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Abstract: Accurately evaluating the effectiveness of the energy consumption “dual control” policy
can effectively solve serious the current environmental pollution and promote ecological civilization.
However, researchers have rarely considered the impacts on the regional “resource curse” of the
energy consumption “dual control” policy. A dynamic computable general equilibrium model (CGE)
was built to evaluate the impacts on the regional “resource curse” of the energy intensity control and
total energy control policy. The results showed the following. (1) The energy consumption “dual
control” policy changes the supply-and-demand relationship of factors and reduces the crowding-out
effect of humans and capital. (2) The energy consumption “dual control” policy has restrained GDP
growth, and the total output and total investment have declined. However, the impact in regions
without the “resource curse” is remarkable. (3) The energy consumption “dual control” policy has a
significant inhibitory effect on major pollutants and carbon emissions. (4) The energy consumption
“dual control” policy has played a positive role in breaking the regional “resource curse”. The areas
with a high and low “resource curse” have become smaller, and the areas without the “resource
curse” have increased significantly. The following suggestions are made: (1) increase the flexibility
of the “dual control” policy of energy consumption, (2) establish an energy consumption budget
management system, and (3) accelerate the establishment of a carbon footprint management system.

Keywords: energy consumption “dual control” policy; regional “resource curse”; dynamic CGE model

1. Introduction

The regional “resource curse” reflects the inverse relationship between resource en-
dowment and regional economic growth, where resources hinder economic development
and become a curse factor. However, resources themselves are not resistant to economic
growth. The research shows that the transmission mechanism between natural resources
and economic growth led to the “resource curse”. Humans, investment, education and
institutions are significant factors. Previous research mainly focused on the existence,
transmission path and countermeasures of the “resource curse” but rarely linked them
with the method of using resources and the guidance of government policies, which led to
neglecting the role of the government in resource exploitation and consumption.

Arguments in favor and against energy policy are abundant in China and all around
the world. Decarbonization has incentive the green development (Mignone, 2023) [1].
The energy consumption “dual control” policy is believed to be a useful way to force
industrial transformation and upgrades under the restraint of both carbon emissions and
the regional economy because of urban agglomerations (Yanmei Li, 2018) [2]. The energy
consumption “dual control” policy adopts a combination of total energy consumption
control and intensity control, giving priority to energy efficiency and strictly controlling
the energy consumption intensity. The cost of using energy makes producers pay more
attention to resource intensification, reflects the intergenerational equity of using energy,
and is also conducive to reductions in major pollutant emissions. Since 2021, China’s energy
consumption policy has become more controversial, and some high-energy-consuming
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industries, such as the steel and chemical industries, have been restricted and stopped
to a certain degree. Burgeoning consumption and finite energy have prompted more
concerns about energy sustainability (Ali Hashemizadeh, 2024) [3]. With increases in
urbanization, controlling energy consumption has great meaning for carbon emissions
(Aiting Xu, 2024) [4]. Although the support for the energy supply in the key industrial
sectors and price stabilization by the government have been increased (Yanxia Zhang,
2018) [5], how to improve the support capacity of the energy supply is still a huge challenge
for China.

The energy consumption “dual control” policy involves all social and economic aspects,
and its impact on regional development must be comprehensively appraised in combination
with economic development, energy conservation and emission reductions. The growth
rate of energy consumption and the associated structure mainly affect carbon emissions
(Hongtao Zhu, 2024) [6]. However, the evaluation mechanism of the “resource curse” is
not perfect, which seriously restricts the adjustment and guidance function in relation
to regional development by the energy consumption “dual control” policy. What is the
impact of the “dual control” policy on China’s regional economic development, emission
reductions, and environmental systems? How to adjust the way of using energy, accelerate
regional development, and promote emission reduction, and, thus, avoid the regional
“resource curse” by the energy consumption “double control” policy, is not only the focus
of research but also an important basis for economic structural transformation and high-
quality regional development.

Quantifying energy policy is crucial for sustainable development (Tong Zou, 2024) [7].
Based on general equilibrium theory, the CGE model can effectively appraise the impacts of
policy changes on the economy. By using the module in each part to establish the connection
among all participants, the CGE model is flexible enough to evaluate public policy, and
with a wide spectrum of parameters and mass data dynamic processing, the CGE model has
a stronger adaptability for analyzing the impacts of China’s energy policy. The CGE model
can consider the direct and indirect effects of policy changes across the entire economy,
providing an analysis of the impacts of policy changes on energy efficiency, green energy
transition, technology progress, tax reform and electricity market-oriented reform (Huibin
Du, 2020; Basanta K. Pradhan, 2022; Xingang Zhao, 2024; Cristian Mardones, 2024; Zhiyuan
Gao, 2024) [8-12]. Thus, we built a dynamic CGE model, adopted energy consumption
“double control” policy scenarios, and appraised the impacts on China’s economic and
environmental systems. With the dynamic CGE model, this study evaluated the impacts
on regional growth and environmental improvements in China’s “resource curse” policy of
energy consumption. The suggestions provide a preliminary discussion on energy policy
for government decision making during the economic transition.

The remainder of this study is as follows: in the second part, a dynamic CGE model is
constructed; in the third part, we appraise the impacts on regional economic growth and
the environmental system of the energy consumption “resource curse” policy; and, in the
fourth part, we offer a summary and make policy recommendations.

2. Related Literature Review

Since the 1990s, the phenomenon of the “resource curse” has occurred frequently in
developing countries and regions, and the “resource curse” has attracted the attention
of the academic community and become a famous economic paradox (Sachs, 1999) [13].
Since then, “resource curse” theory has gradually become the focus of research (Auty,
2001) [14]. Previous research focused on the transmission mechanism of the “resource
curse”, the substitution variables of resource dependence and so on. When the economy is
dependent on resource inputs, it will crowd out other factor inputs, resulting in a crowding-
out effect (Funk Charle, 2020; Bonet-Moron Jaime, 2020) [15,16]. The excessive prosperity
of the resource industry has attracted a large amount of investment, squeezed out other
industries, and rapidly increased the cost of human resources (Hua Wei, 2020) [17]. During
the formation of the “resource curse”, rent-seeking, corruption, and backward laws and
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systems are considered to be important incentives for the “resource curse” (ChiSwian
Wong, 2021; Leonard Alycia al., 2022; Ajide Kazeem Bello, 2022; Sun Xiaohua, 2022) [18-21].
China has formed a series of research on regional verification of the “resource curse”
and transmission mechanism by using different indicators (Kangning Xu, 2006; Shuai
Shao, 2011; Xiangyu Yu, 2019) [22-24]. Meanwhile, resource imports, the spillover effects,
technological innovation and government behavior are regarded as important reasons for
the “resource curse” (Yawei Xue, 2019; Wenyao Zhao, 2019; Qingzi Huang, 2021) [25-27].

With an increase in the phenomenon of the “resource curse”, the rule and policy have
also become important factors. And the quality of policy affects and determines the role
of resource endowment. In some countries or regions with imperfect institutions, the
resource policy and institution determine whether resource endowments can promote
economic growth, while improvements in rules will change the path of economic growth
and stimulate the potential advantages of resource endowments for economic growth.
Therefore, improving the quality of institutional design is an effective way to break the
“resource curse” (Ruoyu Xiong, 2020) [28], and the path dependence may lead to the
phenomenon of “resource curse” (Zhengiao Liang, 2019) [29]; therefore, the quality of
designed policies is particularly important.

The “dual control” policy on energy consumption forces industrial transformation
and upgrades by controlling energy consumption. Therefore, energy regulation policy will
produce emission reduction effects due to the energy structure and energy substitution
(Ang, 1999) [30]. Considering the heavy dependence on energy in China, the distortion
of the industrial structure is an important factor leading to the rise in energy intensity
(Xiaobo Shen, 2021) [31]. For one thing, energy consumption, GDP growth and carbon
emissions have a significant correlation (Giovanni, 2014) [32], and an increase in total
energy consumption will directly lead to an increase in carbon emissions, especially the
environmental pollution elasticity of China, which is relatively high as a result of energy
consumption (Dingbang Cang, 2020) [33], and China’s energy structure, which is dominated
by coal, is an significant cause of serious environmental pollution (Limei Ma, 2014) [34].
As a country with high energy consumption, technological progress is the main driving
factor to achieve the “3060” emission reduction target (Peng Zhou, 2021) [35]. Technological
improvements and environmental governance can force energy structure changes, which
significantly inhibits coal consumption and reduces environmental pollutants. For another,
emission reduction potential is the basis for total energy consumption and intensity control
(Yande Dai, 2015) [36]. Total energy consumption and reductions in energy consumption
per unit of GDP complement each other (Yiming Wei, 2011) [37]. The low carbonization of
China’s industrial system is driven by the improvement and optimization of the energy
structure. Due to the substantial proportion of energy consumption, the efficiency of energy
use is highly affected by the industrial structure (Wei Zhang, 2016) [38]. Although countries
all around the world have different energy transformation paths, the driving mechanisms
are similar. The impact of economic aggregates on energy demand is through high-energy-
consuming industries, and changes in economic structure are the main driving force (Fan
Ying, 2021) [39]. Strengthening the regulation of high-energy-consuming industries is the
key choice to achieve the goal of total energy consumption control (Xinye Zheng, 2019) [40].
At the same time, energy price fluctuations affect economic growth, but they can also
effectively improve energy efficiency (Mian Yang, 2021) [41].

The “14th Five-Year Plan” is a critical period for China to achieve the goal of peaking
carbon emissions (Hong Li, 2017) [42]. In pursuit of high-quality development, growth
rate expectations will be reduced, and more attention should be paid to supply-side
structural reforms (Zhibiao Liu, 2020) [43]. In order to achieve the carbon peak and carbon
neutrality goal, China must find the source of emission reductions and environmental
pollution. It should be analyzed with the key factors affecting development by the optimal
control method (Xu Shichun, 2012) [44], and the composite guidance method, combining
government regulation and market mechanisms, can achieve emission reduction goals
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(Minjun Shi, 2021) [45]; therefore, reasonable and effective policies are more conducive to
improving China’s emission reductions (Zhenhua Zhang, 2021) [46].

In general, the research on the “resource curse” has formed a relatively complete
theoretical system, and the related research is focused more on the existence of the “Dutch
disease”, the factor crowding-out effect, and the rent-seeking and transmission mechanism
of the “resource curse”, but less attention is paid to the energy consumption “dual control”
policy of China. The dual control policy on energy consumption restricts the development of
high-energy-consuming industries, promotes the transformation of the industrial structure
towards diversification, reduces dependence on a single resource, and, thus, avoids the
occurrence of the “resource curse”. At the same time, the dual control policy of energy
consumption promotes technological innovation and equipment upgrades in enterprises,
improves energy efficiency, reduces the consumption of natural resources, helps break
resource path dependence, and promotes sustainable economic development. Controlling
the total amount and intensity of energy consumption helps to reduce carbon emissions,
achieve low-carbon development and avoid the ecological damage caused by excessive
resource exploitation.

3. The Dynamic CGE Model
3.1. Overview of the Dynamic CGE Model

This study constructs a dynamic CGE model that incorporates production, consump-
tion, pricing, income—expenditure, energy, and environmental modules.

The government, the departments, and the consumers are defined as key subjects, and
labor, capital, and energy are chosen as the keys in production. The relationship of each
module in the model is shown in Figure 1.

Demand Module
Production Module |
Y A 4
Total output Resident Department Government
t demands demands demands
- A A A
. Intermediate
Factor input .
input
Labor Energy Capital Resident Departmental Government |
expenditure expenditure expenditure
v
Price Price Module
A Income and Total —» Total savings
] expenses expenses
) Energy consumption dual Module *
2 .
control policy Encrgy Total
50, + Module expenses
Energy accounting T
¢ Resident Departmental | | GovernmenT
income income income
Envitonmant Energy recovery [«
Module 2 o

Figure 1. Relationships among modules in dynamic CGE model.

This study combines the energy consumption “dual control” policy with economic
development to form a comprehensive analysis framework of the CGE model. We trans-
form the basic modules of the traditional CGE model and highlight the impact on different
regions, entities and accounts. Driven by the energy consumption “dual control” pol-
icy, the model regulates the main energy consumption behavior and affects the regional
total output.
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3.2. The Main Modules of the Dynamic CGE Model
(1) Production Module

The production module captures the production activities across different sectors
using a Constant Elasticity of Substitution (CES) production function. The functional form
is specified as follows:

The production function is as follows:

_1
Y = Aj o KP4+ B L7+ Ef] F 1)

where Y]- is the output of sector K, L, E are capital, labor, and energy inputs, respectively, A
is a scale parameter, « , 8, y are the output elasticity for capital, labor, and energy, and p is
the substitution elasticity.

(2) Consumption Module

The consumption module comprises the demands of the households, the sectors and
the government. Aggregate market demand D; is the total consumption of households,
sectors and the government.

The total consumption function is as follows:

D; =Cq,; +Cs; +Cg, ()

where D; is the total consumption, Cp; is the household consumption, Cg; is the sector
consumption and Cg ; is the government consumption.
Household consumption is described by utility maximization, which obeys the CES function.
The utility function of the household is as follows:

uy = [y ac) )" (3)
i—1

where Uy is the utility of the household consumption, J is the output elasticity of the
household consumption, 7 is the substitution elasticity of the household consumption.

(3) Price Module

The price module determines the equilibrium prices for goods, labor, capital, and
energy. The price is derived from factor prices. The price function is as follows:

1

P=lap, " +ppx "’ +rp: 1" @)

where P is the price; Pk, P, Pr are the prices of capital, labor, and energy, respectively;
«, B,y are the output elasticity for capital, labor and energy, respectively; p is the substitu-
tion elasticity.

(4) Income-Expenditure Module

The income-expenditure module describes the income and expenditure structures of
households, sectors, and the government.
Household income comprises the income, capital income, and transfer payments. The
function is as follows:
YH =wLy +rKy +TR )

where w is the wage rate, r is the return on capital, Ly, Ky are the labor and capital inputs,
and TR is government transfer payments.

Sector income consists of sales revenue and returns on investment. The function is
as follows:

n
YE = ZPI . CE,i (6)
i=1



Energies 2024, 17, 5345

6 of 18

Government income includes tax revenue and other fiscal income. The function is
as follows:
Yo =T+F (7)

where Y;; is government income, T is tax revenue, F is other fiscal income.

(5) Energy Module

The energy module includes the energy consumption of coal, oil, natural gas and
renewable energy. The energy production function is as follows:

E = Ap(n}/ By Ay By AL BT ®)

Among them, E is the consumption of synthetic energy; Eq, E, - - - , E, are the con-
sumption of coal, oil, natural gas and renewable energy; Ar is the comprehensive technical
level of energy; 11,12, - - - , 1In are the technical coefficients of different energy; and A is the
elasticity of energy substitution.

(6) Environmental Module

The environmental factors include SO,, CO,, wastewater and industrial solid waste as
key indexes of the environment system. CO, emissions are obtained by energy consump-
tion, and the formula is as follows:

Qco,= (E x F. — Bc) x R, x 3.67 )

in which Qcp, is carbon emissions; E is energy consumption; F is unit of resource carbon
content; B, is for carbon sequestration; R, is the rate of oxidation.
The function equation of SO, includes:

Qso,= 25 x Fsp, % Sso, x (1 = Nsp,) (10)

where Qsp, is SO, emissions, S is energy consumption, Fsp, is the conversion rate, Sso, is
sulfur content, Nsp, is desulfurization rate.

Wastewater comes from industry and households, about 30% and 70%, respectively.
Industrial solid waste emissions mainly come from the industrial sector.

3.3. Basic Data and Key Parameter of the Dynamic CGE Model

The social accounting matrix (SAM) reflects the degree of quantitative correlation and
interaction between various economic entities in a certain period, and it intuitively reflects
the changes in the government, sectors and residents.

The main sources of data in the SAM table include the China Statistical Yearbook,
China’s input-output table, “China Tax Yearbook” and government gazettes, as shown in
Table 1.

Table 1. Main data sources in SAM.

Data Data Source
Total output China Statistical Yearbook (2007-2022)
Resident consumption China Statistical Yearbook (2007-2022)
Sector consumption China Statistical Yearbook, Government gazette (2007-2022)
Government consumption China input-output table (2020), Government gazette (2007-2022)
Labor input China Input-output table (2020)
Capital input China Input-output table (2020)
Energy input China Input-output table (2020)
Gross capital formation China Input-output table (2020), China Statistical Yearbook (2007-2022)
Energy compensation China Input-output table (2020), China Statistical Yearbook (2007-2022)

Labor compensation China Input-output table (2020), China Statistical Yearbook (2007-2022)
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Table 1. Cont.

Data Data Source
Total profit China Input-output table (2020), China Statistical Yearbook (2007-2022)
Income China Input-output table (2020), China Statistical Yearbook (2007-2022)
Tax China Tax Yearbook, Government gazette (2007-2022)
Household savings China Statistical Yearbook, Government gazette (2007-2022)
Sector savings China Statistical Yearbook, Government gazette (2007-2022)
Government savings China Statistical Yearbook, Government gazette (2007-2022)
Environment control China Statistical Yearbook, Government gazette (2007-2022)

Fiscal revenue

Government gazette (2007-2022)

The foundation data of the CGE model came from the social accounting matrix (SAM)
or other macroeconomic datasets, which describe the economic activities at a specific point
in time. The basic data observed include various economic variables, such as production,
consumption, investment, government expenditure, taxation, and trade flows. The data
cycle and frequency used in the CGE model is annual, depending on the availability of
data. For data that cannot be directly obtained, econometric methods or estimates from the
authoritative literature are used.

The key parameters of the dynamic CGE mode are shown in Table 2.

Table 2. Key parameters of the dynamic CGE model.

Key Parameter Meaning

hS

the scale parameter
the output elasticity for capital
the output elasticity for labor
the output elasticity for energy
the substitution elasticity
the output elasticity of the household consumption
the substitution elasticity of the household consumption
the share of goods in the household consumption
the share of good in sector production
the share of goods in the sector production
the share of services in the government expenditure
the share of goods in the government expenditure
the wage rate
the return of capita
the comprehensive technical level of energy
N1,12,°* ,n the technical coefficient of different energy

N2 e 9SO s Xm R

S
™

4. Simulated Results
4.1. Policy Scenario Setting

In this study, we analyze the situation of “resource curse” areas and set up energy
consumption “dual control” policy scenarios. The base time of the model is set, and the
software is considered. Based on economy, resource and environmental systems, initial
policy scenario setting is set accordingly.

(1) The “resource curse” regional division of China

The “resource curse” coefficient is adopted to measure the “resource curse” in China,
and the formula is as follows:

Rci = (E;/)_E;)/(GDP,/)_GDP;) (11)

where Rci is the “resource curse” coefficient, E is energy, GDP is gross domestic product.
When the “resource curse” coefficient is greater than 1, it indicates that the relevant
area is cursed. The larger the value is, the greater the deviation between energy and



Energies 2024, 17, 5345

8 of 18

economic growth appears. To distinguish the different situations of “resource curse” in
China, each province is divided into three conditions, including high, low and no “resource
curse”, as shown in Table 3.

Table 3. Regional “resource curse” in China.

“Resource Curse” “Resource Curse” Coefficient Regions
. Shanghai, Zhejiang, Jiangsu, Hainan, Beijing,
<
No 0<Rei<d Guangdong, Hubei, Fujian, Shandong, Tianjin, Hubei
Low 1<Rei<3 Liaoning, Henna, Anhu‘l, Slc.}'luan, Chongqmg, Yunnan,
Gansu, Heilongjiang, Qinghai
High 3 < Rdi Jilin, Xinxiang, Ningxia, Huizhou, Inner Mongolia,

Shanxi, Shaanxi

According to the “resource curse” coefficient, three different regions, (0,1), (1,3) and
(3,+), are divided. Among them, the regions including Shanghai and others belong to the no
“resource curse” regions. Regions such as Henan and others belong to low “resource curse”
regions, indicating economic growth is slightly lower than energy endowment conditions,
and energy advantages cannot be fully converted into economic growth. The economic
growth of regions including Xinjiang and others lags far behind energy endowment, as the
“resource curse” mostly occurs in central and western regions.

(2) Energy consumption “dual control” policy scenarios

The energy consumption “dual control” policy plays an important role in regulating
energy use to achieve the binding and expected indicators of environmental protection.
The reduction in energy consumption intensity is used as a binding index, and the total
energy consumption management has certain flexibility. In this study, the energy output
rate is selected to reflect the change in energy consumption intensity, and the total energy
consumption management takes the total energy consumption as the goal.

In the dynamic CGE model, the specific policy scenario is set as the energy consump-
tion per unit of GDP as the energy intensity control indicator and the per capita energy
consumption upper limit standard as the energy intensity control. Based on the “14th
Five-Year Plan”, regional energy total control and energy consumption intensity control
standards are shown in Table 4.

Table 4. Design of energy consumption “dual control” policy scenarios.

Policy Scenarios Key Indicators Total Control Average
Total energy control Decline in total energy consumption 11.3% 2.26%
Energy intensity control Decrease in energy consumption per unit of GDP 13.5% 2.7%

The base time of the model is 2020. Because the CGE model has good mid- and
long-term simulation characteristics, the simulation period is set from 2025 to 2035, and
the GAMS is adopted to simulate the impacts on the economy, resource and environmen-
tal systems.

(3) Initial policy scenario setting

In the initial setting of the economic system, the 2007-2020 GDP growth rate and other
indicators are used to describe the economic development, as shown in Table 5.
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Table 5. Growth rate of economic indicators over the year %.

Total Investment Growth Total Consumption Growth GDP Growth

2007 24.8 19.4 11.9
2008 25.9 144 9.0
2009 30.1 9.8 9.2
2010 23.8 155 10.3
2011 23.8 214 9.5
2012 20.6 12.5 7.9
2013 19.6 114 7.8
2014 15.7 10.2 7.3
2015 10.0 10.0 6.9
2016 8.1 10.5 6.7
2017 7.2 11.1 6.8
2018 5.9 109 6.6
2019 5.4 9.0 6.1
2020 29 - 2.3
Average 10.8 12.3 10.7

In the initial setting of the energy system, the average trend of energy production
and consumption is obtained through historical data analysis. From 2007 to 2019, China’s
energy production and consumption are shown in Table 6.

Table 6. Energy production and consumption over the years (10,000 tons of standard coal).

Ener: Ener
Energy Consuii,p- Energy Coal 0il Natural Clean Consu%r}llp-
Production . 1Con- Total Con-  Total Con- Gas Energy 6
Elasticity t10.n. Tota on ota® Lon otat L-on Total Con-  Total Con- 1on per
Coefficient Elasticity sumption sumption sumption sumption sumption Unit of

Coefficient GDP
2007 0.56 0.61 311,442 225,792 52,945 9343 23,358 1.29
2008 0.52 0.44 320,611 229,237 53,542 9618 28,214 1.21
2009 0.34 0.57 336,126 240,666 55,125 11,764 28,571 1.16
2010 0.86 0.58 360,648 249,568 62,753 14,426 33,901 0.88
2011 0.95 0.76 387,043 271,704 65,023 17,804 32,512 0.86
2012 0.41 0.51 402,138 275,464 68,363 19,303 39,008 0.83
2013 0.29 0.48 416,913 280,999 71,292 22,096 42,526 0.79
2014 0.12 0.30 425,806 279,329 74,090 24,270 48,117 0.76
2015 - 0.13 429,905 273,849 78,673 25,364 52,019 0.63
2016 - 0.21 435,819 270,208 80,627 27,021 57,963 0.60
2017 0.54 0.42 448,529 270,912 85,323 31,397 60,897 0.58
2018 0.84 0.52 464,000 273,760 87,696 36,192 66,352 0.56
2019 0.84 0.54 487,000 280,999 92,043 39,447 74,511 0.55

Average -- - 3.8 1.9 47 12.7 10.1 -

The environmental system is represented by indicators, such as wastewater, waste gas
and industrial solid waste; the discharge status of major pollutants is judged based on the
average annual growth, among which the discharge of wastewater, waste gas and solid
industrial waste is increased by an average annual rate of 0.2%, 6.5% and 7.9%. The funds
used for pollution control increased at a rate of 8.6%, as shown in Table 7.
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Table 7. Discharges of major pollutants over the years.

Total Exhaust . Industrial Solid Pollutant Control
. . SO, Industrial Waste .
Emissions (10,000 Tons) (100 Million Tons) Waste Discharge Investment
(10,000 Tons) ’ (10,000 Tons) (100 Million Yuan)
2007 388,169 2468 247 175,632 3387
2008 403,866 2321 242 190,127 4937
2009 436,064 2214 235 203,943 5258
2010 519,168 2185 238 240,944 7612
2011 674,509 2218 231 322,772 7114
2012 635,519 2118 222 329,044 8253
2013 669,361 2044 210 327,702 9037
2014 694,190 1974 205 325,620 9575
2015 629,700 1859 200 327,079 8806
2016 - 855 207 309,210 9219
2017 - 611 158 331,592 9539
2018 - 516 378 408,000 8988
2019 - 457 252 441,000 9152
Average 6.5% —13.1% 0.2% 7.9% 8.6%
4.2. The Simulated Results by Energy Consumption “Dual Control” Policy
(1) Impacts on elasticity of substitution and energy supply and demand
The impact of the energy consumption “dual control” policy on energy is reflected in
the changes in the elasticity of energy substitution, energy consumption, and the relation-
ship between the supply and demand of factors. The energy consumption “dual control”
policy changes the substitution elasticity among several types of energy, thereby affecting
the long-term trend of the change in the energy demand-supply relationship. The changes
in the substitution elasticity among different energy sources are shown in Table 8.
Table 8. The changes in elasticity of substitution among different energy sources.
Energy Substitution Energy Intensity Comprehensive
Elasticity Total Energy Control Control Impact
Coal—petroleum 0.6246 0.6138 0.6217
2025 Coal—clean energy 1.6176 1.6149 1.6168
Oil—clean energy 1.5335 1.5297 1.5329
Coal—petroleum 0.6243 0.6135 0.6213
2030 Coal—clean energy 1.6156 1.6122 1.6135
Oil—clean energy 1.5317 1.5276 1.5302
Coal—petroleum 0.6239 0.6132 0.6211
2035 Coal—clean energy 1.6144 1.6107 1.6122
Oil—clean energy 1.5302 1.5249 1.5286

It can be seen that the substitution elasticity between coal and oil does not change
greatly, while the substitution relationship among coal, oil and clean energy gradually
increases, and coal clean energy decreases from 1.6166 in 2025 to 1.6122 in 2035. From
1.5326 in 2025 to 1.5286 in 2035, the energy consumption “dual control” policy has a positive
effect on accelerating energy substitutions.

The detailed policies on regional energy consumption vary greatly. Compared with the
total energy control, the impact of energy intensity control on regional energy consumption
is greater and has more obvious changes in the ratio of energy supply and demand, as
shown in Figure 2.
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Figure 2. Changes in the proportion of energy supply and demand in 2035.

Overall, the energy consumption “dual control” policy has a more obvious effect on
energy consumption in the areas with no and low “resource curse”. From 2025 to 2035,
energy consumption in areas without the “resource curse” will drop by 4.36% and 4.96%,
respectively, and energy consumption in areas with high “resource curse” will drop by
1.57% and 1.98%, respectively. The decline in energy consumption in different regions
under the control of energy intensity gradually decreased, and the cyclical fluctuation of
energy consumption under the control policy of energy intensity decreased, which may be
related to the political cycle of Chinese officials. The specific results are shown in Table 9.

Table 9. The impacts on energy consumption in different regions %.

R‘és:r‘;?e 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
Energy Without —3.88 —3.83 -3.79 —3.76 —3.72 —3.68 —3.64 -3.59 —3.55 -3.52 —3.49
intensity Low —2.86 —2.84 —2.78 —2.75 —2.72 —2.69 —2.67 —2.65 —2.63 —2.61 —2.58
control High -0.96 -0.93 —0.92 -091 —0.89 -0.87 —0.86 —0.85 —0.83 —0.81 —0.80
Without —2.09 —2.14 —2.28 —2.39 —2.57 —2.59 —2.64 —2.75 —2.82 —2.86 —291
Total e“efgy Low -165 —172 —185 —192 —206 —208 —215 —228 —236 —242  —245
contro High -112  -118 -129 138 -146 -148 153 -167 -178 -189 -196
hensi Without —4.36 —4.42 —4.45 —4.53 —4.62 —4.65 —4.69 —4.76 —4.85 —4.91 —4.96
Comflfl’re ensive Low -219  —223  —229 —238 245 249 258 269 277 282  —289
Influences High -157 -159 -166 -173 -178 -18 -18 -189 -191 —-195 —198
While the energy consumption “dual control” policy affects the proportion of energy
supply and demand, the crowding-out effect of energy on factors such as capital and
labor is gradually weakening. When the energy consumption intensity is controlled, the
supply-and-demand ratio of capital elements in high “resource curse” areas increases from
80.15% in 2025 to 82.71% in 2035; when the total amount of energy is controlled, the capital
element in the high “resource curse” area and the ratio of supply and demand increased
by 7.60%, which means that after the implementation of the “dual control” policy, the role
of energy input has begun to weaken, the input of capital elements has increased, and the
energy consumption of the “dual control” policy has suppressed the crowding-out effect of
capital, as shown in Table 10:
Table 10. The changes in the ratio of supply and demand of capital %.
Resource Energy Intensity Control Total Energy Control Comprehensive Impact
Curse 2025 2030 2035 2025 2030 2035 2025 2030 2035
Without 117.25 116.72 115.89 114.66 113.72 113.48 112.58 111.98 111.27
Low 96.24 95.23 93.91 97.69 97.02 96.55 95.62 94.82 94.59
High 77.62 81.92 83.25 75.19 77 .46 79.74 74.16 76.47 78.79
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The impact of the energy consumption “dual control” policy on the supply-and-
demand ratio of human capital factors is shown in Figure 3.
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Figure 3. The impact on the supply-and-demand ratio of human capital factors in 2035.

The energy consumption “dual control” policy obviously changed the supply-and-
demand ratio of human elements. It is worth mentioning that in the areas without “resource
curse”, the ratio of supply and demand of human capital elements varies greatly. The
reason may be that the areas without “resource curse”, such as Jiangsu, Shanghai and
Zhejiang, are mostly economically developed areas, which are more dependent on energy
inputs. The control of energy consumption intensity effectively inhibits the development of
high-energy-consuming industries, accelerates the process of industrial restructuring, and
further increases the adjustment of the supply-and-demand ratio of human elements.

(2) Impact on regional economic development

The impacts of the GDP growth rate are different in various regions through the
energy consumption “dual control” policy. The key indicators such as GDP growth rate,
total output and total investment will decline to some degree. The energy consumption
“dual control” policy has greater impacts in no and low “resource curse” regions than high
“resource curse” regions. In regions without the “resource curse”, GDP growth will drop by
1.15% and 0.88%, respectively, from 2025 to 2035. The total output and total investment will
be affected more obviously, and the growth rate will be reduced. From 2025 to 2035, total
output will drop by 2.26% and 1.56%, respectively; total investment will drop by 2.01%
and 1.78%, respectively. Because the no “resource curse” regions are distributed in the
central and eastern regions, which is developed and the demand for energy is large, the
energy endowment of the relevant regions is limited, and it needs to be transferred from
other regions.

In high “resource curse” regions, the relevant area has little energy demand, and the
energy endowment is superior, which belongs to the energy output area. The total output
is less affected by the energy consumption “dual control” policy. The GDP growth rate
will be from 2025 to 2025. In 2035, it will increase by 0.69% and 0.42%, respectively, and
the total investment will increase by 0.56% and 0.27%, respectively, from 2025 to 2035. The
impacts of the energy consumption “dual control” policy on economic development are
shown in Table 11.

Taken together, the energy consumption “dual control” policy has suppressed GDP
growth and total output. The increase in the cost of energy use leads to lower profit margins
and lowers the aggregate demand for consumption. Therefore, the energy consumption
“dual control” policy has a significant impact on the growth rate of production and CDP.
Since GDP is affected by a combination of factors such as investment, consumption, and
import and export, the key indicators such as total output and total investment have fallen
sharply, but the impact on long-term GDP growth has gradually weakened.
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Table 11. The impacts on the economic development of different regions %.
Total Energy Control Energy Intensity Control Comprehensive Impact
. Resource
Time Curse GDP Total In- Total GDP Total In- Total GDP Total In- Total
Growth vestment Output Growth vestment Output Growth vestment Output
none —1.01 —2.06 —2.35 -1.25 —2.46 —2.35 —-1.15 —2.26 —2.01
2025 Low —0.98 —1.98 —-2.12 —-1.18 -1.91 —2.12 —1.08 —1.82 —1.92
high 0.57 0.53 0.81 0.77 0.59 0.81 0.69 0.56 0.81
none —0.94 —1.84 -2.19 -1.10 —2.26 —2.22 -1.01 —2.07 —1.81
2030 Low —0.85 -1.76 —2.03 -1.06 -1.76 —2.06 —0.88 —1.62 —1.60
high 0.49 0.47 0.71 0.69 0.52 0.74 0.55 0.41 0.62
none —0.85 —1.64 -1.82 -0.97 —2.05 —2.07 —0.88 —1.56 -1.78
2035 Low -0.70 —1.46 —1.65 —0.93 —1.62 —1.85 -0.71 —1.24 —1.38
high 0.33 0.33 0.54 0.54 0.42 0.61 0.42 0.27 0.45
In detail, the impact of total energy control on the regional economy is smaller than that
of the energy consumption intensity control. When energy consumption intensity control
is adopted, indicators such as GDP growth rate and total consumption in no “resource
curse” areas are less affected. The GDP growth rate will drop by —1.2553% and —0.9712%,
respectively, from 2025 to 2035, but the indicators in the high “resource curse” region
benefit from the dual control policy, and the GDP growth rate will increase by 0.7762% and
0.5427%, respectively, from 2025 to 2035.
Meanwhile, the impact of the energy consumption “dual control” policy on regional
economic growth is quite different. The GDP growth of Shanghai, Jiangsu, Zhejiang,
Shandong and Guangdong and other provinces has been significantly affected, and the
GDP of some provinces has changed, as shown in Table 12.
Table 12. The impact on the GDP of various provinces (2035).
Area Energy Intensity Total Energy Comprehensive Area Energy Intensity Total Energy Comprehensive
Control Control Impact Control Control Impact
Shanxi 0.85 0.61 0.76 Gansu 0.55 0.48 0.51
Inner .
Mongolia 0.77 0.71 0.73 Jiangsu —1.41 -1.75 —1.66
Liaoning —0.86 —0.92 —0.90 Shanghai —1.63 -1.93 —1.85
Heilongjiang —0.28 —0.25 —0.26 Beijing -091 —0.96 —0.95
Jilin —0.69 —0.61 —0.66 Zhejiang —1.60 —1.80 -1.77
Guizhou 0.17 0.11 0.15 Fujian —-1.15 -1.35 —1.37
Shaanxi 0.67 0.51 0.60 Guangdong —2.19 —2.26 —2.21
Henan —0.84 —0.89 —0.88 Qinghai 0.15 0.18 0.17
Hebei —1.89 -1.99 —-1.92 Xinjiang 0.32 0.28 0.30
Ningxia 0.41 0.37 0.38 Anhui —-1.11 —0.92 —0.99
Shandong —2.09 —2.24 —2.20 Jiangxi —1.25 —1.02 —1.14

In regions, such as Jiangsu, Shanghai, Zhejiang and Guangdong, the demand for
energy is stronger, and the “dual control” policy of energy consumption has a negative
impact on economic development, resulting in a decline in GDP growth.

(3) Impact on environmental pollution

The energy consumption “dual control” policy has a significant inhibitory effect on
the discharge of major pollutants. By 2035, the discharge of wastewater, SO,, CO, and
industrial solid waste will be reduced by more than 5%, as shown in Table 13.
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Table 13. Impacts on main pollutant emissions (2035).

Energy Intensity Control Total Energy Control Comprehensive Impact
Major Pollutants
2025 2030 2035 2025 2030 2035 2025 2030 2035
Waste water disposal —5.44 6.46 —6.95 —3.13 3.75 —4.02 —7.18 8.25 —8.92
No SO, emissions —7.73 —8.65 —9.25 —5.26 —5.88 —6.13 —9.22 —9.69 —10.36
resource
curse CO, emissions 814 916 968 632 —673 —7.09 —1245 —1328 —13.95
area : :
Industrial solid waste 560 415 _486 215 —275 297 —48 -565  —59
discharge
Waste water disposal —3.14 4.42 —4.84 —2.06 2.38 —2.63 —4.78 —5.69 —6.11
Low SO, emissions —5.71 —6.94 —7.16 —4.09 —4.38 —4.77 —8.06 —8.67 —8.96
resource
curse CO, emissions —7.13 —8.12 —8.62 —5.19 —5.68 —6.12 —10.18 —10.62 —10.89
area : :
Industrial solid waste 13,0 300 17 18 196 -303 -350 -38
discharge
Waste water disposal —2.03 —2.26 —2.69 —1.56 1.69 —1.88 —2.86 —3.05 —3.41
High SO, emissions —377  —425  —468 -236 -258 —286 —617 —658  —692
resource
curse CO;, emissions —5.16 —5.89 —6.32 —3.46 —3.79 —3.92 —7.06 —7.48 —7.86
area : :
Industrial solid waste o 535 560 _185 —196 —205 —259 —284  —311

discharge

The energy consumption “dual control” policy changes the substitution relationship
between different energy sources and reduces the dependence of economic development
on energy. At the same time, due to the improvements in energy utilization efficiency, it
increases the utilization of emission reduction technologies and reduces CO; emissions.

Affected by the energy consumption “dual control” policy, carbon emissions in dif-
ferent regions will decrease, as shown in Figure 4. Among them, the carbon emissions
in low “resource curse” regions have the greatest decline, while in high “resource curse”
regions, the “dual control” policy is conducive to regulating the energy consumption be-
havior, promote producers to focus on resource conservation, and reduce the discharge of
major pollutants.

OEnergy intensity
L control

] — | B@Total energy
control

OComprehensive
impact

No resource curse area Low resource curse ngh resource curse
arca arca

Figure 4. The impacts on carbon emissions in different regions (2035).

(4) Changes in regional “Resource Curse”

The energy consumption “dual control” policy directly regulates the relationship
between energy supply and demand, which, in turn, affects the mode of economic growth
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and changes the regional “resource curse” coefficient. The area of “resource curse” has
dropped significantly. The coefficient of “resource curse” in Anhui and Chongqing has
changed from greater than 1 to less than 1, and the coefficient of “resource curse” has
changed from greater than 1 to less than 1 in Jilin and Ningxia. The “dual control” policy
has effectively alleviated the current dilemma of China’s regional “resource curse”. The
changes in the regional “resource curse” coefficient (2035) are shown in Table 14.

Table 14. Changes in the coefficient of “resource curse” in various provinces in China.

Provinces Shanghai Zhejiang Jiangsu Hainan Beijing Guangdong Hubei Fujian Guangxi Jiangxi
Rei 0.05 0.09 0.16 0.15 0.18 0.23 0.27 0.68 1.32 1.06

Provinces Liaoning Henan Anhui Sichuan Chongging Yunnan Gansu Heilongjiang Shaanxi Qinghai
Rci 1.95 1.15 0.98 1.24 0.97 1.48 1.83 2.18 3.86 2.69

Provinces Tianjin Hebei Hunan Shandong Jilin Xinjiang Ningxia Guizhou Inner Mongolia Shanxi
Rei 0.65 0.73 0.79 0.81 2.96 5.48 2.98 4.05 5.11 6.32

5. Conclusions

In this study, a dynamic CGE model is constructed to simulate the impact of the
energy consumption “dual control” policy on China’s regional economic development,
emission reduction and environmental pollution and, further, to analyze the changes in
China’s “resource curse” areas. This study found the following: (1) The substitution
elasticity between coal and oil did not change after the energy consumption “dual control”
policy, while the substitution relationship among coal, oil and clean energy gradually
increased, indicating that the energy consumption “dual control” policy has an effect
on accelerating energy substitution. Under this condition, a comprehensive evaluation
considering consumption-based and income-based perspectives is needed in future (Wen
Wen, 2024) [47]. (2) The energy consumption “dual control” policy has restrained the
GDP growth to a certain extent, and the total output and total investment have declined
significantly, but the impact on the economic development is quite different. The effect
of total energy control on regional economic development is smaller than that of energy
consumption intensity control. (3) The energy consumption “dual control” policy has a
significant inhibitory effect on the emissions of major pollutants, and carbon emissions will
decrease. This conclusion is consistent with the current research viewpoint, which showed
that environmental regulation can significantly promote the transition of clean energy
consumption (Jinlong Shen, 2024) [48]. (4) The energy consumption “dual control” policy
has played a positive role in breaking the regional “resource curse”. The areas with high
and the low “resource curse” have become smaller, and the areas without the “resource
curse” have increased significantly. Meanwhile, the findings also support the effectiveness
of interventions for reductions in energy consumption (Florian Lange, 2024) [49].

This study gave some suggestions as follows: (1) Increase the flexibility of the “dual
control” policy of energy consumption. Due to the strong dependence of China’s economy
on energy, the “dual control” policy of energy consumption has a significant impact on
regional economic development. Energy consumption standards and targets should be set
according to industry characteristics and regional development levels. And differentiated
energy consumption control strategies are also implemented by industry and region-based
regions. For energy-intensive industries, stricter energy consumption standards should be
established, while encouraging these industries to adopt new technologies and processes for
energy-saving retrofits. For renewable energy projects, more support is needed to promote
green development. (2) Establish an energy consumption budget management system. The
carbon emission budget management systems at the provincial and municipal levels are a
useful tool for promoting annual analyses and the target forecasting of carbon emission
situations. The government should make rules for key industries to establish annual energy
consumption budgets through regulation policy and manage energy use according to the
budget. Speed up energy usage rights trading, to incentive companies to reduce costs by
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improving energy efficiency and reducing energy consumption. (3) Accelerate the establish-
ment of a carbon footprint management system. Rules and standards for carbon footprint
accounting should be clearly established, and companies should be encouraged to conduct
carbon footprint accounting and improve market competitiveness through certification
systems, such as carbon labeling. Meanwhile, the government should incentivize consumer
choices towards low-carbon products and promote green consumption.

The research limitations and future scope include the following: (1) The transition
from energy consumption dual control to carbon emission dual control policies increases
the complexity of the model, and the new trend of policy changes in the future must be
considered in CGE models. (2) Technological changes should be incorporated to affect the
accuracy of the model’s predictions. For example, utilizing satellite remote sensing data
to monitor and assess energy consumption and carbon emissions enhances the objectivity
and precision of the data for CGE models.
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