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Abstract

Against the background of the "dual-carbon" goals, the low-carbon transition of
the energy consumption structure is the core path for regional carbon emission
reduction. Based on the total energy consumption data of the Sichuan-Chongqing
region from 2014 to 2023, this paper combines Sichuan and Chongqing as a
whole, and uses the structural analysis method to quantitatively examine the
evolutionary characteristics and low-carbon trends of the regional energy
consumption structure. The study finds that from 2014 to 2023, the total energy
consumption of the Sichuan-Chongqing region increased from 235.774 million
tons of standard coal to 256.825 million tons of standard coal, with a ten-year
growth rate of 8.9%, showing a moderate growth rate. The energy consumption
structure presents significant characteristics of "reducing coal, increasing gas, and
expanding electricity": the proportion of coal consumption decreased from 53.0%
to 39.5%, a drop of 13.5 percentage points, and the absolute consumption
decreased by 23.284 million tons of standard coal, a decrease of 18.7%; the
proportion of natural gas consumption increased from 13.3% to 22.7%, an
increase of 9.4 percentage points, and the consumption volume increased by
86.1%; the proportion of clean electricity and other energy sources increased
from 13.3% to 18.6%, an increase of 5.3 percentage points, and the consumption
volume increased by 52.1%; the proportion of oil consumption remained basically
stable between 20% and 21.5%, without an obvious downward trend. The
research shows that the Sichuan-Chongqing region has achieved remarkable
results in the low-carbon transition of its energy structure, laying a solid
foundation for the green and low-carbon development of the Chengdu-Chongqing
Economic Circle. However, there are still problems such as a high base of coal
consumption and unresolved dependence on oil in the transportation sector. In
the future, it is necessary to continue to reduce coal consumption, expand the
utilization of natural gas, accelerate the development of clean electricity, promote
the electrification transition in the transportation sector, strengthen energy
coordination between Sichuan and Chongqing, and build a regional integrated
low-carbon energy system.
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1. Introduction

1.1. Research Background

Global climate change has become one of the most pressing challenges facing human
society, posing substantial risks to ecological systems and socioeconomic
development worldwide (IPCC, 2023). Anthropogenic global warming is primarily
driven by the continuous increase in atmospheric greenhouse gas (GHG)
concentrations since the industrial era, which has led to an unequivocal rise in
global surface temperature (IPCC, 2021). Among various GHGs, carbon dioxide (CO;)
emissions from fossil fuel combustion remain the dominant contributor to global
warming, accounting for the largest share of anthropogenic radiative forcing (IPCC,
2021).

China, as the world’s largest CO, emitter, is still experiencing rapid industrialization
and urbanization, which has resulted in persistently high energy demand and strong
dependence on carbon-intensive energy sources (Zhao et al,, 2022; IEA, 2023). Coal
has historically played a central role in China’s energy system, and its continued
dominance makes the low-carbon transition of traditional industries particularly
urgent (IEA, 2023; BP, 2021). In September 2020, China officially announced its
strategic commitment to peak carbon emissions before 2030 and achieve carbon
neutrality before 2060, providing a clear long-term direction for national climate
governance and energy transformation (Xi, 2020).

Achieving the “dual-carbon” goals requires profound structural changes in the
energy sector, since energy-related CO, emissions constitute the largest share of
China’s total greenhouse gas emissions (IEA, 2023; Zhao et al.,, 2022). Therefore,
optimizing the energy consumption structure—particularly by reducing coal
dependence while increasing the shares of natural gas and non-fossil energy—has
been widely recognized as a key pathway to achieving China’s carbon peaking and
carbon neutrality targets (IEA, 2023; Rockstrom et al.,, 2017).

The Sichuan-Chongqing region (i.e., Sichuan Province and Chongqing Municipality)
is an important economic growth pole in western China and a core area of the
Chengdu-Chongqing economic circle, which has been elevated to a national strategic
level in recent years (Xie & Zhang, 2025). From the perspective of energy
endowment, the region possesses notable advantages for low-carbon development,
particularly due to Sichuan’s abundant hydropower resources and the rapid
expansion of renewable electricity generation (Xie & Zhang, 2025; IEA, 2023).
Moreover, Sichuan and Chongqing are located within one of China’s major natural
gas production bases, where conventional gas and shale gas exploitation has
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strengthened the regional capacity for relatively cleaner energy supply (Ma, 2017).
Despite these favorable conditions, the Sichuan-Chongqing region has long
exhibited characteristics of a carbon-intensive energy consumption structure, as
coal consumption and industrial energy demand remain significant, especially in
heavy manufacturing and resource-based sectors (Li et al., 2024; Zhao et al., 2022).
With the accelerated implementation of the Chengdu-Chongging economic circle
strategy and the deepening integration of regional energy markets, understanding
how the energy consumption structure has evolved in the past decade is essential
for evaluating the effectiveness of low-carbon transition and formulating targeted
decarbonization policies (Xie & Zhang, 2025; IEA, 2023). Therefore, a systematic
analysis of the low-carbon transformation trajectory of the Sichuan-Chongqging
energy consumption structure is of great practical significance for supporting
regional green development and contributing to China’s national carbon neutrality
pathway (IPCC, 2023; Zhao et al,, 2022).

1.2. Research Background

As the core carrier of the Chengdu-Chongqing Economic Circle, the low-carbon
transition of the energy consumption structure in the Sichuan-Chongqing region is
not only related to the green and high-quality development of its own economy and
society, but also plays an important leading role in carbon emission reduction work
in southwest China. From a practical perspective, analyzing the changes in the
energy consumption structure of the Sichuan-Chongqing region over the past ten
years and studying the region as a whole can not only fully reflect the overall picture
of regional energy transition, accurately grasp the advantages and disadvantages in
the transition process, but also provide solid data support and operable policy
references for the green and low-carbon development of the Chengdu-Chongqing
Economic Circle. At the same time, the transition practice of "coal reduction, natural
gas supplement, and clean energy expansion” in the Sichuan-Chongging region can
also provide useful reference for the energy low-carbon transition of other regions

in China with similar resource endowments.

2. Sources and Processing
2.1. Research Methods and Research Questions

This paper mainly adopts the structural analysis method. The energy consumption
data of Sichuan and Chongqging are aggregated and integrated according to the
corresponding years and energy types to obtain the overall energy consumption
data of the Sichuan-Chongging region. By systematically analyzing the dynamic
changes in the proportion of various energy consumptions, the evolutionary
characteristics of the energy consumption structure are clarified, and then the
low-carbon transition trend is judged. Different from the emission coefficient

method, the structural analysis method does not need to calculate the absolute
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carbon emissions, but infers the emission reduction effect through the structural
changes of "reducing coal, increasing gas, and expanding electricity”, which can
completely avoid the evaluation deviation caused by inaccurate emission
coefficients and improve the rigor of the research conclusions.

This paper focuses on solving three core issues: first, the evolutionary trend of the
total energy consumption in the Sichuan-Chongqing region from 2014 to 2023 and
the differential characteristics between Sichuan and Chongging; second, the
dynamic change rules of the energy consumption structure in the
Sichuan-Chongqing region, focusing on the specific performance of "reducing coal,
increasing gas, and expanding electricity"; third, based on the structural changes,
evaluate the effectiveness of the low-carbon transition of the energy consumption
structure in the Sichuan-Chongqing region, analyze the existing problems and put

forward targeted optimization suggestions.

2.2. Data Sources

All data used in this paper are derived from the Statistical Yearbook of Sichuan
Province (2015-2024) and the Statistical Yearbook of Chongqing Municipality
(2015-2024), covering the period from 2014 to 2023 to ensure the continuity,
completeness and authority of the data. The statistical indicators focus on various
energy consumption-related data in the Sichuan-Chongqing region.

2.3. Data Processing

To ensure the accuracy and comparability of the research data, this paper
standardizes the original data: first, unify the data statistical caliber, convert all
energy consumption data of Sichuan Province and Chongqing Municipality into
"10,000 tons of standard coal" to ensure the consistency of data units between the
two places; second, supplement missing data, use the mean interpolation method of
adjacent years to supplement minor data missing in individual years to avoid data
gaps; third, data verification, compare the total consumption of various energy
sources with the total energy consumption to verify the consistency of the data, and
review the data with large deviations to ensure that the data is correct; fourth, data
integration, add the consumption of corresponding years and energy types in Sichuan
and Chongging to obtain the overall energy consumption data of the
Sichuan-Chongqing region, laying a foundation for subsequent structural analysis.

3. Analysis of Changes in Total Energy Consumption in the
Sichuan-Chongqing Region

3.1. Overall Trend
From 2014 to 2023, the total energy consumption of the Sichuan-Chongqing region,

as shown in Table 1, showed a steady growth trend with a moderate growth rate,
reflecting the coordinated advancement of regional economic development and
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energy consumption. In terms of overall scale, the total energy consumption of the
Sichuan-Chongqing region increased from 235.7741 million tons of standard coal in
2014 to 256.8248 million tons of standard coal in 2023. Over the ten years, it
increased by 21.0507 million tons of standard coal, with a growth rate of 8.9% and
an average annual growth rate of only 0.86%, which was significantly lower than the
economic growth rate of the Sichuan-Chongqing region in the same period. This
indicates that the regional energy utilization efficiency has continued to improve,
and positive progress has been made in energy conservation and efficiency
improvement.

From the perspective of the differentiated characteristics between Sichuan and
Chongging, the total energy consumption of Sichuan Province is significantly larger
than that of Chongqing Municipality, and the growth rate fluctuates more obviously;
the total energy consumption of Chongqing Municipality maintains steady growth
with stronger stability. Among them, the total energy consumption of Sichuan
Province fluctuated from 169.738 million tons of standard coal in 2014 to 172.562
million tons of standard coal in 2023. During this period, there was a significant
negative growth in 2015 (a decrease of 11.16% compared with 2014) and a brief
correction in 2020 (a decrease of 0.16% compared with 2019), showing an overall
characteristics of "first suppressing, then rising, and fluctuating upward". This
reflects the energy demand fluctuations brought about by the continuous
advancement of its industrialization process, the expansion of economic scale and
population agglomeration. The total energy consumption of Chongqing Municipality
increased from 66.0361 million tons of standard coal in 2014 to 84.2628 million
tons of standard coal in 2023, with an overall scale significantly lower than that of
Sichuan Province, and the growth trend was more gentle. The growth rate slowed
down slightly between 2019 and 2021, and rebounded slightly after 2022. The
growth rate in most years remained in the range of 0-5%, and the fluctuation range
was significantly smaller than that of Sichuan Province, reflecting the stability of its
energy consumption growth and the effectiveness of energy structure adjustment.

Table 1. Total Energy Consumption in the Sichuan-Chongqing Region from 2014 to 2023

Year | Sichuan (10,000 Chongqging (10,000 Sichuan-Chongging Total Growth Rate
tons of standard tons of standard coal) (10,000 tons of standard (%)
coal) coal)
2014 16973.8 6603.61 23577.41 3.68
2015 15079.0 6924.77 22003.77 -6.67
2016 15159.5 7099.71 22259.21 1.16
2017 15448.7 7251.59 22700.29 1.98
2018 15759.8 7452.72 23212.52 2.26
2019 16382.2 7687.25 24069.45 3.69
2020 16355.0 7621.87 23976.87 -0.38
2021 172413 8046.31 25287.61 5.47
2022 17196.1 8022.76 25218.86 -0.27
2023 17256.2 8426.28 25682.48 1.84
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3.2. Changes in Consumption of Various Energy Sources

To further clarify the basis for the changes in the energy consumption structure of
the Sichuan-Chongqing region, this paper analyzes the consumption of four core
energy sources: coal, natural gas, oil, and primary electricity and other energy
sources, clearly presenting the ten-year change characteristics of various energy
sources and providing support for subsequent structural analysis.

3.2.1. Changes in Coal Consumption

As the traditional dominant high-carbon energy in the Sichuan-Chongqing region,
coal consumption showed an obvious downward trend over the past ten years,
reflecting the region’s firm orientation of "de-coalization". In 2014, the total coal
consumption in the Sichuan-Chongqing region was 124.841 million tons of standard
coal, of which Sichuan Province consumed 85.001 million tons of standard coal and
Chongqging Municipality consumed 39.8397 million tons of standard coal; in 2023,
the total coal consumption in the Sichuan-Chongqing region decreased to 101.557
million tons of standard coal, of which Sichuan Province decreased to 59.896 million
tons of standard coal and Chongqing Municipality increased to 41.6610 million tons
of standard coal. Over the ten years, the total coal consumption in the
Sichuan-Chongging region decreased by 23.284 million tons of standard coal, a
decrease of 18.7%. Among them, the coal consumption in Sichuan Province
decreased significantly, while that in Chongging Municipality increased slightly,
reflecting the differentiated characteristics of coal consumption adjustment in the

two places. The specific data are shown in Table 2:
Table 2. Changes in Coal Consumption in the Sichuan-Chongging Region

Year Sichuan Coal (10,000 Chongging Coal (10,000 Sichuan-Chongqing Total
tons of standard coal) tons of standard coal) (10,000 tons of standard
coal)
2014 8500.1 3983.97 12484.1
2023 5989.6 4166.10 10155.7

3.2.2. Changes in Natural Gas ConsumptionThe word “data” is plural, not
singular

As a low-carbon transition energy, natural gas consumption showed a rapid growth
trend over the past ten years, becoming the core support for the low-carbon
transition of energy in the Sichuan-Chongqing region. In 2014, the total natural gas
consumption in the Sichuan-Chongqing region was 31.343 million tons of standard
coal, of which Sichuan Province consumed 21.968 million tons of standard coal and
Chongqing Municipality consumed 9.3746 million tons of standard coal; in 2023, the
total natural gas consumption in the Sichuan-Chongging region increased to 58.330
million tons of standard coal, of which Sichuan Province increased to 40.103 million
tons of standard coal and Chongqing Municipality increased to 18.2271 million tons

of standard coal. Over the ten years, the total natural gas consumption in the
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Sichuan-Chongqing region increased by 26.987 million tons of standard coal, a
growth rate of 86.1%, nearly doubling. This reflects that the Sichuan-Chongqing
region has given full play to the advantages of natural gas resource endowment and
achieved remarkable results in promoting natural gas to replace coal. The specific
data are shown in Table 3:

Table 3. Changes in Natural Gas Consumption in the Sichuan-Chongqging Region

Year Sichuan Natural Gas Chongqing Natural Gas Sichuan-Chongging Total
(10,000 tons of standard (10,000 tons of (10,000 tons of standard
coal) standard coal) coal)
2014 2196.8 937.46 3134.3
2023 4010.3 1822.71 5833.0

3.2.3. Changes in Oil Consumption

As a medium-high carbon energy, oil is mainly used in the transportation sector.
Over the past ten years, its consumption has shown a slight growth trend, and its
proportion has remained basically stable. In 2014, the total oil consumption in the
Sichuan-Chongqing region was 48.179 million tons of standard coal, of which
Sichuan Province consumed 39.301 million tons of standard coal and Chongging
Municipality consumed 8.8781 million tons of standard coal; in 2023, the total oil
consumption in the Sichuan-Chongqing region increased to 53.534 million tons of
standard coal, of which Sichuan Province decreased to 38.222 million tons of
standard coal and Chongqging Municipality increased to 15.3124 million tons of
standard coal. Over the ten years, the total oil consumption in the
Sichuan-Chongqing region increased by 5.355 million tons of standard coal, a
growth rate of 11.1%, with a moderate growth rate. This reflects the steady growth
of energy demand in the transportation sector, and also indicates that the energy
structure in the transportation sector has not undergone fundamental adjustment.
The specific data are shown in Table 4:

Table 4. Changes in Oil Consumption in the Sichuan-Chongqing Region

Year Sichuan 0il (10,000 Chonggqing 0il (10,000 tons of Sichuan-Chongqging Total
tons of standard coal) standard coal) (10,000 tons of standard
coal)
2014 3930.1 887.81 4817.9
2023 3822.2 1531.24 5353.4

3.2.4. Changes in Primary Electricity and Other Energy Consumption

Primary electricity and other energy sources are mainly zero-carbon clean energy.
Over the past ten years, their consumption has shown a rapid growth trend,
becoming an important growth point for the low-carbon transition of energy in the
Sichuan-Chongqing region. In 2014, the total consumption of primary electricity and
other energy sources in the Sichuan-Chongqing region was 31.413 million tons of
standard coal, of which Sichuan Province consumed 23.469 million tons of standard
coal and Chongqging Municipality consumed 7.9437 million tons of standard coal; in
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2023, the total consumption of primary electricity and other energy sources in the
Sichuan-Chongqing region increased to 47.768 million tons of standard coal, of
which Sichuan Province increased to 38.706 million tons of standard coal and
Chongqging Municipality increased to 9.0623 million tons of standard coal. Over the
ten years, the total consumption of primary electricity and other energy sources in
the Sichuan-Chongqing region increased by 16.355 million tons of standard coal, a
growth rate of 52.1%. This reflects that the Sichuan-Chongqing region has given full
play to the advantages of clean energy endowment and achieved remarkable results
in accelerating the development of clean electricity, especially the continuous
advancement of the development and utilization of hydropower resources in
Sichuan Province. The specific data are shown in Table 5:

Table 5. Changes in Primary Electricity and Other Energy Consumption in the
Sichuan-Chongging Region

Year Sichuan Electricity and Chongqing Electricity and Sichuan-Chongqing
Others (10,000 tons of Others (10,000 tons of Total (10,000 tons of
standard coal) standard coal) standard coal)
2014 2346.9 794.37 3141.3
2023 3870.6 906.23 4776.8

In summary, the changes in the consumption of various energy sources in the
Sichuan-Chongging region from 2014 to 2023 showed distinct differences: coal
consumption decreased significantly, natural gas and primary electricity and other
energy consumption increased rapidly, and oil consumption increased slightly.
These changes laid a solid foundation for the low-carbon transition of the energy
consumption structure. The summary of changes in the consumption of various

energy sources is shown in Table 6:

Table 6. Changes in Consumption of Various Energy Sources

EnerevTyvpe Consumptionin2014 Consumptionin2023 Change ChangeRate
gyLyp (10,000tonsofstandardcoal) (10,000tonsofstandardcoal) (10,000tonsofstandardcoal) (%)
coal 12484.1 10155.7 -2328.4 -18.7

natural gas 3134.3 5833.0 +2698.7 +86.1
oil 4817.9 5353.4 +535.5 +11.1

Electricity 3141.3 4776.8 +1635.5 +52.1

and others
total 23577.4 25682.5 +2105.1 +8.9

amount

4. Analysis of Changes in Energy Consumption
4.1. Comparison of Energy Consumption Structure in 2014 and 2023

To clearly present the effectiveness of the low-carbon transition of the energy
consumption structure in the Sichuan-Chongqing region, this paper focuses on
comparing the energy consumption structure in 2014 and 2023, clarifying the core
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changes in the proportion of various energy sources, and intuitively reflecting the
transition characteristics of "reducing coal, increasing gas, and expanding

electricity".

4.1.1. Energy Consumption Structure in the Sichuan

In 2014, the energy consumption structure of the Sichuan-Chongqing region was
dominated by coal, with a high proportion of high-carbon energy and a low
proportion of low-carbon and zero-carbon energy, showing obvious high-carbon
characteristics. Specifically, coal consumption accounted for the highest proportion,
reaching 53.0%, accounting for more than half of the total energy consumption; oil
consumption accounted for the second highest proportion, at 20.4%; natural gas
and primary electricity and other energy sources accounted for the same proportion,
both at 13.3%, and their total was only 26.6%. The specific structure is shown in
Table 7:

Table 7. Energy Consumption Structure in 2014

Energy Type Consumption (10,000 tons of standard coal) Proportion (%)
Coal 12484.1 53.0
Natural Gas 31343 13.3
0il 4817.9 20.4
Elecgf}fietéa“d 31413 133
Total 23577.4 100.0

4.1.2. Energy Consumption Structure in the Sichuan-Chongqing Region in 2023

In 2023, the energy consumption structure of the Sichuan-Chongqing region
changed significantly: the proportion of high-carbon energy decreased sharply, and
the proportion of low-carbon and zero-carbon energy increased significantly, with
increasingly prominent low-carbon characteristics. Specifically, the proportion of
coal consumption decreased to 39.5%, a decrease of 13.5 percentage points
compared with 2014, and its dominant position was significantly weakened; the
proportion of natural gas consumption increased to 22.7%, an increase of 9.4
percentage points compared with 2014, becoming the second largest energy source
after coal; the proportion of primary electricity and other energy sources increased
to 18.6%, an increase of 5.3 percentage points compared with 2014, and the
supporting role of zero-carbon energy continued to strengthen; the proportion of oil
consumption remained basically stable at 20.9%, an increase of only 0.5 percentage
points compared with 2014. The specific structure is shown in Table 8:

Table 8. Energy Consumption Structure in 2023

Energy Type Consumption (10,000 tons of standard coal) Proportion (%)
Coal 10155.7 39.5
Natural Gas 5833.0 22.7
0il 5353.4 209
DOI:10.63313/SD.9009 64 Sustainable Development
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Energy Type Consumption (10,000 tons of standard coal) Proportion (%)
Electricity and Others 4776.8 18.6
Total 25682.5 100.0

4.2. Detailed Analysis of the Trend of Structural Changes

To more carefully observe the dynamic process of changes in the energy
consumption structure of the Sichuan-Chongqing region and accurately grasp the
phased characteristics of the transition, this paper sorts out the annual changes in
the proportion of various energy sources from 2014 to 2023. Through annual
comparison, the evolutionary rules of the proportion of various energy sources are
clarified, and the low-carbon transition trend of "reducing coal, increasing gas, and
expanding electricity" is further verified. The specific annual change data are shown

in Table 9:
Table 9. Changes in Energy Consumption Structure in the Sichuan-Chongqing Region from 2014 to 2023

Year Coal Proportion Natural Gas Proportion 0Oil Proportion Electricity and Others Proportion
(%) (%) (%) (%)

2014 53.0 13.3 20.4 13.3

2015 50.6 14.5 20.7 14.2

2016 49.3 15.2 21.2 15.3

2017 479 16.1 21.5 15.7

2018 46.7 17.4 21.5 15.5

2019 45.6 18.2 21.5 15.9

2020 44.4 189 21.2 16.8

2021 42.0 20.7 20.8 17.8

2022 41.5 21.2 20.7 17.9

2023 39.5 22.7 209 18.6

BaseBased on the above annual change data and combined with the previous
consumption analysis, four key characteristics of the changes in the energy
consumption structure of the Sichuan-Chongqing region can be summarized:

First, the proportion of coal continued to decline steadily, and the effect of
"de-coalization" was remarkable. From 2014 to 2023, the proportion of coal
consumption in the Sichuan-Chongqing region decreased from 53.0% to 39.5% year
by year, a total decrease of 13.5 percentage points over ten years, and it maintained
a downward trend every year without rebound. This fully reflects the continuity,
firmness and effectiveness of the "de-coalization" policy in the Sichuan-Chongging
region, and also reflects the steady advancement of coal replacement work in the
regional industrial sector.

Second, the proportion of natural gas increased steadily, and its substitution role
became increasingly prominent. The proportion of natural gas increased from 13.3%
in 2014 to 22.7% in 2023, a total increase of 9.4 percentage points over ten years.

Especially after 2020, the growth rate of the proportion of natural gas accelerated
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significantly, increasing from 18.9% in 2020 to 22.7% in 2023, an increase of 3.8
percentage points in three years. This reflects that natural gas, as a low-carbon
transition energy, has played a key role in replacing coal and promoting the
low-carbonization of the energy structure, and also reflects the effectiveness of the
Sichuan-Chongqing region in giving full play to the advantages of natural gas
resource endowment.

Third, the proportion of clean electricity increased significantly, and the support of
zero-carbon energy was enhanced. The proportion of primary electricity and other
energy sources (mainly zero-carbon clean energy) increased from 13.3% in 2014 to
18.6% in 2023, a total increase of 5.3 percentage points over ten years, showing an
overall steady growth trend. Especially from 2020 to 2021, the proportion increased
from 16.8% to 17.8%, with a significant increase. This reflects the full exertion of
Sichuan’s hydropower advantages and the rapid development of wind power,
photovoltaic and other new energy sources in both Sichuan and Chongqing, and the
supporting role of zero-carbon energy in the low-carbonization of the energy
structure continues to strengthen.

Fourth, the proportion of oil remained basically stable, and the transition in the
transportation sector was lagging behind. Over the past ten years, the proportion of
oil consumption in the Sichuan-Chongqing region has always fluctuated between
20.0% and 21.5%, from 20.4% in 2014 to 20.9% in 2023, with a change of only 0.5
percentage points, basically remaining stable. Oil consumption is mainly
concentrated in the transportation sector. The stability of this proportion indicates
that the energy structure in the transportation sector has not undergone
fundamental changes, and fuel vehicles still dominate. The low-carbon transition in
the transportation sector has become a weak link in the optimization of the energy

structure in the Sichuan-Chongqing region.

4.3. Low-Carbon Implications of Structural Changes

The changes of "reducing coal, increasing gas, and expanding electricity” in the
energy consumption structure of the Sichuan-Chongqging region from 2014 to 2023
are completely in line with the core requirements of the low-carbon transition of
energy under the dual-carbon goals. Each structural change is of great significance
for regional carbon emission reduction, and its low-carbon implications can be

interpreted from four dimensions:

4.3.1. "Reducing Coal": The Core Measure to Reduce Carbon Emission Intensity

Coal is the fossil energy with the highest carbon emission intensity, and its carbon
emission intensity per unit calorific value is much higher than that of natural gas
and oil. Therefore, reducing the proportion of coal consumption is the core measure
to reduce the carbon emission intensity of regional energy consumption. The

proportion of coal in the Sichuan-Chongqing region decreased from 53.0% to 39.5%,
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a decrease of 13.5 percentage points, which means that in every 100 tons of
standard coal consumed in the Sichuan-Chongqing region, the coal consumption
decreased by 13.5 tons. This change directly reduced the carbon emission intensity
of unit energy consumption, made the most significant contribution to regional
carbon emission reduction, and is also the core symbol of the low-carbon transition
of the energy structure in the Sichuan-Chongqing region.

4.3.2. "Increasing Gas": The Key Support for Low-Carbon Transition

As a low-carbon fossil energy, the carbon emission intensity per unit calorific value
of natural gas is about 60% of that of coal. Compared with coal, it has the advantages
of cleanliness and high efficiency, making it an ideal transition energy for coal
replacement. In the Sichuan-Chongqing region, the proportion of natural gas
increased from 13.3% to 22.7%, a rise of 9.4 percentage points, and the natural gas
consumption increased by 86.1% over ten years, nearly doubling. A large amount of
natural gas has replaced coal in industrial fuels, residential life and other fields,
which not only effectively reduced carbon emissions but also improved energy
utilization efficiency. It has become a key transitional force in the low-carbon
transition of energy in the Sichuan-Chongqing region, giving full play to the
advantages of the region's natural gas resource endowment.

4.3.3 "Expanding Electricity”: The Ultimate Direction for Achieving
Zero-Carbon Transition

Primary electricity and other energy sources are mainly zero-carbon clean energy
such as hydropower, wind power, and photovoltaic power, which do not produce
direct carbon emissions at the energy consumption end and are the ultimate
direction for achieving the zero-carbon transition of the energy system. The
proportion of clean electricity in the Sichuan-Chongqing region increased from 13.3%
to 18.6%, a rise of 5.3 percentage points, and the consumption volume increased by
52.1%. In particular, the abundant hydropower resources in Sichuan Province have
been fully developed and utilized. The large-scale development of clean electricity
not only reduced regional carbon emissions but also improved the cleanliness level
of energy supply, laying a solid foundation for the long-term zero-carbon transition

of the Sichuan-Chongqing region.

4.3.4. Stable Oil Proportion: A Key Breakthrough Point for Future Low-Carbon
Transition

The carbon emission intensity per unit calorific value of oil is between that of coal
and natural gas, and it is mainly used in the transportation sector. Its proportion has
remained basically stable at around 21% over the past ten years without an obvious
downward trend, and the consumption volume is still increasing slightly. This
means that carbon emissions in the transportation sector are still continuing to
increase, becoming a weak link and a key breakthrough point in the low-carbon
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transition of the energy structure in the Sichuan-Chongqing region. In the future,
with the promotion and popularization of new energy vehicles and the
improvement of charging infrastructure, the proportion of oil consumption is
expected to gradually decrease, further promoting the low-carbon upgrading of the
regional energy structure.

5. Conclusions and Policy Recommendations
5.1 Main Conclusions

Based on the structural analysis of energy consumption data in the
Sichuan-Chongging region from 2014 to 2023, combined with the systematic
research on the total energy consumption, energy consumption by type, and
structural changes in the previous text, this paper draws the following four main
conclusions:

Conclusion 1: The total energy consumption in the Sichuan-Chongqing region has
grown moderately, and energy utilization efficiency has continued to improve. From
2014 to 2023, the total energy consumption in the Sichuan-Chongging region
increased from 235.774 million tons of standard coal to 256.825 million tons of
standard coal, with a cumulative growth rate of 8.9% over ten years and an average
annual growth rate of less than 1%, which is significantly lower than the economic
growth rate of the Sichuan-Chongqing region in the same period. This indicates that
the regional economic development and energy consumption have achieved
coordinated progress, energy intensity has continued to decline, and positive
progress has been made in energy conservation and efficiency improvement. From
the perspective of regional differentiation, Sichuan Province has a larger total
energy consumption scale and stronger growth rate fluctuations, while Chongqing
Municipality maintains steady growth with better stability.

Conclusion 2: The energy consumption structure presents significant low-carbon
characteristics of "reducing coal, increasing gas, and expanding electricity". Over the
past ten years, the energy consumption structure of the Sichuan-Chongqing region
has undergone a fundamental transformation, with the proportion of high-carbon
energy decreasing significantly and the proportion of low-carbon and zero-carbon
energy increasing significantly. Specifically, the proportion of coal consumption
decreased from 53.0% to 39.5%, a drop of 13.5 percentage points, and the absolute
consumption decreased by 23.284 million tons of standard coal, a decrease of 18.7%;
the proportion of natural gas consumption increased from 13.3% to 22.7%, a rise of
9.4 percentage points, and the consumption volume increased by 86.1%, nearly
doubling; the proportion of clean electricity and other energy sources increased
from 13.3% to 18.6%, a rise of 5.3 percentage points, and the consumption volume
increased by 52.1%; the proportion of oil consumption remained basically stable
between 20% and 21.5% without an obvious downward trend.

Conclusion 3: Natural gas has played a key bridging role in the low-carbon transition
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of energy. Over the past ten years, the consumption of natural gas in the
Sichuan-Chongqing region has grown rapidly, with its proportion rising to 22.7%,
making it the second largest energy variety after coal. As a low-carbon transition
energy, natural gas, with its advantages of cleanliness and high efficiency, has
achieved remarkable results in replacing coal and reducing carbon emissions,
effectively connecting the transition process from high-carbon energy to
zero-carbon energy, giving full play to the advantages of natural gas resource
endowment in the Sichuan-Chongqing region, and providing important support for
the regional energy low-carbon transition.

Conclusion 4: Oil consumption is a key area that needs attention in the future
low-carbon transition of energy in the Sichuan-Chongging region. Oil consumption
is mainly concentrated in the transportation sector. Its proportion has remained
basically stable at around 21% over the past ten years without an obvious
downward trend, and the consumption volume is still increasing slightly. This
indicates that the energy structure in the transportation sector has not undergone a
fundamental adjustment, and fuel vehicles still dominate, which will be a difficult
and key point to break through for the Sichuan-Chongging region to achieve a
comprehensive low-carbon transition.

5.2. Policy Recommendations

Based on the above research conclusions, combined with the energy endowment
characteristics, current situation of energy consumption structure, and
requirements of the dual-carbon goals in the Sichuan-Chongqing region, and with
reference to relevant practical experience in low-carbon development, the following
targeted policy recommendations are put forward to help the Sichuan-Chongging
region continuously optimize its energy consumption structure and promote

regional green, low-carbon and high-quality development:

5.2.1. Continuously Reduce Coal Consumption and Promote the
"De-Coalization" Upgrade in the Industrial Sector

Although the proportion of coal in the Sichuan-Chongging region has dropped to
39.5%, it is still the most important energy variety in the region, and reducing coal
consumption remains the core task of the energy low-carbon transition. First,
strengthen the total coal consumption control. Combined with the actual industrial
development of the Sichuan-Chongqging region, set rigid total coal consumption
control targets for high-energy-consuming industries such as chemicals, building
materials, and iron and steel, forcing enterprises to accelerate the replacement of
clean energy. Second, promote the transformation of industrial boilers and kilns
from coal to natural gas and electricity, increase financial subsidies, and encourage
enterprises to adopt clean energy such as natural gas and electricity to replace coal,
so as to improve industrial energy utilization efficiency. Third, strictly control new

coal consumption projects, prohibit the construction and expansion of
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high-energy-consuming and high-coal-consuming projects, promote the
transformation and upgrading of traditional high-energy-consuming industries, and
reduce coal consumption demand from the source.

5.2.2. Give Full Play to the Advantages of Natural Gas Resources and Expand
the Scale of Efficient Utilization

As a major natural gas producing area in China, the Sichuan-Chongqing region has
unique resource endowment advantages and should further give play to the
bridging role of natural gas in the low-carbon transition. First, expand the
application fields of natural gas, promote the extension of natural gas to residential
life, industrial fuels, distributed energy, transportation and other fields, focus on
promoting the alternative application of natural gas in the industrial sector, and
increase the proportion of natural gas consumption. Second, improve the
construction of natural gas transmission pipelines, strengthen the interconnection
of natural gas pipelines between Sichuan and Chongqing, optimize the natural gas
allocation mechanism, and improve the natural gas supply guarantee capacity. Third,
promote the coordinated development of natural gas and renewable energy, explore
the complementary power supply mode of natural gas with wind power and
photovoltaic power, and improve the stability and cleanliness of energy supply.

5.2.3. Accelerate the Development of Clean Electricity and Increase the
Proportion of Zero-Carbon Energy

Clean electricity is the core of achieving the zero-carbon transition of energy. We
should give full play to the advantages of clean energy endowment in the
Sichuan-Chongqing region and accelerate the large-scale development of clean
electricity. First, consolidate the hydropower advantage of Sichuan, steadily
promote the construction of large hydropower stations, improve hydropower
generation efficiency, and ensure the stable supply of hydropower. Second,
accelerate the development of new energy such as wind power and photovoltaic
power. Chongqing should make full use of the wind energy resources in hilly areas,
and Sichuan should promote the photovoltaic industry in combination with
topographical conditions to expand the installed capacity of new energy. Third,
improve the clean electricity consumption mechanism, explore the complementary
scheduling mode of hydropower, wind power and photovoltaic power between
Sichuan and Chongqing, strengthen cross-regional power transactions, and enhance
the absorption capacity of clean electricity.
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