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Abstract 
Under the target environment of "carbon peaking" and "carbon neutrality", it is of great 
significance to carry out researches on addressing climate change and carbon emissions. 
Due to the problem of unbalanced development in my country and the different levels of 
economic development between regions and provinces and cities, important provinces 
and cities in China must reach the peak as soon as possible before the national carbon 
peaking target is achieved. Based on the bottom-up LEAP model, this paper analyzes the 
Beijing-Tianjin-Hebei carbon emission law and explores its carbon emission peak path 
by sub-base scenario (BS) and peaking scenario (ER). The results show that energy 
consumption in the Beijing-Tianjin-Hebei region is on the rise. The energy consumption 
of the peak scenario is generally lower than the baseline scenario, and carbon emissions 
will peak in 2027. The industrial sector accounts for the highest proportion of energy 
consumption and carbon emissions, and should focus on energy conservation and 
emission reduction in the industrial sector. At the same time, coal consumption 
contributed most of the carbon emissions, and the carbon emissions generated by coal 
consumption remained at a relatively high level at the peak. 
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1. Introduction 

China is the largest developing country in the world, and a responsible major country that 
strives to adapt to the climate and actively participate in voluntary emission reduction. In 2020, 
General Secretary Xi Jinping pointed out that China's carbon dioxide emissions will strive to 
peak before 2030, and strive to achieve carbon neutrality before 2060. Since then, China has 
officially proposed to the world its commitment to peak carbon and carbon neutrality. Due to 
the problem of unbalanced development in China, the level of economic development between 
regions and provinces and cities is different. Before the national carbon peaking goal is 
achieved, important domestic provinces and cities must reach the peak as soon as possible. The 
Beijing-Tianjin-Hebei region is one of the major urban agglomeration economic circles, and is 
also a densely populated area, where manufacturing and energy consumption are concentrated. 
"The 14th Five-Year Plan for National Economic and Social Development of the People's 
Republic of China and the Outline of the Vision for 2035" proposes to further implement the 
national key strategies for regional economic development, accelerate the coordinated 
economic development of the Beijing-Tianjin-Hebei region, and actively promote China's 
atmospheric development. Joint prevention and control of environmental pollutants. The 
Beijing-Tianjin-Hebei region is dominated by steel, petrochemicals, construction, vehicles, etc. 
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It is China's most important heavy industry production base, making the Beijing-Tianjin-Hebei 
region one of the places with the highest energy expenditure intensity and the most serious air 
pollution in China. It is of great significance for Beijing-Tianjin-Hebei to take the lead in 
achieving CO2 peaking and air quality compliance. Studying regional carbon peaking is crucial 
to solving the overall pressure of carbon emission reduction in the Beijing-Tianjin-Hebei region. 
At present, there are not many domestic studies on the prediction of energy consumption and 
carbon emissions at the urban agglomeration level. It is of great significance to use the LEAP 
model to predict the future carbon emissions of cities. The purpose of this research is based on 
the economic development, energy demand and carbon emissions of the Beijing-Tianjin-Hebei 
urban agglomeration, and uses the LEAP model to predict its period energy demand and carbon 
emissions by sector. In addition, in the environment where China is striving to achieve carbon 
peak before 2030, and looking forward to its green, low-carbon and sustainable development 
path, this research aims to provide new ideas and methods for the research on carbon 
emissions in Beijing-Tianjin-Hebei, and for the successful completion of "Carbon Peak" 
provides theoretical support. 

2. Energy Economy and Carbon Emissions in Beijing-Tianjin-Hebei Region 

2.1. Socioeconomic 
The expansion of the regional economy necessitates energy support and assurance, and the 
region's energy consumption will be influenced by economic expansion, industrial structure 
optimization and adjustment, and population growth. The economy of the Beijing-Tianjin-
Hebei region has entered a stage of rapid development, as illustrated in Figures 1 and 2, and 
Hebei Province's economic growth is catching up. Although the GDP of Beijing, Tianjin, and 
Hebei grows year after year, the pace of growth is fluctuating downward, and the economy has 
entered a period of medium to high-speed development, which is compatible with the overall 
direction of my country's economic development. 
 

 
Figure 1. GDP    Figure 2. GDP Growth rate 

 
From year to year, the population of Beijing-Tianjin-Hebei continues to expand, however at a 
slower pace and with a changing negative tendency (Figure 3). The population of the Beijing-
Tianjin-Hebei area is dwindling, and it's probable that energy consumption may follow suit. 
According to the evolution trend of the industrial structure in the three areas, Beijing-Tianjin-
Hebei has entered a growth stage dominated by the tertiary industry service sector. The 
contribution of the tertiary sector to total GDP has exceeded that of the secondary sector, and 
its share has reached 50%, indicating that the industrial structure of the Beijing-Tianjin-Hebei 
area is constantly being optimized and modified. 
 

5,000

15,000

25,000

35,000

45,000

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21



Volume 3 Issue 7, 2022 

DOI: 10.6981/FEM.202207_3(7).0010 

81 

Frontiers in Economics and Management 

ISSN: 2692-7608 

 
Figure 3. Growth rate of resident population 

2.2. Energy Consumption 
The coordinated development of Beijing, Tianjin, and Hebei is hampered by environmental 
concerns that stifle economic progress. Beijing and Tianjin are particularly dependent on 
external energy demand, necessitating yearly transfers from neighboring provinces and cities. 
Figure 4 illustrates that total energy consumption in the Beijing-Tianjin-Hebei region continues 
to rise year after year, although at a slower rate. The total quantity of crude oil consumed has 
increased, whereas consumption in Tianjin and Hebei has varied between reducing and 
increasing. As shown in Figure 5, the growth in carbon emissions in the Beijing-Tianjin-Hebei 
region has slowed. Hebei Province generates the greatest carbon emissions out of the three, 
with coal burning accounting for more than half of the total. 
 

 
Figure 4. Total energy consumption  Figure 5. Total carbon emissions 

3. Prediction of Carbon Peak in Beijing-Tianjin-Hebei Region 

3.1. Carbon Emission Calculation Method 
Carbon emissions comprise direct carbon dioxide emissions from fossil energy consumption 
activities in Beijing, Tianjin, and Hebei, as well as indirect emissions from energy transmission. 
The three primary industries that utilize fossil fuels are industry, construction, and 
transportation. [1,2]. 
 

𝐶𝑂 = 𝐶𝑂 , + 𝐶𝑂 ,                                                       (1) 
 
𝐶𝑂 ,  is computed using the following energy consumption and carbon dioxide emission 
factors: 
 

𝐶𝑂 , = ∑𝐴 × 𝐸𝐹                                                                (2) 
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𝐴  denotes the standard amount of consumption of various kinds of fossil energy, and the 
"China Energy Statistical Yearbook" determines the reference coefficient of conversion of 
standard coal for various energy sources. Statistics from the Intergovernmental Panel on 
Climate Change are used to calculate the carbon emission factor (IPCC). Coal has a 𝐶𝑂 /ton ratio 
of 2.66 tons, oil has a standard of 1.73 tons, and natural gas has a standard of 1.56 tons. Indirect 
carbon dioxide emissions are calculated using the amount of energy transferred from electricity 
and the carbon dioxide emission coefficients for coal and gas power: 
 

𝐶𝑂 , = ∑𝐴 × 𝐸𝐹                                                            (3) 
 
𝐴  denotes coal, gas, and non-fossil energy power, while 𝐸𝐹  denotes the carbon dioxide 
emission factor of coal, gas, and other power. The coal power emission factor is 
0.853t𝐶𝑂 /MWh, while the gas power emission factor is 0.405tCO 2/MWh. The consumption 
of various forms of fossil energy and 𝐶𝑂  emission factors are used to compute direct 𝐶𝑂  
emissions from energy activities by sector. 
 

𝐶𝑂 , = ∑∑∑ 𝐴 , , × 𝐸𝐹 , ,                                                (4) 
 
Where 𝐴 , ,  denotes the consumption of different types of fossil energy, 𝐸𝐹 , ,  denotes the 
emission factor of different types of energy, 𝑖 is the type of fossil energy, 𝑗 is the sector type, and 
𝑘 is the technology type. 

3.2. Scenario and Parameter Settings 
This study presents the Baseline Scenario (BS) and the Peak Scenario (ES). Energy consumption 
follows the preset mode of "carbon management, gas rise, and green electricity growth" in the 
baseline scenario, which is forecast based on current development patterns. The peaking 
scenario fully implements a low-carbon economy, accelerates technological progress and 
energy structure adjustment, controls existing production capacity, and eliminates obsolete 
production capacity, ensuring that the energy intensity of various industries continues to 
decline, the energy structure is optimized, and the proportion of clean energy significantly 
increases. The economy of the Beijing-Tianjin-Hebei area is shifting from high- to medium-high-
speed, and the region's GDP is declining. The baseline scenario is based on historical 
development trends in the Beijing-Tianjin-Hebei regions. Element such as the economic 
underpinning, geographic advantages, and future policy adjustment direction establish the 
parameters for the carbon peak scenario. [3-5]. 
Beijing-Tianjin-Hebei continues to adjust and optimize its industrial structure by combining the 
specific requirements of national strategies such as Beijing-Tianjin-Hebei coordinated 
development and functions of the Central African capital, Xiongan New Area construction plan, 
and Zhangjiakou Renewable Energy Demonstration Zone construction. Based on historical 
growth patterns in the benchmark scenario, the industrial structure of Beijing-Tianjin-Hebei 
may be estimated. According to the carbon peak scenario, Beijing aims to develop a high-tech 
and advanced economic structure, steadily increase the proportion of tertiary industry, and 
gradually optimize and adjust the industrial structure; Tianjin leads the transition from 
traditional industries to high-end manufacturing with advanced technology, with tertiary 
industry accounting for the future proportion; and Shanghai leads the transition from 
traditional industries to high-end manufacturing with advanced technology. As the ratio 
improves, the percentage of primary industry will decrease; Hebei will actively modify its 
resource-intensive industrial structure and take on industries transferred from Beijing and 
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Tianjin. In the future, the tertiary industry's portion of the economy will continue to climb, and 
the industry's share of the economy will increase even more. shrink. In terms of urbanization, 
the base scenario will grow at a historical rate. Beijing and Tianjin's urbanization rates are 
expected to be moderate under the carbon peaking scenario, while Hebei Province has a greater 
potential for urbanization improvement and a quicker rate of urbanization than Beijing and 
Tianjin. 
Based on the product output of each industry, the energy consumption of each variety, and the 
industrial added value of the industry, the iron and steel industry determines the energy 
intensity of various industries and varieties, and presets the product output and consumption 
ratio of each variety of energy in each industry under various scenarios. The construction 
department calculates the energy intensity of each type of building separately based on the 
energy consumption of different types of public and residential buildings, and sets the building 
area, energy-saving renovation ratio, and energy consumption ratio of each type under the two 
scenarios. The transportation department calculates the energy consumption per unit mileage 
of various vehicles to determine the energy intensity based on passenger volume, freight 
volume, total mileage, ownership, sharing rate, average transportation distance, and energy 
consumption of various types of vehicles in regional and urban transportation. [6-8]. 

3.3. Forecast Result 
The carbon emission projection findings demonstrate that the two scenarios' changing 
trajectories in carbon emissions are considerably different. Figure 6 depicts the evolution of 
carbon emissions from energy consumption in Beijing-Tianjin-Hebei under both scenarios, 
which shows a "inverted U-shaped". Carbon emissions would grow by 30% from 2020 to 2030 
in the baseline scenario, but they will decline in the peak scenario after reaching a peak in 2027. 
 

 
Figure 6. Prediction results of carbon emissions in the Beijing-Tianjin-Hebei region 

 
As seen in Figure 7, coal is the source of the most carbon emissions. In the baseline scenario, 
carbon emissions from coal consumption continue to climb moderately, but in the peak 
scenario, carbon emissions from coal consumption continue to fall. Emissions from natural gas 
use continue to climb in all scenarios, acting as a stopgap in the carbon peaking process. In 
terms of energy structure, the contribution rate of carbon emissions by energy type in 2030 is 
43.9 percent for coal, 19.7 percent for oil, 6.8 percent for gas, and 29.65 percent for electricity, 
according to the baseline scenario. In the peaking scenario, coal contributes 27.3 percent of 
carbon emissions, 18.4 percent of oil emissions, 9.1 percent of gas emissions, and 27.25 percent 
of power emissions in 2027. Carbon emissions from natural gas and electricity usage are 
increasing, but under the carbon peaking scenario, carbon emissions will peak in 2027 as coal 
and oil use fall. The carbon emissions of the industrial sector are much higher than those of 
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other sectors. Carbon emissions from the industrial sector continue to climb in the baseline 
scenario, but fall gradually in the peak scenario, as shown in Figure 8. Carbon emissions from 
the transportation and construction sectors grow moderately in the baseline scenario. Despite 
the fact that carbon emissions from the transportation sector continue to climb in the peaking 
scenario, total emissions will peak in 2027 as carbon emissions from the industrial sector 
continue to decline and carbon emissions from the construction sector peak. 
 

 
(a) Baseline scenario    (b) Carbon peaking scenario 

Figure 7. Prediction results of carbon emissions 
 

 
(a) Baseline scenario   (b) Carbon peaking scenario 

Figure 8. Prediction results of carbon emissions by energy types 
 
Beijing-Tianjin-energy Hebei's consumption continues to rise, although the carbon peaking 
scenario's growth rate is lower than the baseline scenario's. Coal use makes for the biggest 
share of total energy consumption in each year, as shown in Figures 9 and 10, regardless of 
whether the baseline or peaking scenarios are used.  
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Figure 9. Prediction of energy consumption Figure 10. Prediction of energy intensity 

4. Conclusion 

After modeling the route of carbon peaking in the Beijing-Tianjin-Hebei area, this paper comes 
to the following conclusion: energy consumption is increasing regardless of the scenario. 
Overall energy consumption in the peaking scenario is lower than in the baseline scenario, with 
carbon emissions peaking in 2027 as a consequence of a series of energy-saving and emission-
reduction actions implemented. According to the projected analysis of energy consumption and 
carbon emissions by sector, the industrial sector consumes the most energy and emits the most 
carbon in both scenarios. In the Beijing-Tianjin-Hebei area, the industrial sector contributes the 
most to emission reduction, thus it should concentrate on energy conservation and emission 
reduction in the industrial sector to meet the goal of peaking carbon emissions. According to 
the projected study of energy consumption and carbon emissions by variety, coal consumption 
is the largest in both scenarios, and coal consumption provides the bulk of carbon emissions. a 
higher benchmark This article makes the following recommendations: 
(1) Through scientific and technological innovation, continuously improve the technical level 
and energy usage efficiency. The bulk of Hebei's energy consumption is accounted for by high-
energy-consuming industries like as coal mining, steel, chemical industry, and cement. The 
energy consumption of these sectors is much higher than the globally advanced level. As a 
consequence, in order to enhance energy efficiency and minimize carbon emissions, Hebei 
industrial firms should grow their industrial scale, boost R&D investment, and continue to 
innovate in science and technology. 
(2) Continue to support the Beijing-Tianjin-Hebei region's coordinated environmental 
pollution management, as well as the creation of appropriate environmental regulatory 
regulations and the establishment of a long-term pollution control system. The reduction of 
coal use and an increase in the share of clean energy are the two most essential aspects of the 
present energy structure transformation. Electric energy substitution policies may be 
undertaken, such as replacing coal with electricity and gas, changing the way coal is used, and 
expanding wind, solar, and marine resources. This enables the Beijing-Tianjin-Hebei 
coordinated pollution control effect to be implemented in a reliable manner. 
(3) The Beijing-Tianjin-Hebei area should continue to promote industrial structure upgrades 
and layout optimization, with a special emphasis on the development of a low-carbon 
technology collaborative innovation system. Beijing, Tianjin, and Hebei should work together 
on all sectors of scientific research, build a technology trade platform, and improve regional 
joint innovation allocation skills. Companies in the three sites may also work together on 
important low-carbon and core technology research, improve technology financing efficiency, 
and speed the transition of energy-saving and emission-reduction technologies. 
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