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The electric vehicle (EV) has proven to be a workable solution to minimizing

environmental pollution. The EV has generally received substantial attention

from both individual customers and corporate users. The EV has transformed

remarkably and in recent years emerged as themost quickly developing section

of the automobile industry. China has proven to be an outstanding country in

enhancing the manufacture and marketing of EVs. Nevertheless, green

environment, charging infrastructure and technology are the three main

challenges leading to slowing down the penetration progress of EVs into the

Greater Bay Area (GBA) of China. This study aims to report the existing

development of the EV industry in China. Then, it elaborates on national

policies to facilitate the enlargement of charging infrastructures, explains

how to stimulate the development of charging infrastructure at the national

level, discusses the implementation dilemma at the provincial and city levels,

and highlights the challenges and policy gaps. Finally, it addresses some issues,

challenges, progress and implications for improving the EV penetration in the

GBA in the forthcoming years.
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1 Introduction

Electric vehicle (EV) refers to automobiles that run using electric motors that derive

power from batteries that receive charge from other sources (Hove and Sandalow, 2019).

China has proven to be more technologically advanced in matters of EV charging utilities

and has been identified as one of the largest consumers of EVs; a sizeable number of the

consumers are from the middle class (Masiero et al., 2016). China has more technical

development in EV charging infrastructures mainly because it is amongst the leading

nations in the advancement of battery manufacturing. Pan (2020) claimed that China is

the leading global EV charging station market. He points out that in 2019, the mainland

set in place over 1,000 EV charging units daily. Recently, the majority of areas in China,

especially the Greater Bay Area (GBA), possess an average estimate of 2,000 communal

charging docks. Key factors such as the increased sales of EVs in China have contributed
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to the rise in the need for swift charging docks (Mordor

Intelligence, 2022). Subsequently, technological advancements

in charging infrastructures cater to the high demands. Recent

technical advancements in China, specifically in the GBA include

fast charging, bidirectional EV chargers, integrated chargers,

wireless chargers and smart charging.

Amongst the current technological improvements in the EV

charging utilities in the GBA is bidirectional EV chargers. For a

while now, the EVs’ charging system mostly entails cables and

plugs (Hove and Sandalow, 2019). Nevertheless, the charging

business continues to progress due to the improvements in

technology. The shift is more towards digital, smart

technology. The most prevalent type of charging for EVs that

has been utilized in Hong Kong is the unidirectional battery

chargers (Tan et al., 2015). Unlike these unidirectional chargers,

bidirectional EV chargers operate on the principle that the

electric flow occurs in two directions instead of one.

According to Tan et al. (2015), the technology comprises two

main components, alternating current (AC) to direct current

(DC) converters. The second element of bidirectional battery

chargers is the DC to DC converters. The AC converters’ main

function is to change the AC coming from the power grid into

DC, which charges the batteries. The AC to DC converter also

inverts the DC back to AC and drives it back to the main grid,

hence the term “bidirectional” (Tan et al., 2015). GBA especially

in Hong Kong, is set on utilizing bidirectional batteries because

one of its main advantages is that it incorporates renewable

energy resources similar to wind turbines. This benefit goes hand

in hand with the strategy of the Hong Kong roadmap initiative

administration to use clean energy amenities that do not harm

the environment (Electric vehicle regulation and law in China,

2018). These resources are uncertain because they largely rely on

the state of the climate. Sunny, calm weather (i.e., no air motion)

are more favourable for better working conditions than rainy

weather. Bidirectional charging technologies have made

integrating such energy sources easier by exploiting the

portability of EV charging infrastructure to function as an

energy buffer depository and distributor.

Fast charging is also a recent technical progression that

specialists have made in EV charging infrastructures. EV

developers seek to advance EV charging infrastructures

further to improve the dissemination of EVs because higher-

quality materials attract several customers. One of the obstacles

that hinder the purchase of EVs by the public is poor charging

infrastructures. The impoverished charging infrastructures

include long recharging hours, usually more than 8 h, which

is the standard time for recharging. The developers exploit such

shortcomings to bring about technological advancements.

Hence, EV charging companies in China such as Wenzhou

Bluesky Energy Technology Company have developed

technologies that support the fast charging of batteries to

eliminate time wastage (Yong et al., 2015). The government of

Hong Kong has come up with a new framework called Hong

Kong Roadmap on the Hong Kong Roadmap on Popularization

of Electric Vehicles (2021) that outlines the incorporation of fast

charging. According to the plans, the administration is

determined to improve the effectiveness of chargers by

upgrading from standard to medium chargers (Electric vehicle

regulation and law in China, 2018). The fast charging of EVs is

mainly supported by new battery inventions such as the lithium-

based battery (Lin et al., 2010). These batteries enable fast

charging because they have elevated energy densities and

power density. The bidirectional technique also enables fast

charging because of the additional DC to DC converters.

These converters ensure that less energy is wasted by

conserving power, thus resulting in swift charging.

Integrated, portable EV battery chargers are also new

technologies in charging facilities for EVs in GBA (Yong

et al., 2015). The charging mechanisms of the integrated

battery transpire once the vehicle stops moving. Many benefits

are associated with integrated EV battery chargers, such as low

costs. Given that they use the components already used to build

the vehicle, purchasing other elements to construct a battery is

not needed. Integrated chargers also save space, which is

especially beneficial in Hong Kong because of limited space

(Yong et al., 2015). Hong Kong is a highly populated region,

and the large population has been a hindrance to the

construction of EV charging stations. In addition to integrated

battery chargers, EV portable battery chargers are available. For a

while now, the charging facilities mainly comprise immovable

charging stations, and EV owners are forced to keep their vehicles

stationary whilst recharging. However, developers have made

progress by coming up with portable chargers that enable drivers

to charge their batteries even when in transit (Yong et al., 2015).

The mobile chargers have also helped solve the issue of limited

spaces for installing charging stations.

The ongoing technical development for EV charging facility

in Hong Kong is known as smart charging. EV manufacturing

companies and some universities in Hong Kong such as the City

University of Hong Kong have underway research projects for

these smart technologies (Qiu et al., 2014). An example of smart

technology that electric car developers have begun establishing is

wireless charging facilities. Wireless charging is one of the latest

developments in EV manufacture. In Hong Kong, a shortcoming

in EV charging infrastructure is the need for different types of

chargers because of various car models (Qiu et al., 2014). To solve

such a critical issue, the Hong Kong government has been

determined to spread wireless charging because it can be

utilized by any type of EV model. Charging EV batteries

wirelessly only requires a Wi-Fi connection, and wire cables

are not needed. Worldwide research on this kind of charging is

continuing to upgrade the technology further. One of the

proposed models for wireless chargers depends on the

resonant induction technique. The methodology fosters the

transmission of electric charge from a charging compartment

installed on the road onto another compartment constructed
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below the car’s body facing the road. The charging pad on the

road also possesses a convenient wireless transmitter that signals

the charger that an EV is right on top of it so that charging can

begin. As a result, time is saved, and the service is offered to many

individuals. Other advantages associated with wireless charging

include ease of use (Hove and Sandalow, 2019). Unlike plug-in

charging facilities, anyone can use wireless chargers without the

need for instructions because the person does not do any work

for charging to occur. In the future, wireless charging technology

will be extremely valuable for public transport because it will

save time.

This study is divided into eight key sections. The context and

research settings are presented in Section 1. The penetration of

EV into the GBA is described in Section 2. The challenges of EVs

in the GBA, namely, green environment, charging infrastructures

and technology, are identified in Section 3. National policies to

support the enlargement of charging infrastructures and

stimulate the development of charging infrastructure at the

national level are elaborated in Sections 4, 5, respectively. The

implementation dilemma at the provincial and city levels is

tackled in Section 6. The challenges and policy gaps are

addressed in Section 7. The concluding remarks and key

points are highlighted in Section 8.

2 Penetration of electric vehicle into
the Greater Bay Area

Many cities and regions all over the globe such as Seoul,

Singapore, Tokyo, California and Norway are promoting EVs

through specific measures and policies that attract citizens to

adopt the use of EVs (Transport Department, 2022). The

major reason for fostering the development of EVs is to

reduce carbon emissions and lower urban air pollution

(Zhang et al., 2017). Out of all the efforts by different

countries, China has proven to be an outstanding country

in enhancing the manufacture and marketing of EVs. The

Chinese government has increased its efforts because China is

regarded as a substantial contributor to environmental

pollution, which results from its high economic growth

(Vennemo et al., 2009). Despite the high sales of EVs in

China, in the past few years, it has experienced shortages in

terms of charging infrastructure (Wu et al., 2021). Less

charging infrastructures affect the number of sales because

people fail to see the need of buying a vehicle if recharging it is

problematic. Therefore, a technique that the Chinese

administration has utilized for promoting EV usage is

policies that promote the improvement of charging

infrastructure. The GBA of China that comprises Macau,

Guangdong regions and Hong Kong uses various policies

regarding EV charging facilities. Recently, Hong Kong has

revealed its framework titled Hong Kong Roadmap on the

Popularization of Electric Vehicles (2021), which includes

such policies. The policies that have been implemented in

the GBA include government strategies, rules and regulations,

and financial and non-monetary incentives.

The Chinese government has come up with long-term

strategies to increase EV charging infrastructure in the GBA.

These plans involve disseminating the EV charging infrastructure

network by ensuring at least one charging infrastructure per

2,000 cars (Charging facilities for electric vehicles, 2021). An area

that encompasses 2,000 cars must have a minimum of one

charging station. The government has also come up with

plans for installing the charging stations in newly constructed

public buildings such as the government house in Hong Kong. It

has assigned 120 million dollars so that 1,000 more charging

facilities can be affixed to public parking spaces by next year

(Charging facilities for electric vehicles, 2021). The government’s

framework for 2015–2020, called Electric Vehicle Charging

Infrastructure Development Guidelines, contains some

standards for charging utilities in the Guangdong region (Pan,

2020). According to the initiative, the charging docks for public

use in eastern coastal regions must be one station per seven cars

(Pan, 2020). The roadmap initiative details that the government

is determined to ensure that 4 years from now, more than

150,000 parking spaces in residential and business

establishments will possess EV charging infrastructures

(Popularization of electric vehicles, 2021). The government

has also employed some experts to examine potential areas in

Hong Kong, Macau and Guangdong, where more charging

stations can be installed. The government has provided

research funds to facilitate the experts to study these regions

to determine the feasibility. More than 2 million dollars have

been divulged to help in this endeavour Hong Kong Roadmap on

the Popularization of Electric Vehicles (2021). A major

hindrance to the establishment of new charging ports is the

lack of space. This problem is even more serious because most

areas in the GBA are highly populated. To tackle this issue, the

administration has some plans to convert fuel stations to

charging stations for EVs.

Another form of policy that the GBA of China has utilized to

promote the installation of charging stations is standards and

regulations. In March of this year, the administration unveiled

the Hong Kong Roadmap on the Popularization of the Electric

Vehicles initiative. The roadmap comprises strict rules that

ensure the expansion of charging stations in Hong Kong. The

government specified that 30% of non-public parking spaces

must have EV charging docks (Charging facilities for electric

vehicles, 2021). Thus, many private building owners are forced to

set up EV charging ports to avoid being penalized by the

administration. The roadmap also includes purchase

restrictions for vehicles other than EVs. The government is

also looking into phasing out fuel-based vehicles. The

administration is working towards preventing people from

freely buying and registering vehicles that utilize fuel.

Consequently, these individuals have to purchase EVs and end
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up proactively increasing the charging docks. Other standards

and regulations include the set standard that all current

apartments must be provided with a charging facility. The

government has instructed each person recently building a

residential apartment in GBA to install an electric car

charging area.

Financial incentives are another type of policy on EV

charging facilities in GBA. Most of the incentive measures the

government has employed are aimed at sustainably expanding

the usage of EVs, especially towards nature and our surroundings

(Zhang et al., 2017). According to Lau et al. (2022), the

government of China began using incentives and subsidies

many years ago to promote the development of EV

infrastructure, including charging facilities. Lau et al. (2022)

states that at one time, the Hong Kong administration offered

15 billion dollars to the EV industry. Recently, the government

has subsidized charging utilities (Pan, 2020). The Chinese

government allocated more than $120 million from 2019 to

2020 to expand public EV infrastructure (Pan, 2020). The

government has also offered subsidies to owners of private

residential apartments in Hong Kong to encourage them to

install charging docks in their buildings (Lau et al., 2022). The

application procedures have also been simplified to enable more

people to apply easily. Another financial incentive is offered by

private EV companies (Electric vehicle regulation and law in

China, 2018). Some of these firms offer their customers a variety

of services that accompany the purchase of EVs. The services

include the installation of a charging dock that leads to further

expansion of EV charging infrastructure. The central

government also offers financial incentives to the local

governments of GBA to promote the utilization of EVs in

those areas constantly (Electric vehicle regulation and law in

China, 2018). The monetary subsidies given to local

administrations are used in the establishment and operation

of the charging stations. The financial support can be utilized

to conserve and upgrade the charging networks, and facilitate the

general standards of the charging infrastructures.

Non-monetary incentives on EV charging infrastructures in

GBA are also provided. As per Electric vehicle regulation and law

in China (2018), the Chinese government offers driving and

parking facilities to individuals owning EVs. These people can

drive their cars in lanes that are for specific kinds of vehicles only.

Additionally, the government provides EV owners with

designated parking spots that contain charging docks. The

reserved parking spaces that come with a charging station can

encourage individuals to own EVs. Some incentives involve

advantageous treatment for charging docks (Electric vehicle

regulation and law in China, 2018). The electric companies of

China, such as the China Southern Power Grid, are the most

common firms that install EV charging ports. Such firms also

provide favourable treatment to other private enterprises that

deal with providing charging infrastructure to the masses. Such

benefits include the nullification of some fees that other

customers need to shell out. Another favourable treatment as

a kind of non-monetary incentive, such as offering parking

facilities to EV owners, is by the government towards the EV

industry. This policy on EV charging infrastructure is mainly in

the sector of research and development (Zhang et al., 2017). Since

2018, the government of China has been enacting auxiliary

policies for the research and development of EV facilities. The

central government has purposed to ensure that the industry of

EVs can employ very talented, smart individuals to conduct their

research on charging infrastructure (Electric vehicle regulation

and law in China, 2018). Employing numerous intelligent

individuals, it will provide high chances of improvements and

new inventions.

3 On the move: The challenges of
electric vehicles in Greater Bay Area

3.1 Green environment

GBA is part of a region that has received heavy criticism for

its role in the current environmental challenges the world is

facing. According to the United Nations Agenda 21, EVs are part

of the future and present an opportunity for the world to look

towards renewable sources of energy instead of relying on the use

of fossil fuels and geothermal power for energy. This

development has led to declarations by many nations globally

aiming to reduce their carbon footprints gradually. However,

various nations including the United States and China have faced

numerous challenges in reducing their carbon footprint. China in

particular has increased its release of toxic gases including carbon

dioxide and methane over the years despite its commitment to

the reduction of greenhouse gases. It is also the largest global

emitter of carbon dioxide (Fang et al., 2018). This fact poses a

challenge as it increases the pressure on the nation to move

towards sustainability. Other Asian countries including South

Korea and Japan are in a similar situation. The increased

commitment to the production and marketization of the EV

in the GBA is a way for the region to comply with Agenda 21 and

reduce its emission of greenhouse gases by promoting EVs

(Holley and Lecavalier, 2017).

Similar to most regions globally, Hong Kong has

experienced a rise in the number of toxic gases from car

exhausts. In Hong Kong, the fleet-average NO2/NOx emission

ratio increased from 6.7% in 2003 to 14.4% in 2015 (Wang

et al., 2021). This figure is a remarkable rise in emissions

considering that these toxic gases are environmental hazards

that have to be reduced as stipulated by the United Nations

and the regional accord. Statistics in Hong Kong also showed

that despite the improved fuel economy in vehicles from

2003 to 2015, no equivalent reduction in carbon dioxide

emissions was observed (Wang et al., 2021). Instead,

carbon dioxide emissions increased in the period due to the
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growing number of vehicle owners in the region. EVs are a

feasible solution to the high rate of emissions associated with

these gases. In Hong Kong, air and water pollution have been

major problems partly because of the dense population of

Hong Kong and the lack of landfill space in the area. Hong

Kong is almost out of landfill space and is having difficulty

maintaining acceptable emission levels. Despite the changes in

regulation on the quality of greenhouse gas emissions, the EV

is seen as the “best” solution for the Hong Kong region. In

2014, an agreement in the GBA, the Cooperation Agreement

on Regional Air Pollution Control and Prevention between

Hong Kong, Guangdong and Macao, was signed to ensure a

collaboration between the Greater Bay cities to improve air

quality through collaborative efforts. The rise of EVs in the

region is part of the strategy of the agreement. Apart from

Hong Kong, the rest of mainland China, Guangdong and

Macao, have contributed substantially to environmental

pollution. One of the ways that EVs reduce environmental

pollution is through the considerably small rate of pollution

from car tyres. Conventional internal combustion engines use

disk brakes. Disk brakes have a negative effect on the air

quality due to the minute particles of tyre rubber that are

released as the car’s brake (Choma et al., 2020). By contrast,

EVs use regenerative braking to slow the car down. This

method is positive because it does not harm the

environment, and it charges the vehicle. Toxic tailpipe

pollutants including NOx, HC and carbon monoxide (CO)

considerably affect the quality of air. However, EVs eliminate

tailpipe pollution because they do not release tailpipe gases.

These benefits of EVs can have a remarkably positive influence

on the environment and guarantee that EVs are favoured in

the GBA and Hong Kong. However, despite the positive effect

of EVs on the environment, tremendous pushback has been

noted from activists in Hong Kong and the GBA due to the

negative influence of EVs on the environment. Today, data on

EVs remain scarce. However, researchers have argued that

despite the positive effect of EVs after production, they remain

dangerous to the environment. The reason is the production

for EVs is considerably intensive and substantially damages

the environment (Stromman, 2012). The production for EVs

requires twice the energy requirements in manufacturing

compared with ICE vehicles. China and Hong Kong are

also criticized for the coal-fired plants where electricity is

produced (Cui et al., 2021). The argument by most researchers

is that EVs running on energy from coal-powered plants are

unsustainable. Instead, the GBA needs to rely on renewable

energy sources for the production of electricity.

3.2 Charging infrastructures

The EV industry is facing many current issues. Although the

EV being relatively new in the industry, it is already experiencing

many challenges and successes related to the global need for the

technology. A current issue is the challenge of vehicle charging

GBA is experiencing. Over the years, China has been attempting

to drive its macro-economic policy, Made in China 2025, which

aims to make China a manufacturing and industrial hub that is

incomparable with any other region in the world (Wu and Guo,

2020). However, charging infrastructure has been a challenge in

Hong Kong. In Hong Kong, marketing EVs has been challenging

due to the lack of charging locations all over the city. In

comparison, gas stations where ICEs obtain fuel are

conveniently located across the city. Surpassing this challenge

has been difficult due to the already established petrol and diesel

vehicle industry. This challenge has not been observed in the

GBA only. Most nations adopting EVs including the

United Kingdom and the United States lack charging

infrastructure in convenient locations. Another issue is the

boost of the GBA industry during the COVID-19 pandemic.

During the pandemic period, the EV industry has had massive

improvements in its efficiency due to the breakthrough made by

researchers on a global scale. A major improvement has been in

the charge times associated with the technology. EVs run on

lithium ion batteries. These batteries can be charged at higher

voltages to charge faster. However, this often poses a challenge to

engineers due to the heat generated whilst charging at higher

voltages. During the COVID-19 pandemic, different firms

including Porsche Taycan and Audi e-tron GT reduced the

charge time for EVs to less than 30 min whilst charging the

lithium ion battery at 800 V.

In Hong Kong, a current issue that the EV industry is facing

is the high cost of EVs. In a 2012 survey conducted in Hong

Kong, most people understand the environmental, economic and

social benefits of EVs, but they prefer not to purchase electric cars

because of the high costs. Average purchase willingness when the

consumer faces a higher price is 2.10 out of 5 (Delang and Cheng,

2013). To date, EV companies in Hong Kong have been unable to

make EVs affordable to the local community. The local

population in Hong Kong is also reluctant to purchase EVs

due to the lack of charging stations. The public electric car

charger distribution is summarized in Table 1. According to

the study, of the 7.1 million people living in Hong Kong as of

2013, most live in high-rise buildings that lack charging resources

(Delang and Cheng, 2013). This figure makes people

disinterested in the technology, causing many to prefer using

ICEs due to convenience.

Other that the shortage of EV chargers in Hong Kong,

their distribution is uneven. According to the Environmental

Protection Department (2021), as many as 827 charging

stations are in Kwun Tong, accounting for nearly 25% of

the total EV chargers in Hong Kong. Amongst them, both

Goldin Financial International Centre (157) and The

Quayside (312) possess 469 chargers. However, less than

60 chargers are available in Tai Po, Tuen Mun and the

Southern District.
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3.3 Technology

The technology used to run EVs is an important concept that

determines the performance of the commodity in the market, the

perception of potential buyers and the efficiency of the vehicle. In

the GBA, different regions have had varying rates of success in

the development of EV technology. An example is the Huizhou

region, where Xpeng Motors has been at the forefront of

developing sustainable EV technology (Lee, 2021). The

technology used to run EVs is similar globally, but technical

tweaking is processed by most companies to improve the

efficiency and marketability of the product. An EV technology

contains different components including battery, motor, vehicle

linkages, metal sheets for housing, autonomous smart

components for autonomous vehicles and electric components

including copper wire. The battery is one of the most important

components in the technology, but it is one of the most divisive

components due to the scarcity of materials used to make the

battery and the ethics associated with the mining of materials

used for EV batteries (lithium ion batteries). Most materials

including lithium, nickel and cobalt are mined in the world.

However, the conditions under which they are mined are

questionable, and this has threatened the success of EVs in

the GBA. China is world renowned for its efficiency in the

development of different technologies. EV technology has

been a remarkable success due to the diverse technologies

developed in different regions in the GBA including

Guangzhou, Shenzhen, Zhuhai, Foshan, Zhongshan,

Dongguan, Huizhou, Jiangmen and Zhao Qing (Wu and Guo,

2020). Smart control, autonomous EVs have been a major

success in these regions with autonomous vehicles becoming a

reality in Hong Kong.

To sum up, the main challenges of EVs in GBA are

summarized in Table 2.

4 National policies to stimulate the
development of charging
infrastructures

Despite the backdrop of the slowing down of EV subsidies in

China, policy support for the EV industry has not disappeared,

but the focus has shifted to infrastructure construction, and the

construction of charging networks is one of the key points. The

Announcement on Further Improving the Promotion and

Application of Financial Subsidy Policies for Electric Vehicle

issued by the Ministry of Finance (MoF) and four other

ministries and commissions in March 2019 stipulated the

following: After 25 June 2019, financial subsidies to support

the construction of EV charging infrastructure and related

operating services are to be implemented at the provincial

level and city level. The policy also promoted an efficient

collaboration between EVs and renewable energy. EV, wind

power and solar energy are expected to coordinate with one

another through well-organized scheduling. The construction of

multifunctional integrated stations of solar energy storage and

EV charging are specifically encouraged and financially

supported.

TABLE 1 Public electric car charger distribution.

Charger type Hong Kong Island Kowloon New Territories Total

Standard chargers 149 792 519 1,460

Medium/semi-quick chargers 624 590 986 2,200

Quick chargers 174 270 258 702

Total 947 1,652 1,763 4,362

Source: Transportation Department (2021).

TABLE 2 Main challenges of EVs in GBA.

Challenges Key notes

Green environment • EVs running on energy from coal-powered plants

• Exploration of renewable sources of energy

• Reduction of carbon footprint

Charging infrastructures • Lack of charging locations

• Longer charging times

Technology • Varying rates of success in the development of EV technology

• Scarcity of materials used to make the battery
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The rapid development of the charging pile industry is

inseparable from policy support. In September 2015, the

General Office of the State Council issued the Guiding

Opinions on Accelerating the Construction of Electric Vehicle

Charging Infrastructure, which for the first time clarified the

policy direction of the charging pile industry. Subsequently, the

relevant departments of the state, provinces and cities have

introduced policies to promote the development and

construction of the charging pile industry. In the past few

years, the National Energy Administration worked with

relevant departments to strengthen the supervision and

implementation of action plans related to charging

infrastructure and solidly organize and promote the

development of charging infrastructure, especially to

encourage innovation for both technology breakthroughs and

business models.

4.1 Policy incentives for charging
infrastructures

In October 2015, the Electric Vehicle Charging

Infrastructure Development Guide (2015–2020) proposed

that according to the deployment of the National Energy

Administration, China planned to build 4.8 million

charging piles to meet the charging need of 5 million EVs

by the end of 2020, including 0.5 million decentralized public

charging piles and 4.3 million private charging piles. In the

past few years, many policy incentives to promote the

construction of charging piles were introduced. Table 3

highlights policy incentives for EV charging infrastructures

at the national level.

In January 2016, the MoF, the Ministry of Science and

Technology, the National Development and Reform

Commission and the National Energy Administration jointly

issued the Announcement of Introducing “Thirteenth Five-Year”

EV Infrastructure Incentive Policy and Strengthening the

Promotion and Application of EVs. In March 2019, the four

ministries and commissions issued the Notice on Further

Improving the Application of Financial Subsidy Policies for the

Promotion and Application of EVs, which stipulated that after the

transition period, EVs will no longer be subsidized by purchase

subsidies. Those financial subsidies will be converted to support

the construction and operation of charging infrastructure. Thus

far, most provinces and cities in China have issued subsidy

policies for the construction and operation of EV charging

facilities to guide the construction and operation of local

charging piles effectively.

Despite the slowdown of EV financial subsidies, policy

support for the EV industry has not disappeared, but the

TABLE 3 Policy incentives of EV charging infrastructures at national level.

Time Policy Authorities Remarks

October
2015

Guide to the Development of Electric Vehicle Charging
Infrastructure (2015–2020)

NDRC, NEA, MIIT,
MHRUD

By 2020, 4.8 million charging piles will be built, including
500,000 distributed public charging piles and 4.3 million private
charging piles to meet the charging needs of 5 million EVs.

March
2016

Guidance on Energy Work in 2016 NEA In 2016, building more than 2,000 distributed public charging piles
of 100,000, private piles for 860,000 and a total investment of
30 billion yuan in charging facilities are planned.

February
2017

Guidance on Energy Work in 2017 NEA Actively promote the construction of charging piles, planning to
build 900,000 charging piles during the year, including
100,000 public charging piles and 800,000 private charging piles.

March
2018

Guidance on Energy Work in 2018 NEA Actively promote the construction of charging piles, planning to
build 600,000 charging piles during the year, including
100,000 public charging piles and 500,000 private charging piles.

March
2019

Notice on further improving the promotion and application of
financial subsidy policies for new energy vehicles

MIIT, MOF, MST,
NDRC

After the transition period, new energy vehicles will no longer be
subsidized for purchase, and they will be used to support charging
infrastructure construction and supporting operating services.

June 2019 Implementation Plan for Promoting the Renewal and Upgrade
of Key Consumer Products and Smooth Recycling of Resources
2019–2020

NDRC The central and local governments continue to support
infrastructure construction and supporting operation services such
as charging and swapping, and accelerate the construction of
charging piles in large public places. Encourage state-owned
enterprises and institutions to make full use of existing parking lots
and build charging facilities at a rate not less than 10% of the
number of parking spaces. Encourage localities to provide parking
and charging facilities for time-sharing leasing of new energy
vehicles.

March
2020

Key Tasks in 2020 State Grid Vigorously expand the charging market and actively promote
intelligent and orderly charging. The vehicle network platform is
connected to 1 million charging piles, covering more than 80% of
the market and users.
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focus has shifted to infrastructure construction, and the

construction of charging pile networks is one of the key

points. The Announcement on Further Promotion and

Application of EV Related Financial Subsidies issued by the

MoF and four other ministries and commissions in March

2019 stipulated the following: After June 2019, the local

finance will no longer provide financial subsidies directly for

EV purchase, and those financial subsidies will be used to support

the construction of charging infrastructure and supporting

operating services.

On 3 December 2019, the New Energy Vehicle Industry

Development Plan (2021–2035) was officially released for the

first time, indicating the development direction of high-

power, intelligent and network platforms for charging and

discharging facilities, and proposed to accelerate the charging

infrastructure construction such as power exchange,

hydrogenation, information and communication, and road

transportation that will improve the level of interconnection

and use efficiency and encourage business model innovation.

Indicative requirements were made for the construction of

new energy vehicle charging and discharging infrastructure

from three aspects: accelerating construction of charging

facilities, improving service quality and encouraging

technological and business innovation.

The timeline regarding the national policies’ encouragement

of charging infrastructure development is summarized in

Table 4.

4.1.1 Accelerating construction of charging
facilities

Strengthen the energy interaction between new energy

vehicles and the power grid (vehicle to grid, V2G).

Encourage local governments to develop V2G

demonstration applications, coordinate the needs of new

energy vehicles for charging and discharging, and power

dispatching, and comprehensively use policies and

economic measures to achieve efficient energy interaction

between new energy vehicles and the grid, reduce the cost

of new energy vehicles, and increase peak and frequency

regulation of the grid and security emergency response

capabilities. Promote efficient collaboration between new

energy vehicles and renewable energy. Manage the

coordination of new energy vehicle energy utilization and

wind power photovoltaic coordinated scheduling, and

encourage the construction of a ‘photovoltaic storage and

discharge’ multifunctional integrated station.

4.1.2 Improving service quality
Jointly improve the service quality of charging

infrastructure and guide various enterprises in different

regions to establish a charging facility operation service

platform, strengthen the technical research and

development of charging equipment and power distribution

system safety monitoring and early warning, and regulate the

electromagnetic spectrum of wireless charging facilities.

Reasonable layout of charging and swapping infrastructure,

speed up the formation of a moderately advanced, slow

charging mainly, emergency fast charging supplemented by

a charging network, and strengthen the intelligent and orderly

charging, high-power charging and other new charging

technology research and development.

4.1.3 Encouraging technological and business
innovation

Encourage both technological and business model

innovation and support cooperation models such as

multiple vehicles in a residential area and sharing of

adjacent parking spaces, and encourage the combination of

charging stations and commercial real estate. Improve the

charging facility insurance system to reduce the risks to

business operations and users. Non-operating vehicle

charging services enjoy residents’ electricity prices.

TABLE 4 Timeline regarding the national policies encouragement of charging infrastructure development.

Time Authorities Measures

September
2015

The General Office of the State Council Guiding Opinions on Accelerating the Construction of Electric Vehicle
Charging Infrastructure

October 2015 National Development and Reform Commission, National Energy
Administration

Electric Vehicle Charging Infrastructure Development Guide (2015–2020)

January 2016 TheMinistry of Finance, TheMinistry of Science and Technology, The National
Development and Reform Commission, and The National Energy
Administration

‘Thirteenth Five-Year’ EV Infrastructure Incentive Policy and
Strengthening the Promotion and Application of EVs

March 2019 Ministry of Finance Further Improving the Promotion and Application of Financial Subsidy
Policies for Electric Vehicle

March 2019 TheMinistry of Finance; TheMinistry of Science and Technology, The National
Development and Reform Commission; The National Energy Administration

Notice on Further Improving the Application of Financial Subsidy Policies
for the Promotion and Application of EVs

December
2019

The State Council of the People’s Republic of China New Energy Vehicle Industry Development Plan (2021–2035)
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5 Stimulated development of
charging infrastructure at the
national level

Recently, the State Administration of Market Supervision

and Administration announced the National Catalogue for the

Supervision of the Quality and Safety of Key Industrial Products

(2020 Edition), which defined that lithium-ion batteries, EVs, EV

charging piles and EV chargers are essential industrial products

and are of great importance for China shortly.

The construction of public charging piles has begun to

accelerate. As of November 2019, China has built

496,000 public charging piles. The number of new energy

vehicles in China has reached a certain level, and the

proportion of vehicle piles has been unevenly developed. With

the subsidy for new energy vehicle purchases subsiding, the

construction of public charging piles has accelerated after the

second half of 2019. The AC pile technology has developed more

maturely, the market is relatively stable and the DC pile is still

developing in the direction of greater power.

In recent years, the number of charging facilities in both

public and private sectors have dramatically increased in

China, from 507,000 units in 2016 to 3,521,000 units in

2021, as a result of policy incentives. However, the

development of charging facilities remains behind rocket-

increasing EV sales, as illustrated in Figure 1, according to

the data from China Electric Vehicle Charging Infrastructure

Promotion Alliance.

Chinese operators are optimistic about the future

development of new energy vehicles and charging industries.

At present, regulatory requirements are imposed on the price

ceilings of EV charging fees in China to attract more consumers

to drive EVs and save their driving costs. However, some

provinces and cities may gradually cancel such a limit of price

ceilings for charging fees. Related charging service providers and

enterprises may have some autonomy in pricing. Higher

charging fees and service fees can be charged to increase

profits in some regions in the future.

The AC pile technology has developed more maturely, and

the market is relatively stable. The DC pile is still developing

towards greater power. The improvement of the DC fast

charging power will help shorten the charging time,

facilitate the user to charge at any time, and help improve

the efficiency of the charging pile and obtain greater benefits.

The current development of the EV industry in China

heavily relies on government subsidies. Therefore, it lacks the

capability to integrate with market-oriented participation.

Reducing manufacturing costs and application costs may

take China a long time. In this context, the guiding role of

national policy should be exerted. For example, insufficient

post sales service networks and high maintenance costs are

consumers’ concerns when buying and driving EVs. To

resolve this concern, the economic effect of tax subsidies

and tax deductions will contribute and help. Such financial

benefits will raise customers’ purchase intention of EVs.

To boost the development of charging facilities, government

procurement via the public transportation sector could help for

demonstrative purposes. EVs in government procurement could

account for a certain proportion of total vehicles’ equipment.

This practice could play an inspiring role in the promotion of

EVs in the whole society. Demonstration in the public domain

refers to focusing on public transport, rental and leasing to drive

the consumption ratio of EVs in public services such as

municipal and logistics, thereby creating a demonstration

effect of green travel for consumers. As such, the smart city

could be sustained in the future.

FIGURE 1
Charging facilities lagging EV sales in China.
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TABLE 5 Selected policy incentives of EV charging infrastructures at regional level.

Time Region
(Province/City)

Policy Remarks

May 2016 Shanghai Measures of Shanghai Municipality to Encourage the
Development and Support of Electric Vehicle Charging and
Changing Facilities

Provide 30% financial subsidies for public and special charging
and replacement equipment, and electricity subsidies for
operating degrees (0.2 RMB/kWh for public piles, 0.1 RMB/kWh
for public transportation and sanitation special piles)

April 2017 Wuhan Wuhan New Energy Vehicle Charging Infrastructure Subsidy
Implementation Plan

For an independent public charging and replacing power station,
if the investment exceeds 500,000 RMB, a one-time financial
subsidy will be issued at 20% of the investment, and the
maximum subsidy amount will not exceed 30 million RMB per
station. For decentralized public charging piles, the
comprehensive investment cost and charging pile power are
subsidized one time, of which the DC pile subsidy is 600 RMB/
kW, and the AC pile subsidy is 400 RMB/kW.

June 2017 Hefei Hefei City New Energy Vehicle Promotion and Application
Financial Subsidy Management Rules

For separately charged public charging piles, consumers are
subsidized according to the standard of 0.6R MB/kWh, which
will be deducted directly by the operator from the charging fee

July 2018 Shanghai Shanghai Clean Air Action Plan 2018–2022 By the end of 2020, all buses in the built area will be replaced with
new energy vehicles. Speed up the construction of supporting
infrastructure such as charging piles. By 2022, the service radius
of electric vehicle charging facilities will be less than 1 km in the
central city and less than 2 km outside the outer ring.

August 2018 Hebei Hebei Province Blue Sky Three-Year Action Plan By 2020, the province will accumulate 300,000 new energy
vehicles, and build 1,970 charging stations and 65,625 charging
piles.

January 2019 Shenzhen Shenzhen, 2018 New Energy Vehicle Promotion and Application
Financial Support Policy

Subsidies of 600 and 300 RMB/kW are given for DC and AC
charging equipment, respectively. A single operator can only
apply for subsidies when the total power of the charging pile in
Shenzhen is 8,000 kW.

August 2019 Guangzhou 2019 Guangzhou Electric Vehicle Charging Infrastructure
Construction Subsidy Fund Project Guide

Subsidy standard charging infrastructure construction projects:
1)For DC charging pile, AC–DC integrated charging pile, and
wireless charging infrastructure, the subsidy is 200 RMB/kW. 2)
For AC charging pile, the subsidy is 30 RMB/kW. 3) For power
exchange equipment, the subsidy is 1,000 RMB/kW.

September
2019

Shandong Implementation Opinions on Construction and Operation
Management of Electric Vehicle Charging Infrastructure in the
Province

By the end of 2022, the number of charging infrastructures in the
province will reach more than 100,000, and a charging
infrastructure system of ‘following vehicle piles, reasonable
layout, intelligent and efficient, and strong guarantee’ will be
completed. Charging infrastructure built-in public parking lots
will account for at least 15% of parking spaces by the end of 2022.

October 2019 Chengdu Rules for the Implementation of Policies Supporting the
Development, Promotion, and Application of EV Industry in
Chengdu

According to the installed power of the charging facility, for self-
use or dedicated charging piles, one-time subsidies of 100 and
200 RMB/kW are provided for AC and DC charging facilities,
respectively, A single charging pile is up to 200,000 RMB. For
operating public charging piles, AC charging is given A one-time
subsidy of facilities 150 RMB/kW, DC charging facilities
400 RMB/kW, a single charging station up to 5 million RMB.
Only a single operator can add more than 1,000 kW of charging
facilities in this city every year before applying for the current
year’s subsidy.

March 2020 Shenzhen Shenzhen City 2019–2020 New Energy Vehicle Promotion and
Application of Financial Subsidies Implementation Rules

Cancellation of vehicle purchase subsidies and implementation
of charging infrastructure subsidies. According to the installed
power of the charging facility, the subsidy standard will provide a
400 RMB/kW construction subsidy for DC charging equipment;
200 RMB/kW construction subsidy for AC charging equipment
of 40 kW and above, and a 100 RMB/kW construction subsidy
for AC charging equipment below 40 kW.

March 2020 Hainan Announcement on Subsidies for the Construction and Operation
of Electric Vehicle Charging Infrastructure

Starting 2020, Hainan will provide construction and operation
subsidies for the province’s electric vehicle charging
infrastructure in batches. From next year to 2025, charging
infrastructure operation subsidies will be declared once a year.
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Continuing financial subsidies for EV purchase has been

proven to be an effective regime to stimulate EV deployment

in the private transportation sector, especially for individual

customers. Purchase subsidies, tax incentives and insurance

premium discounts have been introduced in pilot regions to

promote potential consumers to purchase EVs. Specifically,

purchase subsidies refer to special funds arranged by the

central finance and local governments to support private

purchases, and consumers can directly enjoy preferential

measures for car purchases using a certain number of

subsidies when purchasing. Tax relief is another promotion

approach, related purchase tax and vehicle registration tax,

introduced to reduce the tax burden on consumers purchasing

new EVs. Preferential insurance premiums refer to the

financial subsidy for private consumers who pay for

compulsory insurance premiums for automobile and traffic

responsibilities, which has been implemented on a pilot basis

in pilot cities.

In addition, an appropriate policy regime for EV charging

benefits will continue to support EV users after the vehicle

purchase. Financial subsidies, such as preferential charging

fees and the construction of charging facilities, will directly

reduce the driving costs of EVs, which will attract users to

drive more EVs than conventional cars. Preferential electricity

price refers to the implementation of a supportive electricity

price for EV users to charge their cars for a certain period

every day, making full use of price leverage to promote the use

of EVs and reduce operational costs. A supportive regime for

charging facilities refers to encouraging the construction of

various charging piles and charging stations for both private

transport and public transport sectors. For example, to

encourage individual consumers to build charging piles in

their own parking spaces, government authorities could

consider providing certain subsidies to consumers who

would install and build charging piles in their own parking

spaces.

6 Implementation dilemma at
provincial and city levels

With the support of the central government, various local

governments have actively granted subsidies for the

construction of charging stations and charging piles. Those

financial subsidies were provided for not only construction

work but also operational services. Affected by the decline of

subsidies, the EV market has been in a downturn since the

second half of 2019, and the growth rate of electric power

consumed by charging facilities has slowed down. At the same

time, the construction speed of charging piles has accelerated,

and the growth rate of the two is gradually approaching.

Table 5 identifies selected policy incentives for EV charging

infrastructures at the regional level.

7 Challenges and policy gaps

In the past, the laying of charging piles was mainly

dominated by State Grid Corporation, but for various reasons,

it has gradually faded in recent years. With the opening of the

market, friendly policies and State Grid’s insufficient experience

and capabilities in 2C, several market-oriented operating

platforms have emerged.

Since 2019, the charging capacity of the domestic charging

pile industry has rapidly grown, and the overall utilization rate

has increased. However, a good location of the pile results in a

better utilization rate, and a poor location is unused, so the

utilization rate of each enterprise is different. If all the AC piles or

all DC piles are built, the utilization rate gap is very large

(charging time factor), so it is also why State Grid

Corporation stopped bidding for AC piles in 2019.

7.1 Slowdown of building private charging
piles

The development trend of China’s EV industry has reached a

temporary bottleneck. At present, China’s EV ownership has

reached a certain scale, and supporting construction such as

charging piles has been in a relatively backward stage. Upon

declining financial subsidies for EV sales and purchases, national

policy has shifted the support to the construction of charging

infrastructure. In the past year, although both EVs and charging

piles grew, the growth rate of charging piles is substantially faster

than that of EVs. This phenomenon shows that the policy

incentives of charging piles have a positive effect. In the next

few years, the charging piles will usher in rapid development.

Revenue from charging pile operators is mainly generated

from service fees, electricity price differences, subsidies and

value-added services. Charging electricity fees and service fees

are the most basic profit methods for most operators. However,

due to the high initial investment cost of charging piles, long

investment recovery period and low utilization rate of charging

piles, most of the charging pile operating enterprises on the

market are in a state of loss.

7.2 Technological and business innovation

With the continuous improvement of users’ demand for

travel service quality, EV charging information services have

also emerged, and various operators have begun to explore new

operating models. Examples are a business model focusing on

providing package solutions and a big-data business model on

charging services plus additional value-added services.

The traditional infrastructure model mainly emphasizes

investment in hardware and pursues quantitative benefits in

scale. Under the new infrastructure model, the integration of
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charging piles with communications, cloud computing, smart

grid and the Internet of Vehicles can use big data to optimize the

layout of charging piles, enhance utilization and directly improve

the profitability of the charging pile industry. Charging time can

be reasonably arranged to smooth the load curve of the grid and

improve social and economic benefits. More business models and

application scenarios will appear around the charging pile, such

as V2G and vehicle to everything. The improvement of

technologies related to smart energy communities is all future

trends.

8 Conclusion

The Chinese government is highly involved in the promotion

of EVs mainly because EVs have proven to be a solution for

reducing environmental pollution, to which China is a great

contributor. The administration helps spread the usage of EVs in

various manners, and it mainly involves the enactment of

policies. Various policies regarding EV charging infrastructure

include standards and regulations, governmental strategies and

incentives. Most of the policies are also outlined in the new Hong

Kong roadmap initiative. The administration of the regions in the

GBA has specified their long-term strategies for promoting

charging stations, specifically increasing their numbers in the

area. Numerous plans to ensure at least one charging station for

every 2,000 EV cars in an area. Each new government building is

also outfitted with charging infrastructure. Some strategies aim to

examine areas in the GBA for charging station installations.

Another policy involves regulations in place to support the

installation of charging facilities in GBA. In addition, some

strict proclamations from the government that the owner of

new residential apartments must ensure charging stations are

constructed. Nevertheless, some policies that are still not

underway but have been outlined involve phasing out non-EV

vehicles. Administrations have also utilized incentives to attract

more customers and developers of charging stations. Various

administrations have offered private building owners subsidies so

that they can install charging docks in their buildings. Some non-

monetary subsidies include reserved parking with charging ports.

To a certain extent, the GBA has contributed immensely to the

rapid development of Asia as a hub for EV manufacturing and

production. Today, China is seen as a hub for the manufacture

and development of EVs. However, it has also been considered

one of the largest emitters of greenhouse globally, and this has

played a role in the recent moves to reduce the carbon footprint

of the nation through sustainable methods such as EV adoption.

Hong Kong, an autonomous region, has benefitted immensely

from its autonomy to speed up the adoption of EVs in the region.

Today, the Hong Kong government has developed policies to

increase the popularity of EVs and reduce the barriers that

threaten the industries by finding solutions. Examples are the

investment in charging stations and the cost incentives involved

with EV purchase. EV technology is important today due to the

environmental implications of ICEs. EVs are considered less

destructive to the environment and more sustainable.
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