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Abstract: OEnergy efficiency is a vital factor to promote sustainable development. In this paper,
the directional distance function–global Malmquist–Luenberger model (DDF-GML) is applied to
measure the energy efficiency levels of 30 provinces in China from 2000 to 2017. Simultaneously,
the impacts of the economic growth targets and marketization on energy efficiency are empirically
tested using the generalized system moment estimation (SYS-GMM) and mediation effect model.
The statistical results reveal that energy efficiency is on the rise every year as a whole. Mediated
by marketization, economic growth targets inhibit energy efficiency by distorting marketization.
Moreover, there is significant regional heterogeneity in the impacts of economic growth targets on
energy efficiency. The inhibition effect of economic growth targets on energy efficiency in the eastern
region is greater than in the central and western regions. The above empirical results are determined
to be robust through testing.

Keywords: economic growth target; marketization; energy efficiency; mediation effect model

1. Introduction

Driven by economic growth targets, China’s rapid economic development has been
accompanied by increasing energy consumption and total carbon emissions. The conflicts
between the environment, energy, and economic growth are becoming increasingly promi-
nent [1,2]. This energy consumption, which is dominated by fossil energy, has brought
serious environmental pollution to China. Among the pollution sources, China’s wastew-
ater, sulfur dioxide, haze, and carbon dioxide emissions are the highest in the world [3].
Having low energy efficiency not only wastes limited energy supplies but also causes a
sharp increase in carbon emissions [4]. In order to achieve sustainable economic develop-
ment and fulfill the international commitments stipulated in the Paris Climate Agreement,
the Chinese government has set a series of development goals to reduce energy con-
sumption and carbon emissions. For example, by 2030, China’s energy consumption will
be below 6 billion tons of standard coal [5]. Simultaneously, in order to combat global
warming, a commitment was made to achieve peak carbon levels by 2030. China, as the
world’s largest consumer of energy, is a major source of carbon emissions [6]. However,
improving energy efficiency is a crucial way to achieve the carbon peak target. Energy
efficiency improvements will reduce energy use, thus solving the energy dilemma in gen-
eral [7]. Furthermore, improving energy efficiency has become one of the crucial objectives
of energy and climate policies, as well as a fundamental way to ensure energy security
and sustainable development [4,7]. Market-oriented economic structural reforms can help
promote factor market development, which can be further improved to achieve the fun-
damental role of market mechanisms in resource allocation [8]. With the improvement of

Sustainability 2021, 13, 4393. https://doi.org/10.3390/su13084393 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-3691-1642
https://doi.org/10.3390/su13084393
https://doi.org/10.3390/su13084393
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13084393
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su13084393?type=check_update&version=1


Sustainability 2021, 13, 4393 2 of 17

marketization, the flow of factors becomes more rapid, and advanced energy-saving and
emissions reduction technologies can also be popularized on a large scale and quickly, thus
improving energy efficiency [9]. However, under the special institutional background, the
constraints of economic growth targets set by governments at all levels in China will affect
the operation of the market, which will have a significant impact on marketization. In the
past, many local governments took the typical approach of hard constraints on economic
growth targets [10].

However, such a phenomenon is rooted in the typical vertical management mode
and the incentive model of the “achievement evaluation index award” in Chinese admin-
istration. For all levels of government, a top-down incentive system of targets has been
constructed [11,12]. Generally speaking, the setting of the economic performance target of
the local government at the same level is often influenced by the “layer-on-layer” aspects
of the economic performance targets of the government at the next level, while the setting
of economic growth targets also exists in “top-down scale competition” [13]. In a compet-
itive environment where economic growth is the goal, local governments tend to adopt
short-term economic behavior to achieve their stated economic growth targets. The resulting
economic consequences include market segmentation and factor distortions, which hinder
the marketization process.

Moreover, local governments have focused on pursuing economic growth and blindly
expanding the size of the economy to achieve economic growth targets. In particular, the
expansion of energy-intensive industries continues to increase the demands for fossil energy
(see Figure 1). At the same time, economic competition between regions has gradually
increased. In order to achieve economic growth targets, this economic approach also shows
multidimensional competition, such as competition for labor, competition for capital, and
competition for taxes. The “pollution paradise” effect and “factor curse trap” caused by
blind competition will strengthen the path dependence on pollution-oriented economic
growth, which will have an impact on energy efficiency [14,15].
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Figure 1. Energy consumption and energy intensity.

So how does the economic growth target affect energy efficiency? How does marke-
tization serve economic growth goals and energy efficiency? It is important to analyze
the mechanism of the Chinese government’s economic growth targets and the impacts of
marketization on energy efficiency in order to promote energy efficiency in China to reduce
carbon emissions and to achieve carbon peak levels at an early date.
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To sum up, the contributions of this study are as follows. First, the theoretical mecha-
nism of the impacts of economic growth targets and marketization on energy efficiency are
systematically explored by combining the economic growth targets and marketization into
a unified analytical framework. Secondly, the dynamic panel system–generalized moment
method (SYS-GMM) is used to investigate the impacts of economic growth targets on
China’s provincial energy efficiency to alleviate the possible endogenous problems. Thirdly,
we examine the transmission mechanism of the impacts of economic growth targets on
energy efficiency by using marketization as a mediation variable.

The rest of this paper is arranged as follows. Section 2 involves a literature review,
Section 3 involves model setting and data description, Section 4 presents the empirical
results, Section 5 presents a discussion of the empirical results, and Section 6 presents
research conclusions and policy recommendations.

2. Literature Review
2.1. Economic Growth Targets and Energy Efficiency

Improving energy efficiency is a vital part of tackling climate change, sustainable
economic development, and energy security. Economic growth is accompanied by the
growth of energy demands. There is a strong correlation between energy demands and
energy efficiency [16]. However, under the current special political system in China, the
central government has developed a set of top-down target incentive systems based on the
incentive model of performance reward [11,12]. The setting of economic growth targets
caused by local government competition not only leads to “bottom-to-bottom competition”
and the “green paradox” effect among governments, but also to the extensive development
of the local economy by local governments at the cost of destroying the environment,
which inhibits the improvement of energy efficiency [15,17]. Simultaneously, the local
government economic growth targets inhibit the growth of public service expenditure, such
as spending on education, science, and technology, and indirectly hinders the improvement
of energy efficiency [4,18]. Additionally, under the influence of economic growth targets,
local government competition is intensified and the vassal-like economy is not conducive
to green economic transformation [19]. Furthermore, under the competition of pursuing
economic performance targets, local governments are over-investing in industrial capacity
at the expense of the environment in order to achieve economic growth, which is not
conducive to the improvement of energy efficiency [20].

Some scholars believe that although China’s economy has achieved rapid growth
driven by economic growth goals, such targets may promote energy efficiency through the
transformation of China’s economy [21–23]. Driven by economic growth targets, local eco-
nomic development promotes financial development and technological progress, providing
a financial guarantee for energy structure adjustment and efficiency improvement [24].
Additionally, economic development also increases the financial revenues of local gov-
ernments, which helps them to vigorously develop new energy industries and subsidize
new energy consumption, which can optimize the energy structure and improve energy
efficiency [25]. Moreover, some scholars have found that in middle- and high-income coun-
tries, economic growth reduces energy intensity, while sharing economies, in particular,
will promote sustainable economic development and improve energy efficiency [26,27].

2.2. Marketization and Energy Efficiency

With the enhancement of economic development, the market economic system, and
the allocation of certain factors, energy efficiency is improved accordingly [28]. The market
is both a tool used for resource allocation and an incentive mechanism. First of all, mar-
ketization promotes innovation [29]. Duanmu et al. (2018) [30] believe that a high degree
of marketization and market competition is conducive to the development of technology
markets, which play positive roles in energy conservation, emissions reduction, and the
improvement of energy efficiency. At the same time, Chen and Huang (2016) [31] pointed
out that under market integration conditions, the free flow of factors can promote the opti-
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mization of the economic structure, enterprise competition, and technological innovation,
which is conducive to improving energy efficiency. Secondly, marketization is conducive to
reducing financing costs. The greater the degree of marketization, the greater the flexibility
of the economic growth, while more efficient factor substitution is conducive to reducing
the costs and risk of innovation for firms [28,32]. Thirdly, the improvement of energy mar-
ketization affects energy supply and demand through energy pricing and optimizes energy
structures, which is conducive to the improvement of energy utilization efficiency [28,33,34].

To sum up, the existing literature focused on the relationships between economic
growth targets and energy efficiency and between marketization and energy efficiency.
The relationship between the three factors is relatively less pronounced, so an in-depth
investigation on the relationship between economic growth target, marketization, and
energy efficiency was not conducted. In other words, these studies did not further reveal the
impacts of economic growth targets on energy efficiency, which is not conducive to a more
comprehensive study of the causes of China’s energy efficiency and the impacts of economic
growth targets. Given this, this paper places marketization within the framework of the
impacts of economic growth targeting energy efficiency, studies the impact mechanism of
economic growth targets in terms of energy efficiency, and uses the mediating effect model
to identify the mediation effect mechanism of marketization.

3. Methods
3.1. Calculation Method of Energy Efficiency
3.1.1. Directional Distance Function (DDF)

According to the directional distance function set by Chung et al. (1997), undesired
outputs are included in the input–output efficiency evaluation and the directional distance
function is defined to realize the increasing and decreasing constraints of desired outputs
and undesired outputs [35].

We assume that there are n decision units (DMU), each of which utilizes i inputs (x =
(x1, x2, · · · , xi)R+

i ) to obtain j undesired outputs y =
(
y1, y2, · · · , yj

)
Rj and m undesired

outputs (b = (b1, b2, · · · , bm) ∈ R+
m).

We set the directivity vector as g =
(

gy, gb
)
, whereby t represents time, then the directiv-

ity distance function of the t period is: Dt(xt, yt, bt; g
)
= sup

{
γ
∣∣(yt + γgy, bt − γgb

)
∈ Pt(xt)},

where xt is the vector of the input capital, labor, and energy in period t; yt and bt are the vec-
tors of the desired output and undesired output in period t, respectively; γ is the directional
distance function used for maximizing the desired output and minimizing the undesired
output in period t.

Pt(xt) =
{(

yt, bt)∣∣xt ⇒
(
yt, bt), t = 1, 2, · · · , T

}
is the production possibility set of

the current period, which includes both the desired output and undesired output. The
undesired output has weak disposability. If Dt(xt, yt, bt; g

)
= 0, indicating that under

the condition of certain input factors, the input–output efficiency of the decision-making
unit is optimal. If Dt(xt, yt, bt; g

)
= 0, this shows that the input–output efficiency of the

decision-making unit has potential improvement space. Simultaneously, the larger the
value, the lower the input–output efficiency, the greater the potential improvement space.

By changing the above directional vector, the linear programming formulation of
the directional distance function is obtained, which is represented by the undesired out-
put emission efficiency model and the desired output efficiency model. The models are
as follows:

α∗ = minα

s.t.
{

xλ ≤ xk, yλ ≥ yk, bλ = αbk
λ ≥ 0

where α* is the optimal solution of the emission efficiency model of the undesired output;
x, y, and b represent the factor input, desired output, and undesired output values, respec-
tively; xk, yk, and bk are the factor input, desired output, and undesired output values of
the kth decision unit, respectively; λ is the weight coefficient vector of the evaluated unit in
the effective decision unit combination; α is the ratio of the potential optimal undesired
output to the actual undesired output (0 < α ≤ 1) of the decision-making unit under the
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given conditions of the factor input and desired output; (1 − α) represents the potential
for emissions reduction of the undesired output. The higher the α value is, the higher
the undesired output emission efficiency, the higher the input–output efficiency, and the
smaller the undesired output emissions reduction potential. The undesired output model
is set as follows:

β∗ = maxβ

s.t.
{

xλ ≤ xk, yλ ≥ (1 + β)yk, bλ = bk
λ ≥ 0

where β* is the optimal solution of the undesired output efficiency model and β is the
expansion potential of the undesired output under the constraint of undesired output. The
higher the value of β, the lower the desired output efficiency of the decision unit, the lower
the input–output efficiency, and the greater the expansion potential of the desired output.

3.1.2. Global Malmquist–Luenberger Index (GML)

GML index has the characteristics of transitivity and cycle accumulation. It overcomes
the shortcomings of the traditional ML index because of the advantages of intertemporal
comparison when it studies efficiency. Therefore, this paper uses the GML index analysis
method to study energy efficiency under the constraints of carbon emissions and environ-
mental pollution. According to the GML index method constructed by Oh (2010), the GML
index from the “t” period to “t + 1” period defined by the directional distance function is
as follows [36]:

GMLt
t+1

(
xt, yt, bt, xt+1, yt+1, bt+1) = 1+DG(xt ,yt ,bt)

1+DG(xt+1,yt+1,bt+1)

=
1+Dt(xt ,yt ,bt)

1+Dt+1(xt+1,yt+1,bt+1)
×

[
1+DG(xt ,yt ,bt)
1+Dt(xt ,yt ,bt)

× 1+Dt+1(xt+1,yt+1,bt+1)
1+DG(xt+1,yt+1,bt+1)

]
= ECt

t+1 × TCt
t+1

where DG(x, y, b) = sup
{

γ
∣∣(y + γy, b− γb) ∈ PG} is the global directional distance func-

tion, PG(x) is the global production possibility set, which is the union of all current
production possibility sets; GMLt

t+1, ECt
t+1 and TCt

t+1 are the input–output efficiency, the
change of technical efficiency, and the technical progress of the decision-making unit across
two periods, respectively. If GMLt

t+1, ECt
t+1 and TCt

t+1 are greater than 1, they represent
the improvement of the input–output efficiency, technical efficiency, and technical progress,
respectively. If GMLt

t+1, ECt
t+1 and TCt

t+1 are less than 1, they represent the reduction
of input–output efficiency, technical efficiency, and technical retrogression, respectively.
Therefore, through the analysis of the GML index, we can observe the changing trends
of energy efficiency and the change of influencing factors, so as to provide more accurate
improvement schemes for energy utilization in various provinces.

We calculate the GML index, the demand solution for different directional distance
functions in the above formula. For the “t” period and “t + 1” period, the directional
distance function and the global directional distance function can be obtained via the
following linear programming:

Dt(xt, yt, bt) = maxβ

s.t.
{

xλ ≤ xt
k, yλ ≥ (1 + β)yt

k, bλ = (1− β)bt
k

λ ≥ 0
(a)

Dt+1(xt+1, yt+1, bt+1) = maxβ

s.t.
{

xλ ≤ xt+1
k , yλ ≥ (1 + β)yt+1

k , bλ = (1− β)bt+1
k

λ ≥ 0
(b)

DG(xt, yt, bt) = maxβ

s.t.
{

xλ ≤ xt
k, yλ ≥ (1 + β)yt

k, bλ = (1− β)bt
k

λ ≥ 0
(c)

DG(xt+1, yt+1, bt+1) = maxβ

s.t.
{

xλ ≤ xt+1
k , yλ ≥ (1 + β)yt+1

k , bλ = (1− β)bt+1
k

λ ≥ 0
(d)
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3.2. Economic Strategy
3.2.1. Econometric Model Setting

When analyzing energy efficiency, most scholars ignore the systematic bias caused by
the time lag effect [37]. This paper introduces a dynamic model with a lag period of explained
variables. There may be a reverse causal relationship between the core explanatory variables
and the explained variables. Therefore, the systematic generalized moment estimation
(SYS-GMM) proposed by Arelelano and Bond (1991) is adopted in this paper to estimate the
empirical results. The econometric model set is as follows [38]:

EEit = αEEit−1 + β0 + β1TARit + β2Xit + ui + vt + εit (1)

Among them, i represents the region t represents the year; β represents the coefficient
vector; u is the region-fixed effect; v is the time-fixed effect; ε is the random disturbance
term. The dependent variable is energy efficiency (EE). The core explanatory variable
is TAR, which is the economic growth target set by the local government. Here, X is a
group of control variables, mainly including technological innovation, industrial structure,
urbanization, foreign direct investment, and foreign trade dependence.

3.2.2. Mediation Effect Model

It has been shown above that the economic growth target has a certain internal
influence on energy efficiency and marketization is closely related to energy efficiency.
As an important factor affecting energy efficiency, what role does marketization play in
the impacts of economic growth targets on energy efficiency? Does marketization act as
an intermediary variable to transmit the impacts of economic growth targets on energy
efficiency? We use Figure 2 to briefly depict the impact of economic growth targets and
marketization on energy efficiency.
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Therefore, this paper uses the stepwise regression method proposed by Baron and
Kenny (1986) to test the mediation effect of marketization [39]. In order to intuitively
describe the verification procedure of the mediation effect, the mediation effect model is
first simplified into Equations (2)–(4). Equations (2)–(4) are set as follows.

EEit = αEEit−1 + c · TARit + βXit + ε1 (2)

Marketit = αEEit−1 + a · TARit + βXit + ε2 (3)

EEit = αEEit−1 + c′ · TARit + b ·MARit + βXit + ε3 (4)

where market represents the level of marketization, c represents the total effect, and
c = a ∗ b + c′. Here, a ∗ b represents the mediation effect and c′ represents the direct effect.
Certain control variables are represented by X.

In this paper, the stepwise regression method is used to test the mediating effect. In the
first step, the total effect of the economic growth target on energy efficiency in Equation (2)
is investigated, as well as assessing whether the measure coefficient c is significant. The
second step is to investigate the effect of the economic growth target on the marketization
degree and the impact of marketization on energy efficiency in Equations (3) and (4), and
whether the measure coefficients a and b are significant. If a and b are significant, it is
proven that there is a mediation effect. The third step is to examine the direct effect of the
economic growth target on energy efficiency in Equation (4).
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3.3. Variable Definitions
3.3.1. Explained Variable: Energy Efficiency (EE)

Energy efficiency is the capacity level for economic output based on energy input,
which is usually estimated through the stochastic frontier or Banker Charnes Cooper of
data envelopment analysis (DEA-BCC) model or slack based measure-data envelopment
analysis (SBM-DEA) method [40,41]. In this paper, undesired carbon dioxide and envi-
ronmental pollution are considered when energy efficiency is measured. Therefore, the
DDF-GML model is used in this paper to calculate the energy efficiency of 30 provinces in
China from 2000 to 2017 as a dependent variable [42–44]. The input–output indicators are
shown in Table 1.

Table 1. Descriptions of variables.

Variables Definition References

Expect
output RGDP Real GDP of each province based on the year 2000

(100 million yuan) Lin and Du (2013) [45]

Unexpected
output

CO2 Provincial CO2 Emissions Gao and Zhang (2019) [46]

SO2 Provincial SO2 Emissions Xu et al. (2020) [47]

Smoke (Dust) Provincial Smoke (dust) Emissions Xu et al. (2020) [47]

Wastewater Provincial Wastewater Emissions Xu et al. (2020) [47]

Solid waste Provincial Solid Waste Emissions Xu et al. (2020) [47]

Input
Labor Employment by provinces at year-end Wang et al. (2020) [2]

Capital
Perpetual Inventory Method (PIM) is used to
calculate the capital stock at 2000 comparable prices.
A capital depreciation rate of 10.96% was selected

Jun et al., (2004); Shan, (2008); Chen, (2015);
Peterman, (2016); Xu, (2020) [48–52]

Energy The total consumption of coal, oil, and natural gas
(converted into standard coal) Lin and Du (2015) [45]

It is estimated that from 2000 to 2017, China’s overall energy efficiency showed an
increasing trend, and the specific changes are shown in Figure 3. Figure 3 visually depicts
the evolution trend of energy efficiency during the study period. Specifically, the dynamic
evolution trend shows that at the beginning of 2001, the areas with higher energy were
mainly in Beijing, Heilongjiang, Yunnan, and East China (see Figure 3a). In 2010, the regions
with high energy efficiency were mainly located in the Yangtze River economic belt (see
Figure 3b). The results of the energy efficiency changes in 2015 and 2017(see Figure 3c,d)
show that energy efficiency across the country is improving, which is closely related to
China’s concept of green development, indicating that China’s sustainable development
capacity is gradually increasing.

3.3.2. Core Explanatory Variable: Economic Growth Target (TAR)

Referring to Liu et al. (2020), the economic growth target is mainly measured by the
expected economic growth rate mentioned in the annual work reports of provincial govern-
ments [1]. Table 2 shows the economic growth target data for China’s central government
and provincial local governments. It is obvious that the economic growth target for local
governments is higher than that for the central government, and that the economic growth
target of local governments shows obvious heterogeneity.
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Table 2. Comparison of China’s economic growth targets (%).

Year The Central
Government

The Local Government

Mean Minimum Maximum

2001 7 8.74 7 10
2002 7 8.72 7 10
2003 7 9.27 7.5 11.5
2004 7 9.68 8 13
2005 8 10.23 8.5 15
2006 8 10.31 8.5 15
2007 8 10.33 9 15
2008 8 10.97 9 15
2009 8 10.05 8 13
2010 8 10.28 8 13
2011 8 10.83 8 13.5
2012 7.5 11 8 14
2013 7.5 10.57 7.5 14
2014 7.5 9.6 7.5 12.5
2015 7 8.1 6 10
2016 6.5–7 7.62 6 10
2017 6.5 7.55 5.5 10
2018 6.5 7.2 5 10
2019 6–6.5 6.91 4.5 9

Source: Central and provincial government reports over the years.
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3.3.3. Mediation Variable: Marketization (MAR)

In the existing literature research, production methods and trade law are mostly used to
calculate the market-oriented indicators. However, the above measurement methods show
inherent defects and it is difficult to form a panel database [53–55]. Referring to Ming and
Zhao (2009) [56] and Sun and Cheng (2019) [57], the relative price index analysis method
was applied to calculate the market index. We first measured the market segmentation
index of 65 pairs of neighboring provinces and then merged the indices of 65 pairs of
neighboring provinces to get the market segmentation index of each province and its
neighboring provinces. For example, the market segmentation index for Sichuan is the
average of the market segmentation indices between Sichuan and Chongqing, between
Sichuan and Shanxi, between Sichuan and Gansu, between Sichuan and Yunnan, between
Sichuan and Qinghai, and between Sichuan and Tibet. The market segmentation indices
for the other provinces and cities were measured similarly. Thus, a total of 510 (=30 × 17)
market segmentation values were obtained, which respectively represented the changes of
market segmentation degree between 30 provinces and all neighboring provinces in 17 years.
Marketization (MAR) was then expressed using the inverse of market segmentation.

3.3.4. Control Variables

In order to control the influence of other factors on energy efficiency, the following
control variables were introduced in this paper, namely industrial structure (IND), urban-
ization (URB), technological innovation level (PAT), foreign direct investment (FDI), and
foreign trade dependence (OPE). According to the Petty–Clark theorem, the industrial
structure shows the trend of evolution from the primary industry to the secondary industry
and the tertiary industry in turn. Therefore, referring to Ren and Zhu (2017), we constructed
“IND = P + 2 * S + 3 * T” to measure the industrial upgrading, where P, S, and T represent
the proportion of the added value of the primary industry, the secondary industry, and
the tertiary industry in the total regional output value, respectively [58]. Urbanization
(URB) has a significant impact on energy efficiency. Here, we use population urbanization
to measure the urbanization level. Technological innovation is conducive to improving
energy efficiency [59–64]. Referencing to Li et al. (2020), the number of patents granted is
selected as the proxy variable of technological innovation (PAT) [61]. Opening up to the
outside world plays an important role in promoting energy efficiency [41]. In this paper,
the proportion of foreign direct investment in GDP is selected to measure the degree of
foreign direct investment (FDI). The ratios of provinces and cities and total import and
export trade to GDP are used to measure the degree of foreign trade dependence (OPE).

3.4. Data Rresources

In this paper, the data mainly come from the China Statistical Yearbook, China Envi-
ronment Statistical Yearbook, China Energy Statistical Yearbook, Wind Economic Database,
China’s central and provincial governments’ government work reports, Five-Year Plan
for National economic and Social Development, China Marketization Index Report, and
China Points Provinces Marketization Index Report (2016). For the missing data, this paper
uses the moving average and interpolation method. Definitions of variables are shown in
Table 3.

Table 3. Definitions of variables.

Variable Obs Mean Std. Dev. Min Max

EE 510 0.9993 0.0274 0.8223 1.2345
TAR 510 9.6387 1.6293 5.5000 15.0000
MAR 510 6.2036 1.8733 2.3700 11.1100
IND 510 229.9035 19.8463 179.7971 301.0635
PAT 510 2.3340 4.5640 0.0007 33.2652
URB 510 50.5246 14.8156 23.9600 89.6000
FDI 510 2.5452 2.1815 0.0400 14.6500
OPE 510 0.3124 0.3845 0.0200 1.7200
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4. Empirical Results
4.1. Benchmark Regression Analysis

In order to ensure the robustness of the results, the regression results for the panel
fixed effect model (FE), panel random effect model (RE), and SYS-GMM are also presented
in this paper (see Table 4). The regression results show that the economic growth target
inhibits the improvement of energy efficiency, while the coefficient of the economic growth
target is significantly negative at the level of 1%.

Table 4. Benchmark regression results.

Variables FE FE RE RE SYS-GMM SYS-GMM

L.EE 0.051 0.066
(0.033) (0.055)

TAR −0.002 *** −0.002 *** −0.003 *** −0.002 *** −0.003 *** −0.002 ***
(0.001) (0.001) (0.001) (0.001) (0.000) (0.000)

PAT −0.0006 −0.00005 −0.0003
(0.000) (0.000) (0.000)

IND −8.49e-06 0.00002 −0.00008
(0.000) (0.000) (0.000)

URB 0.0012 *** 0.0005 *** 0.001 ***
(0.000) (0.000) (0.000)

FDI 0.0003 −0.0003 −0.001 ***
(0.001) (0.001) (0.000)

OPE 0.0075 −0.0046 −0.001
(0.012) (0.005) (0.005)

AR(1) −1.8118 −1.9501
[0.0700] [0.0512]

AR(2) −1.0756 −0.96514
[0.2821] [0.3345]

Sargan test 27.85219 24.19096
[1.0000] [1.0000]

Obs 510 510 510 510 480 480
N 30 30 30 30 30 30

Notes: Standard errors in parentheses, *** p < 0.01.

4.2. Mediation Effect Analysis

It has been proven above that the economic growth target has a significant negative
impact on energy efficiency, so this paper uses the mediation effect model to test the
mediation effect of marketization (see Table 5). This paper continues to use the SYS-GMM
model to regression Equations (2)–(4) step by step, and the estimated results are shown
in Table 5. From the estimation results, Column (1) represents the benchmark estimation
results of the economic growth target on energy efficiency (EE). The estimated coefficient of
the economic growth target is negative and significant at the level of 10%, indicating that the
economic growth target has a significant inhibiting effect on the improvement of the energy
efficiency level. In column (2), the estimated coefficient of the economic growth target is
significantly negative and is significant at the level of 1%, indicating that the economic
growth target has a significant inhibitory effect on the market. In column (3), the target
coefficient of the economic growth is negative and significant at the level of 10%, while the
market coefficient is positive and significant at the level of 1%.

Table 5. Mediation effect results.

Variables
(1) (2) (3)

EE MAR EE

L.EE 0.071 0.072 ***
(0.056) (0.010)

TAR −0.0031 * −0.131 *** −0.0027 ***
(0.002) (0.051) (0.001)

MAR 0.002 ***
(0.000)
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Table 5. Cont.

Variables
(1) (2) (3)

EE MAR EE

PAT −0.000 0.152 *** −0.000 ***
(0.000) (0.031) (0.000)

IND −0.000 0.002 0.000
(0.000) (0.008) (0.000)

URB 0.001 ** 0.032 ** 0.001 ***
(0.000) (0.013) (0.000)

FDI −0.000 0.224 *** −0.001 *
(0.001) (0.087) (0.000)

OPE −0.006 0.851 * −0.008 ***
(0.004) (0.482) (0.002)

AR(1) −1.80 1.05 −1.85
[0.072] [0.294] [0.064]

AR(2) −1.06 −1.54 −1.04
[0.287] [0.123] [0.300]

Sargan test 185.73 1036.32 183.74
[0.000] [0.000] [0.000]

Obs 480 510 480
N 30 30 30

Notes: Standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.

4.3. Heterogeneity Analysis

Due to the vast size of China, there are significant differences in the degrees of eco-
nomic development and industrial structure layouts of different regions. Therefore, local
economic growth targets may lead to regional heterogeneity in energy efficiency in different
regions. In order to identify such heterogeneity, this paper expands the analysis of regional
heterogeneity and further tests the robustness of the empirical results (Table 6). Considering
the number of samples, this paper selected the eastern region as one group and the central
region and western region as another group to conduct the heterogeneity analysis. The
local government economic growth target for the influence of energy efficiency has obvious
regional heterogeneity. In the eastern region, the economic growth target inhibits the energy
efficiency and is significant at the 1% level. For the central and western regions, although
the economic growth target has a significant impact on energy efficiency at the level of 5%,
its effect is less than that of the eastern regions. The impact of marketization on energy
efficiency in eastern China is higher than in central and western China.

Table 6. Regional heterogeneity results.

Variables
(1) (2) (3) (4)

Eastern
Region

Eastern
Region

Central and Western
Regions

Central and Western
Regions

L.EE 0.193 ** 0.496 ** 0.175 *** 0.165 **
(0.081) (0.243) (0.047) (0.068)

TAR −0.004 *** −0.024 *** −0.001 *** −0.002 **
(0.001) (0.008) (0.000) (0.001)

MAR 0.008 * 0.003 *
(0.005) (0.001)

PAT −0.002 *** 0.000
(0.001) (0.001)

IND −0.005 *** −0.000
(0.002) (0.000)

URB 0.004 *** 0.001 ***
(0.002) (0.000)
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Table 6. Cont.

Variables
(1) (2) (3) (4)

Eastern
Region

Eastern
Region

Central and Western
Regions

Central and Western
Regions

FDI −0.008 *** −0.001
(0.003) (0.001)

OPE 0.070 ** −0.025
(0.028) (0.023)

AR(1) −2.4 −1.69 −1.81 −1.90
[0.016] (0.091) [0.070] [0.058]

AR(2) 0.49 −0.22 −0.84 −0.82
[0.626] [0.824] [0.399] [0.414]

Sargan test 72.99 171.3 151.24 176.05
[0.000] [0.000] [0.000] [0.000]

Obs 176 176 320 320
N 11 11 19 19

Notes: Standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.

4.4. Robustness Test

In order to analyze the accuracy of the conclusions obtained under the above full
sample conditions, this paper conducts robustness tests for the following two aspects. (1)
Replacing the explained variable: Referring to the measurement method of energy efficiency
mentioned above, we re-test and regress the empirical results. The relevant results are
shown in columns (1) and (2) in Table 7. The economic growth target still has an inhibiting
effect on energy efficiency and is significant at the 1% level. (2) Endogeneity: Considering
the endogeneity of the economic growth target, this paper selects the lag period of the
economic growth target as its instrumental variable and uses the two-stage least squares
method (2SLS) to regrow again [62]. The results are shown in columns (3) and (4) in Table 5.
The economic growth target is still suppressed the energy efficiency, and significant at the 1%
level. In conclusion, after replacing the explained variables and examining the endogeneity
of the economic growth target, the impact of the economic growth target on energy efficiency
remains consistent with the previous study, which verifies the robustness of the results.

Table 7. Robustness test.

Variables
(1) (2) (3) (4)

GMM GMM 2SLS 2SLS

L.EE 0.0345 * −0.082 ***
(0.020) (0.028)

TAR −0.0217 *** −0.014 *** −0.003 *** −0.003 ***
(0.002) (0.001) (0.001) (0.001)

PAT −0.004 *** −0.000
(0.002) (0.000)

IND 0.001 *** 0.000
(0.000) (0.000)

URB 0.004 *** 0.001 ***
(0.001) (0.000)

FDI −0.002 −0.000
(0.002) (0.001)

OPE −0.099 *** −0.005
(0.027) (0.005)

CONS 1.1797 *** 0.777 *** 1.025 *** 0.993 ***
(0.029) (0.059) (0.009) (0.026)



Sustainability 2021, 13, 4393 13 of 17

Table 7. Cont.

Variables
(1) (2) (3) (4)

GMM GMM 2SLS 2SLS

AR(1) −1.4483 −1.4485
[0.1475] [0.1475]

AR(2) 1.0475 0.9033
[0.2949] [0.3664]

Sargan test 29.3019 25.6893
[1.000] [1.000]

Obs 480 480 480 480
N 30 30 30 30

Notes: Standard errors in parentheses, *** p < 0.01, * p < 0.1.

5. Discussion
5.1. Discussion of the Results of the Benchmark Regression

Table 4 implies that the economic growth target has a significant negative impact on
energy efficiency, which is similar to the research results shown by Zhang et al. (2020) [63].
First, the economic growth target, as the core indicator used to guide economic development,
not only directly distorts the structure of government public expenditure, but also restricts
investment in environmental protection and scientific and technological research and devel-
opment, and ultimately inhibits the improvement of energy efficiency. Second, in order to
achieve the economic growth target, local governments prefer subsidies to support “zombie
enterprises” with high energy consumption and low innovation, which not only leads
to lags in upgrading industrial structures, but also is not conducive to the improvement
of energy efficiency. Third, the economic growth target formulated by local governments
is more in pursuit of a single form of economic growth, the regulation of environmental
pollution and carbon emission is relatively relaxed, and the “pollution paradise” effect
remains stubborn and difficult to remove, thus reducing the energy efficiency of the region.

5.2. Discussion of Mediating Effect Results

Table 5 shows that the economic growth target inhibits marketization. Marketization
has a positive impact on reducing energy efficiency. The central government’s intention
in setting economic growth targets is to promote the efficient allocation of production
factors, however at the same time it also restricts the free flow of production factors, which
leads to the distortion of the factor market. The blocked factor flow is not conducive to the
technological progress of the energy industry, which further inhibits the improvement of
energy efficiency. At the same time, the improvement of marketization reduces the distortion
of factors, which provides a foundation for the efficient operation of the energy market,
especially the marketization of energy prices, which lays a foundation for the regulation of
energy consumption. At the same time, marketization is conducive to technology research
and development in high-energy-consuming industries, reducing energy consumption and
improving energy efficiency. Moreover, the marketization of energy prices also provides
conditions for energy substitution and provides a market for the mutual substitution of
traditional fossil energy with new energy sources, which is conducive to promoting the
research and development of new energy sources and promoting the improvement of
energy efficiency.

5.3. Discussion of Heterogeneous Results

The heterogeneity analysis shows that the impact of China’s economic growth target
on energy efficiency presents significant regional heterogeneity. In the eastern region,
the economic growth target results in greater inhibition on energy efficiency, while the
economic growth target for the central and western regions has little inhibitory effect on
energy efficiency. The reasons are as follows. First, although the degree of marketization
in the eastern region is relatively high, the marketization process is inhibited under the
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influence of the economic growth target, which leads to the slow improvement of energy
efficiency. However, for the central and western regions, the level of marketization itself is
relatively low and the inhibitory effect of the economic growth target on marketization is
not fully reflected. Additionally, the central and western regions are in the primary stage
of industrialization and their energy demands are relatively low, so the marginal inhibitory
effect of economic growth targets on energy efficiency is relatively limited. Second, the
central and western regions are rich in energy resources, in addition to coal, oil, natural gas
and other traditional fossil energy sources, solar energy, wind energy, hydropower, and
other new energy resources. With the support of national projects, such as those involving
gas and power transmission from west to east, the restraining effect of local economic
growth targets on energy efficiency in the central and western regions has been reduced.
The eastern region is the center of China’s economic development, and a large amount of
energy is transported from the central and western regions. The economic growth target of
local governments has a greater impact on energy consumption and has a strong inhibitory
effect on energy efficiency.

6. Conclusions and Policy Implications

In this paper, the DDF-GML model is applied to calculate the energy efficiency of
30 provinces in China from 2001 to 2017. Through the SYS-GMM model and mediation ef-
fect model, the influence of economic growth targets and marketization on energy efficiency
is empirically tested. The main research conclusions are as follows.

First, energy efficiency in China’s regions as a whole shows an upward trend. Second,
economic growth targets inhibit energy efficiency. Third, the mediating effect reveals that
under the mediating effect of marketization, the economic growth targets can inhibit energy
efficiency by distorting marketization. Fourth, the impact of China’s regional economic
growth targets on energy efficiency is heterogeneous. Even though economic growth targets
in the east or the midwest inhibit energy efficiency, compared with the central and western
regions, the economic growth target in the eastern region has a stronger inhibitory effect
on energy efficiency. Based on the above research conclusions, we propose the following
policy implications.

Policymakers should change the extensive development model as soon as possible
and focus on improving the quality and efficiency of economic growth, so as to help re-
gions get rid of the shackles of the extensive development model as soon as possible and
promote the improvement of energy efficiency. At the same time, we should coordinate
the relationship between economic growth and environmental protection, positively guide
local government behavior with high-quality economic development goals, and speed
up the clearance of the backward industrial production capacity with the help of market
mechanisms, so as to achieve consistency in terms of the goals of energy consumption
reduction, environmental governance, and energy efficiency improvement. The govern-
ment’s interventions and control on the pricing power of factors should be reduced and
the integration of the regional factor market should be promoted. Each region also needs
to constantly improve the institutional norms of the energy factor market and improve
energy efficiency according to the regional circumstances. Policymakers should encourage
investment in energy technology innovation, pay attention to the cultivation of energy
science and technology talents, support the development of energy-saving and -efficient
industries, and create a good policy environment for the development and utilization of
energy-saving technologies, so as to promote the supply-side reform in the energy field
and strengthen the driving role of technological innovation in improving energy efficiency.
Policymakers also need to further improve the performance appraisal and accountability
systems related to pollution reductions, so as to strengthen the performance appraisal
systems for energy and the environment and to improve the efficiency of energy utilization.

Although this paper analyzes the impacts of economic growth targets and marketiza-
tion on energy efficiency, it does not provide a detailed investigation due to the limited
sample of provincial panel data. Especially in the analysis of subregional heterogeneity, the
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empirical results are not satisfactory due to the small number of research samples. In the
future, it is necessary to study the relationships between the economic growth targets and
energy efficiency at the prefecture and city levels, and to further analyze the transmission
path of the impacts of the economic growth target on energy efficiency.
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