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Abstract

This paper examines the development history of the electric vehicle industry
in Henan Province. Comparative analysis is used to objectively review the cur-
rent level of industry development. The explosive growth in market demand
after 2016 has kept the province's electric vehicle promotion rate higher than
the national average. Henan Province has developed into an important electric
vehicle production and sales base in China. The paper summarizes the suc-
cesses and failures. At the same time, we find that the level of electric vehicle
ownership in the province is lower than the national average. Not only that,
there is also an obvious gap between electric vehicles in the province against
the total economic and population size of the country. For this reason, correla-
tion analysis and linear regression are used to find the reasons and the way out.
We found that the path to promote electric vehicles in Henan Province lies not
only in increasing the level of electric vehicles to replace traditional cars but
also in further increasing the level of car ownership. This provides ideas for
the government and enterprises to solve the problems in the process of electric
vehicle promotion.
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1. Background of the Study

Fuel vehicle emissions have become one of the important causes of atmospheric pollution and the aggravation of
the greenhouse effect [1, 2]. Facing the double pressure of economic growth and energy saving and emission reduction,
major developed countries in the world generally hold positive support policies for electric vehicles. Various types of
capital have been invested in the field of new energy vehicles, and continuously promote the technological change and
industrial upgrading of EVs. In recent years, the EV industry has realized rapid growth. in 2022, the new energy
vehicles sold globally in the same year accounted for about 12.34% of the total global automobile sales, while in 2015,
this value was less than 1%.

After more than 40 years of rapid and sustained economic growth, China's economy has risen to No. 2 in the world,
and rising incomes have led to a massive demand for automobiles. 2009 saw China overtake the U.S. for the first time
as the world's No. 1 producer and consumer of automobiles, with about one-third of the world's cars being sold in
China by 2022. In China, the automobile is the largest consumer product outside of the house, and people's pursuit of
a comfortable life will only push up the number of car owners. As a large country with a population of 1.4 billion,
there will be more and more cars in the future.
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China is a responsible big country, as early as 2009, China has been laying out the electrification transformation of
the automobile industry. For the production side, the state and enterprises share the burden of funding. With enterprise
investment as the mainstay and state financial and tax policy support as a supplement, product research, and develop-
ment continue to break through technical bottlenecks. The quality and safety of EVs are gradually becoming compet-
itive compared with fuel vehicles. The industrial system has been gradually improved, and the international competi-
tiveness of the industrial chain has been continuously improved.

For the consumer side, the state adopts the way of directly subsidizing consumers to buy cars. Starting from the
demonstration of public sector vehicles in 13 cities in 2009, the program has been gradually extended to the whole
country. With the improvement of the level of industrial competitiveness, the amount of refund subsidy has been
reduced year by year. 2022 At the end of the year, the state finance ceased. However, the trend of continued expansion
of sales has not abated. In 2022, 6,872,000 EVs were sold for the year, a 96% increase over the previous year. It
accounts for about 68% of the total global EV sales. China is the world's largest producer and consumer of EVs.

Overall, China's EV industry is relatively mature in the development of related and supporting industries. The core
supporting capacity of the industrial chain is constantly improving. In the world's EV industry, the international com-
petitiveness of the industrial chain is in the first echelon.

2. The Research Purpose and Significance of this Paper

This paper organizes the development history of EVs in Henan Province, comparing other provinces to objectively
evaluate the current level. It also uses a combination of qualitative and quantitative analysis to give the next develop-
ment direction of the EV industry in Henan Province.

Previous scholars have focused on the link between EV development and energy efficiency and emission reduction.

Yang Tao and Sun Xiaoli [3] proposed that under the constraints of climate warming and the "double carbon" target,
transportation in large cities should focus on the development of new energy vehicles, mainly EVs. Yuan Bo [4] and
Xu Junbo [5] have similar views.

A number of scholars have focused on the study of consumer behavior and the influencing factors that affect con-
sumer demand decisions:

Li Zhiqing, and Zhu Yicheng (2022) argued that price plays a key influence on consumers' purchasing decisions in
terms of their level of indebtedness [6].

Li Xiaoyin [7], Liu Haohua and Cheng Yang [8], and Ye Nan and Zhou Meihua [9] found through their studies that
price, government policy incentives, cost, and infrastructure are all factors that influence consumer decisions.

Several scholars have focused on the study of government macro-control and industrial policy incentives for the EV
industry:

Dejan Ravselj and Aleksander Aristovnik showed that the effect of fiscal policy on business performance varies by
region and by product, but generally has a positive incentive effect [10].

Li Wenxiang [38], Gao Wei and Hu Xiaoyue [11] showed that government subsidies are beneficial to incentivize
firms to invest in R&D, and subsidy regression reduces firms' R&D incentives.

Previously, few scholars published similar research results in Henan Province. This paper can provide the necessary
materials and data for related research.

3. Development of EVs in Henan Province
3.1 Brief Introduction of Henan Province

Henan Province is located in the central-eastern part of China, the middle and lower reaches of the Yellow River,
and is a central inland province. Henan is a large province in terms of population, with a resident population of 98.72
million as of the end of 2022. It ranks 3rd among 31 provinces in the country.

In 2022, the total GDP of the province ranked 5th in the country. The per capita GDP is 62,106 yuan. The structure
of the three industries is 9.5:41.5:49.0. The capital of the province is Zhengzhou City.

3.2 2009-2015

This stage is the period of promotion and industrial system formation. In order to promote consumer acceptance of
EVs, the state has conducted two rounds of demonstration and application projects. The first phase was from 2009 to
2012, starting with 13 cities in 2009. The state promoted 17,020,000 energy-saving and new energy vehicles in 25
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cities, and the Ministry of Finance subsidized 50,000-450,000 per vehicle. The second phase is 2013-2015. The state
plans to promote new energy vehicles, mainly EVs, in 39 cities or regions. By the end of 2015, a total of 336,574 new
energy vehicles had been promoted.

The provincial capitals of Zhengzhou and Xinxiang city entered the list of demonstration and promotion cities in
2010 and 2013, respectively. By the end of 2012, the province had promoted a total of 1,117 new energy vehicles, all
of which were hybrid buses. in 2013-2015, EVs in Henan province were concentrated in the public transportation
industry, including 109 public transportation companies. By the end of 2015, the province had promoted a total of
6,384 EVs. In the demonstration and promotion stage, the models are mainly concentrated in public service areas such
as buses, rentals, public services, sanitation and postal services. According to statistics, at the end of 2015, there were
only 624 private new energy vehicles in the cities of Zhengzhou and Xinxiang, including 46 in Zhengzhou and 578 in
Xinxiang. This is far below the national average private vehicle share of 40.75%.

In 2010, the State provided financial subsidies to consumers who purchased EVs in five cities, including Shanghai,
Changchun, Shenzhen, Hangzhou, and Hefei. The maximum amount was 50,000 yuan for plug-in EVs and 60,000
yuan for pure EVs. Later, the subsidies were expanded to 26 cities in 12 provinces. Industry experts agreed that the
move marked the advent of the era of industrialization of EVs. However, there is no city in Henan Province that is not
included in the above list.

From September 1, 2014, the state began to exempt the purchase of new energy vehicles from vehicle purchase tax
nationwide. This has reduced the cost of vehicle purchases for consumers.

In 2015 and before, the national consumer market for EVs was mainly concentrated in developed regions such as
Beijing, Shanghai, Guangdong and Zhejiang. Consumers in Henan Province have a low level of acceptance of EVs.

Table 1. 2009-2015 Sales of new energy vehicle in Henan Province

Indicators 2010 2011 2012 2013 2014 2015

Number of Cities for National Demonstration and Promotion 25 3Bcit- - 36cit- 46cit- 39 cities >8 cities

cities ies ies ies orregions  or regions
Cities in Henan were included in the demonstration and promotion  1city 1 city lcity 2 cities 2 cities 2 cities
Cumulative number of promotions nationwide (vehicles) 6,356 10,039 17,002 19,365 79,550 336,574
Of which: private sector 4,400 28,456 137,152
Percentage of private sector 22.72%  35.77% 40.75%
Cumulative number of promotions in Henan (vehicles) 152 501 1117 1133 1631 6384

Source: China Energy Conservation and New Energy Vehicle Yearbook
3.3 2016 to Present

In this phase, the EV market is growing at a high rate in terms of sales size. Consumers are interested in EVs.

Since 2016, the state has been promoting EVs nationwide. Purchase subsidies are provided to consumers who buy
EVs within 31 provinces. The subsidy policy has inspired the private automotive sector to purchase EVs. The infra-
structure of charging stations and charging piles has been gradually improved, and the improvement of the industry's
technological level has to a certain extent solved the shortcomings in the use of EVs.

The provincial government also subsidizes consumers who purchase EVs, and investments in charging infrastruc-
ture. Each vehicle receives a portion of the subsidy in addition to the national subsidy. The standard does not exceed
50% of the national standard. In 2018, it was adjusted to 30%. In terms of subsidies for charging facilities, the provin-
cial treasury gives direct subsidies in accordance with 20% of the investment in charging facility equipment. To ease
traffic congestion, cities stop using traditional fuel vehicles for one day for every six days of use. And for EVs, there
is no restriction on traveling.

After the national financial subsidy ceased at the end of 2022, the provincial financial subsidy in Henan Province
was continued for one year. Consumers of newly purchased cars in the province are subsidized according to 5% of the
purchase price, up to a maximum of 10,000 yuan per unit. For public charging infrastructure, financial subsidies are
given according to 30-40% of the total investment in major charging equipment. The policy will last until the end of
2023.
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Fig. 1. Comparative analysis of sales volume.

As can be seen from the figure, the sales volume of EVs in the province has shown explosive growth since 2016. in
2022, the sales volume in the province is 46 times higher than that in 2016. In Henan Province, the promotion was not
strong in the early demonstration stage. Most of the time, consumer acceptance of EVs increased rapidly. The increased
growth rate significantly exceeds the national average.

EVs are available for sale in every city in the province, with supporting public charging piles and other infrastructure.
In 2022, the province added a total of 322,280,000 new EVs, according to the statistics of automobile traffic insurance.
The top three cities are Zhengzhou City, Luoyang City, and Shangqiu City. Zhengzhou City added 109,015,000 vehi-
cles, accounting for 33.83%; Luoyang City added 32,583,000 vehicles, accounting for 10.11%, and Shangqiu City
added 21,669,000 vehicles, accounting for 6.73%. The combined sales of the three cities exceeded half of the prov-
ince's share.
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Fig. 2. Sales Structure Analysis of Henan Province.

At the end of 2022, the province had 83,700 EVs. The total number of EVs ranked 6th among 31 provinces in China.
The amount of EVs per 1,000 people was 8.48, ranking 13th.
According to CAC statistics, the province has built 68,016 EV charging piles by the end of 2022, ranking 9th in
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total volume and 16th in volume of 6.89 charging piles per 10,000 people.
4. EV Development Level
4.1 Status quo as a percentage of national

According to new car compulsory insurance data, about 1,157,000 new cars were sold in Henan province in 2022,
including 322, 200 EVs. The penetration rate of 27.85% on the sales side exceeds the national average of 19.54%.

The national sales of new energy passenger vehicles totaled 5,248,800 units, and Henan province's sales accounted
for 6.14% of the country's total.
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Fig. 3. Top 15 provinces for EV passenger sales in 2022.
4.2 Summary of successful experiences

After years of development, the EV industry in Henan Province has achieved great success. In addition to state
subsidies, the main experiences are:

Expanding the promotion and application of EVs: the province continues to expand EVs in the public service sector.
All new and renewed public transportation vehicles and municipal sanitation vehicles in the province are new energy.
Such measures have continuously expanded the EV application market.

Accelerating the construction of charging infrastructure: Governments and businesses are co-funding the large-scale
construction of charging infrastructure. promoting the construction of charging facilities in public service areas, inter-
nal parking lots of units, parking spaces of users' residences, and highway service areas in accordance with the pre-
scribed ratio. Operators are encouraged to implement diversified construction and operation modes in various fields
and geographical areas. The aim is to improve the reliability of charging EVs.

Expanding the scale of EV production: supporting existing enterprises to expand advanced production capacity and
R&D investment. Introducing the BYD Group Zhengzhou project and the SAIC Passenger Vehicle Zhengzhou Com-
pany project. Helping enterprises work together to advance the progress of large-scale automobile production projects.
Expand the province's plant capacity to a scale of 1-1.5 million vehicles/year. At present, the province's EV production
capacity has jumped from the third echelon to the second echelon.

Enhancing the R&D and production capacity of enterprises in power batteries: Power batteries are key components
of EVs. Henan Province encourages enterprises to engage in accelerating various new-generation battery R&D through
tax incentives and R&D subsidies. Cultivate the province's leading enterprises in battery R&D and production to en-
hance product competitiveness. Actively develop efficient recycling technologies and specialized equipment for power
batteries. Promote capacity building for battery gradient utilization, recycling and disposal.

Develop new modes of new energy vehicles: actively promote new modes of car sharing. Zhengzhou City has taken
the lead in establishing a monitoring service platform for new energy and Internet-connected vehicles. Encourage the
adoption of time-share leasing, a rental reservation, intelligent charging, shared parking and other services. Promote
the popularization and application of new energy and Internet-connected vehicles, and create a demonstration area for

DOI: 10.26855/jepes.2023.12.004 76 Journal of Electrical Power & Energy Systems



Shi Lin, Siegfried M. Erorita

shared-use vehicles based on EVs. EVs will be gradually expanded and promoted from the Zhengzhou metropolitan
area to the entire province.

The rapid growth of EVs has been driven by residents' increased awareness of environmental protection and gov-
ernment policies, as well as by continued technological advances and cost reductions. With the continuous improve-
ment of battery technology and the expansion of charging infrastructure, the ease of use and reliability of EVs are also
improving. The EV market has been further developed.

4.3 Development Objectives

Looking ahead, there is much room for the development of EVs in the province. With the improvement of product
richness and intelligence level, the charging infrastructure construction is promoted. The industrial environment and
usage environment of EVs have been continuously optimized. It is foreseeable that EV's will realize the substitution of
traditional fuel vehicles on a large scale. The scale of the EV market is getting bigger and bigger.

In May 2022, the provincial government put forward the province's 2025 new energy vehicle industry development
goals [13]. It is planned that by 2025, the annual output of EVs in Henan Province will exceed 1.5 million units. The
province's efforts to build a 300 billion new energy automobile industry cluster. 2025 before the completion of cen-
tralized charging (exchange) station more than 5,000, charging pile of more than 150,000. Charging infrastructure
facilities to achieve full coverage of key application areas. The vehicles in the public sector adopt new energy vehicles.
By 2025, except for emergency vehicles, the province's public sector basically use new energy vehicles. The green
replacement rate of heavy-duty cargo vehicles and engineering vehicles will reach more than 50%.

4.4 The Problem

At present, the EV industry in Henan Province needs to solve the problem: the contradiction between the further
increase in the penetration rate of the EV sales market and the obstacles affecting the expansion of the market scale.

In 2022, Henan Province achieved excellent results in terms of sales volume of EVs. EV sales were 38.2% higher
than the previous year. The total sales volume for the year ranked 6th in the country. But from the resident population
of the country's third, the total economic output of the country's fifth ranking, per 1,000 people in new energy vehicles
ranked only 12, indicating that the penetration rate of EVs in Henan Province is still to be improved.

14
12

10

Difference in resident population rank Differences in economic aggregates

W Henan's position in the country B EV Ownership per 1000 Population

Source: China Statistical Yearbook
Fig. 4. Comparison of EV Ownership per 1000 population.
According to statistics, the national average level of EV ownership per 1,000 people in 31 provinces is 9.36. The

level of Henan Province is 8.48 vehicles, Henan Province lags behind the national average level.
According to the judgment of experts, the battery pack of EVs is affected by low temperatures, and the vehicle range
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is seriously degraded. It will cause local residents to have a lower willingness to purchase cars. The EV ownership rate
also verifies this. Xinjiang, Heilongjiang, Qinghai and Tibet are all in the cold regions of northern and northwestern
China. Statistics show that the ownership of EVs in these four provinces accounts for less than 1% of the total number
of vehicles. Decreased willingness to buy due to natural environmental factors should be removed. Therefore, this
analysis adds 27 provinces for comparative analysis.

In addition, the total economic output of Henan Province has long been ranked 5th among the 31 provinces in the
country, and this analysis adds a comparative analysis with the development level of the top 5 provinces in terms of
economic output. The per capita GDP of Henan Province ranks 22nd, and this analysis adds the comparative analysis
of the development level of the top 22 provinces in terms of per capita GDP.

Table 2. Comparative analysis of the development level of EV

Percentage of ~ Vehicle Owner-  EV ownership
EV Owner- ship per 1,000  per 1,000 peo-

ship Persons ple
Level of Henan Province 4.74% 178.79 8.48
National Average 4.14% 226.33 9.36
Average level of 27 provinces 4.33% 224.95 9.75
Average level of top 5 provinces in terms of economic output 5.35% 237.19 12.68
Average level of top 22 provinces in terms of GDP per capita 4.59% 230.37 10.58
Gap with national level 14.63% -21.01% -9.45%
Gap with 27 provinces 9.41% -20.52% -13.05%
Gap with the average level of the top 5 provinces in terms of economic volume -11.33% -24.62% -33.16%
Gap with the average level of top 22 provinces in terms of GDP per capita 3.22% -22.39% -19.89%

According to the above table, the level of EV ownership and vehicle share in Henan is higher than the national
average and the average level of the top 22 provinces in terms of per capita GDP. Lower than the average level of the
top 5 provinces with total economy. There is no obvious backwardness. Further, the level of car ownership is lower
than the national average of 21.01%. This indicator hides the fact that Henan Province is lagging behind in the devel-
opment of EVs.

In terms of EV ownership per 1,000 people, the level in Henan Province is 8.48 vehicles. The national average is
9.36 vehicles. 27 provinces have an average of 9.75 vehicles. 22 provinces have an average of 10.58 vehicles. The
average level of the top 5 economic provinces is 12.68 vehicles. Henan Province is 9.45%, 13.05%, 19.89% and 33.16%
lower respectively.

This shows that Henan Province needs to take measures to make efforts in the field of EV promotion. Make the
province's growth rate level higher than the national average growth rate level, in order to keep the gap no longer
widening. Further, in order to play the role of the EV industry in supporting economic growth, the growth rate should
be made to increase further. The level of ownership is on par with that of economically developed provinces, and the
consumer market should be cultivated and strengthened.

4.5 Problem-solving pathway options

Several studies have shown that consumer demand is closely linked to government policy incentives. Currently, as
the national EV industry becomes more competitive, state subsidies for both consumers and businesses are decreasing.
The industry will shift to mainly market allocation of resources. Scholars need to turn more attention to the study of
consumer decision-making behavior.

The forces contributing to consumer purchases can be categorized into two types of demand, one is the substitution
demand for traditional fuel vehicles, and the other is the demand for new car purchases.

According to statistics, since 2016, China's automobile sales have been maintained at around 26 million units for
many years. There is no further significant growth. And the sales of EVs have been growing rapidly for consecutive
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years. Obviously, it is EVs are rapidly replacing traditional fuel vehicles.

The number of cars per 1,000 people in Henan Province in 2022 is 178.79. Far below the national average level of
226.33, indicating that the Henan automobile market has considerable demand potential is not played.

Consumer behavior research has to include two aspects. On the one hand, the unfavorable factors affecting the
development of EVs, such as insufficient charging infrastructure and insufficient competition in the maintenance mar-
ket. On the other hand, attention should also be paid to the unfavorable factors affecting consumers' willingness to
purchase vehicles, such as tax breaks, credit support, insufficient parking facilities, and right-of-way control.

4.6 Correlation Analysis

Examine the current scale of EVs with the indicator of EV ownership per 1,000 people. Using it as the dependent
variable. New energy vehicle ownership as a percentage of the total number of cars, resident population, total economic
output, GDP per capita, automobile ownership per 1,000 people, and charging pile ownership per 10,000 people those
six indicators are used as independent variables. Examining the correlation between two and two.

Pearson correlation analysis model, P<0.05 for significant correlation, the sample size of 27 provinces, 31 provinces
excluding the 4 provinces of Heilongjiang, Qinghai, Xinjiang, and Tibet which are affected by the natural geographic
environment. The resulting output is as follows:

Table 3. Correlation Analysis Results

EV Percent- Resident Vehicle Owner-  Public Charging EV per
Total Eco-  GDP per . .
age of Total Popula- . . ship per 1000 Piles per 10000 1000 peo-
. : nomic GDP capita
Vehicles tion People People ple
EV Percentage of s s s
Total Vehicles 1 0.017 0.278 735 0.344 914 965
Resident Popula- 1 852%* -0.068 - 460* -0.127 -0.144
tion
Total Economic %
GDP 1 382 -0.115 0.212 0.173
GDP per capita 1 .586%* .832%* 812%*
Vehicle Owner-
ship per 1000 1 525%* S537%*
People
Public Charging
Piles per 10000 1 954
People

EV per 1000 peo-
ple

**At the 0.01 level (two-tailed), the correlation is significant; *At the 0.05 level (two-tailed), the correlation is significant

The results show that among the six indicators, four indicators are correlated and two indicators are not correlated.
There is a significant correlation between new energy vehicles as a percentage of total automobile volume, GDP per
capita, automobile ownership per 1,000 people, public charging pile ownership per 10,000 people and new energy
vehicle ownership per 1,000 people. There is no correlation between resident population, total economic output and
the number of new energy vehicles per 1,000 people.

The indicator of the proportion of EVs to the total number of vehicles shows the substitution relationship between
EVs and traditional fuel vehicles. The indicator of automobile ownership per 1,000 people shows the demand for new
car purchases. The number of public charging piles per 10,000 people represents the supporting facilities, and the level
of GDP per capita is an external environmental factor; the latter two are related factors, not market demand.

New energy vehicles accounted for the total number of cars, the amount of cars owned by 1,000 people as the
independent variable, the number of new energy vehicles per 1,000 people as the dependent variable, to carry out linear
regression analysis, the results are shown in the table below:
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Table 4. Table of regression coefficients

Unstandardized coefficient Standarchzed t Signifi- Covar_lapce sta-
coefficient cance tistics VIF
B standard error Beta tolerances
(Constant) -10.805 1.134 -9.532 0.000
Percentage of EV in total num- 3¢ g4, 11.022 0.885 28033 0.000 0.881 1.135
ber of vehicles
Vehicles per 1,000 people 0.036 0.005 0.232 7.345 0.000 0.881 1.135

R2=0.979, F=556.89, P<0.01

R?=0.979, indicating that the model fits well. P<0.01, indicating that both independent variables significantly affect
the dependent variable. The VIF values of the two independent variables are less than 5, and the residuals of the
regression model basically conform to normal distribution, indicating that the regression model is stable and reliable.

The above quantitative analysis shows that both substitution demand and new car purchase demand are key areas of
consumer research concern.
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