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Abstract: In the face of increasingly severe climate change and its disastrous effects, how to effectively
tackle it and reduce carbon dioxide emissions has become an important global issue. Clean devel-
opment mechanism (CDM) project implementation provides an opportunity for more developing
countries to actively participate in global climate governance. As the largest global emitter of carbon
dioxide, have China’s CDM projects slowed down carbon dioxide emissions? In order to answer
this question, the study constructs panel data at the provincial level from 2000 to 2017 to investigate
the emission-reduction effects of China’s CDM projects. Results showed that China’s CDM projects’
implementation significantly reduced carbon dioxide emissions per unit of gross domestic product
(GDP) and the growth rate of carbon dioxide emissions. The emission reduction effects of different
types of CDM projects have obvious heterogeneity. In addition, this study further found that China’s
CDM projects’ implementation can not only effectively substitute traditional fossil energy, but also
improve energy-utilization efficiency.

Keywords: clean development; carbon emissions; CDM projects; energy consumption

1. Introduction

As one of the most pressing current issues, global warming is rapidly endangering
human survival. It has not only caused serious loss of economic efficiency, but also brought
about population migration and the loss of social welfare. With ongoing human activities,
this problem is becoming increasingly serious. It is estimated that, by the end of the 21st
century, global surface temperature will be 0.3 to 4.8 °C higher than that at the beginning
of this century [1]. In the face of this serious climate change, how to tackle it is a common
global issue. Scholars almost unanimously agree that reducing greenhouse-gas emissions
is the only way, and the top priority is to reduce carbon dioxide emissions, because they
are the main cause of global warming. Unfortunately, global carbon dioxide emissions are
persistently rising. According to data collected by the Carbon Dioxide Information and
Analysis Center (CDIAC), in 2015, the top 10 countries and regions accounted for 69.80%
of the world’s total carbon dioxide emissions, most of which were developed countries.
Among them, as the largest developing country, China’s carbon dioxide emissions were
10,641,889 kilotons, accounting for 30.48% (Figure 1).

China’s huge carbon emission levels have become the focus of global attention. The
successful reduction in China’s carbon emissions would greatly contribute to global en-
vironmental governance. Therefore, it is important to analyze China’s carbon emissions.
Figure 2 shows carbon dioxide emissions from 1960 to 2017 in China. Their growth was
divided into three stages: a slow growth stage from 1960 to 1980, a rapid growth stage
from 1981 to 2010, and a balanced growth stage since 2010.
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Figure 1. Carbon dioxide emissions of some countries in 2017.
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Figure 2. China’s total carbon emission trend over the years.

According to the Kaya Identity, global warming is affected by economic growth and
carbon emission intensity [2]. Some researchers believe that high emissions derive from
rapid economic growth and the use of fossil fuels [3]. Combined with the actual conditions
of China’s economic development, the reason why China produces so much carbon dioxide
emissions is that since the reform and opening up in 1978, the rapid outward development
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of China’s economy has mainly depended on the high input and consumption of land, labor,
capital, and other resources, especially fossil energy. Therefore, before 1980, the growth of
carbon emissions was slow, but with the consumption of huge fossil fuels resulting from
the rapid development of China’s economy, growth later rose sharply. However, as the
Chinese government gradually realized the seriousness of environmental problems and
attempted a series of environmental governance measures, China’s carbon emissions were
effectively slowed down after 2000. Unfortunately, they are still at a high level.

It is difficult to rely on the Chinese government alone to reduce carbon emissions.
The international community’s climatic assistance to China is an effective way to rapidly
achieve dramatic reduction. For example, the Kyoto Protocol, which came into force in
2005, proposed the clean development mechanism (CDM). As a flexible implementation
mechanism, the CDM allows for developed countries to meet greenhouse-gas emission
targets set under the Kyoto Protocol by helping developing countries to implement projects
reducing or absorbing greenhouse gases. According to statistics on the official website of the
United Nations Framework Convention on Climate Change (UNFCCC), since CDM project
implementation, it was estimated that by 2020, all CDM projects would have certified
emission reductions of 7.767 billion tons, a tremendous contribution to emission reduction.
As the largest developing country, China is the focus to fulfill targets of the Kyoto Protocol,
and a major country to implement CDM projects. According to the statistics of number of
CDM project implementation, China’s CDM projects account for half of the total number
of projects.

As international assistance provided by the international community led by developed
countries, CDM projects aim to reduce carbon emissions. Our focus is whether they have
achieved the expected reduction target. If so, what is the internal mechanism of emission
reductions? In order to answer the above questions, this study investigates the impact of
China’s CDM projects on carbon emission reduction and its internal mechanism. Results
showed that CDM project implementation significantly lowered the rate of carbon dioxide
emissions, reduced the emission of carbon dioxide per unit of gross domestic product
(GDP), and improved the efficiency of the green economy. Noncooperative CDM and
new-energy projects have greater emission-reduction effects. The mechanism test found
that carbon reductions are achieved by substituting traditional fossil-energy consumption.
The conclusions of this study provide theoretical support and practical experience for
developing countries to actively participate in global climate governance, and they are also
conducive to the development of international CDM projects.

2. Literature Review

The academic community has agreed on the cause of carbon dioxide emissions. Some
researchers believe that high carbon emissions caused by energy consumption derive from
rapid economic growth and the use of fossil fuels [3]. According to the Intergovernmental
Panel on Climate Change (IPCC), about 65% of carbon dioxide emissions from human activ-
ities are attributed to the use of fossil fuels since 1750 [4]. More than 90% of energy-related
carbon dioxide emissions are generated from the burning of fossil fuels, which account for
more than 80% of total primary energy demand [5]. In its Environmental Outlook Report
for 2050, the Organization for Economic Co-operation and Development (OECD) predicted
that global greenhouse-gas emissions would increase by 50% by 2050, 70% of which would
come from energy consumption, and especially fossil-energy consumption [6]. Mensah
et al. studied the causal relationship between fossil-energy consumption and carbon emis-
sions in 22 African countries from 1990 to 2015 and found that fossil-energy consumption
produced huge carbon emissions [7].

Many studies showed that traditional fossil-energy consumption is the main reason for
the rapid increase in carbon dioxide emissions. Therefore, an effective measure for reducing
emissions is to decrease the proportion of fossil energy in energy consumption, promote
clean development and energy substitution, and improve energy-utilization efficiency [8].
Moreover, many scholars studied the feasibility and effectiveness of clean development
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and energy substitution for carbon emission reduction and agreed that non-fossil energy
can substitute fossil energy [9-11], and energy substitution and the development of clean
energy are conducive to reducing carbon emissions [12-14].

The clean development mechanism (CDM) is a mechanism for Annex A countries in
the United Nations Framework Convention on Climate Change (UNFCCC) to fulfill some of
their emission-reduction commitments overseas. CDM projects provide vast environmental
benefits to developing countries and can make consumption and production patterns more
environmentally friendly. Developed countries can also meet their emission-reduction
standards at a lower cost. Many scholars have discussed and studied the role of the CDM,
which can create opportunities for large-scale renewable-energy projects [15,16] and is
critical for the deployment of renewable-energy industries in many countries [17-19]. CDM
project implementation promotes the development of energy technologies and enables
more countries to widely use energy technologies and clean energy [20,21].

Moreover, many scholars have studied the emission-reduction effect of the CDM. Lim
and Lam analyzed the status of CDM projects in Malaysia and concluded that CDM projects
in the energy sector contributed to greenhouse-gas emission reduction [22]. Lewis found
that the CDM promoted the development of China’s renewable energy and greatly reduced
greenhouse-gas emissions [23]. Stua found that the CDM promoted the transformation
of China’s power system [24]. Bayer, Urpelainen, and Wallace found that China’s CDM
projects could both reduce greenhouse gas emissions in provinces with low-cost emission
reduction and promote sustainable development in areas overly dependent on coal; there-
fore, China could continuously benefit from the CDM and promote the development of
China’s underdeveloped and remote regions through it [25].

However, some scholars also question the emission-reduction effect of the CDM,
which includes the following two aspects: first, its emission-reduction effect is uncertain.
Strand and Rosendahl said that the CDM is likely to reduce the emissions of a single
project, while it is likely to generally reduce other emission-reduction measures in the
host countries [26]. Costa-Junior, Pasini, and Andrade studied 75 CDM projects in Brazil
before 31 December 2007, and found that CDM projects could not effectively promote clean
development in a market-oriented way [27]. Schneider systematically investigated 93 CDM
projects and found that they failed to effectively achieve emission-reduction goals. Second,
its additionality was questioned [28]. Due to difficulties in the project’s identification, some
CDM projects without additionality may increase carbon emissions [29]. Alexeew found
that most wind-energy and hydropower projects are less likely to have additionality [30].
On the basis of China’s prefecture-level cities, Zhang and Wang indirectly assessed CDM
additionality, and empirical results were inconsistent with the model prediction; thus, they
raised doubts about the additionality of the CDM [31].

Therefore, two points can be drawn from the above literature review: first, most
studies mainly analyzed the overall emission-reduction effect of CDM projects in a country
or region while ignoring the differential reduction effects of type of CDM projects. Second,
almost no studies explored the internal mechanism, which is the core of understanding
the reduction effect of CDM projects. In view of this, on the basis of China’s CDM project
implementation, this study investigates its reduction effects and internal mechanism in
detail. Its contributions are as follows: first, we investigate the emission-reduction effect of
China’s CDM project implementation, strongly supporting the view that CDM projects can
effectively achieve carbon reduction. Second, on the basis of the overall effect assessment,
we studied the differential emission-reduction effects of different types of CDM projects in
detail, especially the nine specific types of CDM projects, making up for the shortcomings
of existing research. Third, we explored in detail the internal mechanism of achieving an
emission-reduction effect, and the results showed that carbon reductions are achieved not
only by substituting traditional fossil-energy consumption, but also by improving energy-
utilization efficiency, which expands previous studies on internal mechanism. This study is
a supplement to existing studies and a new interpretation of CDM project implementation.
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The remainder of this paper is arranged as follows: Section 3 covers the background
of China’s CDM, Section 4 elucidates the research design, Section 5 presents the empir-
ical results, Section 6 presents further discussions, and lastly, conclusions are drawn in
Section 7.

3. Development of CDM Projects in China

With the Kyoto Protocol taking effect in 2005, China’s CDM projects began to develop.
According to CDM project operation-management measures issued by China, development
should focus on areas such as new and renewable energy, energy conservation and effi-
ciency improvement, and the recycling and utilization of coal-bed methane. Figure 3 shows
the line graphs of the trends of CDM projects in China and the rest of the world (solid line,
China’s trend; dotted line, global trend). After the world’s first registered CDM projects
in 2004, the number of China’s new registered CDM projects has basically maintained the
same trend with that of the rest of the world: the boom period of China’s CDM projects was
from 2007 to 2012; especially in 2012, the number of China’s new registered CDM projects
was 1819, accounting for more than 56% of the global total, which was 3233, from which we
can see China’s dominance in the CDM market. However, after the Kyoto Protocol expired
in 2012, CDM project implementation, both globally and in China, significantly slowed
down, and the number of new registered CDM projects dramatically decreased. In 2012,
the Executive Council of the United Nations CDM Projects implemented a strict policy on
the CDM projects, which increased the difficulty of project registration, caused the review
process to be more complicated, and its direct result is a sudden drop in the numbers of
CDM project in China and elsewhere. This drop directly led to the uncertainty of the CDM
projects’ implementation after 2012, making the investment more cautious (Cui et al., 2020;
Maraseni, 2013) [32,33]. At the same time, as the largest implementer of CDM projects,
the EU drastically cut the carbon quotas of CDM used in the emissions trading system
from 2012 to 2020, which further led to a reduction in the number of projects (Koch et al.,
2014) [34]).

The numbers of CDM project (Unit: one)

Year

—&— China —©-— World

Figure 3. Number of CDM projects registered in China and the world.

According to the contents of the projects, China’s top three CDM projects were new and
renewable energy, energy conservation and efficiency improvement, and methane recycling
and utilization. Among the 1553 issued CDM projects, 1264 were new and renewable energy
projects, accounting for 81%, and the others 19%. New and renewable energy projects were
mainly concentrated in the energy industry, and especially the power industry, including
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wind-, hydro-, and new-energy power generation. In addition, the spatial distribution of
China’s CDM projects was not consistent with the economic development level, and most
were in central and western provinces.

4. Research Design
4.1. Model Building

This study mainly evaluates the impact of China’s CDM projects’ implementation on
carbon emissions. Therefore, model (1) is set as follows:

CO, emission y =a+  x CDM project;y + ZControlit +ui+ 0+ it 1)

where CO, emission;; represents the provincial carbon dioxide emissions, and the regional
growth rate of carbon dioxide emissions and the carbon dioxide emissions per unit of
GDP are used to measure it. CDM project;; indicates the number of CDM projects’
implementation of province 7 in year t; Control;; is the selected series of control; y; and J;
represent the city fixed effect and the year fixed effect, respectively; ¢ is a disturbance,
and is under the basic assumption of econometric model, namely independent identical
distribution. § is the focus of our concern, and it measures the net effect of CDM projects’
implementation on carbon emissions.

Moreover, we think different projects types and ways of cooperation should have
different impacts on carbon emissions. In order to empirically test this, model (1) is
expanded to model (2), and model (2) is set as follows:

COy emission jy =60+ p x CDM project type; + ZControlit +ui+o+gi (2

where CDM project type;; indicates the number of the different types of CDM projects,
mainly including the number of cooperative and non-cooperative of CDM projects, as well
as the nine specific types of CDM projects. p is used to measure the impact of different
types of CDM projects on provincial carbon dioxide emissions. If p < 0, it shows that
different types of CDM projects can reduce carbon emissions, otherwise, they cannot.

4.2. Index Selection

Explained variable. In this study, the explained variable is regional carbon dioxide
emissions. The growth rates of carbon dioxide and carbon dioxide emissions per unit of
GDP were used to measure regional carbon dioxide emissions. The smaller the indices
are, the less carbon dioxide a city emits. Total regional carbon dioxide emissions were
not selected, mainly because the CDM is more about reducing fossil-energy inputs and
improving energy efficiency (Pechak et al., 2011, [35]; Nautiyal and Varun, 2012, [36]; Kim
and Park, 2018, [13]), and it is more reasonable to select indicators from the perspective of
efficiency.

Due to a lack of data of carbon emissions from the government, this study uses an
indirect measurement method to estimate carbon emissions after referring to many studies.
Carbon dioxide emissions were calculated according to the following formula:

Carbon emissions = Energy consumption x Carbon emission coef ficient  (3)

where Energy consumption indicates the consumption amounts of various energies, mainly
including coal, oil, and gas. Emission coefficient represents the sensitivity coefficient of car-
bon emissions of different types of energies, and it is the average values calculated mainly
according to the carbon emission coefficients published by United States Department of
Energy, the Japan Institute of Energy Economics, the Climate Change Projects of National
Science and Technology Commission, and the Energy Research Institute of National De-
velopment and Reform Commission. The United States Department of Energy published
the carbon emission coefficients of coal, oil, and natural gas as: 0.7020, 0.4780, 0.3890; the
Japan Institute of Energy Economics published the carbon emission coefficients of coal,
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oil, and natural gas as: 0.7560, 0.5860, 0.4490; the Climate Change Projects of National
Science and Technology Commission published the carbon emission coefficients of coal,
oil, and natural gas as: 0.7260, 0.5830, 0.4090; the Energy Research Institute of National
Development and Reform Commission published the carbon emission coefficients of coal,
oil, and natural gas as: 0.7476, 0.5825, 0.4435. We averaged the coefficients published by
the above four organizations, and the carbon emission coefficients of coal, 0il, and natural
gas are as follows: 0.7329, 0.5574, 0.4226. Therefore, the specific calculation formula was as
follows:

COy emissions = Coal consumption x 0.7329 + Oil consumption x 0.5574 + Gas consumption x 0.4226  (4)

In addition, in mechanism analysis, in order to investigate the substitution effect of
CDM projects on fossil-energy consumption, we selected the total consumption of gas, oil,
and coal to measure regional energy consumption.

Explanatory variable. This study investigates the impact of CDM project implementa-
tion on carbon dioxide emissions, so CDM project implementation was the explanatory
variable. We selected the total number of China’s CDM projects and the numbers of
cooperative and non-cooperative projects.

Control variables. In order to better control the impact of other relevant factors on
carbon emissions, in this study, we selected the proportion of total output value of different
industries in GDP to measure the level of development of regional industry, the proportion
of fixed-asset investment in GDP to illustrate the overall regional investment level, the
proportion of foreign direct investment (FDI) in GDP to measure the inflow of regional
foreign investment, the proportion of total imports and exports in GDP to explain the
degree of opening to the outside world, and the proportion of gross regional industrial
output value in GDP to measure industrial development level. The above economic
variables are all adjusted in price based on 2000, and the exchange rate of FDI is converted.
The selection of specific variables and descriptive statistical analyses are shown in Table 1.

Table 1. Descriptive statistical analysis of major variables.

Variable Variable Meaning (Unit) Obs Mean SD Min Max
gdpCO, Carbon dioxide emissions per unit of GDP (ton/yuan) 540 1.107 0.787 0.067 3.522
3CO; Growth rate of regional carbon dioxide emissions (%) 510 0.147 0632 —0.865 4.466
CDM If the CDM project is 1mp1emer.1tec.1 in the region, the valueis 1, 558 0.455 0.498 0 1
otherwise it is 0
CDM project Total number of CDM projects (one) 558 1.441 1.689 0 5.429
cooperation . . . .
CDM project Number of cooperative projects in CDM projects (one) 558 1.329 1.635 0 5.204
non-cooperation ) . . . .
CDM project Number of non-cooperative projects in CDM projects (one) 558 0.664 0.963 0 3.850
fristgdp (total output value of the primary industry/GDP) * 100 (%) 558 12.4 6.6 0.4 37.3
secondgdp (total output value of the secondary industry/GDP) * 100 (%) 558 45.3 8.5 19 66.4
thridgdp (total output value of the tertiary industry/GDP) * 100 (%) 558 411 8.4 27.4 80.6
Investment (Fixed asset investment/GDP) * 100 (%) 558 61.4 25.2 23.7 150.7
Open (Total import and export/GDP) * 100 (%) 558 13.1 18.2 0 91.6
FDI (Total foreign direct investment/GDP) * 100 (%) 558 39 52 0 57.05
Coal Logarithm of coal consumption (million tons) 536 8.936 0.936 5256  10.668
Crude oil Logarithm of crude oil consumption (million tons) 481 7.419 0.927 4.652 9.834
Gas Logarithm of gas consumption (million tons) 510 2.888 1497  —4.605 5471

4.3. Data Sources

In order to comprehensively analyze the impact of CDM project implementation on
carbon dioxide emissions, we collected data from various sources. Specific data sources
were as follows: first, the basic information of CDM projects was from the website of the
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China clean development mechanism (CCDM); then, we manually collated the implemen-
tation regions and matched the samples, thus sorting out the specific information of all
CDM projects in China from 2000 to 2017. Second, the focus of this study was to explain
changes in China’s carbon emissions, while its calculation mainly depended on energy
consumption. Therefore, we searched for and sorted the total consumption amount of gas,
oil, and coal in the China Environmental Statistical Yearbook. Lastly, data of the control
variables were from the China Statistical Yearbook. In addition, since the CCDM website
has not released the latest progress of CDM projects since 2013, we searched the UNFCCC
website and manually collated the latest data from 2014 to 2019. However, since the China
Energy Statistical Yearbook only reports provincial energy-consumption data before 2017,
we could only calculate the data of carbon emissions before 2017, which also limited the
period of this study to 2000-2017.

5. Main Results
5.1. Impact of CDM Projects on Carbon Emissions

Model (1) was estimated to analyze the impact of the implementation of CDM projects
on carbon emissions. Results are shown in Table 2, where Columns (1) and (3) are the
regression results without adding control variables, and Columns (2) and (4) are the results
with the control variables. After adding the control variables, regression results did not
substantially change. The coefficient was significantly negative at the 10% confidence
level, which indicated that the implementation of CDM projects had a positive impact
on reducing carbon emissions and slowing down the growth of regional carbon dioxide
emissions. From the perspective of whether to implement CDM projects, compared with
provinces without CDM projects, their implementation reduced carbon emissions per unit
of GDP by 36.3% and the growth rate of carbon emissions by 7.9% at the 5% confidence
level.

Table 2. Impact of CDM projects on carbon emission.

8gdpCO, 8CO,
1) 2) 3) @) (5) (6)
CDM project —0.047 ** —0.038 * —0.039 *** —0.026 **
(0.022) (0.023) (0.012) (0.011)
CDM —0.363 *** —0.079 *
(0.083) (0.042)
fristgdp 2.095 2211 4.774 *** 4.836 ***
(1.786) (1.754) (0.880) (0.880)
secondgdp 1.845 ** 1.774 ** 1.667 *** 1.685 ***
(0.792) (0.778) (0.400) (0.401)
thridgdp 1.653 ** 1.732** 0.409 0.418
(0.726) (0.714) (0.369) (0.370)
Investment —0.311 —0.166 —0.330 *** —0.334 ***
(0.225) (0.222) (0.113) (0.114)
Open 0.200 0.287 —0.092 —-0.077
(0.281) (0.277) (0.141) (0.142)
FDI 0.047 0.078 —0.074 ** —0.070*
(0.070) (0.069) (0.036) (0.036)
Region fixed effect YES YES YES YES YES YES
Year fixed effect YES YES YES YES YES YES
_cons —0.178* —1.898 **  —1.997 *** 1.555 *** 0.031 0.006
(0.097) (0.713) (0.701) (0.048) (0.359) (0.360)
N 510 510 510 540 540 540
F 19.796 15.595 16.831 42.662 37.346 37.173
2 0.435 0.451 0.470 0.609 0.648 0.647

Note: (1) *, **, *** are significant at the level of 10%, 5% and 1%, respectively; (2) In parentheses is the value of
standard error.

From the perspective of control variables, total output value of different industries
used to measure economic growth, especially the total output value growth of the secondary
industry, significantly increased regional carbon dioxide emissions. This may be due to
the rapid development of industry and construction, which are the main industries of the
secondary industry. In addition, it is found that although regional direct investment and
FDI cannot effectively reduce carbon dioxide emissions per unit of GDP, they can achieve
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a significant decrease in the growth rate of carbon dioxide emissions. Unlike previous
studies, Open had no significant impact on carbon emissions.

In order to further investigate the above conclusion, according to the expected
emission-reduction amount before the projects” implementation, we constructed the ex-
pected emission-reduction intensity. The specific results are shown in Table 3. In the
table, CDM project_total emission represents the total expected emission-reduction amount
of all CDM projects, and CDM project_average emission represents the average expected
emission-reduction amount—both were used to measure the implementation intensity of
CDM projects. The specific regression results showed that the implementation intensity of
CDM projects has a significant inhibitory effect on carbon dioxide emissions, especially in
reducing their growth rate. Specifically, they reduced the growth rate by 2.5% and 3.4%,
respectively, at the 1% confidence level.

Table 3. Impact of CDM project implementation intensity on carbon emissions.

gdpCO;, gCO,
(1) ) 3) 4
CDM project_total emission —0.006 ** —0.025 ***
(0.003) (0.006)
CDM project_average emission —0.007 * —0.034 =
(0.004) (0.007)
control variable YES YES YES YES
Region fixed effect YES YES YES YES
Year fixed effect YES YES YES YES
_cons 0.005 0.003 —1.988 *** —2.026 ***
(0.360) (0.360) (0.702) (0.699)
N 540 540 510 510
F 37.261 37.146 16.706 16.995
r2 0.648 0.647 0.468 0.472

Note: (1) *, **, *** are significant at the level of 10%, 5%, and 1%, respectively; (2) In parentheses is the value of
standard error.

Moreover, we investigated the long-term impact of CDM project implementation on
carbon emissions. Regression results in Table 4 show that, since 2009, results without and
with control variables demonstrated that CDM project implementation could reduce the
intensity of carbon emissions and slow down the growth of regional carbon dioxide emis-
sions. Regression results gradually changed with time, from not significant to significant
impact. The absolute value of the regression coefficient gradually increased with time,
indicating that the impact was also gradually stronger. It may be due to the lag of the
impact that the effect of the carbon emission reduction in CDM projects can be clearly
observed after a certain period. To sum up, the implementation of CDM projects can have
a sustained impact on reducing carbon emissions and slowing down the growth of carbon
dioxide emissions over time, which shows that it can have a long-term impact on regional
carbon dioxide emission reduction.
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Table 4. The long-term impact of CDM projects on carbon emissions.

8dpCO; 8CO;
1 (2) 3) @
CDM project x year2004 —0.319 —0.317 —0.938 —0.790
(0.401) (0.384) (0.742) (0.740)
CDM project x year2005 —0.004 0.010 —0.062 —0.050
(0.054) (0.052) (0.100) (0.099)
CDM project x year2006 0.005 0.010 —0.046 —0.049
(0.029) (0.027) (0.055) (0.055)
CDM project x year2007 0.009 0.005 —0.035 —0.027
(0.034) (0.033) (0.063) (0.063)
CDM project x year2008 —0.032 —0.040 —0.057 —0.047
(0.048) (0.046) (0.089) (0.089)
CDM project x year2009 —0.010 0.004 —0.156 ** —0.137 *
(0.040) (0.039) (0.075) (0.075)
CDM project x year2010 —0.016 —0.006 —0.035 —0.030
(0.048) (0.046) (0.088) (0.088)
CDM project x year2011 —0.058 —0.034 —0.010 0.015
(0.051) (0.049) (0.094) (0.094)
CDM project x year2012 —0.074 ** —0.063 * 0.129 ** 0.136 **
(0.034) (0.033) (0.064) (0.064)
CDM project x year2013 —0.033 —0.027 —0.241 ** —0.247 **
(0.059) (0.057) (0.110) (0.110)
CDM project x year2014 —0.094 *** —0.068 ** 0.007 0.030
(0.033) (0.032) (0.063) (0.063)
CDM project x year2015 —0.068 ** —0.057 ** —0.058 —0.052
(0.028) (0.027) (0.052) (0.052)
CDM project x year2016 —0.076 ** —0.059 ** —0.089 —0.072
(0.030) (0.029) (0.056) (0.056)
CDM project x year2017 —0.013 0.013 —0.082 —0.071
(0.030) (0.030) (0.058) (0.059)
Control variable NO YES NO YES
Region fixed effect YES YES YES YES
Year fixed effect YES YES YES YES
_cons 1.565 *** 2.660 ** —0.425 *** —1.932
(0.049) (1.043) (0.093) (2.072)
N 540 540 510 510
F 23.033 23.706 10.864 10.438
r2 0.629 0.669 0.461 0.487

Note: (1) *, **, *** are significant at the level of 10%, 5% and 1%, respectively; (2) In parentheses is the value of
standard error.

Figures 4 and 5 show the long-term dynamic effect of CDM project implementation
on emission reduction according to the results of Columns (2) and (4) in Table 4. Whether
the explained variables were measured by carbon dioxide emissions per unit of GDP or the
growth rate of carbon dioxide emissions, the emission-reduction effects were not significant
in the first five years, but after 2011, they gradually became significant, and this effect
became more obvious with time. From this perspective, CDM project implementation has
a long-term dynamic impact on carbon emissions.
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Figure 4. Long-term dynamic impact of CDM projects on gdpCOs.
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Figure 5. Long-term dynamic impact of CDM project on gCO5.

5.2. Impact of CDM Projects with Different Cooperation Modes on Carbon Emissions

The above analysis fully proves that CDM project implementation has a positive im-
pact on reducing carbon emissions and slowing down the growth of regional carbon dioxide
emissions. In order to investigate the impact of CDM projects with different cooperation
modes on carbon emissions according to whether they had foreign partners, we divided
CDM projects into cooperative and non-cooperative projects. The specific regression results
are shown in Table 5. Both cooperative and non-cooperative projects significantly reduced
carbon dioxide emissions per unit of GDP. However, from the perspective of a specific
coefficient, non-cooperative projects have a greater effect than that of cooperative ones.
Specifically, non-cooperative projects reduced carbon emissions per unit of GDP by 3.8% at
the 5% confidence level. The above results showed that the emission-reduction effects of
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CDM projects with different cooperation modes are different. In order to analyze the reason
for this difference, we further investigated the implementation of CDM projects, found that
the expected average annual emission reduction of cooperative projects is 1.58 million tons,
and that of non-cooperative ones is 3.32 million tons, so we believe the difference in the
expected average annual emission reduction of projects may be the main reason for the
difference in the emission-reduction effects of them.

Table 5. The impact of CDM projects with different cooperation modes on carbon emissions.

8dpCO; 8CO;
1 (2) 3) @
cooperation CDM project —0.020 * —0.025
(0.012) (0.023)
non-cooperation CDM project —0.038 ** —0.029
(0.016) (0.032)
Control variable YES YES YES YES
Region fixed effect YES YES YES YES
Year fixed effect YES YES YES YES
_cons 0.026 0.053 —1.911 *** —1.884 ***
(0.360) (0.359) (0.714) (0.715)
N 540 540 510 510
F 37.090 37.418 15.472 15.447
r2 0.647 0.649 0.449 0.448

Note: (1) *, **, *** are significant at the level of 10%, 5% and 1%, respectively; (2) In parentheses is the value of
standard error.

5.3. Impact of Different Types of CDM Projects on Carbon Emissions

CDM projects are generally divided into the nine following types: energy-saving and
efficiency improvement, new and renewable energy sources, fuel substitution, methane
recovery, NoO decomposition and elimination, HFC-23 decomposition, waste burning
power generation, afforestation and reforestation, and others. In this study, we investigated
the emission-reduction effects of these nine types, and the specific regression results are

shown in Table 6.

Table 6. The impact of different types of CDM projects on carbon emissions.

(1) ()

(3)

@ (5)

(6) (7) 8) )

energy-saving and efficiency 0.024
improvement ’
(0.022)

—0.020 *

(0.012)

new and renewable energy

fuel substitution
methane recovery

N20O decomposition and
elimination

HFC-23 decomposition

waste burning power
generation

0.023
(0.042)

—0.140

3%

(0.022)
—0.060
(0.048)

0.055
(0.060)

—0.048
(0.046)
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Table 6. Cont.

el @ 3) @ (5 6 @ ® ©

afforestation and reforestation
others

Control variable
Region fixed effect
Year fixed effect
_cons

N
F
r2

0.041
(0.166)
0.021
(0.098)
YES YES YES YES YES YES YES YES YES
YES YES YES YES YES YES YES YES YES
YES YES YES YES YES YES YES YES YES

0.036 0.037 0.029 0.042 0.048 0.013 0.106 0.036 0.043
0361)  (0360)  (0.361)  (0.347)  (0.361)  (0.362)  (0.368)  (0.361)  (0.364)
540 540 540 540 540 540 540 540 540
36893 37103 36798 41430 36951 36857  36.887 36769  36.767
0.646 0.647 0.645 0.672 0.646 0.645 0.646 0.645 0.645

Note: (1) *, **, *** are significant at the level of 10%, 5% and 1%, respectively; (2) In parentheses is the value of standard error.

Results showed that among the nine types, only implementation of new and renew-
able energy sources projects and methane recovery ones could reduce carbon emissions,
and the other seven types could not significantly reduce the carbon emissions. From the
specific effect, the implementation of methane recovery projects can reduce carbon emis-
sions per unit of GDP by 14% at the 1% confidence level, while the implementation of new
and renewable energy sources ones only can reduce it by 2% per unit of GDP at the 10%
confidence level. In order to analyze the reason of this difference, we further investigated
the implementation of CDM projects and found that the main types of projects” implemen-
tation are new and renewable energy sources, energy-saving and efficiency improvement,
and methane recovery. In addition, the expected average annual emission reduction of
methane recovery projects is 2.76 million tons, that of new and renewable energy sources
ones is 1.95 million tons, and that of energy-saving and efficiency improvement ones is 0.59
million tons. The above shows that the difference in the expected average annual emission
reduction of projects may be the main reason for the difference in the emission-reduction
effects of them.

6. Discussion

As a response to climate change, CDM projects have been widely implemented in var-
ious areas of China. On this basis, the above sections analyzed the impact of CDM projects
on carbon emissions and proved that its implementation has a positive and sustained im-
pact on reducing carbon emissions and slowing down the growth of regional carbon dioxide
emissions, finding the different kinds of impact of different types of CDM projects. In order
to further analyze this issue, we explore its internal mechanism here from the perspective
of energy substitution. Specifically, we summarize the trend of China’s fossil-energy con-
sumption over the years, and further discuss the impact of CDM project implementation on
China’s energy substitution to investigate the carbon emission-reduction effect of China’s
CDM projects.

6.1. Fossil-Energy Consumption and Carbon Emissions in China

Figure 6 shows the trend of China’s fossil-energy fuel source consumption from
2000 to 2019. Since 2000, all three sources (coal, oil, and gas) have been in a growing
trend. Although total coal consumption has shown a downward trend after 2013, it is
still China’s main energy-consumption source. China’s consumption structure of fossil
energy is dominated by coal, followed by oil, and the lowest proportion is gas consumption.
According to the calculations of relevant data from the National Bureau of Statistics of
China, China’s major fossil-energy consumption accounted for 87.9% of China’s total
energy consumption, 23.43% of the world’s fossil energy consumption, and 20.16% of the
world’s total energy consumption. The above analysis shows that China’s consumption of
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the three major fossil-energy sources accounts for a large proportion of China’s and the
world’s energy consumption.
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©
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Figure 6. Trend of fossil energy consumption in China from 2000 to 2019.

The most direct consequence of the high consumption of China’s three major fossil-
energy sources is the huge carbon emissions. Figure 7 shows the trend of carbon emissions
caused by the different energy-consumption levels from 2006 to 2017, which show that
carbon emissions had a rising trend, and their main origin was the consumption of the
three major fossil-energy sources. Specifically, carbon emissions caused by consumption of
the three major fossil-energy sources, accounting for 99% of the total carbon emissions in
China; among them, coal accounts for the largest proportion, more than 80%. Energy CDM
projects can directly promote the use of clean energy, thereby reducing the consumption
demand of the three major fossil-energy sources. China has implemented a large number
of energy CDM projects, accounting for 81% of the total. On the above basis, from the
perspective of energy substitution, the carbon emission reduction effect of China’s CDM
projects may be achieved by increasing the use of clean energy and reducing the use of
fossil energy.

60 80
1 1 1

CO, emissions (Unit: million tons)
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Figure 7. The trend of carbon emissions caused by different energy consumption from 2006 to 2017.
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6.2. Impact of CDM Projects on Energy Substitution

In order to prove the above view on the impact mechanism, that is, China’s CDM
projects achieving carbon emission reduction by increasing the use of clean energy and
reducing the use of fossil energy, we empirically tested the substitution effect of CDM
projects on fossil-fuel consumption. Specifically, we used the logarithm of the total con-
sumption of natural gas, crude oil, and coal, and their growth rates as proxy variables of
fossil-energy consumption and conducted regression analysis. Specific results are shown
in Table 7.

Table 7. The impact of CDM projects on energy substitution.

Coal gcoal Crude gCrude Gas gGas
® ) 3) @ (5) (6)
CDM project 0.013 —0.162 *** —0.022 —0.050 *** —0.036 —7.269 ***
(0.009) (0.026) (0.031) (0.013) (0.036) (2.161)
Control variable YES YES YES YES YES YES
Region fixed YES YES YES YES YES YES
effect
Year fixed effect YES YES YES YES YES YES
_cons 8.402 *** 0.441 7.436 *** —0.149 3.123 *** 95.020
(0.285) (0.791) (1.046) (0.427) (1.164) (66.889)
N 536 506 490 455 510 461
F 78.438 9.681 8.594 2.552 32.390 1.805
r2 0.796 0.340 0.321 0.132 0.630 0.096

Note: (1) *, **, *** are significant at the level of 10%, 5%, and 1%, respectively; (2) in parentheses is the value of
standard error; (3) coal consumption refers to the total consumption amount of coal and coke, while crude oil
consumption refers to the total consumption amount of crude oil, kerosene, fuel oil, gasoline, and diesel.

First, regression results showed that the implementation of CDM projects does not
reduce coal consumption, which was not in line with our expectations. The possible reason
is that, in the background of China’s fossil-energy consumption structure dominated by
coal consumption, more than 60% of coal consumption is mainly used for coal-fired power
generation to meet the needs of economic development, which is a rigid demand, so the
implementation of CDM projects cannot reduce the carbon dioxide emissions in the short
term. Fortunately, the implementation of CDM projects has a positive impact on slowing
down the growth rate of coal consumption at the 1% confidence level.

Second, the implementation of CDM projects has significantly reduced growth rate
of crude-oil consumption at the 1% confidence level. New and renewable energy CDM
projects, accounting for up to 81% of China’s total CDM projects, have promoted the rapid
transformation of China’s new energy technology and the development of the new energy
industry, which greatly reduced China’s transportation industry’s demand for crude-oil
consumption. Similarly, the study also showed that the overall energy efficiency of China’s
transportation industry increased by an average of 7.08% from 2008 to 2017, with the
eastern region having the largest increase of 28.99% [37].

Third, the implementation of CDM projects significantly reduced the growth rate of
natural-gas consumption at the 1% confidence level, which was in line with our expecta-
tions. However, it had no significant impact on consumption, which may be related to the
promotion of clean heating projects such as “coal to gas” and the relatively low proportion
of gas consumption in China’s fossil-energy consumption.

The above analysis fully proves that the implementation of CDM projects can substi-
tute crude-oil consumption to a certain extent, and gradually slow down the growth of
coal and gas consumption. However, it is still difficult to change the energy-consumption
structure dominated by coal consumption in China in a short amount of time.

Considering that carbon dioxide emissions are caused by the extensive use of fossil
energy on the one hand, and low energy efficiency on the other hand, we further analyzed
the impact of CDM project implementation on the use efficiency of fossil energy, which
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is measured by the consumption amounts of various types of energy per unit of GDP.
Specific regression results are shown in Table 8, where Columns (1) and (2) mainly show
coal utilization efficiency, Columns (3) and (4) display crude-oil utilization efficiency, and
Column (5) shows natural-gas utilization efficiency. For the three kinds of traditional fossil
energy, the implementation of CDM projects significantly reduced the energy consumption
amount per unit of GDP, that is, implementation is conducive to the improvement in energy
efficiency. This is another internal mechanism to achieve carbon emission reduction.

Table 8. The impact of CDM project on energy efficiency.

Coal Efficiency Crude Efficiency E jﬁ'fz;ncy
(1) (2 (3) @ (5)
CDM project —0.021 *** —0.020 *** —0.003 ** —0.002 ** —0.000 **
(0.008) (0.007) (0.001) (0.001) (0.000)
Control variable YES YES YES YES YES
Region fixed effect YES YES YES YES YES
Year fixed effect YES YES YES YES YES
_cons 0.316 0.156 0.217 *** 0.139 *** 0.000
(0.244) (0.223) (0.039) (0.033) (0.001)
N 534 538 481 490 558
F 25.355 26.069 33.051 20.792 1.102
r2 0.559 0.564 0.650 0.533 0.050

Note: (1) *, **, *** are significant at the level of 10%, 5%, and 1%, respectively; (2) in parentheses is the value of
standard error; (3) the first column only investigates the coal, the second column investigates coal and coke; the
third column only investigates crude oil, and the fourth column investigates crude oil, kerosene, fuel oil, gasoline,
and diesel.

7. Conclusions

Global warming has seriously hindered the sustainable development of the global
economy and human society, and controlling and reducing carbon dioxide emissions
are the main measures to tackle this problem. This study discussed the impact of clean
development on carbon emissions through China’s CDM projects. China’s CDM projects
can help to continuously reduce carbon emissions and slow down their growth rate. This
conclusion is consistent with most existing studies on the emission-reduction effects of
CDM projects (Lim and Lam, 2014, [22]; Stua, 2013, [24]; Bayer et al., 2013, [25]). In order
to further investigate the impact of clean development on carbon emissions, we divided
CDM projects into cooperative and noncooperative. The impact of cooperative projects on
carbon emissions is more significant than that of noncooperative ones. In addition, from the
emission-reduction effects of specific CDM projects, the effects of new and renewable energy
sources and methane recovery projects are the most obvious. Mechanism exploration
showed that CDM project implementation can substitute crude-oil consumption, thus
gradually slowing down the growth of coal and gas consumption (Jin & Li, 2018, [13]; Zhao
et al., 2014, [16]; Lewis, 2010, [23]); at the same time, it can also improve the use efficiency
of fossil energy to achieve carbon emission reduction.

Policy recommendations are as follows: first, due to the long-term impact of CDM
projects on carbon emissions, as CDM project builders, developing countries should contin-
uously promote the development of CDM projects and expand the scope of its implementa-
tion. Second, since there are differences in the emission-reduction effects of different types
of CDM projects, and the projects with the most obvious emission-reduction effects are new
and renewable energy sources and methane recovery projects, the investment in these two
types of projects can be appropriately increased in the future. Of course, considering the im-
pact of implementation strength, the projects with strong carbon emission reduction should
be implemented in the future. Third, since carbon emission-reduction effects of CDM
projects are achieved by substituting traditional fossil energy and by improving energy effi-
ciency, the government should vigorously develop renewable energy, gradually reducing
the consumption of fossil energy to further promote the emission-reduction effects.
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