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a b s t r a c t

Over the last few years, Chile has witnessed an extraordinary energy transformation that has turned the
country into one of the largest renewable energy markets in South America. This study examines the
impact of renewable energy (RE) technologies from the perspective of job creation opportunities in Chile.
For this purpose, the study introduces an analytical assessment model that will be used to assess the
direct impacts on employment generated by several policy scenarios aimed at reducing CO2 emissions.
The direct impacts on employment in Chile were calculated up to 2026 according to three energy sce-
narios constructed using the SWITCH-Chile energy model. The empirical results show that RE technol-
ogies (solar PV, wind, hydro) can generate more employment per unit of energy than coal and natural
gas. According to the scenario projecting the largest reduction of CO2 emissions, which features a
dominant participation of renewable energies, up to 20,958 jobs can be created in the Chilean energy
sector by 2026. The proposed model can be used to design energy programs as a direct stimulus of
employment in the RE industry. Furthermore, policy recommendations are provided based on the results
to effectively address changes in employment perspectives for the RE industry.

© 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Growing worldwide concerns regarding climate change as a
result of energy production, particularly from electricity genera-
tion, and the rapid increase in overall energy demand, especially in
developing countries, have led to the expansion of non-
conventional renewable energy (NCRE). As of 2018, renewable
energy (RE) technologies (particularly solar photovoltaic (PV) and
wind power) reached record levels, accounting for approximately
18.1% of total global energy consumption [1]. Among the most
encouraging factors for the rapid expansion of wind and solar
technologies have been the latest scientific and technical ad-
vancements, greater developer experience and economies of scale,
resulting in more efficient technologies, better manufacturing
processes and significant cost reductions [2]. Over the last few
years, solar PV (particularly utility-scale solar PV plants) and wind
power plants have become cost-competitive compared to con-
ventional energy plants, including gas and coal power plants in
v).
most countries. In fact, according to the International Energy
Agency (IEA), in 2020, solar energy became the cheapest source of
electricity ever [3].

In addition to mitigating some of the effects of climate change,
RE has the potential to insulate countries from energy market
fluctuations and supply disruptions, particularly for those like
Chile, which heavily rely on fossil fuel imports to satisfy the energy
demand. Together with the abundant presence of RE sources, such
as solar, hydro, wind, biomass and wave in Chile, the high energy
dependence on foreign fuel imports has pushed the country to look
at RE options. As a result, Chile has been experiencing a remarkable
renewable energy transformation over the past few years. The
significant potential of several NCRE sources, a favorable business
climate and successful policy reforms by the Chilean government
have made Chile one of the most attractive marketplaces for
renewable energy developers in the world. According to annual
Climatescope reports published by Bloomberg NEF in 2020, Chile
landed first place in the ranking of the most attractive emerging
markets for investment in clean energies. Indeed, the country
achieved a record level of cumulative investment in renewable
energy at around US$ 14 billion in 2019 for over the past seven
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years [4]. As a result, electricity generation from NCRE has quickly
and surprisingly shot up, alreadymeeting its clean energy target for
2025 of 20% generation fromNCRE sources. The promising future of
renewable energies has encouraged the government to decar-
bonize the power sector by phasing out its coal-fired power plants
by 2040. Moreover, it has set highly ambitious goals within its
National Energy Policy 2050, aiming to meet 60% of national elec-
tricity generation from clean energy sources by 2035 and 70% by
2050.

Over the last decade, there are growing policy debates on the
trade-offs between the development of low carbon energy tech-
nologies and other goals for society [5,6]. Among the many
economy-wide impacts, the impacts on employment produced by
renewable energy development are an important factor to consider
when examining social aspects. Employment is a key issue in
government energy transition plans, particularly in rural areas due
to rising poverty levels and environmental degradation issues. For
this reason, one of the key concerns for policy makers is to evaluate
the contributions of RE from the perspective of job creation for the
economy of a specific region or country, as the renewable energy
industry has become one of the most dynamic sectors in many
countries’ job markets. In fact, Chile faces some of the greatest
social challenges ever, with the highest level of social inequality
among the OECD countries. There has been a rise in social move-
ments, particularly in rural communities that suffer the most from
poverty and climate disasters. However, the major potential of
renewable energy sources in Chile are located in rural areas; thus,
the creation of employment remains a key challenge in these areas.

In this context, the present study aims to quantify the direct
impacts on employment by the massive penetration of RE tech-
nologies in the Chilean power sector. For this purpose, an analytical
assessmentmodel is constructed, and themodel is simulated under
three different energy scenarios built using the SWITCH-Chile
model, in compliance with the national power system design, en-
ergy expansion policies and the targets for reducing greenhouse gas
(GHG) emissions. Our contribution to the literature is twofold. The
first contribution of this work is to propose a novel methodology
that combines an energy model - the SWITCH-Chile model - and an
analytical assessment model. This allows for more realistic
technology-based energy scenarios to be examined while quanti-
fying the direct impacts on employment. Moreover, the proposed
methodology is simpler to understand and implement and more
transparent than the typical Input-Output (IO), Computable Gen-
eral Equilibrium (CGE) and analytical assessment models, which
require big data burden. Even though the energy market simulated
in the study and the calculation of impacts on employment is
specific to Chile, the proposed methodology can be a valuable
contribution to the literature. Particularly, the use of such meth-
odology can be relevant in other emerging economies to measure
any policy strategy aimed at the reduction of GHG emissions ac-
cording to its net impact on the job market.

A second contribution of this study is to conduct a systematic
analysis of the effects of the deployment and operation of RE plants
on job creation, considering CO2 reduction scenarios for the case of
Chile. The discussion of this topic is certainly an important one, not
only in Chile but at the global level, given thatmost nations are now
striving to shift towards low-carbon energy generation mixes.
Although several similar policy analyses have been found in this
respect in the context of several countries, no related studies have
looked at Chile. Chile still lacks an integrated energy policy that
quantifies the impacts on employment and identifies the required
skills to develop, operate and maintain renewable technologies in
the medium and long term. In that sense, this study contributes by
assessing job creation opportunities given the actual and projected
penetration of RE technologies in Chile. In addition, it provides
2

specific policy recommendations for directly addressing the up-
coming employment challenges and barriers in the RE industry.
This study may also be particularly relevant for certain policy in-
terventions, such as for government authorities to further
strengthen the RE market by improving job skills and developing
forces. This paper is organized as follows: Section 2 provides a
literature review to examine the impacts on employment of
renewable energy expansion; Section 3 describes the research
methodology; Section 4 presents and discusses the results, Section
5 provides a discussion, and finally, Section 6 concludes the study
with policy recommendations.

2. Literature review

The United Nations Environment Program (UNEP) report on
Green Jobs [7] lists four expected impacts of green growth on
employment: Additional jobs will be created; Some employment
will be substituted; Certain jobs may be eliminated without direct
replacement; Many existing manual labor jobs like plumbers,
electricians, metal workers, and construction workers will be
transformed as skill sets, work methods, and profiles are greened.
In the literature, three types of job classifications are widely used
depending on the level of proximity with a certain activity in the
renewable energy sector [8,9]. These include direct, indirect and
induced jobs. Direct employment arises from activities directly
related to electricity generation, involving jobs in design and
manufacturing, construction and installation (C&I), or the opera-
tion and maintenance (O&M) of renewable energy plants. In the
design and manufacturing category, job creation is stable and re-
quires a high level of specialization; most of the time, the jobs
generated by these activities are outside the region/country of plant
installation. Given that the plants have relatively short construction
and installation times, jobs generated by the C&I category are
temporary by nature. Finally, activities included in the O&M cate-
gory require a medium level of specialization and generate a low
volume of employment. However, the latter type of employment is
more stable.

Indirect jobs arise due to the supply-chain effects of renewable
energy-related activities such as equipment supply, manufacture,
materials and delivery of equipment, exploration, extraction and
processing of raw materials, marketing and selling, administration,
or the work conducted by regulatory bodies, consultancy firms and
research organizations [8]. Finally, induced employment refers to
the spending of income generated from direct and indirect
employment on a variety of things in the broader economy [9]. The
impacts on employment have been estimated by various studies on
RE technologies. Although most of the research studied the direct
and/or indirect effects on employment related to the deployment of
RE power technologies, focusing particularly on jobs created by C&I
and O&M activities, only a few studies include labor intensities,
which tend to decline in time, as experience in technology instal-
lation and O&M increases. This is mostly due to problems in the
units used to measure employment over a project’s useful life. The
present review highlights studies that are focused on the most
commonly used methodological approaches. Moreover, Table 1
presents a list of study findings related to the impacts on employ-
ment by renewable energy deployment in a specific region or
country [10e19].

In the literature, an increasing number of studies have looked at
the impacts on employment by the renewables boom in energy
systems [8,20e22]. Studies examining RE’s effects on employment
have been differentiated by methodological approach for a specific
region or country [23e25]. The Input-Output (IO), CGE models, and
the analytic assessmentmodels are among themethodologiesmost
used to examine the impact of RE deployment on the creation of



Table 1
Impacts on employment from renewable energy deployment.

Authors Country/
Region

Type of
employment

Methodology Renewables’ impact on employment

Fragkos and Paroussos
[8]

EU Direct CGE modelling 200,000 direct jobs in EU energy sectors by 2050

Bulavskaya and Reynes
[10]

The
Netherlands

Direct Multi-sector Macroeconomic
Model

50,000 new jobs by 2030

Dvorak et al. [11] Czech
Republic

Direct and
indirect

Analytical method Over 20,000 jobs created in 2010

Haerer and Pratson
[12]

USA Direct and
indirect

I/O models 21% increase in employment (175,000 jobs) in natural gas, solar and wind
industries

Cai et al. [13] China Direct and
indirect

I/O models 5.7 million jobs created between 2011 and 2020 from renewable and new energy
development

Garrett-Peltier [21] USA Direct and
indirect

I/O models A net increase of 5 jobs per $1 million shifted from fossil fuels to renewable
energy

Barros et al. [14] Global Direct Analytical model 0.1 to 4 job-years/GWh direct jobs created by renewable power plants
Henriques et al. [15] Portugal Direct, indirect I/O models 26,000 potential jobs by 2020
Llera et al. [16] Spain Direct Analytical model 19,865 jobs created by solar technologies
Kattumuri and Kruse

[17]
Karnataka,
India

Direct Analytical model 26,000 potential jobs in wind energy
14,000 potential jobs in biomass energy
833,000 potential jobs in solar energy

Lavidas [18] Greece Direct Analytical model 1,410 potential direct jobs in wave energy
Van der Zwaan [19] The Middle

East
Direct and
indirect

TIAM-ECN model 155,000 direct and 115,000 indirect jobs created

Lehr et al. [22] Germany Direct and
indirect

I/O models Net employment from RE expansion will reach around 150,000 by 2030.
Gross employment will increase to 500,000e600,000 by 2030.

S. Nasirov, A. Girard, C. Pe~na et al. Energy 226 (2021) 120410
job. Input-output (IO) analysis, using national-account-based
input-output data, provides detailed information on the flows of
intermediary goods and services among all sectors of the economy,
as well as the interdependencies among sectors. The main advan-
tage of the IO models is that they have few built-in assumptions
and are transparent and easily replicable for estimating both direct
and indirect job creation due to the deployment of renewable en-
ergies [8,26]. It can be applied to each RE technology separately,
considering both positive and negative effects on employment
produced by the opening and/or closure of power and thermal
energy plants. A major criticism of the IO approach has to do with
its structure, which contains a high level of aggregation of national-
account-based IO tables, where the RE sector is not always explic-
itly presented. It also uses some simplistic assumptions, which may
include fixed input proportions and constant technical coefficients
that ignore the dynamism and technological improvements in the
sector. Moreover, static IO tables tend to examine effects from a
quantitative perspective and avoid considering qualitative factors
such as scale effects, changes in productivity, or substitution
possibilities.

Another commonly used methodological approach are the
Computable General Equilibrium (CGE) models. CGEs are a mac-
roeconomic approach based on the neo-classical concept of market
equilibrium. They have a stronger microeconomic foundation and
are mostly used for examining the impact of a particular shock or
change in policy on important markets such as job markets. The
main advantage of these models is that they represent economy-
wide interactions among the different economic agents, illus-
trating the long-term macroeconomic, sectoral distribution, envi-
ronmental, and employment impacts associated with specific
shocks and future policies [5]. Furthermore, and apart from the
direct and indirect effects on employment, these models can cap-
ture most types of induced effects from an economy-wide
perspective. CGE models have several disadvantages when evalu-
ating the impacts on employment in the RE industry [6]. While
these models can provide the most complete picture of the entire
economy, as the interaction of goods and services between con-
sumers and RE industrial sectors and encompassing the direct, in-
direct and induced effects on employment by RE demand shifts,
3

they can also be very complex and difficult to understand [9]. The
collection of data to build CGE models can be highly data and labor
intensive, thus leading to a significant time delay between data
collection and modeling. Other the last decade, an alternative
methodology known as Analytical Assessment methods has been
frequently used in literature on employment. The analytic approach
is considered relatively straightforward, more transparent from a
methodological perspective, and computationally less complex
compared to CGE and I/O models. It evaluates the average number
of jobs per unit of installed capacity or energy generated based on
energy system data. Furthermore, its advantage is that the sensi-
tivity analysis of the impact of specific policies or changing vari-
ables can be quickly modeled. Moreover, it can serve as a
foundation for future research aimed at assessing the number of
indirect and induced jobs created by the RE sector.

As discussed, all three methodological approaches have
comparative advantages and disadvantages, however, they all have
a particularly major weakness when evaluating the impacts on
employment in the different RE scenarios. This is mainly because
they fail to capture important structural changes with the intro-
duction of various emerging technologies into the energy mix.
Given that detailed analyses of energy technologies from both a
technical and economic perspective cannot be included in these
models, future scenarios related to RE technologies cannot easily be
modeled with the desired scope and detail. As a consequence, more
generic and energy-restrictive models can generate doubts among
policymakers regarding the utility of policy simulations of the ef-
fects of RE on employment. To fill such a research gap, and with the
purpose of overcoming technological limitations, this study pro-
poses a simple hybrid method that combines the technology-rich
“bottom-up energy systems model” - the SWITCH-Chile model -
and an analytical assessment approach. In the literature, hybrid
approaches that combine different models are increasingly being
used, particularly linking a bottom-up engineering model and a
CGE model in the context of several countries, though mostly
developed ones [27,28]. However, to the best of our knowledge, no
hybrid method examining the effects on employment has been
found.
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3. Analytical assessment method

The methodology entails defining and utilizing employment
factors or job intensities, such as the number of jobs derived from
RE technology capacity addition and investment. The employment
factor approach used for the estimated job creation potential, as
described in Ref. [29], represents the number of jobs per unit of
power capacity, divided into C&I and O&Mactivities, and per unit of
energy generated.

The methodology for the study was split into four main phases,
as shown in Fig. 1 and described in the following subsections: data
collection and standardization, data validation through face-to-face
surveys and statistical testing, definition of future energy scenarios
for the Chilean energy matrix, and the final calculation of the
average employment range by power generation technology type.
3.1. Data collection on job factors

Data was collected to obtain information on job factors in order
to compare the impact of different technologies on employment. In
this study, we focus only on the direct job creation category, which
includes the number of people employed in the following segments
of the value chain: project design and development, plant con-
struction, installation, operation, and maintenance. The study dis-
regarded activities involved in research and technological
development areas, which is not relevant for the Chilean case, as
the country imports nearly all energy technologies. Furthermore,
the geographical scale of the study is nationwide; it does not
consider the impact of the renewable sector on employment at the
level of local or regional economy.

The input data is based on information from energy projects
approved by the Environmental Impact Evaluation Service (SEIA).
In Chile, every energy project with a capacity greater than 3 MW
must sign an environmental impact declaration (DIA) stating the
different working phases, impacts, scope, cost structures, and other
technical and administrative details. Themain variables obtained in
the data collection process include the plant’s installed capacity
(MW), the construction time (months), the project’s useful life
(years), the jobs/MW employed in the design, construction and
installation of the plant (C&I) (jobs-year/MW), and the jobs
employed in the plant’s operation and maintenance (O&M) (jobs/
MW). A total of 194 energy generation projects were reviewed in
this study, accounting for a total capacity of 16,766 GW. All of the
projects considered have an installed capacity of at least 3 MWand
have obtained the approved and/or under construction status.
Detailed information on the projects considered is presented in
Fig. 1. Research framework.
Sources: Own elaboration
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Table 2.

3.2. Data standardization

As presented in the previous section, there are different alter-
natives for measuring the potential creation of jobs in energy
projects. In this subsection, we calculate the total number of jobs
created per installed capacity (total jobs per installed MW) by en-
ergy project in the O&M and C&I phases in Chile. An approach
proposed by Kammen et al. [25] using "jobs-year/MW" and "jobs/
MW" indicators provided the basis for this part of the study. The
indicator “jobs/MW” is used to quantify the permanent jobs created
in the operation and maintenance phases, while “jobs-year/MW” is
used for temporary jobs in the construction and installation phases.
Accordingly, we apply a simple standardization process to convert
the C&I data into the same unit as O&Mdata, so that it is possible to
obtain the total number of “jobs per installed MW” for both O&M
and C&I phases. To convert “jobs-year/MW” into “jobs/MW,” the
jobs employed in construction were multiplied by the ratio of total
construction time to the project’s useful life [30], as shown in the
following Equation (1).

Jobs in construction normalized¼ Labor in construction

*
ðTime under construction

12 Þ
Lifetime

(1)

For instance, a project with a useful life of 30 years that employs
60 workers-year per MW during the 24 months of construction,
provides 4 workers per MW. After the conversion of the C&I in-
dicators for the 194 projects considered in the study, we combined
the total jobs created per installed capacity from the O&M and C&I
phases to obtain the standardized value of “total jobs per MW.”

3.3. Job factor validation

To support and validate the data obtained from the SEIA, several
semi-structured interviews were conducted with energy project
developers in Chile. This survey was designed according to the
methodologies applied by Lehr et al. [31] and Blanco et al. [32]. A
total of 19 project representatives from different types of energy
generation projects were interviewed using the following four
simple questions:

1. How many people were employed for the construction of the
plant?

2. How much time was spent in the construction phase?
3. What is the installed capacity and useful life of the plant?
4. How many people are employed in the operation of the plant?

Table 3 describes the information on job factors obtained from
selected plant representatives.

A statistical tool of confidence intervals is applied for the pur-
pose of measuring the imprecision of the true amount of impact on
the population of interest, as the difference between the twomeans
estimated in the study population. In practice, the imprecision
occurred due to a sampling error. Data obtained on job factors from
the project representatives will be compared to the confidence
intervals (5% significance) generated by the simulation. The
objective of generating a confidence interval is to verify the align-
ment between the factors obtained from interviewees and the re-
sults obtained from environmental declarations.

3.4. Application of energy scenarios: SWITCH-Chile model

Finally, the last phase describes the different development paths



Table 2
Energy generation projects considered in the study.

Technology Number of projects Total Installed Capacity (MW)

Natural Gas 4 1,600
Wind 30 3,380
Hydroelectric Reservoir 3 65
Solar PV 116 9,119
Geothermal 2 120
Run-of-the-River Hydroelectric 28 471
Oil 2 13
Biomass 5 76
Coal 4 1,920
TOTAL 194 16,766
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of the power generation sector in Chile and their implications on
the shares held by renewables in the energy mix. The job factors
obtained in the previous section are then applied to quantify the
total number of jobs created for each scenario. The selection of
energy scenarios to analyze the impacts on employment in the
proposed analytical model is based on the long-term energy
planning scenario perspective built by the SWITCH-Chile model
[33]. The SWITCH-Chile model is a complex linear programming
tool developed by the Renewable and Appropriate Energy Labora-
tory at the University of California, Berkeley, and is widely used for
the strategic planning of electric power systems.

The energy scenarios were built using the SWITCH-Chile model
in compliance with the national power system design, energy
expansion policies, and the targets for reducing GHG emissions. In
other words, each scenario has a high relevancy to the objectives
and challenges faced by the Chilean energy sector. In this paper, the
use of SWITCH was particularly interesting because of its focus on
energy scenario analysis with different restriction levels related to
the reduction of GHG emissions considering long-term energy
planning (2014e2026). To simulate actual investment dynamics
and behavior according to a diversified energy matrix, the model
contains four main areas for which inputs are provided:

5. Geographical resolution: load areas and transmission.

For this purpose, the main load areas are determined by iden-
tifying where the power is generated and where it is used. These
areas may include the significant existing electricity transmission
and distribution network at a local level, but there may also be
limited long-range, high-voltage existing transmission. SWITCH
models the capacities of the current transmission network and
adds the costs of further improvements.

6. Temporal resolution: The model uses four levels of temporal
resolution for investment periods in years, months, days, and
hours. Investment periods have a four-year range: from the
beginning of 2014 to the end of 2017, from 2018 to 2021 and
from 2022 to 2026, each of which contains historical data from
12-month periods, two days per month, and six study hours per
day. For temporal resolution, this study observed 290 h of sys-
tem dispatch.

7. Investment in energy infrastructure and distribution network
systems: Two groups of decision variables are considered in the
model. These variables include the investment in energy infra-
structure and distribution systems. Such parameters determine
the energy system’s capacity to operate the existing energy
plants, to replace existing plants with renewable ones, to launch
new non-hydroelectric renewable energy technologies, and to
install the required transmission and distribution lines. How-
ever, the distribution network variables are dependent
5

variables, which determine the electricity that must be dis-
patched based on the installed capacity.

8. The cost component consists of two main parts: capital and
O&M costs. The capital cost of the project is considered for the
first year of construction. Construction costs for power plants
are matched yearly, discounted to present value for the year the
project goes online, and then amortized over the operational
lifetime of the project. A decreasing rate of capital cost is used
due to the fact that the future capital cost for renewable tech-
nologies will decrease due to technological advancement. The
costs of transmission are considered one year before operation
begins. The operation and maintenance (O&M) costs are
considered throughout the operational lifetime of each project.

A total of three scenarios are analyzed in this study. These
include the business as usual scenario (“BAU scenario”), which
produces a total of 675 million tons of CO2 (Mt CO2) emissions, the
“400 Mt CO2 scenario” where the level of emissions is restricted to
400 Mt, and “100 Mt CO2 Scenario” where a level of only 100 Mt
CO2 is emitted by the system.

3.4.1. The BAU scenario
This scenario projects the development of the energy matrix

under normal growth, without strict environmental policies and an
energy matrix based on a high share of coal. Under this scenario,
the energy generated by coal plants rises from 24% in 2014 to 40% in
2026, followed by hydroelectric andwind energy with 15% and 14%,
respectively, of the total generation in 2026 (Fig. 2(a)). In total,
renewables generate 40% of total national consumption by 2026. In
terms of total capacity, renewable energy comprises 45% of the total
share. Under this scenario, emissions amount to a total of 675 Mt
CO2 for the 2014e2026 period (Fig. 2(b)).

3.4.2. The 400 Mt CO2 scenario
The goal of the following analysis is to simulate the impacts that

a greater presence of renewable energies in the electrical systems
would have on jobs. In this scenario, a restriction to the total
emissions of the Chilean electric system has been imposed at
400 Mt CO2 for the simulation period of 2014e2026. In this case,
wind power expands considerably in terms of installed capacity,
with an increase from 10% in 2014 to 25% in 2026, in terms of
electric generation share, while the total renewable energy
including hydro reaches 60% of the total share. The remaining is
generated by fossil fuel power plants (Fig. 3(a) and (b)).

3.4.3. The 100 Mt CO2 scenario
In this scenario, total emissions are restricted to 100 Mt CO2 for

the 2014e2026 period. The share of energy from renewable sources
is the largest among the three scenarios. In terms of electric gen-
eration, renewable energies represent 66% of the total in 2026
(Fig. 4(a) and (b)).



Fig. 2. (a): Evolution of installed capacity (MW) under the BAU scenario. (b): Evolution of electric generation share (%) under the BAU scenario.
Source: Own elaboration
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4. Results and validation

Table 4 summarizes the results in terms of the average, mini-
mum, and maximum jobs per installed capacity (MW) by type of
technology in Chile. The standard deviation is applied to represent
variability and difference between the minimum and maximum
with respect to the average sample for each type of technology.

The job factor data obtained from the survey (Table 3) are
aligned with the confidence intervals obtained from the simulation.
Therefore, it can be assumed that the data obtained from the SEIA
are consistent with the interviewees’ responses, thus validating the
results. Results show a high variability between minimum and
maximum indicators, as compared to the overall average for nearly
all technologies, particularly those with the largest number of
projects. The main reason for the high variability of jobs/MW fac-
tors can be explained by the data that were used in the calculation,
which vary significantly depending on location, even between
projects for the same type of technology. In some cases, the infor-
mation on job factors not only pertains to energy projects, but can
also be related to other areas of the economy [34]. In the C&I stages,
uncertainty appears most of the time because there is no monthly
6

distribution of jobs, which restrains the development of an
adjusted analysis throughout the C&I phases [35]. Apart from the
project location, job factors may vary depending on the type of
technology, particularly during energy production, but also due to
the measurement units applied [13]. Large variations in job factors
can also occur between individual projects within large firms due
to project size and value-chain decomposition [36].

To validate the results obtained, bootstrap confidence intervals
were applied for the average job factors to reduce the uncertainty
generated by the variability of the information obtained from the
different projects. The bootstrapping method allows for the
assignment of measures of accuracy in confidence intervals [37].
Table 5 summarizes the results on the ranges of jobs/MW factors
(upper and lower limits) for each generation typewith a confidence
level of 95%.
4.1. Application of energy scenarios

The job factors obtained by the confidence intervals [jobs per
MW] were applied to the three energy scenarios described above,
namely BAU, 400 Mt CO2 and 100 Mt CO2. Table 6 describes the



Fig. 3. (a): Evolution of installed capacity (MW) under the 400 Mt CO2 scenario. (b): Evolution of electric generation share (%) under the 400 Mt CO2 scenario.
Source: Own elaboration
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ranges of total jobs/MW as generated by the SWITCH-Chile model,
for each of the four selected time periods between 2014 and 2026
and each energy scenario.

When comparing the three scenarios, the 100 Mt CO2 scenario,
which assumes the largest penetration of renewables in the energy
matrix, generates the highest number of job opportunities. Ac-
cording to the 100 Mt CO2 scenario, between 13,879 and 20,958
jobs would be created by 2026, which is the highest job projection
in comparison to the 400 Mt CO2 and BAU scenarios. Nevertheless,
it is important to note the relatively small difference between the
BAU and 100 Mt CO2 scenarios. Indeed, the upper range of the Mt
CO2 scenario projects only 4,000 more jobs than the BAU scenario.
Furthermore, the lower range of the Mt CO2 is inferior to the higher
range of the BAU scenario, although the quantity of emissions is
reduced by a factor of 6.75 between the BAU and 100 Mt CO2
scenarios.
4.2. Comparison of job factors

In addition to job creation per installed capacity (jobs/MW) by
7

different types of energy, the study quantifies the number of jobs
per unit of electricity generated (jobs/GWh). Given that renewable
energy technologies, such as solar and wind, have high levels of
intermittency, the number of jobs per unit of installed capacity for
these technologies must be converted into jobs per unit of elec-
tricity generated using the load factors for each specific solar and
wind plant. The calculation is based on the information on load
factors from 60 power plants provided by the National Energy
Commission (CNE) [38]. Table 7 shows the average value of load
factors for each energy technology.

Given that renewable energy sources, particularly solar PV, wind
and run-of-the-river hydro, are expected to capture the largest
shares of the Chilean energy matrix in the future, a statistical t-test
was applied to define the upper and lower limit intervals for job
creation per unit of electricity generated [GWh]. Table 8 presents
confidence intervals for the number of jobs created per GWh
generated by the main renewable energy technologies.

The averages for the three main RE technologies in Chile are 0.15
jobs/GWh for the lower limit and 0.22 jobs/GWh for the upper limit.
When comparing these results to those obtained from the fossil



Fig. 4. (a): Evolution of installed capacity (MW) under the 100 Mt CO2 scenario. (b): Evolution of electric generation share (%) under the 100 Mt CO2 scenario.
Sources: own elaboration

Table 3
Survey results from interviews with energy developers and generators in Chile.

Plant Technology Installed Capacity [MW] Useful life [years] Construction time [months] Construction labor Operation labor Normalized jobs/MW

1 Biomass 24 25 12 200 55 2.63
2 Natural gas 253.9 25 16 250 24 0.15
3 Natural gas 874.4 40 32 700 70 0.13
4 Hydro Res 172 40 36 600 19 0.37
5 Hydro Res 474 50 48 1200 81 0.37
6 Hydro Res 323.8 50 48 1000 43 0.38
7 RoR Hydro 25.7 40 22 200 11 0.78
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fuel-based sector (i.e. conventional coal and natural gas power
plants) (Table 6), it is revealed that renewable energy plants
generate, on average, between 3.6 and 5.3 timesmore jobs per GWh
than coal plants, and between 5.3 and 7.7 times more jobs than
natural gas plants in all scenarios. This is due to the rapid expansion
of renewables that requires greater installed capacity than fossil
8

fuel energies to generate the same amount of energy due to the
load factor. These results can be explained by the fact that RE plants
usually have lower installed capacities and useful lives than coal
and natural gas power plants. This means that RE plants will need
to be replaced sooner, thus the jobs created for C&I are distributed
over shorter periods of time and lower electricity generation,



Table 4
Job Factors by technology.

Technology Projects Average jobs/MW Minimum jobs/MW Maximum jobs/MW Standard Deviation

Natural gas 4 0.14 0.09 0.19 0.05
Wind 30 0.24 0.04 0.58 0.15
Hydroelectric Reservoir 3 0.46 0.35 0.66 0.17
Solar PV 116 0.43 0.03 1.63 0.25
Geothermal 2 0.59 0.49 0.69 0.14
Run-of-the-River Hydroelectric 28 1.03 0.08 2.89 0.69
Oil 2 1.38 1.37 1.39 0.01
Biomass 5 2.32 1.33 4.01 1.14
Coal 4 0.33 0.24 0.5 0.12
TOTAL 194

Sources: Own elaboration

Table 5
Confidence interval factors.

Technology Lower limit [jobs/MW] Upper limit [jobs/MW]

Biomass 1.50 3.26
Coal 0.24 0.46
Geothermal 0.49 0.69
Hydroelectric Reservoir 0.35 0.66
Run-of-the-River Hydroelectric 0.77 1.30
Natural Gas 0.11 0.19
Oil 1.37 1.39
Solar PV 0.38 0.48
Wind 0.19 0.29

Table 6
Ranges of jobs generated per unit of installed capacity for each energy scenario
under review, from 2014 to 2026 in Chile.

Min e Max [jobs/MW]

BAU 400 Mt CO2 100 Mt CO2

2014e2017 7,400e12,056 7,505e12,221 9,383e14,875
2018e2021 9,129e15,161 10,229e16,545 12,238e19,223
2022e2026 10,353e16,749 11,326e19,204 13,879e20,958

Source: Own elaboration

Table 7
Average load factors by technology.

Technology Average load factor

Natural gas 0.57
Wind 0.24
Hydro Res 0.40
Solar PV 0.22
Geothermal 0.60
RoR Hydro 0.52
Biomass 0.61
Coal 0.89

Table 8
Confidence intervals for the sample mean of jobs per GWh.

Lower limit [jobs/GWh] Upper limit [jobs/GWh]

Solar PV 0.20 0.25
Wind 0.09 0.14
Run-of-the-River Hydro 0.17 0.28
Average 0.15 0.22
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leading to higher values for job factors.
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5. Discussions

Many countries project their rapid transitions toward clean
energy sources and robust economy in ways that help to create
local employment opportunities reducing social inequality in rural
areas integrating renewable energy needswith the interests of local
communities. From the perspective of employment opportunities
from the renewable energy plants, although the construction of
solar panels, wind turbines, or other technology equipment and
components can be done abroad, RE can provide opportunities for
domestic job growth, as the installation of any technology neces-
sarily creates local jobs. Besides, distributed RE sources can provide
distributed local employment, while at the same time improving
the eco-friendliness and sustainability of local economies. The
combination of different RE technologies is necessary to achieve
GHG emissions targets, and several of these technologies can create
more jobs than conventional fossil fuel-based technologies, while
contributing to low carbon emissions.

Empirical results found in the literature about the impact of the
energy transition towards renewable energy from the prospective
of job opportunities vary significantly across the studies. Therefore,
some analyses are in line with the findings of this study and the
others contradicts. For this reason, the results from each experience
for a particular region and country must be analyzed individually
considering the implemented methodology, the considered tech-
nologies and other associated factors. In the local market, in Chile, a
study undertaken by the Energy Policy division of the Chilean
Ministry of Energy estimated that the energy sector would create
10,500 new jobs starting from 2018, of which 7,500 would be from
RE and largescale hydroelectric projects [39]. The same study notes
that the growth of the energy sector labour force would be 66% and
158% respectively in 2018 and 2030, as compared to 2016 levels, but
do not precise the details of the methodology employed and the



S. Nasirov, A. Girard, C. Pe~na et al. Energy 226 (2021) 120410
specific growth projected for the RE technologies. In the context of
international market, a series of studies finding the positive effect
of renewables on stimulating job creation in the several markets
such as Germany, Mediterranean countries and Middle East,
Greece, and Spain (See Table 1). However, in the case of Asia and
Latin American countries [40], using a panel dataset of 80 countries,
found negative impact of renewable energy consumption on un-
employment, Similarly [41], find no statistically significant impact
of wind electricity on employment in case of Texas.

Identifying the growing demands for jobs in the renewable
energy market and assigning the right skills can help create a
smoother transition to renewable energies and ensure that the
benefits of new opportunities are spread broadly throughout so-
ciety. The shortage of a workforce with cutting-edge skills in the
different value-chain stages of renewable energy development,
particularly technical and engineering skills for construction,
operation, and maintenance has already been identified in many
countries as one major obstacle in the implementation of national
renewable energy plans and strategies [42]. Chile’s experience with
renewable technologies is quite new (with the exception of hy-
dropower), but is growing rapidly. From the perspective of the
national job market, a rapid transition to a renewables-based en-
ergy system not only creates new employment opportunities, but
also multiple challenges for the job market. From a conceptual
viewpoint, there are four different ways that employment might be
affected as a result of the transition to renewable energy. Firstly, the
expansion of new technology in the economy could generate new
products, services, and infrastructure, thereby creating new jobs
across many sectors of the economy. This may require new skills in
the energy market. Secondly, some of the existing jobs in conven-
tional energy technologies will be replaced by jobs in the renew-
able energy sector. This shifting process can occur more rapidly or
more gradually depending on the growth of the renewable energy
industry, thereby generating consequences for job profiles and skill
needs. Thirdly, the withdrawal of conventional energy activities
could lead to substantial job losses, without direct replacement.
This may have an impact on indirect and induced employment,
which is beyond the scope of this study, but could be analyzed for
Chile in future research. Finally, as a result of the energy transition
toward renewables, many existing jobs will simply remain and
adapt to the new job profiles of the renewable energy sector. The
experience of many countries shows that rapid RE growth can lead
to concerns regarding skill gaps and labor shortages. Among the
main occupations, qualified engineers and appropriately trained
technicians with specific knowledge in renewable energy tech-
nologies are those in greatest demand. Moreover, emerging coun-
tries frequently lack such skills in the first place or these are very
limited.

6. Conclusions and policy recommendations

Over the last decade, Chile has experienced a boom of renew-
able energy technologies in the power sector, making it into one of
the largest renewable energy markets in South America. The main
reason the RE industry has entered the energy market is that RE
technology has become increasingly financially competitive with
conventional energy over the last few years. Nevertheless, there are
more key arguments for building the national RE industry: reduc-
tion of the dependence on foreign fossil fuel imports and
improvement of energy security in the long term; greater envi-
ronmental protection and benefits in terms of the reduction of GHG
emissions and air pollution; and, as a driver of job creation and
economic growth. The latter, similar to a competition engine built
for high performance, requires fine-tune adjustments in terms of
consistent and long-term policies for growth. For example, carbon
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pricing is key for long-term technology policy change.
This study assessed job creation opportunities under three en-

ergy scenarios that project an increasing penetration of RE tech-
nologies in Chile. Using an analytical model, we estimated the
projected impact on direct employment under three energy sce-
narios (BAU, 400 Mt CO2, and 100 Mt CO2), as obtained from sim-
ulations using SWITCH-Chile data for the 2014e2026 period.
Results show that the largest creation of jobs would be achieved
under the energy scenario assuming the highest renewable energy
participation (i.e., the 100 Mt CO2 scenario), as compared to the
other scenarios studied. In addition, the study was extended to
include an analysis of the number of jobs created per unit of elec-
tricity generated (jobs/GWh) using the load factors of each gener-
ation technology. We conclude that the main renewable energy
technologies (i.e., solar PV, wind and hydroelectric) can generate
between 3.6 and 5.3 more jobs than coal, and between 5.3 and 7.7
times more jobs than natural gas plants. This shows a clear
comparative advantage of RE over the most used fossil fuel sources
in the country. Such information can be useful for authorities in the
design of energy programs and policies aimed at providing in-
centives and economic stimulus for direct employment in the RE
industry. The proposedmodel can be used tomeasure the impact of
a low-carbon energy policy on employment levels, particularly in
the context of CO2 emissions reduction targets and programs that
plan to substitute out fossil fuel energy with RE technologies.

Since the energy transition is developing rapidly in Chile, skill
shortages were identified in non-technical occupations, such as
legal advisors, sales specialists, inspectors, and economists, which
are all critical for RE development. Addressing the new labor de-
mands arising as a result of the entry of large-scale renewables into
the power systems and creating further incentives in the job mar-
ket remain key challenges to the smooth transition towards the
adoption of these technologies. In this context, it is crucial that
public authorities and the private sector join forces and collaborate
to generate robust policy and partnership mechanisms, in order to
address the issues of labor shortages and skill gaps in the renewable
energy industry.

Moreover, the Chilean government must increase financial in-
centives to develop human resources through different channels.
The Chilean Economic Development Agency (CORFO), the state
agency in charge of promoting national production and regional
economic development, introduced a “Training Program for
Competitiveness (PFC) in Human Capital” with 81 grants to train
specialized professionals and technicians. This CORFO initiative,
together with the National Strategic Program for the Solar Industry,
has implemented 9 more training programs. For example, the “PFC
for large-scale and residential solar photovoltaic panel installers”
has provided training to more than 540 solar PV installers to date.
Although these CORFO initiatives in the training of human capital
for the renewable energy sector helps reduce the gaps, it is unlikely
sufficient to solve the labor requirements in Chile as RE technolo-
gies continue their rapid expansion.

To meet growing labor demands, public authorities should
establish appropriate policies in a long-term strategy so that
renewable energy planning is coordinated with skills training. In
this regard, competence capacity-building and educational pro-
grams need to be clearly aligned with projected RE investments to
facilitate the energy transition. For example, better coordination
between the RE sector and universities or other educational in-
stitutions should be established, incorporating learningmodules on
all fields of renewable energy into educational curricula, where
technical and vocational education and training courses will play a
significant role in improving local professional skills. For example,
the establishment of renewable energy centers in China, such as the
China National Renewable Energy Center (CNREC) and the China
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Wind Power Center (CWPC), played an important part in providing
effective and solution-oriented training for employees, as well as
assisting public authorities in RE policy research and industrial
management and coordination [43]. In fact, many other countries
have introduced a certain number of quality training and technician
certification/accreditation programs. Another example is the North
American Board of Certified Energy Practitioners (NABCEP) in the
USA, which provides a professional certification for specialists
covering several high-demand areas of the RE industry. Educational
programs could also contribute to further raising public awareness
about the goal of producing and using energy in a different and
more sustainable way, and benefiting from the efficient use of
abundant local and clean energy sources.

Another important step in the development of policies aimed at
responding to growing labor demand for renewables is a compre-
hensive mapping of information on human capital competence in
order to showcase the skills and knowledge available in the job
market. For instance, the Career Mapping Tool developed by
RenewableUK aims to assess the renewable energy skill needs, by
providing information on industry requirements, job duties, and
required/desired job qualifications, training, and the soft skills
required for different roles [44]. This type of tool could be useful for
a capacity needs assessment and the implementation of subse-
quent measures or policies to address those needs.

In Chile, social inequality is another issue that must be taken
into consideration. Despite the sustained economic development
over the past decades, Chile continues to suffer one of the highest
rates of social inequality in the world, and this threatens its social
and economic sustainability. For RE employment to be distributed
more widely over the national territory, particularly to locations
with high levels of unemployment, the Chilean authorities should
create strategic incentives for RE projects to encourage the hiring of
local workers as a means to promote the local economies. In that
sense, wage subsidies can be one way to spread these benefits.
Experiences from countries such as Portugal, Spain, and Germany
have shown that wage subsidies can play a significant role in the
creation of employment in poorer and underprivileged locations
during the deployment of renewable energy projects [44].

During the transition towards an energy system powered
mostly by renewable energy sources, some of the existing jobs in
the conventional energy sector, particularly those in coal plants and
which are already being phased out, will be replaced by jobs in the
RE sector, thus affecting local employment. As the skills needed in
the RE sector do not differ substantially from those in conventional
energy sectors, particularly in steam power plants, public author-
ities with the support of employment agencies should develop
targeted programs to retain skilled and experienced workers from
other industries. The growing demand for new professions in the
renewable energy industry also creates many opportunities to
reduce the gender gap in the job market, by incorporating women
at all levels of the RE value chain. In order to take advantage of this
opportunity, the public and private sectors need to remove existing
barriers, such as wage and opportunity inequalities, and promote
women’s capabilities in the development of the RE sector through
instrumental and structural measures.

Finally, future research should focus on the possibility of esti-
mating indirect and induced employment factors related to the RE
sector in Chile, making use of the proposed methodology and the
present results as a starting point for new studies. Such analysis
should include indicators such as better education and public
awareness, reduction of market barriers, and RE subsidies, to
evaluate the quality of each type of job. Moreover, the proposed
model should be updated regularly according to the evolution of
the energy sector, particularly considering the diminishing fossil
fuel reserves across the world in the near future, and the resulting
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need to gradually switch to sustainable energy sources.
It is important to note that the number of jobs created is not the

only parameter that should be considered during decision-making
processes in the energy sector. Indeed, to determine an energy
planning strategy, the proposed model should be part of a more
holistic and complete model that would consider all pillars of
sustainability (i.e. environmental, social, economic) to assess the
sustainability of energy plants.
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