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Abstract: The incentives for the new energy vehicle industry have been decreasing year by year,
and the industry has gradually returned from being “government-oriented” to “market-oriented”.
In this context, motivating car companies and consumers to choose new energy vehicles to reach
the dual-carbon goal is an urgent problem to be solved. In this study, we consider using blockchain
technology to include the new energy vehicle industry in carbon trading, analyze the strategic
choices of the government, automobile manufacturers, and consumers from the perspective of evo-
lutionary games, and use MATLAB 2017b to conduct simulation analysis. The results show that (1)
the implementation of a carbon trading mechanism by the government is favorable to automobile
manufacturers and consumers in choosing new energy vehicles, but it is greatly influenced by the
costs of technology implementation; (2) the government can induce consumers and automakers to
choose new energy vehicles through total control and initial carbon quotas; and (3) the additional
investment costs of automobile manufacturers will affect their willingness to produce new energy
vehicles, and the government can adjust the existing “double points” policy to encourage automo-
bile manufacturers to choose to produce new energy vehicles.
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1. Introduction

Since the concepts of carbon peaking and carbon neutrality have been proposed, car-
bon emissions reduction has been incorporated into the long-term goals of the Chinese
government. According to the latest data released by the International Energy Agency
(IEA), global transportation carbon emissions will account for about 25% of total global
carbon emissions in 2022 [1]. Focusing on China, China’s carbon emissions are at the top
of the world’s countries, and the fast-growing economy is accompanied by a significant
automobile use, which adds more carbon dioxide emissions [2]. Between 1990 and 2021,
China’s transportation carbon emissions increased from 94 million tons to about 960 mil-
lion tons. Due to the growth in the use of electric vehicles, China’s transportation emis-
sions instead declined by 3.1 percent in 2022, contributing significantly to carbon-neutral
policies. Promoting new energy vehicles to replace traditional fuel vehicles and reducing
energy consumption in the transportation sector is an effective way to achieve carbon-
peaking goals and neutrality [3,4]. Despite the rapid growth in the ownership of new en-
ergy vehicles in China in recent years, there is still a lot of room for improvement in the
market scale of new energy vehicles, and the market share as well as ownership remains
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far less than that of fuel vehicles. In 2022, the sales of new energy vehicles in China
amounted to 6,887,000, which only accounted for 25.6% of the total sales of new automo-
biles. By the end of 2022, China’s new energy vehicle ownership amounted to 13.1 million
units, accounting for only 4.10% of the total automobiles. Therefore, it is necessary to
study the proliferation of new energy vehicles to promote replacing fuel vehicles with
new energy vehicles and help realize the goal of carbon neutrality [5].

As the leader of macro-control and the policy maker, the government’s relevant pol-
icies affect the market’s direction, so the formulation of relevant policies is of great signif-
icance to the promotion of new energy vehicles [6-8]. China’s new energy vehicle market
policy has mainly experienced three stages: government subsidies, subsidy regression,
and market orientation, and it is currently in the third stage of subsidies formally with-
drawn into the market orientation. In the early stage, the related industrial technology of
new energy vehicles is still in the development stage, the research and development costs
are high, and the supporting facilities are not perfect enough. The government provides a
certain amount of subsidies to new energy vehicle manufacturers, prompting enterprises
to start the production of research and development of new energy vehicles and increase
the research and development investment in related technology [9]. On the other hand,
by providing consumers a certain amount of subsidies for purchasing cars and related
policy concessions, consumers are encouraged to buy new energy vehicles, which has
achieved specific results [10-12]. With the development of the new energy vehicle indus-
try, technology continues to improve, the effect achieved by the government subsidies has
gradually weakened, and the incentive effect on the enterprise also shows a marginal di-
minishing law [13-15]. In the later stage, the new energy-related industrial technology
continues to develop, and the supporting facilities such as charging piles continue to im-
prove, so the government has adopted the mechanism of subsidy regression [16-18].

How the willingness of automakers and consumers to choose new energy vehicles
changes when government subsidies are eliminated is a question worth studying and ex-
ploring. Existing related studies have proposed that incorporating the road transportation
sector into carbon trading is a new way to promote the proliferation of new energy vehi-
cles. In the context of subsidy elimination, the government has implemented a double
points policy that constrains the production decisions of new energy vehicles while it
lacks a certain degree of guidance on the consumption side. In that case, it will affect con-
sumers’ willingness to purchase new energy vehicles, which in turn affects the production
decisions of automakers [19]. Based on this, according to the assumption of finite ration-
ality, the government, automobile manufacturers, and consumers will continuously opti-
mize their strategies to maximize their interests. The evolutionary game can intuitively
analyze the strategy evolution process of the government, automobile manufacturers, and
consumers. Therefore, this study used the evolutionary game to study the strategy choice
of the three parties under the carbon trading mechanism. The innovations of this research
are as follows: (1) A new energy vehicle participation carbon trading mechanism based
on blockchain technology is constructed. (2) A tripartite evolutionary game model of gov-
ernment-automobile manufacturers-consumers is built, the evolutionary strategy of each
subject is analyzed, and the stability of the strategy is explored, seeking a theoretical basis
for the implementation of the carbon trading mechanism. The research ideas of this study
are as follows: Section II combs through the impact of government subsidies and subsidy
cancellation on the proliferation of new energy vehicles, and introduces the related re-
search of evolutionary games in the proliferation of new energy vehicles. Section III con-
structs a mechanism based on blockchain technology for new energy vehicles to partici-
pate in carbon trading. Section IV constructs a tripartite game model of the government,
automobile manufacturers, and consumers, and analyzes the benefits and strategy stabil-
ity of each subject. Section V conducts a simulation analysis to study the evolution strategy
of each subject and conducts a sensitivity analysis. Section VI summarizes the research of
this study and puts forward the corresponding conclusions and suggestions.
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2. Literature Review
2.1. Impact of Government Policies on the New Energy Vehicle Market

Many scholars have studied government policies’ impacts on the proliferation of new
energy vehicles from multiple perspectives, including government subsidies, subsidy
strategies, and subsidy effects. In the form of subsidies, there are mainly purchase subsi-
dies and supporting facilities” construction subsidies, and the comprehensive subsidy ef-
ficiency can be used as a measure of subsidy effect [20]. At the stage of new energy vehicle
research and development, different subsidy strategies are formulated to motivate auto-
mobile manufacturers to invest in new energy research and development [21]. The gov-
ernment subsidy strategy is mainly divided into supply-side subsidies and demand-side
subsidies, which have different effects on consumers and automakers [22,23].

In addition to government policies, consumer low-carbon preferences can also im-
pact the proliferation of new energy vehicles. By cultivating consumers’ awareness of
green preferences, consumers can be prompted to choose cleaner new energy vehicles,
which will expand the market for new energy vehicles [24]. In addition, the construction
of infrastructure such as charging stations also affects the proliferation of the new energy
vehicle market. A series of policies, such as investment, construction, and operation sub-
sidies, have been implemented to incentivize the deployment of EV charging infrastruc-
ture [25]. Fu and Xia used a system dynamics approach to analyze and forecast China’s
EV ownership, and proposed development proposals regarding government subsidies
and charging facilities construction [26]. These studies provide opinions and suggestions
for policy formulation.

2.2. Study on the Proliferation of New Energy Industry after the Removal of Government
Subsidies

As new energy vehicles are gradually recognized by the market and consumers, gov-
ernment subsidies are gradually withdrawn to enter the post-subsidy era. After the can-
cellation of government subsidies, there is an urgent need to explore new policy mecha-
nisms to help develop the new energy vehicle industry. In the phase of policy phase-out,
it is necessary to guide government policy to exit reasonably, and consider the impact of
multiple exit mechanisms on the government and automobile manufacturers [27]. Some
scholars have studied the impacts of dual credit and the implementation of new market
mechanisms on the proliferation of new energy vehicles after the cancellation of subsidies.
Jin et al. studied and simulated the strategic impacts of implementing a dynamic dual
credit policy on the evolutionary game between local governments and automobile man-
ufacturers after the cancellation of subsidies. They analyzed it through system dynamics,
pointing out that the government and enterprises should focus on technological break-
throughs and infrastructure construction [28]. In addition to the dual credit policy, after
the government subsidy is canceled, the carbon trading policy can be considered to be
incorporated into the new energy automobile industry to promote the development of the
new energy automobile industry. Currently, domestic and international research have
mainly studied the impact of individual carbon trading on consumer car replacement, and
lack an analysis of the automobile industry in general [29,30] (Figure 1).
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Figure 1. New energy vehicle industry subsidies.

2.3. Evolutionary Games in the Diffusion of New Energy Vehicle Industry

Evolutionary game theory is often used to study the diffusion of the new energy ve-
hicle market [31]. Liao and Tan used evolutionary game theory and empirical analysis to
analyze the impact of carbon tax policy on the new energy vehicle market after subsidy
cancellation, and the carbon tax mechanism under different scenarios [32]. In addition to
the carbon tax policy, some studies have also used evolutionary game theory to analyze
the impact of banning the sale of fuel vehicles on the new energy automobile industry,
and analyzed the game relationship between the relevant subjects [33]. For example, Liu
and Dong constructed a three-party subject game model of the government, automobile
manufacturers, and consumers based on the co-evolutionary game theory. They analyzed
the impacts of the government-regulated fuel vehicle ban on the strategic choices of each
subject [34]. Based on this evolutionary game theory, combined with complex network
theory, these have also been used to study the impact of policies and consumer prefer-
ences on the construction of electric vehicle charging infrastructure [35]. In addition to
studying government policies, some studies have proposed introducing carbon trading
mechanisms into the transportation industry to help reduce carbon emissions in the trans-
portation industry [36-38].

To summarize the above, most existing studies, when using evolutionary games to
study the new energy vehicle market diffusion, only consider the impact of the existing
subsidy regression or double integral policy on the new energy vehicle market. However,
when government subsidies have been withdrawn from the new energy vehicle industry,
what is the subsequent development of the new energy industry? How can the develop-
ment of the new energy vehicle industry continue to be incentivized after subsidies are
removed? The new energy vehicle industry needs new incentives, but little research has
considered the evolutionary diffusion of the new energy vehicle market when new energy
vehicles are included in carbon emissions trading. In recent years, the automobile market
is constantly expanding, and there will be a steady stream of consumers buying new en-
ergy or fuel vehicles. Therefore, this study established a tripartite game model of the
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government, automobile manufacturers, and consumers to analyze the strategic choices
of the participants and explore the possibility of implementing carbon trading mecha-
nisms in the field of new energy vehicles.

3. Carbon Trading Mechanism for New Energy Vehicles Considering Blockchain
Technology

In the context of carbon emissions reduction, there are many ways for achieving low-
carbon transformation in the transportation sector, such as electrification of vehicles,
cleaner energy, and greening of energy supplies. The electrification of vehicles can effec-
tively promote carbon emissions reduction in the transportation sector and achieve the
goal of carbon neutrality at an early date. Therefore, it is possible to continue to promote
the electrification of automobiles and, at the same time, develop energy cleanliness and
energy greening technologies so that electric vehicles can make more use of green power
in the future. As the market for new energy vehicles matures and government subsidy
policies are gradually withdrawn, consideration can be given to including consumers in
the carbon trading system to incentivize them to choose new energy vehicles. Personal
carbon trading (PCT) is a carbon trading model in which carbon control is realized
through total control and an initial carbon allowance allocation mechanism, and the main
body of the transaction is the individual consumer.

Blockchain technology has the characteristics of non-comparability and decentraliza-
tion, which can be used for data recording and verification development when applied to
new energy vehicle carbon trading. Its application in the field of carbon trading mainly
has the following advantages: firstly, it improves the credibility of the data, verifies the
natural source of the carbon data, and processes the data through smart contracts; all of
the data are recorded in the public ledger, which can be viewed and verified by anyone.
The second advantage is that blockchain technology improves the efficiency of the trans-
action, which can be based on the blockchain underlying design of the carbon emissions
proper trading mechanism to realize intelligence and automation to make carbon trading
more efficient. Thirdly, it facilitates regulation, utilizing the characteristics of blockchain
data that are tamper-proof and traceable to recognize the code and management of carbon
trading and provide real-time code and tracking. We constructed a consumer carbon trad-
ing mechanism based on blockchain technology, as shown in Figure 2. First, as the regu-
lator, the government allocates initial carbon emission quotas based on the principle of
total control. In order to achieve the goal of carbon neutrality, it is possible to consider
introducing a carbon trading mechanism on an incremental basis year by year, which will
increase the acceptance of the consumer community, and is also in line with the current
market situation. On the consumer side, personal and vehicle information are bound to
create a unified digital identity that is imported into the data chain. The distributed nature
of blockchain technology can record and save the digital identity information that carries
the annual driving mileage, charging volume, and green power ratio of electric vehicles
or fuel vehicles’ driving mileage and fuel consumption, and then account for the con-
sumer’s carbon emissions. Through blockchain intelligent contracts, consumers can use
their digital identities to trade carbon permits. When a consumer binds a digital identity
that exceeds the carbon emissions quota allocated by the government and fails to purchase
the corresponding carbon emissions permit through the carbon trading system, he or she
must pay a certain percentage of the fine. Through the constraints on the consumer side,
the guidance of the new energy vehicle market is realized, which in turn influences the
production strategy of automobile manufacturers through the relationship between sup-
ply and demand. Therefore, the government can guide the development of the new en-
ergy vehicle market by implementing the carbon trading mechanism, setting reasonable
carbon trading prices, and appropriate penalties. This study analyzed the different strate-
gic choices of the government, automobile manufacturers, and consumers, and explored
whether the government will implement a carbon trading mechanism, and the choices of
automobile manufacturers and consumers under the new market mechanism.
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Figure 2. Schematic diagram of the new energy automobile industry’s participation in carbon trad-
ing.

4. Three-Party Game Model Construction of New Energy Vehicles Participating in
Carbon Trading

4.1. Model Assumptions and Parameter Settings

Hypothesis 1: In the new energy automobile industry under the background of dual carbon, the
three parties involved in the game, including the government, automobile manufacturers, and con-
sumers, are all finite rational groups. The three parties will adjust their decision-making behaviors
according to the information they obtain.

Hypothesis 2: The decision choices of the government are {implement a carbon trading mecha-
nism, do not implement a carbon trading mechanismj}, with a probability of x € [0, 1] for choosing
to implement, and a probability of 1 — x for choosing not to implement. The decision choice of au-
tomobile manufacturers is {produce new energy vehicles, produce fuel vehicles}, the probability of
producing new energy vehicles is y € [0, 1], and the probability of producing traditional fuel vehi-
cles is 1 —y. The new energy vehicles covered in this research are assumed to be electric vehicles,
and other energy types such as hydrogen vehicles are not considered. The consumer decision choice
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is {buy new energy cars, buy fuel cars}, and the probability of choosing to buy new energy cars is
z € [0, 1), and the probability of choosing to buy traditional fuel cars is 1 — z.

Hypothesis 3: The government’s implementation cost of carbon trading is C,, the environmental
benefit is R, and the subsidy given to automobile manufacturers is S;. When consumers choose
fuel cars, the government pays the environmental cost of C,. Consumers’ choice of new energy
vehicles brings the government social benefits of R,. The benefits brought to the government by
automobile manufacturers choosing to produce new energy vehicles, such as industrial transfor-
mation and international image enhancement, are R,.

Hypothesis 4: The additional R&D cost automakers invest in producing new energy vehicles is
Cs. The additional benefit brought by consumers’ preference is R,, and when the government im-
plements the carbon trading mechanism, the additional benefit is (1 + a)R,, where a is the influ-
ence factor of consumers’ willingness to purchase new energy vehicles when the government im-
plements the carbon trading mechanism. When the government implements the carbon trading
mechanism, the automobile manufacturer produces new energy vehicles and receives government
support as S,. When the automobile manufacturer does not produce new energy vehicles, it loses
the potential support from the government with a loss of L,. At the same time, it loses the loss of
the potential market demand from the consumer side as L,. When the government implements the
carbon trading mechanism, it affects the consumers’ willingness to purchase new energy vehicles
as a, and the automobile manufacturer produces fuel cars with a loss of (1 + a)L,.

Hypothesis 5: When consumers choose to buy new energy vehicles, the additional gain due to the
cost of car use and green preference is Rs. The carbon trading gain when the government imple-
ments carbon trading is A. When the car manufacturer chooses to produce new energy vehicles, the
additional gain consumers get from purchasing new energy vehicles is S3, and the loss from pur-
chasing traditional fuel vehicles is L;. When the government implements carbon trading, the car-
bon cost of consumers choosing to buy fuel cars is C,, and the penalty paid for exceeding the carbon
quota is F.

Under the above assumptions, the government, automakers, and consumers make
strategic choices in which the benefits, costs, and losses involved are all positive. There-
fore, the benefits matrixes for the government, automobile manufacturers, and consumers
are shown in Tables 1 and 2 below.

Table 1. Benefits matrix for implementing carbon trading with different options for automakers and
consumers.

Consumer
Vehicle Manufacturer  Purchase of New Energy Ve-

Purchase of Fuel Vehicles (1 - z)

hicles (z)
. Ri+R,+R3—5,—-C; Ry+R3+F—=5,—-C
Productlo}rll.olf new energy —Ci+ (1 + DR, +S, 26+,
vehicles (y) Rg+S;+ A4 —Cy— Ly
Production of Fuel Vehicles _?11 :5;L; ElLl Rs +_121_ G

(1_y) R5+A _C4
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Table 2. Benefits matrix of different choices for automobile manufacturers and consumers without
implementing carbon trading.

Consumer
Vehicle Manufacturer  Purchase of New Energy Ve-

Purchase of Fuel Vehicles (1 - z)

hicles (z)
Production of new energy RC} ++R}§ R, _C C;
s —L3 4 —L3
vehicles (y) R. + S L
Production of Fuel Vehicles RLl - OCZ
—Ly
-y Re 0

4.2. Analysis of the Tripartite Game
4.2.1. Expected Return of the Government

Assuming that the government’s expected return from implementing carbon trading
is Uy,, the expected return from not implementing carbon trading is U,,, and the govern-
ment’s average expected return is Uy; then, we have the following:

le zyZ(Rl+R2+R3_51_C1)+y(1_z)(R2+R3+F_51_C1)

+(A=y)z(Ry +R; = C) + (1 =y)A = 2)(R3 + F = ;) @)
=y(R, —S)+z(R,—F)+Rs +F—(,

Ur,= =y2(Ry + R2) + y(1 — 2)(R; — C3)

+(1=y)zR; + (1 —y)(1 — 2)(—C) (2)
=yR, +z(R, + () — C;

Uy =xUy, + (1 =x)U,, 3)

The government’s gain function can be obtained as the government’s replication dy-
namic equation as follows:

d
F() = 22 = x(Un = ) = x(1 = 0)(Uny — Us2) W
=x(1—-x)[-yS; —z(F+C,) +Rs + F + C, — (4]

According to the stability theorem of differential equations, a return can be obtained

R3+F+C2—Z(F+C2)—C1, 7 < —yS1+R3+F+C;—Cy x=1, F(x) -0, and dF(x) < 0; at this

S1 F+C,
time, x = 1 is the government’s evolutionary stabilization strategy; on the contrary, when

- - - - d
y > Retltey SZ(F+C2) 47> ysl+;;3::+c2 Cl, x=0,F(x) =0, and —= F(x) < 0; at this time, x =
1 2

0 is the government’s evolutionary stabilization strategy.
The remaining parameters are analyzed as follows: let V1 —yS; —z(F+C,) + Rz +

2% av- aV;
acl>0 1>0 1<0

and 2 a < 0, so the government’s probability of 1mp1emer1t1r1g carbon trading increases as

when y <

F + (32 C; and the partial derivation of other factors are > 0,

R3, F, and C, increase. The government’s probability of implementing carbon trading in-
creases as C; and S; decrease. It can be seen that the greater the environmental benefits of
the government implementing carbon trading and the greater the penalty for excess car-
bon emissions, the greater the probability that the government chooses to implement car-
bon trading. When the government does not implement the carbon trading strategy, the
increase in environmental governance costs will push the government toward implement-
ing the carbon trading strategy. The probability that the government will implement car-
bon trading decreases as the costs of implementation and the support provided to car
companies increase.
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4.2.2. Expected Returns of Automobile Manufacturers

Assuming that the automaker’s expected return from producing new energy vehicles
is Uy, the automaker’s expected return from not producing new energy vehicles is U,,,
and the automaker’s average expected return is U,; then, we have the following:

U, =xz[-C3+ (1 +a)R, + S,] +x(1 —2)(—C3 + S;)

Y1
+(1 = x)z(=C3+Ry) + (1 —x)(1 = 2)(=C3) ©)
= xS, +zR, + xzaR, — C;

Uy, = xz[-(1 + @)L, — Li] + x(1 — z)(—L,)

+(1 -x)z(=L) (6)
= —xL; — zL, — xzalL,

Uy = yUy, + (1 =NV, ()

The replication dynamic equation of the automobile manufacturer can be obtained
from the automobile manufacturer’s gain function as follows:

(Y) —__y(Uyl y) =y(1_y)(Uy1_Uy2) (8)
=y - }’)[x(lq +S8,) + (z + xza)(L, + Ry) — Cs5]

C3—2(Lz+Ry4)
L1+Sy+za(Ly+Rs)

y=0,F(y) =0, and —— il (y ) < 0, at this time, y = 0 is the evolutionary sta-

According to the stability theorem of differential equations, when x <
C3=x(L1+Sp)

(1+xa)(Ly+Ry)

ble strategy of the car manufacturer, on the contrary, when x > GamrllatR)
x(L1+5,) L1+Sy+za(Ly+Ry)
- 1 2

Trroiry Y = 1, F(y) =0, and d;—;y) < 0, at this time y = 1 is the evolutionarily stable
2 4

strategy of the car manufacturer.
The remaining parameters are analyzed: let V2 =x(Ly +S,)+ (z+xza)(L, + R,) —

C3, and the partial derivation of the other factors are —= > 0, Z% >0, ? >0, aﬁ >0, z% >
4
a
0, and VZ < 0. Therefore, with Ly, S,, L,, R,, and a 1ncreasmg, or Cq decreasmg, the prob-

ability that an automaker chooses to produce a new energy vehicle increases.

4.2.3. Consumers’ Expected Returns

Assuming that the consumers’ expected return from purchasing new energy vehicles
is U,4, the consumers’ expected return from purchasing fuel vehicles is U,,, and the aver-
age expected return of consumers is U,; then, we have the following:

Uy  =xy(Rs+S3+A)+x(1—y)(Rs + A)

+(1—=x)y(Rs +S3) + (1 —x)(1 — y)Rs )
=xA+yS;+Rg
Up = xy(—=C4 — L3) + x(1 — y)(—Cy)
+(1 = x)y(-Ls) (10)
=—xCy —yLs
U,=2zU,, +(1—2)U,, (11)

The consumer’s benefit function can be obtained as the consumer’s replication dy-
namic equation, which is the following:

Fz) =2 = 2(U,, = U,) = z(1 = D)(U, — Uy2)

#(12) (12)
=z(1-2)[x(A+Cy) +y(S3 + L3) + Rs]
—y(S3+L3)—Rs

According to the stability theorem of differential equations, when x < —-——,
4
(ACORs o _ 0 R(z)=0, and dF(z)

< 0, at this time, z = 0 is the consumer’s
S3+L3

y <
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—y(S3+L3)—Rs —x(A+C4)—-Rs
A+Cy / S3+L3

evolutionary stable strategy; conversely, when x > ,z=1,

F(z) =0, and —= dF(Z)
The remammg parameters are analyzed as follows letVo =x(A+C,) +y(S; +L3) +

ZZ3>06V3<05V3<0 and

> 0, so with increases in R, C4, S3, L3, and A4, the consumers’ choices to buy new en-

< 0, at this time z = 1 is the consumer’s evolutionary stable strategy.

Rs, and the partial derivation of the other factors are > 0,
avs
0A
ergy vehicles, the probabilities of all of them increase.

4.3. Stabilization Strategy Analysis

Let the replicated dynamic equations of the tripartite subjects be F(x) = 0, F(y) =0,
and F(z)=0 . Eight local equilibrium points can be obtained:
P,(0,0,0), P,(1,0,0), P5(0,1,0), P,(0,0,1), Ps(1,1,0), P (1,0,1), Ps(1,0,1), P,(0,1,1), and P4(1,1,1)
. According to the method proposed by Friedman [39], the ESS of the system of differential
equations can be derived from the local stability analysis of the system’s Jacobian matrix.
From the replicated dynamic equations obtained from the previous analysis, the Jacobian
matrix J can be obtained as follows:

Jii Tz Tis
J=a T Ja (13)
31 s Jss

Among them are the following:

J =x(1=x)[-yS; —z(F + C;) + Ry + F + C, — (4]
Iy, =y =»)[x(Ly + ;) + (z + xza)(L, + R,) — C5] (14)
33 =2(1=2)[x(A+Cy) +y(S3 + L3) + Rs]

According to Lyapunov’s first method, it is known that the evolutionary stable point
ESS of the system needs to satisfy that all eigenvalues of the Jacobian matrix have negative
genuine parts. If at least one of the eigenvalues of the Jacobi matrix has a positive funda-
mental part, the local equilibrium point is unstable. Suppose all eigenvalues of the Jacobi
matrix have a negative fundamental part except for those with a zero genuine part. In that
case, the equilibrium point is critical, and the eigenvalue sign cannot determine the stabil-
ity. The eight local equilibrium points were substituted into the Jacobian matrix to obtain
the three eigenvalues corresponding to each equilibrium point, as shown in Table 3 below.
The conditions required for the local equilibrium points to form an ESS are shown in Table
4 below.

Table 3. Eigenvalues and stability of equilibrium points.

Equilibrium Eigenvalues Evolutionary
Points Aq A, A3 Stability
P;(0,0,0) R;+F+C,—Cy —C; Rs Unstable
P,(1,0,0) C,—Ry—F -G, L,+S,—Cs A+C,+Rs Unstable
P;(0,1,0) Ry +F+C,—C,—S; Cs Ss+ Ly + Rg Unstable
P,(0,0,1) Ry —C L, +R, — Cs —Rs Conditions (1)
P;(1,1,0) Ci+S —R;—F—¢C, C;—Li— S, A+ Cy+ S;+ L3+Rs Unstable
P¢(1,0,1) Ci —R; A+a)(Ly+R)+ L +S,—Cs —A—-C,—Rs Unstable
P,(0,1,1) R;—C,— 5 C;—L,—R, —S3 — L3 —Rs Conditions (2)
Pg(1,1,1) Ci+S;—Rs —-1+a)(Ly,+R)+C3—-Ly—S, —A—C,—S;3;—L;—R; Conditions (3)
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Table 4. System equilibrium stabilization conditions.

Equlh'bnum Stability Condition Number
Points
P,(0,0,1) Ry <Cy; Ly + Ry <Cy 1
P,(0,1,1) Ry < C,+5;;C3<L,+R,
Py(1,1,1) Ci+5S, <Rg;Cs<(1+a)Ly+R)+L +S, 3

In scenario 1, the government’s strategic choice is not to implement the carbon trad-
ing mechanism because R; < C;. At this point, the cost of the government to implement
carbon trading is higher than the environmental benefits of implementing carbon trading,
the relevant technical conditions for implementing carbon trading are not perfect, and the
upfront investment cost of implementation is too high. Consumers will also choose to buy
fuel cars, which is not the equilibrium point that the system expects to achieve.

In scenario 2, the system strategy is {No carbon trading policy, produce new energy
vehicles, buy new energy vehicles}. When the government implements carbon trading at
a high cost by giving automakers certain R&D subsidies, combined with the existing dou-
ble integral policy to reduce the additional input cost for automakers to produce new en-
ergy, automakers and consumers are prompted to choose new energy vehicles.

In scenario 3, the strategies of the three main actors are {implementing carbon trading
policies, producing new energy vehicles, and purchasing new energy vehicles}. The gov-
ernment implements carbon trading to bring more benefits than the cost of implementa-
tion and chooses to implement the carbon trading mechanism, prompting automobile
manufacturers and consumers to also shift to choose new energy vehicles to achieve the
system stability equilibrium point.

5. Simulation Analysis

According to the assumption of a tripartite game among the government, automobile
manufacturers, and consumers, as well as the replication of dynamic equations, the initial
parameters to satisfy scenario 3 were set, and numerical simulation was carried out using
Matlab 2017b; the values of each parameter were assigned as R1 = 4,R2 = 5,R3 = 8,R4 =
3,R5=101,(1=3,02=4,03=1,04=02,L1=08,L2=1.2,L3 =0.15,51=0.6,52 =
0.4,53=0.1,A=0.2,F =0.3,and a = 0.2 and were further analyzed through numerical
simulation.

5.1. Simulation Analysis of Pure Strategy Games

5.1.1. Government's Initial Strategy of Choosing Not to Implement a Carbon Trading
Mechanism

The initial state will adjust the initial values of the pure strategy simulation to study
the stability of the equilibrium point of the three-party game subject and set the initial
probability of 0 to 0.01 and 1 to 0.99. The strategies of the three-party game subject of the
government, car companies, and consumers are (0,0,0), (0,1,0), (0,0,1), and (0,1,1), respec-
tively, and the evolutionary paths are shown in Figure 3.
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Figure 3. Evolutionary path when the initial government strategy is chosen not to be implemented.

As shown in Figure 3a above, when the government’s initial strategy is chosen not to
be implemented, the rate at which consumers choose to purchase new energy vehicles is
lower than the rate at which automakers produce them. However, when the government’s
strategy evolves to implement carbon trading to enhance environmental benefits and re-
duce carbon emissions, consumers will be willing to purchase new energy vehicles. Due
to the rise in market demand, the probability of automakers choosing to produce new
energy vehicles will increase substantially. As shown in Figure 3b, when the initial strat-
egy of the automaker is to choose to produce new energy vehicles, the probability of con-
sumers purchasing new energy vehicles increases earlier and faster than the probability
of the automaker’s initial strategic choice to produce traditional fuel vehicles. As shown
in Figure 3c,d above, when consumers buy new energy vehicles in their initial strategy,
the probability of automakers producing new energy vehicles will increase significantly
due to market demand. It will eventually evolve to produce new energy vehicles. The
government increases the market share of new energy vehicles to enhance environmental
benefits, and the strategic choice will also evolve into implementation.

5.1.2. Initial Government Strategy Options to Implement Carbon Trading Mechanisms

The strategies of the three main parties of the game, i.e., government, automobile
manufacturers, and consumers, are (1, 0, 0), (1, 0, 1), (1, 1, 0), and (1, 1, 1), respectively, and
the evolutionary paths are shown in Figure 4.
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Figure 4. Evolutionary path when the government’s initial strategy is selected for implementation.
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As shown in Figure 4a above, when the government’s initial strategy is to choose to
implement carbon trading, the uncertainty of the implementation policy by automobile
manufacturers and consumers in the early stage presents an insignificant increase in the
probability of choosing new energy vehicles. With the implementation of the policy, con-
sumers will tend to choose new energy vehicles, and the probability of automakers choos-
ing new energy vehicles also rises immediately compared to the period when the initial
government strategy is chosen not to be implemented; the period when consumers and
automakers choose new energy vehicles will be earlier. Based on Figure 4a, the initial
strategy of consumers is changed to purchase new energy vehicles, and the evolution re-
sult is shown in Figure 4b; due to the market demand, the automobile manufacturer
chooses to produce new energy vehicles earlier and with a higher probability. As shown
in Figure 4c above, when the government’s initial strategy is to choose to implement car-
bon trading, and the automaker’s initial strategy is to choose to produce new energy ve-
hicles, due to the policy encouraging consumers to purchase new energy vehicles and the
increased supply of new energy vehicles, the consumer’s choice of new energy vehicles
increases due to the dual influence of policy and market. When the government’s initial
strategy is to choose to implement carbon trading, automobile manufacturers choose to
produce new energy vehicles and consumers choose to buy new energy vehicles; the evo-
lution reaches the equilibrium point (1,1,1), and the equilibrium point is the system stabil-
ity point.

5.2. Sensitivity Analysis

5.2.1. The Influence of the Government’s Implementation of Carbon Trading Benefits
and Costs

The government’s choice to implement carbon trading is affected by various factors.
To explore the impacts of implementation benefits and costs on the government’s strategic
choices, to adjust the values of implementation benefits and costs, and to analyze the evo-
lutionary path of the three-party game, the evolutionary process is shown in Figures 5 and
6. When the government implementation benefit R; increases, the probability that the
government chooses to implement carbon trading increases, and it has little effect on the
strategic choices of vehicle enterprises and consumption. When the cost of government
implementation of carbon trading increases, the probability that the government chooses
to implement it decreases. When the cost reaches a certain threshold, the government will
choose not to implement carbon trading. The probability that car manufacturers and con-
sumers choose new energy vehicles will have a smaller increase, ultimately reaching the
stabilization point strategy of scenario 2. Therefore, to reach the dual-carbon target as soon
as possible, the government will consider including the new energy vehicle industry in
carbon trading for environmental benefits to promote carbon emissions reduction in the
road transportation sector. Considering the implementation costs and other issues, the
government needs to implement the carbon trading mechanism when the relevant tech-
nical means are more mature, in order to minimize the implementation costs.
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Figure 6. Impact of government implementation of gain C;.

5.2.2. Influence of Additional Input Cost C3; of Automobile Manufacturers

The additional input costs of automobile manufacturers to produce new energy ve-
hicles affects the willingness of automobile manufacturers to produce new energy vehi-
cles, and the probability of automobile manufacturers choosing to produce new energy
vehicles further affects the market for new energy vehicles. These factors are transmitted
to consumers through the market and affect their choices. As shown in Figure 7, as the
additional input cost C3 of car manufacturers to produce new energy vehicles decreases,
the probability of car manufacturers choosing to produce new energy vehicles increases,
and the probability of consumers buying new energy vehicles also increases. This is be-
cause when the cost of producing new energy vehicles by automobile manufacturers de-
creases, the profit of new energy vehicles increases, and the positive initiative of automo-
bile manufacturers to produce new energy vehicles rises. As the proportion of new energy
vehicles in the automobile market increases, the supporting facilities related to new en-
ergy vehicles will also be gradually improved so that consumers will choose new energy
vehicles more often. Therefore, the government can reduce the cost of producing new
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energy vehicles by adjusting the existing “double integral” policy standard, in order to
encourage automakers to produce new energy vehicles.
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Figure 7. Impact of additional input cost C3 on automobile manufacturers.
5.2.3. Influences of Consumer Carbon Transaction cost C, and Carbon Transaction
Benefit A
Consumer carbon transaction costs and gains will affect the consumer’s car costs,
which in turn affect the consumer’s strategic choices, and the consumer’s strategic choices
affect the automobile manufacturer’s strategic choices through the market mechanism. As
can be seen from Figure 8, when carbon trading costs and carbon trading gains are 0, con-
sumers will also gradually evolve to choose new energy vehicles. In contrast, the proba-
bility of consumers choosing new energy vehicles will increase when carbon trading costs
and gains gradually increase. This is because currently, the related industrial technology
of new energy vehicles is gradually maturing, market recognition is gradually increasing,
some consumers will consider choosing new energy vehicles, and implementing carbon
trading can accelerate the market share of new energy vehicles. Due to the influences of
market demand, the probability of automobile manufacturers choosing to produce new
energy vehicles will also increase.
1
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Figure 8. Impacts of consumer carbon transaction costs C, and carbon transaction benefits A.
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6. Conclusions

This study analyzed the situation of applying consumer carbon trading to the new
energy automobile industry after the government subsidy is canceled, and discusses the
application of blockchain technology in the consumer carbon trading mechanism of the
new energy automobile industry. This study constructed a tripartite game model of the
new energy automobile industry’s participation in carbon trading involving the govern-
ment, automobile manufacturers, and consumers, analyzed the replicated dynamic equa-
tions as well as the strategy stability of the three subjects, and furthermore analyzed the
impacts of the government’s implementation costs and benefits, the automobile manufac-
turers” additional input costs, and the consumers’ carbon trading costs and benefits on the
stability of the strategies, and finally conducted a simulation analysis using MATLAB.

The conclusions and related recommendations of this research are as follows:

(1) Theincrease in the government’s revenue from implementing carbon trading and the
decrease in implementation costs will increase the probability of the government
choosing to implement it. Therefore, the government can consider encouraging the
development of industrial technologies related to new energy vehicles, and encour-
aging the development of industrial technologies related to implementing carbon
trading, such as battery technology and blockchain technology.

(2) Reducing additional investment costs for automobile manufacturers to produce new
energy vehicles will increase the probability of manufacturers choosing to produce
new energy vehicles; the probability of consumers purchasing new energy vehicles
will also increase. Therefore, the government can adjust the existing “double inte-
gral” policy to encourage automakers to produce new energy vehicles and expand
the market share of new energy vehicles.

(3) Theincrease in carbon trading costs when consumers choose traditional fuel vehicles,
or the increase in carbon trading benefits when consumers choose new energy vehi-
cles, will increase the probability of consumers buying new energy vehicles. There-
fore, the government can improve the infrastructure related to new energy vehicles
by increasing the investment in supporting charging stations, setting reasonable car-
bon quotas, and implementing incentives and penalties to encourage consumers to
choose new energy vehicles.
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