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ABSTRACT 
Due to the current booming growth of electric 

vehicles (EVs), the insufficiency of charging infrastructure 
(CI) distributions has become one of the key obstacles to 
the potential expansion of the EV market. To further 
upgrade the Electric vehicles Charging infrastructure 
(EVCI) in the UK, governments have launched multiple 
incentives to encourage EVCI deployment and 
investment from the industry. In order to measure the 
effectiveness and feasibility of the current policies and 
seek other potential measurements, this paper applies 
an evolutionary game analysis integrated with complex 
network topologies, which aims to probe into the 
interactions and competitiveness between stakeholders. 
It contributes to practitioners and academia in the 
following aspects: (1) thorough insights into EVCI 
markets by modelling the evolution of EVCI distribution 
under heterogeneous incentives. (2) an equilibrium of 
EVCI deployment in the evolution process and elucidates 
the different impacts of incentives. (3) a whole network 
involving the main stakeholders, governments, EVCI 
investors, and end-users, facilitating an effective policy 
framework. 
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NONMENCLATURE 

Abbreviations  

EV Electric vehicles 
CI Charging infrastructure 
CV Conventional Vehicles 
GHG Greenhouse gases 

1. INTRODUCTION 
The transportation sector is recognized as one of the 

primary contributors to greenhouse gas (GHG) 
emissions, promoting governments all over the world to 
actively engage in endeavors to mitigate carbonization 
[1]. The transformation from Conventional Vehicles (CVs) 
to Electric Vehicles (EVs) and the deployment of the 
charging infrastructure is widely acknowledged as the 
most promising way to support the decarbonization 
process [2]. This progress is further accelerated by 
advancements in vehicular technologies and the 
implementation of supportive measures and incentives 
by national governments [3]. To address the challenge of 
the growing demand for EV charging and the current 
limitations in infrastructure, the UK government has set 
ambitious goals of installing 300,000 public charging 
stations by 2030, aiming to overcome the current count 
of 34,637 electric vehicle charging points across the 
country [4]. Despite these initiatives, the disparity 
between charging demand and the existing 
infrastructure presents an obstacle to the further 
development of EVs. In response, the UK government 
has introduced various policy incentives to promote the 
installation of charging infrastructure (CI). 

Finding the appropriate ratio of EVCI to traditional 
gas stations requires consideration of the perspectives of 
three key stakeholders: governments, EVCI investors, 
and EV-users [3]. In the real market scenario, the 
construction of CI was significantly influenced by the 
income of EVCI investors [5]. Subsidies and taxation 
policies on energy stations, released by governments, 
directly impact the profit of EVCI and gas stations. 
Simultaneously, consumer preferences for EVs or CVs, 
which lead to the demand for EV charging and Gas 
refilling, would shape the utilization patterns and 
connection between different energy stations [6]. The 
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following questions are proposed in this paper: (1) How 
do consumer preferences affect the diffusion of ECVI? (2) 
How to accelerate and promote the investment in EVCI 
market? (3) How do the policies influence the 
distribution of CI and the ratio of energy stations? 

The existing literature highlights the significance of 
heterogeneous incentives. Helmus et al. evaluated the 
economic performance of CI based on demand-driven 
and supply-driven strategies, with the Netherlands as the 
case study [7]. Fang et al. defined EVCI deployment as the 
process of EVCI investment strategy and investigated the 
dynamic impacts of policy incentives [5]. Meanwhile, 
consumer preferences play a crucial role in shaping the 
adoption of EVCI by influencing vehicle choices. Tan and 
Lin surveyed the attitudes of EV users in the major cities 
in China, but there is a need to consider and evaluate the 
opinions of users from various cities to avoid potential 
biases in the findings [8]. Li et al., as one of the earliest 
researchers brought up the idea of applying dynamic 
evaluation to the diffusion of EVCI, constructed a multi-
sectorial stochastic evolutionary game model, aiming to 
strike a balance between the supply and demand of EV 
charging and CI [9]. Huang et al. also applied the 
evolutionary game model to explore the interactions 
under static and dynamic policies released by 
governments, to promote public–private partnership 
cooperation in EVCI planning [10]. 

Recently, the UK government published aggressive 
emission targets, aiming to halt the sale of new petrol 
and diesel CVs by 2030 and achieve zero tailpipe 
emissions goals from new energy vehicles by 2035[11]. 
To encourage EVCI deployment, the government is 
offering grants for over £80 million, aiming to cover 75% 
of the installation cost for EV chargepoints, with the 
focus on workplaces and residential areas [12]. These 
incentives provide plain guidelines for EVCI operators 
and underscore the significance of forming a robust EVCI 
market and a sustainable infrastructure network. 

This paper commences by introducing the prevailing 
incentive policies pertaining to EVCI in the UK, utilizing 
construction subsidies as a representative example. 
Subsequently, a network-based evolutionary game 
analysis is employed to assess the competitive dynamics 
among diverse energy stations, encompassing their 
integration into the network and an exploration of how 
incentives impact both individual stations and the 
relationships between neighboring entities. 
Furthermore, this paper simulates the impacts of the 
market under various scenario depths, thus furnishing 
precise and actionable recommendations for 
governmental authorities. 

2. METHODS  
Currently, the amount of EVCI is not sufficient in the 

UK. To promote the construction of charging 
infrastructure, the network based evolutionary game 
model was applied to assess the future demand for EV 
charging and to strategize the appropriate allocation of 
EVCI resources. The primary objective of this research is 
to invigorate the market and attract increased 
investment from stakeholders interested in the domain 
of EV charging, whose determination would be greatly 
influenced by the income of projects and the profits. 
Consequently, the revenue generated by an EVCI is 
contingent upon factors such as the initial investment, 
government subsidies and taxation policies, energy 
prices during construction, usage, and upgrades, as well 
as the income derived from nearby residents. By 
analyzing and optimizing these variables, this study 
endeavors to contribute to the advancement of the EV 
charging sector in the UK. 

The network based evolutionary game analysis is 
proposed in this paper. There are N stations concerned 
in the game and every station is affected by other 
stations around it, which creates competition with its 
neighbors. For the investors, they have two strategies in 
the energy stations, CI or GS. The decision from investors 
would be determined by the profit of stations for their 
profit-driven determination which needs the incentives 
from the government. In each round of the simulation, 
on a given station i, if its neighbors are the same type as 
i, the station i and its neighbors would share the net 
profit of the local area. If the neighbors are not the same 
as station i, and the neighbors get lower profit than i, 
they would have a certain probability to copy the 
strategy of station i and turn to the same type as i and 
vice versa. Based on this completive mechanism of each 
station, they would need to be considered in the network 
system, wherein the network topology was applied. In 
this paper, the small world complex network is applied, 
and the connections of stakeholders are viewed in this 
network. Fig.1 shows the temporal snapshots of the 
characteristics of energy stations in the complex 
network. The results of the simulation were the average 
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number of 10 iterations which aim to avoid the 
exaggerated randomness of the network. 

3. RESULTS AND DISCUSSION 

3.1 The influence of balanced and unbalanced policies 

In accordance with the policies released by the UK 
government, a notable observation reveals that the 
majority of these policies can be categorized as static, 
falling into two distinct classes: balanced policies and 
unbalanced policies. The notion of "unbalanced policy" 
refers to governmental measures exclusively targeting 
EVCI. Specifically, this paper focuses on the subsidies 
disbursed by the UK government in support of EVCI. The 
concept of "balanced policy" encompasses measures 
aimed at both EVCI and GS, encompassing subsidies and 
taxation. In this study, these policies were assumed to be 
equivalently applied for simplicity. The data used in this 
paper was collected from the UK government [4] [11] 
[12]. The outcomes of these two policy types are visually 
represented in Figure 2 and Figure 3. G and F in the 
figures refer to the amount of subsidies and taxation. 

Figure 2 illustrates the dynamics of EVCI occurrence 
within the network, under various instances of 
unbalanced policies. Specifically, the proportion of EVCI 
exhibits considerable fluctuations, particularly when the 
subsidy is lower than 4000 USD, and diminishes further 
when the subsidy reaches its minimal amount, 
effectively reaching zero. Notably, marginal differences 
are evident between scenarios where the subsidy stands 
at zero or 2000 USD, as indicated by the orange and blue 
lines. However, when the subsidy reaches 4000 USD, the 
proportion of EVCI is maintained at a level close to its 
initial value. In contrast, a substantial surge in the 
proportion of EVCI is witnessed within fewer than 20 
rounds, as the subsidy surpasses 5000 USD. At this point, 
the proportion of EVCI reaches 60% and maintains a 
steady level. In order to attain an additional 20% increase 

in the proportion of EVCI, the subsidy would need to be 
doubled, rising to 10,000 USD.  

Based on the findings depicted in Figure 2, it can be 
deduced that a subsidy of 10,000 USD represents a 
reasonable amount, given that even with an additional 
5000 USD increase in the subsidy, the proportion of EVCI 
does not demonstrate a significant disparity. 
Consequently, from a fiscal budget perspective, it is 
evident that 10,000 USD is the most suitable amount for 
the static subsidy policy. 

The market's stability may be compromised if 
governments solely focus on implementing subsidy 
policies, given the relatively limited degree of self-
accommodation exhibited by the free market [5]. In such 
circumstances, it becomes necessary to consider 
implementing complementary policies, particularly 
those directed towards GS, and taxation emerges as a 
common approach. This study adopts a perspective that 
accounts for balanced policies, involving the 
simultaneous application of subsidies and taxation. As 
depicted in Figure 3, when both subsidies and taxation 
remain below 2000 USD, the proportion of EVCI 
experiences fluctuations before stabilizing at 
approximately 20%. However, a significant and rapid 
surge in the proportion of EVCI occurs when balanced 
policies reach 3000 USD for both EVCI and GSs, leading 
to a stable proportion of 80% for EVCI. However, as the 
balanced policies continue to increase, there is no 
substantial impact on the EVCI market share, as evident 
from the representation of the green, red, and purple 
lines.  

 
Fig.1 Temporal snapshots of the characteristics of energy stations in the complex network 



 4  

 
Fig.2 The percentage of EVCI market share under unbalanced 

policy 

 
Fig.3 The percentage of EVCI market share under 

balanced policy 
Based on the findings presented in Figure 2 and 

Figure 3, it becomes evident that balanced policies 
exhibit notable advantages over unbalanced policies on 
the aspect of the promotion of EVCI. Achieving an 80% 
market share of EVCI necessitates only one-third of the 
resources consumed by unbalanced policies. This 
disparity in resource consumption demonstrates the 
greater efficiency and cost-effectiveness of balanced 
policies in promoting EVCI. 

3.2 The influence of consumer preferences 

The inclination of consumers towards different 
types of vehicles plays a crucial role in the promotion of 
EVCI. This correlation is elaborated in Figure 4, which 
showcases the relationship between consumer choices 
and the percentage of EVCI. This picture demonstrates a 
clear trend wherein an increase in the proportion of EV 
users leads to a corresponding rise in the percentage of 
EVCI. When only 20% of consumers opt for EVs, the 
market share of EVCI experiences fluctuations, resulting 
in a decrease. However, with a rise in the percentage of 
EV users to 30%, the market share of EVCI stabilizes 
around its original status. When the proportion of EV 

users reaches 40% in the market, there is a substantial 
and sustained surge in the market share of EVCI, 
stabilizing at approximately 80%. 

This picture reveals the significance of early-stage 
consumer preference for EVs in fostering the growth of 
the EVCI market. Accordingly, it becomes imperative for 
the government to implement policies aimed at 
encouraging consumers to choose EVs during the 
decision-making process. By ensuring that the 
proportion of EV-preferred users attains 40%, a 
substantial market share of EVCI can be achieved, also at 
around 80%. 

 
Fig. 4 The percentage of EVCI market share under different 

consumer preference 

4. CONCLUSIONS 
The increasing consumer interest in EVs 

underscores the pressing need for an adequate amount 
of EVCI. Presently, the UK's EVCI remains relatively low 
compared to other countries, but its market potential is 
substantial. To address this concern, this paper proposes 
a network-based evolutionary game model to gain 
insights into the role of government influence and 
identify suitable measures. 

Based on the simulation results, several key 
conclusions can be drawn. First, both balanced and 
unbalanced policies exert significant influence on the 
market share of EVCI. Second, when compared to 
unbalanced policies, balanced policies prove more 
advantageous for fiscal budget management and 
efficiency enhancement. Balanced policies could 
stimulate the market and mitigate investor sluggishness 
effectively. Third, government intervention in the EV 
selling market is necessary to encourage greater 
development of EVCI. By promoting EV users to 
constitute 40% of the market, substantial progress in 
EVCI can be achieved. Last, the simulation reveals an 
upper limit to the increase in EVCI market share, 
approximately reaching 80%. 

The insights from this study offer valuable guidance 
to governments when designing policies to boost the 
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EVCI market share. Financial support and effective 
promotional strategies are pivotal, as demonstrated by 
the initial stagnation of market share in the absence of 
government intervention. Additionally, the energy 
station market is expected to persistently include both 
EVCI and GS due to varying consumer preferences. This 
study identifies the upper limit of EVCI market share, 
which encompasses approximately 80% of all energy 
station types. 

Nonetheless, certain limitations must be 
acknowledged. On the one hand, the consideration of 
hybrid EV necessitates further attention. In this paper, 
hybrid EVs demands are simplified into ordinary EVs, 
which needs future investigations into more specific 
vehicle categories. On the other hand, as the EVCI 
proportion grows, subsidy adjustments could alleviate 
the fiscal budget burden. Hence, dynamic policy changes 
catering to shifts in the CI and GS market shares over an 
extended period should be considered in future research 
endeavors. 
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