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Abstract 
The Chinese government has instituted a number of policies to actively promote the diffusion of new energy vehicles (NEVs). 
There is widespread consensus that policy mixes can drive NEV diffusion effectively. To verify this consensus, we construct 
a two-dimensional framework of NEV policy instruments: producer-orientation versus consumer-orientation instruments, 
economic in cash versus regulatory instruments and classify NEV policy mixes. Then, we analyse the impact of policy mixes 
on NEV diffusion among enterprises and consumers by building an evolutionary game model. And according to the concept 
of stable area in the evolutionary game, we propose a definition of policy effect. The results show: (1) Policy mixes can 
reduce the saddle point of the auto market game and accelerate the spread of NEVs. In the early stages of the NEV industry, 
the government should take the policy mix strategy with four policies, and economic in cash instrument should be the main 
policy. (2) Policy mixes composed of producer-orientation and consumer-orientation instruments have a synergy or com-
plementarity to promote NEV diffusion effectively. (3) With the increasing rate of NEV production and consumption, the 
government should adopt policy mixes mainly composed of regulatory instruments and rather than economic instruments.
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Introduction

With the continuous and steady growth of Chinese motor 
vehicle ownership, motor vehicle pollution has become 
one of the main sources of air pollution in China. Moreo-
ver, increasing demand for automobile fuel has intensified 
energy security issues (Zhang et al. 2013). Although oil can 
be replaced by biodiesel (Marousek et al. 2012), and bio-
diesel has proven to be economically feasible (Marousek 
et.al. 2015), the development of new energy vehicles (NEVs) 
is undoubtedly preferable. Ma et al. (2017) found that tech-
nology is still a bottleneck factor in the NEV industry, and 
technological progress has a greater impact on the diffusion 
of NEVs than economic subsidy policies. However, due to 
the existence of technological innovation externalities, the 
diffusion rate of NEVs among the two groups of automobile 
manufacturers and consumers is low. In order to stimulate 
and accelerate the diffusion of NEVs, the government needs 
to guide companies and consumers through subsidies, taxes 
and other policy instruments.

China is more interested in using NEVs to alleviate envi-
ronmental pollution and energy crises than other countries. 
From 2010 to 2018, China’s NEV sales increased from 
0.72 million to 125.62 million, making it the country with 
the largest sales of NEVs in the world (Li et al. 2019). The 
rapid spread of NEVs in China has a lot to do with gov-
ernment policy incentives. The Chinese government has 
implemented a series of policies, such as subsidies, taxes 
and traffic management, especially “measures for the paral-
lel administration of the average fuel consumption and NEV 
credit of passenger vehicle enterprises” (dual-credit policy), 
which means cash by trade in the market (Li et al. 2018). 
And these policies bring much more positive effects, such 
as improving the technology, reducing the production cost 
and customer cost (Fan and Dong 2018) and influencing 
consumer preference (Levay et al. 2017). However, policy 
instruments often appear in the form of policy mixes in the 
real economy. In this article, we focus on two questions: 
How does policy mix affect corporate production decisions 
and consumer purchasing decisions? And how can we quan-
tify the effectiveness of policy mixes on promoting NEV 
diffusion?

We make three contributions to the policy mix research. 
First, we construct a quadruple policy instruments typol-
ogy—producer-orientation versus consumer-orientation 
instruments, economic in cash versus regulatory instru-
ments. Second, we define the concept of policy effect (PE), 
which is measured by the stable area. Namely, PE is equal 
to the stable area with policy interference minus the sta-
ble area without policy interference. Third, we build an 
evolutionary game model to quantify the impact of policy 
mixes on NEV diffusion among enterprises and consumers. 

Previous studies focused on quantitative evaluations of a 
single policy. We conduct quantitative evaluation studies on 
policy mixes, including the complementary and synergistic 
effects of different policies. And the results show that: (1) 
Policy mixes can reduce the saddle point of the auto mar-
ket game and accelerate the spread of NEVs. In the early 
stages of the NEV industry, the government should take the 
policy mix strategy including four policies, and economic 
in cash policy should be the main policy. (2) Policy mixes 
composed of producer-orientation and consumer-orientation 
instruments have a synergy or complementarity to promote 
NEV diffusion effectively. And the policy mix composed 
of the same type of policies (several policies belonging to 
producer-oriented policies or consumer-oriented policies) is 
generally complementary, while the policy mix composed 
of producer-oriented tools and consumer-oriented tools is 
generally synergistic. (3) With increasing NEV production 
and consumption, the government should adopt policy mixes 
mainly composed of regulatory instruments, and the policy 
mixes should shift from focusing on economic instruments 
to regulatory instruments.

The rest of the article is organized as follows. Section 2 
reviews the relevant literature. Section 3 provides a frame-
work for classifying NEV policy instruments and policy 
mixes and discusses the impact on the diffusion of NEVs. 
Section 4 builds up the evolutionary game model of NEV 
diffusion. Section 5 is the model analysis, and in Sect. 6 sim-
ulations and verifications are given. In the last section, con-
clusions are drawn and policy recommendations provided.

Literature review

Policy mixes

The number of theoretical and empirical studies on policy 
mixes is growing. Theoretical research mainly focuses on 
the reconceptualization of the framework of policy mixes. 
Magro and Wilson (2013) argued policy mixes come in four 
forms: rationales mixes, domains mixes, instrument mixes 
and multi governance mixes. Instrument mixes are the core 
of policy mixes (Rogge and Reichardt 2016). Flanagan et al. 
(2011) provided definitions of policy mix tensions and inter-
actions. DelRío (2014) provided definitions of four kinds of 
interactions between policy instruments but did not conduct 
in-depth quantitative verification research. Some scholars 
mainly focus on quantifying the effects of policy mixes. Lan-
ahan and Feldman (2015) assessed the effect of multilevel 
innovation policy mixes, and found policies are complemen-
tary. Fabrizi et al. (2018) studied the impact of policy mixes 
on environmental innovation and found regulation policies 
and research network policies have a complementary effect. 
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Guerzoni and Raiteri (2015) studied the policy mixes on 
innovation activity from the demand-side and supply-side, 
and a synergetic effect of policy mix was found.

There are few empirical studies on policy mixes, which 
has affected the further development of policy mixing 
(Schmidt and Sewerin 2019). We focus on quantifying 
the impact of policy mixes on the diffusion of NEVs. Our 
research addresses the gap described by Xu and Su (2016) 
and verifies the definition of the types of positive interaction 
provided by DelRío (2014) in the area of NEVs.

Government policies and NEV diffusion

Existing research on NEV policy can be divided into two 
categories: textual analysis and empirical studies. And 
empirical studies include two aspects: one is about the pol-
icy effects of NEV diffusion, and the other concerns the 
impact of policies on consumer preference.

Textual analysis focuses on content analysis and com-
parison analysis of NEV policies. Gong et al. (2013) sum-
marized the policies and demonstration activities concerning 
NEVs in China and found the Chinese technology policies 
could promote NEV production and demonstration policies 
could promote NEV commercialization. Zhang and Bai 
(2017) provided a policy dependency mapping method to 
analyse NEV policies on the national, regional and provin-
cial levels, and found multi-government policies have dif-
ferent impacts on the adoption of NEVs. Xu and Su (2016) 
summarized 22 types of policy instruments and proposed 
a framework of NEV policy tools to analyse them. These 
studies are mostly conceptual research on NEV policies. 
This article will extend the classification of policy mixes 
concerning NEVs and empirically study the effect of policy 
mixes on the NEV industry.

To evaluate the impact of policies on NEV diffusion, 
econometrics, game, system dynamics and other methods 
are used in empirical studies. Bastin et al. (2010) found the 
policies of technology-push and market-pull have a positive 
influence on stimulating diffusion of the new technologies 
in the NEV industry in Brazil. Langbroek et al. (2016) stud-
ied the side effects of policies and found the free parking 
subsidy and free charging subsidy have a positive influence 
on NEV diffusion among consumers, and the influence is 
different in consumers at different stages. Ma et al. (2017) 
also studied the effect of policy instruments, including pur-
chase subsidies, tax policies and traffic restriction policies. 
Kong et al. (2020) used the system dynamics method and 
found that China’s elimination of car purchase subsidies will 
reduce the sales of NEVs by 40%. Melton et al. (2017) pro-
vided a new framework method of the policy report card to 
assess plug-in electric vehicle policies, including demand-
side and supply-side policies. Wang et al. (2017) studied 
the effects of policies on the two sides of NEV adoption. 

The production-oriented policy measures aimed at stimulat-
ing technological progress are the model developing award 
and the manufacturing award. And the consumer-oriented 
policy measures aimed at improving the purchasing moti-
vation are tax exemption, license fees, charging discounts, 
etc. Referencing the agent-based models, Silvia et al. (2016) 
found that hybrid policy mixes were the most effective way 
to promote the adoption of electric vehicles. Guan et al. 
(2016) used stochastic evolutionary game method to study 
the impact of government support policies on the diffusion 
of NEV among consumers, and the results showed that the 
support policies can reduce the life cycle cost of NEVs and 
improve the performance of NEVs. A substitution effect 
between dual-credit policies and subsidies was found (Li 
et al. 2018). Fan et al. (2018) used the evolutionary game 
method to analyse the effects of polices on NEV diffusion 
among enterprises and consumers. They found it is more 
effective to pull the market by enterprise subsidy than con-
sumer subsidy.

In terms of the impact of policies on consumer prefer-
ences, Zhang et al. (2013) studied the impact of policies 
on the preference for NEV adoption and found that poli-
cies moderate the relation between four attributes, includ-
ing financial benefits, performance of vehicle, environmen-
tal awareness and psychological needs and NEV diffusion 
among consumers. Ewing (2000) used a discrete choice 
experiment to study the impact of policies on consumer 
preferences for NEVs and found attributes of NEVs can be 
influenced by the policies. For example, economic instru-
ments and vehicle technology policies can affect the vehicle 
performance and cost, and transportation policies can also 
affect commuting costs.

In summary, previous studies have focused on the study 
of various single policy, and lacked a quantification of the 
joint role of multiple policy tools. Therefore, from the per-
spective of policy mixes, we construct a policy mix frame-
work and propose a new quadruple policy instrument typol-
ogy. Secondly, we use evolutionary game theory to define 
the policy effect and quantify the impact of policy mixes on 
the diffusion of NEVs.

producer-orientation 
instruments

consumer-orientation 
instruments  

economic in cash

regulatory instruments

Fig. 1  A quadruple policy instrument typology
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A framework of NEV policy mixes

A new quadruple policy instrument typology

In this paper, the diffusion of NEVs includes the diffusion 
of NEVs on the supply-side (producers) and the demand-
side (consumers). Governments use policy mixes to promote 
the diffusion of NEVs from the supply and demand-sides. 
Therefore, we provide a new quadruple policy instrument 
typology, as shown in Fig. 1, which divides the NEV policy 
tools into two dimensions: producer-orientation and con-
sumer-orientation, economic in cash and regulatory instru-
ments. Producer-orientation instruments aim at inducing the 
behavior of producers by a set of measures which can reduce 

costs and improve performance (Xu et al. 2016). Consumer-
orientation instruments aim at inducing the behavior of con-
sumers by a set of measures which can reduce purchasing 
cost and induce change in consumer behavior (Xu et al. 
2016). Economic and regulatory policy instruments are con-
ventional typologies (Borrás and Edquist 2013). Generally, 
economic instruments include in cash or in kind. Economic 
instruments in cash provide positive incentives (or disin-
centives) to support innovation activities. Regulatory instru-
ments, which use legal tools to regulate the action of stake-
holders by government, are compulsory in nature, such as 
laws, rules, directives, etc. Regulatory instruments are also 
measured in cash as the stakeholders will enjoy a premium 
by complying, but non-compliance may come with a penalty.

Table 1  Classification of NEVs policy instruments

Classification of policy instruments Form of policy instruments Function

1 Producer-orientation instruments
1.1 Economic in cash  (PES) R&D subsidy, R&D tax credit, equipment imports tax credit, etc Reduce the production cost
1.2 Regulatory instruments  (PEM) Dual-credit policy Impact on the profits of the enterprise
2 Consumer-orientation instruments
2.1 Economic in cash  (CES) Purchase subsidy, the vehicle purchase tax and travel tax, etc Reduce the purchase cost
2.2 Regulatory instruments  (CEM) Traffic management policy (license plate numbers, parking fees, 

etc.)
Affect the consumer preference

Table 2  Classifications of the policy mixes of the NEV policy instruments

a See Del Río (2014) “Full complementarity: X adds fully to the effect of Y in the combination: X + Y = 2″. P273
b See Del Río (2014) “Synergy: Adding X to Y magnifies the impact of the combination: X + Y > 2″. P273

Type of policy mix Form of policy mix Stakeholders The types 
of interac-
tion

No policy mix
No policy instrument (1) – – –
Only one policy instrument (2) PES (3) PEM Automobile enterprises –

(4) PCS (5)PCM Consumers –
Policy mix
 Only two policy instruments (6) (PES, PEM) Automobile enterprises Comple-

menta-
ritya or 
 Synergyb

(7) (PCS, PCM) Consumers
(8) (PES, PCS) Automobile enterprises and consumers
(9) (PES, PCM)
(10) (PEM, PCS)
(11) (PEM, PCM)

Only three policy instruments (12) (PES, PEM, PCS) Automobile enterprises and consumers
(13) (PES, PEM, PCM)
(14) (PES, PCS, PCM)
(15) (PEM, PCS, PCM)

 All instruments (16) (PES, PEM, PCS, PCM) Automobile enterprises and consumers
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According to the above quadruple policy instrument 
typology (Fig. 1), the classification of NEV policy instru-
ments is shown in Table 1.

NEV policy mixes

A policy mix is defined as a combination that includes at 
least two or more policy instruments (Borrás and Edquist 
2013). DelRío (2014) defined four types of interaction of 
policy mix: strong conflict, weak conflict, full complemen-
tarity and synergy. The first two are negative interactions, 
and the latter two are positive.

According to the quadruple policy instrument typology, 
the NEV policies are divided into five types of policy mix. 
The types composed of zero policies and only one policy 
instrument are included in our research, and they are the 
control group for the policy mix. Table 2 shows the classifi-
cations of the policy mixes of the NEV policy instruments.

The evolutionary game model of NEV 
diffusion

Evolutionary game theory refers to the process in which each 
player learns slowly and finally reaches equilibrium by repli-
cating a dynamic mechanism under the premise of bounded 
rationality. Evolutionary stability strategy (Smith and Price 
1973) and imitative dynamics (Taylor and Jonker 1978) are 
the core basic concepts of evolutionary game theory. They 
represent the stable state and the dynamic convergence pro-
cess toward the stable state of evolutionary game theory. 
Under the influence of policy mixes, enterprises and con-
sumers will constantly imitate and learn the behavior of the 
dominant group (the group that may obtain higher income by 
choosing an NEV strategy) and improve their own strategies. 
This method is suitable for the dynamic change process of 
enterprises and consumers in the selection of NEVs.

Based on the evolutionary game model of NEV dif-
fusion among enterprises and consumers (Fan and Dong 
2018), we consider four policy factors. Based on R&D 
subsidies and purchase subsidy policy, regulatory instru-
ments affecting enterprises’ green production earnings 
and consumer preferences are added. Then, an evolution-
ary game model of NEV diffusion from a policy mix per-
spective is constructed. The evolutionary game method 
is mainly divided into three steps: (1) Propose research 
hypotheses and establish the payoff matrix and the game 
model of both producers and consumers according to rel-
evant parameters, as detailed in Part 4. (2) Use the repli-
cation dynamic equation to solve the equilibrium point 
of the evolutionary game and analyse the effect of policy 
mixes through the change of the effective stability area, as 
detailed in Part 5. (3) The theoretical inference of the fifth 

part is verified by numerical simulation based on specific 
cases.

The assumptions and related parameters considered are 
as follows.

Assumptions

There are two groups in the market: automobile enterprises 
and consumers. Each company has two strategies: produce 
NEVs or TEVs (tradition engine vehicles). Each consumer 
has two strategies: buy a NEV or a TEV. And the consumer 
can only choose one type of consumption at a time.

Consumer-oriented regulatory instruments will affect 
consumers’ consumption preferences. Policies such as free 
green license plates and no traffic restrictions will increase 
consumers’ preference to buy NEVs. However, policies such 
as license plate restriction for TEVs will reduce consumers’ 
preference to buy TEVs.

The sum of cash comprising economic instruments and 
regulatory instruments to enterprises cannot exceed their 
cost, and the sum of cash to consumers cannot exceed half 
of the price of NEVs. Consumer-oriented regulatory instru-
ments affect consumer preferences, and the preference factor 
for buying TEVs cannot be less than zero.

Parameters

(1) Non-policy parameter

Π1 : represents the unit profit of NEVs corresponding to 
produce NEVs strategy.

Π2 : represents the unit profit of TEVs corresponding to 
produce TEVs strategy.

p1 : represents the price of NEVs corresponding to pro-
duce NEVs strategy.

p2 : represents the price of TEVs corresponding to pro-
duce TEVs strategy.

c1 : represents the unit cost of NEVs for enterprises cor-
responding to produce NEVs strategy.

c2 : represents the unit cost of TEVs for enterprises cor-
responding to produce TEVs strategy.

x : represents the percent of enterprises with producing 
NEVs strategy.

1 − x : represents the percent of enterprises with produc-
ing TEVs strategy.

y : represents the percent of consumers with NEVs 
consumption.

1 − y : represents the percent of consumers with TEVs 
consumption.

U1 : represents one unit of the consumer surplus with buy-
ing NEVs strategy.
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U2 : represents one unit of the consumer surplus with buy-
ing TEVs strategy.

�1 : represents the preference factor of NEVs consum-
ers based on vehicles performance and environmental 
awareness.

�2 : represents the preference factor of TEVs consum-
ers based on vehicles performance and environmental 
awareness.

�1 : represents the environmental utility of a NEV.
�2 : represents the environmental utility of a TEV, and 

𝛿1 > 𝛿2.
�1 : represents the price sensitive factor of NEVs 

consumers.
�2 : represents the price sensitive factor of TEVs 

consumers.

(2) Policy parameter 
w1 : represents the amount of cash incentives to enter-

prises for producing NEVs
w2 : represents the amount of cash incentives to consumers 

for buying a NEV, and w2 = s1 + s2.
s1 : represents the amount of cash incentives for price of 

NEV from the central government and local government.
s2 : represents the amount of cash incentives for purchas-

ing tax of a NEV, and s2 =
p1

1+17%
× 10%.

�1 : represents the amount of reward of regulation instru-
ments to enterprises corresponding to produce NEVs 
strategy.

�2 : represents the amount of fine of regulation instruments 
to enterprises corresponding to produce TEVs strategy, and 
r2 = ��1.

�1 : represents the coefficient of preference factor of NEVs 
consumers influenced by regulation instruments.

�2 : represents the coefficient of preference factor of TEVs 
consumers influenced by regulation instruments, and 
�2 = ��1,1 ≤ � ≤

1

�1
.

Corporate profits

Based on the above parameters and assumptions, the corpo-
rate profit is obtained by the formula below.

When there is no policy for automobile  enterprises, 
the firm profit is shown by Eq. (1) and Eq. (2).

When there is only one policy of economic in cash for 
automobile enterprises, the firm profit is shown by Eq. (3).

(1)Π1 = p1 − c1

(2)Π2 = p2 − c2

(3)Π
�

1ES
= p1 − c1 + w1

When there is only one regulatory policy for automo-
bile enterprises, the firm profit is shown by Eq. (4) and (5).

When there is a policy mix combined of economic 
and regulatory instruments for automobile  enterprises, 
the firm profits are shown by Eq. (6).

Consumer surplus

Based on the above parameters and assumptions, the con-
sumer surplus is obtained by the formula below:

When there is no policy for consumers, the consumer sur-
plus is shown by Eq. (7) and (8).

When there is only one policy of economic in cash for 
consumers, the consumer surplus is shown by Eq. (9).

When there is only one regulatory policy for consumers, 
the consumer surplus is shown by Eq. (10) and (11).

(4)Π
�

1EM
= p1 − c1 + �1

(5)Π
�

2EM
= p2 − c2 − βγ1

(6)Π
�

1ESM
= p1 − c1 + w1 + �1

(7)U1 = �1�1 − �1p1

(8)U2 = �2�2 − �2p2

(9)U
�

1cs
= �1�1 − �1

(
p1 − w2

)

(10)U
�

1CM
=
(
1 + �1

)
�1�1 − �1p1

(11)U
�

2CM
=
(
1 − θα1

)
�2�2 − �2p2

Table 3  Payoff matrix of evolutionary game when there is zero policy

Enterprise Consumer

Buy NEVs (y)  Buy TEVs (1 − y)

Produce NEVs (x) p1 − c1, �1�1 − �1p1 −c1, 0

Produce TEVs (1 − x) −c2, 0 p2 − c2, �2�2 − �2p2

Table 4  Payoff matrix of evolutionary game when there is one policy

Enterprise Consumer

Buy NEVs (y) Buy TEVs (1 − y)

Produce NEVs (x) p1 − c1 + w1, �1�1 − �1p1−c1, 0

Produce TEVs (1 − x) −c2, 0 p2 − c2, �2�2 − �2p2
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When there is a policy mix combined of economic and 
regulatory instruments for consumers, the consumer surplus 
is shown by Eq. (12).

The evolutionary game model

Based on the above analysis, the evolutionary game matrix 
of NEV diffusion between enterprises and consumers under 
the five kinds of policy mix are established as shown below:

(1) There is zero policy, namely w1 = �1 = w2 = �1 = 0 , 
the corresponding payoff matrix is shown in Table 3.

(2) There is only one policy, for example policy of PES, 
namely w1 ≠ 0, �1 = w2 = �1 = 0 , the corresponding 
payoff matrix is shown in Table 4. The same meth can 
be used to compute PEM, PCS and PCM.

(3) There is a policy mix which combines only two poli-
cies, for example policy mix (PES, PCM), namely 
w1 ≠ 0, �1 ≠ 0, �1 = w2 = 0 , the corresponding paff 
matrix is shown in Table 5. The same method can be 
used to compute (PES, PEM), (PCS, PCM), (PES, PCS), 
(PEM, PCS) and (PEM, PCM).

(4) There is a policy mix which combines only three poli-
cies, for example policy mix (PES, PCS, PCM), namely 
w1 ≠ 0, �1 ≠ 0,w2 ≠ 0, �1 = 0 , the corresponding pay-
off matrix is shown in Table 6 The same method can be 
used to compute (PES, PEM, PCS), (PES, PEM, PCM) and 
(PEM, PCS, PCM).

(12)U
�

1CSM
=
(
1 + �1

)
�1�1 − �1

(
p1 − w2

)

(5) There is a policy mix which combines four policies, 
for example policy mix (PES, PEM, PCS, PCM), namely 
w1 ≠ 0, �1 ≠ 0, �1 ≠ 0,w2 ≠ 0 , the corresponding pay-
off matrix is shown in Table 7.

Model analysis

The existence of an equilibrium solution

Based on the payoff matrix of the evolutionary game, we 
calculate the duplicated dynamic equation of enterprise ben-
efits and consumer benefits under the five kinds of policy 
mix which contain 16 scenarios. In the groups composed of 
rationally bounded players, the production strategy or con-
sumption strategy with higher income than the average level 
will be gradually adopted by more players, thus the propor-
tion of players adopting various strategies in the groups will 
change. In the process of replicating the dynamic mechanism 
of slowly learning, the adoption of strategies by both sides of 
NEV diffusion will gradually tend to form five evolutionary 
game equilibrium points. We take the fifth type (scenario 16) 
for example, it is shown below:

Type 5 (scenario 16): There is a policy mix combining 
four policies.

(13)

dx

dt
= x

(
u1e − ue

)
= x(1 − x)

(
u1e − u2e

)

= x(1 − x)
((
p1 + p2

)
y + w1 + (1 + �)�1 − c1 + c2 − p2

)

Table 5  Payoff matrix of 
evolutionary game when there 
is a policy mix (two policies)

Enterprise Consumer

Buy NEVs (y) Buy TEVs (1 − y)

Produce NEVs (x) p1 − c1 + w1,
(
1 + �1

)
�1�1 − �1p1 −c1, 0

Produce TEVs (1 − x) −c2, 0 p2 − c2,
(
1 − θα1

)
�2�2 − �2p2

Table 6  Payoff matrix of 
evolutionary game when there 
is a policy mix (three policies)

Enterprise Consumer

Buy NEVs (y) Buy TEVs (1 − y)

Produce NEVs (x) p1 − c1 + w1,
(
1 + �1

)
�1�1 − �1

(
p1 − w2

)
−c1, 0

Produce TEVs (1 − x) −c2, 0 p2 − c2,
(
1 − θα1

)
�2�2 − �2p2

Table 7  Payoff matrix of 
evolutionary game considering 
policy mix (four policies)

Enterprise Consumer

Buy NEVs (y)  Buy TEVs (1 − y)

Produce NEVs (x) p1 − c1 + w1 + �1,
(
1 + �1

)
�1�1 − �1

(
p1 − w2

)
−c1 + w1 + �1, 0

Produce TEVs (1 − x) −c2 − βγ1, 0 p2 − c2 − βγ1,
(
1 − θα1

)
�2�2 − �2p2
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(14)

dy

dt
= y

(
u1c − uc

)
= y(1 − y)

(
u1c − u2c

)

= y(1 − y)
(
x
((
1 + �1

)
�1�1 − �1

(
p1 − w2

)

+
(
1 − θα1

)
�2�2 − �2p2

)
−
(
1 − θα1

)
�2�2 + �2p2

)

According to dx
dt

= 0,
dy

dt
= 0 , then we can get five evolution-

ary game equilibria in the plane D ( D = {(x, y)|0 ≤ x ≤ 1,

0 ≤ y ≤ 1} ,  n a m e ly  (0, 0) ,(0, 1) ,(1, 0) ,(1, 1)  a n d (
U�

2CM

U�
1CSCM

+U�
2CM

,
−w1−(1+�)�1+c1−c2+p2

p1+p2

)
.

The other 15 scenarios can be calculated in the same way. 
Finally, we get evolutionary game equilibria of five kinds of 
policy mix, 16 scenarios. The saddle points of the evolutionary 
game under 16 scenarios are shown in Table 8.

Equilibrium analysis of the model of NEV diffusion

Definition 1: only if both x and y are able to achieve 1 in the 
diffusion process, namely enterprises tend to choose the NEV 
production strategy, and consumers tend to choose the buy 
NEV strategy, stationary point (1, 1) is an effective evolution-
arily stable strategy (ESS), and the diffusion of NEVs is con-
sidered effective (Fan and Dong 2018).

Table 8  The saddle points of the evolutionary game under 16 scenarios

Classification of Policy mix Scenarios Policy mix forms Saddle points

No policy mix
Zero policy (1) 0 x∗

1
=

U2

U1+U2

y∗
1
=

c1−c2+p2

p1+p2

Only one policy (2) PES x∗
2
=

U2

U1+U2

y∗
2
= yES =

−w1+c1−c2+p2

p1+p2

(3) PEM x∗
3
=

U2

U1+U2

y∗
3
= yEM =

−(1+�)�1+c1−c2+p2

p1+p2

(4) PCS x∗
4
= x∗

CS
=

U2

U�
1cs

+U2

y∗
4
=

c1−c2+p2

p1+p2

(5) PCM x∗
5
= x∗

CM
=

U�
2CM

U�
1CM

+U�
2CM

y∗
5
=

c1−c2+p2

p1+p2

Policy mix:
Only two policies (6) (PES, PEM) x∗

6
=

U2

U1+U2

y∗
6
= yESM =

−w1−(1+�)�1+c1−c2+p2

p1+p2

(7) (PCS, PCM) x∗
7
= x∗

CSM
=

U�
2CM

U�
1CSM

+U�
2CM

y∗
7
=

c1−c2+p2

p1+p2

(8) (PES, PCS) x∗
8
=

U2

U�
1cs

+U2

y∗
8
=

−w1+c1−c2+p2

p1+p2

(9) (PES, PCM) x∗
9
=

U�
2CM

U�
1CM

+U�
2CM

y∗
9
=

−w1+c1−c2+p2

p1+p2

(10) (PEM, PCS) x∗
10

=
U2

U�
1cs

+U2

y∗
10

=
−(1+�)�1+c1−c2+p2

p1+p2

(11) (PEM, PCM) x∗
11

=
U�

2CM

U�
1CM

+U�
2CM

y∗
11

=
−(1+�)�1+c1−c2+p2

p1+p2

Only three policies (12) (PES, PEM, PCS) x∗
12

=
U2

U�
1cs

+U2

y∗
12

=
−w1−(1+�)�1+c1−c2+p2

p1+p2

(13) (PES, PEM, PCM) x∗
13

=
U�

2CM

U�
1CM

+U�
2CM

y∗
13

=
−w1−(1+�)�1+c1−c2+p2

p1+p2

(14) (PES, PCS, PCM) x∗
14

=
U�

2CM

U�
1CSCM

+U�
2CM

y∗
14

=
−w1+c1−c2+p2

p1+p2

(15) (PEM, PCS, PCM) x∗
15

=
U�

2CM

U�
1CSCM

+U�
2CM

y∗
15

=
−(1+�)�1+c1−c2+p2

p1+p2

All (four policies) (16) (PES, PEM, PCS, PCM) x∗
16

=
U�

2CM

U�
1CSCM

+U�
2CM

y∗
16

=
−w1−(1+�)�1+c1−c2+p2

p1+p2

Table 9  The result of the stability of the evolutionary equilibrium 
point (16th scenarios)

stationary point Det (J) Tr (J) Result

x = y = 0  +  − Ineffective ESS
x = 1, y = 0  +  + Unstable  

equilibrium
x = 0, y = 1  +  + Unstable  

equilibrium
x = 1, y = 1  +  − Effective ESS

x =
U�

2CM

U�
1CSM

+U�
2CM

,

y =
−w

1
−(1+�)�

1
+c

1
−c

2
+p

2

p
1
+p

2

− 0 Saddle point
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According to Eq. (13) and (14), the corresponding Jacobian 
matrix is obtained as shown in Eq. (15).

According to the definition of effective diffusion of 
NEVs (Fan and Dong 2018) as shown in definition 1, the 
result of the stability of the evolutionary equilibrium point 
is shown in Table 9, and the evolutionary phase graph 
of both players in the NEV diffusion game is shown in 

(15)J =

[
(1 − 2x)

((
p1 + p2

)
y + w1 + (1 + �)�1 − c1 + c2 − p2

)
x(1 − x)

(
p1 + p2

)

y(1 − y)
(
U�

1CSM
+ U�

2CM

)
(1 − 2y)

(
x
(
U�

1CSM
+ U�

2CM

)
− U�

2CM

)
]

Fig. 2b. The saddle point ( x ′, y ′) divides the evolution-
ary phase graph into four domains: A 

(
x < x′, y < y′

)
 , B (

x > x′, y < y′
)
 , C 

(
x < x′, y > y′

)
 , D 

(
x > x′, y > y′

)
 , as 

shown in Fig. 2b.
So:

(1) When x < x′, y < y′ , the initial state belongs to A, then 
the state point (0, 0) is an evolutionarily stable state 
(ESS), but it is ineffective. Namely, enterprises tend 
to choose the TEV production strategy, and consumers 
tend to choose the buy TEVs strategy. In this condition, 
the diffusion of NEVs has failed.

(2) When x > x′, y < y′ , the initial state belongs to B, the 
state point (1, 0) is an unstable equilibrium. It will 
evolve to saddle point ( x ′, y′). Namely, enterprises may 
tend to choose the NEV production strategy and also 
may tend to choose the TEV production strategy, and 
consumers may tend to choose the buy TEVs strategy. 
In this condition, the diffusion of NEVs is unstable.

(3) When x < x′, y > y′ , the initial state belongs to C, the 
state point (0, 1) is an unstable equilibrium. It will 
evolve to saddle point ( x ′, y′). Namely, enterprises may 
tend to choose the TEV production strategy, and con-

Fig. 2  The evolutionary phase 
graph of both players in the 
NEVs diffusion game

0
1

1

A

y’

x’ x xx’

y

y’

y

B

C D

0
1

1

A B

C D

(a) scenarios 1 (zero policy)   (b) scenarios 16(policy mix with all policies)

y0

x0xcsxcmxcsm x1

y

1

yem

yes

yesm

D1

Fig. 3  Dynamic saddle point diagram of NEV diffusion game under 
different scenarios

sumers may tend to choose the buy NEVs strategy and 
also may tend to choose the buy TEVs strategy. In this 
condition, the diffusion of NEVs is unstable.

(4) When x > x′, y > y′ , the initial state belongs to D, then 
the state point (1, 1) is an evolutionarily stable state 



1466 X. Liu et al.

1 3

(ESS), moreover it is effective. Namely, enterprises 
tend to choose the NEV production strategy, and con-
sumers tend to choose the buy NEVs strategy. In this 
condition, NEVs spread effectively among enterprises 
and consumers. Thus, the D 

(
x > x′, y > y′

)
 is the effec-

tive stable area of evolution game of NEV diffusion.

Then, using the same method, we can get the stability 
of the evolutionary equilibrium points with the five kinds 
of policy mix in the 16 scenarios. Based on Table 8, the 
dynamic saddle point diagram in all scenarios is shown in 
Fig. 3.

According to the above analysis, the first inference is 
obtained.

Inference 1: Only if the initial state both x and y belong to 
the effective stable area D, can the initial state point (x, y) be 
successfully evolved to the stationary point (1, 1). Namely, 
enterprises prioritize the NEV production strategy, and con-
sumers prefer the buy NEVs strategy in the diffusion process. 
Then the diffusion of NEVs is considered effective. The func-
tion of the effective stable area D is determined by the saddle 
point 

(
x′, y′

)
 , as shown in Eq. (16).

It is well known that the effective stable area is influenced 
by NEV policies, and this can be seen from Fig. 3. So, the defi-
nition of policy effect (PE) is measured by the variation range 
of the stable area. It is equal to the stable area with policy 
interference minus the stable area without policy interference.

Policy effect analysis

Type 1: (scenario 1)

When there is no NEV policy, function (16) can be rewrit-
ten as Eq. (17). It is a stable area (D1) without policy inter-
vention. Type 1 (scenario 1) is the base case.

Type 2 (scenarios 2–5)

When there is only one NEV policy, for example, the eco-
nomic in cash policy for enterprises, function (16) can 
be rewritten as Eq. (18), then its differential coefficient is 
obtained, as shown in Eq. (19).

(16)f (x, y) =
(
1 − x�

)
×
(
1 − y�

)

(17)

f (x, y) =
(
1 − x�

)
×
(
1 − y�

)
=

(
1 −

�
2
�
2
− �

2
p
2

�
1
�
1
− �

1
p
1
+ �

2
�
2
− �

2
p
2

)

×

(
1 −

c
1
− c

2
+ p

2

p
1
+ p

2

)

1 D-1: the effective stable area influenced by single policy, such as 
D2, D3, D4, D5.

Therefore, fw1
(x, y) is a monotone increasing function of 

economic subsidy coefficient 
(
w1

)
 for enterprises. For the 

saddle point, the horizontal ordinate remains unchanged, 
and the longitudinal coordinate moves downward, then the 
stable area D2 is bigger than D1. This means the probabil-
ity of NEV diffusion increases.

Using the same computing method, similar results are 
obtained with the other three scenarios, such as PES, PEM, 
PCM. Then the second inference is obtained.

Inference 2: If sales price, production cost and con-
sumer preferences remain unchanged, the effective stable 
area D-11influenced by s single policy is larger than the 
area D1 influenced by zero policy. The single policy effect 
is the difference, namely it equals D-1 minus D1.

Type 3 (scenarios 6–11)

On the condition that a policy mix contains only two 
NEV policies, for example, the economic in cash policy 
for enterprises and regulatory instruments for consumers, 
function (16) can be rewritten as Eq. (20). Then two partial 
differential functions are obtained as Eq. (21) and Eq. (22).

(18)

fw
1
(x, y) =

(
1 − x�

)
×
(
1 − y�

)

=

(
1 −

�
2
�
2
− �

2
p
2

�
1
�
1
− �

1
p
1
+ �

2
�
2
− �

2
p
2

)

×

(
1 −

−w
1
+ c

1
− c

2
+ p

2

p
1
+ p

2

)

(19)

f �
w1

(x, y) =

(
1 −

𝜎2𝛿2 − 𝜏2p2

𝜎1𝛿1 − 𝜏1p1 + 𝜎2𝛿2 − 𝜏2p2

)
×

1

p1 + p2
> 0

(20)

fw1,α1
(x, y) =

(
1 − x�

)
×
(
1 − y�

)

=

(
1 −

(
1 − θα1

)
�2�2 − �2p2(

1 + �1
)
�1�1 − �1p1 +

(
1 − θα1

)
�2�2 − �2p2

)

×

(
1 −

−w1 + c1 − c2 + p2

p1 + p2

)

(21)

f �
w1
(x, y) =

(
1 −

(
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2(

1 + 𝛼1
)
𝜎1𝛿1 − 𝜏1p1 +

(
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2

)

×
1

p1 + p2
> 0

(22)

f �
α
1

(x, y) =

(
1 −

−w
1
+ c

1
− c

2
+ p

2

p
1
+ p

2

)

×
𝜃𝜎

2
𝛿
2
U�

1CM
+ 𝜎

1
𝛿
1
U�

1CM

(
U�

1CM
+ U�

2CM

)2 > 0
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fw1,�1
(x, y) is a monotone increasing function of economic 

subsidy coefficient 
(
w1

)
 for enterprises, moreover it is also a 

monotone increasing function of consumer preference factor 
( �1 ). For the saddle point, the horizontal ordinate moves to 
the left, and the longitudinal coordinate moves downward, 
then the stable area D9 is bigger than D2 (or D4). This means 
the probability of NEV diffusion increases.

Using the same computing method, similar results are 
obtained for the other five scenarios, such as policy mix 
(PES, PEM), (PCS, PCM), (PES, PCS), (PEM, PCS) and (PEM, 
PCM). Then, we get the third inference.

Inference 3: When sales price, production cost and con-
sumer preference remain unchanged, the effective stable area 
D-22 influenced by a policy mix with two policies is larger 
than the area D-1 influenced by the corresponding single 
policy. If its policy effect is larger than the sum of the cor-
responding single policy effects of two policy instruments, 
the policy mix is in synergy. If its policy effect is equal to 
the sum of the corresponding single policy effects of two 
policy instruments, the policy mix is fully complementary.

Type 4 (scenarios 12–15)

In this case, when there is a policy mix combining three 
policies, for example, the economic in cash policy both 
for enterprises and consumers, and regulatory instruments 
for consumers, function (16) can be rewritten as Eq. (23). 
Three partial differential functions are obtained as shown in 
Eq. (24), Eq. (25) and (26).

(23)
fw1,w2,α1

(x, y) =
(
1 − x�

)
×
(
1 − y�

)

=

(
1 −

(
1 − θα1

)
�2�2 − �2p2(

1 + �1
)
�1�1 − �1

(
p1 − w2

)
+
(
1 − θα1

)
�2�2 − �2p2

)
×

(
1 −

−w1 + c1 − c2 + p2

p1 + p2

)

(24)f �
w1

(x, y) =

(
1 −

(
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2(

1 + 𝛼1
)
𝜎1𝛿1 − 𝜏1

(
p1 − w2

)
+
(
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2

)
×

1

p1 + p2
> 0

(25)f �
w2

(x, y) =
𝜏1
((
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2

)

((
1 + 𝛼1

)
𝜎1𝛿1 − 𝜏1p1 + 𝜏1w2 +

(
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2

)2 ×
w1 − c1 + c2 + p1

p1 + p2
> 0

(26)f �
α1
(x, y) =

𝜎1𝛿1
((
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2

)
+ θα2𝛿2

(
1 + 𝛼1

)
𝜎1𝛿1 − 𝜏1

(
p1 − w2

)

((
1 + 𝛼1

)
𝜎1𝛿1 − 𝜏1p1 + 𝜏1w2 +

(
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2

)2 ×
w1 − c1 + c2 + p1

p1 + p2
> 0

fw1,w2,α1
(x, y) is a monotone increasing function of eco-

nomic subsidy coefficient 
(
w1

)
 for enterprises, and economic 

subsidy coefficient 
(
w2

)
 for consumers. Moreover, it is also a 

monotone increasing function of consumer preference factor 
( �1 ). For the saddle point, the horizontal ordinate moves to 
the left, and the longitudinal coordinate moves downward, 
then the stable area D14 is bigger than D7 (D8 or D9). This 
means the probability of NEV diffusion increases.

Using the same computing method, similar results are 
obtained for the other three scenarios. The fourth inference 
is obtained.

Inference 4: If sales price, production cost and consumer 
preference remain unchanged, the effective stable area D-33 
influenced by policy mixes with three policies is larger than 
the area D-2 influenced by the corresponding policy mixes 
with two policies. Moreover, its policy effect is no less than 
the sum of the corresponding three single policy effects.

Type 5 (scenario 16)

When there is a policy mix combining all types of policies, 
namely economic in cash and regulatory instruments both 
for enterprises and consumers, function (16) can be rewrit-
ten as Eq. (27), then four partial differential functions are 
obtained, as in Eq. (28), Eq. (29), Eq. (30) and Eq. (31).

2 D-2: the effective stable area influenced by a policy mix of two pol-
icies, such as  D6,  D7,  D8,  D9,  D10,  D11.

3 D-3: the effective stable area influenced by a policy mix of three 
policies, such as D12, D13, D14, D15.
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fw1,γ1,w2,α1
(x, y) is a monotone increasing function of 

economic subsidy coefficient 
(
w1

)
 , and extra cost ( �1 ) for 

enterprises, economic subsidy coefficient 
(
w2

)
 for consum-

ers, consumer preference factor(�1 ). For the saddle point, 
the horizontal ordinate moves to the left and the longitudi-
nal coordinate moves downward, then the stable area D16 
is bigger than D14 (D12 or D13 or D15), which means the 
probability of NEV diffusion increases. The fifth inference 
is obtained.

Inference 5: When sales price, production cost and con-
sumer preference remain unchanged, the effective stable area 
D-44 influenced by a policy mix with four policies is larger 
than the area D-3 influenced by the corresponding policy 
mixes with three policies. Besides, its policy effect is larger 
than the sum of the corresponding single policy effects of 
four policy instruments.

(27)

fw1,γ1,w2,α1
(x, y) =

(
1 − x�

)
×
(
1 − y�

)

=

(
1 −

(
1 − θα1

)
�2�2 − �2p2(

1 + �1
)
�1�1 − �1

(
p1 − w2

)
+
(
1 − ��1

)
�2�2 − �2p2

)
×

(
1 −

−w1 − (1 + �)�1 + c1 − c2 + p2

p1 + p2

)

=

(
1 + �1

)
�1�1 − �1p1 + �1w2(

1 + �1
)
�1�1 − �1p1 + �1w2 +

(
1 − θα1

)
�2�2 − �2p2

×
w1 + (1 + �)�1 − c1 + c2 + p1

p1 + p2

(28)f
�

w1

(x, y) =

(
1 −

(
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2(

1 + 𝛼1
)
𝜎1𝛿1 − 𝜏1

(
p1 − w2

)
+
(
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2

)
×

1

p1 + p2
> 0

(29)f �
γ1
(x, y) =

(
1 −

(
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2(

1 + 𝛼1
)
𝜎1𝛿1 − 𝜏1

(
p1 − w2

)
+
(
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2

)
×

1 + 𝛽

p1 + p2
> 0

(30)f �
w2

(x, y) =
𝜏1
((
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2

)

((
1 + 𝛼1

)
𝜎1𝛿1 − 𝜏1p1 + 𝜏1w2 +

(
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2

)2 ×
w1 + (1 + 𝛽)𝛾1 − c1 + c2 + p1

p1 + p2
> 0

(31)f �
α1
(x, y) =

𝜎1𝛿1
((
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2

)
+ 𝜃𝜎2𝛿2

(
1 + 𝛼1

)
𝜎1𝛿1 − 𝜏1

(
p1 − w2

)

((
1 + 𝛼1

)
𝜎1𝛿1 − 𝜏1p1 + 𝜏1w2 +

(
1 − θα1

)
𝜎2𝛿2 − 𝜏2p2

)2 ×
w1 + (1 + 𝛽)𝛾1 − c1 + c2 + p1

p1 + p2
> 0

Simulation analysis

Our research takes the NEV BYD E6 and the TEV M6 as 
examples to simulate and verify the above inferences.

Data

The data were obtained from the official websites,5 and 
the case researched by Fan and Dong (2018). In China, the 
profit of the mainstream automobile enterprise is about 10%. 
According to the above analysis, give the unit of the first 
part parameters is wanyuan (CNY), p1 = 33.98 , p2 = 33.98 , 
c1 = 25 , c2 = 5.54 , w1 = 19.46 , w2 = 8.68 , �1 = 0.5 . And the 
second part parameters are given �1 = 50 , �2 = 40 , �1 = 1 , 
�2 = 1 , �1 = 1.2 , �2 = 1,�1 = 0.15 , � = 1 , � = 0.8 . According 
to the consumer surplus formulas (7)–(12), then U1 = 26.02 , 
U2 = 27.1 , U�

1CS
= 34.7 , U�

1CM
= 35.02 , U�

2CM
= 21.11 , 

U�
1CSM

= 43.7.

5 http://www.d1ev.com/,.http://www.bydau to.com.cn. http://www.
shang hai.gov.cn/. http://cafcn ev.miit-eidc.org.cn

4 D-4: the effective stable area influenced by a policy mix of four 
policies, such as D16.

http://www.d1ev.com/
http://www.bydauto.com.cn
http://www.shanghai.gov.cn/
http://www.shanghai.gov.cn/
http://cafcnev.miit-eidc.org.cn
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Fig. 4  a Type 1: when the saddle point x = 0.51, y = 0.69, b Type 2: when the saddle point x = 0.51, y = 0.28, c Type 3: when the saddle point 
x = 0.38, y = 0.28, d Type 4: when the saddle point x = 0.33, y = 0.28, e Type 5: when the saddle point x = 0.33, y = 0.26
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The simulation results of NEV diffusion evolutionary 
game

We verify the correctness of inference 1 through Matlab 
simulation according to the saddle point calculation formula 
of the evolutionary game (Table 8) and the data in Sect. 6.1. 
Matlab R2015a software was used to obtain the simulation 
results of NEV diffusion under five types of policy mix, as 
shown in Fig. 4. The specific analysis is as follows.

(1) Type 1 (scenario 1)

As shown in Fig. 4a, when there is zero policy, the sad-
dle point is (0.51, 0.69), and the effective stable area is D1 
(x > 0.51, y > 0.69).Only when the initial state belongs to 

D1, will it evolve to effective ESS (1, 1). Namely, enterprises 
are more likely to choose the making NEV E6 strategy and 
consumers tend to choose the buying NEV E6 strategy, the 
NEV E6 spreads effectively among enterprises and con-
sumers without policy intervention. When the initial state 
belongs to the other three areas (A, B and C), TEV M6 will 
dominate the market, and NEVs cannot spread effectively in 
the market. So, inference 1 in type 1 is verified.

(2) Type 2 (scenarios 2–5)

As shown in Fig. 4b, when there is only one policy, for 
example policy of  PES, the saddle point is (0.51,0.28), the 
effective stable area is  D2 (x > 0.51, y > 0.28) , it gets big-
ger than  D1. Only when the initial state belongs to D, will it 

Fig. 4  (continued)
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evolve to effective ESS (1, 1). Compared with Fig. 4a, the 
single policy effectively reduces the starting point of the 
effective diffusion rate of NEVs among consumer groups. 
When it belongs to the other three areas (A, B and C), TEV 
M6 will dominate the market, and NEVs cannot spread 
effectively in the market. So, inference 1 in type 2 is verified.

(3) Type 3 (scenarios 6–11)

As shown in Fig. 4c, when there is a policy mix which 
combines only two policies, for example policy mix (PES, 
PCM), the saddle point is (0.38, 0.28), the effective stable 
area is D9 (x > 0.38, y > 0.28) , it gets bigger than D2. Com-
pared with Fig. 4b, the policy mix effectively reduces the 
starting point of the effective diffusion rate of NEVs among 
producer groups. Also, only when the initial state belongs 
to D, will it evolve to effective ESS (1, 1). When it belongs 
to the other three areas (A, B and C), TEV M6 will dominate 
the market, and NEVs cannot spread effectively in the mar-
ket. So, inference 1 in type 3 is verified.

(4) Type 4 (scenarios 12–15)

As shown in Fig. 4d, when there is a policy mix which 
combines only three policies, for example policy mix (PES, 
PCS, PCM), the saddle point is (0.33, 0.28), the effective sta-
ble area is D14 (x > 0.33, y > 0.28) , it gets bigger than D9. 
Compared with Fig. 4c, the policy mix effectively reduces 
the starting point of the effective diffusion rate of NEVs 
among producer groups. Only when the initial state belongs 
to D, will it evolve to effective ESS (1, 1). When it belongs 
to the other three areas (A, B and C), TEV M6 will dominate 
the market, and NEVs cannot spread effectively in the mar-
ket. So, inference 1 in type4 is verified.
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Fig. 5  The graph of saddle point and the effective stable area of 
numerical simulation

Table 10  The results of numerical simulation

Types of policy mix scenario Policy mix forms saddle point (x, y) the effective stable area Policy 
effect 
(PE)

The types of interaction

No policy mix
Zero policy (1) 0 (0.51, 0.69) D1 = 0.1517 0.00 –
Only one policy (2) PES (0.51, 0.28) D2 = 0.3551 0.20

(3) PEM (0.51, 0.67) D3 = 0.1611 0.01 –
(4) PCS (0.44, 0.69) D4 = 0.1739 0.02
(5) PCM (0.38, 0.69) D5 = 0.1933 0.04

Policy mix
Only two policies (6) (PES, PEM) (0.51, 0.26) D6 = 0.3645 0.21 Complementarity

(7) (PCS, PCM) (0.33, 0.69) D7 = 0.2089 0.06 Complementarity
(8) (PES, PCS) (0.44, 0.28) D8 = 0.4070 0.26 Synergy
(9) (PES, PCM) (0.38, 0.28) D9 = 0.4523 0.30 Synergy
(10) (PEM, PCS) (0.44, 0.67) D10 = 0.1847 0.03 Complementarity
(11) (PEM, PCM) (0.38, 0.67) D11 = 0.2053 0.05 Complementarity

Only three polices (12) (PES, PEM, PCS) (0.44, 0.26) D12 = 0.4178 0.27 Synergy
(13) (PES, PEM, PCM) (0.38, 0.26) D13 = 0.4643 0.31 Synergy
(14) (PES, PCS, PCM) (0.33, 0.28) D14 = 0.4888 0.34 Synergy
(15) (PEM, PCS,  PCM) (0.33, 0.67) D15 = 0.2218 0.07 Complementarity

All polices (16) (PES, PEM, PCS, PCM) (0.33, 0.26) D16 = 0.5018 0.35 Synergy
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(5) Type 5 (scenario 16)

As shown in Fig. 4e, when there is a policy mix which 
combines four policies, for example policy mix (PES, PEM, 
PCS, PCM), the saddle point is (0.33, 0.26), the effective sta-
ble area is D16 (x > 0.33, y > 0.26) , it gets bigger than  D14. 
In addition, only when the initial state belongs to D, will 
it evolve to effective ESS (1, 1). Compared with Fig. 4d, 
the policy mix effectively reduces the starting point of the 
effective diffusion rate of NEVs among consumer groups. 
And compared with the single policy (Fig. 4b), the policy 
mix effectively reduces the starting point of the effective dif-
fusion rate of NEVs among producer groups and consumer 
groups. At this point, the producer group and consumer 
group of NEVs tend to effectively spread through the start-
ing point of the market rate is relatively low. However, when 
it belongs to the other three areas (A, B and C), TEV M6 will 
dominate the market, and NEVs cannot spread effectively in 
the market. So, inference 1 in type 5 is verified.

Simulation results of policy effect of NEVs diffusion

The simulation results of specific cases are used to verify 
the correctness of inferences 2 to 5 in Part 5, and the pol-
icy effects under the five types of policy mix are analyzed. 
According to the saddle point calculation formula of the evo-
lutionary game (Table 8), the effective stability area function 
(Formula 16), and the definition of policy effect and data in 
Part 6.1, the equilibrium points and policy effects under five 
kinds of policy mix are calculated, as shown in Fig. 5 and 
Table 10. The concrete analysis is as follows.

The NEV E6 spreads freely in the market without policy 
intervention. The saddle point position is (0.51, 0.69), and 
the corresponding effective stable area D1 is 0.1517. The 
area D1 is the base stable state space.

The NEV E6 diffuses under the influence of a single 
policy which contains four scenarios, from 2 to 5. The sad-
dle points are (0.51, 0.28), (0.51, 0.67), (0.44, 0.69), (0.38, 
0.69), and the corresponding effective stable areas are 
D2 = 0.3551, D3 = 0.1611, D4 = 0.1739 and D5 = 0.1933. And 
D2 > D5 > D4 > D3 > D1. In addition, the corresponding pol-
icy effects are  PE2 = 0.20,  PE3 = 0.01,  PE4 = 0.02,  PE5 = 0.04. 
Among the four policies, the policy of economic in cash 
for enterprises is the most effective, followed by consumer-
oriented regulation instruments and purchase subsidy policy, 
while the regulatory policy for enterprises is the least effec-
tive. Therefore, inference 2 is verified.

The NEV E6 diffuses under the influence of policy mixes 
combining only two policies, the corresponding scenarios are 
from 6 to 11. Then the saddle points are (0.51, 0.26), (0.33, 
0.69), (0.44, 0.28), (0.38, 0.28), (0.44, 0.67) and (0.38, 0.67). 
And the corresponding effective stable areas are D6 = 0.3645, 
D7 = 0.2089, D8 = 0.4070, D9 = 0.4523, D10 = 0.1847, 

D11 = 0.2053. And D9 > D8 > D6 > D7 > D11 > D10 . They 
are all larger than the area influenced by the corresponding 
single policy. Their policy effects are 0.21, 0.06, 0.26, 0.30, 
0.03 and 0.05, respectively. These policy mixes, such as 
(PES, PEM), (PCS, PCM), (PEM, PCS) and (PEM, PCM) belong to 
the type of full complementarity because their effect equals 
to the sum of the effects of the corresponding single policy 
tool. The two policy mixes, such as (PES, PCS) and (PES, 
PCM) belong to the type of synergy because their policy 
effects are larger than the sum of the effects of the corre-
sponding single policy instruments. In addition, among the 
six policy mixes, the policy mix of (PES, PCM) is the most 
effective, and the policy mix of (PEM, PCS) is the least effec-
tive. Therefore, inference 3 is verified.

The NEV E6 diffuses under the influence of policy mixes 
combining only three policies, the corresponding scenarios 
are from 12 to 15. The saddle points are (0.44, 0.26), (0.38, 
0.26), (0.33, 0.28) and (0.33, 0.67). The corresponding effec-
tive stable areas are D12 = 0.4178, D13 = 0.4643, D14 = 0.4888, 
D15 = 0.2218. And D14 > D13 > D12 > D15 . Their policy 
effects are 0.27, 0.31, 0.34 and 0.07, respectively. They are 
larger than the effects of the policy mixes combining the 
corresponding two policies, and no lower than the sum of 
the effects of the corresponding three single policy instru-
ments. These policy mixes, such as (PES, PEM, PCS), (PES, 
PEM, PCM) and (PES, PCS, PCM), belong to the type of synergy. 
The policy mix of (PEM, PCS, PCM) belongs to the type of full 
complementarity. In addition, among the four policy mixes, 
the effect of the policy mix of (PES, PCS, PCM) is the most 
effective, and it is the smallest for the policy mix of (PEM, 
PCS, PCM). Therefore, inference 4 is verified.

The NEV E6 diffuses under the influence of policy mixes 
combining all four policies. The saddle point is (0.33, 0.26). 
The corresponding effective stable area is 0.5018, and the 
policy effect is 0.35. And D16 > D14 > D13 > D12 > D15 . 
Moreover, PE16 > PE2 + PE3 + PE4 + PE5 . So, the policy 
mix of (PES, PEM, PCS, PCM) belongs to the type of synergy. 
It is more effective than others in promoting the diffusion of 
NEV E6. Therefore, inference 5 is verified.

In sum, the five inferences are all obtained and verified. 
Comparing the policy effects under all policy scenarios, the 
results are shown as Eq. (32).

Conclusions and policy implications

Different from previous studies on the effect of a single 
policy or multiple single policies, we focus on the impact 
of policy mixes on the diffusion of NEVs. First, we propose 
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a new policy mix framework of NEV policy instruments: 
producer-orientation vs. consumer-orientation instruments, 
economic in cash vs. regulatory instruments, and this frame-
work can serve as a reference for quantitative research. Then, 
by referring to the concept of the stable area in evolution-
ary game theory, we propose a definition of policy effect. 
That is, the effect of policy mixes on the diffusion of NEVs 
through the difference of the effective stable area under 
two types of policy mix. Based on the evolutionary game 
method, the quantitative theoretical derivation and simula-
tion verification of the effects of policy mixes are carried 
out. Our research conclusions have important reference sig-
nificance for the government to follow corresponding policy 
mix strategies at different stages of NEV diffusion. And the 
following conclusions can be drawn.

1. In the initial stage without policy, due to the existence of 
negative externalities, the production desire of manufac-
turers of NEVs and the consumption desire of consum-
ers are relatively low. NEVs cannot be effectively and 
rapidly spread at this stage, unless with policy inter-
vention or combining other measures. This is consistent 
with the results of other research (Fan and Dong 2018). 
Therefore, the government should adopt a diversified 
policy mix strategy, comprehensively using producer-
oriented and consumer-oriented economic in cash poli-
cies and regulatory policies, and the policy mixes should 
be dominated by economic in cash policies.

2. Of single policies, producer-oriented economic in cash 
policy plays the greatest role, which is consistent with 
the research of Fan and Dong (2018). We further find 
that the effect of the consumer-oriented regulatory 
policy is greater than the purchase subsidy policy. The 
study of Kong et al. (2020) confirms the positive role of 
the two policies on NEV diffusion, but they did not ana-
lyse the joint effect of the two policies. We have studied 
it and found that the policy mix composed of the same 
type of policies (several policies belonging to producer-
oriented policies or consumer-oriented policies) is gen-
erally complementary, while the policy mix composed 
of producer-oriented tools and consumer-oriented tools 
is generally synergistic. According to the characteris-
tics of various policies, the government should compre-
hensively consider the market subjects of supply and 
demand, and reasonably match the economic in cash 
policies and regulatory policies. Only in this way can 
the policy mixes give full play to its complementary or 
synergistic effect and effectively promote NEV diffu-
sion.

3. Compared with a single policy, a policy mix can effec-
tively accelerate the diffusion of NEVs. The saddle point 
and the stable area of NEV diffusion are both influenced 
dramatically by NEV policies. Different policy mixes 

have different impacts on the diffusion of NEVs. With 
increasing production and consumption, the government 
should adopt policy mixes mainly composed of regula-
tory instruments. At this stage, the policy mixes should 
shift from focusing on using economy in cash instru-
ments to regulatory instruments.

Therefore, some suggestions are proposed for govern-
ment, as follows.

Governments should adopt different policy mixes at the 
different stages of NEV diffusion. (1) In the early stages of 
NEV diffusion, the government should implement a variety 
of policy mixes which include both producer-orientation and 
consumer-orientation instruments and maximize the synergy 
and complementarity between policy tools. At this stage, 
the producer-oriented and consumer-oriented economy in 
cash instruments in the policy mixes are essential, such as 
research and development subsidies, innovative products of 
car bonus, purchase subsidies, etc. And the policy mixes 
should encourage enterprises to carry out technological 
innovation and promote the diffusion of new NEV technolo-
gies. (2) With the increase of the diffusion rate of NEVs, 
when NEVs achieve a certain market share, the government 
should consider the administrative cost and policy effect, 
and gradually reduce the intensity of policy mixes. In the 
policy mixes, the regulatory instruments should then take 
priority, such as the carbon emission trading policies, traffic 
restriction policies, green license plate policies and so on. 
And government can regulate and constrain the behavior of 
the market players, such as enterprises and consumers, and 
promote the diffusion of NEVs.

There are some limitations in our research. Firstly, we do 
not consider assigning specific values to all NEV policies, 
such as green license plates and traffic restrictions, which 
were quantified according to the same qualitative vari-
able. Secondly, we use the deterministic evolutionary game 
method. We focus on studying the impact of policy mixes on 
NEV diffusion and do not consider the fluctuations caused 
by random factors or major emergencies such as COVID-19 
on the impact of policy mixes and the diffusion of NEVs. 
Thirdly, this article is a validation of policy mix practice, so 
we also do not take the optimal range of policy parameters 
into account. In future, more factors will be introduced to 
make the model more realistic. And we will also pay atten-
tion to the research on parameter collocation optimization 
of policy mixes.

Acknowledgements This work is supported by the Key Project of 
Philosophy and Social Sciences Research of Ministry of Education of 
PRC of China (Grant No. 15JZD017), National Social Science Foun-
dation of China (Grant No. 13AZD015). The authors would like to 
thank the reviewers for their valuable comments and suggestions for 
improvements.



1474 X. Liu et al.

1 3

References

Bastin C, Szklo A, Rosa LP (2010) Diffusion of new automotive tech-
nologies for improving energy efficiency in Brazil’s light vehicle 
fleet. Energy Policy 38(7):3586–3597

Borrás S, Edquist C (2013) The choice of innovation policy instru-
ments. Technol Forecast Soc Change 80(8):1513–1522

DelRío P (2014) On evaluating success in complex policy mixes: 
the case of renewable energy support schemes. Policy Sci 
47(3):267–287

Ewing G, Sarigollu E (2000) Assessing consumer preferences for 
clean-fuel vehicles: a discrete choice experiment. J Publ Policy 
Mark 19(1):106–118

Fabrizi A, Guarini G, Meliciani V (2018) Green patents, regulatory pol-
icies and research network policies. Res Policy 47(6):1018–1031

Fan R, Dong L (2018) The dynamic analysis and simulation of govern-
ment subsidy strategies in low-carbon diffusion considering the 
behavior of heterogeneous agents. Energy Policy 117:252–262

Flanagan K et al (2011) Reconceptualising the “policy mix” for innova-
tion. Res Policy 40(5):702–713

Gong H et al (2013) New energy vehicles in China: policies, dem-
onstration, and progress. Mitig Adapt Strateg Glob Change 
18(2):207–228

Guan X et al (2016) The behavior of consumer buying new energy 
vehicles based on stochastic evolutionary game. Filomat 
30(15):3987–3997

Guerzoni M, Raiteri E (2015) Demand-side vs. supply-side technol-
ogy policies: hidden treatment and new empirical evidence on the 
policy mix. Res Policy 44(3):726–747

Kong D et al (2020) Effects of multi policies on electric vehicle dif-
fusion under subsidy policy abolishment in China: a multi-actor 
perspective. Appl Energy 266:114887

Lanahan L, Feldman MP (2015) Multilevel innovation policy mix: a 
closer look at state policies that augment the federal SBIR pro-
gram. Res Policy 44(7):1387–1402

Langbroek JHM et al (2016) The effect of policy incentives on electric 
vehicle adoption. Energy Policy 94:94–103

Levay PZ et al (2017) The effect of fiscal incentives on market penetra-
tion of electric vehicles: a pairwise comparison of total cost of 
ownership. Energy Policy 105:524–533

Li JJ et al (2019) An evolutionary analysis on the effect of government 
policies on electric vehicle diffusion in complex network. Energy 
Policy 129:1–12

Li Y, Zhang Q, Liu B et al (2018) Substitution effect of new-energy 
vehicle credit program and corporate average fuel consumption 
regulation for green-car subsidy. Energy 152:223–236

Ma SC et al (2017) An evaluation of government incentives for new 
energy vehicles in China focusing on vehicle purchasing restric-
tions. Energy Policy 110:609–618

Magro E, Wilson JR (2013) Complex innovation policy systems: 
towards an evaluation mix. Res Policy 42(9):1647–1656

Marousek J et al (2012) The use of underwater high-voltage discharges 
to improve the efficiency of Jatropha curcas L. biodiesel produc-
tion. Biotechno Appl Biochem 59(6):451–456

Marousek J et al (2015) Financial and biotechnological assessment of 
new oil extraction technology. Energy Sources Part A Recovery 
Util Environ Eff 37(16):1723–1728

Melton N et al (2017) Evaluating plug-in electric vehicle policies in 
the context of long-term greenhouse gas reduction goals: Compar-
ing 10 Canadian provinces using the “PEV policy report card.” 
Energy Policy 107:381–393

Rogge KS, Reichardt K (2016) Policy mixes for sustainability transi-
tions: an extended concept and framework for analysis. Res Policy 
45(8):1620–1635

Schmidt TS, Sewerin S (2019) Measuring the temporal dynamics of 
policy mixes – an empirical analysis of renewable energy policy 
mixes’ balance and design features in nine countries[J]. Res Policy 
48(10):103557

Silvia C, Krause RM (2016) Assessing the impact of policy interven-
tions on the adoption of plug-in electric vehicles: an agent-based 
model. Energy Policy 96:105–118

Smith JM, Price GR (1973) The logic of animal conflict. Nature 
246(5427):15–18

Taylor PD, Jonker LB (1978) Evolutionarily stable strategies and game 
dynamics. Math Biosci 40(1–2):145–156

Wang N et al (2017) Assessment of the incentives on electric vehicle 
promotion in China. Transp Res Part A Policy Pract 101:177–189

Xu L et al (2016) The impact of government fiscal behavior on the 
manufacturer’s decision under the background of low-carbon. Ind 
Eng J 19(3):30–36

Xu L, Su J (2016) From government to market and from producer 
to consumer: transition of policy mix towards clean mobility in 
China. Energy Policy 96:328–340

Zhang X, Bai X (2017) Incentive policies from 2006 to 2016 and new 
energy vehicle adoption in 2010–2020 in China. Renew Sustain 
Energy Rev 70:24–43

Zhang X et al (2013) The impact of government policy on preference 
for NEVs: the evidence from China. Energy Policy 61(2):382–393

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	The impact of policy mixes on new energy vehicle diffusion in China
	Abstract 
	Graphical abstract
	Introduction
	Literature review
	Policy mixes
	Government policies and NEV diffusion

	A framework of NEV policy mixes
	A new quadruple policy instrument typology
	NEV policy mixes

	The evolutionary game model of NEV diffusion
	Assumptions
	Parameters
	Corporate profits
	Consumer surplus
	The evolutionary game model

	Model analysis
	The existence of an equilibrium solution
	Equilibrium analysis of the model of NEV diffusion
	Policy effect analysis
	Type 1: (scenario 1)
	Type 2 (scenarios 2–5)
	Type 3 (scenarios 6–11)
	Type 4 (scenarios 12–15)
	Type 5 (scenario 16)


	Simulation analysis
	Data
	The simulation results of NEV diffusion evolutionary game
	Simulation results of policy effect of NEVs diffusion

	Conclusions and policy implications
	Acknowledgements 
	References




