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This paper empirically describes and analyzes the structural contradictions between
energy production and consumption in the Chinese local economy. Alongside rapid
economic growth, energy usage in China increased gradually and exceeded energy
production for a long time. For some particular energy sources such as petroleum, the
gap between supply and demand is relatively larger than that of the whole energy sector in
the economy. The process of turning fossil fuels into final energy products for use causes a
great deal of pollution, especially emitting industrial waste gases, such as particulate
matter emission, into the atmospheric environment. Increasing energy production directly
and greatly to solve the gap between energy supply and demand in the economy may
impact environmental quality and not meet sustainable development needs. It is difficult to
coordinate energy production and consumption when considering economic
development and environmental protection in economic operation. Importing energy
could meet the excess energy consumption in a short period but often fluctuates from
foreign energy market changes and global political events. For policy recommendations,
some policies which directly lower energy consumption may impact economic
development since industry is the main consumer of energy, and industrial production
is an important component of GDP in China. Declining the role of the industry sector in the
economy and reducing industrial product exports, including some energy-intensive
products, could solve the structural contradictions between energy production and
consumption under the condition of maintaining economic development and protecting
the environment in China, but this is a long-term adjustment process.
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INTRODUCTION

The Communist Party of China, established 100 years ago, has
made great achievements in economic development during their
leadership from 1 October 1949, when the People’s Republic of
China was established, especially since 1978 when Chinese top
designers decided to implement the reform and opening-up
policy. Rapid economic growth in China has been ongoing for
many years. The average growth rate of GDP and per capita GDP
was 9.2 and 8.2%, respectively during 1979–2020 based on the
information from the China Statistical Yearbook 2021, compiled
by theNational Bureau of Statistics of China1. The outbreak of the
coronavirus disease in 2019 (COVID-19) and early 2020 has
caused significant economic decline around the world. The
Chinese economy has also been impacted by COVID-19, but
its growth rate of GDP in 2020 was 2.3%, making it the only
nation to achieve a positive growth rate among the major
economies of the world based on the information from The
Government Work Report 2021 by Premier Li Keqiang2.
Economic development with a certain growth rate of GDP
compliance with the Chinese people’s needs became a future
policy goal. This paper takes this argument as the premise to
study any issue, such as solving the structural contradictions
between energy production and consumption. In other words,
this study analyzes the dynamic changes in energy supply and
demand in the process of economic development in China that
are necessary since these issues have become an important section
in many macro and micro policies.

The miracle of economic growth that occurred in China
attracted the attention of researchers and policy-makers all
over the world. People want to explore the factors driving
Chinese economic growth to guide developing countries and
regions with lower or even negative economic growth rates
(Almås and Johnsen, 2018; Rodrik, 2018). Chen and Feng
(2000) indicated that private and semi-private enterprises and
international trade could play a role in Chinese economic growth,
and higher education has the same effect. Liang and Teng (2006)
mainly studied the relationship between Chinese financial
development and economic growth, finding a unidirectional
causality exists from economic growth to financial
development which departs distinctively from other studies.
Particularly, international trade is often regarded as a major
factor driving economic growth in China (Kong et al., 2021),
and innovation is the first driving force to shift the economy from
rapid growth to high-quality development (Wang and Tan,
2021). However, along with China’s economic growth and
social development, some public problems, such as the
massive use of natural resources—including fossil fuels—and
some serious environmental pollution events, have caused
widespread concern around the world. In China’s economic
growth model, energy consumption will increase with

economic growth when the economy becomes more
productive (Tang et al., 2018). As energy is an important
input, its usage impacts economic development. Ren et al.
(2022a) found the dynamic promotion effect of energy
consumption on growth based on Chinese evidence. Fossil fuel
energy and renewable energy use in Pakistan have a productive
relationship with its economic progress (Rehman et al., 2022a),
and the relation between commercial energy distribution and
economic progress in this economy is also complex (Rehman
et al., 2021a). Additionally, in China’s trade structure with
industrial manufactured product exports, energy consumption
also increases when the economy trades more goods to foreign
countries and regions (Tang and Peng, 2017a). Pollution
emission and energy consumption have a significantly positive
relationship proven in some empirical studies (Zhang and Cheng,
2009; Wang et al., 2011). Some emissions, such as air pollution,
may negatively impact people’s lives and human health by
damaging environmental quality (Gu et al., 2020). Greenhouse
gas emissions become an emerging problem globally; therefore,
policymakers have to tackle this issue by implementing
conservative policies and financial support (Rehman et al.,
2021b).

In a new era since 2012, Chinese policymakers take meeting
the people’s needs for a better life as a goal of governing the
country. People want to live in a healthy environment without
serious pollution, so policy implementers who exercise power on
behalf of the state shall protect and improve the living and
ecological environment along with preventing and controlling
pollution, as written into the Constitution of the People’s Republic
of China (Article 26). Hence, environmental protection is another
basic assumption like economic development when analyzing
how to solve the structure of energy production and
consumption. The Central Committee of the CPC with
Comrade Xi Jinping at the core adopts a new vision for
development after the 18th National Congress of the CPC (8
November 2012). In the 19th National Congress of the CPC (18
October 2017), General Secretary Xi Jinping emphasized that the
underpinning and the key to solving China’s problems is
development, also indicating that the vision of innovative,
coordinated, green, and open development for everyone is the
new vision for development. The vision of green development
includes the relationship between economic development and
environmental protection, along with the rational use of energy
and other natural resources at the top design level in China. In the
process of economic operation, the relationship between
economic development and pollution emission from some
evidence shows that economic growth led to the deterioration
of environmental quality in a certain stage of development
(Grossman and Krueger, 1995). Policies and regulations for
environmental protection may harm economic growth
(Carraro and Galeotti, 1997). The contradiction between
economic growth and environmental protection makes people
feel that higher environmental quality necessitates a lower growth
rate much of the times. To reduce carbon emissions for solving
global climate change, correctly evaluating and forecasting
carbon prices is important under the condition that the
carbon market has become an effective mechanism (Ren et al.,

1These data could be found at http://www.stats.gov.cn/tjsj/ndsj/.
2According to the information from the National Bureau of Statistics in China, the
final growth rate of GDP in 2020 was 2.2%. For details, see http://www.stats.gov.cn/
xxgk/sjfb/zxfb2020/202112/t20211217_1825447.html.
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2022b). Renewable energy consumption could reduce
environmental degradation in some OECD countries (Dagar
et al., 2022), and renewable energy consumption in Bhutan
has an adverse relation to its carbon emissions (Rehman et al.,
2022b). Some economies, like Argentina, have recently declared
policies of carbon-neutral (Murshed et al., 2022a), renewable
electricity generation, and economic globalization to reduce the
energy production-related carbon emissions in the economy
(Murshed et al., 2022b). Han et al. (2021) indicated that
COVID-19 reduced fossil-related and cement-induced carbon
dioxide along with significantly reduced GDP. To save energy and
reduce emissions, low-carbon energy transition is conducive to
stimulating energy poverty alleviation (Dong et al., 2021). In a
word, controlling carbon emissions in some environmental
policies will decline energy usage and promote to development
of new energy with fewer emissions. Tang et al. (2014) proposed a
model for environmental policy of resource reallocation and
pollution control and indicated that an economy with
economic growth has more ability to protect the environment.
Ren et al. (2022c) indicated that some environmental rules do not
improve environmental effects except the environmental
regulations that directly target heavy polluting industries.

Due to the significant correlation between economic
development and environmental quality, the structure of energy
production and consumption is complicated. Additionally, energy
production directly depends on the orientation of public energy
policies, as impacted by social and economic development, and
environmental protection, especially in China where the state owns
all mineral resources according to the provisions of the
Constitution (Tang, 2022). Many existing studies solely analyze
the issue of energy consumption and economic development or
energy production and environmental protection, etc. According
to economic operation in practice, some issues of energy
consumption and production need to be studied under the

condition that the degree of economic growth and
environmental protection is high or low. To the best of our
knowledge, comprehensively analyzing the relation between
energy production and consumption, and economic
development and environmental protection to solve the gap
between energy supply and demand in an economy is rare.
Additionally, a policy with some instruments for controlling
energy consumption or/and energy production with no concern
for economic development and environmental protection is often
difficult to implement. Compared to existing papers, this study
mainly tries to address the policy level problem that some policies
decline total energy consumption or/and increase total energy
production to coordinate the structural contradictions between
energy supply and demand in the Chinese local economy, likely
influencing economic growth and environmental quality.
Empirical analysis of the status and dynamic changes of energy
production and consumption along with economic development
and environmental protection based on the Chinese evidence could
provide some clear policy recommendations to solve that problem.
To achieve the results and to allow policy implications to be
generalizable, this paper will study these issues with the vision
of green and sustainable development.

ENERGY PRODUCTION AND
CONSUMPTION IN CHINA: A GENERAL
DESCRIPTION
Industrial production and human daily life need energy, which is a
special product in an economy. Many economic resources, such as
labor, technology, and financial capital, have been allocated by
market power under the guidance of China’s market-oriented
reform. However, energy allocation still has significant macro-
control factors through implementation of policies and regulations

FIGURE 1 | Total primary energy production and total energy consumption in China during 2011–2020 (104 tce). Source: The author searched the information from
Total Primary Energy Production and Its Composition, and Total Energy Consumption and Its Composition in theChina Statistical Yearbook 2021 respectively. Note: The
unit “tce” indicates “ton coal equivalent”, and these quantities should be calculated by coal equivalent calculation based on the China Energy Statistical Yearbook 2020.
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regarding energy supply. The state or collectives as prescribed by
law own all natural resources such as mineral resources, waters,
forests, and mountains, and any organization or individual is
prohibited to seize or damage natural resources based on
Article 9 in the Constitution of the People’s Republic of China.
The state-owned characteristic of mineral resources implies that
private markets cannot solely solve the contradiction between
energy supply and demand. Additionally, government control in
China often influences energy prices (Shi and Sun, 2017), and the
power of the market makes it difficult to adjust energy production
and consumption. In China, energy consumption has exceeded
production for many consecutive years. For example, Figure 1
depicts the total primary energy production and total energy
consumption (standard quantity) during 2011–2020. The robust
result indicated that the gap between energy consumption and
production will become larger and larger in the Chinese local
economy.

Energy demand or consumption significantly exceeded energy
supply or production in China’s local economy. Energy prices
should increase according to the theory of market economy.
China’s policy-makers control energy prices strictly, and the
producer price for energy products from the industry sector
decreased in 2020, based on Figure 2. Energy consumption
exceeded production and energy prices declining indicates that
the structure between energy supply and demand in the domestic
market is contradictory. Energy prices are still controlled at a
relatively low level. Some energy producers possibly make losses
by operating and decide to reduce or refuse production
sometimes. Policy-makers in some Chinese regions had to take
to power rationing3, which many developing countries often

implement (Heggie et al., 2018). As a result of the energy
market, there appears a power shortage and insufficient coal
supply in China at the same time.

When considering the internal structure of energy production
and consumption in China, the contradiction between energy
supply and demand in the domestic market will become more
obvious. Energy, whether as a final product or an intermediate
input in economic operation, needs particular natural resources
existing in geology to produce. For example, if an economy wants
to produce coal, petroleum, or natural gas for production or
human daily use, it needs fossil fuels that were stored in the land.
If the economy does not have fossil fuels on its land, it is difficult
to produce some energy products in a closed economic model.
Natural resources greatly constrain energy production in an
economy. Thus, the structure of energy production has local
characteristics. Figure 3 depicts the Chinese distribution of
primary energy production in recent years and showed that
raw coal accounted for the largest proportion of China’s
energy production. China has verified a great number of coal
reserves (Han et al., 2018), which is the main reason coal
production was such a large proportion of energy production.
However, the ratio of raw coal in primary energy production
gradually declined in China, along with a larger and larger ratio of
natural gas, primary electricity, and other energy. China has
changed from a net exporter to a net importer of coal since
2009 (Tang and Peng, 2017b), and the import of coal was quite
large at 29977 (104 tons) in 2019 according to the China Energy
Statistical Yearbook 2020, and the export of coal in the same year
was only 603 (104 tons). The ratio of crude oil in Figure 3
decreased on the whole (only increased in 2015), and the ratio in

FIGURE 2 | Producer price indices (PPI) for industrial products about energy in China in 2019 and 2020. Sources: The author searched the information from
Producer Price Indices for Industrial Products by Sector (2020) in the China Price Statistical Yearbook 2021. Note: All industries’ PPI-2019 in the figure is 100.

3Some reports could be seen at http://www.nea.gov.cn/2021-11/12/c_
1310307217.htm.

4This is English version translated by Jonathan Price and Menghui Yan and
published by Shandong Friendship Publishing House in 2008
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2020 was only 6.8%. Comparing the composition of energy
consumption could find whether the structure of energy
production has more conflicts in China’s economic operation.

Figure 4 shows the distribution of energy consumption in
China during 2011–2020 and found the following: Coal
accounted for the highest proportion of energy consumption
and the percentage was greater than 50%, but the ratio declined
gradually every year, which favors raw coal in primary energy
production. Although these percentages of coal in Figure 4 were

lower than raw coal percentages in Figure 3, China also imports
coal to meet excess demand since total energy consumption was
larger than primary energy production for many years, as
illustrated in Figure 1. The percentages of natural gas and
primary electricity and other energy in energy consumption
increased gradually respectively and were consistent with their
trends in energy production. The biggest inconsistency among
these energy percentages in production and consumption was
that the ratio of petroleum in energy consumption increased on

FIGURE 3 | Composition of primary energy production in China during 2011–2020 (%). Source: The author searched the information from Total Primary Energy
Production and Its Composition in the China Statistical Yearbook 2021.

FIGURE 4 |Composition of energy consumption in China during 2011–2020 (%). Source: The author searched the information from Total Energy consumption and
Its Composition in the China Statistical Yearbook 2021.
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the whole while the percentage of crude oil in energy production
declined on the whole, and the former is much larger than the
latter, such as the percentage of petroleum in energy consumption
was 18.9% in 2020 and larger than crude oil in production, which
had a percentage of 6.8%. Combining with the evidence that total
energy consumption greatly exceeded total primary energy
production, the petroleum gap in China is very large and
meets the excess demand only through importing crude oil.
The import of crude oil in China in 2019 was 50568
(104 tons), and the export of that was only 81 (104 tons) based
on the China Energy Statistical Yearbook 2020.

Importing energy such as coal and crude oil could solve some
problems of energy supply and demand in an open economy
model, but the structural contradictions between energy
production and consumption are often associated with
economic development and environmental protection.
Additionally, the relatively robust composition of energy
production and consumption in China indicated that the
structural contradictions of energy supply and demand in the
local economy will last for a long time. This paper will study the
status of energy production and consumption with development
and pollution in China, respectively, in the following sections. In
many economic models, theoretically analyzing how economic
growth impacts energy consumption and how energy usage
influences environmental quality could provide some useful
views for our empirical analysis. Additionally, some theoretical
analyses of the energy market and energy prices could reveal the
reasons for dynamic changes in energy production and
consumption in theory.

ENERGY PRODUCTION AND
CONSUMPTION WITH ECONOMIC
DEVELOPMENT IN CHINA
China’s policy-makers developed the economy and increased
human income, which became the main objective after
implementing the reform and opening-up policy in 1978 because
people were eager to live a rich life. In the Chinese classic Guan Zi, it
is said, “If the granary is full, people will understand etiquette; if the
basic necessities of life are abundant, people will understand honor
and shame.“4 In a poor and backward economy such as China before
reform and opening-up, economic development with a high growth
rate was a primary way to solvemany social problems. In the stage of
economic development in China, the rational use of energy and high
environmental quality with low pollution is not as important as
economic growth. Hence, China formed an economic model
characterized by massive production and consumption of energy
and other natural resources with massive pollution emissions. This
traditional developing model is increasingly unsuitable after many
years of rapid economic growth, so Chinese policy-makers began to
emphasize the green development of energy-saving and emission
reduction. The GDP growth rates declined gradually (slightly
increasing in 2017) and was larger than the growth rates of
energy consumption in China during 2011–2019 based on the
information in Table 1. The energy intensity by GDP had been
falling in recent years, which indicated that energy consumption per

unit of output in China’s economy is declining. The growth rate of
energy consumption firstly decreased and then increased on the
whole. This situation probably is a result of energy as a final product
increasing alongside increased income in people’s daily lives. For
example, many families in China have one or more cars that need to
use gasoline or electricity, and the total number of civil motor
vehicles was an incredible number—25376 (104units) in 2019, based
on the China Energy Statistical Yearbook 2020.

Policy objectives have obviously impacted energy production
since the Chinese state owns the fossil fuels. With the economic
growth, the growth rate of energy production in China in 2016
was negative (−4.5%). Energy production reduction is
contradictory to the increase in energy consumption, especially
as the Chinese economy had excess energy demand compared to
energy supply in the domestic market for many years. Policies to
reduce energy consumption are difficult to implement because
industrial production and people’s daily lives requireenergy. As a
necessary factor, production cannot be maintained without
energy usage; as a necessary product, people cannot live
normally without gasoline or natural gas. Declining energy
production policies are relatively easy to implement by
formulating stricter regulations of fossil fuel exploitation and
hope to solve the gap between energy supply and demand by
importing energy from the foreign market. However, the model
of reducing energy production regardless of energy usage was
hard to sustain for a long time since energy consumption
increases with economic development and the excess energy
demand in the domestic market becomes greater, and energy
import is likely to be seriously impacted by the international
energymarket. The growth rates of energy production in China in
2017–2019 were positive and larger than the growth rate of
energy consumption in the 3 years, respectively.

Fossil fuels stored in nature have to go through a series of
production processes to become usable energy products. Thus,
some industries around energy production become important
sections of the economy. In the economic model with Chinese
characteristics, output in the industrial sector is the most
important component of GDP, and as such the percentage of
the industry sector of the GDP in 2020 is the largest at 30.8%,
shown in Figure 5. Too strict restrictions on energy production
may lead to a decline in industrial output, which is not conducive
to economic development owing to the decline of energy industry
employment alongside with energy production reduction.

In the industrial sector, the industry around energy encompasses
mining and washing of coal, extraction of petroleum and natural gas,
processing of petroleum, coal, and other fuels, production and supply
of electric power and heat power, and production and supply of gas5,
as introduced in Figure 2. The industry of processing petroleum, coal,
and other fuels belongs to themanufacturing sector, and its total profit
was 103.49 billion yuan and the average number of employees per year

5In China Energy Statistical Yearbook, energy industry contains coal mining and
processing, petroleum and natural gas extraction, electricity, steam, hot water
producing and supply, petroleum processing and coking, and coal gas and coal
products, etc. In order to analyze some topics by collecting available data and
evidence, this paper uses the industry about energy such as in Figure 2.
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was 804 thousand persons in China in 2020 based on the information
in the China Statistical Yearbook 2021. Policy-makers have difficulty
limiting this industry’s production when its operating performance is
so remarkable. A strange phenomenon appeared in China’s energy
production as follows: The economy imported a huge amount of
crude oil for meeting the excess petroleum demand but exported a
large number of final petroleum products, such as gasoline, kerosene,
and diesel oil, at the same time. Figure 6 depicts the net export of
gasoline, kerosene, and diesel oil in China from 2014 through 2019,
showing that the net exports of these final petroleum products
increased on the whole. A crude oil-importing country exporting
more and more final petroleum products indicates that the economy
could obtain benefits from processing petroleum in production.

For energy consumption, the percentage of energy usage in the
industry sector on total energy consumption exceeded 65% in China
from 2011 through 2019, shown in Figure 7. Due to the importance
of the industrial sector to China’s economic development, some

regulations of strictly reducing energy consumption in the industry
sector have an obvious effect of saving energy but declines in
industrial production are likely to stop the implementation of
these policies for some time. The result is robust in Figure 7.

Exporting industrial products became the primary section of
China’s goods trade; total goods exports in China 2020 were USD
2589.952 billion and the export of industrial products was USD
2474.322 billion, based on theChina Statistical Yearbook 2021, so the
percentage of industrial products of total goods export exceeded
95.5%. Energy consumption focused on industrial production and
industrial commodities export was the main section of goods export,
so a decline in industrial products export should reduce energy usage
and solve the pressure of short energy supply to a certain extent.
When commodity export is still the main determinant of China’s
economic development, energy usage in the industrial sector will
continue contributing to foreign markets through goods exports
(Tang and Peng, 2017a), because energy consumption in the

TABLE 1 | Growth rate of energy production, energy consumption and GDP, and the energy intensity by GDP in China during 2011–2019.

year 2011 2012 2013 2014 2015 2016 2017 2018 2019

growth rate of GDP 9.6% 7.9% 7.8% 7.4% 7% 6.8% 6.9% 6.7% 6%
growth rate of energy production 9% 3.2% 2.2% 1% 0% −4.5% 3.7% 5.6% 4.9%
growth rate of energy consumption 7.3% 3.9% 3.7% 2.7% 1.3% 1.7% 3.2% 3.5% 3.3%
energy intensity by GDP (tce/104 yuan) 0.86 0.83 0.79 0.76 0.72 (0.63) 0.60 0.58 0.56 0.55

Source: The author searched the information from Growth Rate of Energy Production and Consumption Compared with Growth Rate of GDP, and Energy Intensity by GDP, in the China
Energy Statistical Yearbook 2020 respectively.
Note:GDP, was calculated at the 2010 constant price and 2015 constant price for the energy intensity by GDP, during 2011–2015 and during 2015–2019, respectively. Thus, 2015 had
two numbers.

FIGURE 5 | Composition of GDP by sector in China, 2020. Source: The author searched the information from GDP Composition in the China Statistical
Yearbook 2021.
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economy is difficult to decrease by reducing industrial product
exports in the future. Table 2 presents some energy-intensive
products produced in the industrial sector in China during
2011–2019 and indicated that these products’ exports from China
were relatively great. Only the export of cement and cement clinkers
in 2019 was lower than that in 2011, and all other energy-intensive
product exports in 2019 were more than in 2011. Producing these
energy-intensive products in China necessarily used a lot of energy.
The export of these products increased on the whole and expanded
the structural contradictions between energy production and

consumption at the level of economic development. The
relatively robust growth trend indicates that declining the export
of these energy-intensive products requires a long time.

Overall, industrial production and industrial product exports
are highly related to China’s economic development and huge
energy consumption in the industry sector. Considerable
performance of energy production in the relevant industries
caused energy consumption to reduce difficultly, so energy
saving cannot be achieved by declining energy supply alone.
Additionally, energy as a final product was consumed more in

FIGURE 6 | Net export of gasoline, kerosene, and diesel oil in China during 2014–2019 (104 tons). Source: The author searched those exports and imports from
Imports and Exports of Major Energy Products in the China Energy Statistical Yearbook 2020 and calculated these net exports.

FIGURE 7 | Percentage of energy consumption in industry on total energy consumption in China during 2011–2019. Source: The author searched the total energy
consumption and energy consumption in industry from Total Energy Consumption by Sector in the China Energy Statistical Yearbook 2020 and calculated these
percentages.
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people’s daily life when family income increased with economic
development, which was also a cause of expanding contradiction
between energy production and consumption. The traditional
economic growth model characterized by massive production
and consumption and large industrial products export must
change in China. Otherwise, it cannot effectively solve the
contradiction between energy supply and usage.

ENERGY PRODUCTION AND
CONSUMPTION WITH ENVIRONMENTAL
PROTECTION IN CHINA
With many years of sustained economic growth in China, Chinese
people have higher requirements for environmental quality, such as
clean air and water. In the basic economic analysis framework, the
demand for any normal goods will increase along with income
increases. However, the private market cannot solve the allocation of
environmental quality problems, owing to the public goods model.
The government must ensure the environmental quality people
require and prevent serious environmental pollution as much as
possible. Excessive discharge of waste water and emission of waste
gas in some regions of China is a major environmental challenge at
the state level. To compare energy production and consumption,
which relates to the industry sector, with economic development,
Figure 8 depicts the percentage distribution of pollution discharged
into water and emitted into the atmosphere in China in 2019. The
discharge of waste water containing COD and ammonia nitrogen
from the industrial sector is relatively low. According to the raw data,
discharge of COD and ammonia nitrogen mainly came from
households. However, the emission of waste gas such as sulfur
dioxide, nitrogen oxides, and particulate matter from the industry
sector is very large, especially sulfur dioxide and particulate matter
emissions. Huge emissions of industrial waste gas and energy,
including fossil fuel, mainly used in the industrial sector are
related. When energy consumption in industrial production is
difficult to reduce for economic development in China, there is a
challenge to atmospheric environmental protection.

Although the proportion of industrial discharge on total waste
water is relatively small, industries surounding energy production
also discharged waste water, and collated numbers in China in 2019
are shown in Table 3. Based on the calculation of the percentage of
these industries’ COD and ammonia nitrogen discharge on the total
industrial discharge, both percentages of COD and ammonia

nitrogen in the processing of petroleum, coal, and other fuels,
and the production and supply of electric power and heat power
were relatively large. The percentage of COD inmining and washing
of coal was also large. Hence, when policy-makers want to reduce the
discharge of waste water for environmental protection in the level of
energy production, implementing some regulation adjustments in
the extraction of petroleum and natural gas or production and
supply of gas solely is difficult to achieve a significant effect at the
stage of development in China.

Figure 9 depicts the energy produced in the industry sector and
the emissions of waste gas in these industries about energy
production in China in 2019. In the sector of extraction of
petroleum and natural gas and production and supply of gas,
the emission of sulfur dioxide, nitrogen oxides, and particulate
matter is relatively low. These three emissions arising from the
processing of petroleum, coal, and other fuels, and production and
supply of electric power and heat power were relatively large, and
particulate matter emission in the mining and washing of coal was
also large. In a word, in producing energy for economic operation
and daily life, the process of production may impact atmospheric
environmental quality by emitting waste gases. For higher
environmental quality, strictly reducing energy production could
decline the emission of waste gas but expand the structural
contradictions between energy supply and usage in China. Put
differently, meeting the excess energy demand in the domestic
market by producing more energy in the Chinese local economy
may directly damage the environmental quality.

Huge energy consumption in the whole industry sector and
energy production for economic development indicates that some
environmental protection policies with strictly declining energy
usage/supply implement difficultly. However, reducing pollution
emissions does not impact economic development as significantly
as declining energy consumption under the condition of more
and more advanced pollution control technology being used. For
example, at the energy production level, producers could reduce
pollution emissions by using some treatment facilities while
maintaining energy production unchanged. Table 4 shows the
collated number and annual expenditure of industrial waste-
water and gas treatment facilities for energy industries in China in
2019. These produced energy industries invested a lot of money in
controlling pollution, such as the production and supply of
electric power and heat power industry had 21,140 set
treatment facilities and paid about 73.6 billion yuan to treat
industrial waste gas in 2019. Energy industries treating polluting

TABLE 2 | Exports of some energy-intensive products in China during 2011–2019.

year 2011 2012 2013 2014 2015 2016 2017 2018 2019

cement and cement clinkers (104 tons) 1061 1200 1454 1391 1575 1785 1286 904 553
plate glass (104 m2) 18726 17632 19546 21896 21460 22661 21032 19347 18822
rolled steel (104 tons) 4888 5573 6234 9378 11240 10853 7541 6933 6429
rolled copper (ton) 500347 492980 489000 507858 466077 452313 477898 509868 524233
rolled aluminum (104 tons) 300 283 307 367 420 407 424 523 515
unwrought zinc and zinc alloys (ton) 48369 7937 5395 132719 96683 22642 16445 24283 64040
paper and paperboard in rolls (104 tons) 450 471 565 630 593 683 652 565 629

Source: The author searched the information from Imports and Exports of Energy Intensive Products in the China Energy Statistical Yearbook 2020.
Note: These bold fonts in the corresponding year are the largest number of these products exported during 2011–2019.
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FIGURE 8 | Composition of some pollutants’ discharged into water and emitted into the atmosphere in China in 2019. Source: The author searched the total
quantities of pollution and the number in the industrial sector in the China Statistical Yearbook on Environment 2020 and calculated pollution in the non-industrial sector,
then devised this figure. Note: The “COD” in the figure indicates “Chemical Oxygen Demand”.

TABLE 3 | Discharge of industrial waste-water and its percentage in some industries about energy in China 2019.

Industry About Energy COD Ammonia Nitrogen

Discharge (ton) Percentage (%) Discharge (ton) Percentage (%)

mining and washing of coal 13759 1.78 41 0.12
extraction of petroleum and natural gas 1356 0.18 63 0.18
processing of petroleum, coal, and other fuels 17097 2.22 1100 3.15
production and supply of electric power and heat power 16506 2.14 1041 2.98
production and supply of gas 578 0.07 58 0.17

Source: The author searched the information fromDischarge of IndustrialWasteWater by Sector in theChina Statistical Yearbook on Environment 2020 and calculated these percentages
based on the raw data respectively.

FIGURE 9 | Emission of industrial waste gas in industries surrounding energy in China, 2019 (ton). Source: The author searched the information from Emission of
Industrial Waste gas by Sector in the China Statistical Yearbook on Environment 2020.
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TABLE 4 | Number and annual expenditure of industrial waste-water and waste gas treatment facilities in some industries about energy in China 2019.

Industry About Energy Treatment of Industrial Wastewater Treatment of Industrial Waste Gas

Number (Set) Annual
Expenditure (104 Yuan)

Number (Set) Annual
Expenditure (104 Yuan)

mining and washing of coal 3289 230886 3149 82898
extraction of petroleum and natural gas 663 228922 221 19830
processing of petroleum, coal, and other fuels 1227 761462 5512 1445235
production and supply of electric power and heat power 3057 330047 21140 7358688
production and supply of gas 42 965645 149 14874

Source: The author searched the information from Treatment of Industrial Waste Water by Sector and Treatment of Industrial Waste Gas by Sector in the China Statistical Yearbook on
Environment 2020 respectively.

TABLE 5 | Findings in empirical analysis.

Figure/Table Main Findings Period of This Study

Figure 1 Total energy consumption exceeded production existed for a long time in China 2011–2020
Figure 2 The producer price for energy products from the energy industry sector decreased in 2020 2019–2020
Figure 3 Raw coal accounted for the largest proportion of China’s energy production 2011–2020
Figure 4 Coal accounted for the highest proportion of energy consumption in China 2011–2020
Figure 5 Output in the industry sector was the most important component of GDP in China 2020
Figure 6 Net exports of some final petroleum products, including gasoline, kerosene, and diesel oil, increased on the whole in China 2014–2019
Figure 7 Percentage of energy usage in the industry sector on total energy consumption exceeded 65% in China 2011–2019
Figure 8 Emission of waste gas such as sulfur dioxide, nitrogen oxides, and particulate matter from the industry sector was very large

in China
2019

Figure 9 Energy production may impact atmospheric environmental quality by emitting some waste gases 2019
Table 1 Energy consumption per unit of output in China’s economy declined existed for a long time 2011–2019
Table 2 Some energy-intensive product exports in China were relatively large 2011–2019
Table 3 Industries about energy production discharged waste water with different degrees in operation 2019
Table 4 Industries about energy production invested a lot of money in controlling pollution in China 2019

Source: The author summarizesthese main findings in the empirical analysis as described above.

FIGURE 10 | Percentage of industry sector on GDP in China during 2011–2020.Source: The author searched the information from GDP Composition in the China
Statistical Yearbook 2021.
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emissions could alleviate the impact of energy production on the
environment. Furthermore, all industries treating pollution will
reduce some emissions from the process of energy consumption
and achieve the effect of environmental protection.

While industrial production with huge energy consumption and
pollution emissions exist, treating these emissions will also bring with
it some problems, such as the pollution treatment technology may
have limitations, and the cost of treatment will be higher than no
treatment. More importantly, this way of only treating pollution
cannot reduce energy consumption. Thus, the structural
contradictions between energy production and usage still exist.

POLICY IMPLICATIONS

Findings
In order to present appropriate policy implications, Table 5
summarizes these main findings as empirically analyzed above.

These findings based on Chinese evidence have some
important policy implications when policymakers are
focusing on energy conservation, economic development,
and environmental quality in practice.

Optimizing the Economic Structure by
Declining the Role of Industry
Along with China’s economic development, energy demand has
exceeded supply in the local economy for many years, and the gap
between production and consumption of some special energy
such as crude oil and petroleum was more obvious. To solve the
structural contradictions between energy production and
consumption, increasing production or/and reducing
consumption would seem to be a simple way. However, for
economic development and environmental protection, the
method is hard to implement for a long time. In particular,
industrial production with its huge energy usage contributes to
economic growth and emits great amounts of waste gases.
Declining production in the industry sector must have a
significant effect on the level of energy conservation and
emission reduction, but it goes against the goal of economic
development in maintaining a certain growth rate in China.
Fortunately, the percentage of the industrial sector on GDP in
China decreased gradually (except in 2017), as shown in
Figure 10. The result is also robust in Figure 10. The role of
industrial production is declining relatively, helping to reduce
energy consumption and waste gas emissions on the condition of
maintaining economic development, which could also meet the
excess energy demand. Directly reducing industrial production is
still infeasible to implement in China, thus, adjusting the
economic structure to solve the gap between energy supply
and demand needs a long time.

Importing Energy From Foreign Markets Is
Only a Short-Term Method
Increasing energy production in the local economy could solve the gap
between energy supply and demand in China, but this method is

detrimental to the sustainable exploitation of natural resources such as
fossil fuels. According to the coal reserves and the production
conditions, China increases coal production to meet the excess
coal demand easily. Policy-makers required the reduction of coal
production capacity and deceleration of the growth rate of coal
production, even directly reducing coal production in China
during 2014–2016 compared with their previous years,
respectively, based on the coal balance sheet in the China Energy
Statistical Yearbook 2020. The gap between coal supply and demand
became larger and larger. Thus, China had to import a huge amount
of coal from foreign economies. Although importing energy could
solve the problem of insufficient energy production, the domestic
energy market may have serious fluctuations from an international
energy supply shortage or some political events. Hence, reducing
energy consumption ismore feasible than increasing energy supply by
importing energy in the long term.

Implementing Proper Policies With the
Vision of Green and Sustainable
Development
Energy, as a final product, is something people use every day.
Many energy products come from nonrenewable natural
resources, and their sustainable use is very important. Many
philosophers put forward views of ecological protection and
sustainable development in ancient China. For example, in the
Chinese classic The Works of Mencius, Mencius said, “If close nets
are not allowed to enter the pools and ponds, the fishes and turtles
will be more than can be consumed. If the axes and bills enter the
hills and forests only at the proper time, the wood will be more than
can be used.“6 Enhancing people’s awareness of energy
conservation, such as saving electricity, could reduce energy
consumption. Economic development could operate in tandem
with proper energy production and consumption, and humanity
and nature could coexist in harmony through environmental
protection when people and industrial producers have a high
awareness of energy conservation, environmental protection, and
ecology. For atmospheric protection, some emissions have
adverse effects on the environment, especially some emissions
associated with fossil fuels (polluting energy) like carbon dioxide
and other greenhouse gases (Rehman et al., 2021c). However, the
total consumption of some specific energy, such as coal in
Pakistan, has a productive relation to economic growth
(Rehman et al., 2021d). Hence, the huge usage of fossil energy
in some developing economies, including China, generates great
environmental pressure and will remailn tied to economic
development for a long period. Implementing policies to solve
the structural contradictions between energy production and
consumption should be established the vision of green and
sustainable development in the future.

Exporting industrial products, including some energy-intensive
goods, ledChina to consumemore energy compared to the economy’s
self-operation. Rehman et al. (2021e) indicated that globalization

6This is English version translated by James Legge (1815–1897) who was a Scottish
sinologist and published by Liaoning People’s Publishing House in 2017.
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becomes an undeniable factor from pollution to climate change with
global warming. The decline in industrial products export will reduce
energy usage and relieve the contradiction between energy production
and consumption. Reducing industrial production at the overall level
may impact economic development, and adjusting the structure of
export products with declining industrial products has a smaller
influence on economic operation. Implementing some policies to
lead the economy to not rely too deeply on the export of industrial
products, especially some energy-intensive export products, could
reduce energy consumption and have continuous effects in the long
term. Additionally, some technologies need be innovated in industrial
production to have cleaner characteristics with less energy usage and
polluting emissions. Fiscal policies about technological innovation
cannot support those technologies characterized bymassive input and
massive emissions. Developing cleaner technology is probably an
effective way to solve the structural contradictions between energy
production and consumption under the condition of maintaining
economic development and environmental quality when industrial
production is still important in China. In a word, any policy with an
increase or decline in energy production or energy consumption in
China must take the goal of economic development and
environmental protection into consideration. Otherwise, it may be
difficult to implement persistently in the long term when the Chinese
economy is still developing.

CONCLUDING REMARKS

Chinese policy-makers have paid more attention to green
development in a new era. Huge energy consumption in the
economy leads to air pollution in the process of industrial
production, so declining energy usage meets the requirements of
green development. Reducing energy usage directly is likely to
negatively impact growth, which is still a key factor in economic
development. Mineral resources, including fossil fuels owned by the
state, indicate that the government controls energy production, which
is therefore easier to control in China than energy usage. Policy-
makers want to ramp down overcapacity, such as in coal production.
However, Chinese energy demand exceeded supply in the local
economy and over-relied on energy imports. Additionally, great
industrial product exports increased energy usage compared to
other export types. For economic development, Chinese
policymakers cannot rapidly reduce industrial product exports in
the short term and will not directly reduce industrial production. The
structural contradictions between energy production and
consumption with economic development indicate that realizing
the coordination of natural resources, including fossil fuels and
their production activities, by adjusting the economic structure and
reducing the role of heavy industry in the GDP of China requires

many years. Environmental protection objectives and a high-quality
development strategy means Chinese policy-makers no longer only
focus on high growth rates. When China can accept a relatively lower
growth rate in the future, solving the structural contradictions between
energy production and consumption will be easier by declining the
proportion of industrial production in the economy. In aword, energy
consumption with economic development does not decline in China
at present. Solely increasing energy production is also unrealistic,
accompanied by increasing environmental pressure. HERE.

For policy recommendations, meets the excess energy demand in
the Chinese local economy could be achieved through energy import
in a short period. Any policy of energy production and/or energy
consumption inChina can be implemented steadily when considering
the goal of economic development, and environmental protection
issues could not be ignored. Declining the total energy usage by
optimizing economic structure and implementing reduction in energy
intensity per unit of GDP is an important method for solving the
structural contradictions between energy production and
consumption. Some environmental regulations and economic
policies with the vision of green development and sustainable
development will also influence energy production or/and energy
consumption. Hence, some macro and micro policies regarding
energy should be properly implemented in the process of
economic development with environmental protection.

This paper mainly studies the structure and status of
energy production and consumption through longitudinal
time analysis in an economy, i.e. the Chinese local economy;
therefore, this work being conducted in the absence of
horizontal comparison is a limitation. It is difficult to
empirically analyze the issues contained within energy
production, energy consumption, economic development,
and environmental protection in many economies
simultaneously, but this may be achieved in further work
and conclude more significant conclusions with global
sustainable development in the future.
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