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Abstract. The strategic goals of carbon peak and carbon neutrality are important for China's
economic and financial development, which reflect the idea of co-development of economy and
ecological civilization. This paper selects the region with high carbon emission in China, Liaoning
Province, and takes Fushun City as the object of study. This paper first uses data to explain the
economic status of Fushun city, then empirically investigates the relationship between industrial
structure and low-carbon economy and make suggestions based on the analysis.

Keywords: low-carbon economy; industrial structure; cointegration test; ECM.

1. Introduction

Climate change is a global problem faced by mankind. Greenhouse gases have risen as a result of
carbon dioxide emissions in various countries, posing a threat to the living system. Under this
background, countries around the world decide to reduce greenhouse gases in the form of a global
agreement, and China set the goals of "carbon peak” and “carbon neutrality” aiming to reduce its
emission. The term “carbon neutrality” means to reduce the emission of carbon dioxide and achieve
net-zero carbon dioxide emissions. However, carbon dioxide emissions must continue to rise for a
sizable amount of time before they begin to slowly decline, whether because of factors related to
economic development or scientific rules. Once emissions reach a record high, “carbon peak," the
point at which growth and decline switch places, may have arrived.

Scholars have had heated discussions on the topic of "double carbon”, and the research contents
can be divided into two categories. First, the upgrading and optimization of industrial structure and
energy structure. Zhang and Zhao (2015) construct an input-output model and a multi-objective
planning model to investigate industrial structure optimization in Guangdong Province under the
target of carbon emission reduction [1]. Jiao and Li (2015) use the regional input-output table in 2007
to build a multi-objective input-output optimization model to simulate the potential of economic
growth and industrial structure adjustment in various industries under different economic growth rates
and low-carbon constraints, and estimate the optimal industrial structure suitable for the dual goals
of economic growth and emission reduction [2]. Sun et al. (2020) investigates the relationship
between industrial structure and low-carbon economic development in Jilin Province using time
series analysis [3]. Second, the creation and promotion of emission reduction tools. From the
perspective of fiscal instruments, Chen and Qi (2022) carry out research on long-term fiscal policies
aiming to deal with climate change under the constraints of the "double carbon™ goal, and
systematically discussed the relationship between climate change and public finance. From the
perspective of market-based tools [4], Yu and Ke (2022) investigate whether market incentive
environmental regulation leads to foreign direct investment through DD and DDD method [5]. In
addition, from the perspective of green finance, research has been made to discuss the impact of
“green ending”, “carbon neutral bond” and so on.

This paper falls into the first category in terms of research perspective. Using Fushun City as a
case study, this paper examines the development status of industrial structure and energy structure in
high carbon emission areas and makes recommendations based on the findings. In terms of research
methods, this paper refers to Sun et al (2020) and employs time-series analysis techniques such as
cointegration tests, ECM, and the Granger causality test to investigate the relationship between
industrial structure and low-carbon economy in Liaoning Province.
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The rest of the article is organized as follows. Section 2 describes the economic status of Fushun
from industrial structure, energy structure and population structure. Section 3 is the empirical study,
which includes index selection, model construction and empirical results. Section 4 presents the
conclusions and suggestions.

2. Economic status of Fushun city

In the eight years of construction since the establishment of People’s Republic of China, Liaoning
Province is one of the first industrial bases, and its total industrial output value ranks second in China.
Liaoning produced 17% of raw coal, 27% of power generation, nearly 27% of metal cutting machines,
50% of caustic soda and 60% of steel of the whole country. As an old industrial base, Liaoning
Province made great contributions to the national economy in the decades after the founding of New
China. However, many "coal cities" and "oil cities" based on resources are in trouble due to the
gradual depletion of resources and the mono-industry structure. Fushun City is one of them. Fushun
was once known as the "coal capital” in China and even the world with rich industrial resources.
However, in recent years, Fushun has gradually declined due to the depletion of coal resources and
industrial transformation.

Rich resources once brought economic development to Fushun, but with the depletion of regional
resources, many coal cities are now in the dilemma of "resource curse”, and its development has
encountered problems such as mono-industry structure, serious urban pollution, slow economic
development and so on. Under the goal of carbon peak and carbon neutrality, resource-based cities
need to think more about how to build a clean, low-carbon, safe and efficient energy system,
accelerate industrial transformation, and improve the city’s functions. This section takes Fushun City
as an example, analyzes the current economic situation of Fushun City, and tries to explore the
possible path of low-carbon economy transformation.

2.1 General situation of Fushun City

Fushun, located in the east of Liaoning Province, is an important industrial base in Liaoning
Province. The central and southern Liaoning industrial base where Fushun is located is one of the
earliest industrialized regions in China. In the 1960s, the maximum output of Fushun coal reached
18.3 million tons, so it is known as China's "coal capital”. As an important old industrial base built
during the first five-year plan period, Fushun is an important national production base of energy and
raw materials. The city is rich in mineral resources. "There are 34 kinds of mineral resources in three
categories: metal, non-metal and coal mine, with a total amount of about 5.497 billion tons and a total
retention of about 4.332 billion tons. The main minerals are coal, iron, copper, zinc, lead, gold, silver,
nickel, platinum, palladium, iron sulfide, etc.”

However, with the continuous exploitation of resources and the implementation of the measures
of "limiting mining and protecting the city", the driving effect of leading industries on the city’s
economy has gradually weakened, and the regional GDP has declined year by year. "In 2019,
Fushun's regional GDP was 84.71 billion yuan, a year-on-year decrease of 3.6% at comparable prices.
In 2020, Fushun achieved a regional GDP of 82.78 billion yuan, a decrease of 3.0% over 2019."
Fushun is facing an unprecedented dilemma. How to get rid of the curse of “thriving and dying
because of resources” in the future is a tough task that Fushun needs to think about and solve.

2.2 Industrial Structure

From the changes of Fushun's industrial structure from 2016 to 2020, it can be seen that the
proportion of the secondary industry decreased from 50.4% in 2016 to 47% in 2020, and the
proportion of the tertiary industry increased from 42.9% in 2016 to 46% in 2020, with a growth rate
of 3.1%. The industrial structure was optimized to a certain extent. However, compared with the
changes of China's industrial structure from 2016 to 2020, it can be found that the proportion of
Fushun's secondary industry is still much higher than that of the national secondary industry, and the
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proportion of the tertiary industry is also lower than the national level. The industrial structure still
needs further upgrading and optimization.

Table 1. Industrial structure of Fushun City from 2016 to 2020(%

2016 2017 | 2018
The first industry 6.7 5.6 5.2 6.7 7.0
The second industry 50.4 533 54.8 49.3 47.0
The tertiary industry 42.9 41.1 39.9 44.0 46.0

Table 2. China's industrial structure from 2016 to 2020

2016

2017

2018

The first industry 8.1 7.5 7.0 7.1 7.7
The Second Industry 39.6 39.9 39.7 38.6 37.8
The Tertiary Industry 52.4 52.7 53.3 54.3 54.5

On the other hand, according to the structure of total output value of above-scale industries in
Fushun from 2016 to 2019, the proportion of heavy industry is much higher than that of light industry,
and Fushun is a typical heavy industry city.In addition, Fushun's industries with high pollution and
energy consumption account for a large proportion, with petroleum processing, metal smelting and
processing, coal mining and washing accounting for 45.55%, 18.36% and 4.60% of the total output
value of above-scale industries respectively. The top ten industries in terms of total industrial output
value are also heavy industries such as coal, petroleum processing, metallurgy and machinery
manufacturing.

2.3 Energy Structure

Due to the long-term impact of the traditional industrial base, Fushun has a large demand for fossil
fuel energy such as coal. The energy consumption of municipal industrial enterprises calculated by
10000 tons of standard coal increased from 28.07 million tons in 2016 to 30.59 million tons in 2019,
an increase of about 8.98%. In 2019, the largest energy consumption of industrial enterprises was
crude oil, accounting for 41% of the total consumption, followed by raw coal, accounting for 22%,
and raw coal, accounting for 5% of the total. Fushun has a long way to go to promote the development
and utilization of new energy.

To sum up, heavy industry plays an important role in the industrial structure of Fushun City, while
low-energy industries such as light industry and service account for a relatively low proportion. At
the same time, industries with high energy consumption and high emission account for more than half
of the industrial industry. Consuming a lot of energy and resources in exchange of economic growth
is not a long-term solution after all. Therefore, only by accelerating the economic transformation,
adjusting and optimizing the industrial structure, and fully promoting low-carbon economy, can
Fushun achieve the healthy and sustainable development of economy and society.

3. Empirical Study

There is a two-way relationship between the development of low-carbon economy and the
adjustment of industrial structure. Under the mode of low carbon economy, the industrial structure is
changing towards less pollution emissions, higher production efficiency and energy efficiency. At the
same time, this adjustment and transformation of industrial structure will in turn further promote the
development of low-carbon economy. The two complement each other and work together to achieve
the goal of sustainable economic development.

Due to the limited data of Fushun City, this paper chooses Liaoning Province, where Fushun City
is located, as the subject of empirical analysis. In this section, the paper investigates the relationship
between industrial structure and low-carbon economic development in Liaoning Province with
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reference to the practices of Sun et al. (2020). Data comes from the statistical yearbook of Liaoning
Province and the statistical bulletin of the state and Liaoning Province in the past three years.

3.1 Indicator Selection and Model Framework

This paper analyzes the time series data of two indicators, industrial upgrading and energy intensity
from 1980 to 2020. Industrial upgrading, represented by the symbol X, is the ratio of the added value
of the tertiary industry and the secondary industry, which represents the process of industrial structure
transformation from low-level to high-level. Energy intensity, represented by the symbol Y, is the
ratio of regional GDP to total energy consumption, which indicates the efficiency of energy utilization
in the development of low-carbon economy.

The model framework of this paper is as follows: (1) The ADF test is used to test the stability of
the two indicators in Liaoning Province; (2)Based on the stability test, the cointegration test is used
to test whether there is a long-term equilibrium relationship between the two indicators of industrial
upgrading and energy intensity in Liaoning Province; (3)An error correction model (ECM) is
established to analyze the short-term relationship between industrial upgrading and energy intensity
in Liaoning Province.

3.2 Empirical Study

3.2.1 ADF Test
The ADF test is used to test the stability of the indicators. The results are shown in the table below.

Table 3. ADF test

Variable t-value P-value Stationarity
X -0.931 0.9528 unstable
D(X) -3.568 0.0326 stable
Y -2.380 0.9939 unstable
D(Y) -4.203 0.0044 stable

From the test results, it can be seen that the t-values of the original time series data of the two
indicators are smaller than the critical values, and the corresponding p-value is greater than the
significance level(5%). That is, there is a unit root in the original series of industrial upgrading and
energy intensity. Similarly, the first-order difference series of industrial upgrading and energy
intensity is a stationary time series, and the two indicators have the same order sequence, which is
suitable for further analysis.

3.2.2 Cointegration Test
Firstly, OLS method is used for regression of variables, and the results are as follows.

Table 4. OLS regression

Variable Coefficient Standard error t-value P-value
c -30.06422 6.8484 -4.39 0.000
X 1.019829 0.0819091 12.45 0.000

The estimation of the two indicators is:

Y =-30.0642 +1.0198X (1)

Thus, the residual sequence is obtained:

e=Y —(—30.0642 +1.0198X) )
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The results of ADF test of residual are as follows.

Table 5. ADF test of residual

t-value 1% Critical Value 5% Critical Value ~ 10% Critical Value  Stationarity
e -1.744 -2.638 -1.950 -1.606 stable

The residual series of the regression of industrial upgrading and energy intensity is stable,
indicating that there is a cointegration relationship between industrial upgrading and energy intensity,
according to the test results. That is, they have a long-term equilibrium relationship. Furthermore, the
regression coefficient of X is significantly positive, indicating that the transformation of low-level to
high-level industrial structure is conducive to the improvement of energy efficiency, and that
industrial structure adjustment has a positive effect on the development of a low-carbon economy.

3.2.3ECM
The regression results of the ECM are as follows.

Table 6. Error Correction Model

Variable coefficient Standard error ~ tvaluee | P-value
C 2.673481 5517332 4.85 0.000
AX, 0.35059 0929473 3.86 0.000
ECM, -0.272572 .0318335 -8.63 0.000

The error correction model is:

AY,=2.6735—0.0351AX,+0.0273ECM,_ (3)

ECM, ,=¢, =Y, ;—(—30.0642 +1.0198X,—1), 0.0273ECM,_,is the error correction term, which

shows the correction effect of the deviation of Y in the previous period from the long-term equilibrium
on the current period, and its coefficient reflects the extent of this correction. -0.0351AX, is the

influence of the fluctuation of the independent variable on Y, which shows a short-term relationship.

The results above show that the level of energy intensity is affected not only by changes in
industrial upgrading in the current period, but also by deviations from the equilibrium level in the
previous period. The cointegration relationship (ecmt-1) stimulates the energy intensity of the current
period, and its effect is 0.0273, that is, the level of industrial upgrading positively regulates the energy
intensity through the long-term equilibrium relationship. Combined with the cointegration test results,
it can be seen that the industrial structure is of great significance to the development of low-carbon
economy. Fushun City should pay attention to the high-quality optimization of industrial structure,
apply modern scientific and technological achievements, and effectively promote the development of
low-carbon economy.

4. Conclusions and suggestions

4.1 Basic Conclusions

The following are the main conclusions of this paper based on the analysis: (1) the industrial
upgrading of Fushun has achieved preliminary success, and the industrial structure needs to be further
upgraded, (2) there are bottlenecks in the adjustment of energy structure, and the current utilization
of new energy are insufficient, and (3) the adjustment of industrial structure can promote the
development of low-carbon economy, which is conducive to the optimization and upgrading of
industrial structure.
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This paper mainly contributes to the empirical literature on the relationship between low-carbon
economy and industrial structure. Unlike most of the articles that normally choose a country or a
province to investigate similar topics, the paper takes Fushun City as the research object and fully
investigates its economic structures so as to make more targeted solutions for cities that have similar
problems like Fushun.

This study can be extended in different directions. First, due to data limits, the paper uses Liaoning
Province as the subject in the empirical study. Bringing Fushun’s relevant data into the analysis would
offer more satisfying results for the study. Second, Fushun City faces an aging society and lacks high-
skilled talents. This population structure can influence its development of low-carbon economy, so
research can be carried out on topics such as “economic transformation and green technology
innovation” or “low-carbon economy and employment”.

4.2 Policy Recommendations

4.2.1 Cultivate substitute industries and promote deep processing of resources

Pittsburgh in the United States has developed a relatively perfect cluster system relying on the iron
and steel industry which have unique strength and advantages. Also, in the process of regional
transformation, Ruhr in Germany has experienced the stage of "Re-industrialization”, when Ruhr took
coal, steel and other industries as the main focus to transform traditional industries. From the
development path of other resource-based cities, it can be seen that it is not feasible to completely
jump out of energy resources to develop the economy. Fushun City should take advantage of its rich
resource, continue to explore the potential of traditional industries, as well as cultivate alternative
industries to reduce the pain caused by industrial transformation.

On the one hand, extend the industrial chain and promote the deep processing of resources. For
example, the coal industry can be transformed into coal chemical industry and comprehensive
utilization of coal gangue. The iron and steel industry can be transformed to high-end steel such as
alloy steel, automobile and shipbuilding. Also, petrochemical industry can change to ethylene,
lubricating oil and other high value-added products.

On the other hand, the government should encourage the development of emerging industries and
modern service industries, upgrade industrial technological competitiveness, and expand the
proportion of the tertiary industry. For instance, Fushun has rich forest resources, so it can promote
wood processing industries such as high-end flooring and furniture. Fushun can also develop
industries such as lithium batteries, plastic products and PVC based on the accumulated experience
with petrochemical industry.

4.2.2 Develop characteristic tourism

Fushun is rich in tourism resources. It is the hometown of the Manchu nationality and the
birthplace of the Qing Dynasty. The city also has many historic sites and tourist attractions, such as
the Royal polar ocean world, Houshi National Forest Park, Red River Valley rafting, etc. Fushun
should make full use of its tourism resources to promote the upgrading and expansion of scenic spots,
gradually realize the transformation from the industrial structure dominated by coal mining to the
industrial structure driven by "smoke-free industry™ tourism, so as to achieve sustainable development.
In addition, Fushun City can also exploit its industry advantages to create unique industrial culture.
For example, power plants, oil plants, cement plants can be turned into “industrial ecological park™,
and old plants with historical memory in the mining area can also be transformed into exhibition halls
and theme museum.

4.2.3 Optimize the energy structure and improve environmental governance

The optimization of energy structure is not only an important task for China's energy development,
but also a major part of ensuring energy security and achieving carbon peak and carbon neutrality.
Petroleum, coal and other Resources with high carbon emissions accounts for a relatively large
proportion of Fushun's energy consumption. The city still has a long way to go to optimize its energy
structure and develop low-carbon economy.
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The adjustment of energy structure cannot be achieved overnight. It is unrealistic to require
resource-based cities such as Fushun to develop clean energy such as wind, water and solar energy.
The upgrading of energy structure should be based on local comparative advantages. Therefore,
Fushun can take the development path of “resource conservation and utilization + strengthening urban
planting” in the short term. On the one hand, Fushun can use the improvement of technology and
management as a breakthrough, focus on the conservation and utilization of resources, improve the
recovery rate of coal, promote the comprehensive utilization of coal gangue, fly ash, mine water, and
reduce the damage of coal production to the environment. On the other hand, strengthening urban
greening. For example, resource-exhausted areas can be built into an important part of rural cities by
actively planting trees. The city plants can absorb a large amount of CO2 and SO2, so as to reduce
the total amount of regional carbon emissions.

In the long run, resources will eventually dry up. Fushun City should take precautions, make full
use of new policies and opportunities, get rid of the dependence on original resources, and establish
low-carbon alternative industries. For example, by developing clean energy related industries and
tourism, Fushun can achieve the transformation from polluting to environmental-friendly energy base.
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