suppliers and new energy vehicle manufacturers under the carbon
sharing contract model, it is assumed that the carbon quota sharing coefficient between new energy vehicle manufacturers and
new energy battery suppliers is 0.3, which means that new energy vehicle manufacturers bear 30% of the carbon emissions of
new energy vehicle battery suppliers. The calculation results are shown in Table 4. From Table 4, it can be seen that under the
carbon contract decision-making scenario, the prices of new energy vehicle batteries and new energy vehicles still increase
with the innovation of carbon emission reduction and mileage, just like in the decentralized scenario. The optimal profits for
new energy vehicle battery suppliers and new energy vehicle manufacturers have also increased.
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Table 4
Optimal Parameter Values and Profit Values under Carbon Sharing Contract Decision Scenarios
arameter M
P 2020 2021 2022 2023 2024e
T, 1.50E-02 3.49E-01 7.27E-01 3.44E+00 4.40E+00
H 3.19E-02 7.42E-01 1.54E+01 7.30E+01 3.74E+01
w' 8.62E+04 3.49E+05 1.11E+06 1.88E+06 2.35E+06
P 2.12E+05 6.12E+05 1.83E+06 2.88E+06 3.55E+06
IT, 2.20E+08 2.73E+10 4.06E+11 1.28E+12 2.09E+12
IT. 1.10E+08 1.36E+10 2.03E+11 6.41E+11 1.05E+12
I 3.30E+08 4.09E+10 6.08E+11 1.92E+12 3.14E+12

By comparing the data in Table 3 and Table 4, it can be found that the optimal parameter values and profit values of the new
energy vehicle industry entities are different under the decentralized situation and the carbon sharing contract situation. It is
obvious that the data of each entity in the new energy vehicle industry is better under the carbon sharing contract situation.
By comparison, it can be found that when new energy vehicle manufacturers share a 30% carbon quota with new energy
vehicle battery suppliers, the innovation drive for carbon reduction of new energy vehicle battery suppliers is significantly
insufficient, while the innovation in new energy vehicle mileage is significantly improved. Secondly, the selling prices of
batteries from new energy vehicle suppliers have not changed significantly, while the prices of cars from new energy vehicle
manufacturers have shown a downward trend. However, overall, both new energy vehicle battery suppliers and new energy
vehicle manufacturers have higher optimal profits than decentralized decision-making.

3.2 Sensitivity analysis of carbon contract sharing coefficient

According to Table 3 and Table 4, it has been found that under the carbon sharing contract, new energy vehicle industry
entities can obtain more profits. This section conducts sensitivity analysis on the carbon sharing contract coefficient, and the
analysis results are shown in Table 5. From Table 5, it can be observed that as the carbon contract sharing coefficient increases,
the willingness of new energy vehicle battery suppliers to innovate in carbon reduction decreases, while innovation in new
energy vehicle mileage gradually increases. The sales prices of new energy vehicle manufacturers are gradually decreasing,
but the optimal profits for new energy vehicle battery suppliers and manufacturers are gradually increasing. The optimal total
profit of the entire new energy vehicle industry system is gradually increasing.
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S.00E+00 02
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S.00E-+00
4.00E-+H00 0.1
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Fig. 1. Trends of various parameter values under carbon sharing contracts
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Table 5
Sensitivity analysis results of carbon sharing contract coefficients

0 arameter Year
P 2020 2021 2022 2023 2024e
T, 2.49E-02 6.77E-01 1.45E+00 6.85E+00 8.78E+00
H 2.65E-02 7.19E-01 1.54E+01 7.28E+01 7.46E+01
w' 8.62E+04 3.49E+05 1.11E+06 1.87E+06 2.35E+06
P 2.14E+05 6.16E+05 1.83E+06 2.88E+06 3.55E+06
0.1 IT, 1.51E+08 2.56E+10 4.02E+11 1.27E+12 2.08E+12
IT. 7.57E+07 1.28E+10 2.01E+11 6.36E+11 1.04E+12
T 2.27E+08 3.84E+10 6.03E+11 1.90E+12 3.12E+12
T, 1.50E-02 3.49E-01 7.27E-01 3.44E+00 4.40E+00
H* 3.19E-02 7.42E-01 1.54E+01 7.30E+01 3.74E+01
W 8.62E+04 3.49E+05 1.11E+06 1.88E+06 2.35E+06
P 2.12E+05 6.12E+05 1.83E+06 2.88E+06 3.55E+06
0.3
IT, 2.20E+08 2.73E+10 4.06E+11 1.28E+12 2.09E+12
IT. 1.10E+08 1.36E+10 2.03E+11 6.41E+11 1.05E+12
T 3.30E+08 4.09E+10 6.08E+11 1.92E+12 3.14E+12
T, 0.00E+00 0.00E-+00 0.00E+00 0.00E+00 0.00E-+00
H 3.73E-02 7.65E-01 1.55E+01 7.34E+01 0.00E-+00
W 8.62E+04 3.49E+05 1.11E+06 1.88E+06 2.36E+06
P 2.10E+05 6.07E+05 1.83E+06 2.88E+06 3.55E+06
0.5
I, 3.01E+08 2.90E+10 4.09E+11 1.30E+12 2.11E+12
IT. 1.51E+08 1.45E+10 2.05E+11 6.48E+11 1.06E+12
T 4.52E+08 4.36E+10 6.14E+11 1.94E+12 3.17E+12

Fig. 1(a) and Fig. 1(b) show the trend of carbon reduction and mileage innovation of new energy vehicle battery suppliers
under carbon contracts as a function of the carbon contract sharing coefficient; Fig. 1(c) and Fig. 1(d) show the optimal profit
growth trends of new energy vehicle battery suppliers and new energy vehicle manufacturers. From Fig. 1(a), it can be seen
that as the carbon contract sharing coefficient gradually increases, there is a significant difference in carbon emissions
reduction among new energy vehicle battery suppliers, which decreases with the increase of the sharing coefficient. From the
graph of mileage growth rate of new energy vehicles (b), it can be seen that the mileage growth rate is greater than zero and
proportional to the carbon contract sharing coefficient, but the growth rate decreases year by year. From Fig. 1(c) and Fig.
1(d), it can be observed that the optimal profit growth rate for new energy vehicle battery suppliers and manufacturers is
positive and decreasing year by year.

4. Conclusion

This article uses a differential game model to construct production decisions among the main players in the new energy vehicle
industry, considering the carbon sharing contract model. It constructs profit models between new energy vehicle battery
suppliers and new energy vehicle manufacturers under decentralized and carbon sharing contract situations, and obtains the
optimal parameter values and optimal profit values of each main player in the new energy industry under different situations.
Empirical analysis is conducted using the BYD new energy vehicle industry. Research has found that:
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(1) The carbon sharing contract will weaken the willingness of new energy vehicle battery suppliers to innovate in carbon
reduction, but it will effectively improve their innovation in vehicle mileage. After considering the introduction of carbon
sharing contracts, new energy vehicle manufacturers will bear a certain proportion of the carbon emissions from the production
and manufacturing of new energy vehicle battery suppliers. This will directly reduce the innovative driving force for carbon
reduction of new energy vehicle battery suppliers, thereby reducing some research and development costs. This research and
development cost will then become an innovation in the performance of new energy vehicle batteries, which increases the
mileage of new energy vehicles and thus increases the carbon credits of new energy vehicle manufacturers; And this trend
becomes increasingly evident with the increase of carbon sharing coefficient. It can be seen that the introduction of carbon
sharing contracts will weaken the willingness for carbon reduction innovation and enhance innovation in battery range.

(2) The market price of new energy vehicle manufacturers under carbon sharing contracts decreases with the increase of the
carbon sharing coefficient. When the carbon contract sharing coefficient increases, new energy vehicle manufacturers bear
more carbon emissions, allowing new energy vehicle battery suppliers to allocate more research and development costs on
battery range, improving the range of new energy vehicles, increasing new energy vehicle points and market sales volume,
thereby reducing market prices.

(3) Carbon sharing contracts can significantly increase the profits of the main players in the new energy vehicle industry
system, and are directly proportional to the carbon sharing coefficient of the contract. Under the carbon sharing contract, both
new energy vehicle battery suppliers and new energy vehicle manufacturers can achieve optimal profits higher than
decentralized decision-making; And as the carbon contract sharing coefficient increases, the optimal profits of all entities in
the new energy vehicle industry gradually increase.

Therefore, in the ecosystem of new energy vehicles, the main body of the new energy vehicle industry can appropriately
consider the carbon emission sharing mechanism, enhance the innovation drive of new energy vehicle battery suppliers in
battery range, and improve the profits of all entities in the new energy vehicle industry system. But at the same time, we
cannot ignore its impact on carbon reduction innovation willingness. The government and industry should supplement carbon
reduction incentive strategies with carbon sharing contracts to effectively balance the carbon reduction willingness of new
energy vehicle battery suppliers.
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