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Key Facts
Annual Review 2016
IRENA estimates that global renewable energy employment increased
by 5% in 2015 to reach 8.1 million. An additional 1.3 million people are
employed in large hydropower.
While the growth in jobs slowed down compared to previous years, the
total number of jobs in renewables worldwide continued to rise, in stark
contrast with depressed labour markets in the broader energy sector.
Countries with the highest number of renewable energy jobs were China,
Brazil, the United States, India, Japan and Germany. Jobs continued to
shift towards Asia and the share of the continent in global employment
increased to 60%.
Solar PV was the largest renewable energy employer with 2.8 million jobs
worldwide, an 11% increase over 2014. Solar PV employment grew in Japan
and the United States, stabilised in China, and continued decreasing in
the European Union.
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Wind power witnessed a record growth year. Strong installation rates in
China, the United States and Germany resulted in a 5% increase in global
employment, to reach 1.1 million jobs.
Bioenergy is a key employer, with liquid biofuels accounting for 1.7 million,
biomass 822,000 and biogas 382,000 jobs. Biofuel employment declined
by 6% due to mechanisation in some countries and low biofuel production
in others.
Jobs in solar water heating and cooling declined to reach 940,000, as
markets in China, Brazil and the European Union contracted.
Direct jobs in large hydropower fell to 1.3 million due to a drop in new
installations. Most of the jobs were in operation and maintenance, and
China, Brazil and India were key employers.
IRENA’s early research indicates that the renewable energy features more
gender parity than the broader energy sector.
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Renewable Energy
and Jobs
Annual Review 2016
The renewable energy sector employed 8.1 million
people, directly or indirectly, in 2015. In addition, large
hydropower accounted for another 1.3 million direct jobs
in 20151. Renewable energy markets and employment
continued to be shaped by favourable policy frameworks
in several countries, regional shifts in deployment and
increased labour productivity.
Enabling policy frameworks remained, indeed, a key
driver of employment. In India, for example, national
and state level auctions put ambitious solar targets into
action and created jobs. Wind energy auctions in Brazil,
coupled with financing rules to encourage local content,
created job opportunities throughout the value chain. In
the United States, federal investment tax credits, working
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Data are principally for 2014–2015, with dates varying by country and technology, including some instances where only earlier information is available.
Large hydropower employment has not been included in the total given
significant year-on-year fluctuations in investments in the sector which are
then reflected in job creation. If included, analysis of renewable energy
employment trends is difficult.

FIGURE 1: RENEWABLE ENERGY EMPLOYMENT BY TECHNOLOGY
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in tandem with state level net metering and renewable
portfolio standards, helped sustain the growth of jobs in
the solar industry.
Driven by favourable policies and declining technology
costs, rising deployment of renewables in Asian markets
kept driving the regional shifts in job numbers from
Europe. Increased demand in Asian markets created
employment opportunities in the installation segment
of the value chain, and fostered domestic equipment
manufacturing in some countries. Production of solar PV
equipment, in particular, continued to be concentrated in
manufacturing hubs such as China and Japan, mainly as
a response to rising demand.
Increasing labour productivity and production
overcapacities continued to influence job creation in
2015. Mechanisation in biofuel feedstock production, for
instance, further decreased labour requirements in Brazil.
Similarly, Chinese solar PV and wind manufacturers
introduced greater automation. Leftover stocks of PV
panels from 2014 exacerbated the job-loss trend.

While growth in employment slowed compared to
previous years, the total number of jobs in renewables
worldwide continued to rise, in stark contrast with
depressed labour markets in the broader energy sector.
In the United States, for example, renewable energy jobs
increased by around 6%, while employment in oil and
gas extraction (and support activities) contracted by
18% (Saha and Muro, 2016). In China, renewable energy
employed around 3.5 million people, exceeding the
2.6 million employed in the country’s oil and gas sector
(CNREC, 2016).
The third edition of Renewable Energy and Jobs –
Annual Review discusses the trends in employment
and provides the latest update on job numbers, both by
technology (Figure 1) and in selected countries (Figure 3).
The table at the end of this review summarises the
findings across major markets.
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RENEWABLE ENERGY
EMPLOYMENT
BY TECHNOLOGY

SOLAR PHOTOVOLTAICS
Further cost decreases in solar PV have been driving
deployment both at the utility and distributed levels,
enhancing job creation. Globally, solar PV installations
in 2015 were 20% larger than in the previous year,
with China, Japan, and the United States in the lead.
Consequently, solar PV was again the largest renewable
energy employer with 2.8 million jobs in 2015, an 11%
increase over the previous year.
China was the dominant solar PV employer, with
1.7 million jobs in 2015, due to its undisputed lead in
both manufacturing and installations. Japan’s solar PV
employment surged 28% to reach 377,100 jobs in 2014,
the most recent year available, partly as a consequence
of attractive feed-in tariffs (JPEA, 2016). In the United
States, high rates of deployment brought job creation
to record levels. In contrast, solar PV employment in the
European Union (EU) has fallen by 13% in 2014 2, mainly
due to a decrease in manufacturing (EY, 2015).
Several Asian countries, other than China and Japan, have
also taken promising strides in solar PV employment.
India, for instance, emerged as a major market at both
large and small-scale. The region witnessed job growth
in solar PV manufacturing in Malaysia and the Republic
of Korea, and in solar PV installation in Pakistan.
While supportive deployment policies had a significant
impact on solar PV jobs, trade policies continued
to affect manufacturing employment in different
countries. India, for instance, supported its local solar
PV manufacturing industry through local content
requirements, which should increase employment in
the coming years. The United States and the EU have
both levied duties on panel imports from China. The
Chinese module suppliers have reacted by locating
2
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The most recent year for which data are available.

Renewa ble Ene rgy and Job s - A nnu al R ev iew 2 0 1 6

their new facilities in a number of other countries such as
Malaysia, Thailand, the Republic of Korea, India, Brazil and
the United States (Osborne, 2015). Overall, employment
in solar PV manufacturing continued to shift to Asian
countries.
Distributed solar PV increasingly offers a promising
solution for energy access. Different parts of the value
chain (e.g., assembly, distribution, after sales service)
can easily be localised to create jobs as illustrated by
countries like Bangladesh, India and Kenya (see Box 1).

LIQUID BIOFUELS
Employment in liquid biofuels declined by 6% in 2015
to reach 1.7 million. This was mainly due to continued
mechanisation in countries such as the United States
and Brazil and falling production in others like Indonesia.
Jobs increased in the EU, Malaysia and Thailand.
With 821,000 jobs, Brazil continues to have the largest
liquid biofuel workforce by far. Reductions of about
45,000 jobs in the country’s ethanol industry (due to the
ongoing mechanisation of sugarcane harvesting, even as
production rose) were only partially offset by job growth
in biodiesel. Other important biofuel job markets in Latin
America include Colombia and Argentina. Similarly,
employment declined in the United States by 2% despite
an increase in the production of ethanol and biodiesel.
Biofuel employment in the EU increased by 8% in 2014
as production rose. Continued growth in production in
2015 most probably resulted in further job creation.
Indonesia’s palm oil-based biofuel industry grew
dramatically since 2006, until exports collapsed in
2015. Biodiesel production dropped by more than half
and the utilisation rate of biorefinery capacity fell to

BOX 1: EMPLOYMENT OPPORTUNITIES IN OFF-GRID SOLAR PV
Jobs in off-grid solar PV can result from different
applications, ranging from stand-alone installations
(e.g. solar lanterns and solar home systems) to
mini-grids. In general, stand-alone applications
create more local jobs in installation and
equipment distribution, while mini-grids require
more employees in operations and maintenance
(e.g. to collect tariffs). Given limited information for
employment in solar PV based mini-girds, this box
focuses on jobs in stand-alone applications.
Countries such as Bangladesh, India and Kenya,
used stand-alone solar PV systems to provide
electricity access and create jobs. In 2015,
Bangladesh, added an estimated 700,000 solar
home systems (SHS), raising the total cumulative
installations in the country to 4.5 million (Shahan,
2016). IRENA estimates that the workforce in the
stand-alone solar PV sector in the country has
increased by 13% to reach 127,000 jobs, a quarter

of which are in manufacturing, with the remaining
spread across distribution, installation and aftersales services. India has also been successful in
creating employment opportunities along the
off-grid solar PV value chain, which accounts
for 73,000 jobs according to the last available
estimates (MNRE and CII, 2010). Companies that
build, install and maintain stand-alone systems
are rapidly scaling up operations and creating jobs
along the value chain. D.Light, which manufactures
and retails solar lanterns and SHSs, has sold over
10 million solar products, employing over 400 staff
(D.Light, 2016). MKOPA has sold over 300,000 SHSs
in Kenya, Uganda, and the United Republic of
Tanzania and created more than 700 full-time jobs
along with 1,500 sales representatives. Similarly,
several other companies (see Table 1) are serving
vast populations and creating jobs in Sub-Saharan
Africa and South East Asia.

TABLE 1: EMPLOYMENT IN SELECTED OFF-GRID SOLAR COMPANIES - MID-2015
Company Name

Full-time
Employees

Countries / Regions of Operation

480

United Republic of Tanzania, Kenya, Uganda, Rwanda,
Sierra Leone, Zambia

BBOXX

168

Rwanda, Kenya, Uganda

D. Light

>400

Azuri Technologies

Fenix International

Uganda, Kenya, China, India

Number of Customers
(Last 12 months / Cumulative)
N.A. / 75,000
23,105 / 250,000
N.A./10 million

120

Uganda, Kenya

Foundation Rural
Energy Services

342

Mali, South Africa, Burkina Faso, Uganda, Guinea
Bissau

30,000 / 330,000

Grameen Shakti

6,550

Bangladesh

52,000 / 1.7 million

Mera Gao Power
M-KOPA

125

India

115,000 / 165,000

8,000 / 22,000

>700

Kenya, Uganda, United Republic of Tanzania

Mobisol

>500

United Republic of Tanzania, Rwanda

70,000 / 110,000

Off Grid Electric

>800

United Republic of Tanzania, Rwanda

10,000 per month / N.A.

Renewable Energy
Foundation

>400

Sub Saharan Africa

N.A. / >93,000

300

India

55,000 / 75,350

Solaraid

130

Kenya, Malawi, United Republic of Tanzania, Uganda,
Zambia

519,212 / 10 million

Solar Kiosk

70

Ethiopia, Kenya, United Republic of Tanzania, Rwanda,
Botswana, Ghana, Vietnam

802,500 / 1 million

Solar Now

194

Uganda

Solar Sister

58

Nigeria, United Republic of Tanzania, Uganda

Sunlabob

42

Lao People's Democratic Republic, Cambodia, Uganda,
Afghanistan, Sierra Leone, Mozambique and Liberia

Simpa Networks

Tessa Power

300

Niger, Nigeria, Mali

1.1 million / 3.75 million

3,114 /8,476
152,000 / 281,000
N.A. / > 25,000
2,000 / 5,000

Sources: Azuri (n.d.); D.Light (2016); Energy Access Practitioner Network (2015); Grameen Shakti (2016); IRENA (2012); Kent (2015); M-KOPA Solar
(2015, 2016); Mobisol (2015); Nijland (2015); Sunlabob (2016); Wesoff (2015)
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24% (USDA-FAS, 2015a). IRENA estimates Indonesia’s
biofuel employment in 2015 at 94,800 jobs, down
from 223,000 the previous year 3 . Elsewhere in South
East Asia, jobs in biofuel continued to increase.
Biofuel employment in Thailand, Malaysia and the
Philippines reached 76,900, 31,800 and 9,700 jobs,
respectively.

WIND
Wind witnessed a record year with strong installations
growth in China, the United States and Germany,
resulting in 5% increase in global employment, to reach
1.1 million. China leads the way with close to half the
jobs. Germany, where offshore wind is also picking up,
and the United States are also top players, followed by
Brazil and India.
China’s position as a leading employer is underlined
by the strong showing of Chinese wind companies.
Goldwind, for example, now ranks as the world’s
largest wind energy company in terms of new capacity
commissioned, ahead of Denmark’s Vestas and GE of
the United States, the two closest rivals. Five out of the
top 10 wind companies in terms of new commissioned
capacity in 2015 are Chinese (BNEF, 2016).
Wind employment in the United States rose by 20%
to 88,000 jobs, as new capacity additions grew by
two-thirds over 2014 (AWEA, 2016). Brazil saw strong
gains, with an estimated 41,000 wind jobs in 2015, up
14%. The EU added about 10,000 wind jobs during 2014
(up about 4%).

SOLAR HEATING AND COOLING
China kept the lead in solar heating but suffered job
losses for the second year running, due to a slowing
housing market and the removal of subsidies in 2013.
India, Brazil, Turkey and the United States are other
major employers.

(80%) of global installations and employment, but
employment fell to 743,000 jobs in 2015 4. The EU
accounts for 6.5% of global installed capacity and
36,000 jobs. Other available estimates include India
(75,000 jobs 5), Brazil (41,000 jobs), and the United
States (10,400 jobs). Turkey, an emerging solar heating
market, has 90 manufacturers, 700-800 retailers, and
more than 3,000 system installers, who all together
provide 20,000 direct and indirect jobs (IEA-SHC,
2015). Tunisia, through the PROSOL programme, has
generated more than 1,500 jobs in the solar water
heating sector (ANME, 2016).

HYDROPOWER
Estimating small hydropower employment is challenging
since certain activities of the supply chain are shared
with large hydropower and a significant share of
the jobs are informal. IRENA finds that employment
in this technology has decreased by 13% to reach
200,000 in 2015. This is largely due to job losses in
China, where installed capacity has recently fallen by
around 10%. China accounts for half of the estimated
jobs in small hydropower, followed by India, Germany
and Brazil. Large hydropower employed more than
1.3 million people, with the majority in the operation and
maintenance segment of the value chain (Box 2).

OTHER TECHNOLOGIES
There is considerably less information available for other
renewable energy technologies, such as biogas, biomass,
geothermal and ocean energy, which can potentially lead
to an underestimation of global employment. Countrylevel employment information is especially scarce in
applications that address the demand for cooking and
motive power in rural areas. However, anecdotal evidence
from the literature suggests significant potential for job
creation (Box 3).

A review of the literature suggests a rough global
employment figure of 940,000 jobs. The Chinese solar
water heating market accounts for the vast majority

3

4

5
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The calculation relies on an employment factor initially developed for an APEC study in 2010 (APEC, 2010). IRENA then applies an assumed “ decline”
factor of 3% per year to reflect rising labor productivity.
The 2014 estimates for employment in Chinese solar heating and cooling industry were revised to include an estimated 220,000 installation jobs, thus
increasing the total to 820,000 jobs
Estimate dating back to 2011 - the most recent year available.
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BOX 2: LARGE HYDROPOWER
The available information on employment for
this technology is especially sparse. For the
second year running, IRENA has conducted the
global employment factor-based estimation to
fill the data gap. The results reveal approximately
1.3 million direct jobs in 2015, down 13% from last
year.
The estimates allow for a better understanding
of the dynamics along the segments of the value
chain. In 2013, several new projects were coming
online and the construction and installation
segment was the largest employer, with 52% of the
jobs. In 2015, new capacity additions have declined
by around 40% and jobs in the construction and
installation segment have decreased to 43% of the
total. The operations and maintenance segment is
now the largest, with 51% of the jobs.
The results show that China’s dominance of large
hydropower employment has somewhat declined
from 42% in 2013 to 34% in 2015, primarily due to a

slowdown in new installations and a leaner project
pipeline. Brazil is the second largest employer with
15% of the total large hydropower jobs, followed by
India, Iran, the Russian Federation and Viet Nam
(Figure 2). Other relevant employers are Turkey,
Canada, the United States and Paraguay.

FIGURE 2: EMPLOYMENT IN LARGE HYDROPOWER BY COUNTRY
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BOX 3: OFF-GRID RENEWABLES FOR COOKING AND MOTIVE POWER
Several renewable energy sources can be used
to provide heat for cooking (mainly biomass and
biogas) or motive power for agro-processing or
other uses (mainly small watermills) in rural areas.
Traditional biomass dominates with around 9%
of global final energy consumption. It supports
the livelihoods of around 3 billion people and
creates millions of jobs. The Food and Agriculture
Organization of the United Nations (FAO)
estimates that 41 million people work worldwide
in commercial fuelwood and charcoal production,
including 19 million in Africa, 11 million in Asia and
11 million in the Americas, mostly South America
(FAO, 2014).
Improved cookstoves, which constitute a
crucial upgrade for sustainable bioenergy
use, are also source of employment. The
partners of the Global Alliance for Clean
Cookstoves, for instance, manufactured almost
10 million cookstoves, employing 76,000 people in
2012, of which 54% were women. In addition to the
job opportunities, women benefited from reduced
exposure to smoke and time saved in fuelwood
collection (Global Alliance for Clean Cookstoves,
2013).
Biogas, often used for cooking and heating
applications in rural settings, also support jobs. The
SNV Biogas programme in Viet Nam, for instance,
has installed over 150,000 digesters since 2003,
creating around 4 jobs per installation during the
construction phase (IRENA, 2016 forthcoming).
Small watermills can be used to produce electricity
or harness motive power for agricultural or industrial
processes. An improved watermills programme in
Nepal, for example, created an estimated 8,500
jobs in operation and maintenance alone, feeding
electricity into mini-grids to supply almost 900
households while also providing motive power for
agro-processing (IRENA, 2016 forthcoming).
Overall, renewable energy offers a key solution
for the provision of universal access to modern
energy sources, in line with the United Nation’s
Sustainable Development Goal 7. In addition
to the development benefits, providing access
represents a vast potential market for job creation.
The market for renewable applications for

10
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cooking and motive power has been picking up in
rural areas in several countries, but further policy
action is needed to accelerate deployment and to
maximise the socio-economic benefits.

RENEWABLE ENERGY
EMPLOYMENT IN SELECTED
COUNTRIES

For the second year in a row, the global top-ten in job
creation includes four countries in Asia. The continent’s
share of total renewable energy employment reached
60% in 2015, up from 51% in 2013. African countries also
witnessed an increase, with a conservative estimate of
61,0007 jobs in 2015 as new projects came online. The
leading employers are8 in China, Brazil, the United States,
India, Japan and Germany (Figure 3).
With more than a third of the global renewable
energy capacity additions in 2015, China led
employment with 3.5 million jobs, a minor
reduction of 2% over previous year. Gains in solar PV
and wind were offset by losses in the solar heating and
cooling and small hydropower sectors.
Even though annual solar PV installations increased to
a record 15 GW (up from 9.5 GW in 2014), employment
edged up by just 1%, to 1.65 million jobs. The slow growth
can be attributed to: 1) automation in the solar PV
manufacturing sector; 2) use of leftover stocks of solar
PV panels from 2014; and 3) consolidation of market
shares in favour of large suppliers/manufacturers,

FIGURE 3: RENEWABLE ENERGY EMPLOYMENT IN SELECTED COUNTRIES AND REGIONS
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T his does not include the jobs in improved cookstoves, charcoal and fuelwood (see Box 1).
This section analyses the job estimations excluding large hydropower.
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resulting in economies of scale. Of the total, 1.3 million
jobs were in manufacturing, 330,000 in installations,
and a comparatively small 22,000 in operations and
maintenance. Similarly, wind employment in China
grew marginally (1%) to reach 507,000 jobs in 2015.
Despite strong growth in deployment, factors such
as overproduction in 2014 and market consolidation
played a key role in decelerating growth in jobs
(CNREC, 2016).
For the second year in a row, employment in the
Chinese solar water heating industry fell (by 9%) as
sales declined (down 17%) due to a slowdown in the
real estate market and removal of subsidies back
in 2013. Employment in small hydropower facilities
declined by 26,000 jobs, reflecting a reduced pace of
new installations.
In Brazil, most renewables employment is
found in bioenergy and large hydropower.
Jobs in the wind sector are growing, as a result
of increasing deployment and local manufacturing.
Employment in biofuels declined (by 3%) as jobs
in bioethanol dropped by 46,000 due to growing
mechanisation 9. Brazil’s biodiesel production, mainly
soy-based, rose to a record 3.9 billion litres in 2015
(ABIOVE, 2015). IRENA estimates that biodiesel
employment increased by 15% to reach 162,600 jobs
in 201510.
Wind industry grew rapidly in 2015 with 2.8 GW of
new installations primarily driven by wind energy
auctions. In tandem, financing rules to encourage local
content resulted in the strengthening of the Brazilian
wind equipment manufacturing and service industry.
Correspondingly, Brazil’s wind employment increased
to 41,000, up from 35,800 in 2014. While jobs in the
installation segment remain dominant, manufacturing
jobs also increased with the opening of a number of
factories along the entire supply chain (ABEEolica,
2016) (GWEC, 2016b&c).
New installations in Brazil’s solar heating market
declined by 3% in 2015 due to delays in implementation
of the social housing programme Minha Casa Minha
9

Vida as well as an overall reduction in purchasing
power and investments. Total employment in 2015 is
estimated at about 41,000 jobs, including 30,000 in
manufacturing and the rest in installation11 (Alencar,
2013) (Epp, 2016). To date, Brazil has manufactured
and installed PV equipment only on a small-scale.
Employment in solar PV is estimated at 4,000 jobs,
but is expected to rise with greater deployment in the
future. Indeed, several manufacturers have indicated
interest in setting up solar PV manufacturing facilities.
Driven by growth in wind and solar, renewable
energy employment in the United States
increased by 6% in 2015 to reach 769,000
jobs. Solar employment continued its rapid expansion –
growing by almost 22% to reach 209,000 in 2015. Jobs
in the solar industry grew 12 times as fast as overall job
creation in the U.S. economy, and surpassed those in
oil and gas extraction (187,200) or coal mining (67,929).
Most solar jobs (194,200) are in solar PV, with relatively
few in solar heating/cooling (10,400) and CSP (4,200).
The installation sector accounts for 57% of these
jobs, with manufacturing representing less than 15%.
Almost two thirds of all solar jobs in 2015 were in the
residential market, 22% in the utility-scale segment, and
15% in commercial installations. Given the U.S. Congress’
extension of the federal Investment Tax Credit through
2021, continued fast growth is expected12. Much of it is
likely to occur in the utility-scale market, which is less
labour intensive13 than rooftop (Solar Foundation, 2016).
Noteworthy in the U.S. solar market is the growing share
of women in the workforce. They accounted for 24%
of the total 209,000 jobs, up from 19% in 2013 (Solar
Foundation, 2016). This is more than in the conventional
energy industry, but still well below the 47% share in
the economy as a whole. The share of women in the
U.S. solar workforce is comparable to Germany and
Spain, with 24% and 26%, respectively (see Box 4).
Employment in the United States wind industry
registered a 21% gain to reach 88,000 jobs, as annual
installations rose by 77% to reach 8.6 GW in 2015. The
growth was driven by the Production Tax Credit (PTC)

In 2015, Brazil had around 268,000 workers in sugar cane cultivation, 190,000 workers in ethanol processing and another 200,000 indirect jobs in
equipment manufacturing (MTE/RAIS, 2016).

Based on employment factors (Da Cunha et al., 2014) and on the shares of different feedstock raw materials (USDA-FAS, 2015b)
IRENA calculation of installation jobs is based on Brazilian market data (DASOL, 2015) and a solar heating and cooling employment factor (Mauthner,
2014). The estimate for manufacturing jobs is provided by Alencar (2013).
12
Economic modeling before the ITC extension suggested that as many as 100,000 direct and indirect jobs could be lost in 2017 in the absence of extension.
Between 2016 and 2022, solar employment was projected to be 32% larger with an ITC extension than without it (SEIA, 2015).
10
11

13

12

Residential-scale installations require 40 labor hours per 5 kW of capacity; commercial-scale requires 36 hours, and utility-scale just 25 hours.
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BOX 4: WOMEN IN MODERN RENEWABLE ENERGY JOBS
Gender-disaggregated data in the renewable
energy sector is scarce. As a first step to close this
gap, IRENA conducted an online survey among
private companies working in the sector. Nearly
90 companies from more than 40 countries
participated, representing the entire value chain of
the sector (including, manufacturing, installation,
operations and maintenance, consulting and policy
making).
Among the companies that responded, women
represent an average 35% of the workforce. This is a
significant finding, considering women only account
for 20 - 25% of the workforce in the overall energy
industry. (Stevens et al., 2009). This may reflect
greater interest among women in sustainabilityrelated fields. Yet the percentage remains lower
than women’s economy-wide share in employment,
which is 40 - 50% for most OECD countries (World
Bank, 2016).

35%

Average share of women
working at 90 renewable
energy companies surveyed

14

The survey results are generally in line with
numbers submitted in the annual reports of large
companies. At Trina Solar and REC Group, for
example, women represent 42% and 35% of the
workforce, respectively (REC Solar ASA, 2015, Trina
Solar, 2014)14.
The survey also provides insight on the roles women
fulfill in the sector. On average, women represent
46% of the administrative workforce, 28% of the
technical workforce, and 32% of management roles.
The latter is a marked increase from the estimated
25% of senior-level management positions held by
women in Fortune 500 companies in 2015. Indeed,
as a new and fast-growing sector, renewables could
give women opportunities to gain commensurate
representation in higher management.
While the survey provides some company-level
insights, it does not yet reveal the evolution of gender
roles within the sector. Country-specific literature
points to a positive trend of greater participation
of women. The solar industry in the United States,
for example, reports an increase in women’s
employment from 19% in 2013 to 24% in 2015.
The entry of more women into the renewable energy
job market could enrich the fast-growing sector
with a wider pool of skills. IRENA will continue to
gather primary data from the different actors in the
sector to monitor women’s evolving participation in
the renewable energy workforce.

IRENA itself strives to set an example for gender equality by employing 50% women.
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as developers sought to ensure project completion by
the end of 2016 - the expected end of the qualification
period (BNEF and BCSE, 2016). The subsequent
extension of the PTC until January 2020 should ensure
continued growth of the wind energy industry in
the next 5 years. Manufacturing factories employed
21,000 people; construction, project development
and transportation accounted for 38,000 jobs, and
operation and maintenance for 29,000 jobs (AWEA,
2016; Cusick, 2015).
Following a high yield of corn crops and falling
feedstock prices, ethanol production in the United
States rose 3.7% to a record of 56 billion litres in 2015
(Peterka, 2015). Despite the growth in output, ethanol
employment declined by 2% to reach 227,600 due
to decreasing labour intensity (Urbanchuk, 2016).
Meanwhile, biodiesel production (4.8 billion litres; EIA,
2016) and employment (49,500 jobs) remained virtually
unchanged in 2015 from the previous year.

In 2014, for the fourth year in a row, member
states of the European Union witnessed a
decline in renewable energy employment.
As in previous years, economic crises and adverse
policy conditions led to reduced investments. The
total number of jobs fell by 3% to reach 1.17 million in
2014 15. The wind industry accounted for most of these
jobs, led by Germany, the United Kingdom, Denmark,
Sweden, Greece and Austria, while a few other countries
saw some progress. The United Kingdom, Germany,
and Denmark were the global leaders in offshore wind
employment. A third of Denmark’s 30,000 wind jobs,
for instance, depend on offshore projects (Jepsen, 2015)
(O’Sullivan et al., 2015)16.
Employment in the European solar PV industry is now
just one third of its 2011 peak, largely due to a reduction
in manufacturing (EY, 2015). The United Kingdom
became the continent’s largest PV installation market
(2.6 GW in 2014), and the second-largest employer
with 35,000 people. However, cuts in feed-in tariffs for
residential rooftop in the United Kingdom could result
in a loss of 4,500 to 8,700 solar jobs (DECC, 2015).
For the biofuels sector, conservative estimates indicate
105,000 jobs across the EU in 201417 (an 8% increase).
Employment in the next largest sectors, biogas and
geothermal energy (including heat pumps), stayed
unchanged. Small hydropower and solar thermal
technologies saw small reductions.
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17

14

This total, along with the other European Union figures, is based on EurObserv’ER (2015), but is adjusted with national data from APPA (2015) for Spain;
from REA (2015) for the UK; and from BMFLUW (2015) for Austria.
Denmark is also home to a strong wind turbine manufacturing industry.
European Biodiesel Board estimates biodiesel alone to employ 220,000 people. The ethanol supply chain may employ another 70,000 according to ePure.
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Despite a 4% decline in employment in 2014,
Germany remains the European country with
the highest number of jobs by far – almost
as much as France, the United Kingdom, and Italy
combined (O’Sullivan et al., 2015). The decrease in
employment mirrors trends in investments in new
renewable energy projects - down almost a third from
their peak in 2010. The drop in domestic consumption
was partly compensated by increasing exports, which
support about a quarter of all German renewables jobs.
The German wind equipment manufacturing industry,
which holds a 20% share of the global market, exported
two-thirds of its production in 2015 (GWEC, 2016a).
Onshore wind registered job gains of about 10% in 2014.
Even though job estimates for 2015 are not available
yet, Germany installed more new wind capacity last
year than in 201418 . However, changes from binding
expansion targets to annually-variable auctioned
quantities in 2016 may introduce uncertainties
(O’Sullivan et al., 2015; GWEC, 2016a&b; EWEA, 2016).
Germany’s solar PV industry fared poorly, suffering a 38%
decline in sales in 2014. Employment decreased by 32%,
reaching 38,300 jobs19, reflecting the third consecutive
decrease in domestic installations and a reduction
in manufacturing amid an ongoing shift to Asia. The
German CSP sector was marked by insolvencies and
companies exiting the market (O’Sullivan et al., 2015).
France remained the second largest renewable
energy employer in the EU, but employment
fell by 4%, to reach 170,000 people in 2014.
The country lost jobs in solar PV, biomass, geothermal
heat pumps and solar thermal. Biofuels, geothermal
energy and small hydropower added jobs.
Spain, once a leader in renewable energy,
continues to fade, with exports being the
only lifeline. Employment in 2014 declined to
76,300 jobs20, about half the peak in 2008. Adverse
policies in the electricity sector continue to drive the
decline in wind, solar and biomass power (APPA, 2015).

In India, the solar and wind markets have
seen substantial activity, as the ambitious
renewable energy targets are translated
into concrete policy frameworks. Central and state
auctions for solar PV, for instance, have resulted in
the installation of 1.9 GW in 2015 and an impressive
pipeline of 23 GW. Solar PV employs an estimated
103,000 people in grid-connected (31,000 jobs) and
off-grid applications (72,000 jobs)21 .
The Indian government’s push for 100 GW of cumulative
PV installations by 2022 is generating momentum
(Puri, 2015). With increasing domestic demand, local
companies are utilizing their production capabilities and
several foreign companies are interested in investing.
Irrespective of further developments in manufacturing,
reaching the government’s goal of 100 GW PV by 2022
could generate 1.1 million jobs in construction, project
commissioning and design, business development,
and operations and maintenance. However, meeting
skills requirements (30% of these jobs would be highlyskilled) requires stepping up training and educational
initiatives (CEEW and NRDC, 2016).
The Indian wind energy industry has also had a
fruitful year with the installation of more than 2.5 GW.
Employment has remained steady at 48,000 jobs.

6 GW installed – the third-largest capacity worldwide after China and the United States
T he German solar industry association, however, reported a range of 45,000 to 50,000 jobs for 2014 (BSW-Solar, 2015).
20
EurObserv’ER (2015) reports an even lower figure of 60,450 jobs.
21
The estimates for grid-connected employment are based on employment factors developed by Bridge to India for rooftop and utility-scale installations.
Jobs in off-grid solar PV are based on a dated estimate by MNRE and CII (2010)
18
19
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Japan experienced impressive gains in solar
PV in recent years, resulting in a 28% increase
in employment in 2014. A strong domestic
market in 2015 likely supported further job growth in
both construction and manufacturing, especially since
60% of panels were supplied by domestic companies
(JPEA, 2016) (Clover, 2016 a&b).
However, latest policy developments, specifically with
feed-in-tariffs, may change the trend. The tariffs were
cut twice during 2015, with analysts warning that new
installations may decline starting in 2017. Challenges
pertaining to grid connection, available land and
financing may further limit installations and thus
dampen employment prospects (Clover, 2016 a&b).
Several other Asian countries are also showing signs
of progress in solar PV. Malaysia was home to 19,000
direct solar PV jobs in 2015. Given the limited number of
domestic installations, around 60% of these jobs are in
solar PV manufacturing plants that have been set up to
cater to foreign markets. The Republic of Korea supports
more than 8,200 jobs in solar PV manufacturing and
distribution. Pakistan created jobs primarily through
small-scale installations in residential and commercial
sectors. The solar industry in the country imported and
installed an estimated 800 MW of PV modules in 2015,
creating jobs for around 20,000 people.
Africa has a significant untapped potential for
renewable energy deployment, and has witnessed a
number of interesting developments, leading to job
creation. In North Africa, Egypt and Morocco are not
only deploying wind farms, but also a manufacturing
base.
In northeastern Egypt, Siemens has
announced plans to set up a rotor blade
factory in 2017, creating 1,000 jobs (Weston,
2015). Egypt also has a budding PV sector that currently
employs an estimated 3,000 people, but is expected to
add many more jobs in 2016 (NREA, 2016).
Morocco’s 160 MW Noor I CSP plant started
operations in early 2016. It created 1,800
jobs during construction along with 250
permanent operations jobs (Zawya, 2015). For Noor II,
AFDB projects 2,000 to 2,500 construction jobs and
400 to 500 operations jobs (AFDB, 2014). Following
construction, which employed 700 people, Morocco’s
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300 MW Tarfaya wind farm became fully operational
in late 2014, with about 50 operations jobs (Al Arabiya,
2014). As part of a winning consortium under a 850 MW
government tender (Dodd, 2016), a Siemens factory in
Tangier is scheduled to start producing blades for the
domestic and export markets in the spring of 2017, with
a workforce of up to 700 (Siemens, 2016).
In Kenya, wind development is generating
jobs in construction, and operation and
maintenance. Construction for the 310 MW
Lake Turkana wind farm, Sub-Saharan Africa’s largest,
began in late 2014, due to be completed in April 2017
(LTWP, 2015) The project may create 2,500 jobs spread
over the course of the construction period and up to
200 full time jobs during its operation (Makenzi, 2015).
Since 2011, South Africa has carried out four
bidding rounds under its Renewable Energy
Independent Power Producer Procurement
Programme (REIPPPP), with a fifth to be unveiled in
2016. Estimates indicate that close to 20,000 jobs have
been created in the solar industry alone (Warner, 2014).
As distributed solar PV becomes more affordable, it
offers opportunities for alleviating energy poverty,
reducing reliance on polluting fuels and creating
jobs. Several parts of the solar PV value chain (e.g.,
distribution, sales, operations, and after sales service)
are easy to localize. As discussed earlier in Box 1, a
number of companies and initiatives are beginning to
scale up in several Sub-Saharan African countries.

THE WAY FORWARD

As the ongoing energy transition accelerates, renewable
energy employment will remain strong. While growth is
likely to slow down with a maturing industry and rising
labour productivity, IRENA’s estimates that doubling
the share of renewables in the global energy mix
would result in more than 24 million jobs worldwide
by 2030 (IRENA, 2016). Meeting the increasing labour
requirements of the renewable energy sector will
require stable and predictable policy frameworks
that encourage deployment, stimulate investments in
local industries, strengthen firm-level capabilities and
promote education and training.

TABLE 2: ESTIMATED DIRECT AND INDIRECT JOBS IN RENEWABLE ENERGY WORLDWIDE, BY INDUSTRY
World

European Unioni
China

Brazil

United
States

India

Japan

Bang
ladesh

127

Solar
Photovoltaic

2.772

1.652

4

194

103

377

Liquid
Biofuels

1.678

71

821c

277f

35

3

Wind
Power

1.081

507

41

88

48

5

Solar
Heating/
Cooling

939

743

41d

10

75

0.7

Solid
Biomassa,g

822

241

152e

58

Biogas

382

209

Hydropower
(Small)b

204

100

Geothermal
energya

160

CSP

14

Total

8,079

12

8

0.1

918

769

Rest
of EU

38

21

84

23

35

47

149

20

162

10

6

19

49

48

214

9

48

4

14

12

5

12

4

31

17

31

55

2

4
3.523

France

85

35

h

Germany

0.7
416

388

141

355

j

5
170

644k

Note: Figures provided in the table are the result of a comprehensive review of primary (national entities such as ministries, statistical agencies, etc.) and secondary (regional and global studies) data sources and represent an ongoing effort to update and refine available knowledge. Totals may not add up due to rounding.
a
Power and heat applications (including heat pumps in the case of the European Union). b Although 10 MW is often used as a threshold, definitions are
inconsistent across countries. c About 268,400 jobs in sugarcane and 190,000 in ethanol processing in 2014; also includes 200,000 indirect jobs in equipment
manufacturing, and 162,600 jobs in biodiesel in 2015. d Equipment manufacturing and installation jobs. e Biomass power direct jobs run only to 15,500. f Includes
227,562 jobs for ethanol and 49,486 jobs for biodiesel in 2015. g Traditional biomass is not included. h The total for ‘World’ is calculated by adding the individual
totals of the technologies, with 3,700 jobs in ocean energy, 11,000 jobs in renewable municipal and industrial waste and 14,000 jobs in others (jobs that cannot be
broken down by technology). i All EU data are from 2014 and the two major EU job markets are represented individually. j Includes 8,300 jobs in publicly funded
R&D and administration; not broken down by technology. k Includes 8,000 jobs in renewable municipal and industrial waste and 3,700 jobs in ocean energy.

Note: Data are principally for 2014–2015, with dates varying by country and technology, including some instances where only earlier information is available.
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