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Financial openness and energy
structure transformation
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Energy structure transformation is the only way for China to achieve the "dual
carbon” goal, and one of the difficulties faced by energy transformation is
financing. In the context of China’s steadily promoting the high-level opening-
up of financial industry, this paper uses the panel data of China’s provincial level
from 2010 to 2019 to systematically examine the impact of financial opening-up
on the transformation of energy structure. The results show that: 1) Financial
openness has a significant positive impact on the energy structure transition; 2) In
different stages of energy structure transformation, as the main driving force in the
initial stage of energy structure transformation is the government'’s policy support,
with the continuous maturity of energy structure transformation, the impact of
financial openness on energy structure transformation gradually increases; 3) With
different levels of economic development, the driving effect of financial openness
is also different. The lower the level of economic development is, the stronger the
driving effect of financial openness on energy structure transformation is due to
the lack of financing channels. This paper provides a theoretical basis for China’s
energy structure transformation, and also provides rich policy implications for
promoting China’s financial industry to open up at a high level.

KEYWORDS

financial openness, transformation of energy structure, “dual carbon” targets,
heterogeneity, China

1 Introduction

The “dual goals” of carbon peak by 2030 and carbon neutrality by 2060 are an inevitable
requirement for China to cope with climate change and an important deployment for China
to formulate its medium—and long-term development strategy. The consumption of coal, oil
and other petrochemical energy is the main source of global greenhouse gases. In order to
achieve the goal of “dual carbon,” it is necessary to accelerate energy transformation,
transform the coal-based energy structure, and promote the development of non-
fossil energy.

Although the overall trend of energy structure transformation is optimistic and positive,
in order to achieve the “dual carbon” goal and control climate change, the field of energy
structure transformation needs a lot of financial support. According to the Global Energy
Transition Outlook report of the International Renewable Energy Agency, in order to
achieve the goal of the Paris Agreement and control the increase in global average
temperature above pre-industrial levels to less than 1.5°C, the global energy transition
will require investment of 570 million US dollars per year by 2030, showing that the funding
gap for energy transition is huge. For China, there is also a huge gap in green investment and
financing. According to the Green Finance for Carbon Neutrality released by China
International Capital Corporation Limited, in order to achieve carbon neutrality, China’s
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FIGURE 1

Relationship between financial openness and energy structure transformation.

green investment and financing gap is about 540 billion yuan per
year from 2021 to 2030. In the absence of policy intervention, the
investment and financing gap for renewable energy will rise rapidly
to 310 billion yuan per year after 2031. Such a huge demand for
investment and financing has become a severe challenge for the
transformation of energy structure under the “dual carbon” goal.

Figure 1 provides an intuitive description of the relationship
between financial openness and the transformation of the energy
mix. The horizontal and vertical coordinates in Figure 1 are
measured by the energy structure transformation index and the
financial openness level constructed in Section 3.2, which are the
average energy structure transformation index and the average
financial openness level of 30 provinces in China from 2010 to
2019, respectively. As can be seen from Figure 1, there is a significant
positive correlation between the level of financial openness and the
energy structure transformation of 30 provinces in China. Whether
financial openness is conducive to energy structure transformation,
and whether this effect varies in different stages of energy structure
transformation and different levels of economic development, need
more rigorous demonstration. In order to better answer the previous
questions, this paper uses the panel data of 30 provinces in China
from 2010 to 2019 to analyze the internal relationship between
financial openness and energy structure transformation at the
provincial level, as well as whether there is heterogeneity in the
relationship between the two.

Frontiers in Environmental Science

The existing research mainly focuses on the impact of policy
factors, carbon emissions, economic development and other factors
on the energy structure transition, but there is still a lack of
discussion on the impact of financial openness on the energy
structure transition. Therefore, this paper will take China’s
provincial data as the research object, explore the impact of
financial openness on energy structure transformation, and
conduct regional heterogeneity analysis. Its main contributions
include: 1) Using China’s provincial data to study the impact of
financial openness on energy structure transformation, it can more
accurately observe the impact of financial openness in China, and
realize the comparison of characteristics in different regions. 2) In
quantitative research, we distinguish different stages of energy
structure transformation and different levels of economic
development to explore the dynamic evolution of the driving
effect of financial openness, and use the panel threshold model to
study the evolution characteristics of the marginal effect of financial
openness. The driving factors of energy structure transformation are
multi-dimensional and dynamic, so the discussion by development
stage can be more consistent with the reality and the law of industrial
development. 3) The research conclusions provide empirical
evidence for steadily expanding the institutional opening of the
financial sector, improving the facilitation of cross-border
investment and financing, and attracting more foreign financial
institutions and long-term capital to facilitate the transformation of
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energy structure; At the same time, it provides policy inspiration for
deepening international cooperation in green finance, improving the
green financial system, and helping to achieve the goal of “dual
carbon,” which has strong practical significance.

The rest of this paper is arranged as follows: the second part is
literature review and research hypothesis; The third part, empirical
design, variables and data; The fourth part, benchmark regression,
robustness test and heterogeneity results analysis; Finally,

conclusions and policy recommendations are presented.

2 Literature review and research
hypotheses

2.1 Influencing factors of energy structure
transformation

In the context of the “dual carbon” target, many scholars have
carried out quantitative research on the influencing factors of energy
structure transformation. Although the conclusions are not
consistent, the research on the influencing factors mainly focuses
on the following five aspects: economic factors, policy factors,
environmental factors, energy factors and social factors. 1) Policy
factors. The change in production technology represented by the
steam engine was the driving force of the first energy transition, the
invention and promotion of the internal combustion engine was the
driving force of the second energy transition, and policy factors may
be one of the main driving forces of this energy transition (Cansino
etal., 2010; Bai et al., 2023; Yu et al,, 2023a; Liu and Peng, 2022); 2)
Energy factors. Some scholars believe that the price of fossil energy
and national energy endowment will affect the transformation of
energy structure (Sadorsky, 2009b; Su and Tan, 2023; Yu et al,
2023b; Guo et al., 2023); 3) Environmental factors. Environmental
factors mainly refer to that the emission of carbon dioxide, sulfur
dioxide and other exhaust gases will affect the transformation of
energy structure Bai et al. (2023), and Werner and Lazaro, (2023)
believes that environmental regulation will affect the transformation
of energy structure. 4) Economic factors. Most scholars believe that
economic development can promote the transformation of energy
structure Bai et al. (2023), and Tian et al. (2022) studied the impact
of economic recovery on the transformation of energy structure; 5)
Social factors. Rosenbloom et al. (2018) believed that public
education would improve people’s awareness of environmental
protection and help promote energy structure transformation,
while Kuamoah (2020) believed that the lack of infrastructure
was one of the obstacles to energy transformation. It is worth
noting that although the role of finance in the transformation of
energy structure has gradually attracted the attention of scholars, the
research mainly focuses on the impact of domestic financial
development on it and the qualitative risk level.

Most existing studies have found that financial development has
a positive impact on the transformation of energy structure (Ding
etal,, 2023), and its driving effect on finance only stays at the level of
financial development, without considering financial openness.
Although financial openness brings benefits such as lowering
financing costs and improving risk aversion, cross-border capital
may also bring disadvantages such as economic and financial
turbulence. Then, for the energy structure transformation with a
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long investment cycle and a large amount of financial support, what
is the impact of foreign capital on it? This is a question worth
investigating. This paper will take China’s provincial-level data as
samples to study the impact of financial openness on energy
structure transition, and further explore the heterogeneity of
financial openness driving effect in different energy transition
stages and different levels of economic development.

2.2 Mechanism and heterogeneity driven by
financial openness

(1) The working mechanism driven by financial openness.

Compared with traditional fossil energy, non-fossil energy
depends more on financial development. The main reason is that
compared with fossil energy, the production cost of non-fossil energy
has its uniqueness, which is mainly reflected in the following aspects:
1) The production technology of non-fossil energy is still very
immature, many production fields still need further exploration
and innovation, and the research and development of technology
has a lot of uncertainties, that is, great risks. In addition to the
government’s financial support, it also needs financial support from
the financial sector to make up for the shortage of funds; 2) Non-fossil
energy construction not only has a relatively large initial investment
scale, but also has a relatively high operating cost, which requires a lot
of financing needs and support from the financial field; 3) Although
compared with fossil energy, the investment cycle and time span of
non-fossil energy are greatly shortened, it still belongs to the
investment with a long cycle. Such financing services such as
medium - and long-term loans are easier to obtain from foreign
banks to ensure smooth project implementation.

The impact of financial openness on the transformation of energy
structure is mainly reflected in the following three aspects: 1) Expand
financing channels. On the one hand, the flow of international capital
can effectively relieve the pressure of capital shortage in the process of
local economic development; On the other hand, the entry of foreign
financial institutions and the intensification of competition in the
financial industry can provide more abundant financial products and
provide more capital services and financing opportunities for energy
transition enterprises. 2) Improve the return on investment. On the
one hand, abundant financial products and financing channels can
improve the anti-risk ability of energy transition enterprises; On the
other hand, a perfect financial market can help enterprises better
integrate resources and promote the efficient operation of investment
activities. 3) Increase R&D investment of enterprises. Funds in the
financial market tend to flow to technical fields with high or potential
returns, while R&D of energy transition enterprises requires long-
term sustainable and stable investment; therefore, relatively sufficient
sources of funds will affect the R&D investment decisions of energy
transition enterprises and increase R&D investment. Based on this,
this paper proposes:

Hypothesis 1: Financial openness is conducive to promoting the
transformation of energy structure.

(2) Heterogeneity driven by financial openness in different stages of
energy structure transition
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Although there are differences in the paths and ways of energy
structure transformation in China’s provinces, the government’s
policy support is still the initial driving force for China’s energy
structure transformation. The supporting policies for energy
structure transformation can be roughly divided into two types:
the first is the supply-side driven policy, which leads to the R&D
input for energy structure transformation from the supply side, such
as the establishment of power system adapted to new energy
generation, the development of smart grid and electric vehicles,
and the subsidy policy for renewable energy development. The
second is demand-pull policy, which leads to capacity investment
in renewable energy from the demand side and indirectly promotes
the transformation of energy structure. For example, Renewable
energy quota system and Tax Credit policies (including Production
Tax Credit and Investment Tax Credit), tax subsidies, etc.

In the early stage of energy structure transformation, the market
mechanism is certainly immature at this time, and the development
of renewable energy mainly depends on the policy support of the
government. It is difficult for financial openness to play a role
through the market mechanism, and the role driven by financial
openness is quite limited (Aklin and Urpelainen, 2013; Kim and
Park, 2018). In the initial stage, the main problem of non-fossil
energy development is that the use cost is too high due to the lack of
technological innovation, which makes non-fossil energy maintain a
high price and cannot compete with traditional petrochemical
energy in the market. Therefore, the initial stage of non-fossil
energy development is faced with the problems of market failure
and insufficient funds. Government support is particularly
important at this stage. At the same time, in the early stage of
energy structure transformation, on the one hand, due to the high
uncertainty of non-fossil energy technology innovation and high
investment risk, the profit-driving behavior of financial institutions
will turn to the less risky areas for investment, which will also have a
“crowding out effect” on non-fossil energy; On the other hand,
under the condition of market failure, it is also difficult for financial
subjects to play their financing mechanism in the transformation of
energy structure. Under the effect of dual forces, financial openness
may have an inhibitory effect on energy structure transformation in
the early stage.

In the growth and maturity stages of energy structure
transformation, the market mechanism is gradually improved,
and the strength of government support policies is gradually
weakened, while the role of finance through perfect market
mechanism can better promote energy structure transformation
(Amuakwa-Mensah and Nasstrom, 2022). At this time, the
technological progress of non-fossil energy gradually reduces the
use cost, and its price can compete with the traditional fossil energy
in the energy market. With the continuous improvement of cost
competitiveness, the large-scale production of non-fossil energy is
gradually realized, and the consumption of non-fossil energy
accounts for a higher and higher proportion in the total energy
consumption. Therefore, in this stage, the role of the market is
gradually enhanced, and the government support policy is gradually
weakened. In a sound market mechanism, financial subjects can
create diversified financing channels to serve the development of
non-fossil energy, reduce its financing costs, and continuously
promote the transformation of energy structure. Based on this,
this paper proposes:
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Hypothesis 2: In the initial

transformation, the main driving force of energy structure

stage of energy structure

transformation is government policy support, while the driving
effect of financial openness is weak, and may even be inhibiting; In
the growth and maturity stages of the energy structure transformation,
the market mechanism is constantly improved, and the financial
openness may have a significant positive impact on the energy
structure transformation, and with the deepening of the energy
structure transformation, this promoting effect will be strengthened.

(3) Heterogeneity driven by financial openness at different levels of
economic development

Provinces with different levels of economic development have
different impact paths and ways of financial openness on energy
structure transformation. On the one hand, the process of energy
structure transformation from research and development to
investment and construction needs a lot of financial support; On
the other hand, compared with the economically developed regions,
the financial industry in the economically underdeveloped regions is
relatively backward. Both the banking industry and the securities
industry have relatively small overall scale, low level of development,
imperfect financial system, extensive development mode, low
operation quality and imperfect market mechanism. This makes
the need for funds for energy structure transformation in less
economically developed regions more urgent. To a certain extent,
financial openness can break the barriers of sino-foreign trade
financing, reduce financing costs, help to increase the rate of
foreign direct investment, and thus promote the process of
energy structure transformation. At the same time, from the
perspective of economics, financial opening is conducive to the
improvement of financial system and market mechanism, and helps
to provide a good financial environment and better financial support
for the
underdeveloped regions. Based on this, this paper proposes:

energy structure transformation in economically

Hypothesis 3: The financing capacity of less developed regions is
greatly insufficient, but the transformation of energy structure needs
a large amount of financial support. Therefore, the need for financial
openness is more urgent in economically underdeveloped regions,
that is, the lower the level of economic development is, the greater
the impact of financial openness on the transformation of energy
structure is.

3 Empirical design, variables and data
3.1 Model specification

In order to verify the relationship between financial openness
and energy structure transformation, this paper constructs a two-
way fixed effect model of time and region. The model is set
as follows:

ZXis=a+0F0; + B X+, +y, + &y (1)

Where i represents province and t represents year; ZX,
represents the transformation degree of energy structure; FO;;
represents the level of financial openness; X;; represents a series
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of control variables, including economic factors, energy factors,
policy factors and environmental factors; y; represents provincial
fixed effects; y, represents the time fixed effect; &;; represents the
disturbance term. In Eq. 1, 0 represents the impact of financial
openness on the transformation of energy structure.

In order to verify the heterogeneous impact of financial
openness on energy structure transition, artificially dividing the
interval of the variable “energy structure transition (or economic
development level)” will cause estimation errors. The threshold
panel model proposed by Hansen (1999) divides the interval of
the variable according to the characteristics of the data itself. This
endogenous interval division method can avoid artificial subjective
factors and make the estimation more accurate. Therefore, this
section uses the method proposed by Hansen (1999) to study the
differences in the impact of financial openness on energy structure
transition in different energy structure transition levels (or
economic development levels).

Firstly, we introduce the most basic threshold panel model, that
is, the setting of single threshold panel model, which is expressed
as follows:

ZX,'t = 91' + )/IFO,‘t (git SA) + YZFO” (git ZA) + (S’X,‘t + Vi (2)

Where i represents province and ¢ represents year; ZX; is the
explained variable, indicating the transformation of energy
structure; FO; is the core explanatory variable, indicating the
level of financial openness; X; represents a group of control
variables that may have a great impact on energy structure
transformation, including economic factors, energy factors, policy
factors and environmental factors; g; represents the threshold
variable, which in this paper refers to the energy structure
transition level and the economic development level respectively,
and A represents the specific threshold value. I(-) is the indicator
function, 9; is used to reflect the individual effects of provinces, such
as unobservable factors such as location characteristics and
development endowments, and v;; is the random interference term.

According to econometric theory, it is possible for models to
have multiple threshold values. As for the multi-threshold panel
model, this paper first extends to the double-threshold panel model
for a brief introduction, which is expressed as:

ZXit = 19,* + ylFOit (git S/\]) + y2FOit (A] <git S/\z)

+ Y2Fox't (git >A2) + 6,X,‘t + Vi (3)

On this basis, the panel models with more thresholds can be
extended, which will not be described here.

3.2 Variables and data description

(1) Explained variable: energy structure transition (ZX). The
transformation of energy structure is a dynamic process and
system engineering of continuous optimization and adjustment
of various leading energy sources in the process of mutual
substitution and complementation. Different types of energy
have very different carbon emission capabilities. Therefore,
changes in carbon emissions are closely related to changes in
energy consumption structure. In order to realize the

transformation of energy consumption structure
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characterized by “pollution and high carbon” to “clean and
low carbon,” it is imperative to promote the dual transformation
of “oil and gas replacing coal and non-fossil energy replacing
fossil energy”. Therefore, this paper uses the dual substitution
index of energy consumption structure to measure the
transformation of energy structure, that is, the unit of
consumption of coal, oil, natural gas and non-fossil energy is
converted into standard coal by the discounted standard coal
coefficient. The oil and gas substitution index (OG) is quantified
by the ratio of total consumption of oil and natural gas to coal
consumption. Non-fossil energy substitution index (RE) is
quantified by the ratio of non-fossil energy consumption to
fossil energy consumption, and the dual substitution index of
energy structure is the geometric mean of the product of oil and
gas substitution index and non-fossil energy substitution index.

(Eo + E;) x E,

ZX =+vOG x RE =
8 Ec x (1-E,)

(4)

Where Eo. E4. E,. E. represent the ratio of oil, natural gas,

non-fossil energy and coal consumption to total energy

consumption, respectively.

(2) Explanatory variable: financial openness (FO). For example,
Fernandez et al. (2016) used the proportion of FDI in GDP to
measure the level of financial openness, but this method cannot
reflect the degree of financial service openness of a country.
Some scholars specially describe the financial services from the
perspective, but this is only theoretical elaboration without
specific measurement. This paper adopts the idea of Zhang
Xiaobo et al., from the two-way quantification of “bring in” and
“go global.” Based on the actual situation and the availability of
data in various regions of China, the measurement formula of
financial openness is expressed as:

OFDI;
X
GDP;

FDI;
X
GDP;

FDL;
X
TDL;

FO,‘1=(XI ,(a1+“2+a3=1)

(5)

o a3

Where FO;; represents the degree of financial openness, FDI;
represents the stock of foreign direct investment, OF DI; represents
the stock of foreign direct investment, FDL; represents the total
foreign currency deposits and loans of financial institutions, and
TDL; represents the total domestic and foreign currency deposits
and loans of financial institutions.
Let ¢y = 0.4, a, =0.3, a3 =0.3.

(3) Control variables. 1) Policy factor (ZC). The investment
amount of pollution control projects completed this year is
used to measure the policy factors (Unit: 100 billion yuan),
which can reflect the government’s emphasis on environmental
pollution control, and then reflect the government’s demand for
energy consumption structure transformation; 2) Economic
factors (J]). Per capita GDP is used to measure economic
factors (Unit: ten thousand yuan), mainly because existing
studies have shown that the level of economic development
is an important driving factor for energy transition (Sadorsky,
2009a). 3) Energy factor (NY). Energy consumption is selected
to measure the endowment basis of energy resources (Unit:
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TABLE 1 Descriptive statistics of variables.

10.3389/fenvs.2023.1346594

Variables Meaning Obs. Mean S.D. Min Max
JJ Economic factors 300 5.2635 2.6287 1.3119 16.4222
zC The policy factor 300 0.0223 0.0215 0.0004 0.1416
NY The Energy factor 300 1.4781 0.882 0.1359 4.139
HJ Environmental factors 300 0.0049 0.004 0.00002 0.1827
FO Level of financial openness 300 0.1612 0.1572 0.0255 0.8085
zZX Transformation of energy structure 300 0.2947 0.2521 0.0321 2.6732

Billion tons of standard coal). 4) Environmental factors (H]J).
Previous studies have found that concern for the environment,
especially pollutant emissions, will be conducive to energy
transition, and so® emissions (Unit: 100 million tons) are
selected to measure environmental factors.

The data in this paper are the panel data of 30 provinces in China
from 2010 to 2019. Due to the serious lack of data in Tibet, the data
of this province were excluded, and individual missing data were
supplemented by interpolation method. The data mainly come from

» «

the “China Financial Database,” “China Macroeconomic Database,”
“China Energy Database” and “China Environment Database” in
EPS data platform. The descriptive statistics of the variables are
shown in Table 1. As can be seen from Table 1, the minimum,
maximum and average values of energy structure transformation are
0.0321, 2.6732 and 0.2947, respectively, indicating that the level of
energy structure transformation among provinces in China is
generally low and the gap is large. The minimum, maximum and
average values of financial openness are 0.0255, 0.8085 and
0.1612 respectively, indicating that China’s financial openness
also has problems of low overall level and large gap between regions.

4 Analysis of empirical results

4.1 Status quo of China’s energy structure
transformation

The energy structure transformation level of 30 provinces in
China during 2010-2019, calculated according to the energy
structure transformation index constructed in Section 3.2, is
shown in Table 2. As can be seen from Table 2: From the
perspective of time trend, the energy structure transformation
level of each province is basically gradually improved with the
passage of time, which intuitively indicates that all parts of China
are steadily promoting the energy structure transformation; From
the horizontal point of view, the highest is Beijing, Beijing as the
capital of China, the energy structure transformation should be at
the forefront. Shanghai, Zhejiang, Guangdong and Hainan also have
a high level of energy structure transformation, all above 0.5. These
provinces are located in coastal areas and can make full use of their
geographical advantages to achieve energy transformation, such as
offshore wind power generation. Shanxi and Inner Mongolia have
the lowest level of energy structure transformation, both below 0.1.
These two places are China’s large coal-power provinces and also the
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provinces with the highest net energy output. In the past, a large
amount of resources were consumed in economic construction,
leading to environmental degradation, and the economic growth
model needs to be changed urgently. For a long time, China’s
economic and social development depends on coal resources,
coal has become an important basic energy and industrial raw
materials, reliable type of energy security. Although, in recent
years, the proportion of coal consumption has declined, but the
rich coal, poor oil, less gas energy resource endowment and non-
fossil has not been reliable alternative to the status quo of traditional
resources have determined that the coal-based energy structure is
difficult to change in the short term, coal will still be the “ballast

» «

stone” “stabilizer” of energy supply. Therefore, the transformation

degree of energy structure in these regions is not high.

4.2 Average impact of financial openness on
energy structure transition

Columns (1)-(3) of Table 3 respectively report the impact of
financial openness on energy structure transition without adding
control variables, adding control variables and two-way fixed effects.
From the estimation results, it can be seen that there is a significant
positive relationship between financial openness and energy
structure transition. It can be seen from Column (3) of Table 3
that the average effect of financial openness on the energy structure
transition is 0.58, which is significant at the level of 1%. That is, for
every 1 unit increase in financial openness, the energy structure
transformation will increase by 0.58 units. The above structure
shows that in the process of energy consumption structure
transformation, the openness of the financial industry is
conducive to energy structure transformation, that is, Hypothesis
1 is verified.

4.3 Robustness test

In the part of robustness test, this paper mainly uses the
replacement of core explanatory variables, the addition and
reduction of control variables and the random effect model to
test the robustness of the empirical results.

(1) Replacing core explanatory variables. In order to further

eliminate the impact of the measurement error of financial
openness index on the empirical results, this paper uses the
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TABLE 2 The energy structure transformation level of 30 provinces in China from 2010 to 2019.

2010 2011 2012 2013 2014 2015 2017 2018
Beijing 0.49 0.52 0.56 0.59 0.70 0.92 1.10 1.50 2.15 2.67
Tianjin 0.32 0.32 0.30 0.34 0.34 0.37 0.39 0.44 0.48 0.49
Hebei 0.13 0.13 0.13 0.13 0.14 0.15 0.15 0.16 0.19 0.22
Shanxi 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.07 0.07 0.07
Inner Mongolia 0.07 0.06 0.06 0.09 0.09 0.09 0.10 0.10 0.10 0.09
Liaoning 0.30 0.30 0.30 0.32 0.32 0.32 0.35 0.35 0.39 0.41
Jilin 0.15 0.14 0.16 0.16 0.16 0.19 0.20 0.21 0.21 0.22
Heilongjiang 0.19 0.18 0.18 0.19 0.18 0.18 0.20 0.19 0.19 0.18
Shanghai 0.38 0.38 0.41 0.46 0.46 0.51 0.52 0.53 0.54 0.57
Jiangsu 0.27 0.26 0.26 0.29 0.30 0.32 0.33 0.37 0.40 0.41
Zhejiang 0.34 0.35 0.35 0.38 0.39 0.39 0.39 0.43 0.44 0.50
Anhui 0.12 0.13 0.12 0.14 0.16 0.16 0.16 0.18 0.19 0.19
Fujian 0.28 0.25 0.27 0.30 0.38 0.40 0.43 0.42 0.41 0.44
Jiangxi 0.16 0.16 0.17 0.18 0.17 0.19 0.22 0.23 0.24 0.25
Shandong 0.21 0.21 0.22 0.25 0.27 0.30 0.34 0.38 0.41 0.43
Henan 0.13 0.13 0.16 0.17 0.16 0.16 0.17 0.18 0.20 0.21
Hubei 0.15 0.14 0.14 0.20 0.21 0.23 0.23 0.25 0.26 0.27
Hunan 0.12 0.14 0.15 0.17 0.16 0.18 0.17 0.16 0.19 0.20
Guangdong 0.39 0.37 0.39 0.43 0.44 0.46 0.48 0.49 0.52 0.53
Guangxi 0.16 0.24 0.28 0.27 0.30 0.32 0.31 0.34 0.35 0.35
Hainan 0.77 0.75 0.73 0.68 0.74 0.78 0.80 0.74 0.76 0.81
Chonggqing 0.13 0.13 0.14 0.18 0.19 0.23 0.24 0.24 0.26 0.27
Sichuan 0.20 0.21 0.20 0.20 0.25 0.32 0.32 0.35 0.37 0.40
Guizhou 0.03 0.03 0.03 0.04 0.05 0.06 0.07 0.07 0.10 0.11
Yunnan 0.03 0.04 0.04 0.04 0.05 0.06 0.06 0.16 0.26 0.27
Shaanxi 0.25 0.24 0.23 0.23 0.22 0.22 0.22 0.23 0.24 0.24
Gansu 0.34 0.35 0.33 0.35 0.33 0.34 0.33 0.36 0.36 0.36
Qinghai 0.40 0.41 0.39 0.38 0.41 0.43 0.37 0.42 0.45 0.47
Ningxia 0.16 0.13 0.20 0.20 0.19 0.19 0.21 0.18 0.15 0.15
Xinjiang 0.29 0.29 0.28 0.30 0.32 0.29 0.29 0.28 0.28 0.28

proportion of FDI in GDP to measure financial openness for
robustness test, and the results are still robust.

Increase or decrease of control variables. In order to test whether
different control variables will affect the empirical estimation
results, this paper adopts the stepwise regression method,
gradually adding control variables for regression, and the
results of the core explanatory variable financial openness are
still robust.

Random effect model. In order to test whether the adoption of
different panel models will affect the empirical estimation
results, this paper uses the random effect model for
estimation, and the results are still robust.

Frontiers in Environmental Science

4.4 Analysis of heterogeneity

4.4.1 The effect of financial openness in different
development stages of energy structure transition

On the basis of Table 3, we further explore the average effect of
financial openness in different stages of energy transition. The higher
the energy structure transition index is, the higher the proportion of
oil and gas replacing coal and non-fossil energy replacing fossil energy
in this region is, and the more mature the energy transition in this
region is. In this paper, the threshold panel model of Hansen (1999) is
used to divide the interval of variables according to the characteristics
of the data itself for parameter estimation.
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TABLE 3 Benchmark regression results.

Variables (1) () 3)
FO 0.98*** 0.49¢ 0.58*
I7 0.074+ 0.09%4
zC -0.73 —-0.61
NY —0.21%%* —0.18***
Hj 6.9%* -0.5
Province fixed effects Yes Yes Yes
Time fixed effects No No Yes
Samples 300 300 300
Adj R? 0.44 0.42 0.46

Note: ***, ** and * indicate significance levels at 1%, 5% and 10%, respectively.

Since the threshold value and its number in the threshold model
are unknown, in order to determine the form of the model, this
section first determines the possible number of thresholds and their
values through the corresponding algorithms and procedures
according to the characteristics of the data. The regression results
show that the double threshold model should be used for analysis.
The two threshold estimates for the dual threshold model are
0.25 and 0.53, respectively. According to these two threshold
values, the energy structure transformation of each province can
be divided into three types: the initial stage of transformation, the
growth stage of transformation and the maturity stage of
transformation. Column (1) of Table 4 shows the regression
results of the model under the double threshold.

It can be seen from Column (1) of Table 4 that in the early stage
of energy structure transition, the estimated coefficient of financial
openness is significant at the significance level of 1%, and its value
is —0.71. In the growth period of energy structure transformation,
the estimated coefficient of financial openness is significant at the 1%
significance level, and its value is 0.36. In the mature period of energy

TABLE 4 Parameter estimation results of heterogeneity analysis.

10.3389/fenvs.2023.1346594

structure transition, the estimated coefficient of financial openness is
significant at the 1% significance level, and its value is 1.17.
Obviously, 1.17 > 0.36>-0.71, which indicates that with the
continuous maturity of energy structure transformation, the
impact of financial openness on energy structure transformation
is gradually enhanced. That is, Hypothesis 2 is verified.

4.4.2 The effect of financial openness at different
levels of economic development

On the basis of Table 3, we further explore the average effect of
financial openness at different levels of economic development. The
threshold panel model of Hansen (1999) is still adopted, and the
regression results show that the double threshold model should be
used for analysis. The two threshold estimates for the dual threshold
model are 4.11 and 7.63, respectively. According to these two
threshold values, we can divide the economic development level
of each province into three types: underdeveloped, moderately
developed and developed. Column (2) of Table 4 shows the
regression results of the model under the double threshold.

It can be seen from Column (2) of Table 4 that in economically
underdeveloped regions, the estimated coefficient of financial
openness is significant at the 1% significance level, and its value is
2.38. In the growth period of energy transition, the estimated
coefficient of financial openness 1%
significance level, and its value is 1.08. In the maturity period of

is significant at the

energy transition, the coefficient estimate of financial openness is
significant at the 1% significance level, and its value is 0.72. Obviously,
2.38 > 1.08>0.72, which indicates that the more backward the
economy is, the stronger the driving effect of financial openness
on energy structure transformation is. That is, Hypothesis 3 is verified.

5 Conclusion and policy
recommendations

This paper uses the panel data model of 30 provinces in China
from 2010 to 2019 to examine the impact of financial openness on

Variables (1) (2)
JJ 0.04%+ 0.08***
zZC -0.92 -0.63
NY -0.02 -0.04
HJ 1.47 9.844%%
ZX -1 —0.71%%
ZX -2 0.36***
ZX -3 1174
JJ-1 2.38%%+
J] -2 1.08%*
JJ-3 0.72%%%
Adj - R? 0.68 0.52

Note: ZX - 1,ZX -2 and ZX - 3 represent the FO of small, medium and large energy structure transition level intervals, respectively; JJ — 1, ] — 2 and JJ — 3 represent the FO of small,

medium and large economic development levels, respectively; ***, **, and * indicate significance levels at 1%, 5%, and 10%, respectively.
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the transformation of energy structure, in order to provide
theoretical support and policy reference for promoting the steady
opening of financial market and helping to achieve the goal of
“dual carbon”. The results show that: 1) From the current situation
of China’s energy structure transformation, it can be seen that coastal
cities have a higher level of energy transformation, while resource-
based cities such as Shanxi have a lower level of energy transformation;
2) In general, financial openness is conducive to energy structure
transformation; 3) In the initial stage of energy structure
transformation, the main driving force of energy structure
transformation is government policy support, while the driving
effect of financial openness is weak, and may even be inhibiting; In
the growth and maturity stages of the energy structure transformation,
the market mechanism is constantly improved, and the financial
openness may have a significant positive impact on the energy
structure transformation, and with the deepening of the energy
structure transformation, this promoting effect will be strengthened.
4) The financing capacity of less developed regions is greatly
insufficient, but the transformation of energy structure needs a large
amount of financial support. Therefore, the need for financial openness
is more urgent in economically underdeveloped regions, that is, the
lower the level of economic development is, the greater the impact of
financial openness on energy structure transformation is. Based on this,
this paper puts forward the following policy suggestions:

(1) Opening up the financial market in a steady and orderly
manner. Adhering to the equal emphasis on “bringing in”
and “going global,” by promoting the high-level opening up
of the financial industry, it can promote the deepening reform of
China’s financial industry, make the power of long-term capital
and institutional investors continue to grow, attract overseas
institutions and investors to participate in the transformation of
energy structure, which will help enrich the participants of the
financial market and optimize the financial supply. Provide rich
financing channels for the transformation of energy structure
and help further deepen the transformation of energy structure.

(2) Enhance innovation and diversity of financial products and
broaden  financing  channels  for

energy  structure

transformation. In the process of energy structure
transformation, one of the biggest problems is the difficulty of
which is difficult  for
underdeveloped regions. The financing problem should not

only rely on the guidance and incentive of the government,

financing, more economically

but also play the role of the financial market, especially foreign
capital. First, actively promote the growth of green credit business
for the transformation of energy structure. We will encourage
financial institutions to invest more capital in green industries
through tax cuts and targeted RRR cuts. Second, we will continue
to deepen international cooperation in green finance, actively
participate in the formulation of international standards in
relevant fields, jointly incubate pilot and test projects, and
explore the construction of a green finance market ecosystem.
(3) Give full play to the complementary advantages of government
policies and financial institutions. In the initial stage of energy
structure transformation, the main driving force of energy
structure transformation is government policy support.
However, with the deepening of the transformation of energy
structure, it is necessary to make full use of the advantages of
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financial institutions, promote government-bank cooperation,
give full play to the advantages of both sides in policy,
diversified

financial cooperation models, and jointly contribute to the

information, resources and capital, explore
transformation of energy structure.

(4) Pay attention to the reduction and withdrawal of traditional
industries in resource-based areas to make up for the vacancy.
Most industries in resource-based areas are closely related to
fossil energy. On the one hand, resource-based areas should rely
on local resource endowments, establish a multi-energy
complementary comprehensive energy supply industry chain,
establish and improve the exit compensation mechanism, and
guide the steady transformation of industries. On the other
hand, resource-based areas can reduce the risk of transition to a
greater extent through the coordinated development of fossil
energy and renewable energy.

(5) Both supply and demand sides should make concerted efforts to
promote the transformation of energy structure. On the one
hand, from the supply side, we should vigorously develop new
and renewable energy such as wind power, hydropower,
photovoltaic power generation and nuclear power, and zero
and low-carbon energy production bases such as natural gas.
We should promote various new energy projects, build a multi-
energy complementary, safe and efficient energy system, and
effectively lead the green transformation of energy. On the other
hand, from the demand side, we should actively transform the
growth drivers, change the growth mode, adjust the industrial
structure, and limit the development of industries with high
energy consumption. On the micro level, under the premise of
comprehensive safety,
environmental protection and other factors, consumers’

consideration of economy,
lifestyle and consumption mode should be guided to shift to
the direction of low energy consumption, low pollution and low
emissions. Supply and demand sides work together to promote
the transformation of energy structure.
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