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Abstract At the 75th session of the United Nations General Assembly (UNGA)
in 2020, China put forward the goal of peaking carbon dioxide emissions by
2030 and achieving carbon neutrality by 2060, a move to lead global response
to climate change that has attracted wide attention and hot comments at home
and abroad. Therefore, it is of great practical significance and academic value
to explore ways of achieving carbon peaking ahead of schedule and study the
macroeconomic effect. This paper, based on Energy, Environment and Economy
recursive dynamic computable general equilibrium model (TECGE), a dynamic
computable general equilibrium model, carries out a quantitative analysis of the
effect of strengthening carbon peaking commitment on China’s future macro
economy. By setting up four scenarios, namely carbon peaking of 10.8 billion
tons, 10.7 billion tons, 10.58 billion tons and 10.36 billion tons in 2030, 2027,
2025, and 2023, it examines the effects of carbon peaking ahead of schedule
and carbon peaking in 2030 on macro economy. The findings show that,
compared with the 2030 benchmark, the more ahead of schedule carbon peaking
is achieved, the higher the carbon tax prices, and that though GDP and other
macroeconomic variables, such as aggregate consumption, aggregate imports
and exports decline, the share of the tertiary industry increases. That is, the more
ahead of schedule carbon peaking is achieved, the more macroeconomic variables
decline, and the more the share of the tertiary industry rises. This paper, using
computable general equilibrium (CGE) model to conduct a quantitative analysis
of the macroeconomic effect, makes policy recommendations for carbon peaking

ahead of schedule and high-quality economic development.
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1 Introduction

Amid the progress in the global response to climate change, the international
community has set long-term goals for climate change, that is, rise in
temperature by 2100 should be kept within 2°C over the pre-industrial level,
and preferably within 1.5°C. China has remained active in the global fight
against climate change. At the 21st Session of the Conference of the Parties
to the United Nations Framework Convention on Climate Change (COP 21)
in 2015, China set a target of reducing carbon dioxide (CO,) emissions per
unit of GDP by 60% to 65% from 2005 levels by 2030, increasing the share
of non-fossil energy in primary energy consumption to around 20%, and
achieving carbon peaking by 2030 as soon as possible. In 2017, the 19th
National Congress of the Communist Party of China set a two-stage goal
for China’s socialist modernization by 2050. The first stage, from 2020 to
2035 to finish building a moderately prosperous society in all respects to
basically realizing modernization, is the phase when China strives to achieve
the Intended Nationally Determined Contributions (INDCs) under the Paris
Agreement.

China has, by combining climate governance with sustainable economic
and social development and regional environmental pollution control, staying
committed to green and low-carbon development, made great contributions
to global response to climate change. With the US withdrew from the Paris
Agreement in 2020, China has been playing an increasingly important role in the
international fight against climate change. The last decade or so has seen China
play, to some extent, a leading role.

When addressing the General Debate of the United Nations General Assembly
(UNGA) on September 22, 2020, Xi Jinping, President of the People’s Republic
of China, said that China would make greater INDC, adopt more effective
policies and measures to achieve carbon peaking by 2030 and carbon neutrality
by 2060, marking China’s first long-term climate goal after the Paris Agreement.
This is China’s first mention of carbon neutrality, and its commitment to
achieving carbon peaking by 2030.
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It is of positive and far-reaching significance for China to reach carbon peaking
ahead of schedule. To reach carbon peaking by 2030 is the basic requirement,
which is a prerequisite for China to achieve carbon neutrality by 2060. The sooner
carbon peaking is reached, the sooner China will achieve carbon neutrality.
China’s early carbon peaking will exert a far-reaching influence on future high-
quality development. With a clearly-defined goal of achieving carbon peaking
ahead of schedule, ecological and environmental protection and high-quality
development in China face clear carbon emission constraints, and China’s low-
carbon development will be promoted more effectively. It is of great significance
for the global response to climate change and achievement of the goals of the
Paris Agreement. Striving for early carbon peaking and carbon neutrality reflects
China’s international responsibility and accountability, boosting the confidence
of the international community to address climate change, and advancing
international coordinated climate governance (Pan, 2020).

China’s commitments to carbon peaking and carbon neutrality have attracted
extensive attention from all walks of life at home and abroad. New paths of
carbon peaking, including specific time and peak value, as well as the costs and
macroeconomic effects of different paths, have become a topic of widespread
concern and have sparked hot discussion in the society. Paths of carbon peaking
and carbon neutrality, plus the on-going 14th Five-Year Plan, have engaged all
walks of life in constant reflection and discussion on carbon peaking and carbon
neutralization. This paper explores the peak levels of early carbon peaking at
different times before 2030 and the effect on macro economy and carbon price.

2 Literature Review

Lots of studies have been conducted on carbon peaking in China over the past
ten years, most of which carry out scenario analysis, environmental Kuznets
curve analysis, optimal economic growth model analysis, decoupling analysis
method, or model analysis based on input-output data to explore the time and
peak value of carbon peaking in China. Xu (2019) makes a detailed review
on the studies of CO, emissions peak in China. He (2013) argues that China
will reach carbon peaking around 2030 based on the Kaya model, and that the
peak value will be capped at 11 billion tons, with carbon emissions of around

8 tons per person. Wang (2014) predicts the peak carbon emissions of energy-
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related industries, believing that, with land use, land use change and forestry and
emissions in production of steel and cement and other smaller factors excluded,
when GDP growth averages 6% and energy consumption elasticity hits 0.35,
China’s CO, emissions will reach a peak of 11.3 billion tons in 2030. Liu (2015),
based on Kaya model analysis and comparison among countries in the world,
holds that China will see its carbon emissions peak in 2030 at 11.5 to 12 billion
tons, with about 8 tons carbon emissions per capita. Chai and Xu (2015) use
Integrated Assessment Modeling Consortium (IAMC) model to analyze total
emission control and emissions peak in China, concluding that China will reach
carbon peaking in 2030 at 10.92 billion tons, and the end of the 15th Five-
Year Plan is an important opportunity for China to achieve the carbon peaking,
the peak will be 12 billion tons, with per-capita carbon emissions hitting about
8.5 tons. Zhang et al. (2016) conduct a scenario analysis of the future emission
trend in China, arguing that China will reach carbon peaking of 10 billion tons
in 2030. Ma and Chen (2016) adopt an energy system optimal model named
China TIMES to build a carbon peaking path model system, holding that China
can reach carbon peaking of 10 to 10.8 billion tons in 2030. Jiang et al. (2016)
study the CO, emissions of energy activities in China using the integrated energy
and environment policy assessment model for China (IPAC) and the possibility
of reaching carbon peaking before 2025, stating that carbon peaking of energy
activities can be achieved between 2020 and 2022, which, however, calls for strong
climate change and energy policy support. Elzen et al. (2016) use the Framework
to Assess International Regimes (FAIR) for the differentiation of commitments /
the IMage Energy Regional (TIMER) model to comprehensively analyze CO,
emissions caused by energy systems and land use, believing that China can reach
carbon peaking before 2030. Based on studies by Kaya and others, Green and Stern
(2017) hold that China can reach the carbon peaking in 2025 or before. Mi et al.
(2017) use the Integrated Model of Economy and Climate (IMEC) to study China’s
CO, emissions, believing that CO, emissions will peak in 2026 at 11.2 billion tons.
Research on path of green transition was conducted by researchers (Qi & Zhang,
2017; Shi & Xu, 2018; Wu, 2016). In July 2020, the Institute of Climate Change and
Sustainable Development, Tsinghua University, released a comprehensive report
China’s Long-Term Low-Carbon Development Strategy and Pathways, stating that
China would see its CO, emissions enter emissions peak plateau period around 2025,
a stable carbon peaking could be achieved by 2030, peak CO, emissions from fossil
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energy consumption would be controlled within 11 billion tons, and by 2035 CO,
emissions would be significantly lower than in peak years.

Some scholars study factors affecting carbon emissions. Most of their studies
show that industrial structure, technological progress and economic growth
are the factors affecting the increase of carbon emissions. Xu et al. (2012) use
Logarithmic Mean Divisia Index (LMDI) model to study the driving factors of
China’s carbon emissions, finding that among economic output, population size,
energy mix, and other factors, economic output has the largest contribution, and
restraining factors of carbon emission are energy structure effect and industrial
structure effect, with the former making the biggest contribution. Zhang et
al. (2014) calculate the technological progress of 30 provinces and cities in
China based on data envelopment analysis (DEA) model, testing the effect of
technological progress on carbon emission intensity.

Some studies analyze the effect of carbon peaking on China’s macro economy.
Wang and Zou (2014) analyze the effect of different policies on peak value
and GDP by using the computable general equilibrium (CGE) model they have
constructed, arguing that the peak control policy will reduce GDP by 2.96%—
8.23%. Similarly, Liu et al. (2014) use the dynamic energy-environmental
version of the global trade analysis project model with emission trading
(GTAP-E) model to analyze the effect of China’s carbon peaking in 2025, 2030,
and 2040 on macroeconomic and industrial sectors, concluding that carbon
peaking in 2025 and 2040 will see China’s GDP fall by a cumulative 20.9%
and 8.7% respectively. Wang et al. (2017) build a CGE model containing a
climate protection function to simulate the effect of carbon peaking in China in
2025, 2030 and 2035 on economy, concluding that the earlier carbon peaking
is reached, the greater effect it will has on China’s economy. Based on the CGE
model, Li and Yang (2019) simulate the impact of policy of Liaoning Province
for different scenarios of carbon peaking and different carbon intensity reduction
targets on economy. Mo et al. (2018) adopt the China energy-economy-
environmental model with endogenous technological change by employing
logistic curves (CE3METL) model to perform a quantitative evaluation of the
policy and measures and cost involved to achieve the carbon peaking, non-fossil
energy share and carbon intensity targets of the Paris Agreement, analyzing the
synergetic relationship between the three targets and the two policies. Duan and
Wang (2019) adopt the CE3METL model, carrying out a contrastive analysis
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on the long-term effect of strategic adjustment of global temperature control
target from 2 °C to 1.5 °C on China, from the perspectives of carbon emission
path, energy reconstruction and economic effect. Zhu and Ling (2020) develop a
dynamic CGE model to simulate the impact of different carbon peaking scenarios
on industrial structure. All these studies arrive at the same conclusion that the
earlier carbon peaking is reached and the more ambitious the emission reduction
target is, the greater GDP loss China will suffer.

Most existing studies have three limitations. Firstly, most of the researchers
focus their research on the peak year, peak value and affecting factors of carbon
emission in China, only a few study the effect of carbon peaking on economy, and
even fewer research on the effect of carbon peaking in different years before 2030
on macro economy. Secondly, most studies on the effect of emission reduction on
economy are based on national or provincial CGE models, and the input-output
data used are not the latest. Given the rapid economic development and structural
transformation, only the latest data can support such research. Thirdly, most
researchers use econometric method and trend extrapolation to simulate baseline
scenario, an approach necessary for studying effect of new policies on economy.
However, China’s recent strengthening commitment to carbon peaking requires
it to build on its commitments at the COP 21. Therefore, in view of the economic
impact of strengthening commitment, it is more appropriate to take 2030 as the
baseline scenario of carbon peaking. To overcome the above limitations, this
paper uses Energy, Environment and Economy recursive dynamic computable
general equilibrium model (TECGE) (Lu, 2018), a model based on the GeneRal
Equilibrium ENvironmental (GREEN) model of the Organization for Economic
Co-operation and Development (OECD) (Lee et al., 1994) to analyze the
effect of strengthening commitment to carbon peaking on China’s macro
economy.

This paper offers answers to the following questions: If China reaches carbon
peaking in 2023, 2025, or 2027, what different effect will it have on economic
development as compared with carbon peaking in 2030? How different will
the effect of different carbon peaking time and peak value be on China’s macro
economy? The third part of this paper presents the dynamic CGE model,
TECGE. The fourth part discusses the model parameters and sets the scenario
plan. The fifth part analyzes the model simulation results. The sixth part arrives
at conclusions and offers policy recommendations.
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3 Methodology

This paper conducts literature research and expert consultation when setting
parameters such as future economic growth rate and CO, emission quota in
different years. Scenario analysis and CGE are used to study China’s carbon
peaking on its macro economy, with some parameters in the CGE model adopting
econometric method and calibration method.

This paper adopts the TECGE, a model built and continuously updated by the
research group based on the GREEN of OECD. The main features of TECGE lie
in that it takes into account the substitution between energy types and between
energy and value added, the difference in intermediate inputs between fossil and
clean electricity, total factor productivity and energy efficiency across sectors,
as well as import and export of commodities and international capital flows.
By using the recursive dynamic method, this paper examines the return on
capital of each sector, the inertia of investment and the investment policy of the
government in the allocation of new investment.

Over the years, different versions of the model have been widely used in
China and regional energy and climate policy simulations, such as study on
the influence of energy investment on regional economy and CO, emissions in
western China (Lu et al., 2010a), and research on the impact of carbon tax and
its complementary policies on China’s economic development (Lu et al., 2010b).
With the expansion of the research topic, the model structure is also evolving and
detailed, and is used to study the influence of industrial structure transformation
in modernization construction on economic development and carbon emissions
(Luetal., 2019).

The TECGE model divides the entire national economy into 12 sectors,
namely agriculture, heavy industry, light industry, equipment manufacturing,
construction, transportation, other services, coal, oil, natural gas, fossil electricity
and clean electricity, including four actors (households, enterprises, government
and foreign countries) and three production factors (labor, capital and

energy).
3.1 Core Equation of Production Module

The production module of the TECGE model describes the production
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processes and factor flows of various production sectors, including multilevel
nested combinations. Energy includes coal, oil, natural gas, fossil electricity
and clean electricity, each combination with different elasticities of
substitution. Oil and gas are combined into oil and gas input (EOG). Oil and
gas and coal are combined into fossil energy (FE). Clean electricity and fossil
electricity (thermal power) are combined into electricity (ELE). Fossil energy
and electricity are combined into the energy input (£). Given the substitution
between capital and labor, they are combined into value added (VA4). Given
the substitution between energy and value added, they are combined into
KEL. There is no substitution between other non-energy intermediate inputs,
so they are combined with the energy value added and used for sectoral
production activities. The model production structure is shown in Figures 1
and 2. Figure 1 shows the factor flow in the production module of the non-
energy sector of the TECGE model. Figure 2 shows the factor flow in the
production module of the energy sector of the TECGE model. The main
difference between energy sector and non-energy sector in the production
module lies in that energy can substitute capital and labor. In the production
activities of the energy sector, energy is mainly used as intermediate input,
and cannot substitute capital and labor.

| Sectoral total output |

[
| Capital-labor—energy | | Non-energy intermediate input
OF
Ok
| Capital | | Labor | | Fossil energy|
Org
| Coal ||Oi1 and gas| |Clean electricity| |Fossi1 electricity

OcoG

| Oil ||Natural gas|

Figure 1 Production Module of the Non-Energy Sector in the TECGE Model
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| Sectoral total output |

%

Capital-labor Intermediate input

Capital
Labor
Coal
Natural gas
Fossil electricity
Clean electricity

Inputs of other
non-energy sectors

Figure 2 Production Module of the Energy Sector in the TECGE Model

The production function in the TECGE model generally adopts the multilevel
nested structure of energy, capital and labor. Total output of non-energy sector
comprises capital-labor-energy input plus non-energy intermediate input.

Qi(t)x(l_itaxi):iaji(t)Qi(t)+KELi(t): (D

where Q(f) stands for the total production of i” sector and KEL(?) stands for the
quantity of synthetic inputs of capital-labor-energy in i* sector, a; (t) stands for
the amount of intermediate inputs of the j* non-fossil energy consumed by i”
sector per unit of output, and itax; stands for the indirect tax rate of the i" sector.

Total output of energy sector comprises capital-labor combined input and
intermediate input.'

Qi(t)x(l_itaxi):_z:;aji(t)Qi(t)+KL[(t)- (2)

Capital-labor input and energy input are synthesized by CES function into
capital-labor-energy input KEL.

1
KEL(t)=Ay. """ "o, E(t)"Fit(1=, VA 7] 7r;, 3)

where KEL(t) stands for the capital-labor-energy combined input of the i
sector during the ¢ period. AF,stands for the conversion coefficient of the

' j, when ranging from 1 to 7, stands for non-energy sectors, namely agriculture, light

industry, heavy industry, equipment manufacturing, construction, transportation, other services.
When ranging from 8 to 12, it stands for energy sectors, namely coal, oil, natural gas, fossil
electricity and clean electricity.
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capital-labor-energy input of the i” sector. 6(7) stands for the rate of efficiency
improvement of the input of the i" sector during the (¢ — ¢)) period. VA1)
stands for the capital-labor input of the i sector during the #” period. E(?)
stands for combined energy input of the i” sector during the ¢ period. wp,
is the energy input share parameter in the capital-labor-energy combination
function. pp, is the alternative parameter in the capital-labor-energy combination
function.

Capital and labor are combined into capital-labor combined input through the
CES function, namely the value added.

VAL=A, 00, K0+ (1=0, )L™ 7 “
where VA({) is the capital-labor combined input of the i” sector during the ¢
period. K(?) is the capital input of the i” sector during the ¢ period. L(?) is the
standard labor input of the i sector during the " period. 4,, is the conversion
coefficient in the capital-labor combined input function of the i” sector. J,,
is the share parameter in the capital-labor combined input function. p,. is the
substitution parameter in the capital-labor combined input function. A(?) is the
rate of efficiency improvement on the input of the i” sector.

Specific equations are as follows:

E(1)=A " O[5, FE (1) "5+(1-6, )ELE(t) "5 7, (5)
12 _ 1
ELE,(r)=AELE,¢"“E""”"‘°)[ ) 5,-,-VEJ-,-(r>“’Ef] (©6)
J=11
FE(1)=Apz €™ O[5 FE () "Pi+(1-0,) EOG (1) "] 7z (7)
10 ~ 1
EOG,-(t)=AEOG,_eAEOG"'(”X(’_’O)[ZéﬁVEﬁ(t)“’EOGf] PEOG; (8)
1=9

where E(t) stands for the combined energy input of the i sector during the ¢"
period; A4the conversion coefficient of the combined energy function of the i"
sector during the " period; e the base of the exponential function; AEI({) the rate
of improvement in energy efficiency of the i sector during the ¢ period; Jp, the
share coefficient of fossil energy input of the combined energy input of the i
sector; pp, the substitution parameter in the energy combination function; p;=(1-

o




222 LU Chuanyi, CHEN Wenying

O'Ei)/O'EI,, ogis the elasticity of substitution between fossil energy and electricity;
ELE(?) stands for total input of electricity of the i” sector during the #" period;
A ELE; is the conversion coefficient of the electricity combination function of the "
sector during the #” period; AELEI(?) is the rate of efficiency improvement in the

electricity use of the i” sector during the ¢ period; and 0;; is the share coefficient

12
of the j” electricity input in electricity input of the i sector, with Z 0,;=1.
=
VE,(?) is intermediate input of energy ;j of the i" sector during the #* period;

FE(?) is fossil energy combined input of the i sector during the ¢ period;
EOG(¢?) is the oil and gas combined input of the i* sector during the ¢ period;
Apz, 1s the conversion coefficient of the fossil energy combination function of the
i" sector during the #* period; and dy, is the share coefficient of coal input in fossil
energy input of the i” sector.

3.2 Core Equation of Foreign Trade Module

Most commodities are two-way traded. In case of imports, Armington Hypothesis
can be used, that is, imports and domestic products are not completely
substitutable, and there are product differences between them. For exports, CET
function can be used, that is, domestically produced goods can be sold in both
domestic and international markets. To maximize revenue, there is a transition
between domestic sales and exports.

The aggregate domestic demand function for goods is:

S(=wy;* [/‘ijwi(t)iéi"'( 1 _ﬂi)Di(t)il/ii]il/iia ©)
where Si(?) stands for aggregate demand for good i, y; denotes the conversion
coefficient in the aggregate demand function of good i, x; denotes the share
parameter of import demand in the commodity demand function, M,(¢) is import
demand, D) is quantity of good i produced domestically to satisfy domestic
demand, & is the Armington factor, and & = (1 — 9)/9, 9;is Armington elasticity.
The import demand for goods is:

M(0)=[u/(1=,) "< [PD(t) PM{(0)] ™D 1), (10)

where PD((f) stands for the price of good i produced and consumed domestically,
PM(t) is the domestic price of imported good i, J; is the elasticity of price
substitution between imports and domestic products.
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The aggregate supply function of commodity exports and domestic sales is:

O(0y=p X [1.X(1)" +(1-)D (1)1, (In
where QO((?) stands for the total output of domestic good i, X(¢) is the supply of
exports, D{(?) denotes the quantity of goods produced and sold domestically, ¢,
denotes the conversion coefficient of aggregate supply function, 7; denotes the
share parameter of exports, ¢;is the CET factor, and ¢, = (1 + 5,)/5,, 1, is the
export conversion elasticity.

The commodity export volume function is:

X(O=[(=r)/r]"*[PX(0)/ PD{(1)]" *D2), (12)

where PD,(f) stands for the prices of domestically produced goods, PX|(?) is the
domestic prices of exports, #;is the elasticity of price conversion between exports
and domestic sales.

3.3 Core Equation of Consumption Demand Module

This model assumes that the commodity consumption function of residents is a
linear expenditure system, and consumption of goods is obtained by maximizing

the Stone-Geary utility function under the budget constraint.
Ci(t)=cles,()<[1=mps,(O1*YD,(t)/ PC(1), (13)

where C,(f) stands for the amount of good i consumed by household 7; cles,(f)

is the share of good i consumed by household #; mps, stands for the marginal

saving rate of household /; YD,(¢) is the disposable income of household /4, and
PC(?) is the sale price of good i.

3.4 Core Equation of Energy Environment Module

Energy environment module includes the calculation equation of greenhouse gas
CO, emission and the calculation equation of carbon tax revenue. Details are as
follows.

Revenue of carbon tax levied on fossil energy used in production is:

12 12

RCTA1)=) Y ret(t) xep<(1~fecy)xtran < VE,(t)<ox, (14)

=1 j=9
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where RCTy(t) stands for revenue of carbon tax levied on fossil energy
used in production; rct(t) is carbon tax, namely tax levied on per ton of CO,
emitted; ¢; is CO, emission factor of energy j by combustion; fcc;is the carbon
sequestration coefficient in the combustion of energy j; fran; is the conversion
factor that converts the combustion amount of energy j from value type to
physical type, such as kJ/yuan; ox; is the carbon oxidation rate in the combustion
of energy j; VE;(?) is the amount of energy j used by sector i in production
process.

Revenue of carbon tax levied on emissions from fossil fuel combustion by
residents is:

12
RCT, hc(t)ZZrct(t) xgxtran;xCI,(t)%ox;, (15)

=9
where RCT, (¢) stands for revenue of carbon tax levied on emissions from
fossil fuel combustion by resident &; CI,(f) stands the quantity of the j energy
consumed by residents. It is assumed that the combustion rate of residential
energy consumption is 100%. Tax price per unit of output value in the production
process by different production sectors is as follows:
12
Z (I=fec)xret(t)<e; tran; xox; < VE,(t)

CTR(H)= = ,j=9, ..., 12.
PS(0)*0(1)

Carbon price for different types of energy consumption at the consumer end is:

(16)

CTC(t)=rct(t) xg;xtran;xox, j=9, ..., 12. 17)

Sectoral production emissions are:

12
ESI(6)=)_ex(1~fec))xtran < VE,(t) xox, (18)

=9
where ESI(f) stands for emissions from fossil energy consumption by sector i in
the production process.

Emissions from household consumption are:

12

ESC/(t)=) ep<tran;xCI,(j) ox;, (19)

=

where ESC,(?) stands for total emissions from household consumption of fossil
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energy.
Total emissions from economy-wide energy consumption are:

EST()=) ESI(1)+ 2 ESC,(0), (20)

where EST(?) stands for total emissions from economy-wide energy consumption.

Energy environment module indicates that, by setting the price on CO,
emission, or carbon tax, the price change of products in different sectors and
the price change of terminal energy consumption can be obtained, which
affects not only the production cost of product and supply quantity, resident
consumption, but the emissions of each production sector and the emissions
of household consumption, and finally the carbon emissions from the entire
economy. The influencing process is reversible. By setting the economy-
wide emissions cap, the price for CO, emission can be obtained in an
endogenous manner. Meanwhile, price for carbon emissions, while increasing
government revenue, increases government spending, including subsidies for
enterprise technology renovation and new energy innovation and subsidies for
residents.

3.5 Core Equation of Dynamic Module

The model adopts the dynamic recursion method to enable the dynamic change
of capital stock. The amount of capital in each sector is equal to the previous
year’s capital stock minus depreciation, and plus the amount of new investment.
The annual new investment volume of each sector is distributed according to the
capital efficiency of production activities of each sector and the proportion of
capital stock.

K 2.5

x| 1+ex YKix L]
ZKjx teX K XZYKJ_

J J

DKI,=DK x \ (21

where DK, stands for new investment of sector i; DK denotes the total fixed asset
investment of the whole economy; K;is the capital stock of sector i; YK, stands
for capital revenue of sector 7; ¢ stands for the weight coefficient for allocation
according to the rate of return on capital.
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3.6 Macroscopic Closure and Solution

This paper uses TECGE model to simulate the macroeconomic effect of different
scenarios of carbon peaking ahead of schedule in China, adopting the neoclassical
rule of closure, that is, savings drive investment, and economic development is
driven by savings.

GAMS, PATH and CONOPT and other solution software are used for module
solution. In the modeling process, based on data from the base year 2017, the
parameters of production function, utility function and import/export combination

function are calibrated.

4 Data Source, Model Parameters and Scenario Setting

4.1 SAM Compilation

SAM of TECGE is based on data from the input-output table of 149 sectors
in 2017 compiled by the National Bureau of Statistics (National Economic
Accounting Division, National Bureau of Statistics, 2019) and China Statistical
Yearbook 2018 (National Bureau of Statistics, 2019). The whole economy
is divided into 12 sectors, among which the energy sector includes coal, oil,
natural gas, fossil electricity and clean electricity. China’s input-output table
only includes “production and supply of electric power and heat power, ”
without distinction between fossil electricity and clean electricity. This paper,
after dividing the total power generation based on the ratio of thermal power
generation into thermal power and renewable energy generation in 2017, adjusts
the input-output table using the double proportional equilibrium method and
according to the ration of intermediate consumption of clean electricity, thus
builds the micro SAM table of 12 sectors.

4.2 Parameter Setting

Parameters of TECGE are set by means of calibration, including input-output
coefficient, various tax rates, share of labor and capital in factor income
distribution, and share parameters of various functions. The purpose of
calibration is to enable the calculated parameters to replicate the equilibrium data
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of the base period. In this way, parameters calculated by the SAM table can turn
the base period SAM table data into a solution of CGE model.

Elasticity parameters of the model include substitution elasticity of production
function, Armington elasticity and transition elasticity in import and export
function. In selecting these elasticities, this paper refers to relevant studies (Guo
et al., 2014; He et al., 2002; Willenbockel, 2006; Zhai & Herter, 2005; Zhang,
2002; Zhao & Wang, 2008). Table 1 shows the values of elastic parameters.

Table 1 Value of Elastic Parameters of TECGE

Elasticity definition Elasticity value
Elasticity of substitution between KL and £ 0.5
Elasticity of substitution between K and L 0.8
Elasticity of substitution between fossil energy and 0.5
electricity
Elasticity of substitution between coal and oil-gas 0.5
Elasticity of substitution between oil and gas 0.8
Armington elasticity between imports and domestic 20
products
Elasticity of transition between domestic consumption and .

exports

Carbon emission coefficient is mainly obtained by calculating the standard
coal conversion coefficient of fossil energy and the carbon emission coefficient
of all kinds of energy, the former from China Energy Statistical Yearbook 2018,
and the latter by referring to the 2006 IPCC Guide for National Greenhouse Gas
Inventories.

Parameters of the dynamic module of the model mainly include population
growth rate, household saving rate, total factor productivity growth rate, and
energy efficiency change rate in different years. The population growth rate is set
by referring to the forecast data of the United Nations on the population growth
rate, and the population growth rate is set in the simulated period. Household
saving rate is calculated by referring to the change law of household savings
in developed countries and data from literature (Li et al., 2017). Total factor
productivity growth rate is usually calculated by Solow Complementary method,
but most scholars also use econometric methods to study and calculate it and
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energy efficiency. Based on calculations, this paper takes 2% as China’s total
factor productivity growth rate and energy efficiency change rate from 2017 to 2035.

4.3 Scenario Setting

This paper, by referring to the China’s Long-Term Low-Carbon Development
Strategy and Pathways, the research result from Tsinghua University in 2020,
and examining CO, emissions from energy consumption in China from 2000
to 2019, sets the path of CO, emissions from energy consumption in the future
from 2020 to 2035, setting up four scenarios based on different peaking years
and peaks of carbon emissions, namely baseline scenario (S1, carbon peaking
in 2030), energy saving and emission reduction scenario (S2, carbon peaking in
2027), strengthened energy conservation and emission reduction scenario (S3,
carbon peaking in 2025), super energy saving and emission reduction scenario
(S4, carbon peaking in 2023). The latter three scenarios are strengthened policy
scenarios, assuming that China reaches carbon peaking ahead of schedule in
2027, 2025, and 2023. By comparing them with the baseline scenario, this paper
explores the macroeconomic effect of carbon peaking before 2030 as compared
with carbon peaking in 2030.

The four scenarios differ from each other mainly in the path of CO, emissions
from energy consumption, that is, due to the different peaking time and peaking
value, carbon emissions in different years are different. Carbon emissions from
energy consumption in different years are exogenous variables, and CO, emission
prices in the economic system are endogenous and different from each other.

Figure 3 shows the paths of CO, emissions in the four scenarios.
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Figure 3 Paths of CO, Emission from Energy Consumption in Different Peaking Scenarios
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In S1, as shown in Figure 3, China’s CO, emissions will peak in 2030 at 10.8
billion tons, and decline gradually since then to 10.69 billion tons in 2035. In
S2, China will reach carbon peaking in 2027 at 10.7 billion tons, and decline
gradually since then to 10.42 billion tons in 2035. In S3, China’s CO, emissions
will peak in 2025 at 10.58 billion tons, and decline gradually to 10.2 billion tons
in 2035. In S4, China will reach carbon peaking in 2023 at 10.36 billion ton, and
decline gradually to 9.94 billion tons in 2035.

In model simulation, emissions in different years are exogenous shock
variables, while the price of CO, is an endogenous variable. Therefore, in the
model, the government collects carbon tax in different years to realize the
time and emission level of carbon peaking. Changes in the carbon price lead
to changes to the prices of goods produced by different sectors, so that non-
energy intensive sectors dominate the economic system. As commodity prices
change, sectoral returns on capital also change, affecting the distribution of
new investment in the second year among sectors, with the new investment
concentrated on non-energy intensive sectors. Through the action of price, the
market automatically adjusts the industrial structure and energy structure of the
economic system, making the energy structure and industrial structure cleaner.

5 Simulation Result Analysis

5.1 Effect of Carbon Peaking ahead of Schedule on GDP

Carbon peaking in China at different time will affect economic growth, lowering
GDP growth rate. With carbon peaking in 2030 as the baseline scenario, energy-
related carbon peaking scenarios in 2027, 2025 and 2023 are compared with
the baseline scenario to show the effect of different peaking scenarios on GDP.
Figure 4 shows the effect of different peaking scenarios on GDP as compared
with 2030 baseline scenario.

As shown in Figure 4, in 2023, 2025, and 2027 carbon peaking scenarios,
from the second year on, each year’s GDP is lower than its counterpart in the
scenario of 2030 peaking. Over time, the gap increases. For example, the 2024,
2025, 2030, and 2035 GDP in the scenario of 2023 peaking are 0.31%, 0.56%,
1.34%, and 1.50% lower than their counterparts in the scenario of 2030 peaking.
Economics theory offers a good explanation of the results. With the time of
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carbon peaking set in a particular year, the subsequent years will surely see CO,
emissions from energy consumption below the peak, and such a requirement
forces the economic system to put an exogenous constraint on CO, emissions.
As a result, the price of CO, in the economy is positive, costs of fossil-energy
intensive industries rise, production drops, and GDP declines. Meanwhile, the
characteristics of carbon peaking path determine that the space for CO, emission
in subsequent years will gradually shrink, along with emission allowances
becoming scarcer, the price of CO, emission rising, cost of goods of fossil-energy
intensive industries increasing gradually, and the output decreasing gradually. As
a result, each year’s GDP will be much lower than its counterpart in the baseline

scenario.
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Figure 4 Effect of Carbon Peaking ahead of Schedule on GDP as Compared with 2030 Peaking
Note: S21 stands for the comparison between scenario S2 and scenario S1, same for other

symbols below.

For example, GDP in the scenarios of 2023, 2025 and 2027 peaking are
1.34%, 0.7% and 0.36% lower than that in the scenario of 2030 peaking. This
can be explained by the shadow price of CO, emission. In the scenario of 2023
carbon peaking, the implementation of relevant measures pushes the shadow
price of CO, emission upwards, to a high level in 2030. The higher the shadow
price, the scarcer the emission space and the higher the emission cost, and as
the cost of production in energy-intensive industries rises, GDP per unit of
production falls. On the contrary, the later the peaking is reached, the greater
the emission space, the slower the shadow price rises, and the less effect on
GDP.
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5.2 Effect of Carbon Peaking ahead of Schedule on Carbon Tax

In the dynamic simulation of CGE, CO, emissions in different years are
exogenous variables, and carbon taxes in different years are endogenous variables.
By examining the CO, emission paths in different carbon peaking scenarios,
carbon tax change paths in different years can be simulated, as shown in

Figure 5.
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Figure 5 Carbon Tax Changes in Different Years in Different Carbon Peaking Scenarios

Figure 5 shows that, whichever the carbon peaking scenario, starting 2017, a
certain carbon tax is set endogenously for each year, though the carbon tax price
is less than 10 yuan per ton of CO,. From the carbon peaking year on, price of
carbon tax gradually rises at an accelerating rate. The earlier the carbon peaking
is reached, the higher the carbon tax price will be. For example, in 2030, carbon
tax in the four carbon peaking scenarios is 107, 142, 180, 247 yuan per ton CO,,
while in 2035, the figure becomes 227, 301, 364, 443 yuan per ton CO,. Carbon
tax changes in different years in different carbon peaking scenarios conform to
the theory and law of economics. That is, the earlier carbon peaking is reached,
the scarcer the emission space, the greater the economic value of CO, emission
space, and the higher the carbon tax. In the same scenario of carbon peaking,
space for carbon emission before the peaking still expands, and the scarcity
of carbon emission exists, but not the greatest. From the carbon peaking year
on, the space for emission gradually shrinks and becomes increasingly scarce,
pushing up the price of carbon emission space and the price of carbon tax. A
look at the emission paths in the four scenarios shows that none of them has
zero carbon tax before the peaking year, indicating that the annual emissions of

the four scenarios set as exogenous variables are lower than the emissions of
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the economic system without any emission reduction measures, that emission
path for the baseline scenario of 2030 peaking needs endeavor to cut emission,
and that it is an emission reduction path in the latest one of the four peaking
scenarios.

5.3 Effect of Carbon Peaking ahead of Schedule on Major Macroeconomic
Variables

Table 2 shows the changes to some macroeconomic variables in different
scenarios, and changes to macroeconomic variables in different carbon peaking
scenarios as compared with the 2030 baseline scenario. It indicates that rural
household consumption, urban household consumption, total investment, total
import, total export, total output, total demand, and other macroeconomic
variables are lower than their counterparts in the same year in the baseline
scenario, and the earlier the carbon peaking, the greater the drop. Take total
output for example. In 2030, total output in S4 is 1.458% lower than that
in S1, which it in S2 is 0.39% lower than that in S1. The changes of these
macroeconomic variables are consistent with economic theory. Due to carbon
peaking constraint, costs rise across the economy, an economy tends to shrink,
and some major macroeconomic variables decline. The earlier the carbon
peaking, the sooner the economy faces constraints, and the greater changes to
macroeconomic variables will be.

Table 2 Changes to Macroeconomic Variables in Different Scenarios in 2030 (unit: %)

S21 S31 S41
Rural household
. -0.491 -0.959 -1.826
consumption
Urban household
. -0.411 -0.804 —-1.531
consumption
Total investment —0.404 -0.793 -1.520
Total import —0.300 -0.587 -1.116
Total export -0.279 -0.546 -1.038
Total output -0.390 -0.764 —1.458
Total demand -0.393 -0.771 —1.472
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5.4 Effect of Carbon Peaking ahead of Schedule on Industrial Structure

Changes of industrial structure in different carbon peaking scenarios are
shown in Table 3, which lists the change trends of the three industries in
2030 in different scenarios compared with the baseline scenario. Table 3
shows that, compared with the baseline scenario, the other three ones see the
proportion of the primary industry decrease, that of the secondary industry
decrease, and that of the tertiary industry increase. The earlier the carbon
peaking is reached, the more the proportion of the primary industry and the
secondary industry falls, and the more the proportion of the tertiary industry
rises, making it more conducive to the transformation and optimization
of industrial structure. The changing trend of these simulation results is
consistent with the economic judgment. The earlier the carbon emission
peaks, the earlier the constraint of carbon emission is, the earlier the
investment in clean energy and the transformation of economic structure are
carried out, the more the proportion of the primary and secondary industries
will decline, and the faster the proportion of the tertiary industry will rise.

Table 3 Changes of Industrial Structure in Different Scenarios (unit: %)

Primary industry Secondary industry Tertiary industry
S21 -0.0028 -0.0109 0.0136
S31 -0.0054 -0.0214 0.0268
S41 -0.0104 —-0.0412 0.0517

5.5 Effect of Carbon Peaking ahead of Schedule on Energy Demand
and Structure

The change path of energy demand in different years in different carbon
peaking scenarios is also a topic of widespread concern. This paper
compares energy demand in different years in different scenarios with
energy demand in corresponding years in the benchmark scenario, as
shown in Table 4.

Table 4 shows that each year’s energy demand in the three scenarios of carbon
peaking is lower than that in the scenario of 2030 carbon peaking. In the scenario
of carbon peaking ahead of schedule, all the scenarios have, before the carbon
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peaking year, the same energy demand. But from the following year on, each year’s
energy demand is increasingly lower than its counterpart. Of the three scenarios
of carbon peaking ahead of schedule, the 2023 peaking scenario S4 sees most
decrease in energy demand. Energy demand in 2024 is 1.18% lower than that in
S1, and the figure becomes 5.39% in 2030. The main reason is that carbon peaking
constraint increases the shadow price of carbon emission, increasing the cost of
the economy, and leading to the decline of the economic aggregate output and the
corresponding drop in energy demand. Meanwhile, increase in the price of carbon
emission promotes energy conservation and efficiency improvement, accelerating the
replacement of clean energy, pushing industrial technological progress and industrial
structural transformation, and leading to a more significant drop in total energy
demand. For example, S41, namely comparison of S4 with S1 in 2030, sees a 1.458%
fall in total output (see Table 2) and a 5.39% drop in energy demand (see Table 4).

Table 4 Changes of Energy Demand in Different Scenarios (unit: %)

Year S21 S31 S41

2023 0.00 0.00 0.00
2024 0.00 0.00 -1.18
2025 0.00 0.00 -2.15
2026 0.00 -0.71 -2.93
2027 0.00 -1.23 -3.62
2028 -0.53 —1.84 -4.30
2029 —0.96 -2.35 —4.89
2030 —1.48 -2.87 -5.39

Carbon peaking ahead of schedule drives the transformation of energy mix, and
proportion of clean energy also varies in different scenarios, as shown in Table 5, which
shows the difference in each year’s clean energy as a share of total energy demand
between scenarios of carbon peaking ahead of schedule and the baseline scenario.

Table 5 Difference in Clean Energy Share between Scenarios of Carbon Peaking ahead of

Schedule and the Baseline Scenario

Year S21 S31 S41
2030 0.02% 0.03% 0.06%
2035 0.11% 0.21% 0.32%
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Table 5 shows that the year 2030 sees the difference rise from 0.02% to 0.06%,
while the year 2035 witnesses the difference increases from 0.11% to 0.32%,
indicating that over time, the difference increases, and that the earlier the carbon
peaking, the higher the share of clean energy in the total energy demand as
compared with the baseline scenario.

5.6 Analysis on the Parameter Sensitivity of Simulation Results

Viewing that the exogenous setting of some parameters in the model will affect
the simulation results and model stability, this paper, in order to analyze the
influence degree of key parameters, conducts sensitivity analysis of some key
parameters that have great influence on economic growth and CO, emission. The
scenario design for sensitivity analysis of key parameters is shown in Table 6,
which shows the variation settings for total factor productivity and the elasticity
of substitution between different factors.

Table 6 Scenario Design for Sensitivity Analysis

Parameter Variation range All changes are relative to the baseline scenario

TFP £10% | 10% Total factor productivity increases or decreases by 10% across
0 0
sectors

Elasticity of substitution between energy and capital—labor

ELA-KL-E 120% | 20%
combination increases or decreases by 20%
Elasticity of substitution between capital and labor increases or
ELA-KL 120% | 20%
decreases by 20%
Elasticity of substitution between fossil energy and electricity
ELA-FE 120% | 20%

increases or decreases by 20%

ELALC.OG £20% | 20% Elasticity of substitution between coal and oil-gas combination
’ ’ increases or decreases by 20%

ELAOG £ 20% | 20% Elasticity of substitution between oil and gas increases or
° ’ decreases by 20%

Note: 1 n% means a n% increase, and | n% means a n% decrease. TFP stands for the total factor
productivity of the sector, ELA-KL-E is the elasticity of substitution between capital—labor combination
KL and energy E, ELA-KL is the elasticity of substitution between capital and labor, ELA-FE is the
elasticity of substitution between fossil energy and electricity, ELA-C-OG is the elasticity of substitution
between coal and oil-gas combination, and ELA-OG is the elasticity of substitution between oil

and gas.
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The results of sensitivity analysis are shown in Table 7, showing that an
increase (or decrease) in total factor productivity causes a dramatic increase (or
decrease) in economic growth, and rise or fall in carbon dioxide emission and
energy consumption. The elasticity of substitution has smaller effect than TFP.
The elasticity of substitution between energy sources has smaller effect than
that between energy sources and capital-labor combination. In brief, increase in
total factor productivity in all sectors contributes greatly to economic growth.
Accelerating research and development, promoting technological progress,
and boosting total factor productivity in all sectors are an important approach
to offsetting the negative effect of CO, emission reduction on the economy.
Elasticity changes in the production process have little effect. Therefore, the
simulation results of the model are less sensitive but stable.

Table 7 Change Rates of GDP, Energy Consumption and CO, Emissions in Different

Scenarios relative to the Baseline Scenario (unit: %)

Variation range GDP Energy consumption CO, emission
TFP 1 10% 11.82 10.67 5.83
TFP | 10% —11.45 -10.49 —5.61

ELA-KL-E 1 20% 0.035 -0.041 —-0.023
ELA-KL-E | 20% —-0.024 0.032 0.013

ELA-KL 1 20% 0.011 —0.001 -0.001

ELA-KL | 20% -0.013 0.001 0.001

ELA-FE 1 20% 0.016 —-0.024 —0.085

ELA-FE | 20% -0.012 0.023 0.079

ELA-C-OG 1 20% 0.009 -0.011 -0.017
ELA-C-OG | 20% -0.002 0.007 0.009
ELA-OG 1 20% 0.004 —0.003 —-0.007
ELA-OG | 20% —0.002 0.002 0.005

5.7 Comparison of Simulation Results with Existing Studies

Findings of this paper are compared with existing research results to prove
the credibility of the findings. Wang and Zou (2014) develop a multi-regional
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CGE model for China to simulate and analyze the comprehensive influences of
13 policies and combinations on carbon emission peak and GDP, arguing that
the earlier the carbon peaking is reached, the better carbon emission will be
controlled, but the cost cannot be ignored, for the peak control policy will bring
down the GDP by 2.96% to 5.92%. Liu et al. (2014) use the dynamic GTAP-E
model to analyze the impact of China’s carbon peaking in 2025, 2030 and 2040
on macro economy and industrial sectors, holding that the earlier the carbon
peaking, the greater the effect on macro economy. In 2025, 2030 and 2040 carbon
peaking scenarios, China’s GDP in 2050 will bring down by 20.86%, 14.79%
and 8.68% respectively compared with that in baseline scenario, and the average
annual GDP decline rate will be 0.931% and 0.797% respectively in the scenarios
of 2025 and 2030 carbon peaking, with 2040 carbon peaking as the baseline
scenario. Mi et al. (2017) use the IMEC, with 2030 carbon peaking as the
baseline scenario, examining the socioeconomic effect of China’s carbon peaking
before 2030, and concluding that the cumulative GDP loss will range from 2.93%
to 16.45% during 2026-2029 in scenarios of carbon peaking in different years.
On this basis, they estimate that the annual GDP loss in the carbon peaking
scenarios in different years from 2026 to 2029 at about 0.49% to 1.98%. Zhu and
Ling (2020) use the dynamic CGE model to study the effect of different carbon
peaking scenarios on the industrial structure. By setting emission reduction
scenario (2035 carbon peaking), strong emission reduction scenario (2030 carbon
peaking), super strong emission reduction scenario (2025 carbon peaking), they
find that in the three scenarios the 2030 GDP will bring down by 0.4757%,
0.5725% and 0.6577% respectively. Zhuo et al. (2018) use dynamic CGE to
study the effect of carbon emission constraint on China’s economy. By setting
baseline scenario (2040 carbon peaking), energy saving and emission reduction
scenario (2030 carbon peaking), and strong energy saving scenario (2025 carbon
peaking), they find that in the three scenarios the 2030 GDP will bring down by
0.4710%, 0.5668% and 0.6512% respectively. Yuan et al. (2020) use CGE to
study the synergistic effect of energy and carbon emission targets. By setting the
baseline scenario and multiple carbon pricing and energy investment scenarios,
they find that, from 2020 to 2050, the scenarios will bring about GDP aggregate
losses by 0.29%, 1.19%, 1.82% and 2.43%, and the corresponding annual GDP
losses at 0.15%, 0.6%, 0.93% and 1.23% respectively (using a discount rate of
5%).
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Similar to the above studies, this paper, by virtue of the dynamic CGE, the
latest data from 2017 input-output table, with 2030 carbon peaking as the
baseline scenario, simulates the macroeconomic effects in 2030 and 2035 in
different carbon peaking scenarios before 2023, 2025 and 2027, finding GDP loss
to be 0.31, 0.56% and 1.34% of that in 2030 respectively, and to be 0.53, 0.98%
and 1.52% of that in 2035. Comparison of our finding with that of above studies,
along with the scenario setting, the input-output data used in the model, the base
scenario setting, and the year difference in comparing GDP, proves that findings
of this paper are of high credibility.

6 Conclusions and Policy Recommendations

With the continuous progress of the global response to climate change, the
CO, emission constraints confronting China’s rapid economic and social
development, China, active in responding to climate change, has become a leader
in the international response to climate change. Following its INDC at the COP
21, China, at the UNGA in September 2020, put forward the goals of reaching
carbon peaking by 2030 and achieving carbon neutrality by 2060, attracting wide
concern at home and abroad. It is of positive and far-reaching significance both
at home and abroad for China to reach carbon peaking ahead of schedule. And
carbon peaking by 2030 is the foundation for the achieving carbon neutrality
by 2060. The sooner the carbon peaking, the easier the carbon neutrality. The
clearly-defined goal of carbon peaking provides clear carbon emission constraints
for China’s ecological environmental protection and high-quality development,
injecting greater impetus into China’s low-carbon development. China’s
determination to reach carbon peaking and carbon neutrality ahead of schedule
reflects its international responsibility and accountability as a great power,
boosting the confidence of the international community to address climate change
and promoting the process of international coordinated climate governance.

This paper, based on an extensive review of existing literatures on carbon
peaking at home and abroad, TECGE, a dynamic computable general equilibrium
model, and the latest input-output data of 2017, sets several scenarios of carbon
peaking time and emission peak level, conducting a quantitative analysis on
the effect of China’s strengthened commitment to carbon peaking on the future
economy. In particular, it analyzes the effect of 2023, 2025 and 2027 carbon
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peaking scenarios on the economic development and carbon price, as compared
with 2030 carbon peaking.

Four scenarios are set according to different peaking years and emission peaks,
namely 2030, 2027, 2025, and 2023 carbon peaking, with the peaks at 10.8 billion
tons, 10.7 billion tons, 10.58 billion tons and 10.36 billion tons respectively.
Moreover, this paper discusses the effect of carbon peaking scenarios before 2030
on China’s economy, as compared with 2030 carbon peaking scenario.

According to research findings, the other three scenarios see, from the second
year of carbon peaking on, each year’s GDP lower than its counterpart in the
baseline scenario, compared with the baseline scenario. Over time, the gap
increases. The later the carbon peaking, the less the effect on GDP. From 2017
on, all the four scenarios see the carbon tax increase year by year, and at a faster
rate since the peaking year. The earlier the scenario, the higher the carbon tax.
Rural household consumption, urban household consumption, total investment,
total import, total export, total output, total demand, and other macroeconomic
variables are lower than their counterparts in the baseline scenario. The earlier
the scenario, the sharper the macroeconomic variables fall. Compared with the
baseline scenario, the other three ones see the proportion of the primary industry
decrease, that of the secondary industry decrease, and that of the tertiary industry
increase. The earlier the carbon peaking is reached, the more the proportion of the
primary industry and the secondary industry falls, and the more the proportion
of the tertiary industry rises, making it more conducive to the transformation and
optimization of the industrial structure. China reaching carbon peaking ahead of
schedule is of positive and far-reaching significance for high-quality economic
development and boosting ambition of the international community to tackle
climate change. The earlier the peaking is reached, the better for achieving carbon
neutrality in the future, but the greater the negative impact on economic growth.
Therefore, it is necessary to combine carbon peaking target and economic growth
target scientifically, make overall investigation and coordinate actions.

Based on the CGE quantitative analysis and China’s energy and environment,
this paper offers the following policy recommendations on achieving carbon
peaking ahead of schedule and maintaining economic growth.

First, China should accelerate the implementation of emission peaking plans
and action plans for major energy consumption and carbon emitting industries.
Energy, industry, construction, transportation and other industries with high

o




240 LU Chuanyi, CHEN Wenying

energy consumption should formulate in advance special plans for absolute
emission reduction and employment diversion. Particularly, coal, steel and
iron, building materials, and petrochemicals have basically passed their peak
emissions, facing the need to significantly reduce excess capacity and gradually
shift to low or zero carbon. It is necessary for electricity sector to reduce carbon
emissions and increase the share of green electricity until decarbonization,
while massively expanding the use of electricity and promoting large-scale
electrification as many sectors as possible. The transport sector shall develop a
green and low-carbon transport system, achieving full electrification of railways
and coverage of urban rail transit. China should combine its carbon peaking
action plan with the optimization of industrial structure and energy structure,
vigorously developing advanced manufacturing, high-tech and modern service
industries with low energy consumption and clean energy.

Second, economic sectors shall work on technological progress, capital, labor
and management efficiency to promote economic growth. Advanced energy
efficiency technology, CO, emission reduction technology, production technology
should be used to improve total factor productivity and the marginal output of
production factors such as capital and labor. Further, they should optimize the
use of capital, labor and other resources, improve the management efficiency of
production, distribution and consumption, and achieve an organic combination of
sustainable growth and CO, emission reduction.

Third, work should be done to promote green and low-carbon transformation
of consumption. While steadily advancing the low-carbon process on all fronts,
we should be aware that changes in consumer behavior will be a crucial factor.
Green and low-carbon consumption will cause changes to product demand, which
will promote the extension and integration of industrial chain, product chain,
value chain and energy chain. In addition, effort to accelerate the replacement of
electric energy in the whole society will promote the electrification of urban and
rural consumption, helping reduce energy consumption and carbon emissions.

Fourth, it is important to increase input and import and export trade in new
energy and low-carbon industries. Along with greater input in technological
research and development to push the technological R&D, product innovation
and market expansion in new energy and low-carbon industries, effective steps
must be taken to develop green technologies and make breakthroughs in high-
end bottleneck technologies. In this way, there will be rapid rise in the number
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of international invention patent applications and the world’s largest domestic
market for green technology will be established to promote the economic
development that is green, low-carbon and sustainable. China should strengthen
international cooperation in the import and export of low-carbon and advanced
products and technologies, promoting the import and export of low-carbon
and advanced products, actively joining international trade and cooperation,
improving energy efficiency and economic efficiency with lower costs, and
improving the efficiency of resource utilization.

Fifth, China should vigorously promote the construction and operation of
carbon market, and levy on carbon as soon as possible, ensuring the central role
of carbon price signals in production and consumption decisions, clarifying the
resource tax, environmental tax and other taxes related to energy, and building
an alignment and synergy between the carbon price signals of various taxes.
Players in carbon market in China are mainly large emission enterprises of
various industries. Small- and medium-sized emitters seldom participate in the
carbon market due to high management costs. Therefore, a supplementary carbon
tax on small- and medium-sized emitters needs to start as soon as possible, so
that enterprises will fully consider the influence of carbon emission price when
making production decisions.
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