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Abstract
With high carbon emission, the low-carbon transition of power sector will be critical for China to achieve the carbon peaking and carbon
neutrality goals. The power transition will have an impact on the economy and employment through the value chain. Quantifying the impact is
important for China's future energy and welfare policies. This study adopts input‒output model to analyze the impact on economy and
employment based on accelerated and slow power transition scenarios. The results show that the low-carbon power transition will have a
negative impact on coal power and coal mining and washing sectors, while a positive impact on machine manufacturing and equipment sector.
Low-carbon power transition will have a positive economic and employment effect to promote inclusive growth. By 2060, economic output will
increase by about 8.50 trillion CNY, value-added by about 3.39 trillion CNY, and employment will increase by about 3.74 million. Although
slower coal power transition can stabilize the economic and employment effect in the short and medium run, accelerating the power transition
will produce more positive effect and lower job losses by coal power in the long run. By 2060, accelerating transition will boost output by 8.21%,
value-added by 8.20% and jobs by 7.97%. Accordingly, the government should establish an all-round just low-carbon transition mechanism.
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1. Introduction

To promote sustainable development, China has pledged to
achieve carbon peak by 2030 and carbon neutrality by 2060
(hereafter as 3060 targets). China's CO2 emission per unit of
GDP is above the global average, and the contradiction be-
tween economy and environment is prominent. China is
committed to reducing CO2 emission intensity by 60%e65%
by 2030 compared with the level in 2005, posing new chal-
lenges to the low-carbon transition of China's energy structure
in the short term (Su et al., 2021). The primary mission of
promoting China's 3060 targets is to gradually substitute fossil
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energy with renewable energy and promote energy transition.
In terms of carbon emission sources, the power sector
contributed the highest carbon emissions in China, emitting
4.13 Gt of CO2 in 2020, accounting for 41.77% of China's total
emissions, among which coal-fired power contributed 86.19%
(IEA, 2021). Compared with other sectors, the power sector
has the largest potential contribution to emission reduction
(Liu et al., 2021), and the decarbonization of the power sector
will be pivotal under the vision of carbon neutrality.

China's power sector has undergone great changes in the
past ten years. From 2010 to 2020, the capacity proportion of
non-hydro renewable energy power increased from 3.30% to
24.32%, while coal power was reduced from 66.91% to
48.45%. In 2020, coal power contributed 58.46% of China's
total power generation, while wind power altogether with
photovoltaic power generations accounted for 35.27% of
renewable energy power generation (NEAC, 2021). Nuclear
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power growth is restricted due to safety issues, at the same
time hydropower will be lack of substantial potential growth
under the ecological and environmental pressure (Lin, 2021).
Under the 3060 targets, China will shift to be dominated by
wind and photovoltaic power from coal power. However,
large-scale grid connection with a high proportion of renew-
able energy has posed a great challenge to the flexibility and
safe and stable operation of the power system. In 2021, there
were many power blackout events in China, and coal power
still needs to assume the role of power security and supply for
a long time. In this context, many researches began to focus on
the power planning and operation under the 3060 target, and
analyzed the development of transition paths and strategies
based on the multi-objective requirements of reliability,
economy and low carbon (Zhang et al., 2021; He et al., 2021),
compare transition paths and costs under different emission
targets, and evaluate the long-term optimal transition devel-
opment path (Li et al., 2021; Lin et al., 2019). In addition, the
environmental and health benefits of low-carbon transition are
also a hot research issue. Many researches have analyzed the
benefits of power transition on improving ambient air quality
and population health (Tang et al., 2022).

In fact, the low-carbon power transition will also have a great
impact on the economy and society, thus raising concerns about
social justice. A good evidence is that with reducing excessive
capacity, the employment in China's coal industry decreased by
2.64 million from 2013 to 2018, and many migrant workers are
facing unemployment. Both individuals and families have
formed a greater impact (NRDC, 2017). In the low-carbon en-
ergy and power transition, coal power will phase out and new
energy will be developed on a large scale, which will further
cause greater impact on the economy and society. Developed
regions/countries such as Europe and the United States have a
relatively fast low-carbon transition process, and have paid early
attention to the impact of power transition on the economy and
society, such as the impact of climate policy on stranded assets
and employment (Johnson et al., 2015; Chateau and Saint-
Martin, 2013). They gradually began to pay attention to the
unfair distribution of benefits related to the transition of energy
justice, calling for identifying vulnerable groups and avoiding
the formation of sacrifice zones (White, 2020; Brock et al.,
2021). On this basis, developed countries have gradually
explored and established a relatively perfect just transition
mechanism to facilitate the smooth transition of energy and
power (European Commission, 2014, 2020).

Many studies have analyzed the positive impact of renew-
able energy, and discussed the impact of coal power and coal
mining industry from the perspective of political economy. It
is generally accepted that investment in renewable energy
contributes to economic and employment growth in the
renewable energy sector (Dai et al., 2016; Huang et al., 2020).
Some studies also consider the possible impact of the coal
industry from the perspective of political economy, and call
for the establishment of a just transition mechanism (He et al.,
2020; Wang and Lo, 2022). Econometrics and analysis
methods are used to analyze the employment impact of power
transition, ignoring the correlation and impact of the industry,
that is, only direct employment is analyzed (Zhang et al.,
2017). Some studies have comprehensively analyzed the
economic and social impact of power (Lin et al., 2019; Jin
et al., 2018), however the time dimension of their analysis is
before 2017, which is quite different from the current power
industry, and it is difficult to provide guidance for the low-
carbon power transition under the 3060 targets (Wang et al.,
2013; Mu et al., 2018; Zhang et al., 2017).

Based on these, this study analyzes and compares the
economic and employment impacts of coal power and
renewable energy under different power transition schemes,
hoping to provide valuable information for power transition
plan and promote just transition.

2. Methodology and data
2.1. Input-output model

2.1.1. Basic framework
The input‒output (IO) model describes the source of inputs

and the destination of output use in the production of each
sector over a certain period in a input‒output matrix form,
revealing the interdependent and mutually constraining
quantitative relationships among the various sectors of
regional economy. The basic equation of the IO model con-
sisting of N sectors can be shown as Eq. 1.

X¼AXþY ð1Þ

X¼ðI�AÞ�1
Y ð2Þ

X is a N � 1 output vector and Y is a N � 1 final demand
vector in the IO table. (1) can be obtained by deforming Eq. 2,
indicating that the output of each sector driven by the final
demand Y is X, which ðI � AÞ�1 is called a Leontief inverse
matrix.

vj is the value-added coefficient of j sector, equal to the
value-added in the out-put table divide the output of sector j,
as shown in Eq. 3. Similar to value-added, the employment
coefficient ej of sector j is the ratio of the jobs Ej to the output
Xj, as shown in Eq. 4. The total impact T arised by Y through
industrial association can be calculated by Eq. 5 and the direct
impact D arised by Y can be calculated by Eq. 6, where M
represents value-added coefficient V or employment coeffi-
cient E, Y is predicted according to the method in previous
studies (Kim and Yoo, 2021; Wang et al., 2013).

vj¼Vj

Xj

ð3Þ

ej¼Ej

Xj

ð4Þ

T¼MðI�AÞ�1
Y ð5Þ

D¼MY ð6Þ
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2.1.2. Processing of input‒output table
149 sectors included in the original input‒output table are

aggregated to 15 sectors as shown in Table 1.
The power supply and all power technology sectors are

included in the power sector. Luo et al. (2020) split the
power sector into the power supply sector and different
power production sectors, taking into account differences in
sectoral investments and intermediate inputs for power pro-
duction sectors. Zhu and Ling (2020) split the power sector
according to the proportion of power generations. In this
study, the production and supply of electric power and heat
power (as the power sector below) is divided into eight
subsectors: power supply, coal power, gas power, hydro-
electric power, nuclear power, wind power, photovoltaic
power, and other power production. The data related to
power sector in IO table includes three parts and each part
will be handled in different ways. Part I represents inter-
mediate use of the power sector by other sectors, and is
decomposed into eight subsectors according to the value
weights of different power technologies. Part II represents
the intermediate input to power sector. We assumed that in
part II, the intermediate inputs of coal and water flow only
into coal power. Intermediate inputs of gas flow only to gas
power. Intermediate inputs of petroleum flow into gas power
and coal power. Intermediate inputs of processing of petro-
leum‒coking‒nuclear sector flow into coal power, gas
power and nuclear power. Manufacture sector is split ac-
cording to the total investment cost weights, and the agri-
cultural sector is only used for biomass power which is
included in other power production sectors. The intermediate
inputs to subsectors from other sectors excluding the above
sectors are spilt for each power technology according to the
cost weights. Part III represents the intermediate input be-
tween different subsectors. Since the power plants also need
Table 1

Fifteen aggregated sectors.

No. Sector Abbreviation

1 Agriculture, forestry and fishery

products and services

Agriculture

2 Mining and washing of coal Coal

3 Extraction of petroleum and natural gas Petroleum

4 Other mining Mining

5 Consumption goods industry Consumption

6 Processing of petroleum, coking,

and nuclear fuel

Petroleum-coking-nucl

7 Raw material industry Material

8 Manufacture of machine and equipment Manufacture

Table 2

Investment, value and cost weights.

Sector Coal power Gas power

Investment (100 million CNY) 644 142

Value weights (%) 63.55 5.56

Cost weights (%) 61.21 4.58
to consume electricity in the daily work process, which is not
available from the current data, this study assumes that
different power generation sectors consume only their own
power, that is, each sector is self-sufficient. Auxiliary power
reflects the power consumed by power plants, so the sub-
sectors’ own demand is split according to plant power
weights. According to the principle of equal input and output
of each sector, adjust the whole table after decomposing the
power sector. The data is shown in Table 2.
2.2. Data sources
Investments in power supply and power grid, power gen-
eration costs, power generation, installed capacity and 2017
input‒out table are obtained from the National Bureau of
Statistics of China (NBSC, 2020). Investment cost data is
obtained from Yu (2015) and China Electricity Council. Due
to employment caliber and data of sectors in the Population
and Employment Statistics Yearbook 2018, 2017 Economic
Census, Labor Force Yearbook 2018 are different, this study
uses data of the total jobs in China's owned units, urban col-
lective units, and other units by sectors in Population and
Employment Statistics Yearbook 2018 which contains the
largest employment coverage and most detailed sectors. The
data of jobs in the power supply sector is obtained from the
2018 China Electricity Industry Talent Annual Development
Report (CEC, 2018). The employment factors of wind,
photovoltaic, and nuclear power are derived from the staffing
standards of 30 power companies and stations, and the data on
coal power and hydropower are derived from China Electricity
Council (CEC, 2012) to calculate the jobs in each sector, and
then the jobs in subsectors are adjusted according to the total
jobs in the power sector. Employment coefficients are shown
in Table 3.
No. Sector Abbreviation

9 Production and supply of electric

power and heat power

Power

10 Production and supply of gas Gas

11 Production and supply of water Water

12 Construction Construct

13 Finance Finance

ear 14 Transportation, storage and postal Trans

15 Tertiary industry Tertiary

Hydro Wind power Photovoltaic power Others

700 646 207 1

12.73 7.03 4.52 2.50

14.63 7.41 4.21 3.12



Fig. 1. 2020e2060 CO2 emission paths in China's power sector under two

scenarios.

Table 3

Employment coefficient (jobs (10,000 CNY)�1).

Sector Coefficient Sector Coefficient Sector Coefficient

Agriculture 0.0023 Material 0.0035 Trans 0.0082

Coal 0.0139 Manufacture 0.0061 Tertiary 0.0130

Petroleum 0.0056 Gas 0.0052 Coal power 0.0063

Mining 0.0042 Water 0.0236 Wind power 0.0043

Consumption 0.0046 Construct 0.0116 Photovoltaic

power

0.0068

Petroleum-

coking-

nuclear

0.0016 Finance 0.0073
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2.3. Setting of scenarios
Fig. 2. Historical installed capacity and cost of wind power.

Fig. 3. Historical installed capacity installation and cost of photovoltaic power.
Decarbonizing the energy system as soon as possible is the
necessary condition of China's carbon neutrality vision, which
puts forward higher requirement for zero-carbon power sys-
tem. Current studies generally agree that carbon emissions
from the power sector need to peak as soon as possible and
start to decline rapidly, with a high possibility of peaking
around 2025 and achieving zero or negative emissions by 2050
(Zhang et al., 2022). In 2025 and 2030, China's installed ca-
pacity of coal power will reach about 1230 GW and 1260 GW
(CEC, 2021). National Development and Reform Commission
has proposed the policy target of 50% non-fossil power gen-
eration by 2030. Based on above researches and target, the
following two scenarios are made on the basis of the balance
between power supply and demand.

Rapid development of renewable energy and early coal
power transition (S1): with the rapid development of renew-
able energy, it is very important to fully tap the development
space of large-scale controllable power supply and coal power
is moderately developed. The capacity of coal power will
reach the peak of over 1190 GW in 2025. Wind and photo-
voltaic power will reach 880 GWand 1000 GW respectively in
2030. Generations of non-fossil energy will be accounting for
53.11% in 2030. After the 14th Five-Year Plan period, it will
not be added and the units will phase down as soon as
possible. All units will be phased out in 2055. Wind and
photovoltaic power will reach 2800 GW and 3600 GW
respectively in 2060.

Normal development of renewable energy power and slow
coal power transition (S2): the renewable energy will develop
normally. In order to guarantee the power demand, the ca-
pacity of coal power will reach a peak of 1290 GW in 2030,
with generations of non-fossil energy accounting for 49.11%.
Wind and photovoltaic power will reach 750 GW and 860 GW
respectively in 2030. After 2030, coal power will phase down
and conventional coal power will completely phase down in
2060. Wind and photovoltaic power will reach 2510 GW and
3400 GW respectively in 2060.

Emission trajectories for power under two scenarios are
illustrated in Fig. 1. CO2 emissions will both reach its peak at
in 2026, and carbon neutrality by 2050. Installed capacity of
other power technologies is consistent in two scenarios. The
bioenergy with carbon capture and storage will contribute to
net zero carbon in 2050 and negative carbon in 2060.
Future costs are projected through wind and photovoltaic
power learning curves. Assuming the cost for coal power
generation is constant, learning rate of wind and photovoltaic
power is 7.53% and 20% respectively. In S1, the cost of wind
and photovoltaic power will reach 0.304 CNY (kW h)�1 and
0.225 CNY (kW h)�1 in 2030, and 0.270 CNY (kW h)�1 and
0.148 CNY (kW h)�1 in 2060. In S2, the cost in 2030 are 0.310
CNY (kW h)�1 and 0.237 CNY (kW h)�1 respectively, and
0.270 CNY (kW h)�1 and 0.151 CNY (kW h)�1 in 2060. The
historical installed capacity and cost of wind and photovoltaic
power are shown in Figs. 2 and 3.

3. Result and discussion
3.1. Power sector pulling effect

3.1.1. The total effect on other sectors
The final demand per unit in the power sector pulls 2.8

units of total output, 0.26 units of direct EVA, 0.74 units of
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indirect EVA; the final demand per 10,000 CNY in power
sector brings 0.018 jobs, including 0.005 in direct employ-
ment and 0.013 in indirect employment. Besides the power
sector itself, there are five sectors, Manufacture, coal, ter-
tiary industry, material and financial sector, which are
influenced significantly as shown in Fig. 4. In terms of
economic output, because of coal power dominance in the
power sector, the coal sector output is directly affected by
the power demand. However, the manufacture sector output
change is higher than coal sector through the industrial chain
and the entire economic systematic connection. So, the
manufacture sector is more indirectly affected.

In terms of EVA and employment, these four sectors: coal,
tertiary industry, manufacturing, and financial sectors, are
more greatly affected as shown in Fig. 4. Among them the top
affected sector is coal sector, and secondly the tertiary in-
dustry. This is the reason that coal sector and tertiary industries
have lower intermediate product demand and then have higher
EVA coefficients than manufacture sector. Moreover, manu-
facture sector with the improvement of automation level re-
quires less labor per unit output while coal sector and tertiary
industry are labor-intensive industries.

It should be considered that low-carbon transition is pro-
ceeding in China, especially nowadays with the constraint of
Chinese 3060 targets, which would accelerate the power
structure shift, coal power will be gradually no longer domi-
nant. Considering the internal changes of power supply
structure, the power sector should not simply be regarded as a
whole sector.
Fig. 4. The influence of the power sector.

Fig. 5. Influence sectors of coal, w
3.1.2. Separate effect on other sectors from power
subsectors

In order to consider the internal changes in the power
supply structure under the constraints of China's 3060 targets,
traditional energy power (mainly coal power) and new energy
power (mainly wind and photovoltaic power) cannot simply be
considered as a whole sector, so we analyzed the three sub-
sectors. As shown in Fig. 5, the three subsectors have sub-
stantially different contributions to other sectors.

In terms of output, coal power has a low indirect multiplier,
while the opposite is true for wind and photovoltaic power. In
addition to the impact on the power sector itself, the coal
power sector has the largest impact on the coal sector, while
wind and photovoltaic power has the greatest impact on
equipment manufacturing sector except the tertiary sector.
Although wind and photovoltaic power sectors do not require
direct fuel consumption and costs are concentrated on ma-
chinery such as wind turbines, which has a large impact on the
equipment manufacturing, tertiary and raw materials in-
dustries, through the role of industrial linkage, will generate
indirect demand for coal, such as equipment manufacturing
industry will consume coal, forming an indirect demand for
the coal sector from wind and photovoltaic power generation.

In terms of value added, the indirect value added due to
changes in final demand per unit of coal power, wind and
photovoltaic power is 2.6, 4 and 4.5 times higher than the
direct value added, respectively. Except the impact on power
sector itself, the coal power sector has the greatest impact on
the coal sector. Apart from the tertiary sector, the sector most
affected by wind and photovoltaic power is the equipment
manufacturing sector. The impact on the tertiary sectors, such
as finance, is also very high as it has a relatively higher value-
added coefficient.

In terms of employment, the sector with the greatest impact
on total employment is the power sector itself. Each billion
dollars of coal power final demand generates 180 jobs, the
sector that is affected by the coal power sector is the coal
sector, due to the combined effect of the direct consumption of
coal by coal power as well as the employment coefficient.
Wind and photovoltaic power have the strongest employment
effects on the equipment manufacturing sector.
ind and photovoltaic power.



Fig. 6. Economic output and EVA of wind, photovoltaic and coal power.
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From the perspective of comprehensive economic output,
value added and employment effect, the coal sector is the
sector most affected by coal power except tertiary industry,
which means the coal power transition will have an impact on
the employees of coal power and coal sectors. The equipment
manufacturing industry is the sector most affected by wind and
photovoltaic power generation, which means the development
of renewable power will benefit the manufacture sector. In
terms of industry chain, coal as the upstream of coal power
and manufacture as the upstream of wind-photovoltaic power,
are most affected in the process of power transition.
3.2. Prediction of economic effect
According to the above analysis, we made a prediction and
found that power transition would have a positive economic
effect during 2020e2060 whatever the pace under the two
scenarios is slower or faster. As shown in Fig. 6, the output and
EVA both moved upward in the two scenarios.

Under the scenario of the expansion of renewables and the
reduction of coal power as soon as possible (S1), the economic
effect induced by coal power with the scale declining in 2030
will be correspondingly decreasing while wind and photo-
voltaic power will be increasing. There will be no coal power
plants by 2055, and the economy will be fully driven by clean
power, but the overall economic effect will keep growing. The
total output will increase from 12.46 trillion CNY in 2020 to
22.68 trillion CNY in 2060, and the EVA will increase from
4.54 trillion CNY in 2020 to 8.58 trillion CNY. Under the
scenario of normal development of renewable energy and
continued development of coal power (S2), coal power will
phase down after 2030. The total output will increase from
12.46 trillion CNY in 2020 to 20.96 trillion CNY in 2060, and
the EVA will increase from 4.54 trillion CNY in 2020 to 7.93
trillion CNY. The economic effect of coal power will not grow
until 2030. Summarily power transition will not lead to an
economic shock while always offer a positive stimulation.

Although slow coal power transition (S2) could stabilize the
economic effect in the near and medium term as in Fig. 6, the
output and EVA gap between S1 and S2 would become wider
and wider in the long run. Under S2, it will pull total output of
17.17 trillion CNY in 2030, with EVA of 6.31 trillion CNY,
higher than the total output of 17 trillion CNY and EVA of
6.26 trillion CNY under S1. But in 2060, the economic output
and EVA under S2 will all gradually lag the S1 and the gap
would continue to widen. The total economic output and EVA
under S1 in 2060 would be 22.68 trillion CNYand 8.58 trillion
CNY while 20.96 trillion CNYand 7.93 trillion CNYunder S2.
3.3. Prediction of employment effect
Like the above economic prediction, the power transition
would improve the social employment during 2020e2060,
whatever the pace is slower or not. As shown in Fig. 7, the
employment moved upward under S1 and S2.

Slow power transition (S2) will bring 11.88 million total
jobs in 2030 and coal power would demand more employees.
Under the scenario of accelerating coal power transition (S1),
coal power sector would start to suffer job losses while the
wind and photovoltaic power will increase jobs. Similarly,
slow coal power transition (S2) could stable the employment
demand in the near and medium term, as shown in Fig. 7, but
the employment gap between S1 and S2 would get widened
gradually in the long run. In 2030, the social employment
demand of 11.65 million jobs under the scenario of fast power
transition (S1) will be induced, which is lower than the sce-
nario of slow power transition (S2). In 2040, the slow coal
power transition scenario (S2) would face more job losses
compared with 2030 and stay longer than S1. There will be
8.33 million job losses induced by coal power under S2, higher
than 7.72 million job losses under S1 in 2060. In the unem-
ployment caused by coal power, it is difficult for coal miner to
transfer to other sectors, but some sectors, such as the equip-
ment manufacturing sector, are less difficult to convert and
easier to convert within the industry. In addition, wind and
photovoltaic power will stimulate 13.67 million social jobs in
2060, which is 1.01 million higher than the slow power tran-
sition scenario (S2).
3.4. Discussion
This study represents a timely academic effort to the 3060
targets by advancing our understanding on the social & eco-
nomic impact of decarbonizing China's power sector, the most
important and difficult part of carbon neutrality. Secondly, the
methodological advance is that we divided power sector into
eight sub-sectors which are matched with the requirement of
power transition modelling and calibrate the direct labor input
parameters with micro-level data. Last but not the least
important, we provided an interesting window of observation
by comparing the difference of regular transition and an
accelerated one, as social & economic impact is an integral
component of carbon neutrality.

The study also suffers to two limitations. Firstly, due to the
nature of IO modelling, it cannot capture the dynamic impact
of Production restructuring. Secondly, the advance in labor



Fig. 7. Total employment in wind, photovoltaic and coal power.
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productivity is not considered in our modelling. Future study
should take these two factors in the modelling framework and
further examine the impacts on labor structure and unbalanced
regional shock.

4. Conclusion and suggestion

Utilizing China's input‒output table, this study explores
the economic and employment effect under the two assump-
tions of transition scenarios realizing 3060 targets. During
attaining the 3060 targets, the coal power transition mainly
influences its upstream industry like coal sector, which will
lead to great losses to the coal power and coal sectors.
Conversely, wind and photovoltaic power will make manu-
factures seize benefits. The renewable energy development
overall, has a positive effect on the economy and employ-
ment. Even if there is a massive decline after 2030, the
economy and employment will be in a basically stable state,
without massive unemployment. The pace of coal power
transition would affect the economy and employment to
distinct degrees. In the long term, accelerating transition will
have more positive effects. By 2060, it will boost output by
8.21%, value-added by 8.20% and jobs by 7.97%. The gap in
the economic effect further widens in the process. Slow
transition could result in more coal-related job losses as coal
power continues to be deployed.

Power transition matters the entire industrial chain, enter-
prises, and employees of the enterprise, especially the affected
sectors in the coal power industry chain. When formulating
transition plans, the government needs to consider supporting
policies for these sectors and establish a comprehensive and just
transition policy system. From the industry level, unemploy-
ment caused by coal power cannot be entirely absorbed by the
employment demand induced by renewable energy. It requires
the government to set up just transition funds, to provide se-
curity assistance to the affected workers and the area, and help
upgrade the affected industry. At the same time, to make cor-
responding retraining and resettlement policies to meet the
structural changes is also vital. At the national level, there are
noticeable differences in resource endowments between regions
in China, and there is a flow of factors between regions and
industries. While promoting the national economy and
employment, it is necessary to adopt policies tailored to local
conditions for different regions. The slow transition may sta-
bilize employment in the short term, but in the long run, there
will be more job losses related to coal power. In the future, the
influence of social and economic should also be taken into
account when making the power transition planning.
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