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High-quality development of energy finance (HQDEF) is not only a key component
of high-quality economic development, but also an important solution to the current
difficulties of China’s energy industry, such as environmental pollution and supply
security. This study first clarifies the connotation and mechanism of high-quality energy
finance, and then uses static super-efficiency DEA model as well as dynamic Malmquist
index to evaluate the HQDEF from the perspective of input and output. We find that
the overall effect of the HQDEF is at a low level. The scale efficiency and technical
efficiency are deviating, where the former (latter) continues to expand (decline). The
dynamic Malmquist index shows a slight decline in the efficiency of the HQDEF.
Further studies on five dimensions of the HQDEF show that innovation has the highest
correlation with each new energy industry. Lacking of innovation is the main bottleneck
that restricts the development of the current new energy industry. The correlations
among different industries have a tendency of “symmetry” and “convergence.” Our
study provides countermeasures and suggestions for the high-quality and stable
development of China’s energy finance from the perspectives of optimizing the financial
support structure, building a technological innovation platform, optimizing the industrial
structure, rationally making green investments and open development.

Keywords: high-quality energy finance, technical efficiency, scale efficiency, influencing factors, innovation
dimensions, correlation analysis

INTRODUCTION

Energy is a strategic material for national economic and social development. The Reforms and
Open Door policy brought rapid growth and made China the second-largest economy in the
world. With the cost of resource depletion and pollution, the sustainable development calls for
green development for energy (Xu et al., 2019). Thus, it is important to transfer traditional
energy into low-carbon or non-carbon green and clean energy. Moreover, finance can play an
important role in this transition process. As a result, energy finance has emerged. In order to
achieve high-quality development of economy and energy and practice ecological civilization, the
evaluation of the high-quality efficiency of energy finance and the research of influencing factors
have very important practical significance and theoretical value. Thus, it meaningful to evaluate the
high-quality efficiency of energy finance and study the impact factors on energy finance.
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As a new judgment on the mode of economic growth, the
19th National Congress of the Communist Party of China (CPC)
adjusted its national development strategy and assigned the
sustainable development the top priority. The transition from the
stage of high-speed growth to high-quality development includes
two dimensions: high-speed to sustainable and stable growth;
and low-quality to high-quality development (Gao et al., 2019).
Accordingly, “Quality first, efficiency first” becomes the central
clue in evaluating the status of national economic growth. High-
quality economy includes five development concepts: innovation,
coordination, green, openness, and sharing.

Among these five concepts, green and one of its key
components, namely green energy, play important roles in
the national development (Suo and Tang, 2020). With the
reinforcement of environmental awareness, China’s green and
clean energy has experienced rapid growth and has entered a
high-quality development stage. The core of high-quality energy
development is to build a green, clean and sustainable energy
supply system (Chen et al., 2020).

Finance is one of the important supporting conditions for
the high-quality development of energy. The close integration of
energy and finance creates the concept of energy finance. Under
the five development concepts, the high-quality energy finance by
reducing CO2 emissions (Chevallier et al., 2021) aim to promote
the sustainable development of green and clean energy. The
earliest energy financial trading market was the Coal Exchange in
Cardiff, Wales in 1886. The application of finance to coal trading
activities was the embryonic form of “energy finance” (Yu et al.,
2015). Currently, the academic community still lacks a unified
definition of energy finance. Researches on energy finance are
mainly focus on the following aspects:

(a) There are several definitions of energy finance. The
research on energy finance in the United States is mainly
about financial support to energy industry, namely project
financing. As required by capital demand, energy project
financing is an important way to support energy industry
(Dunkerley, 1995). Pollio (1998) has a similar view and
points out that entities in project financing process diverse
a lot. In China, energy finance has a broader definition,
which includes the linkage mechanism between energy
information and financial information, the integration
of energy resources and financial resources through
the linkage mechanism, and related risk management
(He and Xue, 2010).

(b) The promotion of finance to the energy industry. Firstly,
the initial manifestation of financial support for the
development of the energy industry is financing (Schreft
and Smith, 1998). Financing support requires a well-
functioning financial system (King and Levine, 1993;
Tadesse, 2005; Ma et al., 2021). China is expected to
become the world’s largest development bank in terms
of energy policy financing (Gallagher et al., 2018).
Secondly, the development of the energy industry by
finance can indirectly promote environmental protection
(Grossman and Krueger, 1995; Halicioglu, 2009; Tamazian
et al., 2009). Financial development contributes to a

better environmental performance (Dasgupta et al., 2001;
Liang, 2006; Wang and Jin, 2007; Tamazian et al.,
2009). Therefore, Tamazian and Rao (2010) believe that
financial development is a determinant of environmental
performance. Thus, financial intermediaries can invest
more financial resources in the energy industry for clean
environment-related projects. Thirdly, the promotion of
finance to the clean energy industry is manifested in the
growth of equity and credit markets in related industries (Al
Mamun et al., 2018). Some scholars also believe that banks
and other financial institutions are the main driving forces
of clean energy industry. Delina (2011) believes that the
Asian Development Bank (ADB) has played a significant
role in clean energy financing; Geddes et al. (2018) believe
that state-owned investment banks play a key role in closing
the funding gap for low-carbon energy technologies.

(c) Government funding support on new energy industry.
Firstly, due to the market’s certain volatility (Ma et al.,
2021), the investment of government funds can effectively
promote new energy industry. Bhattacharyya (2012)
believes most financial capital flow to large-scale energy
projects in developed countries, and energy development
in developing countries does not receive sufficient financial
support. Corrocher and Cappa (2020) further finds that
government policies can effectively stimulate private
investment. Therefore, government financial investment
in developing countries is also an important mean to
promote the development of new energy. On the one hand,
the government’s increase in fiscal public investment can
fill the energy funding gap (Lewis, 2010; Jacobsson and
Jacobsson, 2012); On the other hand, government increases
financial investment and subsidies for the research and
development of technologies and equipment in the field
of new energy power generation, which can efficiently
support energy industry (Graham and Brandon, 2003).
Secondly, there are precedents for government investment
in promoting the development of new energy industries.
Uyterlinde et al. (2007) uses a market simulation method
to investigate new energy technologies in the EU and
finds that government funding supports contribute to rapid
development of wind energy.

(d) More recent studies continue to discuss the efficiency
of financial support on energy industry. Brunnschweiler
(2008) finds that the expansion of financing scale has
a significant role in promoting industrial growth, and
concludes that various financing methods have different
efficiency in promoting industrial growth. Beck et al.
(2000), Berardi (2007) state that the efficiency of financial
support is the core factor affecting the development of
the energy industry. He et al. (2007) points out that the
energy efficiency market is a new kind of energy finance,
and it is needed to use the development of energy finance
on promoting the development of the energy efficiency
market in China.

Scholars have conducted numerous studies on the financial
support for energy industry and related efficiency of the support.
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However, few have studies on the financial support for the green
and low-carbon new energy and the HQDEF. Applying data of
listed companies, this study mainly focus on three green and low-
carbon energy industries, including wind energy, hydropower,
and solar energy. In addition, the development of new energy
vehicles can also alleviate environmental pollution. It is an
important way to promote the application of renewable energy
in the future, and it is also a part of the HQDEF. Our sample
also includes the new energy automobile industry. Based on
new energy listed companies, this study first defines the high
quality of energy finance, and then uses the DEA model to
evaluate the efficiency of financial resource input and economic
efficiency output of the energy industry (in other words, evaluate
the HQDEF). Our research is to fill the research gap of the
high-quality energy finance by also dividing sample companies
into four major new energy industries and studying on the
determinants of the efficiency with the gray relational model.

MECHANISM OF HIGH-QUALITY
ENERGY FINANCE ACTIVITIES

The High-Quality Energy Finance
Although Cardiff Coal Exchange of Wales initiated energy
finance since 1886, the concept of energy finance was relatively
vague. Any financial support to the energy industry can be called
energy finance, that is, energy financing. According to literature,
this study define energy finance as: (a) financial support on energy
industry; (b) government guides banks, securities, insurance
companies and other financial institutions to improve service
models and services platform, and create the organic integration
of the energy industry chain and financial capital chain; (c) a
series of policies and institutional arrangements for providing
financing support and financial services for all stages of the
energy industry.

Like economic development, energy finance development
evolves from rapid growth stage to high-quality development
stage. The high-quality development of China’s energy finance
commits to solve the structural imbalance between supply
of fossil energy and demand of clean energy, and develops
green and low-carbon new energy so as to ensure high quality
economic development.

The HQDEF aims to improve the high-quality development of
energy. Instead of pursuing rapid growth in the energy industry,
it emphasizes the financial support for green, low-carbon,
and clean energy industries. The specific content includes two
aspects: (a) energy finance provides funding support to the new
energy industry and ensures their continuous operation; (b) the
operating efficiency of the new energy industry enables financial
capital to obtain higher returns. Energy finance efficiency is equal
to the quality of energy finance development.

As one of the contents of high-quality economic development,
the factors affecting high-quality energy finance are five
dimensions:-“innovation, coordination, green, openness, and
sharing.” Since the high quality of energy finance is the judgment
of the quality of energy finance development, the development
of energy finance itself is also one of its determinants. Based on

the five dimensions, factors affecting the HQDEF are divided
into innovation dimensions, coordination dimensions, green
dimensions, and open dimensions.

The Process of High-Quality Energy
Finance Activities
Based on the above theoretical analysis of high-quality energy
finance, Figure 1 gives the mechanism of high-quality energy
finance activities.

First of all, energy finance is a deep integration of finance
and energy. On this basis, financial support on green and
low-carbon new energy is a high-quality activity of energy
finance. Strong support for such energy industry improves the
transformation of energy into clean and low-carbon direction,
which also contributes ecological environment. There are many
factors can affect HQDEF. According to the characteristics, these
factors can be divided into five dimensions: (a) the structural
development of energy finance is the foundation; (b) innovation
is the driving force; (c) balance is the structural balance; (d)
green is the development direction; and (e) exploitation is the
inevitable choice. Conversely, the economic benefits generated
by the energy industry will enable the financial industry to
obtain investment returns, and the financial capital invested will
achieve value appreciation. The financial industry and the energy
industry are a win-win situation. The whole process is the essence
of high-quality energy finance.

METHODOLOGY AND DATA

DEA-Malmquist Model
The efficiency of financial support to the energy industry is the
degree of proper allocation of financial resources to the energy
industry. The economic benefits of financial support to energy
industry are measured in multiple dimensions, that is, the energy
financial efficiency has multiple inputs and multiple outputs.
DEA model is a quantitative analysis method that uses linear
programming to evaluate relative effectiveness (Charnes et al.,
1978). With the values of multiple inputs and multiple outputs,
the DEA method can evaluate the efficiency of Decision Making
Unit (DMU). Since the input of financial resources is relatively
easy to be controlled while the output of economic benefits is not,
input-oriented DEA is employed.

The traditional DEA-CCR model and DEA-BCC model are
able to identify whether DMU is efficient, but cannot sort out
the order upon the effectiveness of DMUs that are both on
the frontier of production. In order to solve this problem,
Andersen and Petersen (1993) proposed Super Efficiency DEA
(SE-DEA) in 1993. Eq. (1) gives the basic mechanism SE-DEA
apples, that is to reconstruct the efficient frontier employing the
production frontier DMUs, and to sort the effectiveness upon
DMUs, while the efficiency value of the non-effective DMUs
remains unchanged.

min

[
θj0 − ε

( m∑
i=1

s−i +
s∑

r=1

s+r

)]
(1)
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FIGURE 1 | Schematic diagram of high-quality activities in energy finance.

s.t.



n∑
j=1
j6=j0

λj Xij + s−i = θj0 Xij0 i = 1, 2, ..., m

n∑
j=1
j6=j0

λjyrj − s+r = yrj0 r = 1, 2, ..., s

λj ≥ 0, j = 1, 2, ..., n
s−i ≥ 0, s+r ≥ 0

(2)

Where, ε is a non-Archimedean infinitesimal; n is the number
of DMUs, where each DMU includes m input variables and s
output variables, s−i is the slack variable of the input variable, and
s+r is the slack variable of the output; λj is the weight coefficient
of the index; θj0 is the measured super-efficiency value of the
j0 -the DMU.

DEA model works out the comprehensive efficiency value of
financial support on the new energy industry. If the assumption
of constant returns to scale of enterprises is released, the
technical efficiency measured by the super-efficiency DEA can
be decomposed into pure technical efficiency (PTE) and scale
efficiency (SE). PTE refers to whether the financial element input
is efficient, when the return to scale changes. SE refers to the ratio
of minimum input when scale return is constant to the minimum
input when scale return changes; or under a given input level, the
ratio of the maximum output when the return to scale changes on
the maximum output when the return to scale is constant.

The super-efficiency DEA model measures static technical
efficiency, which can be decomposed into pure technical
efficiency and scale efficiency. Based on DEA, The Mamlquist
index is able to investigate the intertemporal changes of the
total factor production efficiency index during the sample
period. Malmquist’s ideas are used to analyze TFP (Caves et al.,
1982). Subsequently, the Malmquist index model as a non-
parametric method for measuring dynamic production efficiency
has received extensive attention from the academic community.
The following shows that Malmquist Index (TFP) measures the

dynamic change of total factor productivity index. Total factor
productivity index can be divided into technical efficiency index
(Effch) and technological progress index (Tech). Effch can be
further divided into pure technical efficiency index (Pech) and
scale efficiency index (Sech).

TFP = (xt+1, yt+1
; xt, yt)

=

[
Dt+1

i (xt,yt)

Dt+1
i (xt+1,yt+1)

×
Dt

i (x
t,yt)

Dt
i (xt+1,yt+1)

] 1
2

=
Dt

i (x
t,yt)

Dt+1
i (xt+1,yt+1)

[
Dt+1

i (xt+1,yt+1)

Dt
i (xt+1,yt+1)

×
Dt+1

i (xt,yt)

Dt
i (xt,yt)

] 1
2

= Effch× Tech
= (Pech× Sech)× Tech

(3)

If both the Malmquist index and the decomposition of
its index are greater than 1, the efficiency has risen and its
dynamic change shows an upward trend; if they are less than
1, the dynamic change is a downward trend. By comparing
the Malmquist index and its decomposition, the efficiency
results and the reasons for the dynamic changes can be shown
more concretely.

Generalized Gray Correlation Model
The gray relational degree is employed to investigate the
correlation among energy financial efficiency and its impact
factors. According to the gray system theory, gray relational
order (GRO) can be used to describe the strength, size, and
order of the relationship between factors. The gray correlation
analysis includes Deng’s correlation degree and generalized gray
correlation degree. Among them, the generalized gray correlation
degree can be divided into absolute, relative and comprehensive
correlation degree, respectively. The absolute correlation degree
measures the similarity degree of each sequence curve in
geometric shape; the relative correlation degree targets on the
relation between the change rate of each sequence curve relative
to the starting point; and the comprehensive correlation degree is
a combination between absolute and relative correlation degree,
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which can not only reflect the similarity of each sequence
curve, but also reflect the closeness of the change rate of each
sequence relative to the starting point. It is a quantitative index
to comprehensively represent the correlation between sequences.

There are 5 steps to achieve The general gray relational degree.
The system behavior sequence is set up as follows:

X0 = (x0(1), x0(2), · · ·, x0(n))
X1 = (x1(1), x1(2), · · ·, x1(n))
· · · · ··

Xi = (xi(1), xi(2), · · ·, xi(n))
· · · · ··

Xm = (xm(1), xm(2), · · ·, xm(n))

(4)

Step 1: the initial value image (or mean image) of each
sequence;

X
′

i = Xi/xi(1) = (x
′

i(1), x
′

i(2), · · ·, x
′

i(n))i = 0, 1, 2, · · ·,m (5)

Step 2: the difference sequence;

1i(k) = |x
′

0(k)− x
′

i(k)|,
1i = (1i(1),1i(2), · · ·,1i(n))i = 1, 2, · · ·,m

(6)

Step 3: the maximum and minimum differences of the poles;

M = max
i

max
k
1i(k),m = min

i
min

k
1i(k) (7)

Step 4: the correlation coefficient;

γ0i(k) =
m+ ξM

1i(k)+ ξM
, ξ ∈ (0, 1), k= 1, 2, · ··, n;

i = 1, 2, · · ·,m (8)

Step 5: the correlation degree.

γ0i =
1
n

n∑
k=1

γ0i(k), i = 1, 2, · · ·,m (9)

Derived from the above, given the same sequence length of the
system behavior, the calculation steps of the improved absolute
correlation degree are:

Xi = (xi(1), xi(2), · · ·, xi(n))
Xj = (xj(1), xj(2), · · ·, xj(n))

(10)

The zeroing images at the beginning of the sequence are:

X0
i = (x

0
i (1), x0

i (2), · · ·, x0
i (n))

X0
j = (x

0
j (1), x0

j (2), · · ·, x0
j (n))

(11)

Down the line(xi(1)− xi(1), xi(2)− xi(1), · · ·, xi(n)− xi(1))
Let si =

∫ n
1 (Xi − xi(1))dt , si − sj =

∫ n
1 (X

0
i − X0

j )dt, then
the gray absolute correlation degree is:

εij =
1+ |si| + |sj|

1+ |si| + |sj| + |si − sj|
(12)

If X
′

i and X
′

j are the initial value images of Xi and Xj, the gray
absolute correlation degree of X

′

i and X
′

j is called the gray relative

correlation degree rij of Xi and Xj. Finally, the calculation formula
of gray comprehensive correlation degree is

ρij = θεij + (1− θ)rij, θ ∈ [0, 1] (13)

Variable Selection and Description
According to the mechanism of HQDEF, The input of financial
resources and the output of green and low-carbon energy
industry are the key indicators to evaluate the HQDEF, as well
as the key contents to measure the efficiency of financial support
on the development of new energy industry. Therefore, it is very
important to construct a reasonable index system of financial
input and energy enterprise output for DEA efficiency evaluation.

Financing for new energy industry mainly includes equity,
debt, credit and other methods (Vanacker and Manigart, 2010).
The asset-liability ratio, proportion of outstanding shares, and
the ratio of loans on total assets are selected to measure financial
resources input (Li and Xu, 2011). For the economic benefits of
financial support to industries or companies, we use company’s
operating income, sales profit, return on net assets, earnings
per share, asset turnover, etc. (Li and Xu, 2011). Operating
income can measure the sales scale; sales profit can measure the
output of the profitability; earnings per share can measure the
growth ability; return on net assets can measure the efficiency of
company’s equity investment utilization. The selection of input-
output indicators of energy finance as shown in Table 1:

Determinants of the HQDEF can be sorted out after
evaluation. As the high-quality energy finance is part of the
high-quality economic development, the high-quality economy
includes the five development concepts of “innovation, balance,
green, open, and sharing” (Gao, 2019). The HQDEF should
also include similar development concepts. Therefore, this study
explores determinants of the efficiency of high quality energy
finance from the five dimensions, including innovation, balance,
green, openness, and the structural of energy finance, as shown in
Table 2.

Innovation is the primary driving force of development. The
innovation dimension includes factors affecting high quality
energy in terms of R&D, patent output, and transformation
of scientific and technological achievements. The R&D profit
is the benefit obtained from unit investment. The higher
the ratio, the stronger the ability of R&D creates value.
The output rate of invention patents is the ratio of number
of patents granted to the full-time equivalent of R&D.
The higher the ratio, the stronger the innovation ability
is. The technology market transaction rate is the ratio of
technology market transaction amount on R&D expenditure,
which can reflect the transformation ability of scientific and
technological achievements. The greater the ratio, the stronger
the transformation ability of achievements is.

Coordinated development can promote national economic
stability and long-term development. The balance dimension
investigates determinants of high-quality energy with industrial
structure, energy structure and economic balance. The
coordination of the industrial structure is characterized by
the Theil index. The smaller the Theil index, the more efficient
the industrial structure is (Gan et al., 2011). The coordination
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TABLE 1 | Measurement of high-quality input-output indicators of energy finance.

Types Financial support method Indicator name Indicator description

Input Equity financing (direct financial support) Percentage of outstanding shares Number of outstanding shares/total share capital

Debt financing (indirect financial support) Assets and liabilities Total liabilities/total assets

Credit financing Financial loan ratio Loan/total assets

Types Financial output measure Indicator name Indicator description

Output Profitability Total operating income Main business income ++ other business income

Profitability Gross profit margin Gross profit/sales revenue

Growth capability Earnings per share Current net profit of ordinary shares/weighted average number
of ordinary shares issued in the current period

Equity investment utilization efficiency capability Roe Net profit/average shareholders’ equity

The financial support method (Input) includes equity financing, debt financing and credit financing. Financial output measure (Output) includes profitability, growth ability,
and equity investment utilization efficiency.

TABLE 2 | Factors of high-quality energy finance development.

Dimension Indicators Proxy variable

Innovation R&D profit margin Corporate profits / R&D expenditure

Invention patent output rate Patent authorization/R&D full-time equivalent

Technology market turnover rate Technology market turnover / R&D expenditure

Balance Industrial structure Theil index

Energy structure Renewable energy power generation/total power generation

Economic coordination GDP per capita

Green Environmental governance Environmental pollution control investment/GDP

Green investment (Total environmental protection investment + water conservancy construction investment + forestry investment)/GDP

Green area Green coverage

Open Open input Foreign direct investment/GDP

Open output Import and export trade volume/GDP

Degree of marketization Marketization index

Energy Energy intensity Energy consumption per unit of GDP

Equity ratio Total corporate liabilities/total corporate owners’ equity

Financing Structure Corporate stock bond balance/total corporate financial assets

The factors affecting the HQDEF are divided into five dimensions, namely, innovation, coordination, green, open, and energy. There are different secondary indicators
under each dimension.

of the energy structure is characterized by the proportion
of renewable energy power generation on the total power
generation. The larger the value, the more in line with the
HQDEF is. The coordination of the economic can reflect
the affluence of the region and also have an impact on the
HQDEF. The variable of economic balance is characterized
by per capita GDP.

Green is the ultimate goal of energy finance development.
The green dimension includes environmental governance, green
investment and green space area. Environmental governance
is an investment in environmental pollution control and is
conducive to the development of energy finance. This study
selects the proportion of environmental pollution control
investment on GDP as an environmental governance indicator.
Most literature use environmental investment as the indicator
of green investment. The sum of the three types of investment
in environmental protection investment, water conservancy
construction investment and forestry investment is used as
investment in green development (Liao and Shi, 2018), and

the ratio to GDP is used as green investment. The green
space area is the output of green development. The larger the
green space coverage area, the more it meets the requirements
of HQDEF is. The green space coverage rate is selected as
the proxy variable.

Opening up is leading to the development of energy finance.
The opening up dimension can be divided into three aspects:
open input, open output and marketization degree. Input factor
under this section is the proportion of foreign direct investment
in regional GDP. The higher the value is, the higher the degree
of openness. Output factor is the economic growth of foreign
trade obtained under the premise of opening the international
door, expressed as the proportion of import and export trade
on regional GDP. The degree of marketization is changing
along with the development of the market economy, so that the
efficiency of resource allocation will also change. As a result, it
will further affect the allocation of financial resources to the new
energy industry. Therefore, this article uses marketization index
to measure the marketization degree.
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The structural of energy finance is a determinant from
the perspective of energy and finance. For energy, differences
in economic structure and resource composition will lead to
significant differences in hidden energy intensity (Lenzen, 1998;
Miller and Blair, 2009). Therefore, this study incorporates
the equity ratio into the structural development dimension of
energy finance. External financing has become an important
source of funds for enterprises (Hall, 2002; Hu et al.,
2020). This study takes the ratio of corporate stock and
bond balance to the total financial assets as the financing
structure variable.

Data
Research data is collected from Flush and Wind databases. The
DEA model requires that the input-output index is positive. given
the economic outputs of energy finance have zero or negative
values, the input-output index should be dimensionless to ensure
non-negative data. The original data should be adjusted as below :

x
∗

ij = 0.1+
xij −mini(xij)

max(xij)−mini(xij)
× 0.9 (14)

The factors of the high-quality energy finance development
come from corporate data and Chinese provinces data. The
structural dimension data of energy finance are from China
Energy Statistical Yearbook, Oriental Fortune Net, Flush
Shun APP, sina Finance and Economics. The innovation
dimension data are from China Science and Technology
Statistics Yearbook, EPS Science and Technology Statistics,
Flush Shun APP databases. The balance dimension data are
obtained from the National Bureau of Statistics and EPS energy
Statistics databases. The green dimension data are derived
from EPS macroeconomic database, China Environment
Yearbook, China Water Conservancy Yearbook, and China
Forestry Yearbook. The open dimension data are derived
from EPS Regional Economic Database and China Provincial
Marketization Index Report. Data of control variables are
obtained from National Bureau of Statistics and China
Statistical Yearbook.

Considering the comprehensiveness of indicators, this study
uses entropy method to assign weights to second-level indicators
and calculated the composite index of second-level indicators
and first-level indicators by means of weighted sum, as shown
in Table 3 (see Supplementary Appendix Tables 2–5 for
the sector composite index). Table 3 lists the comprehensive
index of energy vehicles, wind energy, hydropower and solar
energy as well as the comprehensive index of five dimensions.
In the new energy vehicle and wind energy industry, the
open dimension composite index is the highest, while in the
hydropower and solar energy industry, the balance dimension
composite index is the highest. The entropy method can be
used to integrate the second-level index into the influencing
factors of the five dimensions. This study researches on
the impact factors of the HQDEF mainly focuses on five
influencing factors.

RESULTS AND DISCUSSION

DEA Efficiency Evaluation
The super-efficiency DEA model finds that the high-quality
development of China’s energy finance is at a relatively
low level. The technical efficiency was around 0.4 in the
past 2 years, indicating that there is still room to improve
the HQDEF in China.

The efficiency of financial support in new energy industry
is slightly different as shown in Figure 2. The comprehensive
efficiency of financial support in new energy vehicle industry
is higher than the other three industries, with the steepest
variation range. Since 2011, the comprehensive efficiency of
financial support for all energy industries has been rising
continuously, except for new energy vehicle. Until 2014,
the comprehensive efficiency values of all energy industries
dropped to their lowest point, and then showed a small
increase. In the past 2 years, the comprehensive efficiency
values showed a steady trend. This reflects from the side
that the efficiency of China’s energy financial development
tends to be flat, and the overall efficiency of financial-
supported energy has stabilized after the large fluctuations
in the past few years, which is in line with the trend of
high-quality development. The reason for the change may
due to the recent supply side structural reforms. Government
continuously encourages high-quality economic development,
and required steady reforms. Therefore, in terms of financial
support for energy, high-quality development is constantly
practiced to avoid unreasonable and inappropriate allocation of
financial resources.

Similar to Figures 2, 3 shows that the pure technical efficiency
value of financial support in energy vehicle industry is relatively
high, with a large range of variation. The curves of the four
industries and the energy finance curve remain stable. The
efficiency values are around 0.5, which is also at a low level.

Figure 4 shows that the changes in the scale efficiency of
financial support for new energy industries are similar, except
for the hydropower industry. Most industries reached the lowest
point in 2014, while the hydropower industry was at the lowest
level of scale efficiency in 2013. Subsequently, various new
energy industries rose in volatility, indicating that the scale effect
of the high-quality development of China’s energy finance is
constantly expanding.

Malmquist Decomposition
Mamlquist index is employed to investigate the dynamic trend
of efficiency. Table 4 indicates that the average efficiency
change of the Malmquist Index is 1.037 during the sample
study period, with an average increase of 3.7%. From the
decomposed Malmquist, the technical efficiency index has
increased by 13.8% on average, and the technical progress
index has decreased by 8.9%. It is safe to conclude that
the main reason for the increase in the overall financing
efficiency index of energy finance is the improvement
of technical efficiency, while the level of technological
progress is declining. Moreover, the change of technological

Frontiers in Environmental Science | www.frontiersin.org 7 May 2021 | Volume 9 | Article 662424

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/environmental-science#articles


fenvs-09-662424 April 28, 2021 Time: 17:15 # 8

Sheng et al. High-Quality Development of Energy Finance

TABLE 3 | Comprehensive index obtained by entropy method.

New energy vehicles Wind energy Hydropower Solar energy

Energy intensity 0.0071 0.0062 0.0064 0.0067

Equity ratio 0.0056 0.0057 0.0057 0.0059

Financing Structure 0.0102 0.0099 0.0109 0.0101

R&D profit margin 0.0050 0.0063 0.0147 0.0144

Invention patent output rate 0.0219 0.0198 0.0203 0.0261

Technology market turnover rate 0.0459 0.0284 0.0315 0.0324

Industrial structure 0.0153 0.0138 0.0107 0.0131

Energy structure 0.0167 0.0176 0.0654 0.0293

Economic coordination 0.0442 0.0406 0.0201 0.0312

Environmental governance 0.0227 0.0218 0.0203 0.0237

Green investment 0.0145 0.0140 0.0239 0.0178

Green area 0.0102 0.0080 0.0086 0.0090

Open input 0.0351 0.0383 0.0185 0.0254

Open output 0.0487 0.0432 0.0264 0.0348

Degree of marketization 0.0139 0.0131 0.0104 0.0127

Energy 0.0229 0.0218 0.0230 0.0227

Innovation 0.0728 0.0545 0.0664 0.0730

Balance 0.0762 0.0720 0.0962 0.0736

Green 0.0474 0.0438 0.0528 0.0504

Open 0.0977 0.0946 0.0554 0.0729

Table 3 is a composite index of different impact factors under the four major energy industries. Innovation, Balance, Green, Open, and Energy are five dimensions.

FIGURE 2 | Comprehensive efficiency of financial support for new energy
industries.

progress index has been gradually rising since 2014, and the
average change shows a downward trend mainly due to the
decrease of technological progress index before 2014. This
reflects that the HQDEF in China has a well performance
in technical efficiency, while technological progress still
needs improvement.

Specifically, the four new energy industries have different
Malmquist index changes. According to the Total Factor
productivity Index (TFP), the financing efficiency of new energy
vehicles, wind energy, and hydropower all increase by about
18% on average, while the increase in solar energy is slightly
smaller (11%). From the perspective of the decomposed total
factor productivity (TFP), the average change of the efficiency
of the four new energy industries shows an upward trend in

FIGURE 3 | Pure technical efficiency of financial support for new energy
industries.

FIGURE 4 | Financial support scale efficiency of new energy industries.

the technical efficiency change index. Among them, new energy
vehicle industry has the smallest change, with a rise of 15.7%,
indicating that the financial support for energy vehicle industry is

Frontiers in Environmental Science | www.frontiersin.org 8 May 2021 | Volume 9 | Article 662424

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/environmental-science#articles


fenvs-09-662424 April 28, 2021 Time: 17:15 # 9

Sheng et al. High-Quality Development of Energy Finance

TABLE 4 | Malmquist and its decomposition of HQDEF in China from 2011 to 2018.

Category Energy Vehicle Wind Energy

effch techch pech sech tfp effch techch pech sech tfp

2011-2012 1.528 0.906 1.347 1.173 1.381 1.794 0.869 1.213 1.493 1.526

2012-2013 0.934 0.994 1.006 0.925 1.381 1.107 0.954 1.120 0.990 1.050

2013-2014 1.287 0.507 1.178 1.054 0.653 1.169 0.465 1.209 0.963 0.555

2014-2015 0.948 1.553 1.080 0.861 1.523 0.953 1.544 1.073 0.835 1.440

2015-2016 1.200 1.024 1.056 1.133 1.230 1.437 1.060 1.106 1.300 1.506

2016-2017 1.250 0.952 1.005 1.191 1.186 1.208 0.926 1.145 1.053 1.115

2017-2018 0.951 1.001 0.966 0.982 0.950 1.062 1.032 1.009 1.039 1.102

Mean 1.157 0.991 1.091 1.046 1.186 1.247 0.979 1.125 1.096 1.185

Category Hydropower Solar Energy

effch techch pech sech tfp effch techch pech sech tfp

2011-2012 2.090 0.816 1.527 1.337 1.598 1.437 0.831 1.226 1.221 1.234

2012-2013 1.178 0.876 1.212 1.012 1.008 1.275 0.954 1.160 1.130 1.229

2013-2014 1.698 0.497 1.292 1.222 0.847 1.164 0.474 1.122 1.037 0.541

2014-2015 0.793 1.567 0.978 0.823 1.258 0.804 1.357 1.078 0.755 1.073

2015-2016 1.278 1.029 1.143 1.137 1.290 1.446 1.023 1.123 1.294 1.488

2016-2017 1.226 0.940 1.113 1.088 1.145 1.110 0.970 1.092 1.013 1.075

2017-2018 1.025 1.014 0.986 1.036 1.044 1.081 1.045 0.980 1.101 1.132

Mean 1.327 0.963 1.179 1.093 1.170 1.188 0.951 1.112 1.078 1.110

High Quality Energy Finance

effch techch pech sech tfp

2011-2012 1.572 0.828 1.268 1.240 1.302

2012-2013 1.116 0.926 1.100 1.015 1.033

2013-2014 1.199 0.467 1.155 1.038 0.56

2014-2015 0.783 1.483 1.003 0.781 1.162

2015-2016 1.300 1.024 1.087 1.196 1.331

2016-2017 1.147 0.936 1.092 1.051 1.074

2017-2018 1.006 1.025 0.981 1.026 1.031

Mean 1.138 0.911 1.094 1.040 1.037

effch stands for technical efficiency change index; techch is technical progress index; pech represents pure technical efficiency change index; sech stands for scale
efficiency change index; tfp represents total factor productivity index.

the worst among the four new energy industries. This may due to
global warming and the frequent occurrence of extreme weather,
which leads to an urgent need for energy vehicles. Therefore, the
mass production of energy vehicles emerges in recent years, and
the profits of listed new energy companies in the past 2 years
have been relatively considerable. Hydroelectric industry has the
highest average technical efficiency change index, rose 32.7%.
This may due to the early development of hydropower in China.
Earlier investment has provided sufficient preliminary funds
for hydropower development, resulting in a reduction in the
current hydropower financing demand. Most areas of the country
are already using hydropower, so the hydropower industry can
achieve increased revenue and better financing effects.

Under the index of technological progress, the average change
of efficiency of the four new energy industries shows a downward
trend, indicating that China’s technological progress in the
development and utilization of new energy is not enough, leading

to a retrograde trend of technological progress in the new energy
industry. Among them, the average change index of technological
progress in solar energy industry was the largest, with a drop
of 4.9%. This may be because China focuses its solar energy
utilization on photovoltaic power generation, while solar cooling
technology, heat pump technology and other technologies pay
less attention than photovoltaic power generation, leading to a
large decline in the technological progress index of solar energy
utilization. The technological progress indexes of energy vehicles,
wind energy and hydropower are also on a downward trend, but
the decline is not as large as that of the solar energy industry,
and it has slightly increased in 2017-2018. This shows that the
technological progress of the new energy industry still needs to
be improved, and improving technological progress is a way to
further improve efficiency.

From the pure technical efficiency change index and scale
efficiency change index, the average change of each new energy
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industry shows an upward trend, and the difference in the value
of increase is not too large. It is worth noting that the change in
the pure technical efficiency of the wind energy industry is greater
than 1 every year, indicating that the change in the funds use
efficiency of the financial support for the wind energy industry
is on the rise and the funds use efficiency is relatively high.
The pure technical efficiency of energy vehicles, hydropower and
solar energy industries showed a downward trend in 2017-2018,
but the average change index of pure technical efficiency was
still all greater than 1, which may be attributed to the high use
efficiency of finance support in the early years of the sample
study. The changes of wind energy, hydropower and solar energy
in recent 3 years are all greater than 1, which reflects the scale
effect gradually formed in these three new energy industries
in recent years.

Correlation Analysis of High-Quality
Efficiency of Energy Finance in Different
Dimension
Set the measured efficiency as dependent variable, the gray
correlation between the efficiency and the different dimensions,
and the correlation between the efficiency of the energy finance
industry and the influencing factors is shown in Table 5.

In the dimension of energy structure, energy intensity is
highly correlated with wind energy and hydropower industry.
Financing structure is highly correlated with four industries,
all above 0.65. In the innovation dimension, the efficiency of
wind energy and hydropower industry has a high correlation
with the innovation dimension, especially the research and
development profit margin of the hydropower industry. The
invention patent production rate has the highest correlation
with the new energy vehicle industry. In the balance dimension,
the correlation between industrial structure and various
energy industries is high, especially the correlation with solar
energy industry, which is as high as 0.9116. In the green
dimension, the environmental governance solar industry
has the highest correlation. The correlation between green
investment and wind energy, hydropower is relatively high.
In the dimension of openness, the correlation between each
index and industry efficiency is all greater than 0.6, among
which the correlation between foreign investment, import
and export trade, degree of marketization and the four
industries is all higher than 0.6, indicating that optimizing
industrial structure and improving the quality of import and
export trade are of great significance to the development of
energy finance. On the whole, the comprehensive correlation
degree is above 0.5, indicating that the variables in each
dimension are highly correlated with the high quality efficiency
of energy finance.

A comprehensive correlation analysis for the determinants
of the five dimensions and the four new energy industry
efficiency values, and the results are shown in Figure 5.
The correlation between the efficiency value of the new
energy vehicle industry and each dimension is below 0.7,
presenting a “diamond shape.” The correlation with the
innovation dimension is the highest (0.6745), which indicates

FIGURE 5 | Comprehensive correlation degree of the four new energy
industries in different dimensions.

that innovation has the most important influence on the
development of the new energy vehicle industry. The efficiency
value of wind energy and hydropower industry has the highest
correlation with innovation dimension and open dimension,
all above 0.75. This shows that technological innovation and
open development are most important for the high-quality
development of the wind and hydropower industry. The
efficiency value of the solar energy industry is highly correlated
with the green dimension (0.7091). Combined with Table 5,
environmental governance contributes to the green dimension
by 0.8589, indicating that green environmental protection and
environmental investment are particularly important for the
development of the solar energy industry. The correlation
between the solar energy industry efficiency value and the
technical market turnover rate is 0.6402, which belongs to
the second ranking. In general, the innovation dimension
has the highest correlation with the new energy vehicle,
wind energy, hydropower and solar energy industries, which
fully reflects the fact that science and technology is the
primary productive force, and the development of innovative
science and technology can develop China’s energy finance
from the source.

Trend Analysis of the Correlation
Between Efficiency in Different
Dimensions
The correlation between different dimensions and the efficiency
of four new energy industries are shown in the trend analysis
chart (Figures 6–10), which gives the variation of different
new energy industries’ efficiency on gray correlation degree in
different years.

Figure 6 shows the comprehensive correlation between the
efficiency of four new energy industries and the structural
dimension of energy finance. It can be found that the correlation
of four new energy industries has a downward trend. Before 2013,
the correlation among the efficiency of four new energy industries
and the dimension of energy finance showed an increasing
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TABLE 5 | Comprehensive correlation degree of high quality indicators of energy finance.

New energy vehicles Wind energy Hydropower Solar energy

Energy Energy Intensity 0.5723 0.9284 0.8225 0.6613

Equity Ratio 0.6167 0.5539 0.6514 0.6639

Financing Structure 0.7241 0.6796 0.7342 0.7937

Innovation R&D Profitability 0.5890 0.5215 0.9124 0.5153

Invention Patent Production Rate 0.7421 0.6053 0.7396 0.5843

Technical Market Turnover Rate 0.6399 0.6316 0.6808 0.6402

Balance Industrial Structure 0.7619 0.7790 0.6670 0.9116

Energy Structure 0.6345 0.6119 0.6397 0.5946

Economic Coordination 0.5809 0.7491 0.6546 0.5839

Green Environmental Governance 0.5278 0.5906 0.7360 0.8589

Green Investment 0.6235 0.7540 0.8037 0.5954

Green Area 0.5384 0.5901 0.5363 0.5858

Open The Foreign Investment 0.6908 0.7062 0.7194 0.7606

Import and Export Trade 0.7033 0.7207 0.7213 0.7848

Marketization Degree 0.6005 0.6414 0.6051 0.6876

The comprehensive correlation of the influencing factors of the four major energy industries, and the influencing factors are specific to secondary indicators.

FIGURE 6 | Comprehensive correlation between efficiency of four new energy
industries and energy structure.

trend. 2013 was the cut-off point, and the correlation degree
of four new energy industries showed a great difference. The
correlation degree of new energy vehicle industry declined in
2013, and it has been in a stable state since then. However,
new energy vehicle industry develops rapidly in recent years,
indicating that structural dimension of energy finance is not
the main factor impact on the development of new energy
vehicles. The comprehensive correlation between the wind and
hydropower sectors has fluctuated since 2013, suggesting that the
influence of the structure of energy finance on wind energy and
hydropower industry are uncertain. This is related to the maturity
of wind energy and hydropower industries in recent years, and
the correlation between their high-quality development and the
structure of energy finance are not obvious. Only the correlation
of solar industry shows a significant upward trend, reaching a
high of 0.8938 in 2015. However, it decline sharply after that.
This may be because China’s photovoltaic industry has already
ranked first in the world due to the strong financial support
for the photovoltaic industry in the past few years. It is not

FIGURE 7 | Comprehensive correlation between the efficiency of the four new
energy industries and Innovation.

energy finance but technology that restricts the development of
photovoltaic industry.

Figure 7 shows the comprehensive correlation between
the efficiency of four new energy industries and innovation
dimensions. The trend charts of four new energy industries’
correlation degree present roughly “symmetrical” shape. Also,
2013 is the cut-off point. Before 2013, the correlation degree
of new energy vehicle, hydropower and solar energy industries
was first increased and then decreased, presenting a “symmetric”
feature with the wind energy industry which first decreased and
then increased. After 2013, the correlation between new energy
vehicles and hydropower industry was consistent, showing a
“symmetric” feature with the trend of wind energy and solar
energy industry. In addition, the correlation between new energy
vehicles and hydropower industry will increase in the future,
while that between wind energy and solar energy industries
will decrease in the future, but the correlation value is above
0.6, which is at a relatively high level. This may be because
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FIGURE 8 | Comprehensive correlation between the efficiency of the four new
energy industries and Balance.

of China’s vigorous promotion of scientific and technological
innovation in recent years, as well as its vigorous promotion
of technological innovation in the energy industry, so as to
promote energy reform through technological transformation.
Under the leadership of national policies, wind energy and solar
energy industries are making continuous breakthroughs under
the environment of innovation and reform. Intelligent blades that
adapt to wind conditions and can significantly improve energy
output, intelligent solar water heating auxiliary control devices
and other innovative achievements are constantly emerging. The
push for innovation has also increased the research of new energy
vehicle industry on global challenges such as battery charging
infrastructure for pure electric vehicles (PEV) and hybrid electric
vehicles (HEV), so as to continuously overcome technical
difficulties and achieve technological breakthroughs. This shows
that although the correlation between different new energy
industries and the innovation dimension has different trends, the
correlation is still very high, which is consistent with the current
era background of vigorously promoting the development of
scientific and technological innovation. Innovative development
is the most fundamental way to promote the HQDEF.

Figure 8 shows the comprehensive correlation among the
efficiency of four new energy industries and balance dimension.
The trend chart of the correlation degree of four new energy
industries roughly presents the shape of pairwise “symmetry” and
“consistency.” Taking 2013 as the cut-off point, the trend chart of
the correlation degree of wind energy and solar energy industry
presents a “symmetrical” feature before 2013: the correlation
degree of wind energy industry first decreases and then increases.
While solar energy industry is the other way around. After
2013, the trend chart of correlation degree shows a “consistent”
shape with a downward trend, indicating that the influence of
the overall balance dimension on the wind and solar energy
industry has a downward trend. Taking 2013 as the cut-off point,
the trend chart of the correlation degree between the energy
of new energy vehicles and the hydropower industry shows a
“symmetrical” feature before 2013. The overall correlation is on
the rise, reaching the peak in 2013, and declining after 2014,
indicating that the balance dimension significantly related to the

FIGURE 9 | The comprehensive correlation between the efficiency of four new
energy industries and Green.

FIGURE 10 | The comprehensive correlation between the efficiency of four
new energy industries and Open.

development of new energy vehicles and hydropower industry
before 2013. One possible reason is the development of these two
industries was very compatible with social industrial structure
and economic structure at that time, and their balance dimension
played a significant role in promoting the development of the
industry. After 2014, the trend chart of the correlation degree
between new energy vehicles and the hydropower industry
shows a “symmetrical” feature again, and the correlation degree
of the hydropower industry is significantly higher than that
of the new energy vehicle industry. This may be due to the
relatively mature development of the hydropower industry in
China, which has a high fitness degree with the development
of social economic structure and industrial structure. Therefore,
the balance dimension has a more important impact on the
development of the hydropower industry.

Figure 9 demonstrates the comprehensive correlation
between the efficiency of four new energy industries and green
dimension. The trend chart of the correlation degree of wind
energy industry and solar energy industry shows a “symmetrical”
feature. Both of them have a high correlation degree, above 0.65.
The increasing trend in the correlation degree of hydropower
industry reflects that the green dimension is closely related
to the development of hydropower industry, which may be
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related to huge scale of the hydropower industry, especially
dam generation. Ecological and environmental protection is
keen to realize the coordinated development of environment,
people and economy. The correlation degree trend chart of new
energy vehicle industry has obvious volatility. The correlation
increased in 2012, possibly due to guidance from some local
governments. For example, Beijing has introduced a series of
green guidance policies: in addition to new energy vehicle
subsidies, individual consumers will also be able to buy new
energy vehicles without shaking the number. In 2015, the
correlation of new energy vehicle industry rose again, which
was also due to the promulgation of the policy. The Ministry of
Science and Technology announced the plan to establish a sound
electric vehicle power system technology system and industrial
chain by 2020. The Ministry of Transport is also encouraging
the promotion of new energy vehicles, which can be purchased
without restrictions.

Figure 10 shows the comprehensive correlation among the
efficiency of four new energy industries and open dimension. We
find that the correlation of new energy vehicle, wind energy and
hydropower industry has an upward trend. The higher the degree
of openness, the more foreign capital is involved; hence the higher
the degree of marketization, the more efficient on resources
allocation. Opening the international door for the export of
domestic new energy products can inject capital into new energy
industry. The declining correlation between solar energy industry
and open dimension may be due to the insufficient aftereffect
of domestic installed capacity caused by the rush to install,
especially in 2016. Due to the large scale of rush to install, the
impact of the benchmark electricity price adjustment in 2017
will slow down, and the space of the photovoltaic market will
be greatly compressed. All these lead to the gradual decrease of
the influence of open dimensions on solar industry. However, in
general, open has an important impact on new energy industry.
Open is the result of mutual benefit and can effectively promote
the development of new energy industry.

CONCLUDING REMARKS

We apply Malmquist index to evaluate the HQDEF in China from
the perspective of input and output, the super-efficiency DEA
model and dynamic. Further, from the perspectives of energy
structure, innovation, balance, green and open dimensions,
we analyze the gray correlation determinants of high-quality
development in different energy industries and draw the
following conclusions:

First, the overall efficiency of high-quality energy finance
in China is at a relatively low level, with the trend of scale
efficiency deviating from technical efficiency. Technical (scale)
efficiency continues to decline (expand). The overall efficiency
of high-quality energy finance in China fluctuates around 0.4,
indicating that there is great room for improvement in the
HQDEF in China. However, the scale effect continues to expand,
reaching as high as 0.9, reflecting that the scale effect of China’s
energy finance has reached a high level, and the improvement
of overall efficiency depends on the improvement of technical

efficiency. Meanwhile, the dynamic Malmquist index shows
that the level of technological progress for the high-quality
development of China’s energy finance fluctuates greatly, and
on average it is 0.911 (less than 1). There is a phenomenon of
insufficient technical progress, reflecting that technical and its
related efficiency improvements are the key to the high-quality
development of China’s energy finance.

Second, the correlation between four different industries
and five dimensions is significantly different. We find that
the correlation among new energy vehicles, wind energy,
hydropower industries and innovation dimension, is the highest.
Solar energy industry has the highest correlation with green
dimension. In addition, in terms of secondary index, energy
intensity is highly correlated with wind energy and hydropower
industry, meanwhile the invention patent production rate is
highly correlated with new energy vehicle industry.

Third, four different industries and five dimensions show
a trend of “symmetry” and “convergence,” the dimension of
innovation is most obvious. Besides,” four new energy industries
are highly correlated with innovation dimension, which reflects
the importance of innovation to new energy industry. The
correlations among four new energy industries and balance
dimension are roughly in the shape of pairwise “symmetry” and
“convergence.” In terms of green dimension, the trend chart of
the correlation degree among wind and solar energy industries
has the characteristics of “symmetry.”

According to the above research on the high-quality
development of China’s energy finance and on the basis of
influencing factors, this study proposes the following suggestions
in order to improve the efficiency of China’s energy finance and
promote the HQDEF:

(1) Optimizing the financial support structure and broaden
financing channels. First, the government should enact
policies to support energy industry, should encourage
financial institutions to lend money to energy companies,
and should promote the development of new energy
industry by increasing the ratio of enterprise property
rights. Second, the government should improve the listing
system such as the GEM, and reduce the listing conditions
of enterprises. Third, enterprises are suggested to develop
special financing projects, such as wind energy project
financing and photovoltaic project financing, improve the
financing amount and optimize the financing structure.

(2) Building a platform for technological innovation and
cultivating the ability to promote the development
of cutting-edge technologies. First, relying on energy
enterprises, energy research institutes and universities
to set up technological innovation platforms to provide
research and development bases for overcoming
technical difficulties. Second, strengthen investment
in technology research and product innovation funds,
and improve industrial technology and output levels.
Third, for hydropower with more mature development
technologies, in addition to cultivating more efficient
development technologies, we should also promote the
technologies, construction of demonstration projects,
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and realize the gradual scale and industrialization of
innovative technologies.

(3) Optimize the industrial structure and improve the
regional economy. First, for wind energy and hydropower
industries, energy structure and economic coordination
and industries with high relevance can be improved by
increasing the overall renewable energy power generation
in the region to optimize the use of green and low-
carbon energy. The long-term mechanism for promoting
regional economic development provides a solid economic
foundation for wind energy and hydropower industries.

(4) Invest in green development in a rational way to
achieve the coordinated development of human beings,
the environment and the economy. First, green and
environmental governance investment must be increased
in areas with serious environmental pollution in the
development of new energy for rational resource allocation.
Second, set up an environmental governance and
supervision mechanism in advance. Once it is found
to cause major pollution to the local environment,
it is necessary to stop development in time, find the
source of the pollution and solve the pollution in time.
Third, the development of hydropower, wind power
and other new energy causes environmental damage
and residents emigrated. Thus, the government should
compensate for them.

(5) Expand the degree of openness and accelerate the process of
marketization. First, it is necessary to increase the degree of
“bringing in and going out” for industries where the open
environment has a high correlation with efficiency. Second,
while opening the door to internationalization, we must
reduce our dependence on foreign advanced technology
and gain core competitiveness with independent
innovation capabilities. Third, improve the marketization
process, reduce government intervention, and balance
market supply and demand for resource allocation,
which can further promote the development of new
energy industry.

THEORETICAL AND PRACTICAL
CONTRIBUTIONS

The main contributions of this study are as follows: First, we
propose the concept of high-quality energy finance based on
the analysis of the action mechanism of high quality in energy
finance. Second, we find that the overall efficiency of high
quality energy finance is at a relatively low level, and the trend
of scale efficiency deviates from that of technology efficiency.
The scale (technical) efficiency continues to expand (decline).

Third, technical efficiency is the restriction of China’s HQDEF.
Technological innovation and progress is an important way
to break the current bottleneck of high-quality energy finance.
Fourth, the Chinese government needs to provide reasonable
green investment support and use institutional advantages to
ensure the development and application of green and low-carbon
energy technologies. By doing so, it will be possible to achieve
one of the energy planning goals, to make clean and low-carbon
energy the main body of energy supply increment.
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