
Introduction

Long-term adoption of extensive economic 
development model to promote rapid development, 
energy issues have become a bottleneck restricting 
china’s economic development [1]. Improving energy 

efficiency has become an inevitable choice for alleviating 
the contradiction between energy supply and demand 
and reducing environmental pressure. The Green 
Finance plan proposed by the Chinese government at 
the G20 summit, the role of financial means in realizing 
the socio-economic environment has been clarified. 
Therefore, exploring the effect of financial development 
on energy efficiency and the ways to improve energy 
efficiency have important significance for grasping the 
actual situation of energy efficiency in China. 
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The effect of financial development on energy 
efficiency has mixed results [2, 3]. The reasons are 
as follows: First, there are different energy efficiency 
measurement methods. Second, the existing researches 
focus on the direct effect of financial development on 
energy efficiency, but ignore the indirect effect. Third, 
the existing methods are mainly analysis the net effect 
of factors, and ignore the matching effect. Therefore, it 
seems important to measure energy efficiency in a more 
reasonable way, analyzes the dual effect of financial 
development on energy efficiency, and adopts a more 
matching method to analyze this relationship. Therefore, 
this paper carries out the following research: First, the 
SBM-undesirable model is used to measure energy 
efficiency and clarifies the state of energy efficiency 
in China. Second, analyze the dual effect of financial 
development on energy efficiency, and build an analysis 
framework for the influencing factors. Third, the fuzzy 
set qualitative comparative analysis method is used to 
explore the matching effect of influencing factors on 
energy efficiency. 

The purpose of this paper is to clarify the 
development status of regional energy efficiency and 
its promotion path. The contributions are as follows: 
First, this paper treats environmental issue as undesired 
output, and uses the SBM-undesired model to solve 
the situation where multiple decision units may be 
effective at the same time. Second, this paper adopts 
fsQCA method to explore the matching effect of 
multiple factors on energy efficiency and finds multiple 
equivalent paths to improve energy efficiency, expands 
research methods, and further clarifies the effect of 
financial development on energy efficiency. 

Literature Review  

Energy Efficiency Evaluation

Energy efficiency evaluation focuses on the following 
aspects: First, the regional level and industry level. Lin 
and Liu conducted research from the perspective of 
China’s provinces [4]. Zhang et al. conducted research 
on the China’s aviation industry and China’s public 
service industry, respectively [5]. Second, research on 
total factor energy efficiency considering undesirable 
output. Wang et al. incorporated CO2 into the energy 
efficiency evaluation as an unwanted output [6].  
Third, Tobit model is used to analyze the influencing 
factors of energy efficiency [7]. Liu et al. used Tobit 
model to investigate the influence of economic growth, 
energy structure and other factors on energy efficiency 
[8].

These studies provide reference for energy efficiency 
evaluation, but there are deficiencies, the frontier 
measurement method based on directional distance 
function, which ignores that multiple decision units may 
be simultaneously effective, impossible to distinguish 
and order these decision units.

The Influencing Factors of Energy Efficiency

Scholars have focused on the effect of financial 
development [9, 10], FDI [11], industrial structure [12], 
economic growth [8] and others on energy efficiency, 
and VAR model, Dumitrescu-Hurlin panel causality 
test and others were used to test [12, 13, 14]. Zhang 
et al. explored the impact of market openness, energy 
prices and industrial structure on energy efficiency 
[15]. Liu et al. explored the impact of economic 
growth, industrialization and energy structure on 
energy efficiency [8]. Bi et al. found that environmental 
regulation positively affected energy efficiency of 
China’s thermal power industry [16].

These researches have reference significance, but 
some aspects need to be improved. First, there is no 
research framework of influencing factors based on the 
same perspective. Second, the methods mainly explore 
the “net effect” of individual factor, or the moderating 
effect and intermediary effect of up to three variables, it 
could not answer the synergies among factors.

Financial Development and Energy Efficiency

Scholars have focused on the role of financial 
development in addressing environmental change, 
especially energy consumption [17]. Le et al. emphasized 
that financial development derived renewable energy 
consumption [3]. Chen et al. revealed that financial 
development affected the energy intensity of non-OECD 
countries [2]. Besides, financial development involves 
multiple actors, so a comprehensive index covering 
many aspects of financial development is needed [17]. 
Previous studies focused on the effect of financial 
development on energy efficiency [18]. Xu and Tan 
indicated that financial development affected resource 
utilization efficiency [19]. 

These studies contribute to the further study, but 
there are some deficiencies: first, the indirect effect 
of financial development is ignored. Second, existing 
literatures focus on the measurement of financial 
development from scale perspective, and ignore 
financial efficiency.

Theoretical Background 

Evaluation of Energy Efficiency

Energy efficiency refers to using less energy 
to provide the same amount of services or useful 
output [20]. It obtains more output under the premise 
of consuming less energy, and reduce energy 
consumption through changes in technological progress 
and lifestyle factors [21]. The Eighteenth National 
Congress of the Communist Party of China put 
forward the strategic thinking of “energy revolution” to 
achieve sustainable development of economy-energy-
environment. Therefore, energy efficiency evaluation 
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should consider economy, energy and environment 
comprehensively, and achieve maximum economic 
benefits with minimum energy consumption and 
environmental pollution, which is consistent with the 
“economic-energy-environment” coordinated strategy. 

Single factor energy efficiency emphasizes the 
uniqueness of input factors, uses the ratio of energy 
input and economic output to measure, and has the 
advantages of intuitiveness and easy calculation [22]. 
However, it has certain limitations: it is impossible 
to accurately reflect the effect of energy input on 
economic output. Total factor energy efficiency takes 
into account capital, labor, energy and other factors, the 
result can more accurately and objectively reflect the 
efficiency level of economic activities [4]. Meanwhile, 
to accurately measure energy efficiency, environmental 
factors must be combined with total factor energy 
efficiency [6]. Many scholars use air pollution to 
measure environmental pollution. This paper believes 
that the energy input-output process is a complex 
system, besides air pollution, it also produces water 
pollution and solid waste pollution. Furthermore, when 
undesired outputs are included in measurement, there 
may be multiple simultaneously valid decision units. 

According to the above research, this paper 
considers the undesired output in the production 
process, and incorporates wastewater, waste gas, and 
solid waste emissions into output variables, and uses the 
SBM-Undesirable model to solve the situation where 
multiple decision units may be simultaneously effective. 

Dual Effect of Financial Development 
on Energy Efficiency

Financial development refers to the degree of 
financial development reflected by a country’s current 
financial institutions and tools [23]. The process of 
financial function upgrade is regarded as the process 
of financial development, which reflects the dynamic 
evolution from scale to efficiency. Therefore, this paper 
measures the financial development from financial 
scale and financial efficiency, analyzes the dual effect 
of financial development on energy efficiency, and 
constructs the analysis framework.

Direct Effect of Financial Development 
on Energy Efficiency

Financial development directly affects energy 
efficiency. Financial development can provide financial 
support for innovative development and reduce 
information asymmetry, which is conducive to improve 
resource allocation efficiency [24]. The expansion of 
financial scale can help enterprises to obtain financial 
resources more efficiently and inexpensively, which 
generate business effects, help enterprises to expand 
existing business scale and affect the use of energy 
goods [25]. Financial system can mobilize savings, 

create funds for expansion, which enhance enterprises’ 
confidence and expand economic scale, ultimately affect 
energy consumption [26].

Indirect Effect of Financial Development 
on Energy Efficiency

Financial development affects energy efficiency 
through FDI. If the financial development is low and 
the amount of capital is insufficient, it is difficult for 
enterprises to obtain external financing, while FDI can 
alleviate this problem and enable projects that cannot 
be implemented due to insufficient funds, thereby 
driving domestic investment [27]. A sound financial 
system delivers market information to foreign investors, 
which increases investment confidence and attracts the 
inflow of FDI [28]. Meanwhile, FDI brings advanced 
technologies [29] and drives enterprises to expand 
existing businesses or build new factories [11], which 
affects green innovation and energy utilization. 

Financial development affects energy efficiency 
through industrial structure. The expansion of 
financial scale minimizes the financing transaction 
costs and information asymmetry, and through 
interests guide mechanism, capital can be invested in 
strategic emerging industries, emerging technologies 
industries [30]. Effective information disclosure can 
guide investors to subscribe for shares in high-quality 
industries, and then guide the industrial structure to 
a healthy direction [31]. Besides, industrial structure 
adjustment is an effective way to achieve green 
economy growth, which promotes production factors 
transformation from non-cleaner production industries 
to cleaner production industries [12]. 

Financial development affects energy efficiency 
through innovation input. It is indispensable for 
innovation activities to seek capital support from 
the financial market [32]. The expansion of financial 
scale drives capital accumulation and innovation 
investment [33], and financial system guides industries 
to invest in innovation activities for new products and 
services. Meanwhile, financial institutions evaluate 
intangible assets as the main R&D assets, thus alleviate 
enterprises’ financing constraints [34]. Besides, as an 
important factor to promote technological progress, 
innovation input significantly affects energy utilization 
and allocation.

Financial development affects energy efficiency 
through economic growth. Financial industries can 
improve operating efficiency and economic benefits, 
expand market transaction scale, and thereby improve 
overall economic growth [35]. Asteriou and Spanos 
found that financial development promoted economic 
growth [36]. Besides, there is a mutual influence 
between economic growth and energy consumption [25]. 
Energy consumption is the driving force of income, and 
the economy needs to use energy resources. Therefore, 
improving energy efficiency is important for increasing 
economic income. 
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Management problem is a complex causal 
relationship of “multiple factors leading to the same 
result” [37]. “How to achieve high energy efficiency 
often requires comprehensive consideration of multiple 
factors”. The influencing factors of energy efficiency are 
not independent, while play a synergistic role through 
matching effect. Therefore, this paper discusses how 
influencing factors impact energy efficiency through 
matching effect. Fig. 1. shows the research framework.

Methodology, Variables and Data Source

Methodology

SBM-Undesirable Model

Data envelopment analysis (DEA) is an evaluation 
method that studies the relative efficiency among 
organizations of the decision unit with multiple 
inputs and multiple outputs. According to the data to 
determine the possible production set, compare a single 
decision unit with the determined optimal production 
frontier, the relative efficiency of the decision unit is 
calculated. This method has two advantages: first, it 
can calculate the input and output indicators of different 
unit, without nondimensionalizing the data. Second, the 
optimal weight of unit is calculated from the original 
data without the assumption of weight in advance. 
However, when evaluating the relative efficiency of 
traditional DEA models (CCR, BCC), we hope to 
maximize the output while reducing the input as much 
as possible. There are undesirable outputs in production 
activities, such as waste water, exhaust gas, and solid 
waste, which lead to many environmental problems. To 
solve this problem, Tone proposed a SBM-Undesirable 
model, which measured the relationship between input 
and output. This paper uses SBM-Undesirable model 
to measure energy efficiency. The specific model is as 
follows. 

Assuming that there are n decision units, m input 
indicators, s1 expected outputs, and s2 undesired 
outputs, the input matrix X, expected output matrix Yg, 
and unexpected output matrix Yb are:

The production set composed of decision units may 
be P:

The mathematical form of SBM-Undesirable  
model:

ρ* is the objective function value, s– is the relaxation 
variable of the input indicator, sg and sb are the slack 
variables of expected output and undesired output 
respectively. If ρ* = 1and s– = sg = sb =0, the decision 
unit is valid, otherwise, the decision unit is invalid, and 
there is room for improvement in input or output.

Qualitative Comparative Analysis Method

The qualitative comparative analysis method is 
based on the holistic perspective, using Boolean algebra 
algorithm to solve complex social problems induced 
by multiple causes [38], and exploring the combination 
of causes leading to social problems, in line with  
the inter-dependence and causal complexity of 
management practice [39]. The reliability of results is 
measured by coverage and consistency.  It is calculated 
as follows:

Fig. 1. Research framework.
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...where, Xi represents the degree of membership of the 
it-ch case in condition X. Yi represents the membership 
of the i-th case in the result Y. min（Xi,Yi）indicates the 
minimum value of Xi and Yi. The closer the value of 
Consistency (X≤Y) is to 1, the greater the certainty that 
the X set belongs to the Y set. The closer the value of 
Coverage (X≤Y) is to 1, it means that the less likely the 
non-X set also belongs to the Y set. 

This paper adopts fsQCA method for the following 
reasons: First, the difference in energy efficiency is 
caused by matching effect of factors. QCA focuses on 
digging out the similar or different factor configurations 
that have explanatory power on the result and are 
composed of factors [40]. Second, number of research 
samples. The samples are 30 provinces in China, which 
cannot meet the “large sample” demand of quantitative 
research, and the case cannot be compared manually. 
While QCA results depend on whether the sample 
covers representative sample and do not require 
treatment of different levels of factors [41]. Third, 
fsQCA method considers the subtle effects of varying 
degrees of factors on the result. China has a vast 
territory and distinct regional characteristics, assigning 
variables to continuous fuzzy sets in the interval  
[0, 1] is accordance with reality, which makes up for the 
shortcomings of binary assignment [40].

Variables

Energy Efficiency

Input variables. (1) Capital input. The total fixed 
asset investment of the whole society is selected 
as the proxy index. (2) Labor force. The employed 
population at the end of each year as the measurement 
index. (3) Energy consumption. Regional total energy 
consumption as proxy indicator [42].

Output variables. (1) Expected output. Labor, 
capital, and energy inputs are ultimately reflected in 
GDP. Therefore, this paper selects the GDP of each 
region as a measure index. (2) Unexpected output. The 
waste water discharge, waste gas discharge and solid 
waste discharge are selected as indicators [43].

Financial Development

Due to China’s financial system has been dominated 
by bank and difficulty in obtaining data of the securities 
market, this paper comprehensively measures the 
financial development from financial scale and financial 
efficiency. Specifically, the financial scale is measured 
by the deposits and loans of financial institutions per 
unit of GDP. Financial efficiency is measured by such 
indicators as financial practitioners, total market value 
of stocks and fixed asset investment in the financial 

sector [44]. Finally, the comprehensive value is obtained 
through Max-Min standardization.

Foreign Direct Investment

FDI can bring new technologies and clean 
production methods to the host country, but it may also 
increase the environmental pressure [45]. This paper 
adopts the foreign direct investment at the end of the 
year as the proxy indicator [46].

Industrial Structure

Promoting the development of the tertiary industry, 
which can realize the rapid growth of the industry and 
green innovation. The secondary industry is the major 
sector of energy consumption and pollution emissions 
[47]. Therefore, this paper adopts the ratio of the gross 
product of the tertiary industry and gross domestic 
product to measure [48].

Innovation Input

Innovation input is the fundamental guarantee 
for improving innovation capacity and enhancing 
economic growth. Innovation input covers innovation 
personnel and innovation capital, this paper uses the 
R&D personnel and internal expenditure of R&D  
funds as the proxy indicator [49], and used the  
Max-Min standardization to obtain the comprehensive 
value.

Economic Growth

As we all know, GDP per capita is an important 
indicator of economic growth [26], so it does not need 
to be explained in detail like other variables.

Data Source

According to the availability of data, this paper 
selects 30 provinces in China in 2017 as a sample  
(the related data missing of Tibet, Hong Kong, Macau, 
and Taiwan). Specifically, the data of GDP, foreign 
direct investment, and gross product of the tertiary 
industry received from the China Statistical Yearbook, 
the data of energy consumption obtained from China 
Energy Statistical Yearbook, and the data of innovation 
input received from China Science and Technology 
Statistical Yearbook. The indicators of financial 
development such as the balance of deposits and loans 
of financial institutions came from the China Financial 
Statistics Yearbook. The number of employees at the 
end of the year came from the statistical yearbooks of 
provinces. 

It should be noted that the reason why this paper 
uses only one year of data to conduct research is to 
follow the existing research and the fuzzy set qualitative 
comparative analysis method, which is suitable for the 
characteristics of cross-sectional data.
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Empirical Analysis

Energy Efficiency Assessment Results

This paper uses the SBM-Undesirable model to 
estimate energy efficiency. The results are shown in 
Fig. 2. The results indicate that the energy efficiency 
of different regions varies greatly. Specifically, Beijing, 
Shanghai, Tianjin, Guangdong have higher energy 
efficiency, while Qinghai, Xinjiang, Ningxia have lower 
energy efficiency. In terms of economic regions, the 
average energy efficiency in eastern is 0.583, which 
is higher than the national average of 0.452, and the 
average energy efficiency in the central and western 
regions is 0.388 and 0.320, respectively, which is lower 
than the national average. The energy efficiency value 
gradually decreases from eastern to central and western. 
The low energy endowment and high energy efficiency 
in eastern are contrast to the high energy endowment 
and low energy efficiency in western, which reflects 
the “resource curse” phenomenon: the western region 
is dominated by resource industries, with irrational 
industrial structure, insufficient accumulation of  
high-end human capital, and serious environmental 
pollution. 

Regional differences in energy efficiency are caused 
by combined effects of different factors. In the following 
research, this paper attempts to explore which factors 
combine to cause high (non-high) energy efficiency.

Results of Fuzzy Set Qualitative 
Comparative Analysis

Calibration

Calibration refers to set a target set according to 
relevant standards and measures the degree to which 
each sample belongs to the target set. It is necessary 
to set three anchor points: full membership threshold, 
crossover point threshold and non-membership 
threshold, and the membership degree is among 0-1.
As suggested by Fiss [39] and Misangyi [50], this paper 

sets the upper quartile, mean value, and lower quartile 
as calibration values, and the calibration process is 
completed by the direct method [38]. Table 1 shows the 
calibration anchors.

Necessity Test

Necessity tests need to be checked before 
configuration analysis. When consistency exceeds 
the threshold of 0.9, which indicates that the factor is 
the necessary condition for the result [43]. As can be 
seen from Table 2, the consistency of all factors does 
not exceed 0.9, indicating that all factors cannot be 
the necessary condition for high (non-high) energy 
efficiency.

Configuration Results

Configuration analysis reveals the sufficiency 
analysis of results caused by different configurations 
of multiple factors. By setting the consistency 
threshold and the case frequency threshold, the less 
representative configurations were excluded, and the 
configurations that significantly causes the results 
were retained. According to research standard, the 
consistency threshold should not be lower than 0.75, 
the case frequency threshold should be set according to 
the number of samples, the small and medium sample 
frequency should be set to 1, and the large sample 
frequency should be greater than 1 [39]. Therefore, 
this paper sets the consistency threshold to 0.80 and 
the case frequency threshold to 1. According to the 
existing research, intermediate solution only considers 
simple counterfactual analysis, the results obtained are 
more reasonable and more realistic, so this solution is 
finally analyzed [38]. The conditions in parsimonious 
solution are defined as core conditions, and the 
conditions that appear in intermediate solution but are 
eliminated by parsimonious solution are defined as 
peripheral conditions [39]. Table 3 and 4 present the 
configuration of high and non-high energy efficiency, 
respectively.

Fig. 2. Energy efficiency of 30 provinces in china in 2017.
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From Table 3, there are 5 configurations can 
cause high energy efficiency. The consistency of 
all configurations is higher than 0.8, indicating that  
the results are acceptable. The overall coverage is 
0.811, it means that the results explain the reason 
for 81.1% of high energy efficiency. Moreover, there  
are 3 configurations can cause non-high energy 
efficiency. The consistency of all configurations is 
higher than 0.8 and the overall coverage is 0.865.  
The configurations of non-high energy efficiency is 
not the opposite of the configurations of high energy 
efficiency. Meanwhile, different configurations 
can cause high (non-high) energy efficiency, the 
configurations have the characteristics of “all roads lead 
to Rome”. 

From the results of high energy efficiency, 
configuration H1 (FDI*II*EG) and H2 (FD*~IS*II*EG), 
innovation input and economic growth play a core role 
together, while other factors are different. Configuration 
H3 (FD*FDI*IS*II), H4 (FD*FDI*IS*ED) and H5 
(FD*FDI*IS*II*EG), financial development and 
industrial structure play a core role together, while 

Table 1. Calibration anchors.

Table 2. Necessity test. 

Variables Abbreviation
Calibration anchors

Upper quartile Mean value Lower quartile

Financial development FD 0.8449 0.7874 0.7079

Foreign direct investment FDI 2715.9491 905.998 385.0074

Industrial structure IS 0.5339 0.4861 0.4528

Innovation input II 0.2628 0.1704 0.0532

Economic growth EG 74838.355 50161.5 43418.6183

Energy efficiency EE 0.5200 0.3974 0.3319

Variables
EE

Variables
~EE

Consistency Coverage Consistency Coverage

FD 0.666 0.663 FD 0.431 0.456

~FD 0.453 0.428 ~FD 0.681 0.684

FDI 0.849 0.862 FDI 0.312 0.337

~FDI 0.346 0.322 ~FDI 0.872 0.860

IS 0.704 0.710 IS 0.381 0.408

~IS 0.413 0.385 ~IS 0.729 0.723

II 0.750 0.744 II 0.346 0.364

~II 0.359 0.341 ~II 0.757 0.763

EG 0.836 0.857 EG 0.286 0.311

~EG 0.328 0.302 ~EG 0.869 0.849

Notes: ~ indicates the absence of factor

Table 3. Configurations of high energy efficiency.

Variables
High energy efficiency

H1 H2 H3 H4 H5

FD ● ● ● ●

FDI ● ● ● 

IS  ● ● ●

II ● ● ● 

EG ● ● ● 

Consistency 0.973 0.928 0.944 0.998 0.818

Raw coverage 0.681 0.230 0.417 0.411 0.102

Unique coverage 0.209 0.016 0.027 0.024 0.052

Solution coverage 0.811

Solution consistency 0.918

Notes: ●shows the presence of a core condition; ● presents 
the presence of a peripheral condition; expresses the 
absence of a core condition;  denotes the absence of a 
peripheral condition; and blank spaces denote “don’t care”.
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other factors are different. Besides, from the results 
of non-high energy efficiency, configuration NH1 
(~FD *~FDI*~II), the lack of financial development 
and FDI play a core role together, configuration NH2 
(FD*~IS*II*~ED), the lack of industrial structure 
and economic growth play a core role together, and 
configuration NH3 (FD*~FDI*~IS*II), the absence of 
FDI and the existence of innovation input play a core 
role together.

Configuration Analysis

By comparing the configurations of high energy 
efficiency and non-high energy efficiency, this paper 
summarizes the following propositions. First, from the 
perspective of financial development, good financial 
development leads to a higher proportion of samples 
with high energy efficiency (H2, H3, H4, and H5),  
while poor financial development leads to non-high 
energy efficiency samples as NH1, which original 
coverage and unique coverage are 0.634 and 0.579, 
respectively. This indicates that regions with higher 
energy efficiency tend to have higher financial 
development, while those with lower financial 
development tend to have lower energy efficiency. 
Moreover, those regions with better financial 
development mostly have good industrial structures 
(H3, H4, and H5), which means the improvement of 
financial efficiency and the optimization of financial 
system functions can improve financing capacity, and 
reduce the liquidity risk of funds, improve capital 
allocation and industrial structure. Meanwhile, the 
industrial structure of a country or region is changed 
from heavy industry to light industry, it is beneficial 
to improve energy efficiency [13]. Therefore, the 
proposition is proposed:

Proposition 1: Regions with high energy efficiency 
tend to have better financial development and industrial 
structure.

According to similar configuration, configuration H3 
and H4 have the same core conditions, and FDI shows 
the same effect. This indicates that regions with better 
financial development and industrial structure often 
have high-quality FDI, which can cause high energy 
efficiency. Therefore, regions should consider the role 
of FDI. Previous studies have drawn three conclusions: 
First, FDI positively affects energy efficiency [51]. 
Second, FDI negatively affects energy efficiency. Third, 
FDI and energy efficiency have an inverted “U” shape 
[52]. This research echoes the third point. Because in 
the configuration H3 and H4, FDI does not exist as a 
core condition, but a peripheral condition. It shows that 
the deepening of financial markets can increase the 
savings-investment conversion rate of host countries, 
strengthen risk management [53], and improve capital 
allocation efficiency, which can identify investment 
opportunities, reduce financing costs and investment 
risks for foreign-funded enterprises, and guide the 
inflow of FDI. 

Besides, configuration H3 and H4 define the 
boundary condition for FDI to improve energy 
efficiency, namely, good industrial structure. FDI can 
improve innovation efficiency of local enterprises in 
host countries, save resources input, optimize and 
upgrade the industrial structure [36], which contributes 
to energy efficiency. Configuration NH1 supports this 
view from the side. Even if the financial development 
is better, it is difficult to achieve high energy efficiency 
without a good industrial structure and FDI. Therefore, 
the proposition is put forward: 

Proposition 2: When the financial development 
is high, regions should adjust the industrial structure 
while considering the role of FDI to give full play to its 
spillover effect. 

QCA has advantages in analyzing causal asymmetry, 
namely, high energy efficiency can also be achieved  
by the presence or absence of financial development 
(H1) or poor industrial structure (H2). These regions 
have these characteristics: First, strong investment  
input, relying on high-level resources such as 
innovation funds and innovative talents. Second, with 
the rapid economic growth, more funds are invested in 
renewable and clean energy technologies to improve 
energy efficiency [11]. These regions want to obtain 
high energy efficiency, the better choice is to gradually 
achieve economic growth, thereby attracting innovative 
talents, investing in cleaner production, and achieving 
energy efficiency improvements. Meanwhile, regions 
should firmly grasp the access standards and entry 
thresholds, and should not rush to invest in the projects 
with high energy consumption and pollution due to lack 
of resources and capacity. Therefore, the proposition is 
put forward: 

Proposition 3: Regardless of financial development 
status, regions should steadily achieve economic 

Variables
Non-high energy efficiency

NH1 NH2 NH3

FD  ● ●

FDI  

IS  

II  ● ●

EG 

Consistency 0.915 0.978 0.931

Raw coverage 0.634 0.265 0.228

Unique coverage 0.579 0.058 0.021

Solution coverage 0.865

Solution consistency 0.915

Notes: The symbols represent the same meanings as 
in Table 3.

Table 4. Configurations of non-high energy efficiency.
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growth, attach importance to innovation input, and 
correctly guide foreign investment.

Conclusions and Suggestions

Research Conclusion

In this paper, SBM-undesirable model is used to 
measure energy efficiency in 30 provinces of China, 
and promotion model of energy efficiency is explored 
by fsQCA method. The conclusions are as follows: 

First, significant difference in energy efficiency 
in different regions. At the provincial level, Beijing, 
Shanghai, Tianjin, Guangdong have higher energy 
efficiency, while Qinghai, Xinjiang, Ningxia have lower 
energy efficiency. From the economic regional level, 
the energy efficiency in the eastern is the highest, the 
energy efficiency in the central is the second, and the 
energy efficiency in the western is the lowest. The 
energy efficiency gradually decreases from the eastern 
to the central and the western region. 

Second, the configurations of energy efficiency 
have the characteristics of “multiple concurrency” and 
“principle equifinality”. Single factor cannot constitute 
the necessary condition for energy efficiency, and 
the “net effect” of any factors on energy efficiency is 
only valid in specific situation. Different combinations 
constitute drive paths of high (non-high) energy 
efficiency. Besides, the configurations of high 
energy efficiency and non-high energy efficiency is 
asymmetrical. 

Third, regions with better financial development 
and industrial structure are more likely to achieve  
high energy efficiency. Other factors play an 
indispensable role in different situations. Specifically, 
when financial development and industrial structure  
are relatively good, regions should consider the role of 
FDI and give full play to its spillover effect. Regardless 
of financial development, regions should steadily 
achieve economic growth and attach importance to 
innovation input, and should correctly guide foreign 
investment.

Management Implications

This study provides inspirations for managers 
to formulate energy strategies and improve regional 
sustainable growth. First, managers should pay 
attention to the calculation of energy efficiency, and 
environmental changes caused by energy consumption 
cannot be ignored. Meanwhile, managers should 
strengthen exchanges and cooperation in different 
regions, share advanced energy-saving technologies and 
management experience, and comprehensively improve 
energy efficiency. 

Second, management thinking of the energy 
efficiency of regional managers should be adjusted from 
“local optimization” to “overall coordination”. Managers 

should consider the existing resource endowment, and 
focus on the coordination among conditions according 
to the “overall coordination” criterion, and make 
relevant energy policies “in light of local conditions” to 
form differentiated energy strategies. Besides, managers 
cannot rely on traditional experience to summarize the 
reasons for non-high energy efficiency and deduce the 
reasons for high energy efficiency. 

Third, managers need to focus on the investment 
of innovative technology personnel and innovative 
technology funds to promote the application of green 
technologies. Meanwhile, regions should continuously 
improve the financial system, make full use of financial 
tools to achieve the reasonable flow of funds, create 
a good environment to guide high-quality foreign 
investment and guide the scientific distribution of FDI, 
realize industrial structure rationalization, and strive to 
combine the guarantee effect of financial development 
with the positive effect of FDI technology spillovers, 
and steadily improve energy efficiency.

Research Contributions

The contribution of this paper are as follows. First, 
the effect of energy efficiency extends from single 
factor to the combination of factors. This paper reveals 
the matching effect of factors to achieve high (non-high) 
energy efficiency. Moreover, this paper incorporates 
fsQCA method into research, enriches method toolbox, 
and provides a holistic perspective to deepen the 
cognition of energy efficiency problem. Second, the 
paper provides a new explanation for the differences in 
existing research. Previous studies showed the impact 
of multiple factors or same factor on energy efficiency 
often lead to different conclusions. This paper finds 
that energy efficiency is the result of matching effect of 
multiple factors, which provides a new perspective for 
explaining differences and eliminates the divergences 
in existing research.

Limitations and Future Research

This research has some limitations and needs 
to be improved in future research. First, the sample 
was only from China, the conclusions did not have 
universality in other countries or regions, researchers 
hope to use samples from other countries or regions 
to explore this issue. Second, there are many factors 
that affect energy efficiency, but this paper conducts 
analysis from financial development, researchers will 
expand influencing factors such as urbanization and 
environmental regulation.
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