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Abstract: This study examines the effects of carbon emission trading on renewable energy consump-
tion in China. The research applies the CEEEA2.0 model to simulate the economic, energy, and
environmental impacts of carbon trading from 2018 to 2030. The CEEEA2.0 model is a recursive
dynamic computable general equilibrium model that incorporates multiple households, sectors, and
an energy and environment module. Four scenarios are considered: the Business as Usual (BaU)
scenario, the Emission Trading Scheme (ETS)-benchmark scenario, and the ETS-strengthened and
ETS-enhanced scenarios. The findings reveal that carbon emission trading positively influences
electricity consumption, resulting in a higher preference for renewable energy due to reduced price
disparities between renewable sources and fossil fuels. Consequently, electricity generation from
renewable sources increases in all scenarios compared to the BaU scenario. However, the share of
renewable energy is not substantially affected by carbon emission trading due to the complex inter-
play of factors, including substitution and income effects. The study further highlights that carbon
trading significantly reduces coal usage and partially increases the overall proportion of renewable
energy. These results underscore the significance of establishing ambitious carbon reduction targets
and continual efforts to shift towards clean energy sources.

Keywords: emission trading scheme; renewable energy; dynamic Computable General Equilibrium
(CGE) model; CEEEEA2.0 model; energy, environmental and economic impact; power generation

1. Introduction

The urgent need to tackle climate change has spurred the global community to search
for innovative solutions that will reduce greenhouse gas emissions [1-3]. One such solution
is carbon emission trading, which allows countries and companies to buy and sell carbon
credits as a means to meet their emissions targets [4-6]. Carbon emission trading (or carbon
trading, emission trading, ETS) is a market-based mechanism that allows companies to
buy and sell permits that represent the right to emit a certain amount of carbon dioxide or
other greenhouse gases into the atmosphere. It aims to incentivize emission reductions and
promote cost-effective ways to achieve emission mitigation targets.

There are several carbon trading markets worldwide, including the EU Emissions
Trading System (established in 2005 and currently the largest carbon market) [7-10],
the carbon trading market in China (established in 2021 and currently covering only
the power sector at present) [1,11], regional carbon trading markets in Canada (such as
Quebec and Alberta) [12], the national carbon trading market in New Zealand (established
in 2008) [13,14], and the carbon trading market in South Korea (established in 2015) [15].
This approach aims to create economic incentives for reducing emissions and may promote
the transition to renewable energy sources [16].
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Currently, there are several viewpoints in the research on the relationship between
carbon trading and renewable energy. Firstly, the establishment of carbon emission trading
markets promotes investment in renewable energy [17]. Chen et al. [18] found that emission
trading could somehow increase the investment; however, the investment in renewable
energy does not necessarily reduce carbon emissions. Yan et al. [17] employed scenario anal-
ysis to design four policy scenarios, no-policy scenario, carbon cap-and-trade mechanisms
scenario, renewable portfolio standards scenario, and mixed scenario, and found that in
terms of renewable energy promotion, the mixed scenario is the best. Wei et al. [19] argued
that grandfathering and benchmarking methods in emission trading are both conducive
to the investment of renewable energy. Carbon emission trading mechanisms introduce
economic incentives for power generation companies, increasing the cost-effectiveness of
investments in renewable energy by trading the necessary allowance for reducing carbon
emissions. This means that the same investment amount can yield a higher renewable
energy output, thus driving the expansion of renewable energy generation investment and
its capacity. Using the real option model, Kim et al. [20] attempted to assess the effects of
the uncertainty of newly appearing carbon markets on the economic value of renewable
energy R&D in Korea, empirically, and found positive answers.

Secondly, carbon emission trading expands the market size of renewable energy [21],
but shows an asymmetric relationship [22]. Bird et al. [23] think many U.S. consumers today
are purchasing renewable energy in large part for the greenhouse gas (GHG) emissions
benefits that the Emission Trading Scheme may provide. As carbon emission trading is
implemented, the costs associated with carbon emissions from traditional energy sources
also increase. This raises the price of fossil energy, prompting users to shift towards cleaner
renewable energy sources. Zhang et al. [24] found that fossil energy consumption is the
most critical transmission mechanism through which China’s ETS affects the development
of renewable energy, playing a 73% role in the overall mediation effect. With the increased
demand for renewable energy, the expansion of market size further boosts technological
innovation and cost reduction.

Third, however, under specific conditions, carbon emission trading may have negative
implications for renewable energy development, or vice versa [18,24], and the pandemic
and the war may also distort the relationship [25]. If not well tuned, Huang et al. [26]
believed that the two regulation policies may deviate from their original intention and lead
to unnecessary social cost. If the development of renewable policy weakens the demand
for emission allowance resulting in the reduction in manufacturers” power generation
then it will reduce the effect of carbon trading [27]. Most and Fichtner [28] found that a
promotion of renewable energies reduces the scarcity of CO, emission allowances and
thus lowers marginal costs of CO, reduction up to 30% in 2030; so, the carbon price in the
emission trading market will be lower. Therefore, when formulating carbon pricing and
trading rules, it is essential to fully consider the characteristics and market conditions of
renewable energy.

The impact of carbon emission trading on renewable energy has been a topic of
great interest and debate among scholars and policymakers [29]. However, the existing
literature lacks research on the mechanism of the impact of carbon emission trading on
renewable energy. In other words, most studies only answer the question of how much
renewable energy consumption is affected without addressing how and why it is affected.
Understanding this relationship is crucial for designing effective climate change mitigation
policies and promoting the sustainable development of renewable energy industries. In
this study, we aim to investigate how carbon emission trading affects renewable energy
consumption, from the perspective of product prices, carbon emissions, and the effects on
the economy.

To conduct our analysis, we will employ a computable general equilibrium (CGE)
model, which is a widely-used method for evaluating the economic impacts of policy
changes at both micro and macro levels [30-32]. What sets the CGE model apart from other
approaches is its ability to capture the complex interactions and feedback effects between
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various economic sectors, including energy markets, and measure the distributional impacts
across different income groups [33,34].

The research question we seek to address in this study is: How does carbon emission
trading affect renewable energy? Specifically, we will compare the outcomes of a scenario
with carbon emission trading implementation against a baseline scenario without trad-
ing. By simulating the effects of carbon emission trading using the CGE model, we can
assess how renewable energy consumption, product prices, carbon emissions, and overall
economic performance may change under different trading conditions.

Based on preliminary findings, we anticipate that carbon emission trading will have a
certain impact on electricity consumption and the electricity generation mix. This is because
the implementation of carbon trading will lead to a decrease in the price difference between
renewable energy and fossil fuels, thereby increasing the preference for renewable energy
sources. Consequently, compared to the baseline scenario, both generation capacity and
share of renewable energy are expected to increase under a strong carbon trading scenario.

The findings of this study will contribute to the growing body of knowledge on the
potential benefits and challenges associated with carbon emission trading. The use of the
CGE model allows for a comprehensive assessment of the impacts on renewable energy
consumption, product prices, carbon emissions, and economic performance. These insights
will be valuable for policymakers and stakeholders in their efforts to design effective climate
change mitigation strategies and promote renewable energy development.

Section 2 introduces the methodology of the study, including modelling methods, data
source, dynamics, and scenario setting. Section 3 reports the results of how carbon trading
affects energy mix. Section 4 provides discussions and further analysis of why renewable
energy will be stimulated by emission trading. Section 5 concludes the paper.

2. Methodology
2.1. CEEEA2.0 Model: A Computable General Equilibrium Model

This paper adopts the China Energy-Environment-Economy Analysis Model 2.0
(CEEEA2.0/ CGE model, CEEEA2.0 model thereafter) to simulate the effect of ETS policy [35].
Detailed descriptions of the CEEEA2.0 model equation system can be found in the previous
literature [36]. The model’s data and code are also available on the website (https:/ /github.
com/Zhijie-Jia/CEEEA2.0-CGE, accessed on 1 August 2023).

The CEEEA2.0 model is a model based on the computable general equilibrium (CGE)
model, which is combined with the general equilibrium theory and the input-output
analysis, like many CGE studies [37-40]. It reflects the relationship between quantity and
price and the relationship among governments, residents, enterprises, and international
activities [41]. It encompasses two markets in this macro-environment: the commodity
market and the factor market [42,43]. The main buyers are residents, governments, and
enterprises in the commodity market, corresponding to final consumption and intermediate
input. The leading sellers are the enterprises that provide goods and services to the buyers.
In the factor market, the buyers are the enterprises, and the sellers are the residents
(or households), and the “commodities” are the capital element and labor factor. By
considering government taxes, international trade, dynamic factors, energy input, and other
aspects, we can build a multi-sector dynamic recursive CGE model called the CEEEA2.0
model used in this paper.

There are some assumptions and boundaries in the model, which may affect the
simulation results, such as the benchmark price and macro-closure condition.

The benchmark price is set in order to satisfy the zero-order homogeneity of price in the
CGE model and adhere to the Walras law. It serves as the reference price level, with other
prices presented as relative changes from this benchmark. Typically, we can choose the
price of a specific commodity/factor or the Consumer Price Index (CPI) as the benchmark.
To accurately measure price changes, it is important to select a less susceptible commodity.
According to Goulder et al. [44], agricultural products are less affected. The macro-closure
conditions can be defined based on different economic assumptions, such as Neoclassical
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closure or Keynesian closure. In China, with higher levels of capital accumulation and
a reduced surplus of labor force, the study adopts Neoclassical closure, assuming full
utilization of factor markets. This closure is better suited for long-run dynamic models.

In addition, this paper utilizes a dynamic recursive model. Transforming a static
model into a dynamic one can be achieved through various approaches. In the case of this
paper, it adopts the macro closure of Neoclassicism, where the dynamic model primarily
incorporates three elements from Solow’s economic growth model: technological progress,
population growth, and capital accumulation. For relevant assumptions, the previous
literature can serve as a reference [45].

2.2. Data Source

The data in this article primarily come from the Chinese Input-Output Table, which
includes intermediate inputs between all enterprises, capital, and labor inputs of enterprises,
production taxes of enterprises, investments, consumption, imports, and exports of different
products. The data related to the relationship between the government and residents are
sourced from the “China Statistical Yearbook”, such as government taxation on residents,
resident deposits, etc. The information on energy inputs by industry are sourced from the
“China Energy Statistical Yearbook”. The sector-specific carbon emissions data for both
industries and residents are calculated based on energy consumption using the carbon
emission calculation rules provided by the IPCC. It is important to note that this article
only considers carbon emissions from energy consumption and does not include emissions
from sources such as respiration of animals and plants, land use, and cement production.
Additionally, based on the industry classification in the Chinese Input-Output Table, we
have reclassified the industries as shown in Table 1, with their abbreviations and full names.

Table 1. Sector classification.

Abbreviations Sectors’ Full Name
AGR Agriculture
COL Coal mining

COLP Coal processing
O_G Oil and gas exploitation
REFO Refined oil
REFG Refined gas
OMIN Other mining
LGT Light industry
CMC Chemicals
BMTL Building material
STL Steel
MTL_P Metal product
MFT Manufacturing
THP Thermal power
HYP Hydropower
WDP Wind power
NCP Nuclear power
sOrP Solar power
CST Construction
TSPT Transportation
SER Services

2.3. Dynamics

In order to simulate the long-term impacts of carbon emission trading and renewable
energy policies on the economy, environment, and energy, we have transformed the static
CGE model into a dynamic CGE model using a recursive approach [30,46,47]. In general, the
neoclassical macro-closure condition is preferred over Keynesian macro-closure and Lewis
macro-closure in the long run, which means that all factors of production and goods are clear
in the long run. Both prices and quantities are endogenous in this framework. However,
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economic development is constrained by resource endowments, which include labor and
capital. Therefore, in the process of dynamization, we consider technological progress,
automatic energy efficiency improvements, labor endowments, and capital endowments.
The corresponding reference values and setting methods are based on [36,48].

2.4. Scenario Settings

The operating principles of China’s carbon emission trading pilot include “total con-
trol” and “market-based trading”. Total control means that the government sets a cap on
the total amount of carbon emissions, and companies must stay within this limit. Market-
based trading allows companies to buy or sell carbon emission allowances through market
transactions to achieve their own emission targets.

The national carbon trading market in China was formally launched in 2017 and began
trading in 2021. Currently, the market only covers the power sector, but it is expected
to expand to key industries such as electricity, chemicals, construction materials, steel,
nonferrous metals, papermaking, and aviation in the future. In the initial phase, most
industries follow a grandfathering approach for allowance allocation, with a relatively high
proportion of free allowances. Similar to the EU ETS, the proportion of free allowances will
gradually decrease in the future, tightening the carbon constraints under the grandfathering
approach or transitioning to benchmarking. Based on these specific characteristics of
China’s carbon emission trading, the following logical scenarios are formulated.

Computable general equilibrium models are adept at conducting comparative analy-
ses of target policies by constructing benchmark scenarios (scenarios without the policy
under study, serving as a control group) and counterfactual scenarios (scenarios with the
implementation of the policy under study, serving as an experimental group) [49,50]. The
objective of this study is to examine the impact of carbon trading. Therefore, we have based
our scenario construction on carbon trading.

1.  The Business as Usual (BaU) scenario, which assumes China continues its current
development path without implementing carbon trading or carbon tax policies, but
still experiences heterogeneous technological progress and improvements in energy ef-
ficiency.

2. The Emission Trading Scheme-benchmark (ETS-benchmark) scenario, which builds on
the BaU scenario and introduces a carbon emission trading mechanism. The covered
industries for carbon trading are the same as the current ones in China, namely
only the electricity sector. However, starting from 2025, the covered industries will
follow the initial plan set by the National Development and Reform Commission
in 2016, which includes eight high-energy-consuming industries: petrochemical,
chemical, construction materials, iron and steel, nonferrous metals, papermaking,
electricity, and aviation. This covers 18 subindustries, including crude oil processing
and ethylene production. The total carbon quota and allocation plan are based on a
carbon intensity-based grandfathering method. Since the Chinese government has
committed to peaking carbon emissions by 2030, we assume that the government
will control carbon emissions through carbon emission trading to achieve this peak
by 2030. However, considering the current situation, China’s carbon peak target seems
relatively easy to achieve, so we additionally consider two more ambitious scenarios.

3.  The ETS-strengthened scenario, which is similar to the ETS-benchmark scenario. The
only difference is that carbon emissions in this scenario will peak around 2025 and
the peak emission will be lower. This scenario is more likely to occur considering
the almost-reaching-peak coal consumption and the lowered economic growth. In
addition, other papers also have the similar results [51].

4. The ETS-enhanced scenario, which is also similar to the ETS-benchmark scenario.
The only difference is that carbon emissions in this scenario will reach the peak
immediately, and the peak will be lower than the previous two scenarios.

In all the ETS scenarios, we set the total cap as calculated by the grandfathering
method, which means the total cap is calculated by the last periods’ carbon intensity and
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current carbon intensity of the specific industry. To obtain the given emission mitigation
path as we discussed above (also presented in the figures in the next section), we need to set
the annual reduction factor of carbon intensity of the covered sectors, as shown in Figure 1.

7%
6%

4%
3%
2%
1%

0%
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

ETS-benchmark ETS-strengthened ~ e=====ETS-enhanced

Figure 1. Annual decline factors in emission cap calculation in ETS scenarios. Notes: The figure
shows the annual reduction factor calculated for the total quota of carbon trading. The annual
reduction factor emphasizes that the average carbon intensity of all industries should be lower than
the value of the following year.

3. Results
3.1. Impact on Electricity Mix

The main objective of this study is to examine how carbon trading affects renewable
energy. Therefore, we first observe the impact of three simulated carbon trading scenarios
on renewable energy from the perspective of electricity production and generation structure.
From Figure 2, it can be seen that the ETS significantly increases electricity consumption,
most likely due to energy substitution. With the existence of carbon trading, the price
difference between renewable energy and fossil fuels has further reduced, leading energy
consumers to prefer renewable energy over fossil fuels. Since almost all renewable energy
comes from the power generation industry, electricity generation has seen a significant
increase. Compared to the Business as Usual (BaU) scenario, the total electricity generation
in the ETS-benchmark, ETS-strengthened, and ETS-enhanced scenarios has increased by 11,
15, and 17 billion kWh, respectively, by 2030.

However, we also find that the share of renewable energy does not seem to be greatly
influenced by carbon emission trading. Compared to the BaU scenario, the share of
renewable energy has increased by 1.10%, 1.72%, and 2.41% in the ETS-benchmark, ETS-
strengthened, and ETS-enhanced scenarios, respectively. If we focus on the rate of change in
electricity generation from various sources instead of change in share, we find that thermal
power has decreased by 5.04%, while renewable energy has increased by 3.11-9.14%, and a
total of 241.37 billion kWh power generation, which is a relatively large change in these
sectors and equivalent to near five times that of Singapore’s annual power generation.

Furthermore, in the ETS-benchmark scenario, the proportion of renewable energy
generation is lower than the other two scenarios. This is because the increase in the
proportion of renewable energy generation is influenced by factors similar to substitution
effects and income effects. The income effect refers to the higher cost of using fossil fuels
due to carbon trading, leading energy consumers to prefer electricity (not just renewable
electricity). The substitution effect refers to the gradual cost advantage of renewable energy
generation over thermal power generation due to the introduction of carbon trading, and
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this substitution effect increases with the increase in carbon trading prices. Therefore, in
scenarios where carbon trading is not very strict, the income effect is slightly relatively
higher than the substitution effect, resulting in a lower increase in the share of renewable
energy. However, in the ETS-strengthened and ETS-enhanced scenarios, the substitution
effect on the share of renewable energy generation is much greater than the income effect,
leading to a simultaneous increase in renewable energy generation and share.
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Figure 2. Power generation and its mixes in 2030. Notes: The bar and the left y-axis represent the
share of electricity production from different sources. The line and the right y-axis represent the total
electricity generation.

We also found that our results may be different from others. Zhang et al. [24] found
that the ETS pilot in China may reduce renewable installation by 6.2 GW in the pilot area
and increase installation by 16.9 GW in the nonpilot area, with a total increase of 10.7 GW
installation, or about 0.4% of the total generation share. Yu et al. [52] investigated a 6.1%
increase in renewable share in countries with an ETS market using cross-national data
and a DID model. Our estimation results happen to be in the middle of this literature,
and we can also explain why our results are lower than Zhang et al. [24] but higher than
Yu et al. [52]; the former estimates the pilot’s impact to the whole region, so it is smaller,
the latter estimates the impact at a cross-country level, which may implement ETS for many
years, so the results may be higher.

3.2. Impact on Primary Energy Mix and CO, Emissions

In order to explore the reasons why the electricity generation sector of renewable
energy has not been greatly positively influenced, this paper further investigates the
carbon emissions in different scenarios and the shares of fossil energy. Specifically, refer to
Figures 3 and 4 for detailed information. Overall, carbon trading significantly reduces the
share of coal and partially increases the overall share of renewable energy, mainly due to the
arrival of carbon trading, which greatly reduces the use of primary energy, especially fossil
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energy. The share of coal decreases from 62.75% in the Business as Usual (BAU) scenario to
59.50% and 61.35% in the three counterfactual scenarios. The share of renewable energy
increases from 7.65% to 7.98% to 8.92% in the three counterfactual scenarios. The transition
towards clean energy is becoming increasingly evident with higher ambitions for carbon
reduction. Additionally, it can be observed that there is a certain substitution relationship
between oil, natural gas, and coal. Taking the ETS-benchmark scenario as an example, the
consumption shares of oil and natural gas increase from 29.60% in the BAU scenario to
36.70% in the ETS-benchmark scenario. This clearly reflects the transformation of China’s
energy system from high-carbon to low-carbon, and even a clean energy system.
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QJ 0
>~
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‘g 75%
[
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g
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e ETS
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Solar 1.22% 1.35% 1.42% 1.50%
Nuclear 1.41% 1.60% 1.70% 1.82%
Wind 2.02% 2.24% 2.35% 2.48%
m Hydro 2.52% 2.80% 2.95% 3.11%
m Oil&Gas 29.75% 30.67% 31.12% 31.58%
m Coal 63.07% 61.35% 60.45% 59.50%

Figure 3. Primary energy mix in 2030. Notes: The bar and the left y-axis represent the share of
primary energy from different sources.

Although the share of oil and natural gas has increased, it does not mean that their
total consumption has increased. This can be indirectly confirmed by the evidence in
Figure 4, which shows the carbon emissions in all scenarios. Strictly speaking, these
scenarios are all exogenous variables in the model, which means they are given by us. In
economic terms, it is assumed that the government regulates the total amount of carbon
emission rights trading to regulate the overall carbon emissions. This assumption has some
practical significance because the government does adjust the annual total carbon quota
based on the overall macroeconomic and carbon emission situation. We can see that in
the ETS-benchmark scenario, carbon emissions barely peak in 2030, which is the target
promised by the Chinese government. However, based on the current carbon emission
trajectory, the Chinese government is likely to achieve carbon peak before 2030, such
as in the ETS-strengthened scenario where the peak is reached in 2025. Compared to
the BAU scenario, the ETS-benchmark, ETS-strengthened, and ETS-enhanced scenarios
reduce carbon emissions by 5.00%, 9.75%, and 14.50%, respectively, in the year 2030, with
cumulative carbon emission reductions of 2.49 billion, 5.71 billion, and 8.93 billion tons,
approximately 7.3%, 16.8%, and 26.3% of the global total carbon emissions in 2020.
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Figure 4. CO; emissions during 2018-2030. Notes: The chart depicts the carbon emissions from
2018 to 2030 under different scenarios, where the area of each region represents its cumulative carbon
emissions. The darkest portion represents the carbon emissions in the ETS-enhanced scenario, while
the lighter portion represents the additional carbon emissions in the ETS-strengthened scenario
compared to the ETS-enhanced scenario, and so forth.

3.3. Impact on Carbon Pricing

In order to examine the variations in carbon trading prices under different carbon
trading scenarios, we conducted an investigation of price fluctuations in carbon emission
allowances in three different scenarios, as depicted in Figure 5. We found that between
2021 and 2024, the prices of carbon emission allowances gradually increased, with the
carbon trading price under the ETS-enhanced scenario reaching close to 1000 CNY per ton.
However, all carbon trading prices experienced a significant decrease in 2025, followed by a
subsequent annual increase. The main reason lies in the assumption made in this study that,
starting from 2025, the coverage of China’s carbon trading shifted from solely the power
sector to the eight energy-intensive industries regulated by the National Development and
Reform Commission in 2016. Due to the relatively high marginal abatement costs in the
power sector compared to other energy-intensive industries, the prices of carbon emission
allowances in the years 2021 to 2024 were relatively higher. However, after the inclusion
of other energy-intensive industries with relatively lower marginal costs after 2025, the
carbon trading prices did not remain as high as before.

Additionally, we observed a fundamental relationship that higher carbon ambition
corresponds to higher carbon trading prices. In the three scenarios for 2030, carbon emission
reductions of 620 million tons, 1.21 billion tons, and 1.8 billion tons corresponded to carbon
trading prices of 290 CNY per ton, 452 CNY per ton, and 633 CNY per ton, respectively.
The increased prices of carbon emission allowances would significantly elevate the cost of
fossil fuel utilization and amplify the share of renewable energy sources.
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Figure 5. Carbon trading price during 2021-2030. Notes: The line and the left y-axis in the figure
illustrate the carbon trading prices under different scenarios during the period from 2021 to 2030.

4. Further Analysis

In order to gain further insights into the impact of carbon trading on renewable energy,
we conducted a detailed analysis of the producer price index (PPI) and Gross Domestic
Product (GDP).

4.1. Producer Price Index

Figure 6 depicts the fluctuations of the producer price index (PPI) under the ETS-
benchmark scenario compared to the BAU scenario in 2030. We found that the price
fluctuations were transmitted along the industrial chain, significantly narrowing the PPI for
upstream industries, particularly the primary energy sector and energy processing industry.
On the other hand, certain secondary industries, specifically the manufacturing industry,
experienced relatively high positive impacts on their PPI. For example, industries such as
coal mining, coal processing, oil and gas extraction, and natural gas refining exhibited a
reduction in PPI ranging from 0.11% to 1.6% compared to the BAU scenario. The decline
in PPI in these industries can be attributed to the fact that carbon trading increases the
energy usage costs for energy users, therefore reducing energy demand and, subsequently,
lowering the producer prices in these sectors. Since the producer price directly corresponds
to the selling price in each industry, we can infer that carbon emission trading decreases the
selling prices in these industries. Carbon trading can be seen as a tax wedge that decreases
seller prices and transaction volume but increases buyer prices.

At the same time, we observed a significant increase in PPI for certain high-energy-
consuming industries, particularly the steel and thermal power sectors. The pronounced
increase in PPI for these industries can be explained by their high-energy intensity and
relatively higher proportion of energy inputs in their total inputs compared to other high-
energy-consuming industries. Therefore, the PPl increase is more evident in these industries.
However, it should be noted that the substantial rise in PPI for the steel industry occurs
after 2025, which is a result of the industry coverage settings in this study. We assumed
that carbon emission trading only included the power sector from 2021 to 2024, but from
2025 to 2030, high-energy-consuming industries, including steel, cement, construction
materials, chemicals, aviation, and petrochemicals, were integrated into the carbon trading
system. Consequently, the general increase in PPI for these industries occurred in and after
2025. However, the rise in PPI for the thermal power industry can actually have positive
implications for the development of renewable energy.
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Figure 6. Producer price index (PPI) in ETS-benchmark scenario in 2030 relative to BAU scenario.
Notes: The graph demonstrates the changes in producer price indices for various goods relative to
the Business as Usual (BAU) scenario (BAU = 100) under the ETS-benchmark scenario. The complete
industry names of the legend can be found in Table 1.

4.2. GDpP

Figure 7 illustrates the GDP and carbon intensity in 2030 under different scenarios. We
can observe that when the intensity of carbon trading is relatively low (indicating a lower
carbon emission reduction ambition), the decrease in carbon intensity is not significantly
higher compared to the decrease in GDP. Specifically, the GDP losses in the three scenarios
are 0.145%, 0.239%, and 0.348%, respectively, while the reductions in CO, emissions are
9.52%, 14.05%, and 18.57%, respectively. The carbon trading with higher intensity shows
greater effectiveness in carbon emissions reduction, but it also comes with higher marginal
abatement costs. For example, compared to the ETS-benchmark scenario, the ETS-enhanced
scenario reduces more carbon emissions by 0.95 times, but the GDP loss is 1.38 times higher.

Furthermore, considering the promoting effect of carbon trading on renewable energy, we
can draw similar conclusions. Both the ETS-strengthened and ETS-enhanced scenarios are more
favorable for the development of renewable energy, thus a more favorable carbon intensity.
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165.2 L 80
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Figure 7. GDP and carbon intensity in 2030. Notes: The left y-axis and the gray bar represent the
changes in GDP in 2030 under each scenario. The blue bar chart and the right y-axis represent the carbon
intensity in these scenarios, calculated based on the carbon emissions divided by GDP for that year.
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4.3. Sensitivity Analysis

There is a certain degree of uncertainty in the modeling process. This is because
the subjective setting of the elasticity of the production function and calibration of other
exogenous parameters are based on these elasticities and actual data. As a result, the
predicted results of the model are often influenced by the magnitudes of these elasticities.
In order to test the stability of our conclusions, we assume that all the elasticities we have
set are increased or decreased by 10%, and then compare the changes in our core findings.
Figure 8 report the results of the sensitivity analysis and shows that the key conclusion

is robust.
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Figure 8. The sensitivity analysis of the ETS impact on the share of power generation. Notes: The
figure shows the changes in core findings (changes in power generation share) when simulating a
10% increase or decrease in elasticity. The same row represents the same scenario, and the same
column represents the same elasticity. The unit is the percentage change.
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5. Conclusions

The study conducted in this paper aimed to examine the impact of carbon emission
trading on renewable energy in China. Three different scenarios were considered: the
Business as Usual (BaU) scenario, the Emission Trading Scheme (ETS)-benchmark scenario,
and the ETS-strengthened and ETS-enhanced scenarios.

The findings of this study indicate that carbon emission trading has a certain effect on
electricity consumption. With the implementation of carbon trading, the price difference
between renewable energy and fossil fuels decreases, leading to a preference for renewable
energy. As a result, electricity generation from renewable sources increases in all scenarios
compared to the BaU scenario.

However, the share of renewable energy does not seem to be greatly influenced by
carbon emission trading. The increase in the proportion of renewable energy generation is
influenced by factors such as substitution effects and income effects. The income effect refers
to the higher cost of using fossil fuels due to carbon trading, leading energy consumers to
prefer electricity in general, not just renewable electricity. The substitution effect refers to
the cost advantage of renewable energy generation over thermal power generation due to
the introduction of carbon trading. This effect increases with the increase in carbon trading
prices. In scenarios where carbon trading is not very strict, the ratio of income effect to
substitution effect is higher, resulting in a slight increase in the share of renewable energy.
However, in the ETS-strengthened and ETS-enhanced scenarios, the substitution effect on
the share of renewable energy generation is much greater than the income effect, leading to
a higher increase in renewable energy generation and share.

Furthermore, the study found that carbon trading significantly reduces the share of
coal and increases the overall share of renewable energy. The transition towards clean
energy is becoming increasingly evident with higher ambitions for carbon reduction. Addi-
tionally, a certain substitution relationship between oil, natural gas, and coal was observed.
The consumption shares of oil and natural gas increase in scenarios with carbon trading,
reflecting the transformation of China’s energy system from high-carbon to low-carbon,
and even a clean energy system.

The following research recommendations can be made for future studies: (1) Since the
study found that the substitution effect of carbon trading on the share of renewable energy
generation increases with higher carbon trading prices, further research can be conducted
to examine the specific impact of different carbon trading prices on renewable energy
generation. (2) The study mentioned that the income effect, which refers to the higher cost
of using fossil fuels due to carbon trading, can lead energy consumers to prefer electricity
in general, not just renewable electricity. Further research can be conducted to examine the
factors influencing the income effect, such as the price sensitivity of different consumer
groups, to better understand its impact on renewable energy generation. (3) The study
focused on the overall impact of carbon emission trading on renewable energy generation
in China. Future research can examine the regional variations of this impact, considering
factors such as the availability of renewable energy resources and the existing energy infras-
tructure in different regions. This can provide insights into the effective implementation of
carbon trading policies at the regional level.
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