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Taking the Bohai Rim region as the research object and based on the relevant data of energy consumption, GDP, and energy
structure from 2000 to 2019, the total carbon emissions of the provinces and cities from 2020 to 2050 were predicted. ,e carbon
peak situation of each province and municipality in the Bohai Rim region was also analyzed. A comparative analysis of the peaks
among the provinces and cities has been carried out. ,e results show the following: (1) it is predicted that Beijing will reach its
carbon peak before 2025. Tianjin is predicted to reach its carbon peak before 2030. Renewable energy development and utilization
technologies in the two municipalities are crucial to achieving carbon peaks when energy intensity is already low. (2) Shandong
and Shanxi have a heavy energy structure, are coal-minded, and have high energy intensity, while the replacement rate of
renewable energy is relatively low. Shandong and Shanxi are predicted to reach carbon peaks around 2030. Liaoning also has the
problem of heavy industrial structure, and it is predicted to reach the carbon peak before 2027. (3) Hebei itself relies on Beijing,
and its renewable energy utilization technology is relatively advanced. It is predicted to reach the carbon peak before 2026. ,e
energy intensity of Inner Mongolia has decreased rapidly, and it is predicted to reach the carbon peak before 2029. ,erefore,
according to the forecast results and the analysis of the similarities and differences among the provinces and cities, some specific
suggestions for the optimization of the energy structure and the development of renewable energy in each province and city have
been proposed in order to promote the comprehensive realization of the regional carbon peak goal in the Bohai Rim region.

1. Introduction

China is the world’s second largest economy and one of the
world’s largest energy consumers. For a long time, one of the
important reasons for China’s severe carbon emission problem
is the energy consumption structure dominated by coal.
China’s commitment to carbon peaks and carbon emission
reductions has brought huge transformation pressures and
challenges to the domestic energy structure. On September 22,
2020, the Chinese government delivered an important speech
at the general debate of the 75th UN General Assembly. ,e
Chinese government pointed out that “China will increase its
nationally determined contributions and adopt more powerful
policies and measures. Carbon dioxide emissions will strive to

reach a peak before 2030 and strive to achieve carbon neutrality
by 2060.” ,e adjustment of the energy structure is a huge
practical problem facing China, including the coordinated
development of economy, energy, and technology. ,e im-
provement of China’s energy structure, the effective replace-
ment of traditional energy by new energy, the technical
requirements for energy structure adjustment, and the direc-
tion of economic development all directly affect the target of
peak carbon emissions.

,e Bohai Rim region is an important coastal economic
circle in China. ,e land area accounts for about 60% of
China’s total area, and the gross national product accounts
for about 40% of the country. After 2015, the energy con-
sumption in the Bohai Rim region accounted for about 43%
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of China’s total, and carbon emissions accounted for about
52% of China’s total carbon emissions. ,e development of
this region directly affects China’s overall economic growth,
energy consumption, and technological development. ,e
coordinated development of the Bohai Rim region has
promoted the rapid development of China’s economy.,ere
are also some practical problems, such as dependence on
traditional industries and insufficient energy structure. All
these seriously affect China’s target of peak carbon emissions
in 2030. ,is paper takes the Bohai Rim region as the re-
search object and uses the basic model of carbon emission
prediction to analyze the peak carbon situation of the
provinces and municipalities in the Bohai Rim region.

With the increasing public attention to global warming
issues, scholars have also conducted comprehensive and in-
depth research and analysis on the peaking of carbon
emissions in various countries. ,e research view of most
scholars is that most developed countries have already
passed the peak of carbon emissions because of their early
industrialization. China is the largest developing country
and is still in the stage of industrialization and moderni-
zation and has not yet reached the peak of carbon emissions.
A large number of domestic scholars use different mathe-
matical and economic methods to predict China’s future
carbon emissions. Some scholars directly use the system
model to predict the total amount of carbon emissions in the
future. ,e main methods include the grey prediction model
and computable general equilibrium (CGE) model. ,e grey
model was originally used to predict energy consumption
demand and supply. Later, the grey model was used to
predict carbon emissions. Pao et al. [1] used the nonlinear
grey Bernoulli model (NGBM) to predict the three indi-
cators of carbon emissions, energy consumption, and actual
output. ,e forecast results show that, between 2011 and
2020, China’s average annual compound emissions, energy
consumption, and GDP growth are set to 4.47%, −0.06%,
and 6.67%, respectively. Wang and Ye [2] used a nonlinear
grey multivariate model to predict the carbon emissions of
China’s fossil energy consumption. Huang et al. [3] explored
sixteen potential factors affecting carbon emissions and used
grey correlation analysis to identify factors closely related to
carbon emissions. Ye et al. [4] proposed a novel time-delay
multivariate grey model to measure the CO2 emissions’
accumulating impact of China’s transportation sector. Zhu
and Ling [5] used to calculate the general equilibrium theory,
construct a dynamic CGE model, and draw the conclusions
of carbon emission reduction policies to promote industrial
structure optimization. Li et al. [6] used the generalized
dividing index method to find that GDP has the highest
cumulative contribution rate to carbon emissions in my
country’s construction industry.

In addition, Grossman and Krueger [7] discussed the
environmental Kuznets curve (abbreviation for the “EKC”)
between environmental conditions and economic growth.
Debdatta and Subrata [8] studied the cointegration rela-
tionship between carbon dioxide emissions and economic
activity and tested the environmental Kuznets curve (EKC)
hypothesis. Lin and Jiang [9] used a traditional EKC model
simulation and carbon dioxide emission prediction and

comparative research and prediction of China’s carbon
dioxide emissions. Jiang et al. [10] used the environmental
Kuznets curve to quantitatively study the relationship be-
tween coal consumption, economic development, and car-
bon emissions, and the results showed that China has not yet
reached the “inflection point.”

However, most scholars decompose and analyze the
influencing factors of carbon emissions and then use scenario
analysis to predict future carbon emissions. ,e main models
used to decompose the influencing factors of carbon emissions
include the one proposed by Ehrlich and Holdren [11], the
model that environment (I) is equal to the product of pop-
ulation (P), affluence (A), and technology (T) (abbreviation for
the “IPAT”). ,e model of stochastic impacts by regression on
population, affluence, and technology is abbreviated to the
“STIRPAT”.,e logarithmic mean Divisia index (abbreviation
for the “LMDI”) decomposition method of carbon dioxide
emission driving factors was proposed by Ang et al. [12]. Qu
and Guo [13] used the STIRPATmodel to predict the peak of
China’s carbon emissions in the future and proposed that if the
economic and social development keeps a reasonable decline in
carbon emission intensity, the peak time for China should be
between 2020 and 2045. Wang et al. [14] used the extended
STIRPAT model based on the classic IPAT identity to deter-
mine the main drivers of energy-related carbon emissions in
Xinjiang. Lin et al. [15] focused on the impact of the extended
STIRPAT model on carbon dioxide emissions from urbani-
zation and economic development in non-high-income
countries. Chang et al. [16] used the STIRPATmodel to study
the regional differences in the impact of population size, GDP
per capita, energy structure, energy intensity, urbanization
level, and industrialization level on CO2 emissions. Quan et al.
[17] uses the LMDI decomposition model to decompose the
factors affecting carbon emissions of the logistics industry. Chai
and Xu [18] conducted an in-depth analysis of the four paths
and scenarios for China to achieve total emission control and
peak emissions based on the IAMC model, carefully tested the
relevant conditions, and put forward reasonable target rec-
ommendations at this stage. Li et al. [19] established an as-
sessment framework of provincial carbon emission drivers
using system dynamics modelling. Part of the research will also
directly use scenario analysis to predict future carbon emissions
[20–24].

2. Model Construction, Parameter
Determination, and Data Source

2.1. Decomposition of Comprehensive Carbon Emission Co-
efficient Based on the IPAT Model. ,e research methods of
carbon emission prediction mainly include the IPATmodel,
Kaya identity, STIRPAT model, and LEAP model. ,e
reasonably optimized IPAT equation has the potential for
carbon emission prediction. ,e IPAT equation was first
proposed by Ehrlich et al. in 1971. It systematically reflects
the relationship between population, economy, technology,
and environment. ,e model can decompose and analyze
the influencing factors according to the actual situation and
can clarify which factors have the greatest impact on the

2 Journal of Mathematics



environment. ,e impact is the greatest, and the general
form of the equation is as follows:

I � P × A × T. (1)

Among them, I (impact) represents the impact of the
population on the environment, P (population) represents
the total population of the study area, A (affluence) repre-
sents per capita output, and T (technology) represents the
impact of unit economic output on the environment, which
is determined by the level of technological progress. When
studying the effects of the population on the environment,
we use emissions, GDP levels, and energy consumption per
unit of GDP to replace I, A, and T. ,e formula is shown as
follows:

C � P ×
G

P
×

C

G
. (2)

In addition, considering the impact of the energy
structure on emissions, Kaya [25] proposed the Kaya
equation, which decomposes the influencing factors by
constructing a chain product to further increase the accuracy
of the result. ,e calculation formula is as follows:

C � P ×
G

P
×

E

G
×

C

E
. (3)

Among them, E represents the total energy consump-
tion, E �  Si × Ri, Si represents the carbon emission co-
efficient of the ith energy, Riindicates the consumption of
type i energy, and C/Eindicates the energy structure. In
addition, when using the IPATmodel to make predictions,
the population changes in the future period must be pre-
dicted first. ,is is also a factor that causes large differences
in the prediction results.,erefore, formula (3) is simplified:

C � G ×
E

G
×

C

E
. (4)

From formula (4), we know that the changes in carbon
emissions in the short term are only affected by economic
aggregates, energy intensity, and energy structure. Suppose
that the annual growth rate of GDP is represented by r and g

is the reduction rate of energy consumption per unit of GDP.
Let v represent the comprehensive carbon emission coeffi-
cient of energy structure adjustment, that is, the optimi-
zation coefficient of the energy structure. Based on the
improvement of the model by Zhu et al. [26] combined with
the definition of the reduction rate of energy consumption
per unit of GDP, the relationship between the energy
consumption per unit of GDP in the current period and the
energy consumption per unit of GDP in period t can be
expressed as

Et

Gt

�
E0

G0
(1 − g)

t
�

Et

G0(1 + r)
t. (5)

,at is, Et � E0(1 − g)t(1 + r)t.
,erefore, carbon dioxide emissions can be expressed as

C
0

�
44
12

× E0 × v0, (6)

C
t

�
44
12

× Et × vt. (7)

From (5) to (7), the relationship between the current
carbon dioxide emissions and the carbon dioxide emissions
during t can be derived:

C
t

� C
0
(1 + r)

t
(1 − g)

t
(1 − e)

t
. (8)

In formula (8), we introduce e as the rate of change in the
comprehensive carbon emission coefficient brought about
by the optimization of the energy structure. Among them,
vt � v0(1 − e)t, vt represents the comprehensive carbon
emission coefficient for the t period, v0 represents the
comprehensive carbon emission coefficient for the base
period, Ct represents the total carbon dioxide emissions
during the t period, and C0 represents the total carbon
dioxide emissions during the base period.

Under the current technological level and technological
development, considering the driving factors of energy
structure optimization, the replacement of renewable energy
is the most important factor. Due to the nonrenewability of
traditional energy, the development of alternative energy
and the development and utilization of new energy have
become the focus of research. Bastianoni et al. [27] used
renewable energy and nonrenewable energy to build a model
and concluded that the only way to achieve sustainable
economic and social development is to use traditional
nonrenewable energy while increasing investment in alter-
native renewable energy. Sustainable development is realized
by improving the energy structure. ,erefore, the optimi-
zation of the energy structure is, on the one hand, the
optimal allocation of traditional energy sources such as coal
and oil and, on the other hand, the increase in the re-
placement rate of renewable energy sources. We decompose
the comprehensive carbon emission coefficient change ratio
e brought about by the optimization of the energy structure
into the sum of two effects, namely,

e � αt + βt, (9)

αt �
 Rit − Ri(t−1) 

Ri(t−1)

,

βt �
Nt/Et(  − Nt−1/Et−1( ( 

Nt−1/Et−1
.

(10)

Among them, N represents the total consumption of
renewable energy in primary energy consumption, including
clean energy such as hydropower, bioenergy, solar energy,
and nuclear energy, β represents the change rate of the
carbon emission coefficient affected by the change in the
replacement rate of renewable energy, and then α indicates
the change ratio of the carbon emission coefficient of the
optimal allocation of coal, oil, and other traditional energy
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sources on the energy structure. ,e carbon dioxide emis-
sions during t are finally expressed as

C
t

� C
0
(1 + r)

t
(1 − g)

t
(1 − α − β)

t
. (11)

2.2. Data Sources and Parameter Prediction

2.2.1. Data Sources. ,e carbon dioxide emissions produced
by human activities mainly come from energy consumption.
In a large number of previous studies, scholars have used the
carbon dioxide emissions of total energy consumption to
represent the total carbon emissions of a certain area. In this
paper, the carbon emissions of provinces around the Bohai
Sea are also calculated in this way, and the actual carbon
emissions of each province are calculated by the energy
consumption cost of each province and its corresponding
carbon emission coefficient. ,e actual carbon emissions of
the provinces and cities in the Bohai Sea Rim from 2000 to
2018 are calculated based on the consumption of various
major energy sources and the corresponding carbon emis-
sion indexes. ,e major energy sources include coal, oil, and
natural gas, the consumption of which is based on the
relevant data in the Statistical Yearbook (2001–2020) of all
provinces in the Bohai Rim region. ,e national carbon
dioxide emissions are calculated using the carbon emission
coefficient method. ,e carbon emission coefficient of coal,
oil, and natural gas is 0.7476 kg carbon/kg standard coal,
0.5825 kg carbon/kg standard coal, and 0.4435 kg carbon/kg
standard coal, respectively, and the relevant data released by
the Energy Research Institute of the National Development
and Reform Commission are adopted to calculate the na-
tional carbon emissions.

Figure 1 shows the calculated changes in actual carbon
emissions of the provinces in the Bohai Sea Rim from 2000
to 2018. ,e calculation results show that Shandong and
Shanxi provinces are large in population and energy, and the
total carbon emissions of Shandong and Shanxi provinces
are more than other provinces in the region, and the overall
trend is increasing year by year. ,e total carbon emissions
in Shandong province dropped significantly in 2013. In this
year, the Shandong Provincial Party Committee and the
Provincial Government attached great importance to the
prevention and control of air pollution and successively
implemented the Shandong Province 2013–2020 Air Pol-
lution Prevention and Control Plan, and the Air Pollution
Prevention and Control Plan Phase I (2013–2015) Action
Plan has achieved certain results. Due to geographical fac-
tors, its own climate, and industrial development, the total
carbon emissions in Hebei province are relatively high, while
those in Inner Mongolia and Liaoning are slightly lower.
Beijing and Tianjin, as the two major municipalities in the
Beijing-Tianjin-Hebei region, have lower total carbon
emissions than other provinces in the region, but the overall
trend is slowly increasing.

Figure 2 shows the actual carbon emission change rate of
the provinces in the Bohai Rim region from 2000 to 2019. It
can be seen that the overall carbon emission growth rate in
the Bohai Rim region is declining year by year. Shanxi

province and Shandong province experienced negative
growth in total carbon emissions in 2014 and 2015, re-
spectively. Liaoning province and Inner Mongolia also ex-
perienced negative growth in total carbon emissions in 2013.
,e growth rate of carbon emissions in Beijing has been at a
relatively low level. In 2020, Beijing’s carbon intensity was
expected to drop by more than 23% in 2015, exceeding the
goal of the 13th Five-Year Plan. Carbon emissions are the
lowest in the provinces of the country. Beijing is one of the
first provinces and cities in the country to carry out carbon
emission trading pilot projects. In 2013, the carbon market
was officially launched. As of the end of 2020, there were 843
key carbon emission units incorporated into the Beijing pilot
carbon market management, covering 8 industries including
electricity, heating, and aviation. ,e overall growth rate of
carbon emissions in Tianjin has shown a downward trend
year by year and achieved negative growth in 2017.

2.2.2. Parameter Prediction

(1) Gross Domestic Product. ,is paper uses the quadratic
parabolic model yt � a+ bt+ ct2 to predict GDP. From the
new normal stage to the high-quality development stage, the
GDP growth rate in the Bohai Rim region has hovered
around 6%. In recent years, the average GDP growth rates of
Shandong province, Liaoning province, Hebei province,
Shanxi province, Inner Mongolia, Beijing, and Tianjin are
around 7.3%, 4.5%, 7.1%, 6.5%, 5.6%, 7.2%, and 6.1%, re-
spectively. Using the quadratic parabola method of GDP and
time to forecast, with three scenarios from 2000 to 2020,
2005 to 2020, and 2010 to 2020, the GDP from 2021 to 2050
(constant prices in 2005) is predicted. ,e annual growth
rate of GDP in the three base periods is calculated from the
predicted GDP of each province, as shown in Tables 1 and 2.

(2) Energy Intensity. ,is paper uses an improved GM (1, 1)
model to predict the energy intensity of each province. ,e
GM (1, 1) with fractional Hausdorff accumulation model is a
univariate first-order differential equation. A nonnegative
sequence is X(0) � x(0)(1), x(0)(2), . . . , x(0)(n) . ,is arti-
cle refers to the grey model method with the fractional
Hausdorff derivative proposed by Yan et al. [28], which
improves the prediction accuracy of the traditional grey
model. ,ere are large differences in energy intensity and its
changes in various provinces due to the influence of factors
such as population, geographical environment, and eco-
nomic and social development level. ,ree scenarios with
2000–2020, 2005–2020, and 2010–2020 as the base years are
used to predict the energy intensity of each province from
2021 to 2050. Other provinces are also treated in the same
way, and the annual average decline rate of energy intensity
in each province under the three scenarios is calculated as
shown in Table 3.

According to the energy intensity forecasts of various
provinces, it can be seen that Shanxi province is rich in
mineral resources, with reserves of 276.785 billion tons of
coal. ,e total energy consumption is relatively large. From
2000 to 2010, the average annual energy intensity reached
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96,000 tons of standard coal per 100 million yuan, making it
the province with the highest energy intensity in the Bohai
Rim. ,e main reason is that Shanxi province is in a period
of vigorously developing heavy industry, and the heavy-duty
economy has brought high energy consumption, which has
led to a rapid increase in energy consumption. However,
energy intensity basically shows a downward trend year by
year. After 2010, Shanxi province’s National Resource-Based
Economy Transformation Comprehensive Supporting Re-
form Pilot Zone was officially approved. During the
“,irteenth Five-Year Plan” period, with the improvement
of energy utilization efficiency and the continuous adjust-
ment of the industrial structure in Shanxi province, the trend
of energy intensity decline is obvious.

Since 2000, the energy intensity of Shandong province,
Beijing city, and Tianjin city has not exceeded 20,000 tons of
standard coal per 100 million yuan. ,ey have maintained a
relatively stable downward trend. In particular, Beijing
reached 21,000 tons of standard coal per 100 million yuan in
2019. In recent years, Beijing has continued to promote
industrial structure optimization and clean energy trans-
formation. Vigorous efforts have been made to relieve
noncapital functions, and coal consumption has dropped
drastically. As one of the first pilot provinces and cities to

carry out carbon emission trading in the country, Beijing has
officially launched the carbon market since 2013. A total of
843 key carbon emission units have been incorporated into
Beijing’s pilot carbon market management. By the end of
2020, Beijing’s carbon intensity was expected to drop by
more than 23% in 2015, exceeding the goal of the “,irteenth
Five-Year Plan.” ,e successful pilot in Beijing has provided
certain experience for the Bohai Rim provinces. ,e de-
velopment of carbon emission trading has effectively pro-
moted the reduction of energy intensity, thereby further
conducting research on special plans for carbon emission
reduction based on the vision of carbon neutrality.

,e energy intensities of the Inner Mongolia Autono-
mous Region, Liaoning province, and Hebei province are all
falling steadily in the range of 8,000 to 25,000 tons of
standard coal per 100 million yuan. ,ey are relatively
lagging behind Hebei province in terms of geographical
factors and technological development. However, in recent
years, the energy structure of the Inner Mongolia Auton-
omous Region has been further optimized, and green coal
mines account for 1/3 of production coal mines. Liaoning
province has joined universities and other research insti-
tutions to continuously explore scientific and technological
innovation in the energy field to improve energy utilization

Table 1: Prediction of annual growth rate of GDP of Shandong, Liaoning, Hebei, and Shanxi from 2021 to 2050 (unit: %).

PR Shandong Liaoning Hebei Shanxi
Base period 2000 2005 2010 2000 2005 2010 2000 2005 2010 2000 2005 2010
2021 6.69 6.08 5.81 5.60 4.89 4.13 5.72 7.04 6.09 5.01 6.73 7.51
2022 6.47 5.85 5.56 5.30 4.72 4.04 5.55 6.77 5.75 4.86 6.53 7.59
2023 6.27 5.64 5.33 5.25 4.63 3.96 5.38 6.53 5.45 4.71 6.34 7.62
2024 6.08 5.44 5.12 5.21 4.57 3.88 5.23 6.30 5.18 4.57 6.16 7.60
2025 5.89 5.26 4.92 5.17 4.51 3.81 5.09 6.09 4.93 4.45 6.00 7.55
2026 5.72 5.09 4.75 5.12 4.46 3.74 4.96 5.90 4.70 4.32 5.85 7.47
2027 5.56 4.93 4.58 5.09 4.40 3.68 4.83 5.72 4.50 4.21 5.71 7.37
2028 5.41 4.78 4.43 5.05 4.38 3.61 4.71 5.55 4.31 4.10 5.58 7.26
2029 5.27 4.65 4.29 4.98 4.32 3.56 4.60 5.38 4.13 4.00 5.46 7.13
2030 5.13 4.52 4.16 4.83 4.27 3.50 4.49 5.23 3.97 3.91 5.34 7.00
2031 5.00 4.40 4.04 4.75 4.22 3.44 4.38 5.09 3.82 3.82 5.24 6.86
2032 4.88 4.28 3.92 4.61 4.18 3.39 4.29 4.96 3.68 3.73 5.13 6.72
2033 4.76 4.17 3.81 4.58 4.13 3.34 4.19 4.83 3.54 3.65 5.04 6.57
2034 4.65 4.07 3.71 4.45 4.06 3.30 4.10 4.71 3.42 3.57 4.94 6.43
2035 4.54 3.98 3.62 4.32 4.00 3.25 4.02 4.60 3.30 3.50 4.86 6.29
2036 4.44 3.88 3.53 4.28 3.96 3.21 3.93 4.49 3.19 3.43 4.77 6.15
2037 4.34 3.80 3.44 4.17 3.94 3.17 3.85 4.38 3.09 3.36 4.69 6.01
2038 4.25 3.71 3.36 4.04 3.90 3.12 3.78 4.29 2.99 3.29 4.62 5.87
2039 4.16 3.63 3.28 3.89 3.87 3.09 3.71 4.19 2.90 3.23 4.54 5.74
2040 4.08 3.56 3.21 3.74 3.85 3.05 3.64 4.10 2.81 3.17 4.47 5.61
2041 3.99 3.49 3.14 3.62 3.82 3.01 3.57 4.02 2.73 3.11 1.41 5.49
2042 3.92 3.42 3.07 3.51 3.79 2.98 3.50 3.93 2.64 3.06 4.34 5.37
2043 3.84 3.35 3.01 3.47 3.76 2.95 3.44 3.85 2.57 3.00 4.28 5.25
2044 3.77 3.29 2.95 3.34 3.72 2.91 3.38 3.78 2.49 2.95 4.22 5.14
2045 3.70 3.23 2.89 3.21 3.70 2.88 3.32 3.71 2.42 2.90 4.16 5.03
2046 3.63 3.17 2.84 3.16 3.67 2.85 3.27 3.64 2.35 2.86 4.11 4.92
2047 3.56 3.11 2.79 3.03 3.63 1.82 3.21 3.57 2.29 2.81 4.05 4.82
2048 3.50 3.06 2.73 2.97 3.61 2.80 3.16 3.50 2.22 2.77 4.00 4.72
2049 3.44 3.01 2.69 2.82 3.58 2.77 3.11 3.44 2.16 2.72 3.95 4.63
2050 3.38 2.96 2.64 2.76 3.55 2.74 3.06 3.38 2.10 2.68 3.90 4.53
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efficiency. In recent years, the energy intensity of Liaoning
province has declined slightly. Energy intensity in 2019 has
increased compared with 2018.

Comparing the annual reduction rate of energy intensity of
each province in the comparison table, it can be found that
Shandong province has a relatively high reduction rate in
recent years, and the reduction rate of other provinces in recent
years is lower than in previous years. Beijing had a high rate of
energy intensity reduction before 2010, and it has maintained a
steady downward trend in recent years. Liaoning province has
the lowest energy intensity reduction rate in the Bohai Rim
region after 2010. ,e other provinces and cities in the
descending order are Inner Mongolia, Tianjin, Beijing, Shanxi,
Hebei, and Shandong. Liaoning province and the Inner

Mongolia Autonomous Region have low rates of energy in-
tensity reduction due to geographical factors and relatively
backward technological development. As municipalities di-
rectly under the Central Government, Tianjin and Beijing have
relatively low energy intensity, and the degree of decline has
been slowed. Shanxi province and Hebei province rely on the
adjustment of the energy structure and the upgrading of in-
dustries, and their energy intensity has fallen to a relatively high
level. Shandong province is rich in energy resources, em-
phasizes the industrial structure, and has prominent problems
such as a high proportion of coal consumption. However,
during the “13th Five-Year Plan” period, Shandong province
seized the opportunity to rapidly promote the construction of
new energy and renewable energy projects. Significant

Table 2: Prediction of annual growth rate of GDP of Inner Mongolia, Beijing, Tianjin from 2021 to 2050 (unit: %).

PR Inner Mongolia Beijing Tianjin
Base period 2000 2005 2010 2000 2005 2010 2000 2005 2010
2021 5.72 7.04 6.09 5.25 5.29 5.62 6.46 5.51 7.56
2022 5.55 6.77 5.75 5.09 5.13 5.48 6.24 5.27 7.24
2023 5.38 6.53 5.45 4.95 4.98 5.34 6.03 5.04 6.94
2024 5.23 6.3 5.18 4.81 4.84 5.21 5.84 4.83 6.67
2025 5.09 6.09 4.93 4.68 4.71 5.09 5.66 4.65 6.43
2026 4.96 5.90 4.70 4.55 4.59 4.97 5.50 4.47 6.20
2027 4.83 5.72 4.50 4.44 4.47 4.85 5.34 4.31 5.98
2028 4.71 5.55 4.31 4.33 4.36 4.74 5.19 4.16 5.75
2029 4.60 5.38 4.13 4.22 4.25 4.64 5.05 4.03 5.37
2030 4.49 5.23 3.97 4.12 4.15 4.54 4.92 3.90 5.16
2031 4.38 5.09 3.82 4.03 4.06 4.44 4.79 3.78 4.73
2032 4.29 4.96 3.68 3.94 3.97 4.35 4.68 3.66 4.65
2033 4.19 4.83 3.54 3.85 3.88 4.26 4.56 3.56 4.37
2034 4.10 4.71 3.42 3.77 3.8 4.17 4.46 3.46 4.25
2035 4.02 4.60 3.30 3.70 3.72 4.09 4.36 3.36 4.10
2036 3.93 4.49 3.19 3.62 3.65 4.01 4.26 3.28 3.97
2037 3.85 4.38 3.09 3.55 3.58 3.94 4.17 3.19 3.82
2038 3.78 4.29 2.99 3.48 3.51 3.86 4.08 3.11 3.68
2039 3.71 4.19 2.90 3.42 3.44 3.79 3.99 3.04 3.54
2040 3.64 4.10 2.81 3.35 3.38 3.72 3.91 2.96 3.42
2041 3.57 4.02 2.73 3.29 3.32 3.66 3.83 2.90 3.30
2042 3.50 3.93 2.64 3.23 3.26 3.59 3.76 2.83 3.19
2043 3.44 3.85 2.57 3.18 3.2 3.53 3.69 2.77 3.09
2044 3.38 3.78 2.49 3.12 3.15 3.47 3.62 2.71 2.99
2045 3.32 3.71 2.42 3.07 3.09 3.41 3.55 2.65 2.90
2046 3.27 3.64 2.35 3.02 3.04 3.36 3.49 2.60 2.81
2047 3.21 3.57 2.29 2.97 2.99 3.30 3.43 2.54 2.73
2048 3.16 3.50 2.22 2.93 2.95 3.25 3.37 2.49 2.64
2049 3.11 3.44 2.16 2.88 2.90 3.20 3.31 2.44 2.57
2050 3.06 3.38 2.10 2.84 2.86 3.15 3.25 2.40 2.49

Table 3: Forecast value of annual energy intensity reduction in each province.

Province 2000–2020 (%) 2005–2020 (%) 2010–2020 (%) Annual average (%)
Shandong 4.25 5.80 7.12 5.72
Liaoning 5.24 4.14 1.02 3.47
Hebei 6.12 6.42 3.99 5.51
Shanxi 5.39 4.10 2.93 4.14
Inner Mongolia 6.91 4.70 1.74 4.45
Beijing 9.56 6.44 2.72 6.24
Tianjin 7.10 4.20 1.83 4.38
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achievements have been made in the transition to a green and
low-carbon energy structure. Since 2020, the province’s in-
stalled capacities of photovoltaic power generation and bio-
logical power generation have both ranked first in the country,
and the energy intensity has fallen sharply.

(3) Setting the Replacement Rate of Renewable Energy and
Other Parameters. On the basis of calculating the number of
renewable energy replacement rates of 2000–2020,
2005–2020, and 2010–2020, according to the prediction of
energy intensity under three scenarios, the change ratio β of
the carbon emission coefficient affected by the replacement
rate of renewable energy and the change ratio α of the carbon
emission coefficient affected by the optimal allocation of
traditional energy such as coal and oil on the energy
structure were set under the three scenarios, as shown in
Table 4 (α) and Table 5 (β).

3. The Prediction of Carbon Emissions of
Various Provinces in the Bohai Rim Region

,e aforementioned domestic product, energy intensity,
renewable energy replacement rate change ratio, and coal,
oil, and other traditional energy optimization configurations
affect the rate of the energy structure of the carbon emission
coefficient of the carbon emission factor belt in formula (11).
,e total amount of carbon emissions in the provinces under
three scenarios and the peak of carbon emissions in various
provinces are shown in Figures 3–5.

Based on the above prediction results, the following
results can be drawn:

(1) After 2020, the total carbon emission forecasts of the
provinces and cities in the Bohai Rim are from high
to bottom: Shanxi province, Shandong province,
Hebei province, Liaoning province, Inner Mongolia,
Tianjin, and Beijing. Although there are differences
in the growth of total carbon emissions among
provinces and cities, the proportion of overall
emissions in the Bohai Rim region has not changed
much. Shandong province and Shanxi province, as
the most populous provinces and energy provinces,
have higher overall carbon emissions than other
provinces in the region. ,e pressure to reduce
emissions will be relatively greater in the future.
Beijing and Tianjin are municipalities directly under
the Central Government, and their total carbon
emissions are lower than other provinces in the
region. In the next few years, priority should be given
to achieving “carbon neutrality” as a strategic goal.
Beijing has also established the country’s first “car-
bon neutral” park to form a benchmark experience of
“carbon neutral” as soon as possible, providing a
reference for further emission reductions in other
regions around the Bohai Sea.

(2) On the premise that all provinces and cities in the
Bohai Rim region continue to promote and maintain
high-quality development, all provinces and cities
can reach their peak carbon emissions around 2030

under the three prediction scenarios. However, there
are obvious differences in the peak situation of each
province.

(3) Beijing predicts that it will reach its carbon peak in
2025. If under the background of the base period in
2000, Beijing could reach its carbon peak in 2021. In
recent years, Beijing has continued to promote the
optimization of the industrial structure and the
transition to clean energy, and the amount of coal
burned has dropped significantly. In this case, the
replacement of renewable energy sources and the
development of renewable energy sources are critical
to achieving peak carbon. Tianjin and Beijing are
very similar in terms of peaking carbon emissions,

Table 4: Prediction of α parameter under three scenarios.

Province Years 2000–2020 2005–2020 2010–2020

Shandong

2021–2025 −0.009 −0.040 −0.090
2026–2030 −0.006 −0.037 −0.087
2031–2035 −0.003 −0.034 −0.084
2036–2040 0 −0.031 −0.081
2041–2045 0.003 −0.029 −0.079
2046–2050 0.006 −0.026 −0.076

Liaoning

2021–2025 −0.008 −0.004 0.008
2026–2030 −0.004 0 0.012
2031–2035 0 0.004 0.016
2036–2040 0.004 0.008 0.02
2041–2045 0.008 0.012 0.022
2046–2050 0.012 0.016 0.024

Hebei

2021–2025 −0.004 0.001 0.001
2026–2030 −0.002 0.003 0.003
2031–2035 0 0.005 0.005
2036–2040 0.002 0.007 0.007
2041–2045 0.004 0.009 0.009
2046–2050 0.006 0.011 0.011

Shanxi

2021–2025 −0.008 −0.001 0.001
2026–2030 −0.005 0.002 0.002
2031–2035 −0.002 0.005 0.003
2036–2040 0.001 0.008 0.004
2041–2045 0.004 0.011 0.005
2046–2050 0.007 0.014 0.006

Inner
Mongolia

2021–2025 −0.003 −0.002 −0.008
2026–2030 −0.001 0 −0.006
2031–2035 0.001 0.002 −0.004
2036–2040 0.003 0.004 −0.002
2041–2045 0.005 0.006 0
2046–2050 0.007 0.008 0.002

Beijing

2021–2025 0.006 0.006 0.01
2026–2030 0.007 0.007 0.011
2031–2035 0.008 0.008 0.012
2036–2040 0.009 0.009 0.013
2041–2045 0.010 0.010 0.014
2046–2050 0.011 0.011 0.015

Tianjin

2021–2025 −0.001 −0.002 −0.002
2026–2030 0 −0.001 0
2031–2035 0.001 0 0.002
2036–2040 0.002 0.001 0.004
2041–2045 0.003 0.002 0.006
2046–2050 0.004 0.003 0.008
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and they are expected to peak in 2024. If 2010 is the
base period, it will reach its peak in 2030. Faced with
the goal of carbon peaking, Tianjin city still has
considerable pressure and challenges.

(4) Shandong province is expected to reach its carbon
peak before 2028. If in the context of the 2010 base
period, the peak goal will be achieved in 2031.
Shandong province itself is a big energy-consuming
province, and it is also a big coal-consuming
province. ,e energy structure is biased towards
coal, the energy intensity is too high, and the re-
placement rate of renewable energy is relatively low.
,e peaking process still needs to actively reduce
energy intensity and, at the same time, develop

renewable energy. Shanxi province and Shandong
province have similar problems. Shanxi province is
predicted to reach its peak in 2027 or even 2030. As a
large industrial province, Liaoning province also has
problems with its industrial structure and high en-
ergy intensity. It is predicted that the carbon peak
will be reached in 2027.

(5) As an important province to relieve Beijing’s non-
capital pressure, Hebei province is under pressure to
reduce emissions. However, relying on Beijing itself,
renewable energy utilization technology is relatively
advanced. In recent years, the industrial structure
has been continuously optimized, and energy in-
tensity has declined rapidly. It is predicted that the

Table 5: Prediction of β parameter under three scenarios.

Province Years 2000–2020 2005–2020 2010–2020

Shandong

2021–2025 0.020 0.030 0.040
2026–2030 0.022 0.032 0.045
2031–2035 0.024 0.034 0.050
2036–2040 0.026 0.036 0.055
2041–2045 0.028 0.038 0.060
2046–2050 0.030 0.040 0.065

Liaoning

2021–2025 −0.001 0.001 0.001
2026–2030 0 0.003 0.003
2031–2035 0.001 0.005 0.005
2036–2040 0.002 0.007 0.007
2041–2045 0.003 0.009 0.009
2046–2050 0.004 0.011 0.011

Hebei

2021–2025 0.002 0.007 0.010
2026–2030 0.004 0.008 0.012
2031–2035 0.006 0.009 0.014
2036–2040 0.008 0.010 0.016
2041–2045 0.010 0.011 0.018
2046–2050 0.012 0.012 0.020

Shanxi

2021–2025 −0.008 0.010 0.010
2026–2030 −0.006 0.012 0.020
2031–2035 −0.004 0.014 0.030
2036–2040 −0.002 0.016 0.040
2041–2045 0 0.018 0.050
2046–2050 0.002 0.02 0.060

Inner Mongolia

2021–2025 0.010 0.015 0.020
2026–2030 0.015 0.020 0.025
2031–2035 0.020 0.025 0.030
2036–2040 0.025 0.030 0.035
2041–2045 0.030 0.035 0.040
2046–2050 0.035 0.040 0.045

Beijing

2021–2025 0.003 0.004 0.002
2026–2030 0.005 0.006 0.005
2031–2035 0.007 0.008 0.008
2036–2040 0.009 0.010 0.011
2041–2045 0.011 0.012 0.014
2046–2050 0.013 0.014 0.017

Tianjin

2021–2025 0 0.010 0.014
2026–2030 0.005 0.012 0.016
2031–2035 0.010 0.014 0.018
2036–2040 0.015 0.016 0.020
2041–2045 0.020 0.018 0.022
2046–2050 0.025 0.020 0.024
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Figure 3: Carbon emissions of each province and city under the 2000–2020 scenario (unit: 10,000 tons).
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Figure 4: Carbon emissions of each province and city under the 2005–2020 scenario (unit: 10,000 tons).
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carbon peak will be reached before 2026. ,e Inner
Mongolia Autonomous Region predicts that the
carbon peak will be reached in 2025. However, under
the scenario of 2010 as the base period, the carbon
peak is expected to be reached in 2029. Energy in-
tensity has decreased rapidly, but the utilization rate
of renewable energy has increased slowly.

4. Conclusions and Recommendations

Based on the analysis of the above prediction results and
comparing the carbon emissions of the provinces and cities
around the Bohai Sea, this article puts forward the following
suggestions:

(1) In recent years, Beijing has continued to promote the
optimization of the industrial structure and the
transition to clean energy. ,e amount of coal
burned has dropped significantly, and the energy
intensity is relatively low. ,e carbon intensity of
Beijing has dropped significantly since the pilot work
of carbon emission trading was launched. In 2020,
Beijing’s carbon intensity was expected to drop by
more than 23% in 2015. ,e successful pilot in
Beijing has provided certain experience for the Bohai
Rim provinces. ,e development of carbon emission
trading has effectively promoted the reduction of
carbon intensity. Beijing has also established the
country’s first “carbon neutral” park to form a
benchmark experience of “carbon neutral” as soon as
possible, providing a reference for further emission
reductions in other regions around the Bohai Sea.

,erefore, we will further carry out research on the
special plan of carbon emission reduction based on
the vision of carbon neutrality and prioritize the
realization of “carbon neutrality” as a strategic goal.

(2) Based on the measures taken by Beijing, Tianjin should
combine the peaking target with the “14th Five-Year
Plan” outline, the energy consumption “dual control”
target, and major engineering projects. Tianjin should
perfect the scientific research index system and form a
complete action plan. We must do a good job not only
in the addition of renewable energy but also do a good
job in the “subtraction” of reducing coal consumption.
Pay close attention to key areas of high energy con-
sumption and provide a good development environ-
ment for environmental protection industries such as
photovoltaics, hydrogen energy, and green energy
conservation. Hebei province should firmly grasp high-
tech and use artificial intelligence and big data plat-
forms to actively promote the construction of carbon-
inclusive pilots and enrich the low-carbon reward
mechanism.

(3) Shandong province, as a major energy-consuming
province, faces certain challenges in reaching the
peak goal. However, in recent years, it has established
the energy structure adjustment target of coal power,
new energy and renewable energy, and electricity
from outside the province.,is provides the basis for
further adjustment of the energy structure of
Shandong province. Haiyang of Shandong province
has become the country’s first “zero-carbon” heating
city using nuclear energy technology. ,erefore,
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Shandong should accelerate the comprehensive
utilization of nuclear energy as soon as possible and
regard the development of nuclear energy as an
important starting point for promoting energy
structure optimization and ensuring energy security.
Shanxi province and Shandong province have sim-
ilar problems. Shanxi province should also vigor-
ously develop clean energy, promote the
transformation of “three counties and one city” clean
heating according to local conditions, and accelerate
the access of key coal mining enterprises to special
railway lines. Shanxi should pay more attention to
emission reduction in key areas of high energy
consumption, find out the source of emissions, and
provide special emission reduction guidance to key
enterprises in key industries.

(4) Liaoning province is a major industrial province in the
northeast. Energy consumption focuses on coal, and
the industrial structure is uneven. ,e task of peaking
carbon is very difficult. It is necessary to further un-
derstand the current status of carbon emissions and
formulate specific action plans. Low-carbon transfor-
mation and upgrading in energy, industry, construc-
tion, agriculture, and forestry should be coordinated
and promoted. Resolutely curb the blind development
of energy-intensive and high-emission projects. Ac-
tively carry out the creation of low-carbon pilot
demonstrations. Promote the construction of zero-
carbon emission demonstration projects and carbon
neutral demonstration zones. Provide a model for
Liaoning province to reach the peak as soon as possible.

(5) ,e Inner Mongolia Autonomous Region should
actively learn from Beijing’s relevant measures.
Encourage enterprises to accelerate the imple-
mentation of carbon emission management and
actively participate in the upcoming carbon emission
market transactions. Strengthen the professional
training of relevant carbon emission management
personnel at different levels and stages, and reduce
the total amount of carbon emissions starting from
the enterprise industry. ,ere are certain challenges
in achieving the goal of achieving carbon peaks in the
Bohai Rim as a whole. It should be advanced to drive
the backward, focusing on the three provinces of
Shandong, Shanxi, and Liaoning that are difficult to
reach the peak. Actively try to implement measures
to form an effective emission reduction model that
can be replicated so as to fully realize the regional
emission reduction target in the Bohai Rim.
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