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China's low carbon development will bring about changes in energy 

structure and industrial structure.

BP statistical review of world energy 2017 China’s Energy Transition
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Labor will move from traditional energy-intensive industries to new energy 

industries during low-carbon development. 

• (Llera et al., 2013)  an analytical model to forecast the employment in the Spanish 
PV industry

• (Sooriyaarachchi et al., 2015) discussed the job potentials that were created 
throughout the value chain of renewable energy.

• (Thornley et al., 2008) focused on the potential job creation of rural economies by 
bioenergy systems.

Bottom-up

• (Mu et al., 2018) quantified the full scope of job changes (direct, indirect and 
induced) brought by renewable development in China by using a CGE model.

• (Siriwardana et al., 2011) built a CGE model to analyze the impact of a carbon tax 
on Australia economy .

• (Perrier and Quirion, 2018) indicated that positive employment impacts can be 
achieved by shifting investment towards labor-intensive sectors in IO models.

Top-down



Introduction

6

• Through the analysis of China's economic 
data, it is found that the labor demand 
per unit of output of the tertiary industry 
is generally higher than that of the 
secondary industry. Mining and washing of coal

Processing of coking products

• During low-carbon transformation, 
employment demand will not only 
migrate, but the total amount will also 
change.
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There is a difference in the proportion of labor types (including gender, region and 

level of education) in different sectors.

Therefore, it can be inferred that the demand for different types of labor will 

change with the migration between sectors during low carbon development.

Labor types in coal (left), solar and wind (right) sectors 

The highest proportion of the employed people in the 

coal sector is male urban middle school (30%) and 

high school (16%) graduates and male rural middle 

school graduates (20%). However, the highest 

proportion of the employed people in the solar power 

and wind power sectors are male urban high school 

(22%), Junior college (16%), middle school (15%) and 

regular college (11%) graduates
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With the development of the economy and the increase of the urbanization rate, 

the employed people in China will migrate from agricultural sector to the 

secondary and tertiary industries. 

2010.00 2020.00 2030.00 2040.00 2050.00

SSP1 46.96 58.59 68.01 75.26 80.73

SSP2 46.96 54.67 60.93 65.90 69.85

SSP3 46.96 51.07 54.18 56.52 58.28

SSP4 46.96 58.59 68.01 75.26 80.73

SSP5 46.96 58.59 68.01 75.26 80.73
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Systematically analyze the labor migration and co-benefits in China's low-
carbon transformation.

• Co-benefit of total labor demand during the transformation
• In-depth analysis of different labor groups (education level; gender; region)
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Dynamic CGE model of the 

Chinese economy which is 

calibrated to the 2012 Input-

Output table of China and the 

2012 energy balance table with 

42 aggregated production sectors
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Production Consumption Trade

Armington hypothesis 

Government receives 

revenues from a variety 

of tax instruments, net 

of subsidies and 

transfers. 

Household income is 

from labor wages, 

investment income, and 

transfer payments
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Labor disaggregation and market

• Labor compensation is the product of average wage and labor quantity for 
a specific sector and labor type. 

• The labor quantity for a specific sector and labor type can be directly 
obtained from available data.

• The average wage for labor type l in sector i (𝐿𝑊𝑙,𝑖) can be calculated by 
the following equation:

• 𝐿𝑊𝑙,𝑖 =
𝐿𝐴𝑊𝑙

0

σ𝑙 σ𝑖(𝐿𝐴𝑊𝑙
0×𝐿𝑄𝑙,𝑖

0 / σ𝑙 σ𝑖 𝐿𝑄𝑙,𝑖
0 )
×

𝐿𝐴𝑉𝑖
0

σ𝑖 𝐿𝑄𝑙,𝑖
0

• 𝐿𝐴𝑉𝑖
0 represents the total value of labor compensation in sector i. 

• 𝐿𝑄𝑙,𝑖
0 represents the employment quantity for labor type l in sector i. 

• 𝐿𝐴𝑊𝑙
0 represents the average wage for labor type l. 
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Datasets:
(1) the China Statistical Yearbook 2012, which provides the household 
expenditure per capita and rural household income per capita data; 
(2) the China Urban Life and Price Yearbook 2012, which provides the urban 
household income per capita data; 
(3) the 6th Chinese population census, which provides the quantity of 
employment in sectors for different labor types; 
(4) the 2012 Chinese Input-Output table, which provides the total value of 
labor compensation in sectors;
(5) the Chinese Household Income Project (CHIP) database, which was 
compiled by Beijing Normal University with 26,527 samples and provides the 
average wage for each labor type and the ratio of different labor types in 
household sectors.
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Labor disaggregation 
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Low-carbon policies

In order to simulate the development of different power generation technologies in China in the future, 

especially the development of renewable energy technologies such as wind power and solar power 

generation, our research disaggregates the power industry according to the technology categories, including 

coal power, gas power, oil power, nuclear, hydro power, wind power, solar power, biomass power. 
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Low-carbon policies

In addition, the carbon market is also

simulated in the model.

The model first calculates the carbon

emissions generated by different

industries and consumers by multiplying

carbon emission parameters.

In the production block, a carbon cost

variable is added in the production

function to simulate the increased cost due

to the purchase of carbon credits.

In the market closure part, the carbon

revenue is transferred to the government.
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Our research adopts the economic and social forecast data in the IIASA SSP database (Riahi et al., 

2017). and the low carbon policies in Reinventing Fire China Report when building future scenarios. 
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CO2 emissions

Due to the lack of environmental policy constraints in the 
TE scenario, the energy system is dominated by fossil fuels, 
which brings a large amount of greenhouse gas emissions. 

In the ID and GD scenarios, carbon emissions reached peaks 
around 2025.

The carbon emissions under the GD scenario are even lower 
than those under the ID scenario, and by 2050 they are 
26.7% lower than the ID scenario. Because the ETS policy 
was simulated in the GD scenario, more stringent carbon 
emission constraints were set. 
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Results

Labor demand in agriculture sectors

More and more rural people will leave the 
agricultural sector and choose to work in cities 
with the increase of urbanization rate. In the GD 
scenario, due to the highest level of 
urbanization, the employment in agriculture is 
lowest. By 2050, it is only 219 million, which is 
68.3% of the ID scenario and 52.6% of the TE 
scenario.
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The proportion of capital and energy investment in the

agricultural industry will also increase, which means

that the level of modernization of agriculture will

continue to increase, and the income of agricultural

employment will also increase.
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Labor demand in urban region

By comparing the employment of the 
second and third industries, we found that 
the employment in the TE scenario was 
the least, which was 7.8% lower than the 
ID scenario. Through this we can see that 
China's green low-carbon policy will bring 
about a co-benefit effect of increased 
employment.
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Results
ID TE

Compared with the TE scenario, the 
reduction in labor demand is mainly 
concentrated in the traditional 
energy production sector and high 
energy consuming sectors including 
coal mining products (92.96%), 
Petroleum (52.37%), wood products 
(14.51%) and coal power (12.96%) 
by 2050 in ID scenario. In addition, 
the labor demand in hydropower
industry will also decrease 
significantly (13.51%) in this 
scenario. 
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Results
ID TE

The increase in labor demand is mainly 
concentrated in the new renewable 
energy industry and natural gas-related 
industries. The five sectors with the 
largest growth rate are solar power 
(11315.49%), wind power (211.60%), 
natural gas power (103.71%), nuclear 
power (94.21%) and gas production and 
supply (86.68%). 
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Coal workers are mainly male 
urban junior high and middle 
school graduates and male 
rural junior high school 
graduates and they are most 
affected.

Compared with traditional 
energy sectors, the demand 
for labor types in wind and 
solar has certain requirements 
for male urban junior college 
and regular college graduates. 
in addition to male urban 
junior high and middle school 
graduates.
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The reduction in production only in the coal sector will 

result in a loss of 3.57 million jobs, while the labor types 

with high school education level and below will account 

for 87.8%. In contrast, due to the development of renewable 

energy such as solar power and wind power, it will 

increase the number of jobs for labor types with junior 

college education level or above by 182 thousand.
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• Under the low-carbon policy scenario, the employment population in China 

will be transferred from rural to urban areas, and the urbanization rate will 

increase rapidly, reaching 80.73% by 2050. The income of agricultural 

employment will also increase.

• China's low carbon development will generate the greatest positive impact on 

employment in the energy industries such as natural gas and other new 

power generation sectors. 

• As the economic structure changes, the demand for highly educated 

employment types in the labor market will continue to increase, highlighting 

the importance of education.
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This study lacks an analysis from the perspective of labor supply.

• The improvement of education in China may lead to changes in the types of employed people

and increase the degree of matching with employment demand.

• The aging problem that may arise in China in the future will also have a certain impact on the

job market.

The understanding of the labor market in this study is still based on existing

technologies and perspectives.

• For the artificial intelligence technology that may appear in the future, due to the lack of

reliable scenario prediction, this study did not take it into account, presenting a challenging area

for future research.
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