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H I G H L I G H T S

• This study quantifies the employment impacts from renewable energy policies in China.

• The net employment impacts are decomposed into direct, indirect and induced effects.

• Most jobs are created in the construction, installation, and manufacturing (CIM) stage.

• Disregarding the negative induced effects leads to overly optimistic conclusions.

• Lump-sum tax is an attractive option to generate employment, or avoid adverse outcomes.
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A B S T R A C T

Employment impacts are one of the most important social impacts associated with the development of renewable
energy, and are also one of the key concerns for policy makers designing renewable energy policies. Current
studies tend to focus on the direct job changes in renewable sectors per se and on the indirect job changes along
value chains of renewable energy, therefore depicting a picture of prosperity with large amounts of “green jobs”.
However, the induced job changes in other sectors that are not directly in the value chains but are still influenced
by electricity price changes and related financial resource transfers have usually been neglected, resulting in an
incomplete and potentially biased understanding of this specific category of social impact. By using a compu-
table general equilibrium (CGE) model of China that incorporates detailed renewable power generation tech-
nologies and considers labor market imperfections, our study tries to fill this gap and quantifies the full scope of
job changes (direct, indirect and induced) brought by renewable energy development in China. Results show that
per 1 TWh expansion of solar PV and wind power would create up to 45.1 thousand and 15.8 thousand, re-
spectively, direct and indirect jobs in China. However, the scale of induced job changes is quite significant and
may even lead to net job losses in the whole economy in some cases. We have further revealed the sectoral
contributors to total job changes. In all, there are no assured conclusions on the occurrence of green jobs when
developing renewable energy. The impacts are highly dependent on the species of renewable energy, the fi-
nancing mechanisms for renewable subsidies, and the scopes of employment impacts. We suggest that full-scope
employment impacts should be carefully considered and the detailed supporting policies should be carefully
designed by decision makers when promoting renewable energy.

1. Background

The development of renewable energy has featured prominently in
China’s policy portfolio for dealing with the challenges of climate
change. The total installed capacity of renewable power in China saw

booming development in the period of the 12th Five-Year Plan
(2010–2015), increasing from 249 GW in 2010 to approximately 504
GW in 2015 [1]. 39.7% and 16.5% of the increase in renewable elec-
tricity are attributable to wind power and solar PV, respectively. As
pledged in the Nationally Determined Contributions (NDC) under the
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Paris Agreement, the share of non-fossil energy in China’s total primary
energy consumption will increase to approximately 15% by 2020 and
20% by 2030. To achieve these objectives, China plans to implement
several policy instruments to further boost renewable energy deploy-
ment in the electric power sector. Feed-in-Tariffs (FITs), which assist in
subsidizing renewable technology deployment, are expected to play the
most important role among the various policy measures.

The establishment of so-called “green jobs” is an increasing attrac-
tion for policymakers to encourage renewable energy development
worldwide [2–4]. However, renewable energy deployment will also
induce large economic adjustments in competing electric power gen-
eration sectors such as coal and natural gas. Direct displacement of
these generation sources will cause job losses in the affected sectors, as
well as along the supply chains. Induced employment effects, which
could be positive or negative, are also possible depending on the re-
lative costs of new renewable technologies compared to conventional
generation sources. Since 2006, China has taxed conventional electric
power generation in order to subsidize development and deployment of
renewable technologies. The tax, which began at 0.001 Yuan/Kwh, has
increased to 0.019 Yuan/Kwh in 2016 (∼%4 of the sale price of elec-
tricity). Employment effects of renewable technology deployment, both
positive and negative, should be clearly identified as China moves
forward with its electric-power sector transition. It is also important to
compare alternative renewable energy policy designs in terms of their
overall economic efficiency and employment impacts in order to assist
policy makers in their efforts to address both environment and eco-
nomic development challenges.

The paper is organized as follows. Section 2 reviews the existing
literature on the economy-wide employment impacts of renewable
technology deployment. Section 3 describes the model, database, and
key assumptions used in the study. Section 4 provides a description of
the scenarios and presents the main results. Section 5 provides a de-
tailed discussion and concludes.

2. Literature review

Currently, there are three primary approaches to study the em-
ployment impacts of renewable energy policies [5,6]: (1) computable
general equilibrium (CGE) methods; (2) input-output (I/O) methods;
and (3) analytical methods, which generally rely on extensive surveys
and focus on a specific technology in a territory (i.e. regional or pro-
vincial level). Most existing studies conclude with positive employment
impacts, while some cautious researchers still believe in neutral or even
negative employment impacts. In fact, different research scopes,
methodologies and data sources in existing studies are the major rea-
sons for the divergent understandings on the employment impacts of
renewable energy policies. A list of studies that touch upon the em-
ployment impacts of renewable energy policies are presented in Table
A.1.

From the perspective of research scope, the employment impacts are

commonly classified into three categories: direct, indirect and induced
[6–10], as is summarized in Table 1. Firstly, direct jobs refer to those
created in the renewable sectors to support the increase of generation
capacity, while indirect jobs are those created in the value chains of
renewable technologies to accommodate the expansion of renewables.
As an illustration of the indirect impacts, consider a new wind farm
purchasing wind turbines or a new solar PV farm purchasing PV cells.
The indirect impacts include not just the first stage in the value chains,
but all inter-industry purchases necessary to support the expansion of
renewable energy. In traditional I/O terminology, induced impacts
refer to changes in household spending resulting from changes in labor
income. For example, if labor income in solar PV manufacturing in-
creases, the spending of that labor income on goods and services is an
induced effect. In reality, there are additional price induced effects in
product and factor markets, which can be captured in CGE models.
Perhaps the largest induced effect is the replacement of conventional
electric power plants [11], which results from a change in the relative
price of conventional electricity and renewable electricity [6,7,10].
Assuming that the policy instrument has the effect of reducing output in
conventional electric power, this effect will be unambiguously negative
[12]. Among the existing literature, less attention has been paid to the
induced impacts due to uncertainty and difficulty of measurement,
which may lead to the overly optimistic employment estimates of re-
newable energy expansion. However, all impacts - direct, indirect and
induced - should be taken into consideration to draw a comprehensive
picture on the employment impacts of renewable energy.

Different methodologies have their specific advantages and dis-
advantages to model these direct, indirect and induced employment
impacts. These have been well-summarized in previous studies [5,6]. In
short, analytical methods have better transparency in the model
structure and are commonly used for local or regional studies. How-
ever, analytical methods traditionally account only for direct jobs, al-
though some studies [10,11] touch on the indirect employment impacts
through linking with life cycle analysis. Both I/O and CGE methods take
into account the interactions between renewable technologies and
other sectors in the economy, which enables the calculation of direct
and indirect employment impacts within a national scope. Although the
induced jobs caused by replacement of conventional energy technolo-
gies and changes in household income can be evaluated through sce-
nario analysis in I/O models, it is hard to grasp all the “opportunity
cost” brought by the development of renewable energy. This is mainly
caused by the no-limits assumptions that the supply of production
factors (such as capital and labor) is infinite, which has been critically
described by some researchers [8,13,14,33] and results in a lack of
interactions between prices and quantities [34]. However, opportunity
cost is the major mechanism that leads to job losses in the economy. For
instance, the development of renewables needs more investment, thus it
actually reduces the available capital for other sectors due to scarcity of
capital. The ignorance of “opportunity costs” has been criticized by
Lesser (2010) [12] as “free-lunch economics”. Therefore, it is not

Table 1
Summary of employment impacts.

Employment effects Cause Overall impacts Availability

CGE methods I/O methods Analytical methods

Direct Increasing capacity of renewable energy Positive √ √ √
Indirect Increasing demand in value chains Positive √ √ √
Induced Decreasing investment in conventional energy sectors Negative √ √ —

Competition for capital Negative √ — —
Change in electricity price Uncertain √ — —
Change in labor wage Uncertain √ — —
Change in household income Uncertain √ √ —

Note: (1) “√” in the table means the effects can be simulated with the specified method, while “—” means the effects can hardly be simulated with that method;
(2) Results in this table are based on a review of relevant literature, including [4,7–32].
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