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Abstract: Identifying the policy effect of Energy-Consuming Right Trading (ECRT), clarifying its
mechanism of energy conservation and consumption reduction, is beneficial to realize the win-win
situation of economic growth and emission reduction in China. This study first builds a Propensity
Score Matching-Difference-in-Differences (PSM-DID) model and empirically tests the impact of
Energy-Consuming Right Trading policy on energy intensity in pilot areas based on inter-provincial
panel data from 2010 to 2019. Then the policy mechanism was analyzed by further regression, and
the spatial effects of the policy were explored by the Spatial Difference-in-Differences (SDID) model.
The results show that: (1) The policy can reduce energy intensity by 6.4% to 10.2% in the pilot area.
(2) The policy mainly achieves energy consumption reduction by optimizing the industrial structure
and promoting scientific and technological input, while the resource tax intensity and the proportion
of coal consumption also have synergistic and hindering effects on the policy. (3) There is a significant
spatial spillover effect of the policy; it can reduce the energy intensity of the adjacent areas of the
pilot by 5.3% and the areas with a high economic association with the pilot by 12%. The conclusion is
that China’s Energy-Consuming Right Trading policy can effectively control energy consumption,
and the policy shows an excellent positive external effect, worth nationwide implementation. Finally,
some policy suggestions are put forward according to the results of the empirical analysis.

Keywords: energy-consuming right trading; energy intensity; policy tools; Propensity Score
Matching-Difference-in-Differences

1. Introduction

With the development of economies, the consumption of energy in human society has
increased rapidly, leading to an unprecedented “energy crisis”. As a non-renewable energy
source, high-intensity consumption of fossil energy will reduce social and economic welfare
and threaten national energy security [1,2]. More serious is the carbon dioxide emitted
by the large-scale burning of fossil fuels exacerbates global warming and environmental
pollution. According to the latest report from the Intergovernmental Panel on Climate
Change (IPCC), the earth’s average temperature is now 1.1 °C warmer than it was before
the industrial revolution. This is mainly due to greenhouse gas emissions caused by human
activities burning fossil fuels, and the frequent occurrence of extreme weather and climate
accident in recent years is a direct consequence of global warming [3]. In order to solve
these problems, many countries are trying to regulate fossil energy consumption through
policy guidance and promote the transformation of the energy system to a renewable
energy leading mode so as to achieve energy conservation and carbon emission reduction
targets [4,5].

As the largest energy producer and consumer in the world, China’s total energy
consumption has increased by 28.7% in the past 10 years, and its energy consumption
per unit GDP is high, 1.5 times the world average and 2 to 3 times that of developed
countries [6]. The energy structure is relatively backward. Although the proportion of coal

Sustainability 2021, 13, 11612. https://doi.org/10.3390/su132111612 https:/ /www.mdpi.com/journal/sustainability


https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-1858-6295
https://doi.org/10.3390/su132111612
https://doi.org/10.3390/su132111612
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su132111612
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su132111612?type=check_update&version=2

Sustainability 2021, 13, 11612

20f16

has decreased in recent years, it is still as high as 56.9% in 2020 [7,8]. China’s industrial
production has long been characterized by “high energy consumption and high pollution”
due to the predominant use of fossil fuels. As a result, the Chinese government pays great
attention to the issue of energy carbon emissions. In December 2020, the Chinese President,
Xi Jinping, set a target at the UN Climate Ambition Summit: by 2030, Renewable energy
will account for about 25% of China’s primary energy consumption and strive to peak CO,
emissions by 2030 and achieve carbon neutrality by 2060. In 2021, China’s 14th five-year
plan was proposed to improve the “dual control” system of energy consumption and
intensity, focusing on controlling fossil energy consumption, promoting clean, low-carbon,
safe and efficient use of energy and deepening the low-carbon transformation of multiple
industries. These strategies set the pathway for China to achieve its emission reduction
work [9].

Establishing how to regulate the utilization of traditional fossil energy reasonably to
control energy consumption effectively is a problem to be solved urgently. As with other
big emitters, China also implemented a number of regulatory policies to promote energy
conservation and emission reduction. During the 13th five-year plan period, China rolled
out the Energy-Consuming Right Trading (ECRT) policy to accelerate the establishment
of a long-term mechanism in the field of energy governance. In July 2016, the National
Development and Reform Commission (NDRC) issued the Pilot Scheme of Paid Use and
Trading System for Energy-Consuming Right, taking Zhejiang province, Fujian Province,
Henan Province and Sichuan Province as the pilot to carry out the confirmation, paid
use and trading of initial energy-consuming right. The policy clearly stipulates that the
pilot project was expected to achieve initial results by 2019. The pilot effect evaluation is
expected to be carried out in 2020, and the experience will be summarized and gradually
promoted depending on the situation [10].

As of now, it has been over 5 years since the pilot project of ECRT was implemented in
four provinces in China. Has the pilot project achieved its goal? How can ECRT drive the
region to reduce energy consumption? Is the policy worth a nationwide implementation?
Such questions need to be further explored. Therefore, it is necessary to test the policy
effect of ECRT policy empirically.

2. Literature Review
2.1. Mechanism of Environmental Regulation Policy to Reduce Energy Consumption

In the research on energy governance, the mainstream view is that the control of en-
ergy consumption and the development of clean energy need the guidance of government
departments [11-13]. According to the market failure theory, the market mechanism cannot
eliminate environmental externalities, while the government has more complete informa-
tion, and its mandatory policies are effective in solving environmental externalities [14,15].
Porter’s hypothesis points out that strict environmental regulations will induce enterprises’
technological innovation to reduce pollutant emissions and improve economic level [16].
The emission of industrial pollutants mainly comes from the burning of fossil energy. There-
fore, strict environmental regulation policies may achieve energy consumption control and
economic development at the same time, which was tested by many scholars. Empirical
studies show that the environmental regulation policies made by the Chinese government
can not only directly reduce energy consumption but also promote economic development
by incenting technological innovation [17]. Other studies based on transnational data also
reached a result consistent with Porter’s hypothesis. They believe that carbon tax policies
first implemented by developed countries reduce energy intensity year by year and, at the
same time, not only promoted the technological level of the energy sector but also enabled
them to obtain additional economic benefits from the export of clean technologies [18,19].
The different conclusion is that although environmental regulation can reduce energy con-
sumption in the long run, it does not produce good economic benefits in this process, and
even reduces the productivity of enterprises and hinders technological innovation [20,21].
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The research conclusions of some scholars confirm the effect of environmental regula-
tion policy to some extent and emphasize the heterogeneity of its effect [22]. The first is
the difference in the time dimension. It seems that environmental regulation cannot play
its due role in the short term. However, when the intensity of environmental regulation
increases to a certain extent, that is, it crosses the “inflection point”, its energy-saving effect
becomes prominent [23]. The reason is that environmental regulation policies have a certain
lag and are prone to impact relevant economic industries in the short term. Secondly, the
effect of spatial dimension is different, and the impact of environmental regulation on
energy structure is different in different regions. It was found that the positive effect of the
Porter hypothesis does not appear in western China [24,25]. In terms of spatial dimension,
there is a significant gap in energy consumption between provinces in China, and energy
production and demand are different, so the effects of environmental regulation policies
are different [26,27]. In addition, the market state also has a certain influence on the effect
of environmental regulation. In a perfectly competitive market, strict energy regulation
policy will cause the loss of social net welfare; otherwise, it will improve social welfare [28].

2.2. International Energy Consumption Control Policy and China’s ECRT

Today’s energy policy tools range from mandatory decrees to taxes, subsidies, and cap-
and-trade [29-31]. The former is usually achieved through regulation of energy consump-
tion standards and administrative supervision, while the latter is generally market-oriented
policy tools with both fixed standards and variable market mechanisms. In a nutshell, it is
a “both carrots and sticks” mode. Table 1 shows the strategic policy planning and main
policy tools of some energy countries or regions. It can be seen that market-oriented policy
means are the more commonly used regulation mode at present.

Table 1. Examples of international energy consumption control policies.

Strategic Policy Main Policy Tools Country/Region Literature
Energy audits, Energy
Energy Efficiency efficiency funds, Combined EU Bertoldi [32]
Directive heat and power, Malinauskaite [33]

Emissions trading.
Energy efficiency standards,

El;iii}; }23((; é};y Fuel consumption tax, USA g:l i‘t)c(?sli [[?:é]]
Carbon taxation. -

5 th Strategic ggj}siileoggfzd:;g’ Eﬂiﬁgy Japan Kucharski [36]

Energy Plan pany, 8y P Kanada [37]

efficiency standards.
Utility-funded, Feed-in
tariffs, Direct subsidies to Brazil
renewable power.
Reducing excess capacity,
Coal resource tax, China
Emissions trading.

2010-2019 Plan for
Energy Expansion

Geller [38]
Aquila [39]

The 13th
Five-Year Plan

Lin [40]
Pan [41]

From the practical experience of China’s energy policy and even public policy, it
is obvious that administration is superior to marketization [42,43]. However, dictatorial
environmental policies tend to set uniform quantitative or technical standards for industrial
enterprises, which violates the principle of equal margin and is not efficient and conducive
to technological innovation [44]. Since the end of the last century, environmental regulation
of many countries has shifted from administrative means to the effective combination of
administration and market. Environmental quota trading, a market-oriented policy tool,
was gradually adopted by many countries [45,46]. China’s ECRT policy is formed on the
basis of carbon emission trading and emission trading policies.

The core content of ECRT is that the government sets the total amount of energy-
consuming right indicators and allocates them to energy users (mainly for large industrial



Sustainability 2021, 13, 11612

40f16

enterprises) according to the rules. Energy users can freely transfer their warrants in the
market with compensation according to the law. The essence of ECRT is to give play to
the decisive role of the market in the process of allocating resources. The transmission
mechanism of ECRT policy to reduce energy consumption is that the external cost can
be internalized by rational allocation of energy-consuming rights. Energy users must
undertake the obligation to control the energy consumption within the prescribed range
while obtaining the right to consume energy so that enterprises can weigh the direct cost
of purchasing warrants and the opportunity cost of reducing energy consumption [47].
On the premise that the warrant trading market is sufficiently perfect, enterprises can
spontaneously adjust energy consumption according to the law of market supply and
demand to maximize their own cost and income [48].

Some scholars discussed the effect of the ECRT policy. Wang simulated the change of
China’s energy intensity during “13th five-year plans” and found that compared with the
actual energy intensity, the energy intensity under the ECRT policy decreased by about
14.02%, and the total energy consumption decreased by 7.07%. The principle is that through
ECRT policy, energy can carry out intertemporal circulation between provinces and within
industries so as to achieve optimal resource allocation [49]. Zhang concluded through
scenario simulation that ECRT can improve regional energy conservation potential, but
due to the profit-seeking nature of market players, policy benefits between industries are
not balanced, so market transactions and government regulation should be carried out in
parallel [50]. Shen believes that the system of ECRT can induce enterprises in pilot areas
to carry out green invention patent innovation [51]. Yang predicts that under the condi-
tion of reasonable allocation of energy-consuming rights, most of China’s manufacturing
industries will achieve high energy efficiency in 2025 [52].

2.3. Summary

To sum up, the market-oriented regulation of ECRT seems to play an incentive role
in the Porter hypothesis. Enterprises are more willing to invest the funds purchased
from energy-consuming indicators in green innovation, thus reducing the energy con-
sumption per unit of production and ultimately creating new income from their own
energy-consuming right amount. However, there are relatively few studies on mechanism
discussion and effect test of the policy. Even if there are empirical studies, they are all in
the form of numerical simulation. The main reason lies in the late implementation of the
policy and the small number of data cross sections. Nevertheless, so far, the ECRT policy
has been tested for five years, and the data have been relatively sufficient. Therefore, this
paper conducted an empirical study based on the propensity score matching-difference-in-
differences (PSM-DID) method and provincial level panel data from 2010 to 2019, aiming
to answer the following questions:

(1) Whether China’s ECRT policy can effectively reduce regional energy intensity;
(2) What is the transmission mechanism of China’s ECRT policy to achieve energy con-
sumption reduction? (3) Whether China’s ECRT policy has a spatial spillover effect and
whether it can promote energy consumption reduction in non-policy pilot areas. The
innovation and contribution of this paper is the first empirical test of the effectiveness of
Chinese ECRT policy based on statistics, and also the first time the PSM-DID model was
applied to ECRT policy research. The research conclusion can not only further improve the
research content and system of market policy tools in the field of energy resources but also
provides some reference for the gradual promotion of ECRT policy in the future.

3. Research Methods
3.1. Model

The Difference-in-Differences model (DID) is primarily used for policy effect assess-
ment in the social sciences. The principle is based on a counterfactual framework to
evaluate changes in the observed factors in both cases where the policy occurs and does not
occur. This paper regards the establishment of the pilot project of ECRT as a “quasi-natural
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experiment” and constructs the following regression model to test whether the policy
achieved excellent results. Formula (1) is the baseline differential difference model. “EC;;”
represents the energy consumption intensity of “i” provincial unit “t” years and is the
explained variable of the model. “Time” is a time dummy variable used to determine the
policy intervention node. Although the ECRT system was officially implemented in 2017,
the pilot policy was already established in the government document of the previous year,
so 2016 was used as the starting year of the policy. “Treated” was the indicator variable
of policy pilot; it was 1 in Zhejiang, Fujian, Henan and Sichuan Province, and 0 in other
provinces. The core explanatory variable is the interaction term of the policy dummy
variable and time dummy variable. Its coefficient is the net effect of policy intervention.
“X;"” is the additional control variable. Formula (2) is the difference-in-differences model
considering the bidirectional fixed effect, “A;” is the time fixed effect, “u;” is the individual
fixed effect, and “¢;;” is a random error term.

”t”

EC;; = ag + a1 Time + apTreated 4+ azTime X Treated + oy, Xt + €54 €))

ECyt = Bo + B1DID + BnXit + At +uj + € )

Under the basic research setting, there is a significant difference in energy intensity
between the treatment group and the control group, which is difficult to meet the parallel
trend hypothesis, and data processing is required by Propensity Score Matching (PSM)
method. The pilot regions in China’s ECRT policy are not randomly selected but take into
account the energy situation, energy regulations and economic development level of each
province and city [53]. Therefore, five control variables with theoretical influence on energy
intensity were taken as characteristic values to define sample similarity, and the logit model
was used to calculate propensity matching score. Then the nearest neighbor matching
method was adopted; that is, each individual in the treatment group was matched with the
nearest individual in the control group. Finally, the unmatched samples were removed to
reduce the difference between the treatment group and the control group.

3.2. Data

In terms of variable selection, the energy consumption intensity of explained variable
in the model is expressed by energy consumption per unit GDP. Referring to existing
studies [54-56], other factors that may influence energy intensity is controlled in this paper,
including:

(1) Industrial structure: The demand for energy in the secondary industry is much
higher than in other industries. It consumes 68% of China’s energy and generates only 38%
of its economic output. Therefore, the higher the proportion of the secondary industry is,
the higher the energy intensity is. (2) Energy structure: Different energy sources have dif-
ferent scaling coefficients, while the traditional fossil energy represented by coal consumes
more after conversion, so the proportion of coal consumption is positively correlated with
energy intensity. (3) Energy prices: Price is an important factor affecting consumption. The
increase in energy price will restrain the energy demand of energy-consuming enterprises
and thus reduce the total energy consumption and energy intensity of the region. (4) Energy
regulation: The way to control energy consumption also includes other policy tools, such as
green tax. Therefore, it is assumed that the intensity of China’s resource tax will also have
a certain degree of impact on energy consumption. (5) Scientific research and development:
Research and development investment is the main factor affecting technological innovation,
and technological innovation will decrease the energy required for the production unit of
the enterprise. The specific variable setting and descriptive statistics are shown in Table 2,
and the measured value and the basic trend of the explained variable are shown in Figure 1.
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Table 2. Variable setting and descriptive statistics.

Type Variable

Calculate Unit Mean Std Min Max

Treated
Time

Explanatory
variables

Explained

variable EC

Ind

Control

variables Coal

Pri

Tax

R&D

o
[

0.133 0.341
0.400 0.491 0 1

0/1 None
0/1 None
Tons of standard
coal/ten
thousand yuan

Energy

consumption/GDP 2.179

0.807 0.432 0.208
Output value of
secondary /
industry/GDP
Coal terminal
consumption/energy
consumption
Fuel commodity sales /
price index
Resource tax
revenue/local fiscal Y%
revenue

R&D investment/GDP %

0.445 0.087 0.162 0.590

/ 0.210 0.158 0.005 0.910

1.026 0.072 0.835 1.167

2.139 2.742 0.000 14.780

1.611 1.110 0.340 6.315
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Figure 1. Changes in energy consumption intensity.

In terms of data acquisition, this paper comprehensively considers the availability
and integrity of data and selects panel data of 30 provincial administrative units in China
from 2010 to 2019, excluding Tibet Autonomous Region, Hong Kong, Macao and Taiwan,
to test the impact of ECRT policy on energy intensity. The main data sources include
“China Statistical Yearbooks”, “China Energy Statistical Yearbooks”, “China Science and
Technology Statistical Yearbooks” and local statistical yearbooks and statistical bulletin.
Some missing data are supplemented by interpolation and extrapolation.

Based on the above model and data, we conducted an empirical analysis of the ECRT
policy effect. Figure 2 is an experimental flow chart, which shows all the links and concrete
practices of the empirical research part of this paper. In the next part, we first evaluated the
results of Chinese ECRT policy in the pilot areas and then further studied the mechanism
of action of policy and the well as the potential spatial effects.



Sustainability 2021, 13, 11612

7 of 16

Empirical Research

: PSM < Policy mechanism
Clarify question Nearest neighbor : mediating cffect
* . matching . = & test
o Y ] Y
Model building Mitching test moderating cffect
* test
Variables defined | || vttt * """""" : grmssmmmmaaes ’ """""""
DID 2 . Spatial effect
* Random effect Construct the
. regression : - spatial weight
Data collection : * : { inatiis
Fixed effect : : L
regression : . Construct spatial
i o g M e . : panel regression
_____________ ' model
' Robustness test '
Spatial spillover
- : effect analysis

Figure 2. Empirical research flow chart.

4. Results
4.1. Regression

In order to overcome the selection bias caused by inter-sample heterogeneity and
reduce the bias of the results of the DID regression, we first constructed the control group
through the PSM method. Figure 3 shows the matching effect. After propensity score
matching, there are more common support areas in the treatment group and control group,
and the overall difference between control variables decreases and approaches 0. Only
the standardization bias of energy price increased slightly, but the p-value of the mean
t-test was 0.656, so the difference between groups of this variable was not significant
after matching, and the matching was still valid. In addition, the kernel density curve of
propensity score after matching is closer, indicating that the matching effect is good and
can further perform the DID regression.

Table 3 shows the DID results. Models 1-4 represent the regression of baseline random
effects, random effects with control variables, fixed individual effects and bidirectional
fixed effects, respectively. The regression results show that DID coefficients of interaction
terms are significantly negative under the four regression models. The regression results
indicate that whether control variables are added or not, ECRT has a certain effect on
energy consumption reduction, and the policy effect is around a 6.4-10.2% reduction of
energy intensity. At the same time, the interaction coefficient in models 2—4 decreases
slightly, but the R-square increases significantly, indicating that control variables have a
certain influence on energy intensity. After considering the influence of these variables, the
overall explanatory power of the model is improved, and the net effect of the ECRT policy
is also revised.
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Figure 3. (a) Covariate standardization bias test; (b) common support area; (c) nuclear density map of pre-treatment group

and control group; (d) matched nuclear density map of post-treatment group and control group.

Table 3. Difference-in-differences regression.

@ @) ®) @
EC
Time —0.303 *+* —0.155 ***
(—10.73) (—5.19)
~0.022 —0.033
Treated (=0.15) (=0.40)
DID ~0.102% —0.064 % —0.097 ** —0.069 **
(—1.81) (—1.65) (—2.70) (—2.23)
nd 0.337 1.124 #+ —0.351
(0.95) (3.32) (—0.88)
Coul 1.460 1.656 *** 0.896 **+
oa (5.74) (6.61) (3.70)
Pri 0.557 ** 0.171 ~0.336
(4.52) (1.60) (—0.85)
T —0.004 —0.055 * —0.041
(—0.15) (—1.86) (—1.55)
—0.109 *** —0.242 #* ~0.053
R&D (—2.83) (—4.87) (—1.06)
cone 8.805 *** 7.999 *+ 8.176 *** 9.442 ***
(136.42) (43.93) (37.63) (18.41)
At NO NO NO YES
u; NO NO YES YES
R2 0.579 0.842 0.829 0.888

*p<0.1,*p<0.05,

< 0.01.
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In terms of control variables, the proportion of the secondary industry is positively
correlated with energy intensity at the significance level of 1% after considering individual
fixed effects. There is a strong positive correlation between the proportion of raw coal
consumption and energy consumption intensity in all models. Energy price and energy
intensity change in a reverse direction but are highly significant only in the random effect
model. The reason may be that the price index can only reflect the relative changes within
the region and does not support the horizontal comparison between regions. Therefore,
the influence is no longer significant after controlling the time effect. Resource tax intensity
and R&D investment intensity are both negatively correlated with energy consumption
intensity, but the latter has a more significant effect. The empirical results show that the
effects of other explanatory variables except for energy price on energy consumption
intensity are consistent with the theoretical situation.

4.2. Robustness Test

First, a parallel trend test was performed. The parallel trend test is an important
step of the DID method and a necessary condition to prove the robustness of the model.
The connotation is that, prior to policy intervention, energy intensity change trends in the
treatment and control groups should be as parallel as possible. In this paper, a parallel
trend test was carried out by setting a time dummy variable. New time dummy variables
were set, respectively: from 5 years before the policy intervention to 3 years after the
intervention, multiply the new time dummy variable by “treated”, then it was incorporated
into the DID regression model, and the regression results were plotted. According to
Figure 4, there was no significant difference in energy intensity between the treatment
group and the control group before the implementation of the ECRT policy, and the policy
effect was significant year by year from the intervention year. Therefore, the parallel trend
hypothesis holds, which proves the validity of the difference-in-differences result.

.
0.1 -
| T [
S T A R A |
I
0 1 -y
| COLUINT T -,
: ™ . .
ko) I
Sorl 0 Lo L Nl
8 I 1 |
! 1 1 o |
-0.2] 1 | : I
-0.3 -
5 -4 -3 -2 - 0 1 2 3
Policy time

Figure 4. Parallel trend test.

The placebo test was followed. The uniqueness of policy implementation is an essential
assumption of the DID model; that is, it is necessary to prove that the policy is the main
influencing factor. The placebo inspection core idea is a fictional treatment group or fictional
policy time estimate; if the different fiction of the estimator of the regression results is
still significant, it shows that the original estimate of the result is likely to see the errors.
Changes in the explained variables are likely to be influenced by other policy changes or
random factors. The methods of placebo tests are varied, mainly centering on the idea of
“falsification”.

Therefore, the policy intervention points are unified 2 and 3 years in advance, and
other variables remain unchanged, two-way fixed effect regression is conducted again,
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and the final results are shown in Table 4. Model 1 and Model 2 are the regression results
of taking the starting year of ECRT as 2013 and 2014, respectively. It can be seen that the
fictitious policy intervention coefficients are not significant, while the influence of control
variables is basically consistent with the regression results in Table 2. This result further
proves that under the setting of this model, the sudden drop in energy intensity after 2016
is indeed due to the establishment of the ECRT system rather than other policies, so DID
results are robust.

Table 4. Placebo test.

(WY) ()

EC

—0.064 —0.056

DID (—1.63) (—1.52)

Ind 1.296 *** 1.235 ***
(3.78) (3.61)

Coal 1.583 *** 1.628 ***
(5.97) (6.27)
Pri 0.091 0.101
(0.83) (0.94)

Tt —0.061 ** —0.059 *

(—2.01) (—1.96)

—0.255 *** —0.256 ***

R&D (=5.09) (=5.09)
At YES YES
u YES YES
R? 0.823 0.822

Tp<0.1,* p<0.05 ™ p<00L.

4.3. Mechanism Analysis

Through the above analysis, we can think that ECRT policy indeed has obtained an
excellent effect. However, how the policy will reduce energy consumption remains to be
clarified. Thus, we explored the mechanism of action by referring to the existing research
methods, establishing the regression model as Formulas (3) and (4) [57,58]. Where, M;;
represents the potential intermediary variable of ECRT affecting energy intensity and is a
column vector in Model (1) Xj;. Therefore, a1 in Formula (3) represents the influence effect
of policy intervention on the intermediary variable. 1 in Formula (4) is the interaction term
between policy implementation and intermediary variables, and the action mechanism of
ECRT policy is determined through the final result of this coefficient.

My = ag+a1DID + apy X + A+ u; + €54 3)

ECjt = Bo + B1DID-M;s + BnXjr + Ap + u; + &5 4)

First, the changes in the mediation variables were investigated. The regression results
of Equation (3) are shown in Table 5. Models 1-5 are the difference-in-differences regression
of five potential mediation variables, respectively. The results show that the proportion of
the secondary industry in the pilot area decreases by 2.9% and is significant at the level of
5%, indicating that the ECRT has a certain function of optimizing the industrial structure.
The policy can increase the energy consumption constraint on the consumption side to
promote the overall supply-side reform of the society and adjust the economic structure. At
the same time, the energy price increased by 5.4%, and the proportion of R&D investment in
economic output increased by 0.179%. In fact, there is a certain connection between the two
changes. The rise of energy prices increases the operating costs of industrial enterprises,
thus strengthening their motivation for technological innovation [59]. However, in the
baseline regression, we find that energy price has a positive impact on energy intensity.
Therefore, even if the ECRT policy can promote energy price increase, it cannot reduce
energy consumption through this path. In addition, even if the policy stipulates that
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renewable energy is not included in the comprehensive energy consumption in the market
transaction process, ECRT does not significantly weaken the dominant position of coal
in energy consumption. This suggests to some extent that even though ECRT has a good
effect in reducing energy consumption, it has not directly promoted the development of
the renewable energy industry.

Table 5. ECRT policy mechanism test 1.

@ (2) 3) @) (5)

Ind Coal Pri Tax R&D
BID —0.029 ** —0.023 0.054 ** —0.616 0.179 **
(—2.22) (—0.93) (2.23) (—1.29) (3.16)
Ind 0.518 *** 0.249 ** —10.77 *#* —1.669 ***
(4.74) (2.18) (—5.01) (—6.63)
Coal 0.151 *** 0.155 ** 0.883 —0.448 ***
(4.74) (2.52) (0.73) (—3.11)
Pri 0.071 ** 0.151 ** 1.816 —0.314 **
(2.18) (2.52) (1.52) (—2.19)
Tax —0.008 *** 0.002 0.005 —0.007
(—5.01) (0.73) (1.52) (—0.90)
R&D —0.085 *** —0.079 *** —0.057 ** —0.457
(—6.63) (—=3.11) (—2.19) (—0.90)
cons 0.497 #*+ —0.052 0.960 *** 5.650 *** 2.774 #*
(11.57) (—0.53) (12.09) (2.98) (17.47)
R? 0.427 0.276 0.235 0.095 0.364

< 0.05, 7 p < 0.01.

Secondly, the mechanism of action was analyzed by setting the interaction terms of
the policy effect variable and each control variable. The results in Table 6 show that the
first, the interaction coefficient of the variable “DID x Ind” and variable “DID x Coal”
are both significantly negative at 1% level, and the original impact of the two variables on
energy intensity is positive. This suggests that ECRT will work better as regions reduce
their share of secondary industries and reduce fossil energy consumption. The main reason
is that the premise of ECRT is that the government controls the total amount of regional
energy use, and the trading index has a fixed upper limit. However, the regions highly
dependent on industrial production and fossil energy have significant obstacles in reducing
the total amount of energy consumption, so the energy use right is too “scarce”, and the
trading process is difficult to smooth. Second, variables “DID X Pri” and “DID x Tax” are
both significantly negative at the 1% level. The two variables originally have a negative
effect on energy intensity, so the energy-saving effect of the ECRT system will play a good
interaction with the increase in energy price and the strict resource tax. This result reflects
the response mechanism of energy intensity to market-oriented policy tools and highlights
the policy synergy of different types of energy regulations [60]. Third, there is a significant
interaction between R&D investment and ECRT. In the case of a high level of scientific
and technological R&D, energy regulation can promote technological innovation more
effectively and directly contribute to a better energy-saving effect.

Based on the regression results in Tables 3, 5 and 6, it can be concluded that industrial
structure, scientific and technological research and development are the main influencing
mechanisms of ECRT policy on energy intensity, constituting a mediating effect. Although
the energy structure and resource tax have no significant change with the implementation
of ECRT, they can also interact with the ECRT to affect energy intensity, so they have a
certain moderating effect on the policy effect.
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(W) ) 3) 4) (5)
EC
—0.220 ***
DID x Ind (—2.96)
—1.690 ***
DID x Coal (—3.28)
. —0.098 ***
DID x Pri (—3.12)
—0.157 ***
DID x Tax (—4.41)
—0.050 ***
DID x R&D (=2.90)
Ind 1.348 *** 0.828 *** 0.893 *** 0.861 ***
(=5.14) (—3.38) (—3.65) (—3.52)
Coal 0.891 *** 0.793 *** 0.814 *** 0.767 ***
(8.97) (7.79) (8.17) (7.62)
Pri 0.514 0.237 0.481 0.328
(1.58) (0.66) (1.52) (1.01)
Tax 0.009 ** 0.013 *** 0.008 * 0.009 **
(2.02) (2.71) (1.95) (2.14)
—0.101 ** —0.079 —0.072 % —0.088**
R&D (—2.46) (—0.18) (—1.75) (—2.22)
cons 8.471 *** 9.579 *** 9.442 *** 8.968 *** 8.999 ***
(23.10) (21.96) (70.70) (22.69) (22.24)
R? 0.822 0.790 0.828 0.833 0.825

*p<0.1,*p<0.05 ***p<0.01.

4.4. Spatial Effect

According to the above research and analysis, the policy of ECRT achieved good
results in the pilot provinces. In the context of this policy, whether the pilot provinces can
affect the non-pilot areas and then achieve consumption reduction together still needs to
be considered. Therefore, drawing on the existing research method, this paper constructed
a Spatial Difference-in-Differences (SDID) model to estimate the spatial spillover effects of
ECRT policy establishment [61,62].

EC; = pWEC,'t + ﬁlDID + ,32WDID + ﬁnXit + WXy +Ar4+u; + ¢ 5)

In Formula (5), p represents the spatial autocorrelation coefficient, the significance of
which determines whether there is a spatial correlation between the energy intensity of
each province. 81 and B, represent the direct and indirect effects (spatial effects) of the
ECRT policy, respectively. W is the spatial weight matrix. In this paper, the geographical
distance weight matrix is constructed by calculating the reciprocal of the distance between
provinces based on the longitude and latitude data, and the economic distance weight
matrix is constructed by calculating the reciprocal of the difference of per capita GDP
between provinces. The two matrices are used to carry out SDID regression, respectively,
and the results are shown in Table 7. Model 1 and model 2 used the geographic distance
matrix and economic distance matrix, respectively, for regression analysis.

According to the last two columns in Table 7, the spatial autocorrelation coefficient p
is significant at the level of 1% for both of the two matrices. Therefore, there is a spatial
correlation of energy intensity between regions. In Table 7, the first and two columns
are the direct effects of the ECRT policy, namely the impact of policy intervention on the
energy consumption intensity in the pilot areas. The results showed that, after taking into
account spatial associations, the effect of ECRT policy is slightly increased, reducing energy
intensity by about 13.3% to 15.6% in pilot areas. At the same time, the third and fourth
columns are the indirect effect of the ECRT policy, which represents the impact of the policy
intervention on the energy consumption intensity in non-pilot areas. Obviously, the spatial
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spillover effect of the policy is 5.3% in the geographical distance matrix and 12% in the
economic distance matrix, and all the results are significant at the significance level of 1%,
which means that ECRT can indeed reduce the energy intensity of surrounding areas and
areas with a high degree of economic association with the policy pilot. Therefore, it is
considered that the policy has certain positive external benefits, which further confirm the
feasibility of promoting the policy in more regions.

Table 7. Spatial effects of ECRT policy.

e)) 2 (V) V)] @ (2)

EC
Direct Effect (SLI;ctlil:le Splg:lflfsster) Total Effect
DID —0.133**  —(0.156**  —0.063**  —0.120**  —0.186 *** = —(.277 ***
(—3.94) (—4.47) (—3.16) (—3.07) (—3.88) (—4.00)
Ind 0.413 #*+ 0.044 0.162 ** 0.016 0.575 *** 0.061
(2.60) (0.24) (2.50) (0.11) (2.65) (0.19)
Coal 1.260 *** 1.097 *** 0.506 *** 0.833 *** 1.766 *** 1.925 ##*
(15.46) (12.27) (4.78) (4.99) (11.66) (10.04)
Pri 0.211 *** 0.157 * 0.084 ** 0.118* 0.295 *** 0.275*
(2.64) (1.86) (2.41) (1.75) (2.65) (1.86)
Tax 0.004 0.009 ** 0.002 0.007 * 0.005 0.016 **
0.92) (2.10) (0.87) (1.87) (0.91) (2.05)
R&D —0.166**  —0.152**  —0.066**  —0.116**  —0.231** = —(0.268 ***
(—4.55) (—4.90) (-3.92) (—3.82) (—4.71) (—4.88)
0.339 *** 0.459 ***
P (7.98) (8.08)
R? 0.680 0.645

¥p<0.1,* p <005 p<00L.

5. Conclusions and Policy Recommendations
5.1. Conclusions

In the face of the global climate issue, every country should shoulder its due responsi-
bilities. In recent years, China has been trying to accelerate the realization of carbon peaks
in a variety of ways, and the ECRT policy with “Chinese characteristics” is a new attempt
to achieve this goal. At present, it is in the pilot effect evaluation stage of this policy. In
order to identify the impact of ECRT policy on energy intensity, this paper conducted an
empirical study. Using the PSM-DID method and based on the 2010-2018 provincial panel
data, we examined the impact of ECRT on regional energy intensity and analyzed the
potential mechanism and spatial effect. The results show that: (1) The ECRT system can
effectively reduce the regional energy intensity, and the effect coefficient is about 6.4% to
10.2% under the baseline regression. The robustness of the results was demonstrated by
a placebo test at the change in policy time points. (2) Industrial structure and R&D are
the main influencing mechanisms of ECRT policy on energy intensity, which constitutes
the mediating role. Although the energy structure and resource taxation did not change
significantly with the implementation of energy-full trading, they had a moderating effect
on the policy effect. (3) After considering the spatial correlation, the direct effect of ECRT
policy is improved, which is a 13.3%-15.6% reduction in energy consumption. At the same
time, the ECRT has a significant spatial spillover effect. The implementation of the policy
can reduce the energy intensity of the adjacent areas of the pilot by 5.3% and the energy
intensity of the areas with high economic association with the pilot by 12%.

5.2. Policy Recommendations
Based on the above empirical results, the following suggestions are put forward:

(1) The ECRT system should be gradually established and improved in more provinces
and regions. The excellent policy effects and positive externalities obtained in the
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ECRT pilot project determine the feasibility of promoting the policy to the whole coun-
try. Further establish the important position of market-based policy tools in resource
and environmental governance [63]. In the future, the Chinese government should
adhere to the market-oriented reform in the field of energy governance, stimulate
the vitality of the ECRT market and improve the ECRT system by strengthening the
connection between regional markets [64];

(2) The implementation of this policy should be supplemented with relevant supporting
policies to promote the upgrading of regional industrial structure and accelerate the
transformation of energy structure so that the ECRT policy can play a more positive
role. For example, industrial enterprises should be encouraged to use renewable
energy, energy conservation and environmental protection industries should be de-
veloped, and more job opportunities should be created to accelerate the transition of
the regional economy to tertiary industry [65];

(3) Timely market regulation to promote energy users to achieve energy conservation and
consumption reduction through the form of scientific and technological innovation.
Reasonable allocation of initial amount and effective adjustment of warrant price are
particularly important in playing an incentive role. The costs for users to participate
in transactions should be reduced, and enterprises should be encouraged to make
innovations in energy conservation.
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