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Abstract

The United Nations’ Sustainable Development Goals (SDGs) 5, 7, and 8 aim to achieve gen-
der equality for women, ensure affordable and sustainable energy, and promote economic
growth and decent work for all, respectively. However, women remain underrepresented
within the sustainable energy sector and lack decent employment opportunities. This study
aimed to identify existing research trends on women in the renewable energy sector within
G20 nations. Using a bibliometric analysis, the study examined scholarly trends related
to the representation of women in the renewable energy sector within G20 countries. The
objective was to answer the research question: What are the trends and patterns of publica-
tions on research about women in the renewable energy sector within G20 countries? The
Scopus database and VOSviewer were utilised to gather and analyse the data. The initial
search yielded 551 records, of which 287 documents were retained following the screening
process. Using VOSviewer, 3 distinct clusters were identified. The findings from this study
indicate a notable surge in scholarly output in 2023, followed by the highest volume of
publications recorded in 2024. Additionally, the study examined the literature concerning
leading authors, institutional affiliations, funding sponsors, and keyword co-occurrence.
The study highlights the need for G20 countries that are still lagging in research output
to conduct a needs analysis for research with great potential to align with global strategic
priorities. The study was limited to G20 countries; future studies should broaden the scope
by including exempted countries.

Keywords: women; renewable energy; green energy; clean energy; G20 countries; sustainable
development

1. Introduction

The United Nations’ 17 Sustainable Development Goals (SDGs) aim to fulfil the human
rights of everyone and to promote gender equality and empower all women and girls
(United Nations, 2015). Women's participation in the sustainable energy sector is crucial for
advancing SDG 5 (gender equality and women’s empowerment), SDG 7 (which emphasises
affordable and clean energy), and SDG 8 (focuses on decent work and economic growth).
However, women remain underrepresented in the renewable energy sector. For instance,
in South Africa, women represent only 14% of the energy workforce (Nagel & Lebrun,
2022). There is limited evidence regarding the number of women in the renewable energy
sector within G20 nations; however, IRENA (2019) indicates that women account for only
32% of the renewable energy sector globally. This limited representation of women in the
energy sector highlights ongoing structural barriers, illustrating the lost opportunities to
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stimulate innovation, enhance equity, and promote sustainable development (Allen et al.,
2019; Baruah, 2016). Most studies on renewable energy focus on technology, economics, or
policy, often overlooking the social dimension of gender inclusion. Furthermore, there is
a limited understanding of how gender equality intersects with clean energy, leadership
opportunities, and innovation ecosystems. This gap reflects not only a lack of data but
also a broader neglect of the human stories, aspirations, and systemic barriers that shape
women’s participation in the renewable energy landscape. Renewable energy is a vital
component of the energy sector, driven by the need to reduce carbon emissions and mitigate
climate change, prompting global policy frameworks that support its adoption (Nsude
et al., 2024). G20, as a premier international platform for fostering global collaboration and
shaping economic policy decisions (Mishra & Manhas, 2023), can play a pivotal role in
driving the energy transition towards cleaner sources while ensuring gender equity.

2. Literature Review

Dependence on fossil fuels for energy is not sustainable (Allison et al., 2019), while in-
sufficient infrastructure development and heavy reliance on fossil fuels hinder the progress
of renewable energy (Badi et al., 2023). Dependence on fossil fuels hinders the United
Nations’ sustainable development goals and exacerbates the gender disparities within the
renewable energy sector.

As a strategic response to reduce dependence on fossil fuels, the adoption of renewable
energy presents a viable and sustainable solution. Renewable energy refers to energy
derived from natural sources such as sunlight, wind, rain, tides and geothermal heat (El
Bassan, 2021). Sustainable Development Goal 7 of the United Nations aims to “ensure
access to affordable, reliable, sustainable and modern energy for all” (United Nations,
2015). Even though some developed nations have achieved reductions in greenhouse gas
emissions, global greenhouse gas concentrations reached unprecedented levels in 2022, and
preliminary data from 2023 suggest that this upward trend has persisted (United Nations,
2024). This highlights the need for urgent intervention.

Since 2015, the global renewable energy sector has experienced significant growth. By
2017, jobs in renewable energy surpassed 10 million, marking a 5.3% increase from the
previous year (IRENA, 2018). In the G20, China, Brazil, the United States, India, Germany,
and Japan have remained the largest employers in the global renewable energy sector,
together representing over 70 per cent of renewable energy jobs (IRENA, 2018).

Brazil stands out as a leader in renewable electricity production among G20 nations.
In 2023, 89% of its total electricity came from renewable sources. These figures greatly
exceed all other G20 members and nearly triple the global average of 30%. Canada ranked
second in terms of renewable energy utilisation, with renewables accounting for 61% of its
total energy production. Germany followed closely, achieving a 62% share of renewable
energy. In contrast, countries with the lowest proportions of renewable energy output were
Saudi Arabia and South Korea. Notably, South Africa also exhibited a concerningly low
share of renewables, with only 13% of its energy derived from renewable sources. Nearly
half of the G20 countries, including the G20 average, fell short of this global benchmark
(Ember, 2024). This underscores the necessity for nations with lower renewable output
to enhance their production. For instance, while Saudi Arabia generates a significantly
small amount of renewable energy, the country has outlined ambitious plans to augment
renewable energy capacity by 57.8 GW by 2030 (Al-Ismail et al., 2023).

G20 countries account for 80% of the world’s energy use and are responsible for more
than 80% of global CO, emissions linked to energy (IRENA, 2025). These countries play
a vital role in promoting the use of renewable energy and improving energy efficiency
worldwide (Paramati et al., 2017).
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During the 2014 summit in Brisbane, Australia, G20 leaders pledged to reduce the
gender gap in labour force participation by 25% by 2025 (referred to as 25 by 25) (ILO &
OECD, 2019). While some G20 members have made significant progress, others are falling
behind, with some even going backwards (UNDP & OECD, 2019). By 2022, twelve G20
economies had achieved a reduction in the gender gap falling within half a percentage
point of reaching the 25 by 25 target (Harris, 2024). However, women’s participation in the
renewable energy sector remains lower than in other economic sectors requiring similar
levels of education and experience (Allison et al., 2019). Women still face numerous barriers,
such lack of skills, intricate administrative processes, and discrimination from financiers
who perceive funding a woman-led business as a risky venture (Gbetchi & Perrigot, 2025).
Women without young dependents tend to have a higher labour participation rate than
those with minors (Nagel & Lebrun, 2022).

As the energy industry transitions from fossil fuel reliance to efficient, renewable-based
models, new possibilities for a more inclusive workforce are emerging. However, women'’s
participation in the energy sector has not been systematically addressed (Pearl-Martinez &
Stephens, 2016). Despite recent initiatives aimed at boosting women’s involvement, this
sector remains one of the most gender-imbalanced globally. Women represent 32% of the
workforce in the renewable energy sector worldwide (IRENA, 2019). A study by Arias et al.
(2023) on Latin American companies indicates that renewable energy firms with a higher
labour-to-capital ratio tend to employ more women.

Women remain underrepresented in leadership positions within the energy sector. The
average representation of women in leadership is just 17.6%, with solar energy at 25.2%,
wind power at 25.6%, and hydropower at 19.3%.

Numerous constraints obstruct women’s entry and advancement in this sector. For in-
stance, issues such as walkability and access to essential services like childcare, pharmacies,
and grocery stores limit women'’s participation in the workforce, particularly in the renew-
able energy sector (Mayen Huerta et al., 2025). Other obstacles include family obligations,
caregiving, stereotyping (Alobaid et al., 2020; Clancy & Feenstra, 2019; ILO & OECD, 2024),
and limited access to information about technologies, financial constraints, and specific so-
ciodemographic factors (Pefialoza et al., 2022), leading to limited career advancement. Lack
of adequate maternity benefits poses another challenge faced by women (ILO & OECD,
2024). These existing issues lead to complex difficulties that impede women’s complete
involvement in the energy sector (Owusu-Manu et al., 2022).

The upcoming section explores the obstacles that hinder women’s participation in the
energy sector.

e  Lack of gender policies in companies

A gender-aware policy is developed through processes that include both men and
women, ensuring equal participation opportunities (ENERGIA, 2020). Research on Latin
American nations revealed that 68% of companies do not have gender policies (Arias
et al., 2023). For women to fully benefit from renewable energy initiatives, broader socially
progressive policies must be in place (Baruah, 2016). Access to modern energy improves
the economic performance of women-owned businesses, which in turn contributes to their
overall economic empowerment (ENERGIA, 2020). Access for women in the renewable
energy sector can be greatly improved with the introduction of wider socially progressive
policies (Baruah, 2016, p. 3). A study by Bansal and D"Agosti (2024) indicated that a one
percentage point increase in women’s participation in the legislature correlates with a
1.54 percentage point rise in renewable energy production. Women'’s representation in
parliament over five years has a measurable effect on the growth of renewable energy
within that timeframe (Salamon, 2023). This highlights the need to enhance women'’s
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representation in leadership and policy-making roles to strengthen their impact on crucial
matters like sustainable energy development.

e  Socio-cultural barriers

Socio-cultural perceptions of gender restrict women'’s access to technical careers, particu-
larly in the renewable energy sector, impeding their professional growth (Allison et al., 2019).
Cultural norms often assign men the role of primary earners, while women are mainly seen
as caregivers within family settings (Cooke & Xiao, 2020). Women are frequently viewed as
unmotivated and hesitant to pursue leadership positions, a perspective that fails to recognise
the effects of gender-based social structures in cooperatives (Karakislak et al., 2023). This
perception limits women’s chances of entering technical fields.

e Limited access to financial resources

Many women from low-income backgrounds are attracted to the energy sector for its
income-generating potential; however, they have a strong aversion to financial risk and are
likely to participate only in income opportunities that do not require them to go into debt
(Baruah, 2016). This aversion to risk is not solely a personal trait but reflects systemic in-
equalities that limit women’s financial autonomy. Karakislak et al. (2023) further emphasise
this point by identifying two structural constraints: restricted access to financial capital and
a lack of awareness about available opportunities. These obstacles are deeply intertwined
with broader socio-economic systems that disproportionately impact women, especially
those from marginalised communities. To ensure women's participation increases, targeted
interventions are needed to mitigate financial risk, enhance access to funding sources, and
improve information dissemination. Decision makers should implement mentorship and
diversity programs that empower more women to take on leadership roles, fostering a
more inclusive and equitable transition for everyone (Karakislak et al., 2023).

e  Psychological barriers

Psychological barriers impede women’s entry into and participation in the energy
sector, ultimately stifling innovation and sustainable development in the industry. These
issues are often subtle yet pervasive, manifesting as internalised attitudes, societal norms,
and deep-rooted biases that hinder women'’s ambitions, self-confidence, and professional
advancement in the field (Allen et al., 2019). Furthermore, women’s internal doubts and
insecurities regarding their abilities, alongside feelings of loneliness and isolation, as well
as difficulties in managing risk and the absence of role models, contribute to these barriers
(Mahajan & Bandyopadhyay, 2021).

e  Underestimation of women'’s leadership capabilities in technical roles

Women'’s leadership is crucial for shaping innovative strategies essential for trans-
forming energy systems (Allen et al., 2019). However, their representation in leadership
roles within renewable energy cooperatives remains low (Karakislak et al., 2023). Despite
receiving training in building, installing, and repairing technology, women often struggle
to find stable employment in their fields, mainly relying on short-term contracts from
non-profits and government agencies (Baruah, 2016). While larger renewable energy firms
tend to hire more women, they predominantly fill non-technical roles. There is a persis-
tent gender gap: women hold 24% of executive positions and 22% of management roles
(Arias et al., 2023), yet only 6% occupy technical positions (Baruah, 2016). To address
these obstacles, mentorship and diversity initiatives should be implemented to empower
more women in leadership roles, fostering an inclusive transition for all stakeholders
(Karakislak et al., 2023).

Several empirical studies have examined gender mainstreaming in developing coun-
tries, yet the majority have concentrated on sectors such as mainstream services, banking,
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education, and sports, resulting in a notable scarcity of research specifically addressing
the energy sector (Owusu-Manu et al., 2022). For example, Altuzarra et al. (2021), Bertay
et al. (2025), Chen et al. (2023), Gok and Gok (2023), Tandrayen-Ragoobur and Gokulsing
(2022), Ong et al. (2020), Schaillée et al. (2021), Ozaydin (2022). The underrepresentation of
women in the renewable energy sector poses a challenge globally and within G20 countries;
yet there is a notable scarcity of research addressing women in this sector. To the best of the
researchers’ knowledge, no bibliometric study examining the role of women in the renew-
able energy sector among G20 countries has yet been conducted. It is in this regard that
the present study sought to address this gap by exploring the research question: What are
the trends and patterns of publications on research about women in the renewable energy
sector within G20 countries? Exposing these trends is vital in assisting decision makers to
injtiate interventions contributing to research into the SDGs 5, 7, and 8, particularly within
the G20 nations.

3. Materials and Methods

This study used a bibliometric analysis, a method that incorporates both quantitative
and qualitative aspects of literature (Baker et al., 2020). A bibliometric analysis was con-
ducted to examine scholarly discussions regarding women'’s participation in renewable
energy within G20 nations. This analysis systematically processes large volumes of schol-
arly information by identifying patterns, conceptual frameworks, and significant trends
within a specific research domain (Passas, 2024). Pertinent documents were collected from
the Scopus database, because it is the largest database of peer-reviewed literature, and
it is owned by Elsevier. Furthermore, the choice of Scopus stems from its ability to limit
its coverage to high-quality peer-reviewed journals, ensuring the publications undergo a
rigorous evaluation process to provide quality scholarly literature (Azman et al., 2024) with
comprehensive analysis. This study only used one research database. Several researchers
rely on a single database because of the inability to integrate results from various sources
(Bagdi et al., 2023). Scopus was selected for this study because it is a curated, high-quality
database guided by a rigorous process (Baas et al., 2020). Furthermore, Scopus primarily
offers a wide range of scientific publications, encompassing an extensive spectrum of schol-
arly information (Maulana et al., 2024). The data was analysed using VOSviewer software
version 1.6.20 chosen for its ability to handle large datasets and create high-quality visual
representations of network structures within bibliometric data (Bukar et al., 2023). Using
VOSviewer with a minimum occurrence threshold set to 5, a co-occurrence analysis was
performed, resulting in three distinct thematic clusters.

Prisma Flow Diagram

Flow diagrams in evidence synthesis assist readers to quickly grasp the essential
methods employed in a review and analyze the attrition of irrelevant records during the
review process (Haddaway et al., 2022). Using a Prisma flow diagram, this section details
how relevant documents used in the study were sourced.

The PRISMA flow diagram as per Figure 1 illustrates the articles selected for the
bibliometric analysis. The process followed from PRISMA Flow diagram for screening,
eligibility and inclusion was systematically applied to ensure the process was both transpar-
ent and replicable. The Scopus database was utilised to gather relevant articles. The initial
search string combined the keywords as TITLE-ABS-KEY (“women” AND “renewable
energy” OR “Green Energy” OR “Clean Energy”), resulting in 551 records. The structure
of the search string is in line with other similar studies. For example, Seminario-Cérdova
and Rojas-Ortega (2023), Bagdi et al. (2023), Mohamad and Ab-Rahim (2025). The initial
documents obtained only included documents that were published from 2015 to 2025.
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The start year corresponds with the announcement of the United Nations” Sustainable
Development Goals (SDGs). To narrow the selection, the study utilised the inclusion and
exclusion criteria shown on the PRISMA flow diagram below. Following the screening
process, a total of 287 documents were included for analysis, as shown in Figure 1.

Identification of studies via the Scopus database

Records identified from Scopus:
Database (n = 551)

Records removed before screening
Records excluded on the basis

of being non-English =61
Records excluded on the basis
of non G20 countries =129

l

Records screened
(n=2361)

Records excluded

Records excluded on the basis
of non-article type =32
Record excluded on the basis

of non-key words found =18

Reports assessed for eligibility
(n=311)

Records excluded

Reason 1: Key word only

Appeared on abstract =4

Reason 2: Not within the scope

of the study and included documents
A 4

Studies included in review

(n=287)

not in G20 countries =20

Figure 1. Prisma flow diagram.

4. Results and Discussion

A bibliometric analysis was conducted using the Scopus database along with
VOSviewer software to systematically explore and visualise academic literature on women
and renewable energy.

4.1. Documents Published per Year

The United Nations Sustainable Development Goals (SDGs) were formally adopted in
2015, representing a global commitment to inclusive and sustainable development (United
Nations, 2015). In line with the timeframe of these goals, this study limited its analysis
to literature published from 2015 to 2025. According to data retrieved from the Scopus
database (Figure 2), the volume of publications began to rise in 2023, reaching its peak
in 2024 with a total of 55 relevant documents. In contrast, 2016 saw the lowest output in
publications during this period.
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Documents by year
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Figure 2. Documents by year.

These results highlight significant growth in scholarly output in the subject of women
and renewable energy over recent years.

4.2. Documents Published per Country

The number of documents published by each country is also presented, as shown
in Figure 3 below. India emerged as the leader in research output, producing a total of
66 published documents. The United States and the United Kingdom followed with 63 and
51 publications, respectively. The top ten countries in terms of research output, ranked in
descending order, included India, the United States, the United Kingdom, China, Canada,
South Africa, Germany, Italy, Indonesia, and Australia.

Documents by country or territory

Compare the document counts for up to 15 countries/territories.
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Figure 3. Documents by country.
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These rankinks per county highligh the significant contributions of these countries
to the research field, reflecting their active investment in scholarly outputs. Furthermore,
providing these results adds valuable insights on the research trends in academic literature.

4.3. Documents Published by Author

This section presents an overview of publication activity among authors who con-
tributed to women and renewable energy between 2015 and 2025 as depicted in Figure 4.

Documents by author
ICompare the document counts for up to 15 authors.

Borch, 5. |
e |
T

Musango, 1 K. - |
Pope, . |

Puzzolo,E. |

Rahut, D.5. |

stondol, .

Zong, D. I
Aamacs, 3. [N
0 05 1 LS 2 25 3 3.5 4 45 5 55
Documents

Figure 4. Documents by author.

The study results revealed that Baruah authored a total of 5 documents contributing
to women and renewable energy among the G20 nations. Following Baruah, eight other au-
thors each contributed three publications, making their contributions equal. These authors
include Li, Liu, Musango, Pope, Puzzolo, Rahut, Standal, and Zang.

The distribution of authorship underscores both the depth of individual engagement
and the collective advancement of research in this field.

4.4. Documents by Affiliation

As shown in Figure 5 below, with regard to the analysis of research output categorised
by institutional affiliation, both the University of Cape Town in South Africa and Western
University in Canada each produced six documents, placing them among the top ten
leaders. Following them, the Indian Institute of Technology Kharagpur authored a total of
four documents. The Indian Institute of Technology Bombay, Peking University, Central
South University, the University of Oxford, Sichuan Agricultural University, and Huazhong
Agricultural University each contributed four published works as well. Among the top ten
institutions, the University of East Anglia ranked last, with three documents published.

Overall these findings indicate that research on women and renewable energy is
endorsed by a diverse number of institutions. A broad international commitment to re-
search in this field is highlighted by the distribution of outputs among institutions from
various nations.
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Documents by affiliation

Compare the document counts for up to 15 affiliations.

University of Cape Town

Western University

Indian Institute of Technology Khara...
Indian Institute of Technology Bomb...
Peking University

Central South University

University of Oxford

Sichuan Agricultural University

Huazhong Agricultural University

University of East Anglia

o
—
r

3

o+
v
a
~

Documents

Figure 5. Documents by affiliation.

4.5. Documents by Funding Sponsor

Figure 6 below presents a comparative overview of the contribution of various funding
agencies to the body of scholarly documents analysed. The figure highlights the top ten
funding sponsors based on the number of documents attributed to each. The National Nat-
ural Science Foundation of China led the funding efforts, supporting 15 projects. Following
closely were UK Research and Innovation, with 13 projects and the Ministry of Science and
Technology of the People’s Republic of China, which funded 12 projects. The European
Commission contributed to seven projects, while the National Office for Philosophy and
Social Sciences backed six. Among the top ten funding bodies, the Engineering and Physical
Sciences Research Council, the Japan Society for the Promotion of Science, and the Ministry
of New and Renewable Energy in India each sponsored the fewest projects, with a total of
four projects supported per organisation.

Documents by funding sponsor

Compare the document counts for up to 15 funding sponsors.

National Natural Science Foundatio...
UK Research and Innovation

Ministry of Science and Technology o...
European Commission

Horizon 2020 Framework Programme
National Office for Philosophy and S...
Engineering and Physical Sciences R...
Horizon 2020

Japan Society for the Promotion of ...

Ministry of New and Renewable Ener...

(=]
(=]
o
(=4}

8

,_.
=
]
—
F-9

16

Documents

Figure 6. Documents by funding sponsor.
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The results indicate the National Natural Science Foundation’s strongest commitment
to supporting research on women and renewable energy, with UK Research and innovation
following as the next significant contributor. While these two sponsors lead, the contri-
bution of other funding bodies is also evident, highlighting a broader support base for
research in the field.

4.6. Keyword Co-Occurrence Analysis

This section examines the rate of occurrence of keywords within the dataset. The
discussion clarifies the conceptual emphasis of the literature. The keyword occurrence
depicted in Figure 7 below shows the synthesis of keyword occurrences and the focused
areas derived from VosViewer with minimum occurrence threshold = 5. In order to reduce
the number of terms with the same meaning, but different spelling or substitutes of the
same word, a thesaurus file was applied.
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Figure 7. Co-occurrence diagram.

Labels written differently, for instance, “entrepreneur” and “entrepreneurs”, were
merged into “entrepreneurship”. Furthermore, labels with synonyms of “renewable en-
ergies”, “renewable energy resources”, “renewable energy source”, “renewable energy
technologies” and “renewable resourcemicro enterprise”, were merged into the “renewable
energy” label. Furthermore the words “women’s empowerment”, “women’s health” and
“womens employment” were merged into “women empowerment”. Labels “air pollu-

/a7

tion”, “atmospheric pollution” and “indoor air quality” were merged into “air pollution”;
“biofuels”, “biogas”, “biomass” and “biomass power” were merged into “bio energy”; “de-
veloping country”, and “developing world” into developing countries. The final network
visualization is presented in Figure 7. From Figure 7, a keyword has a greater weight than
another, and its label and bubble are bigger than a keyword with lower weight. Therefore,
bigger bubbles indicate a keyword with a higher number of occurrences in the publications,

with renewable energy containing the highest.
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4.6.1. Red Cluster: Renewable Energy and Gender Empowerment

The red cluster, dominated by terms such as renewable energy, alternative energy,
gender, women’s empowerment, and energy policy, underscores the intersection of clean
energy development with gender equality and sustainable development goals (SDGs).
This thematic area reflects the growing body of research emphasising how renewable
energy technologies can contribute to enhancing the socioeconomic conditions of women,
particularly in rural and under-resourced regions (IRENA, 2019). The co-occurrence of
terms like solar power, energy access, and empowerment suggests that decentralised energy
systems (e.g., solar home systems and mini-grids) are recognised as enablers of women’'s
entrepreneurship, education, and healthcare access.

Furthermore, the visibility of keywords such as decision making, gender disparity, and
technology highlights the discourse around structural limitations on women’s agency in
energy governance (Sovacool et al., 2020). Scholars argue that policy frameworks often lack
gender-sensitive approaches, despite empirical evidence showing that involving women
in energy-related decision-making enhances sustainability outcomes (Cecelski, 2005). The
proximity of SDG, climate change, and sustainability in this cluster illustrates the alignment
of clean energy transitions with global development agendas.

4.6.2. Green Cluster: Environmental Policy and Economic Development

The green cluster represents a policy-oriented and ecological thematic area. It includes
keywords like climate change, fossil fuels, economic development, policy, emission control,
and public policy. The frequent co-occurrence of developing countries, energy use, and
poverty within this cluster reflects ongoing scholarly efforts to explore how national and in-
ternational energy policies influence environmental outcomes and development indicators
in the Global South (IEA, 2021).

The presence of fossil fuels and carbon dioxide near renewable energy in this network
suggests a comparative discourse that evaluates the trade-offs between traditional and
alternative energy systems. Moreover, keywords such as education, perception, and in-
come highlight the role of social and economic determinants in shaping energy transitions.
Scholars have increasingly emphasised the importance of inclusive public policies that inte-
grate environmental protection with poverty alleviation and rural development strategies
(Ockwell & Byrne, 2016). Furthermore, the cluster indicates a strong link between energy
access and rural development, highlighting the need for interdisciplinary research that
explores financing models, local institutions, and socio-cultural acceptance of new energy
technologies (Rahut et al., 2017).

4.6.3. Blue Cluster: Public Health and Household Impacts

The blue cluster is centred on humans, female, pollution, health risk, and cooking, with
satellite terms such as household, indoor air, particulate matter, and rural population. This
cluster reflects biomedical and public health research focusing on the health implications of
traditional biomass energy use, particularly indoor air pollution from cooking and heating
fuels (Smith et al., 2013).

Women and children are disproportionately affected by the adverse health effects
of indoor air pollution due to their prolonged exposure during household chores. The
co-occurrence of terms like women's health, health impact, fuel consumption, and cooking
appliance underscores the necessity of clean cooking solutions as both a health and gender
equity issue (WHO, 2023). This cluster also reveals the interdisciplinary nature of this
research, bridging clinical, environmental, and gendered approaches to energy access. This
positions renewable energy not only as a tool for sustainable development but also as
a vital public health intervention. Some of the research area opportunities that need to
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be investigated include longitudinal studies that quantify the health co-benefits of clean
energy transitions, as well as integrative analyses that connect energy policy interventions
with epidemiological outcomes.

The keyword co-occurrence analysis in the study revealed how scholarly attention to
women in the renewable energy sector within G20 countries is clustered around themes
of gender empowerment, sustainable policy, and social equity. The first cluster, domi-
nated by terms such as gender, empowerment, and energy policy, illustrates the growing
recognition of women as central actors in energy transitions. This reflects a global shift
towards gender-responsive energy governance, as studies show that women’s inclusion
enhances innovation and policy legitimacy (Clancy & Feenstra, 2019). The second cluster,
encompassing keywords like climate change, economic development, and poverty, con-
nects women’s empowerment to the wider sustainability agenda. Research across G20
nations demonstrates that women’s access to renewable energy contributes to poverty re-
duction and inclusive economic growth (UNDP, 2022). The third cluster, centred on female,
pollution, and household energy, highlights how gendered energy poverty and health
burdens remain persistent, particularly in developing G20 economies such as India and
South Africa (Oparaocha & Dutta, 2011; WHO, 2023). Collectively, these clusters illustrate
that the discourse on women and renewable energy within G20 countries is multifaceted,
bridging empowerment, environmental policy, and public health. However, the literature
remains fragmented, underscoring the need for integrated frameworks that connect policy,
practice, and lived experiences. The findings reaffirm that empowering women in renew-
able energy is both a moral imperative and a strategic necessity for achieving sustainable
development and equitable growth (Pearl-Martinez & Stephens, 2016; United Nations,
2023). While the three clusters from the keyword co-occurrence capture distinct aspects of
renewable energy research, there are notable research gaps; Cluster one and three show
that there is a lack of integration between macro-level policy analysis (cluster one) and
the health outcomes emphasised in cluster three. This, therefore, indicates that there is an
opportunity to conduct research on the cross-disciplinary work that evaluates how policy
frameworks translate into measurable public health improvements. The clusters show that
entrepreneurship and innovation remain underexplored in renewable energy among G20
countries, despite their importance in scaling renewable solutions.

5. Conclusions

The objective of this study was to examine the trends and publication patterns related
to research on women in the renewable energy sector within G20 countries. The findings
highlighted the distribution of research outputs per author, affiliated institution, the funding
sponsors and the countries, and further included keyword co-occurrence analysis to identify
thematic relationships within the field. Furthermore, the study concludes that women
remain underrepresented in renewable energy research and practice across the G20, but the
growing academic attention signals opportunities to reframe energy transitions through
a gender-responsive lens. Findings from this study highlight the need for G20 countries
to execute swift measures to achieve the sustainable development goals, particularly SD5
(gender equality & women empowerment), SD7 (affordable & clean energy) and SD8
(decent work & economic growth). G20 countries that are still lagging should conduct a
needs analysis for research with great potential to align with global strategic priorities.
Furthermore, policymakers are encouraged to implement more inclusive gender equity
policies aimed at addressing gender disparities, especially in legislative and decision-
making roles. To further advance gender inclusion, decision makers should initiate outreach
programs aimed at raising awareness within communities about social and cultural biases
limiting women from taking on technical and leadership roles in the renewable energy
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sector. Simultaneously, efforts should be made for women to access financial resources
through the adoption of gender responsive economic policies.

6. Limitations and Future Research

This study presents several limitations. First, although Scopus provides a robust
database of quality data, it does not encompass all journals or publications, which means
that some significant contributions may have been overlooked. Second, the study would
have benefited from an inclusion of a table with annual country counts; however it has
not been included in this study. Additionally, the search was restricted to publications
available exclusively in the English language. Lastly, this study focused exclusively on
G20 member nations, thereby excluding other countries whose contributions could have
potentially enriched the findings and provided valuable insights to the study.

Future research could incorporate documents published in other languages to min-
imise bias and extend the geographical scope by including countries not examined in this
study, thereby offering a more comprehensive overview of the existing literature.
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