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1. Introduction

Energy transformation is increasingly perceived as the pathway towards a more
inclusive and sustainable future. The accelerated global deployment of renewable
energy sources is believed to create jobs, reduce poverty, improve human welfare,
reinforce gender equality and lead to some form of societal re-structuring and
“systemic change”, through which societies can become more fair and inclusive
(IRENA 2016, 2019a, 2019b and 2020). To that end, renewables are mentioned as
instrumental in meeting the targets of UN Sustainable Development Goals (the SDGs)
which nation-states have committed to delivering by 2030 (e.g., CCSI et al. 2019).

In the context of the SDG 8 (Promote sustained, inclusive and sustainable
economic growth, full and productive employment and decent work for all),
we investigate the premise of the claim that the renewable energy sector will
provide “important opportunities for greater inclusion and equality” (IRENA 2019a).
In assessing such opportunities, we examine (1) the rationale for gender equality
under SDG 8 and (2) the connections with SDG 5 (Achieve gender equality and
empower all women and girls) and, to a lesser extent, SDG 7 (Ensure access to
affordable, reliable and sustainable modern energy services for all). Lastly, we discuss
(3) the gender gap in the renewables workforce and specific challenges facing women
in their renewable energy jobs and employment.

1.1. Background and Knowledge Gaps—Gender and Energy

For the purpose of this study, we categorized the literature on energy transition
into two broad aspects of change: technical and socio-politico. The technical change
covers specialized questions related to the technology and economics of energy
sources of the society (e.g., Odum 1971; Elliott 1997). Proponents of technical
energy transition range from those advocating for a minor shift in the use of
fossil fuel to those fully committed to a complete transition to 100% carbon-free
renewable energy system (e.g., Jacobson and Delucchi 2009). Energy transition
movements are supported by different socio-political groups who advocate effective
policy awareness campaigns with the promise of more sustainable renewable-based
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systems (e.g., EU 2002; WEC 1994) and the fundamental change to the energy system
(Stephens 2019).

Social scientists have only until recently begun to inquire into complex social
dynamics required to achieve energy transformation (e.g., Fri and Savitz 2014;
Berkhout et al. 2012). The transformative potential of renewable energy is often
reinforced by the so-called energy democracy movement which connects energy
system change to a liberal agenda of social justice and equality (e.g., Burke and
Stephens 2018). Central to such a movement is the incorporation of new voices and
relevant “social logics” from diverse stakeholders into the energy transition debate
(Pearl-Martinez and Stephens 2017; IUCN 2015). Because diversity and inclusion may
hold the key to the success of energy transition, gender has been widely documented
as one critical factor informing more sustainable responses to climate and energy
challenges (e.g., Nagel 2015).

However, the question of gender in the energy sector has only evolved as “a
late bloomer” (Clancy 2009), compared to the far more prolific literature on gender
and the environment or in sustainable development. Few studies in the early 1990s
explored relationships between gender and renewable energy (Farhar 1998) as well
as the issues of gender in energy policy and economic development (Parikh 1995).
Subsequent studies examined the concepts and issues concerning gender and energy
(Clancy and Khamati-Njenga 2003), gendered use of energy in the household in
developing countries (Räty and Carlsson-Kanyama 2010; Carlsson-Kanyama and
Lindén 2007), how to integrate gender into energy policy (Clancy and Feenstra 2006)
and the lack of gender awareness in the development of energy systems (Clancy 2009).
In contrast to the environmental and economic benefits of alternative energy sources,
social and labor dimensions were much less studied. Prior to 2010, research on
gender and the energy workforce was very limited.

Within the last decade, the gender issue in the renewable energy workforce
received more research attention. Topics include women’s occupational patterns
in renewables jobs (Baruah 2016), the value and benefits of gender diversity
(Pearl-Martinez and Stephens 2017) and women’s professional development, for
example, via networking organizations (Allison et al. 2019). The visible role of women
in renewable energy deployment and access is now documented and being measured
against progress in the context of the ongoing energy transformation (IRENA 2016,
2019a, 2020).

Nonetheless, there is little research on the gender gap in the renewables sector in
the context of SDGs. In particular, we found a knowledge gap in understanding why
gender should be a compelling rationale for an inclusive energy transition workforce
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under SDGs, particularly under SDG 8 (and SDG 7). Given a weak underpinning of
gender and labor rights under SDG 8 (Rai et al. 2019), mobilizing a gender-inclusive
workforce for energy transition on a large scale is questionable. The authors aim to
bridge this knowledge gap and to better understand the gender rationale behind the
renewable energy transition under the SDGs.

1.2. Object of the Study

The main objective of this study is to examine the gender gap and assess an
outlook for gender equality in the renewable energy workforce under SDG 8 by
answering the following three questions:

(1) How are (gender) equity and inclusion considered under SDG 8?
(2) How is SDG 8 (and SDG 7 to an extent) related to SDG 5?
(3) What is the extent of a gender gap in the renewable energy workforce and what

are the main challenges and difficulties facing women in their renewable energy
jobs and employment?

2. Materials and Methods

To answer the above questions, we employed mixed-methods research
combining quantitative and qualitative data analysis through a literature review,
desk research and a qualitative survey.

2.1. Methodology

We used literature review and desk research to analyze primary and secondary
data on the issue of equity/diversity under SDG 8 (Section 3) as well as on the situation
of women in the renewable energy employment context (Section 4).

In answering the third question, we supplemented our desk research on the
gender gap and challenges facing women in the energy workforce with qualitative
survey results gathered from a semi-structured questionnaire and interview (Section 4).
We used a small sample of the target population, namely, women currently active
in the renewable energy workforce. We adopted this “gender” approach in order
to collect and understand the perception and situation of women in the renewable
energy workforce as a precursor to subsequent studies where the views of both men
and women in the sector should be collected through a larger sample size.

Our 30 anonymized respondents came from renewable energy network partners,
comprising national and international women’s groups and associations in the
renewable energy sector (see Acknowledgments).
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The demographic information of the sample obtained is outlined by age group,
level of educational background, company size, years of work experience and level
of seniority in their company. Figure 1 shows the demographic composition of our
survey respondents.

The majority of the respondents are between 24 and 40 years old (71%), obtained a
postgraduate level of education or higher (79%), have more than 6 years of experience
in the energy sector (56%), currently work in small- and medium-sized enterprises
with less than 250 employees (63%) and hold a senior level position within their
respective company (53%).

Our questionnaire, comprising 16 closed and open-ended questions, was
designed to collect demographic information as shown above and obtain attitudinal
and anecdotal information on the following topics:

1. Main reason(s) for a low share of women in the renewable energy sector;
2. Challenges, if any, in their career entry and advancement;
3. Their view on women in leadership positions within the sector;
4. The existence and their perception of “glass ceiling”;
5. Three personality traits necessary for career success in the sector.

The results were initially grouped into broad categories, i.e., positive, negative,
and neutral. Key words and phrases were delineated by recurring themes of gender
gap and challenges in the energy workforce and weaved into our line of argumentation
in Section 4.

2.2. Structure of Arguments

This paper is structured into two parts: First, we discuss the rationale for
pursuing a more gender inclusive energy transition under SDG 8 and the relations to
SDG 5 (and SDG 7, when relevant). Second, we examine the situation of women and
a gender gap in the renewables workforce, supplemented by qualitative information
on women’s perception of the gender gap and the difficulties they face at different
stages of their career. Finally, we draw key conclusions and provide outlook
and recommendations.
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(a) Age: 45% of survey respondents were between 30 and 40 years old.

26%

45%

23%

6%

24–29 41–50

30–40 +51

(b) Education: 76% of survey respondents had a Master’s degree.

PhD Bachelor

Master

76%

21%

3%

(c) Firmographics: Respondents’ company size by number of employees.

250+   37%

50–249   20%

10–49   23%

1–9   20%

Figure 1. Cont. on next page.
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(d) Respondents’ years of experience in the energy sector.

11–20   7%

6–10   33%

Up to 5   23%

(e) Level of seniority of respondents.

Entry
7%

Senior
53%

Middle
40%

Figure 1. Demographics of the survey: (a) age, (b) education, (c) firmographics,
(d) experience and (e) seniority. Source: Figure by authors.

3. Rationale for Gender Inclusive Energy Transition under SDG 8

Our first question concerns the relevance of equity/inclusion under SDG 8.
To answer this, we first examine how issues of equity or equality are considered in
the target requirements under SDG 8. Then, we place SDG 8 in the context of overall
SDGs and the extent to which SDG 8 is linked to SDG 5 (on gender equality) and
SDG 7 (on sustainable energy).

Under SDG 8, the renewable energy sector can contribute to meeting its twelve
targets in two broad areas: (i) economic growth and (ii) expanding employment.
To underline relationships between the two, we adopted a three-dimensional approach
to welfare (economic, social and environment) (Giannetti et al. 2015; Chancel et al.
2014) to assess gender equality considerations under SDG 8. We then examined the
rationale behind the SDG 8 primary measurement for “Decent Work and Economic
Growth”, namely, Gross Domestic Product (GDP), and assessed whether the approach
to welfare under SDG 8 has a gender implication for the energy sector.
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3.1. Macroeconomic Growth of Renewables

Renewable energy offers solutions not only to meet energy demand while
reducing carbon emissions but also to boost to the economy and productivity through
innovation and diversification (WEF 2012). As an economic sector, renewable energy
contributes to the economy in two major ways. First, jobs and value are created
from within the sector by transforming and distributing energy goods and services.
Second, its value chains potentially affect the creation and procurement of all products
and services, thus supporting economic activities across sectors of the entire economy
(WEF 2012). On the surface, the promise of a successful energy transition can enable
the meeting of many targets under SDG 8, particularly, Targets 8.1, 8.2, 8.3 and 8.4.

The “economic growth” aspects of SDG 8 are primarily measured by traditional
economic indicators, such as GDP (Target 8.1); diversification; technological
upgrading and innovation (Target 8.2); growth of micro-, small- and medium-sized
enterprises (Target 8.3); and decoupled economic growth from environmental
degradation (Target 8.4). Given that the macroeconomic impacts of the renewable
energy sector will be measured mainly through GDP, data are encouraging for the
sector. With the global average of 6% share to the GDP of the whole energy sector,
renewable energy’s projected impact on GDP growth ranges between 0.2 and 4%
(IRENA 2016; Statista 2015; WEF 2012).

Renewable energy correlates positively with GDP growth in two ways: (1)
increased capital formation (Chien and Hu 2008) and (2) cost-effectiveness and
investment attraction. Renewable technologies have been shown to lower costs
related to energy use or power bills compared to plant capital (Warr and Ayres
2009). Moreover, renewables are an increasingly attractive choice of investment and
diversification due to revenue-generating opportunities through its value chains. An
increasing share of renewables at all levels can positively affect the global economy
through power prices, investment, and trade (e.g., IRENA 2016).

In reality, however, the economic benefits of the renewable energy transition in
terms of GDP will vary depending on other factors influencing the economic structure
and composition of the available workforce. The target of a minimum 7% annual
growth in GDP under SDG 8 set no parameters for measuring or linking to sustainable
human socio-economic development. The measurement of GDP should involve other
measures for decent work, such as employment rate, and other broader measures
of sustainability and welfare, such as equality and inclusion (Coscieme et al. 2020).
While some countries (such as Sweden) have implemented SDG 8 targets to positively
influence the other SDGs (Weitz et al. 2018), many countries and organizations, such
as the European Union (EU), have treated GDP as a separate measurement from
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other welfare and equality dimensions (Coscieme et al. 2020). This separate treatment
could mean that pursuing SDG 8 with the sole view of GDP can be disconnected
with indices on sustainability and welfare, such as equality and inclusion, contradict
gender goals and goals on reducing other socio-economic inequalities. Depending
on how one links GDP to other equality measurements, the growth of the renewables
sector under SDG 8 can have little implication for gender equality.

3.2. Expansion of Employment and Human Welfare

Under SDG 8, the “decent work” aspects can be measured by a broad
measurement of labor and employment, including “full and productive work for
all”, “equal pay for equal work value” (Target 8.5), youth employment (Target 8.6),
elimination of forced labor and child labor (Target 8.7), working conditions (Target 8.8),
sustainable tourism (Target 8.9), access to financial services (Target 8.10) and two
supplementary targets on trade support for LDCs (Target 8.a) and global job strategies
(Target 8.b).

Growing evidence indicates that renewable energy improves broader
socio-economic and human welfare well beyond GDP, particularly in terms of
job growth, well-being and human development (WEF 2012). Doubling the share of
renewable energy deployment by 2030 projects a 2.7 % increase in global welfare,
compared to 0.6% GDP improvement (IRENA 2014, 2016). The global welfare is
projected to be higher through heating electrification and transport, improving
3.7% compared to 1.1% GDP (IRENA 2016). Because of a demand for labor in the
production and distribution of renewable energy (Wei et al. 2010), renewable energy
has created new employment opportunities (formal and informal) while addressing
energy scarcity in remote communities. The strongest improvement in human welfare
can already be seen across developed countries (such as the US, Australia and Japan)
and developing countries (such as India, Ukraine, Indonesia, South Africa and China)
(IRENA 2016, 2019b).

According to the 2017–2018 data, renewable energy (including hydropower) is
responsible for nearly 11 million direct and indirect gross jobs worldwide, a jump
from 7.1 million in 2012 (IRENA 2019b). The strongest job growth has been in the
solar photovoltaics (PV) industry, accounting for about 3.6 million jobs concentrating
in China, Brazil, USA, India and the EU (see Table 1). Other employers in the
sector include wind, hydropower, bioenergy and solar heating and cooling (SHC)
(IRENA 2019b).
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Table 1. Direct and indirect jobs in renewable energy, 2017–2018.

Technology World China Brazil USA India EU

Solar PV 3605 2194 15.6 225 115 96

Liquid biofuels 2063 51 832 311 35 208

Hydropower 2054 308 203 66.5 347 74

Wind power 1160 510 34 114 58 314

Solar thermal heating/cooling (SHC) 801 670 41 12 20.7 24

Solid biomass 787 186 79 58 387

Biogas 334 145 7 85 67

Geothermal energy 94 2.5 35 23

Solar thermal power (CSP) 34 11 5 5

Total 10,983 4078 1125 855 719 1235

Source: adapted from© IRENA (2019b).

China provides the most renewables jobs, accounting for more than 4 million
people. Its PV industry employs nearly 2.2 million people, 80% of them work in
manufacturing that produces 70% of the world’s panel production. Brazil comes
in second place with over 1.1 million jobs, mainly in liquid biofuels. The US is
the third-largest employer, covering 800,000 renewable-related jobs, mainly in solar,
wind and bioenergy, respectively. Next is India with over 700,000 million people in
renewables jobs. The European Union has more than 1.2 million renewable energy
jobs (including waste-to-energy), mainly in Germany and France (IRENA 2019b).

The share of renewable energy jobs, both direct and indirect employment, is
projected to double to 24.4 million by 2030 (IRENA 2016). Replacing fossil fuels with
renewables will lead to job growth across all technologies, particularly in technologies
with today’s already high employment rate, i.e., solar, bioenergy and hydropower.
Compared with coal or natural gas, solar PV creates 100% more jobs per unit of
electricity generated. Most jobs will come from installations, manufacturing and
bioenergy feedstock supply in new markets (IRENA 2016). In major economies, job
growth will concentrate in the skilled trades with high demand for environmental
professionals in science and engineering, law and finance (e.g., U.S. Bureau of Labour
Statistics 2017).

Because of its job growth potential, the renewable energy sector becomes a
valuable vehicle for achieving broad welfare objectives. Various dimensions of green
energy employment—including policy development, education and training—must
be assessed when judging a successful energy transition for the society as a whole
(Strietska-Ilina et al. 2011; UNIDO and GGGI 2015).
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3.3. Diversity and Inclusion under SDG 8

We consider SDG 8 crucial for a renewable energy transition because of
the influence it has on many other SDGs. Based on the wording of its twelve
targets, SDG 8 ranks among the top three most interconnected SDGs out of the
17 Goals (Le Blanc 2015). In other words, meeting the targets of SDG 8 in the
themes of “sustained, inclusive and sustainable economic growth” and “full and
productive employment and decent work for all” is essential to the success of SDGs
in their entirety.

However, equity and inclusion seem to be a missing link under both SDG 8
and SDG 7, the two SDGs crucial for the inclusive and sustainable energy transition.
While the linkages among targets of the two SDGs can be seen between energy use
efficiency (7.3), economic diversification (8.2), and resource efficiency and decoupling
economic growth from environmental degradation (8.4), it is unclear how to facilitate
inclusive growth from energy transition without addressing existing disparities in
the energy workforce. Given a significant deficit in remote areas of Africa and Asia,
addressing issues of equity and inclusion in the areas of employment and sustainable
energy can significantly improve the livelihoods of millions of women, men and
children. Under SDG 7, gender has not received consistent attention among member
states, even when progress on accelerating gender equality in all areas is among the
required reporting guidelines for SDGs (UN GA 2015). As stated in the analysis
of 2018 national reports on SDG 7, the linkages between SDG 5 (gender equality)
and SDG 7 are “rarely spelled out” in the country-level reviews (UN DESA 2018a;
UN DESA 2018b).

Furthermore, conceptual tensions between SDG 8 and SDG 5 can be observed.
SDG 8 emphasizes growth through GDP and productive employment in the formal
sector, while SDG 5 emphasizes the equitable value and recognition of women’s
social reproductive and care work, as well as domestic work. Despite a growing
body of labor research indicating that the two forms of labor are often connected
(Rai et al. 2019; Runyan 2016), prioritizing the formal labor sector can obscure much
of women’s true contribution to the economy. The GDP growth benefits mentioned
in Section 3.1 above are projected as a best-case scenario, whereby more women are
integrated into industry and service sectors (MGI 2015). However, it is unclear how
these indicators will address inequalities in the world of work and bring women into
the formal sector.

In the energy sector, women in emerging and developing economies are
employed in informal activities ranging from procuring fuelwood, to producing
charcoal, to traditional biomass and fuel-crop (IRENA 2020). Millions of Sub-Saharan
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African women are arguably engaged formally or informally in the biomass sector
(Baruah 2016). The production of fuel crops and biofuels at the village level is also an
important source of renewables employment for women in countries such as India
(ENERGIA 2009).

Furthermore, traditional economic targets, such as GDP, do not account for
unintended consequences of pursuing too narrow a GDP growth (Fioramonti et al.
2019; Fioramonti 2013, 2017). The narrow pursuit of economic growth without other
human indices linked to GDP has been linked to negative impacts on the environment,
health and social relationships, exacerbating the exploitation of labor and female
forced labor in particular, and further widening inequalities (Spaiser et al. 2017).
The narrow rationale for economic growth under SDG 8 can reinforce occupational
segregation by sex and prevailing gendered norms already existing in the energy
labor market (Rai et al. 2019).

The principle of equal pay for work of equal value (SDG 8.5) has an obvious
gender equity component. This principle is drawn from the ILO’s practice under its
convention on the subject (Equal Remuneration Convention, No. 100) and focuses on
the “value” of work performed rather than the “equal pay for equal work”. SDG 8.5
indicators, which focus on the average hourly earnings of female and male employees
and the unemployment rate by sex implying the “equal value” of the work performed
by women, are not linked to targets and indicators of SDG 5 or SDG 7 (Rai et al. 2019).
This principle of equal remuneration for men and women for work of equal value is
the only equity consideration under SDG 8.

It should be noted that the ILO has developed a sophisticated understanding
of gender equality drawing from its own practices under relevant labour
conventions on non-discrimination, equal remuneration and maternity, among
others (ILO NORMLEX 2020). The ILO also recognized gender equality in both
formal and informal labor (including unregulated and subcontract work) and paid
domestic work. With the exception of equal pay, it is unclear how equality practices
of the ILO are translated into “decent work” or “inclusive growth” under SDG 8.

The above-mentioned issues led us to cast doubt on achieving an inclusive
energy transition workforce under the SDG 8 framework. Not only is the rationale for
pursuing gender inclusiveness through SDG 8 not reflected in its main targets
and indicators, there are also tensions between SDG 8, SDG 7 and SDG 5.
When the equity/inclusion dimensions are not required in the energy transition,
the socio-economic benefits of energy transition can hinder progress toward gender
equality and widen existing gaps.
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4. Renewable Energy Workforce: Gender Gap and Key Characteristics

Gender disparities are specifically apparent within the energy labor market
(Ernst and Young 2015; Price Waterhouse Coopers PwC). In this section, we outline
some of the most salient themes characterizing the share of women in the renewable
energy workforce: (i) growing number of women in renewables workforce compared
to oil and gas; (ii) underrepresentation in specialized, technical and leadership roles;
(iii) barriers in the three stages of employment; (iv) gender pay gap; (v) lack of gender
awareness; and (vi) lack of data and measurement.

4.1. The Share of Women in Renewables Workforce: A Mixed Picture

A recent study conducted by IRENA reported 32% female employment
in the renewable energy workforce worldwide (IRENA 2019a; Lallement 2013).
When compared to other industries, that amount decreases to 19% (see Figure 2).
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shrinking oil and gas sector is part of a workforce transition trend in the digital and
technological age which requires 40–160 million women (7–24%) and 60–275 million
men (8–28%) to switch occupations by 2030 (Madgavkar et al. 2019). Women have
increasingly navigated outside their traditional female-dominant sectors (such as
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healthcare, humanities and social science). They are drawn to the renewable energy
sector that offers some “unprecedented” opportunities for women due to its demand
for a multi-disciplinary and diverse workforce (IRENA 2019a) coupled with prosocial,
humanist aspirations (Allen et al. 2019; Lucas et al. 2018).

However, the 32% share of women in renewables jobs is still much below the
47% average of the global workforce in 2019, and even lower when compared to
56 and 51% in the US and the EU, respectively (ILOSTAT and World Bank 2020).
Among popular technologies, progress is uneven. Solar PV became the largest source
of renewables employment for women in industrialized countries. In the US, women
represented 26.3% of the solar workforce (Solar Foundation 2019). Despite being the
fastest growing technology, only 21% of wind power jobs are occupied by women
(IRENA 2020).

Figure 3 shows the share of women categorized by three broad job fields:
science, technology, engineering and mathematics (STEM) jobs; non-STEM technical
jobs; and administrative jobs (IRENA 2019a). The lowest share of women is
found in STEM areas, such as facility operations and maintenance; equipment
manufacturing, construction and installation project planning; and to a slightly
higher extent, in non-STEM technical careers, such as finance, statistician and
information technology. Furthermore, 45% of women’s participation in the sector is
concentrated in non-technical and administrative roles, such as human resources,
marketing, knowledge, legal and business development.
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skilled labor in the traditional energy sector. This means that reasons for the low
involvement of women in the traditional energy sector also apply to renewables:
(i) women are not interested in technical jobs, (ii) a low number of women graduates
from STEM fields and (iii) the fact that the traditional scope of energy and utilities
was perceived as technologically complex (See Section 4.3.1). These factors continue
to affect the share of women in the renewables workforce throughout value chains
and job functions.

Overall, women are underrepresented in finance, trading, technology,
engineering and technical sales (Good Energy 2019), particularly in power and utility
and infrastructure entities (Ernst and Young 2015). In the renewables sector, men
outnumber women in key functions, namely, technical, managerial and policymaking
positions. These significant imbalances are a worldwide reality, from within highly
developed markets to communities where renewables are only just beginning to
extend energy access (IRENA 2019a).

4.3. Women’s Barriers in Three Stages of Employment

We outline below some recurring themes around the gender gap and challenges
facing women in renewables jobs and employment in three stages of employment:
(1) entry to employment, (2) job retention and (3) career advancement.

4.3.1. Barriers to Entry: Gender Biases and Assumptions in Technical Jobs

The gender gap in the renewables sector is often attributed to a small share of
women in STEM education participation and gender differences in early schooling.
Gender differences already exist in the early exposure to science and mathematics
in favor of men. These differences become more apparent as the level of education
increases, particularly from upper secondary education onwards (Chavatzia 2017).
Based on data from the Trends in International Mathematics and Science Study
(TIMSS) Advanced 2015, the majority of students taking courses in both mathematics
and physics were boys (Chavatzia 2017).

In a UNESCO study of technical education for women in STEM in 120 countries,
the assumptions and biases against women’s abilities were also identified as factors
that affect negatively their interest, willingness and confidence to engage in STEM
subjects and subsequent job opportunities (Chavatzia 2017; Huyer 2015). Girls are
often brought up to believe that aptitudes related to STEM subjects are not natural
to women. There is some level of normalcy when referring to STEM and technical
career path in favor of men. This is evident among our respondents, who stated,
for instance, that “classic science is reserved for men’s expectation”. The energy
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sector is “rooted in the fact that women do not tend to gravitate towards studying
STEM subjects”. Normalizing words such as “normal”, “typical”, “traditionally”,
“belong to”, “natural”, “tend to”, “suited” and “suitable” are used to describe the
STEM and technical fields in men’s favor and to disfavor of women. Women do not
“really know that they can cope with technical and financing topics” or “have enough
confidence themselves to be capable of doing STEM studies”.

Women’s disinterest in STEM subjects may no longer be a norm among younger
generations, however. It has been documented that girls and boys shared similar
levels of interest in STEM studies and careers initially in secondary education (GSRI
2012). Nowadays, women actually make up more than 50% of STEM university
students in the 144 countries recently surveyed (IRENA 2019a). There is a growing
number of women that have been trained in STEM subjects and have graduated in
STEM and non-STEM technical fields in the last decade.

In the online survey conducted by IRENA, almost three-quarters (71%) of
respondents reported having at least a university degree in a science, technology,
engineering or mathematics (STEM) subject. When asked to rank several specific
barriers to entry according to their importance, they ranked the perception of gender
roles and biases at the top, followed by cultural and social norms, rather than
competences in STEM (IRENA 2019a). After schooling, women who have been
trained in STEM continue to face biases related to their ability or competences to
perform successfully in the energy sector jobs in the recruitment process. This bias
persists even when women have the same or even superior STEM qualifications and
work experience (Baruah 2016). Their credibility and ability to perform a technical
and complex task are often questioned (Baruah 2016).

There is an absence of pull factors for girls and women to pursue STEM career in
terms of social support network, role models and mentorship. Such absence leads to
a culture of isolation in higher education and in entry-level recruitment (GSRI 2012).

4.3.2. Prevailing Hiring Practices and Workplace Policies

Today, 70% of women across the globe prefer to work a paid job rather than solely
care for their families, a figure more closely aligned with 66% of their counterparts
(ILO 2018b). Outdated recruitment attitudes may prejudice many women as they
enter the industry, assuming, for example, that they will be working intermittently
and in lower paid positions (Nelson and Kuriakose 2017).

Our survey and recent studies shine a light on unconscious biases challenging the
“Myth of Merit” and the rationale for “cultural fit” in the recruitment and promotion
within the energy sector. The perception of gender roles reinforced and filtered by
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cultural norms has permeated prevailing hiring practices and framing of a “cultural
fit” as being of merit (Rivera 2015). The criteria for a “cultural fit” can translate
to a hiring preference for the same gender, race, nationality, class or background
as the dominant ones in the organization (GWNET 2020). This applies not only
to staff placement but also to employment entry screening, i.e., apprenticeships
and internships.

When asked if they think sex/gender has impacted their chance of getting a job or
a promotion in the past, roughly 50% of our respondents used words indicating that
they were unfairly evaluated compared to male colleagues, such as “Male managers
using attribution bias during promotion selection” or “Some males [are] promoted
much earlier than females” or simply “Men promote men”. While more than 40% of
our respondents said they were unsure or there was no influence, many of them are
in junior roles or at the beginning of their career.

Recent studies reported a generational gap among the younger generation
entering the energy sector. When diversity is seen at the entry to mid-career
professionals, the decline in diversity is reported from above the mid-career and
senior leadership positions (IRENA 2019a, 2020). One of our respondents, who is
from a large company (250 employees or more) commented that, even when efforts
are made to recruit more women into the company, “we have found that women
plateau mid-career”. This gender imbalance at the leadership level will further
limit the opportunities of recruiting more women into the organization or providing
enabling environments to support women’s career progression into senior positions
(GWNET 2020).

4.3.3. Barriers to Career Retention Related to Familial Needs

There are barriers related to the expected role of women in the family and
their work–life balance which could affect their ability to stay in employment at the
mid to senior management level. Difficulty in managing a work–life balance and
lack of affordable childcare are common reasons for women’s career interruption
and eventual departure (ILO 2018b). One in three men still prefers their female
partner to be the main family carer and responsible for unpaid housework rather
than be in a paid job (Gallup and ILO 2017). Furthermore, 50% of women graduates
who indicated interest in pursuing STEM-related careers upon their graduation
left employment or further training within the first decade after graduation due to
various family and childbearing commitments (GSRI 2012).
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When asked whether the perception of women’s role in the family (such as
pregnancy and care giving) has affected or has been a factor in their career, the
majority of our respondents (63.30%) answered yes (Figure 4).

63.3%

20%

16.7%

Yes No Not really/Not sure

Figure 4. Respondents’ opinion on whether the perception of women’s role in the
family (e.g., pregnancy and care giving) has impacted their career. Source: figure
by authors.

Women often face the double burden of balancing work and family, particularly
during their childbearing years. In Europe, 25% of women picked the reason for care
work as their reason to exit the workforce, versus 3% for men (UN Women 2015).
Our survey substantiates “the burden of childbearing” on women, where we have
gathered comments such as “I delayed telling people that I was pregnant due to
how it would affect my career prospects.”; “[career advancement] it also affects my
thinking and timing around when I would like to get pregnant. I would not announce
to my boss that I am pregnant before I have secured my next promotion and pay”;
“[for] the past 20 years I have been asked in job interviews when I planned to have
children”.

The gender gap after having a child is well documented (EIGE 2019;
Kleven et al. 2018; Leturcq 2016). Women see a significant decrease in their number of
hours worked compared to men after the birth of their first child (Kleven et al. 2018).
In Denmark, where there exists generous parental leave for childcare, a significant
drop (20%) in salary is observed for women after the birth of the first child (Figure 5).
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Women’s career breaks after having families are also related to a lack of flexibility
in workplaces (Kleven et al. 2018; UN Women 2015; Leturcq 2016). Working mothers
are 50% more likely than fathers to say that being a working parent inhibited their
career advancement (Pew Research Centre 2013). Workplaces often require a strict
working schedule and do not provide the flexibility for taking care of family demands.
After the first childbirth, women tended to change jobs more often and were 10%
more likely than men to seek government jobs for more flexibility. It was reported
that, after the arrival of their second child, highly skilled women would reduce their
working hours by an average of 5 hours, and 18 hours for lower-skilled women, who
have less working flexibility and are more likely to work shift-work (Leturcq 2016).
Childbearing can account for 80% of the wage gap overall.

Flexibility in the workplace is a recurring theme among our survey respondents:
“Energy projects need a period of continuous time that no women can guarantee they
won’t pause in a project [due to pregnancy]”, [There are fewer women in energy jobs
because they do] not have the flexibility required by some roles”, “Many roles [in
the renewable energy sector] also involve significant travel and nights away from
home”. After maternity leave, “it’s difficult to compete when they (male colleagues)
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work 5 days/week whilst I work 3 (days) . . . however the expectations (in terms of
job performance) are the same”.

Support for working women could be the most efficient means to keep women
in the labour force. In a study on 28 EU countries, the affordability of childcare is
by far the most often cited reason for unaccommodated needs (50%), followed by a
lack of available places (12%), inconvenient opening hours (8%) and distance (5%)
(EIGE 2019). Studies have shown that a provision of subsidized childcare services
is positively correlated with the increased participation of women in the workforce
(Olivetti and Petrongolo 2017).

There is an incentive to invest in the childcare infrastructure and services. An
analysis of 7 OECD countries shows that investing only 2% of GDP in the care
industry would increase women’s employment from 3.3 to 8.2% and from 1.4 to 4%
for men (ITUC 2016). Investing 2% GDP in public care services would create up to
four times as many jobs for women and could reduce the gender employment gap
by 50% in some OECD countries (WBG 2016). Companies, too, can provide more
support and flexibility without compromising performance, budgets and revenues.

4.3.4. Barriers to Career Advancement

While the ability for women to persevere and advance in their jobs is shaped by
a number of factors, two issues are salient: (i) the absence of women leadership and
social networks and (ii) the myth of leadership/what it takes to be a leader.

(i) Lack of Women Leaders, Mentors and Social Networks

Women’s underrepresentation in the boards, senior management, policy making
and governance of organizations is more acute in the energy sector compared to
other sectors (e.g., Emelianova and Milhomem 2019; Deloitte 2019). A study from the
International Energy Agency surveying 153 energy companies found that women held
an average of 20% of seats on company boards across Finland, Sweden, Italy, Austria,
Chile, Canada and Australia and occupied only 21% of the most prominent C-Suite
titles (CEO, CFO, CIO, CMO and CHRO) among the top U.S. energy companies
(Korn Ferry 2017). CEOs accounted for only 8% on average across the same countries
(IEA 2019). The 4 companies with the largest numbers of female board members
were Hydro-Quebec, 56%; Engie, 56%; General Motors, 50%; Iren Spa, 46%; and
Statkraft, 44%. Of 68 energy companies, 18% of the managerial positions are occupied
by women (IEA 2019). Furthermore, 61% of the largest energy companies under the
Russell 3000 Index with head offices in the US have no female representation on their
board of directors (GMI Ratings 2012).
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The situation in the public sector is no better. A 2015 study from the Environment
and Gender Index led by the UN found that women occupy only 4% of the World
Energy Council positions of which a majority of 18% are administrative positions
(IUCN 2015). The International Energy Agency found that only 17% of energy
ministerial positions were held by women between 1980 and 2017 (IEA 2019).

The absence of women leaders in the sector reinforces the existence of the “glass
ceiling” (Morrison et al. 1987; Hymowitz and Schellhardt 1986). The metaphor has
now been applied to a situation of both women and minorities in a business context
where they believe that some forms of inequality exist that stop them from moving
up in their careers.

According to a Pew Research study, 68% of Americans believe it is easier for
men to achieve a top executive position. Both women and men admitted that women
have to do more to prove themselves, while more women than men think this is the
biggest obstacle to advancing their career (Pew Research Center 2019). In an IRENA
study, where the existence of glass ceilings was identified as a key barrier to career
advancement, men represent at least 75% of board members in nearly 50% of the
participating private sector firms (IRENA 2019a).

Figure 6 shows that the majority of our respondents said they believe a glass
ceiling exists in their workplace in one form or another (Figure 6). On a scale of 1 to
5 (5 being evident, and 1 being non-existent), the existence of a glass ceiling was
identified as evidently (5) by nearly all women respondents who are currently in
leadership/senior managerial positions.

One of our respondents from a medium-size company (50–249 employees)
admitted “I was the first woman in management hired in the 35 years of the company’s
history (5 people informed me of this in my first week). No woman was promoted to
management before”. Another respondent from a company with over 250 employees
elaborated why she believed the glass ceiling evidently exists in her company. “Our
leadership team hires/promotes people of a similar perspective/view/nature. In fact,
we had a discussion in recent weeks as part of the Diversity and Inclusion [D&I]
group, where it was argued that ‘strategic hires’ should be subject to the same D&I
practices that we are trying to implement across the company. There was push back
by the leadership team. Also, we are battling for a D&I performance metric to be
set in all performance goals, again this has not been implemented for the third year
running.”
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One reason for the “glass ceiling” is related to a doubt in women’s abilities to
fare well in technical and “powered” roles. Even when women want to thrive in
the sector, one respondent reflected from her mid-career experience, “they could be
sometimes relegated to more commercial administrative roles, which won’t let them
grow to the powered positions”. Few women who manage to secure top positions can
eventually find their leadership situation not tenable as they are less well connected
compared to their male colleagues (IRENA 2019a).

Studies have shown that mentoring and networking activities designed for
women are key to break through the glass ceiling and to remain in top positions
(Richards 2017; Dow 2014). Multi-level mentorship and leadership programs
are necessary in providing dynamic social support, including promoting gender
awareness and building networks to support sustainable career development.
Examples of successful mentoring programs include MetLife’s 14-month leadership
program training high-potential women in the company’s leader pipeline. After 4
years of implementation, over 50% of MetLife’s managers are now women. Another
example is Sodexo’s Mentoring Circle program which led to an increase in the
representation of women by 10% at entry and manager level and doubled the C-Suite
after 5 years of implementation (Montero 2019). Engie’s ambitious gender targets
and the progress made to reach them resulted in the company being one of the best
FortuneGlobal 200 performers in having women in leadership at the board level
(62.5%) and in the management teams (30%) for new operational entities (Engie 2018).

Strategic alliances can be formed with local and national diversity and inclusion
independent groups to identify diverse candidates in leadership positions. Good
examples include Women of Renewable Industries and Sustainable Energy (WRISE),
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the NAACP, Women in Energy Network and American Association of Blacks in
Energy (AABE) (SEIA 2017). However, still too few are in place, particularly at the
organizational level in energy companies. Numerous non-profit organizations have
promoted mentorship programs, such as Women in Renewable Energy (WRE) and
Global Women Network for the Energy Transition (GWNET).

(ii) The Myth of Leadership and Management Style

In the energy sector, leadership positions are traditionally reserved for
experienced senior managers, technical directors and engineers often with high-level
STEM qualifications—who are nearly all men. Knowledge and skills aside, one
can also argue that the management level of an energy organization is limited to a
familiar culture and personal traits validated by men already in the positions.

Studies have tried to explain the lack of women in leadership by associating it
with acceptable leadership qualities and management style. Qualities considered as
desirable and effective in negotiation and business settings, such as willingness to
take risks in negotiating profitable deals, are often male-biased (Pew Research Center
2019). Positive traits more commonly found in women, such as being diplomatic,
agreeable, or considerate, are considered as disadvantageous in a leadership position.
While men are on average more than twice as likely to interrupt a woman speaking
than a woman would a man (Handcock and Rubin 2015), women are often criticized
for being “mean” or “unlikable” when they try to adopt those very same qualities
their male counterparts accept as effective in business negotiation (Sandberg 2013).

Regardless of personality traits, women choose to bring to the table, data have
indicated the multi-fold impact of women leadership on corporate performance,
including environmental and economic returns. A study from EY showed that
utilities with greater representation of women showed higher economic performance
with the top 20 gender-diverse utilities outperforming the bottom 20 by 14.8%
(McPherson 2019). Countries with a higher represented of women in parliament are
more likely to lower carbon-dioxide emissions and set aside protected land areas
(UNDP 2016). Companies are more likely to increase investment in renewable energy
and to decrease carbon emissions throughout their value chain when there are more
women on the board of directors (CRB 2012). Although the investment in female
business owners is less than half of the investment in their male counterparts, women
start-ups generate seventy-eight cents for every USD 1 invested versus thirty-one
cents from their male counterparts (Abouzahr et al. 2018). Successes of women’s
leadership have been associated with increased revenue and improved economic
performance through leveraging innovation, pro-social considerations and their
relationships (Catalyst Information Center 2013).
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As women take on more leadership roles in many parts of the world (Pew
Research Center 2019), a systematic analysis of women’s contribution to energy
transformation will be crucial for effecting impactful changes within the industry.
Given that the issue of the gender gap is primarily an issue for the gender concerned,
women are more likely to take initiatives regarding issues that relate to women, such
as family policies, education and care (NG and Muntaner 2019). Progress towards
gender equality will require the presence of women representing women’s voice,
particularly those in the position to bring about change within an organizational
structure (e.g., Sandberg 2013).

4.4. Gender Pay Gap

The gender pay gap is a worldwide phenomenon with an estimated level at
around 20–23%. This means a woman earns 77–80 cents per USD 1 a man earns in
comparable jobs (ILO 2018a; Gallup and ILO 2017). Based on data from 62 countries
reported on the SDG progress in 2019, the median hourly gender pay gap is at 12 %
(UN 2019). The pay gap exists in low-income countries as well as in countries with
high per-capita levels, with some of them with the highest gender wage gaps in the
world. The gender pay gap is self-reported by Ireland, Mexico and Switzerland as
their main challenge to achieving SDG 5 (UN DESA 2018b).

Despite higher average wages in the energy industry compared to other sectors
among OECD countries, women occupy the lower wage class across occupational
categories (OECD 2017; Antoni et al. 2015 German data). The gap is widened in
managerial and professional occupations (including the bonus gap), in craft and
related trades and in plant and machine operation and assembling (Good Energy
2019). Specific examples in renewable energy include EDF Energy the recompenses
men 31.9% on average more than women, Innogy Renewables 22%, and SSE 22%.
Consultancies active in the sector reported the following: Amec Foster Wheeler
Environment and Infrastructure UK offers wages to men that are 22% higher than
those of women, and Wood Group 16.6% (A Word About Wind 2018).

IRENA identified the multifaceted causes of the gender pay gap in the
renewable energy sector as follows: (1) women’s larger concentration in
lower-paying, non-technical and administrative jobs and junior positions; (2) women’s
comparatively weaker negotiating positions; (3) their tendencies to compromise work
for family obligations, such as parenting and caregiving; (4) the attitudes and values
of employers, and (5) pay discrimination (IRENA 2019a).

Progress on closing the gender pay gap has already been made in Iceland with
public utility Reykjavik Energy, who consciously increased its portion of women in
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management to 49% and in Australia, where the Australian Institute of company
directors provided a deadline to increase boards made up of women by 30% within 3
years to ASX200 companies. This induced a significant positive change, such as with
Energy Australia, where women now occupy half of the 10 seats of board members
after a careful plan implemented by the company (HRM 2019).

4.5. Lack of Awareness on the Needs and Benefits of Gender Diversity

Among the contributing factors to a gender gap in the energy sector is
related to a lack of gender awareness and awareness on what gender diversity
could bring to the table. On an interpersonal level, this lack of awareness can
create unpleasant working environments for women, for example, a culture of
isolation and loneliness. Women working as the “only” woman in the team have
reported significantly worse work experiences than women who work with other
women (McKinsey and Company 2018). Almost two-thirds of women receive regular
microaggressions in business settings. Their judgment in their own area of expertise
is often questioned and they feel under constant pressure to provide proof of their
competence compared to their male colleagues (McKinsey and Company 2018).

An awareness of gender issues is an issue for all men and women stakeholders
and cannot be assumed to happen naturally in an organization, let alone in the entire
industry. Perceptions of inequity are further shaped by gender awareness and bias,
and women are often made more aware than men. In the IRENA study, for example,
60% of men believe that women and men are paid equally, compared to 29% of
women responding (IRENA 2019a). While it is understandable that gender awareness
in the renewables sector is driven by women (IRENA 2019a), efforts should be made
to involve men. Women and men interviewees in the energy sector who had not
been exposed to discriminatory issues themselves often did not know how to identify
and recognize barriers and enablers in the context of their employment and career
progression (GWNET 2020).

To raise gender awareness with buy-ins in an organization is to recognize gender
as a factor in creating a competitive advantage, contributing to the bottom line
and serving as a force for economic growth (e.g., World Bank 2006; Goldman
Sachs 2010; MGI 2015). Research indicates that having gender diversity in a
company is linked with greater creativity, innovation and openness. In fact, certain
competencies that women display more often than men, such as higher cognitive,
social, emotional and skills, are expected to be highly valuable to enterprises
(McKinsey and Company 2018).
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Investing in gender-inclusive recruitment processes and policies can be justified
through a compelling business case or a cost-benefit analysis. By investing in a
system for the recruitment and advancement of the best person for the job without
the influence of gender bias, the benefits will likely outweigh the costs. In the ILO
report on a business case for gender diversity, 57 % of companies surveyed globally
agreed that gender diversity initiatives improve business outcomes (ILO 2019).
The challenge might lie in ensuring buy-in within the organizational structure
through quantifiable measures indicating projected benefits of diversity, such as
improvements in profitability and productivity, company image and reputation,
ability to attract and retain talent, creativity, innovation and ability to understand
consumer needs and interests (ILO 2019).

4.6. Lack of Data and Measurement

Gender gaps in the renewable energy workforce and supply chain are less likely
to be taken seriously, unless there are clear data to support necessary adjustments.
There is not currently a wide range of gender-disaggregated data available for the
whole energy sector, let alone for subsector-specific studies. In most employment
data, specific information on the participation of both sexes is not generally included
(World Bank 2013). In many countries, adding a gender metric to employment data
and constituent subsectors would be an additional burden.

Restricted data on the level and nature of women’s employment pose a multi-fold
challenge to addressing gender diversity in the energy transition (Baruah 2016). Short
of having gender as a data point in the collection of information about the renewables
workforce and its supply chain, analyses of the energy transition will be incomplete
or misleading in multiple ways. For example, without gender-disaggregated
data, current employment practices will continue to limit opportunities for women
(e.g., Rivera 2015). When gender-sensitive methodologies for data collection and
research design are not applied, scientific progress will be developed without reference
to women’s needs. Overall, when gender biases and disparities are perceived as
business as usual, policies and initiatives on the energy transition are less likely to
integrate a serious consideration of gender.

In recent years, non-governmental organizations (NGOs) and the private sector
have increasingly explored the gender issue in the energy sector of developing
countries (World Bank 2013). Some renewable energy companies are taking the lead
in providing opportunities for women. Statkraft, a generator of renewable energy, has
provided employment opportunities specifically for women in Peru and set the clear
targets of developing gender diversity to have 40% top management positions filled by
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women (Statkraft 2015, 2018). Fortum, a renewable energy supplier, has been elected
among top 100 companies for gender equality (Equileap 2019). Siemens Gamesa,
a wind turbine manufacturer, is part of the United Nations initiative Women’s
Empowerment Principles: “a community of companies committed to making a
difference for women in the workplace, marketplace and community, accelerating the
global momentum toward gender equality in the workplace” (Siemens Gamesa 2020).
These initiatives are mainly undertaken by a few relatively large publicly listed
companies, which are perhaps more under the scrutiny of the public eye and
incentivized by the likes of Bloomberg (Bloomberg Gender-Equality Index (GEI)).

5. Conclusions and Recommendations

We attempted, in this study, to demonstrate that gender equity and its various
approximations (equality, diversity, inclusion, parity) are not simply an ethical or
fairness issue but an economic issue. Gender diversity is compatible with economic
growth when the deficits and benefits of gender parity influence the agenda and
outcome of inclusive growth.

It is no secret that women’s increased workforce participation in the last decade
is a key contributor to economic growth. Closing the employment gap would further
increase a significant positive impact on the development of economies and would
increase GDP in the Eurozone by 13%, for example. Once employment parity is
in place, global GDP should grow to USD 12 trillion, resulting in a 26% increase
in global annual GDP or USD 28 trillion by 2025 (MGI 2015). The lack thereof has
tremendous economic costs and, thus, underlines the need for diversity. Women’s
limited access to employment in certain regions (such as in Asia and the Pacific) has
been reported to cause a loss equivalent to USD 42 to 47 billion in GDP each year
(WEF 2015).

A gender-inclusive energy transition will require, at the very least, indicators
which measure progress beyond GDP towards addressing inequalities and tackling
barriers which result in those inequalities. This will require an alternative economic
theory which embraces equality and diversity as an integral, if not essential, part of
economic growth. Theories such as “gender equality as smart economic”, one which
constructs women as entrepreneurs and a fundamental source of future business
growth (World Bank 2006; Goldman Sachs 2010), might be worth exploring for the
energy transition. As the renewables sector sees a growing share of women entering
through trade, financial and business services, a framework which can broadly
integrate and empower them to compete effectively in the sector’s workforce is of
great urgency.
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It is unfortunate to find key targets and indicators under SDG 8, except for
Target 8.5, fundamentally at odds with gender equality. As the rationale for pursuing
diversity and inclusion is not reflected in SDG 8 main targets, there is no incentive at
the national level to ensure that women are accounted for in the energy transition. It
is unclear how women can be empowered to participate effectively and grow more
innovative and competitive in the renewables workforce and its economy. This is a
missed opportunity.

It is crucial, in our view, that gender diversity be taken seriously at the
management level among energy companies. Given that the employment gap
between men and women across the globe is estimated to be around 27% and in
Europe at 12%, there is much to overcome for the renewables sector to take a leap for
change. As the renewables workforce is portraying itself as young, technologically
savvy and progressive, the sector will be pressured to close the gender gap. Given
that gender parity will likely not be realized within the next 100 years (WEF 2019), the
industry should be proactive at the forefront of bridging a gender gap as much as it is
seeking more sustainable energy sources as an alternative to fossil fuel (Eurostat 2017).

The most important first steps involve collecting gender information and
setting concrete gender targets and measurements. Companies should invest in
value creation and promote gender equality as a business/economic issue and
recognize the return on investment (ROI) benefit for companies to take gender targets
seriously. Gender indicators could be part of a financial target for companies. At the
organizational level, the awareness of the social and cultural benefits of gender
diversity and the consequences of exclusion should be incorporated into companies’
key performance indicators (KPIs), involve both women and men and be integrated
and measured wherever possible. Institutional policies should be put in place to
recruit female talents, promote an inclusive team culture, and tackle gender biases in
order to encourage women to stay in their jobs. There can be no inclusive growth if
workforces lack diversity.
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