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Abstract The successively proposed carbon peaking and carbon neutrality
have not only set new goals for the green and low-carbon development of
China’s economy, but also demonstrated China’s further determination and sense
of responsibility for a greater contribution to address global climate change.
Considering the importance of carbon peaking and carbon neutrality in the course
of achieving the Second Centenary Goal (1949-2049), it is necessary for China
to make scientific planning for the roadmap of carbon emission reduction, carbon
peaking and carbon neutrality to ensure building a great modern socialist country
under carbon constraints. More specifically, the optimization and realignment of
energy structure, industrial structure, production and consumption structure, the
rational planning of afforestation, and the vigorous development of global carbon
emissions trading will be the core strategies for boosting green and low-carbon
development of China’s economy.

Keywords carbon peaking, carbon neutrality, carbon emission reduction, green
and low-carbon development

Ecological conservation bears on the future of mankind, while building a green home
is a dream shared by all people. Therefore, the ecological environment protection and
the response to global climate change require the concerted efforts and cooperation
of every country in the world. China has established itself as an important participant,
contributor and leader in the construction of global ecological civilization by thoroughly

implementing the green development philosophy, successively proposing the goals of
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“Carbon Peaking by 2030” and “Carbon Neutrality by 2060,” and making solid efforts
and steady progress toward these goals (Xi, 2020a). In the course of over 200 years of
human modernization, no more than 30 countries, or no more than 1 billion people,
have achieved industrialization. China’s efforts to build an ecological civilization
and turn itself, the largest developing country with a population of over 1.4 billion,
into a great modern socialist country that is prosperous, strong, democratic, culturally
advanced, harmonious and beautiful, will certainly be of global significance. Given
that China has embarked on a new journey toward the Second Centenary Goal (1949-
2049), it is crucial for China to study in depth the specific plans and core strategies for
achieving the goals of carbon peaking and carbon neutrality, with a view to exploring a
scientific path for green and low-carbon development.

1 Goals of Green and Low-Carbon Development of China’s Economy

1.1 Evolution of China’s Targets for Carbon Emission Reduction

The evolution of China’s targets for carbon emission reduction is presented here
as a first step since carbon emission reduction is a key part for China to build an
ecological civilization and achieve green development.

The carbon emission reduction is proposed in both China’s Agenda 21—
White Paper on China’s Population, Environment, and Development in the 21st
Century published in 2000 and China’s National Climate Change Program
published in 2007, but the carbon reduction targets are not explicitly quantified.
In 2009, during the 15th Session of the Conference of the Parties to the United
Nations Framework Convention on Climate Change in Copenhagen (COP15),
China made the commitment to reduce its carbon emissions per unit of GDP by
40%—45% by 2020 as compared with 2005 (Wen, 2010).

It is followed by the China-US Joint Statement on Climate Change released
in 2014, in which China proposed to achieve the peaking of carbon dioxide
(CO,) emissions around 2030 and to make best efforts to peak early(China and
US, 2014). When the 21st Session of the Conference of the Parties to the United
Nations Framework Convention on Climate Change (COP21) was held in Paris
in 2015, China further set the goals of peaking CO, emissions by around 2030
as soon as possible and reducing CO, emissions per unit of GDP by 60%—-65%
by 2030 compared with 2005 (Xi, 2017). This marks a new phase where China
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shifts its focus from the simple intensity targets to a combination of intensity and
aggregate targets of carbon emission reduction, and also symbolizes the formal
introduction of the term “carbon peaking.”

The term “carbon peaking” refers to the process that the total CO,
emissions reaches a peak value at a certain point of time and then gradually
decreases with no further increase. Intensity targets are expressed as the total
CO, emissions as a percentage of the GDP. In other words, the emission
intensity will decrease, so long as the GDP growth outpaces the growth of
total CO, emissions, and despite the continuous growth of the total CO,
emissions. The carbon peaking target requires a reduction in the absolute
amount of CO, emissions, so the aggregate target is more demanding and
more difficult to achieve than the intensity target.

In September 2020, China proposed its carbon neutrality target for the first
time, vowing to peak CO, emissions by 2030 and strive to achieve carbon
neutrality by 2060 (Xi, 2020a). Since then, China has repeatedly emphasized
the goal of achieving carbon neutrality by 2060, and has included the carbon
peaking and carbon neutrality targets in the /4th Five-Year Plan (2021-2025) for
National Economic and Social Development and Long-Range Objectives through
the Year 2035, which specifies that during the 14th Five-Year Plan period (2021—
2025), energy consumption per unit of GDP and CO, emissions per unit of GDP
should be reduced by 13.5% and 18%, respectively, and a system that focuses
on carbon intensity control supplemented by aggregate carbon emission control
should be implemented.

The term “carbon neutrality” refers to a state in which the net amount of CO,
emitted into the atmosphere is balanced by actions to reduce or offset these
emissions. Obviously, carbon neutrality requires not only a decrease in aggregate
emissions, but also more carbon removal measures to realize net-zero emissions.
This further demonstrates China’s unwavering determination to follow a green
and low-carbon development path.

As a result, China has formed a stair-stepping target system for carbon
emission reduction that consists of intensity target, aggregate target and neutrality
target. Concretely speaking, the achievement of intensity target determines the
upper limit of the aggregate target, and the achievement of aggregate target lays a
foundation for the neutrality target.
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1.2 Relationship between Carbon Emission Reduction and Economic
Development

The history of human society tells us that industrialization is the only path to
productivity growth and modernization. According to the theory of machinery
and modern industry, productivity growth can be achieved primarily by replacing
laborers with machines. As such, industrialization means the process of giving
full play to the role of science and technology, manufacturing machines with
machines, extending production chains, building machine systems, promoting
industrial division of labors and industrial accumulation, and ultimately boosting
the continuous growth of the overall labor productivity of human society. Marx
defines a machine as being made up of three main parts: the motor mechanism,
the transmitting mechanism, and the tool / working machine. As a starting point
of the First Industrial Revolution, the tool/working machine cannot be separated
from the transmitting mechanism and the motor mechanism that provide power
and, of course, the necessary power sources. As can be seen, the First Industrial
Revolution not only allows tools and machines to replace direct human labor,
but also using steam, heat, water and wind instead of human muscles as the
main power to carry out machine-based operations. In this way, an industrial
revolution is always accompanied by an energy revolution. The First Industrial
Revolution leads to the widespread use of steam power, while the Second
Industrial Revolution ushers in the age of electricity, and as automobiles are
developed and popularized, the influence of petroleum is expanded. The adoption
of steam power or electricity or petroleum is bound to entail the massive use
of fossil energy, which in turn leads to carbon emissions. It can therefore be
said that the history of economic development driven by industrialization is
inherently the history of carbon emissions. Figure 1 presents a high positive
correlation between the CO, emission growth rate and the GDP growth rate in
the US from 1930 to 2018. It reflects that carbon emissions are closely associated
to industrialization and modernization under the existing energy structure and
technology conditions. Simply put, requiring a country to reduce its carbon
emissions equates to imposing a constraint on its economic growth. If the
country fails to deepen its economic restructuring in a timely manner, its costs of
economic operations will inevitably increase, which in turn will put a damper on
its GDP.
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Figure 1 Correlation between the CO, Emission Growth Rate and GDP
Growth Rate in the US (1930-2018)

Note: The GDP growth rates are from U.S. Bureau of Economic Analysis.

As the world’s largest developing country, China is going through a critical
period of economic and social development. The year 2021 marks the 100th
anniversary of the founding of the Communist Party of China (CPC), while China
has achieved its First Centenary Goal—building a moderately prosperous society
in all respects in the same year. By 2049, which marks the 100th anniversary of
the founding of the People’s Republic of China, China will achieve the Second
Centenary Goal of building itself into “a great modern socialist country that is
prosperous, strong, democratic, culturally advanced, harmonious, and beautiful”
under the leadership of the CPC. At the 19th National Congress of the CPC in
2017, a two-stage development plan for the period from 2020 to the middle of
the 21st century has been drawn up. In the first stage from 2020 to 2035, the CPC
will implement the basic realization of socialist modernization. In the second
stage from 2035 to the middle of the 21st century, the CPC will develop China
into a great modern socialist country. Hence, the goals of carbon peaking by
2030 and carbon neutrality by 2060 will be accompanied by the achievement of
the Second Centenary Goal. It not only makes China’s contribution to the fight
against global climate change, but also puts the green development philosophy
into full effect and imposes a carbon constraint on economic growth during the

process of building a great modern socialist country.
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1.3 Global Significance of China’s Carbon Peaking and Carbon Neutrality

Climate change is a common challenge to all countries in the world, and tackling
climate change is incumbent upon all humanity. According to a report by the World
Meteorological Organization (WMO), the global average temperature in 2020
is 1.21°C warmer than the pre-industrial era, and the goals in the United Nations
Framework Convention on Climate Change (Paris Agreement), which is adopted at
COP21 in Paris, 2015 (i.e., holding the increase in the global average temperature
to well below 2°C above pre-industrial levels and pursuing efforts to limit the
temperature increase to 1.5°C above pre-industrial levels) will be unreachable unless
global emission reductions are stepped up. Data available from 1850 to 2018 show
a significant positive correlation of 0.895 between the aggregate CO, emissions and
the increase in global average surface temperature above the pre-industrial times,
reflecting that the carbon emission-induced greenhouse effect is the main cause of the
global temperature increase. Since carbon emissions of each country in the world are
exacerbating the greenhouse effect, managing climate change is a global public issue
that requires the joint efforts and cooperation of all countries. Unlike flow pollution,
carbon emissions cause climate change largely because of the long-term cumulative
stock. In addition, if one wants to divide the responsibilities for or evaluate the
contributions to emission reduction, it is important to take into account the prominent
differences among countries in terms of their starting point of industrialization, their
population size, their latitudes, and their roles in the international division of labor
and international trade. The historical cumulative per-capita CO, emissions should
also be used as a primary basis and the relationship between transnational production
and transnational consumption as a reference factor. These are the scientific and
theoretical basis for China’s call for upholding the principle of “common but
differentiated responsibilities” in tackling global climate change.

The first step in pushing forward with carbon emission reduction, of course,
is to map out basic data about global and country-specific carbon emissions.
However, it is worth noting that different databases use different statistical
calibers for measuring carbon emissions. In the broad-caliber approach,
greenhouse gas (GHG) emissions are measured, which means that those gaseous
constituents of the atmosphere, both natural and anthropogenic, absorb and emit
radiation at specific wavelengths within the spectrum of terrestrial radiation
emitted by the Earth’s surface, the atmosphere itself and by clouds. In the
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narrow-caliber approach, CO, emissions are usually measured, which means that
CQ, is a naturally occurring gas, a by-product of burning fossil fuels (such as oil,
gas and coal), of burning biomass, of land-use changes (LUC) and of industrial
processes.' The statistical approach with a narrower caliber considers only the
CO, emissions produced by fuel combustion. Also, consideration should also be
given to whether to include land use, land use change and forestry (LULUCF)
in carbon emissions statistics. The Intergovernmental Panel on Climate Change
(IPCC) has classified six land-use types: forest land, cropland, grassland,
wetlands, settlements and other land, while LULUCF deals with carbon
sequestration and emissions resulting from changes within and conversions
between all land-use types by human activities such as deforestation, reforestation
and cropland management. As a difference-based measure, LULUCF includes
the carbon pools of above-ground biomass, below-ground biomass, dead organic
matter for litter, dead wood and soil organic carbon.” Looking at the world as a
whole, carbon emissions will be higher if LULUCF effects are included, while the
opposite is true for countries such as China and the US, which means that their
carbon emissions will be higher if LULUCEF effects are not included. Other data
takes carbon emissions as a measure. Given that the molecular composition of
carbon is clearly different from that of CO,, and that one ton of carbon produces
about 3.67 tons of CO, when burned in oxygen, they can be converted in a certain
ratio. Long-term cross-country carbon emissions data are available from sources
such as the World Resources Institute’s Climate Analysis Indicators Tool (CAIT),
the Potsdam Institute for Climate Impact Research (PIK), and the International
Energy Agency (IEA). Despite the differences in the data from different sources,
their overall standard deviation is less than 0.5 and the variation characteristics
are basically identical. Since carbon emissions have the characteristics of stock
pollution, it is necessary to examine the historically accumulated emissions. In
this regard, we have selected the PIK data as it spans the longest time period,
contains various countries’ CO, emissions without LULUCF effects, and meets
the requirements for cross-country comparisons. For data accuracy, we have also
compared the above data with the data published in the Second Biennial Update
Report on Climate Change of the People’s Republic of China and found that the
average deviation was less than 0.6%, well within the acceptable range.

Source: Global Warming of 1.5°C from IPCC.
Source: Second Biennial Update Report on Climate Change of the People’s Republic of China.
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Table 1 Estimates of Historical Cumulative Per-Capita CO, Emissions in 2030°

2018 (Actual) 2030 (Predicted)
Emissions . Historical Emissions . Historical
Cumulative . Cumulative K
for the o cumulative for the o cumulative
Economy (100 emissions it (100 emissions it
ear er-capita ear er-capita
veart (100 million | PP veart (100 million | P<°P
million emissions million emissions
tons) tons)
tons) (tons/person) tons) (tons/person)*
Developed
economies
us 55.10 4620.48 1407.66 29.95 5103.09 1554.69
EU** 30.69 2916.57 851.13 23.27 3234.61 943.94
Japan 11.40 657.00 519.25 9.69 782.44 618.39
Canada 5.87 321.40 867.11 4.04 379.26 1023.21
Australia 4.16 181.81 716.74 2.79 222.25 876.20
UK 3.81 758.03 1134.16 1.92 790.21 1182.31
Developing
economies
China 108.00 2227.03 159.33 130.42 3640.38 260.45
India 24.40 526.96 38.56 27.76 827.35 60.55
Russia 18.00 1192.09 825.10 7.65 1332.13 922.03
Brazil 4.87 163.72 77.57 2.18 202.58 95.99

Source: Data are from the ClimateWatch.

Note: (1) China’s GDP growth rate was set as 6.5% in 2021 and afterwards. According to the OECD
Economic Outlook (May 2021), India’s GDP growth rate was —7.7% and 9.9% in 2020 and 2021,
respectively, and was set as 6.6% since then. (2) *The National Population Development Plan for
2016-2030 shows that China’ s population is expected to be 1.45 billion by 2030, so China’ s historical
cumulative per-capita CO, emissions in 2030 will be about 251.06 tons per person, approximately 3.61%
lower compared to the figure in the table. The Intended Nationally Determined Contribution (INDC) shows
that the U.S. population in 2030 will be approximately 354 million, so its historical cumulative per-capita CO,
emissions will be 1,443.59 tons per person, about 7.15% lower than the figure in the table. Their relative value
is 3.81% higher than the figure in the table. Population size, although affecting the estimates, does not have a
decisive effect on the analysis results herein. (3) **The INDC shows the EU’ s target to reduce emissions by
40% by 2030 compared to 1990, and in September 2020, President of the European Commission delivered
her State of the Union Address to the European Parliament, raising the target to 55%. Table 1 shows
estimates based on the INDCs submitted by each country to the United Nations, so the EU’ s maximum

reduction target is taken as 40%.

* If GHG is used as a caliber for estimation, China’s cumulative GHG emissions per capita

in 2030 will be 352.99 tons per person, which is only one sixth of that of the US, one half that
of Japan, one fourth that of the UK and about two sevenths that of the EU, assuming that the
maximum emission reduction commitment of each economy is achieved. This result is similar
to the results estimated in Table 1 using CO, emission as the caliber.
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According to PIK data, global CO, emissions totaled about 36.4 billion
tons in 2018, up 1.96% compared to 2017. The developed economies’ CO,
emissions as a percentage of global CO, emissions in 2018 were as follows:
15.14% for the US, 8.43% for the EU, 3.13% for Japan, 1.61% for Canada,
1.14% for Australia, and 1.05% for the UK. The developing economies with
a higher percentage of emissions in that year were mainly BRICS countries,
including 29.67% for China, 6.70% for India, 4.95% for Russia, and 1.34%
for Brazil. Although China ranked first in terms of CO, emissions in 2018,
with 10.8 billion tons, its historical cumulative per-capita CO, emissions were
only 159.33 tons per person, lower than the cumulative per-capita emissions
of major developed economies in the same period, since that value was only
one ninth of that of the US, one seventh of that of the UK, one fifth of that
of the EU and one third of that of Japan, and even lower than that of some
developing countries. Despite the large gap between China and developed
economies in terms of per capita income, China still has proposed the targets
for carbon peaking and carbon neutrality with great sincerity, which fully
demonstrates its sense of responsibility and commitment in tackling climate
change.

For a deeper understanding of the global significance of China’s carbon
peaking and carbon neutrality, this paper further presents a comparative
analysis based on the above ten economies. Based on the latest version
INDCs submitted to the United Nations by each of these economies and
their maximum emission reduction targets by 2030,* we have estimated
each economy’s cumulative per-capita CO, emissions in 2030, as shown in
Table 1, under the assumption that all of them would meet their emission
reduction commitments. The CO, emissions of China in 2030 will be about
13.042 billion tons, and the historical cumulative per-capita CO, emissions
will be about 260.45 tons per capita. This reflects that China’s cumulative
historical per-capita CO, emissions will remain only one sixth that of the US,
two ninths that of the UK, two sevenths that of the EU, and three sevenths
that of Japan when it achieves the carbon peaking. In view of the continued

move toward carbon neutrality after its carbon peaking, China will continue
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to reduce its absolute emissions and gradually achieve net-zero emissions.
If the population size of each economy is relatively stable, it will be hard
for China to reach the level of developed economies in terms of historical
cumulative per-capita CO, emissions. It implies that China, as a developing
country, is exploring the path to modernization at the expense of conceding
certain rights to carbon emissions, with a view to making a contribution
of global significance to promoting the construction of both a community
with a shared future for mankind and a community of life for man and

nature.

2 Roadmap for Green and Low-Carbon Development of China’s
Economy

2.1 Method of Determining Peak Carbon Emissions

It is a crucial issue to determine the exact CO, emissions when China achieves
its carbon peaking in 2030. The peak emissions must meet the carbon intensity
decrease requirements at the early stage, leave room for future economic
development, and also take into account the difficulty of achieving the carbon
neutrality at the later stage. As such, peak carbon emissions are a key point
in China’s carbon emission reduction roadmap, and it is essential to make the
necessary estimates.

Based on the INDC submitted by China and the target of reducing CO,
emissions per unit of GDP by 60% to 65% by 2030 compared to 2005,
we have estimated China’s CO, emission peak in 2030. By setting the
carbon intensity decrease as 60%, 63% and 65% respectively for different
scenarios, and by further combining the GDP growth rate with the economy
scale, we have estimated the peak emissions. In recent years, China’s
economy has short-term downward pressure. The Central Economic Work
Conference held in 2014 proposed that China’s economy has entered a
“new normal.” The 19th National Congress of the CPC in 2017 further
pointed out that the main contradiction of Chinese society has transformed

5
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into the contradiction between people’s growing need for a better life and
unbalanced and insufficient development, and that China’s economy has
shifted from the stage of high-speed growth to the stage of high-quality
development. However, the world today is facing great changes never seen
in a century, and the COVID-19 pandemic has accelerated such changes.
Protectionism and unilateralism are on the rise, the global economy is in a
slump, and global industrial chains and supply chains are impacted by non-
economic factors. In the course of profound adjustments and reforms, the
global economic landscape is accentuated by instability and uncertainty.
In such a domestic and international context, China has saw a slowdown
in economic growth. In particular, China was hit by the COVID-19
pandemic in 2020 and achieved a positive economic growth of only 2.3%
against all odds.® Therefore, under the constraints of the intensity targets,
the medium and high-speed economic growth will certainly bring lower
peak carbon emissions compared with the previous high-speed growth.
Given the above changes and the requirement of achieving the Second
Centenary Goal, we have set 6.0%, 6.5%, and 7.0% respectively for
three scenarios of economic growth rate in 2021 and afterwards. On this
basis, we have estimated the peak carbon emissions in 2030, as shown in
Table 2.

At the time of carbon peaking, China’s total CO, emissions in 2030 will vary
between 13.235 billion tons and 16.615 billion tons, if LULUCF effects are
excluded, and between 11.570 billion tons and 14.524 billion tons if LULUCF
effects are included. The maximum estimated peaks are achieved under the
scenario of “60% decrease in carbon intensity and 7.0% economic growth
rate,” while the minimum estimated peaks are achieved under the scenario of
“65% decrease in carbon intensity and 6.0% economic growth rate.” It can be
concluded that if the economic growth rate is given, a larger decrease in carbon
intensity will lead to a smaller peak of CO, emissions; if the decrease in carbon
intensity is given, a higher economic growth rate will lead to a larger peak of CO,
emissions.

6

Source: Report on the Work of the Government (2021).
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Table 2 Estimates of Peak CO, Emissions at Carbon Peaking in 2030’

2005 (Actual) 2030 (Predicted)
Co, Co,
emissions emissions
Emission per unit Total CO, .C:lrb(?? GDP growth per unit Total CO,
issi intensi issi
measurement of GDP emissions }; (%) of GDP emissions
(10,000 | (100 million | decrease (%) (10,000 | (100 million
tons/100 tons) tons/100 tons)
million million
yuan) yuan)

6.00% 151.26
60% 6.50% 1.3626 158.55
7.00% 166.15
LULUCF 6.00% 139.91
effects 3.4065 63.81 63% 6.50% 1.2604 146.66
excluded 7.00% 153.69
6.00% 132.35
65% 6.50% 1.1923 138.73
7.00% 145.38
6.00% 132.22
60% 6.50% 1.1911 138.59
7.00% 145.24
LULUCF 6.00% 122.31
effects 2.9778 55.78 63% 6.50% 1.1018 128.20
included 7.00% 13435
6.00% 115.70
65% 6.50% 1.0422 121.27
7.00% 127.09

Source: CO, emissions in 2005 are extracted from the Second Biennial Update Report on Climate Change
of the People’s Republic of China, which contains the data of LULUCF effects included and excluded.
Note: The GDP is calculated at constant 2005 prices.

7 In Table 1, China’s CO, emissions data for 2005 are obtained from the PIK database for
consistency of estimates across economies. In Table 2, which considers China only, the CO,
emission data for 2005 are obtained for better accuracy. Therefore, there is a gap between
Table 1 and Table 2 for China’s estimated CO, emissions in the year 2030.
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In terms of the pace of carbon peaking, China has proposed to reduce CO,
emissions per unit of GDP by 18%® during the 14th Five-Year Plan period
(2021-2025), which means that China’s carbon intensity in 2025 would
reach about 14,400 tons per 100 million yuan (LULUCEF effects excluded).
Therefore, the average annual decrease in carbon intensity during the 14th
Five-Year Plan period (2021-2025) is estimated to be 3.89%. Assuming
that the emission reduction targets for the 14th Five-Year Plan period
(2021-2025) are achieved successfully, China could reduce its emissions at
a relatively slower pace during the 15th Five-Year Plan period (2026-2030),
considering the peak in 2030 under the scenario of “63% decrease in carbon
intensity and 6.5% economic growth rate (LULUCEF effects excluded).” In
other words, during the 15th Five-Year Plan period (2026-2030), an average
annual decrease in carbon intensity of 2.65% will be sufficient to meet the
target. In summary, China’s current plan represents a “high pace followed
by a slow pace” in emission reduction. China’s cumulative CO, emissions
in the 14th Five-Year Plan period (2021-2025) are estimated to be about
1.285 billion tons, with an average annual increase of 2.24%, while in the
15th Five-Year Plan period (2026-2030), the cumulative CO, emissions
will rise to about 2.425 billion tons, with an average annual increase of
about 3.68%, due to the increase in economic volume and the downward
adjustment of carbon intensity. As a result, the 14th Five-Year Plan period
(2021-2025) is a critical period for achieving carbon peaking. If, during the
15th Five-Year Plan period (2026-2030), China’s average annual emission
reduction rate is maintained at 3.89%, the level of the 14th Five-Year Plan
period (2021-2025), it will achieve its carbon peaking in 2029 ahead of
schedule.

2.2 Path to Achieve Carbon Neutrality

According to IPCC’s definition, carbon neutrality are achieved when

anthropogenic CO, emissions are balanced globally by anthropogenic CO,

Source: The 14th Five-year Plan (2021-2025) for National Economic and Social
Development and Long-Range Objectives through the Year 2035 of the People’s Republic of
China.
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removals over a specified period.” Since carbon neutrality is the removal of CO,
emitted in the same year, the goal of carbon neutrality simply means increasing
the removal on the basis of emission reduction. In terms of emission reduction, as
the use of fossil energy is a major contributor to carbon emissions, it is possible
to reduce emissions directly by optimizing energy structure and indirectly by
reducing energy demand with an optimized industrial structure. An in-depth
discussion on this aspect is presented below. However, from the perspective of
production activities and economic development, it is almost impossible to reach
carbon neutrality simply by reducing emissions. Therefore, how to remove the
emitted CO, has become a core issue. This section will focus on how humans can
remove CO,.

Removal of CO, by humans is mainly done by planting trees to increase
forest stock volume, so that plants can absorb CO, from the atmosphere
through photosynthesis and convert it into organic matter to be stored in
plants or soil. As the largest ecosystem on land, forests are home to most of
the forested areas with 10%—30% tree canopy cover, which thereby becomes
the largest carbon pool on earth. For this reason, carbon sink function of
forests is a key way to absorb the emitted CO, to tackle climate change and
achieve carbon neutrality.

Forest coverage rate and forest stock volume are the main indicators for
measuring forest resources. Compared with forest coverage rate, defined as
the ratio of forest area to total land area, forest stock volume, defined as the
total volume of the stems of all living trees per unit area, can better reflect
the carbon sink capacity of the current forest ecosystem. These two indicators
are also becoming more demanding as China continues to raise its carbon
reduction targets. In 2007, China’s National Climate Change Program
outlined the goal of “achieving forest coverage rate of 20% by 2010.” The
China Environment Yearbook (2005) revealed that China’s forest stock
volume is 12.46 billion cubic meters in 2005. When the COP 15 was held
in 2009, China set a goal of “increasing forest stock volume by 1.3 billion
cubic meters in 2020 compared to 2005,” which meant a forest stock volume
of 13.76 billion cubic meters in 2020. China’s National Climate Change
Program issued by China’s National Development and Reform Commission

Source: Global Warming of 1.5°C from IPCC.
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(NDRC) in 2013 further proposed to reach 23% forest coverage rate and
over 15 billion cubic meters of forest stock volume by 2020. The changes
in China’s actual forest coverage rate and forest stock volume are shown
in Figure 2. In 2020, China overachieved the targets with 23.04% forest
coverage rate, 17.56 billion cubic meters of forest stock volume and 9.2
billion tons of total carbon stock.'’” On that basis, the target of “increasing
forest stock volume by 6 billion cubic meters by 2030 compared to 2005” (Xi,
2020b)'' means that China must achieve a forest stock volume of about 18.46
billion cubic meters by 2030. By selecting the main dominant plant species
in China as per the technical solutions published by the National Forestry and
Grassland Administration (NFGA), and taking the previously estimated peak
carbon emissions in 2030 as the target, we have estimated the forest trees that
should be planted to achieve carbon neutrality.

Forest coverage rate 100 million cubic meters
25.00% 200

0,
20.00% 150

15.00%
- 100
10.00%
+150
5.00%
0.00% 0

1993 1998 2003 2008 2013 2018  Year

mmm Forest stock volume

Forest coverage rate

Figure 2 Changes in Forest Stock Volume (Left) and Forest Coverage Rate (Right) for Each
Five-Year Period from 1993 to 2018

Source: Key results of the fourth to ninth national forest inventories published by the NFGA.

' China’s total carbon stock in forest vegetation reached 9.2 billion tons after carbon emission

reduction actions, which is from the National Forestry and Grassland Administration (NFGA)
website.

" In August 2021, the NFGA and the NDRC jointly issued the Outline of the 14th Five-Year
Plan for Protection and Development in the Forestry and Grassland of the People’s Republic
of China, which further raised higher requirements for the protection and development of
forestry and grassland in the 14th Five-Year Plan period (2021-2025). By 2025, the forest
coverage rate should reach 24.1% and the forest stock volume should reach 19 billion cubic
meters. The new targets also mean that China will adopt a “tightening before relaxation”
strategy.
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Currently, the carbon sink capacity of forests is certified by Carbon Sink
Afforestation Project Methodology (AR-CM-001-V01), whose calculation
process is complicated. In view of the correlation between carbon sink and
carbon stock, the carbon stock calculated by the biomass method is used as
the main basis for estimating forest plantations in this paper. The basic logic
is as follows: single plant carbon stock = single plant biomass X carbon factor.
Single plant biomass refers to the dry weight of a single living plant. Carbon
factor refers to the ratio of organic carbon to total organic matter in forest
biomass. Single plant carbon stock derived from the above two parameters
serves as the base parameter for estimating forest plantations in this paper. The
number of plants required for carbon neutrality is calculated based on the ratio
of the emission level at the time of carbon neutrality to the single plant carbon
stock. Then, the number of existing plants is calculated by using the ratio of
the current carbon stock capacity of 9.2 billion tons to the single plant carbon
stock. The difference between the above two is the number of new plants to be
planted. According to the logic of “number of new plants to be planted = number
of plants required for carbon neutrality — number of existing plants,” the
results are shown in Table 3. The peak carbon emissions in 2030 estimated in
Table 2 are taken as the CO, emissions that should be removed at the time of
carbon neutrality in Table 3, and the change in CO, emissions from 2030 to
2060 is not considered for the time being.

Table 3 Number of Plants Required for Carbon Neutrality

63% reduction in carbon intensity and 6.5%
economic growth rate

X LULUCEF effects LULUCEF effects
Single

Diameter | Single excluded included
Average plant
Plant species | carbon at breast plant carbon | Number | Number | Number | Number
factor*® height | biomass stock | ofplants | ofnew | ofplants | of new
(cm) (tons)

(tons) required plants required plants

for carbon | tobe | forcarbon | tobe
neutrality | planted | neutrality | planted
(billion) | (billion) | (billion) | (billion)

10.00 0.0425 | 0.0200 | 732.743 | 273.079 | 640.533 | 180.869

Schima
0.47 20.00 0.2020 | 0.0950 | 154.306 | 57.507 | 134.887 | 38.088
superba

30.00 0.5025 | 0.2365 | 62.012 23.111 54.208 15.307

(To be continued )
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(Continued)

63% reduction in carbon intensity and 6.5%

economic growth rate

LULUCEF effects LULUCEF effects

. . Single ’
Diameter | Single excluded included
Average plant
Plant species | carbon at breast plant carbon | Number | Number | Number | Number
factor*® height | biomass stock | ofplants | ofnew | ofplants | of new
(cm) (tons)

(tons) required | plants | required | plants

for carbon | tobe |forcarbon| tobe
neutrality | planted | neutrality | planted
(billion) | (billion) | (billion) | (billion)

10.00 0.0324 | 0.0170 | 862.777 | 321.540 | 754.203 | 212.966

N
mnus 053 | 2000 | 01727 | 00907 | 161.647 | 60.243 | 141.305 | 39.901
massoniana

30.00 0.4613 | 0.2423 | 60.528 22.558 52911 14.941

10.00 0.0305 | 0.0145 | 1014.286 | 378.004 | 886.646 | 250.364

Pinus effiottii 0.47 20.00 0.1603 | 0.0759 | 193.164 | 71.988 | 168.856 | 47.680

30.00 0.4236 | 0.2006 | 73.097 27.242 63.898 18.043

10.00 0.0443 | 0.0207 | 709.033 | 264.242 | 619.806 | 175.016

Liquidambar
0.47 20.00 0.2302 | 0.1075 | 136.478 | 50.863 | 119.303 | 33.688

formosana
30.00 0.6062 | 0.2830 | 51.827 19.315 45.305 12.793
10.00 0.0282 | 0.0145 | 1012.372 | 377.291 | 884.973 | 249.892
Cryptomeria
. 0.51 20.00 0.1346 | 0.0691 | 212.165 | 79.070 185.465 | 52.370
fortunei
30.00 0.3378 | 0.1735 | 84.524 31.500 73.887 20.864
10.00 0.0212 | 0.0106 | 1385.663 | 516.409 | 1211.288 | 342.034
Cunninghamia
0.5 20.00 0.1180 | 0.0589 | 249.099 | 92.834 | 217.752 | 61.487
lanceolata

30.00 0.3223 | 0.1608 | 91.177 33.980 79.703 22.506

Source: The average carbon factors are sourced from the Forestry Industry Standard of the People’s
Republic of China LY/T 2988—2018—Guideline on Carbon Stock Accounting in Forest Ecosystem; the
single plant biomass is sourced from the Forestry Industry Standard of the People’s Republic of China—
Tree Biomass Models and Related Parameters to Carbon Accounting; the mean values are taken in
Table 3.

Note: *The carbon factor of forest trees is generally around 0.5, but it varies depending on their diameter at
breast height. In this paper, the average carbon factor in the forestry standard is selected as a representative
value, without distinguishing the carbon factor corresponding to different diameter at breast height of each

forest tree.
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Table 3 shows that a total of 91.177 billion Cunninghamia lanceolata trees with a
diameter of 30 cm at breast height are needed to absorb 14.666 billion tons of CO,,
and on top of the current existing forest carbon stock, 33.980 billion new plants are
needed to achieve carbon neutrality in 2060. However, in practice, trees often take
decades or more of growth to reach a diameter of 30 cm at breast height (Hu et al.,
2009). The seventh (2004-2008) and eighth (2009-2013) national forest inventories
published by the NFGA report that the average diameter at breast height of forest
trees in China is 13.3 cm and 13.6 cm, respectively. As shown in Table 4, the ninth
(2014-2018) national forest inventory points out that the average diameter at breast
height of the dominant plant species in each province/municipality/autonomous
region is basically below 20 cm except for very few provinces. Accordingly, Table
3 indicates the number of plants required for carbon neutrality in the case of a 20
cm diameter at breast height indicated in Table 3 will be greater. For example,
92.834 billion new Cunninghamia lanceolata trees of 20 cm diameter at breast height
require to be planted, which is about 173.2% more than the required number of new
Cunninghamia lanceolata trees with a 30 cm diameter at breast height. Therefore,
afforestation is a long-term systematic project, which should be planned as early as
possible, laid out rationally and promoted in an orderly manner in order to achieve
carbon neutrality as scheduled.

Based on the experience of other countries, different countries can be divided
into two categories, using the existence of a plateau phase for CO, emissions
after achieving carbon peaking as a criterion. The plateau phase is characterized
by emissions remaining at a relatively stable level below the peak for a period
of time after carbon peaking. Countries with plateau phases differ in the span
of the plateau phase, the length of the plateau phase, and the level of emissions
during the plateau phase. Economies that achieve carbon peaking relatively
early may also see another low-level plateau phase after a high-level plateau
phase. However, regardless of the characteristics of the plateau phase, the
emissions during the plateau phase basically do not exceed the peak level,
and the emissions after the end of the plateau phase will show a continuous
decreasing trend. According to PIK data, economies such as the US and Japan
have no plateau phase, with their CO, emissions steadily declining after carbon
peaking, while economies such as the UK, France and Germany have a plateau
phase for 3—5 years or 7-9 years (generally no more than 15 years). Therefore,

after China achieves its carbon peaking in 2030 as scheduled, there will be many
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possibilities for annual carbon emission changes due to energy consumption,
structural adjustment, emission reduction planning, economic development and
other factors. By using the conditions of the above-mentioned economies that
have already achieved carbon peaking as a reference, setting different simulation
scenarios for the existence and duration of a plateau phase after carbon peaking
in 2030, and taking the peak emissions of 14.666 billion tons (LULUCEF effects
excluded) in 2030 calculated under the target of “63% decrease in carbon
intensity and 6.5% economic growth” as a basis, we have roughly estimated
the afforestation process that needs to be completed between 2021 and 2060 for
the purpose of achieving carbon neutrality in 2060, as shown in Table 5. The
estimates indicate that for a given average annual decrease in emissions, the
existence of a plateau phase means greater efforts of afforestation. No matter
whether a plateau phase emerges or not, China can appropriately mitigate the
afforestation pressure by boosting the average annual emission decrease in the

Table S Average Annual Afforestation Growth Rate under the Simulation Scenarios

Plateau Average
L . Average annual
Plateau phase or phase annual CO, emissions in 2060 .
. . . afforestation growth rate
not duration decrease in (100 million tons)
L from 2021 to 2060
(years) emissions

0.50% 126.18 0.793%

No plateau phase 0 1.00% 108.48 0.413%
1.50% 93.19 0.032%

0.50% 129.38 0.856%

5 1.00% 114.07 0.539%

1.50% 100.51 0.221%

0.50% 132.67 0.919%

10 1.00% 119.95 0.665%

Plateau phase

1.50% 108.40 0.411%

0.50% 136.03 0.983%

15 1.00% 126.13 0.792%

1.50% 122.51 0.719%

30 0.00% 146.66 1.173%
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process of struggling for carbon neutrality from 2030 to 2060; otherwise, the
extra CO, emitted by humans can only be absorbed through afforestation at a
higher average annual growth rate. In addition, China’s large economic volume
puts higher demands on afforestation. For example, if the plateau phase spans 30
years, a 0.5% increase in economic growth rate means that the average annual
growth rate of tree planting from now to 2060 needs to be increased by about
10.1%.

3 Core Strategies for Green and Low-Carbon Development of
China’s Economy

3.1 Strategies for Carbon Emission Reduction

Reducing carbon emissions mainly requires the optimization and adjustment
of three structures: energy structure, industrial structure and production-
consumption structure.

First, the energy structure should be optimized and adjusted for the transition
from high carbon to low carbon emissions and from fossil energy to clean
energy. In China, energy use is the main source of CO, emissions. In 2014,
China’s CO, emissions from energy use accounted for about 86.86% of its total
CO, emissions."” China’s energy saving target, which is put forward in tandem
with the carbon emission reduction target, gives the highest priority to energy
consumption per unit of GDP. China’s National Climate Change Program,
released in 2007, calls for a reduction in energy consumption per unit of GDP
by about 20% by 2010 compared to 2005. During the COP 15 in 2009, China
proposed that the share of non-fossil energy in primary energy consumption
should reach 15% by 2020. From the COP 15 onwards, China has put more
emphasis on the adjustment of energy structure based on the original energy
saving target. In 2009, about 8.5% of China’s energy consumption came from
non-fossil sources, up 80% from 10 years earlier, and in 2019, about 15.3%
of energy consumption came from non-fossil sources, implying an early
achievement of the 15% target for the year of 2020."” However, only 4.75% of

12

Source: Second Biennial Update Report on Climate Change of the People’s Republic of
China.
" Source: China Statistical Yearbook 2020.
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China’s energy consumption came from renewable sources in 2019, below the
world average level of 4.96%. Compared to developed economies, China’s share
of renewable energy was only equal to six sevenths that of Japan, four fifths that
of the US, four ninths that of the EU and one third that of the UK, as shown in
Table 6. China announced some further commitments for 2030 at the Climate
Ambition Summit 2020, putting forward the goal of “increasing the share of
non-fossil fuels in primary energy consumption to 25%.” Therefore, during the
14th Five-Year Plan (2021-2025) and the 15th Five-Year Plan (2026-2030)
periods, China still faces the challenging task of further reducing the share of
fossil fuels such as coal and increasing the share of non-fossil fuel in total energy
consumption. Figure 3 shows that CO, emissions are significantly correlated with
power generation, so improving the structure of power generation and energy
use will help reduce carbon emissions. In 2019, the share of electricity generated
from non-fossil fuels in China was about 32.7%, up about 5.83% year-on-year,
with hydroelectric power generation, wind power generation, nuclear power
generation, solar power generation, and biomass power generation accounting
for about 17.8%, 5.5%, 4.8%, 3.1%, and 1.5%, respectively.14 Among them,
hydroelectric power generation accounted for the biggest share in non-fossil
fuel power generation. In 2021, the first batch of generating units in Baihetan
Hydropower Station located on the Jinsha River, which boasted the world’s
largest under-construction scale, the world’s largest single-unit capacity and the
world’s second largest installed capacity, was officially put into operation for
power generation. It will reduce CO, emissions by 51.6 million tons per year,"
contribute to the west-to-east transmission of clean electricity, and promote the
green and low-carbon development of China’s economy. In this context, China
should rely on regional natural resource endowments, make active attempts for
clean energy development, speed up the construction of large hydropower bases
and photovoltaic power stations in the central and western regions, expand the
installed capacity of wind turbines in the central-eastern and southern regions of
the country, and accelerate the development and utilization of new energy sources

such as solar energy, biomass energy, geothermal energy and ocean energy. In

14

Source: China Electric Power Industry Annual Development Report 2020.

Baihetan hydropower station on Jinsha River—Decoding the national major west-to-east
electricity transmission project, which is a news from the official website of the State Council
of the People’s Republic of China.

15
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addition, nuclear power generation has the advantage of low unit costs of power
generation, although the initial investments are high. The success of Hualong One
pressurized water reactor (HPR1000) makes China the fourth country—after the
US, France and Russia—to master the third-generation nuclear power technology
with fully independent intellectual property rights. The application of nuclear
power generation technologies not only effectively reduces carbon emissions,
but also ensures national energy security, and therefore has great potential for

development.

Table 6 Primary Energy Consumption Structures of Major Economies in the World (2019)

Economies Coal Oil Natural gas Nuclear Hydro Renewables
World
average 27.11% 33.00% 24.17% 4.29% 6.48% 4.96%
level
OECD
. 13.77% 38.45% 27.64% 7.58% 5.49% 7.06%
economies
Non-OECD
. 36.12% 29.31% 21.83% 2.06% 7.15% 3.53%
economies
Developed
economies
usS 11.95% 39.13% 32.22% 8.00% 2.68% 6.02%
EU 12.05% 38.15% 23.19% 11.24% 4.65% 10.72%
Japan 26.70% 39.86% 21.19% 3.19% 3.57% 5.49%
Canada 4.39% 33.08% 29.36% 6.20% 23.42% 3.55%
Australia 29.85% 35.88% 25.78% 0.00% 2.14% 6.35%
UK 2.82% 39.90% 36.02% 6.48% 0.68% 14.11%
Developing
economies
China 57.59% 19.67% 7.82% 2.19% 7.99% 4.75%
India 54.87% 29.47% 6.29% 1.19% 4.26% 3.91%
Russia 11.93% 22.47% 53.50% 6.23% 5.80% 0.07%
Brazil 5.22% 38.72% 10.36% 1.16% 28.55% 15.99%

Source: BP Statistical Review of World Energy 2021.
Note: The data from the National Bureau of Statistics of China show a 15.3% share of non-fossil energy
consumption in China in 2019, while BP reports 14.93%. Despite the difference of about 2.43% between

the two, Table 6 selects the BP data for cross-country comparisons.

| o |
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Figure 3 Power Generation and CO, Emissions
Source: Data are from ClimateWatch. For power generation data, the data before 2008 are
from the China Compendium of Statistics 1949-2008, and the data after 2008 are from the

National Bureau of Statistics of China.

Second, the industrial structure should be optimized and adjusted to realize
the industrial transformation and upgrading from high energy consumption
to low energy consumption and from high emissions to low emissions.
Currently, the new round of technological revolution is pushing industries
to change toward digitalization, intelligence and greening, and China must
follow the trend in the process of optimizing and adjusting its industrial
structure. As a part of the Second Centenary Goal, China should take the
real economy development as its foundation, encourage the optimization and
upgrading of traditional industries, accelerate the advanced manufacturing
advancements, climb to the middle and high end of the global value chain,
and build a strong industrial and manufacturing country. By endeavoring to
form industrial clusters with strong international competitiveness by 2025,
and to meet the middle level of the world’s manufacturing powers by 2035,
China will make its manufacturing sectors form a world-leading industrial
system with obvious innovation and pioneering capability in 2049.'° Since
China is still in the process of industrialization, the energy consumption of its

' Source: Notice on Made in China 2025 issued by the State Council.
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manufacturing sectors accounts for about 80% of that of the entire secondary
industries, as shown in Table 7. Therefore, for the purpose of carbon peaking
and carbon neutrality, it is crucial to optimize and adjust the proportional
structure of manufacturing sectors from supply-side structural reform, so
that the capacity expansion of high-energy-consuming sectors will be strictly
controlled. However, it is worth noting that the short-term environmental
paradox (Qiao, 2018a) fueled by carbon emission reduction will lead to
higher emission reduction costs and lower market competitiveness, so it is
necessary to adhere to the innovation-driven development strategy to make
technological advantages compatible with environmental costs. In 2019,
the contribution of the tertiary industries to GDP was 63.5%, nearly double
the contribution of the secondary industries to GDP (32.6%)' in the same
period, and the share of energy consumption in the tertiary industries in 2019
was only 1/4 the share of energy consumption in the secondary industries,
as shown in Table 7. This means that the carbon emissions of the tertiary
industries are also significantly lower than those of the secondary industries,
so further deepening the reform of service sectors as well as opening up and
boosting the development of modern service sectors will help reduce carbon
emissions. Meanwhile, the development of service sectors cannot be separated
from the real economy. The development of producer service sectors should
be oriented to serving the high-quality development of manufacturing sectors,
integrating with advanced manufacturing sectors and extending to the high-
end of the value chain, while the consumer service sectors should focus on
meeting people’s growing demand for a better life and improving the level
of digital intelligence.'® Obviously, the optimization and adjustment of
industrial structure is not only conducive to carbon emission reduction, but
also conducive to reducing the emissions of pollutants such as sulfur dioxide,
nitrogen oxides and particulate matters, which in turn has a synergistic effect
on emission reduction.

Third, the production-consumption structure should be optimized and
adjusted. China’s current electricity price cross-subsidy policy mainly
includes “subsidizing residential users on the consumption side by industrial

' Source: National Bureau of Statistics of China.

Source: 14th Five-year Plan (2021-2025) for National Economic and Social Development
and Long-Range Objectives through the Year 2035.
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and commercial users on the production side,” leaving much room for
optimization and adjustment. Estimates show that, compared to the policy of
subsidizing the consumption side by the production side, the adoption of a
cross-subsidy strategy of subsidizing the production side by the consumption
side (if possible) would increase the output of mining and quarrying sector,
electricity supply sector, metal and metal products sector, and rubber and
plastics sector by 3.37%, 2.69%, 2.41%, and 2.01%, respectively, and reduce
the supply prices of coal gas and water, and the product prices in textile
sector, food sector, wholesale & retail and accommodation & catering sector
by about 4.13%, 2.04%, 1.62% and 1.21% respectively (Qiao & Wang, 2018).
Therefore, an appropriate adjustment of the direction and magnitude of
electricity price cross-subsidies will potentially reduce production costs, boost
the output of intermediate and final goods, and further reduce the prices of
residential consumer goods. By doing so, the price of electricity for residents
will increase, but the price of other consumer goods will decrease, which
may still help improve the welfare of residents. The above policy adjustment
will reduce energy consumption and carbon emissions on the consumer
side by appropriately increasing the price of electricity for residents, and
will enhance industrial competitiveness by lowering the price of electricity
for enterprise production in a cost-reducing manner. Of course, the above
idea of cross-subsidy adjustment can be supplemented by three supporting
systems. (1) A punitive electricity price mechanism can be established for
high-pollution, high-energy-consumption and restricted-category industrial
and commercial enterprises to avoid the increase of carbon emissions after
the reverse cross-subsidy, reduce the output of such enterprises and control
carbon emissions. (2) Electricity pricing can further follow the peak and off-
peak timing to reduce the costs of electricity for residents, and the residential
tiered electricity pricing system can be further improved to encourage energy-
efficient lifestyle. (3) Trade policies can be adjusted according to the gaps in
energy-saving technologies between the production side and the consumption
side, which will help offset the increase in electricity costs brought about by
carbon emission reduction (Qiao, 2018b). In addition, other strategies for
carbon emission reduction include encouraging people to use public transport,
increasing green buildings and energy-efficient floor space in towns and
cities, and renovating existing buildings for energy efficiency improvements.

o
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Table 7 Proportional Structure of Energy Consumption

Industry 1995 2000 2005 2010 2015 2019

Primary industry 4.20% 2.88% | 2.62% | 2.01% 1.91% | 1.85%
Secondary industry 74.35% | 71.60% | 73.23% | 74.01% | 69.91% | 68.03%
Industry 73.33% | 70.09% | 71.90% | 72.47% | 68.17% | 66.16%
Mining 7.58% 7.00% | 4.76% | 5.81% | 4.49% | 3.95%
Mining and washing of coal 4.19% 3.11% 2.16% 3.45% 2.40% | 2.08%

Extracti f petroleum and natural
xirachon ot pe 2.14% | 270% | 143% | 1.11% | 0.98% | 0.77%

gas
Others 1.24% 1.19% 1.17% 1.26% 1.11% | 1.10%
Manufacturing 59.74% | 55.06% | 60.54% | 60.26% | 57.19% | 55.06%

Smelting and pressing of f
METHNE anc pressing ot Temousl 14 1305 | 13.99% | 17.11% | 18.54% | 14.84% | 13.41%

metals *

Manufacture of raw chemical
12.06% 9.57% | 10.95% | 10.19% | 11.41% | 10.93%

materials and chemical products *

Manufacture of non-metallic
9.95% 7.84% | 10.03% | 9.01% 8.20% | 6.84%

mineral products*

Processing of petroleum, coal and
other fuels*

4.24% 541% | 478% | 4.96% | 5.57% | 6.68%

Smelting and pressing of non-
2.17% 281% | 3.05% | 3.78% | 479% | 5.01%

ferrous metals*

Manufacture of textile 2.69% 2.05% | 2.35% 1.94% 1.65% | 1.52%

Manufacture of metal products 0.76% 0.83% 0.91% 1.05% 1.07% | 1.34%

Manufacture of computer,
communication and other 0.24% 0.47% 0.58% 0.71% 0.73% | 1.03%

electronic equipment

Manufacture of rubber and plastics
0.90% 0.96% | 1.11% | 1.07% | 1.02% | 1.00%

products

Processing of food from agricultural
1.50% 1.14% | 1.18% | 1.04% | 0.98% | 0.85%

products

Manufacture of d
anutacture of papet and PAPET |y 6300 | 1.55% | 1.56% | 1.24% | 0.94% | 0.79%

products

Manufacture of automobiles 1.05% 1.04% 0.79% 1.05% 0.73% | 0.75%

(To be continued )
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(Continued)

Industry 1995 2000 2005 2010 2015 2019

Manufacture of general purpose
. 1.26% 0.86% | 0.95% 1.05% | 0.81% | 0.74%
machinery

Manufacture of electrical machinery
0.48% 0.45% | 0.54% | 0.65% | 0.60% | 0.58%
and apparatus

Manufacture of chemical fibers 0.97% 1.30% 0.68% 0.46% 0.44% | 0.50%

Others 5.69% 4.78% | 3.96% | 3.53% | 3.42% | 3.09%

Production and supply of electricity,
6.01% 8.04% | 6.60% | 6.40% | 6.50% | 7.15%
heat, gas and water*

Production and supply of electric
5.38% 7.20% | 6.06% | 5.96% | 6.03% | 6.51%
power and heat power

Others 0.63% 0.84% | 0.54% | 0.45% | 0.46% | 0.63%
Construction 1.02% 1.50% 1.33% 1.53% 1.74% | 1.88%
Tertiary industry 9.45% 14.16% | 13.60% | 13.86% | 16.56% | 17.46%
Transport storage and post 4.47% 7.79% 7.32% 7.51% 8.87% | 9.01%

Wholesale and retail trades, hotels
. . 1.54% 221% | 2.26% 2.18% | 2.64% | 2.79%
and catering services

Others 3.44% 4.16% | 4.01% | 4.17% | 5.05% | 5.66%

Household consumption 12.00% | 11.36% | 10.55% | 10.11% | 11.62% | 12.66%

Source: China Energy Statistical Yearbook 2020.

Note: The sectors that accounted for less than 0.5% of primary energy consumption in 2019 are not listed
separately, and are included in the “Others” under each sector. For example, food, tobacco, furniture,
pharmaceuticals are included in the “Others” under the manufacturing sector. Six high-energy-consuming

sectors are marked with *, as indicated by the National Bureau of Statistics of China.

3.2 Strategies for Increasing Carbon Removal

The number of specific plants required for carbon neutrality by 2060 has been briefly
estimated in the previous paragraphs. The smaller the diameter at breast height, the more
plants are required to be planted to absorb the established carbon emissions. Combining
the tree growth cycle and the estimated results in Table 3, we have estimated the new
planting area required for some of the tree species with a diameter at breast height of 20
cm, as shown in Table 8.
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Table 8 New Planting Area Required for Tree Species with a Diameter at Breast Height of
20 cm for Carbon Neutrality

T . Schima Pinus Pinus  |Liquidambar | Cryptomeria |Cuninghamia
ree species
P superba | massoniana | effiottii | formosana fortunei lanceolata
Initial planting density
(plants/ha) 2100 2775 1700 1100 1667 2056
Simulation scenario
Average
Plateau Plateau annual Area for the number of new plants to be planted at the time of carbon
phase or dphaze decrease neutrality (10,000 hectares)
uration
not in
(years) .
emissions
No 0.50% | 171253 | 1357.63 |2648.22 | 2891.65 2967.18 2824.42
plateau 0 1.00% | 825.76 654.63 1276.94 | 1394.32 1430.74 1361.90
phase 1.50% | 59.80 | 4741 92.47 100.97 103.61 98.63
0.50% | 187298 | 1484.83 |2896.33 | 3162.57 3245.18 3089.05
5 1.00% |1105.87 | 876.69 1710.09 | 1867.29 1916.06 1823.88
1.50% | 426.32 337.97 659.25 719.86 738.66 703.12
0.50% [2037.50 | 1615.25 |[3150.74 | 3440.37 3530.23 3360.39
Plateau 10 1.00% |140041 | 111020 |2165.57 | 2364.63 2426.40 2309.66
phase 1.50% |821.62 651.35 1270.53 1387.32 1423.56 1355.07
0.50% [2206.20 | 1748.99 |3411.61 3725.22 3822.52 3638.61
15 1.00% [1710.14 | 1355.73 |2644.51 | 2887.61 2963.03 2820.48
1.50% |1528.82 | 1211.99 |[2364.13 | 2581.45 2648.87 2521.43
30 0.00% [273841 | 2170.91 |[4234.62 | 4623.88 4744.65 4516.38

Source: The initial planting density is the mean value; Fujian Local Standard DB35/T 84-2020 Guideline

on Carbon Stock Accounting in Forest Ecosystem.

According to the relevant estimates, the expandable forest area in China
(including the cultivated land returned to forest and grass) is about 40 million
hectares, with a possible maximum forest coverage of 28% to 29%."” Table 8
shows that if CO, emissions remain at the peak level or decrease at a small rate

' China’s total carbon stock in forest vegetation reached 9.2 billion tons after carbon

emission reduction actions, which is from NFGA website.
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after 2030, China needs to further increase afforestation efforts to achieve net
zero emissions by 2060, regardless of the existence of a plateau phase. For a
given average annual decrease in emissions, the longer the plateau phase, the
greater the area of afforestation is required to achieve carbon neutrality. However,
the area for planting the necessary number of some tree species may exceed the
expandable forest area (i.e., about 40 million hectares), resulting in a possible
scenario where the expandable area cannot meet the required forest planting
area for carbon neutrality. Given the forest area constraint, China’s average
annual emission decrease must be at least 0.5%. For this reason, China should
also reduce emissions by a certain degree after carbon peaking and is required
to rationalize the layout of national land space to maximize the effect of various
types of land use.

China’s national land space can be roughly divided into three categories:
urbanized areas, main agricultural production areas, and ecological function
areas. The expansion of forest area will be mainly realized by developing
ecological function areas and building a natural land protection system mainly
consisting of national parks. In addition, as far as urbanized areas are concerned,
China may consider expanding and constructing national forest cities, building
urban and rural parks and green belts, and making full use of roads, corners, and
spaces in front of and behind buildings to carry out plantings. Of course, China
should also pay attention to returning cultivated land to forest and grass under the
premise of strictly adhering to the red line of cultivated land protection and the
national food security.

Afforestation can increase forest stock volume for better removing carbon
emissions, but the expansion of artificial forests has the possibility of negative
impacts on ecosystems. For example, not all places are suitable for afforestation,
and artificial forests offer less protection for biodiversity than natural forests.
Therefore, when expanding the forest area within the limited national territory,
China should tailor it to the local conditions, fully consider the growth
requirements of each tree species and other ecological functions of the forests,
improve the forest quality by collecting grass seeds, cultivating seedlings,
improving species and other techniques, implement the forest chief system and
strengthen forest management. Meanwhile, the natural effects of ocean uptake,
soil carbon sequestration, erosion and sedimentation, as well as other ecosystems
such as peat bogs and scrub grasslands can also be brought into play for CO,
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uptake. Generally speaking, despite low costs of carbon sink afforestation for
absorbing carbon emissions, the limitation of natural resources and the long-
term existence of carbon emissions make it insufficient for China to absorb CO,
by natural carbon sink alone in the future development process. In the long-
term and effective response to global warming and for protection of our common
homeland, it is necessary to remove the CO, emitted through human activities
by developing the carbon capture, utilization and storage (CCUS) technology
and the carbon dioxide removal (CDR) technology, among others. Furthermore,
considering the obvious differences among its regions in terms of economic
development, emission reduction costs and natural environment, China is
required to provide necessary ecological compensation in the form of transfer
payments to ecological function areas that are suitable for afforestation, thus
forming a new landscape for coordinated development and protection of national
land space in each function area (Qiao & Wang, 2017).

3.3 Strategies for Building a Global Carbon Emissions Trading System

The heterogeneity in emission reduction targets and costs provides the feasibility
for the establishment of a carbon emissions trading system. Unlike the carbon tax
system, a carbon emissions trading system will allow for greater control of carbon
emissions and more flexibility in pricing carbon emissions. The establishment
of a global carbon emissions trading system will set a cap on total global carbon
emissions and allocate carbon reduction resources in a market-based manner.
By stepping up the domestic efforts to reduce the carbon emissions, sellers may
sell the excess emission allowances upon fulfilling their own contributions,
and earn the corresponding income. Meanwhile, buyers may complete their
emission reduction tasks by buying emission allowances at a price below their
own emission reduction costs. Based on each country’s INDC in the Paris
Agreement, it is estimated that under all scenarios with China’s participation in
carbon emissions trading, China would be the largest seller in the global carbon
emissions trading market, with the largest share of transactions, and that a global
carbon emissions trading system with the participation of all economies would
achieve the largest reduction in global carbon emissions compared to a scenario
where only some economies participate (Qiao, 2016).

Under the guiding principle of strengthening the responsibility of developed
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economies for emission reduction, the Kyoto Protocol of 1997 has established
several carbon trading mechanisms such as International Emissions Trading (IET),
Joint Implementation (JI) and Clean Development Mechanism (CDM), with a
focus on promoting acquisition and transfer of Assigned Amount Units (AAUSs),
Removal Units (RMUs) and Emission Reduction Units (ERUs) among developed
countries, and encouraging developed countries to obtain Certified Emission
Reductions (CERs) from developing countries. After the Kyoto Protocol, the
Paris Agreement of 2015 has allowed economies to realize the INDCs through
voluntary forms of international cooperation and transfers, broadened the scope
of carbon emissions trading and provided an opportunity to boost the construction
of a global carbon emissions trading market.

Currently, all major economies have established their own domestic carbon
emissions trading market. As of the end of January 2021, there were 24 carbon
markets in operation worldwide, covering 16% of global GHG emissions and
seven sectors, including power sector, industrial sector, construction sector, and
transportation sector. The EU Emissions Trading System (EU ETS), established
in 2005, is the world’s first and the relatively mature carbon emissions trading
market. In EU ETS design, the allowances are distributed mainly through
free requiring or auction. The EU ETS covered about 39% of the EU’s GHG
emissions in 2018 and accumulated USD 80.737 billion in public revenues for
the development of renewable energy, low-carbon innovation, and industrial
decarbonization projects from 2009 to 2018.”

Compared to the EU ETS, China’s carbon emissions trading market has
gone through the process from local pilots to a unified national market, and has
achieved a smooth transition from the power sector to other key sectors. Since
2011, China has launched carbon emissions trading pilot projects in seven
provinces/municipalities/cities (i.e., Beijing, Tianjin, Shanghai, Chongqing,
Guangdong, Hubei and Shenzhen). By the end of 2019, a total of about 368
million tons of CO,”" were traded in the allowance spot trading in the pilot
cities, covering over 20 sectors such as power sector, iron and steel sector, and
cement sector, which effectively promoted the reduction of carbon emission
intensity and total emissions in the pilot regions. After the “plan for launching a

20

Source: Emissions Trading Worldwide: Status Report 2021 from ICAP.
Source: Responding to Climate Change: China’s Policies and Actions (2020).
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national carbon emissions trading system in 2017 was first proposed in 2015,
China piloted the national carbon emissions trading system in the power sector,
issued the Program for the Establishment of a National Carbon Emissions
Trading Market for the power sector in 2017, and released the National Carbon
Emissions Registration, Trading and Settlement Management Measures (for
Trial Implementation) in 2019. The introduction of carbon peaking and carbon
neutrality goals further propels the establishment of China’s carbon emissions
trading market. China officially launched the Interim Rules for Carbon Emissions
Trading Management (for Trial Implementation) in February 2021 and officially
launched the national unified carbon emission trading market on July 16, 2021,
which involved more than 2,000 key emission units in the power sector and
covered over 4 billion tons of CO, emissions, making it the world’s largest
market in terms of the scale of GHG emissions covered.”” Its Carbon Emission
Allowances (CEA) are allocated free of charge based on sector benchmarks, and
are traded by means of listed agreements, block agreements, one-way bidding
and factors of purchase and sale declarations.”

Based on the carbon emission trading market of each economy, a global unified
carbon emission trading system can be tried to be built in the future. For example,
it is feasible to initially build bilateral carbon emissions trading mechanisms
and set up such international organizations as the International Carbon Action
Partnership (ICAP), expand and build a multilateral carbon emissions trading
system featuring uniform standards and effective regulation. Moreover, since
the carbon trading markets that have been established across the world basically
cover four sectors, namely power sector, industrial sector, construction sector and
transportation sector, the economies may pioneer the establishment of a global
carbon emissions trading system in these sectors to jointly push forward emission
reduction process, and then further expand the sectors for emission reduction in
the future. The establishment of a global carbon emissions trading system cannot
be accomplished at one stroke, so the economies should start with regional and
sector-based cooperation and then expand the scope. With its scale and cost

*  Regular policy briefing held by the State Council Information Office on the launch of the

national carbon emission trading market online trading (full text), which is from the website of
the Ministry of Ecology and Environment.

> Announcement on matters related to national carbon emissions trading on website of
Shanghai Environment and Energy Exchange.
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advantages, China is bound to play an active role in this process, and may even
explore the establishment of a carbon credit creation mechanism on a global
scale.
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