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ABSTRACT

This thesis expands on why there are different levels of political participation in sub-Saharan
Africa. Specifically, | propose that environmental policy, specifically renewable energy policy,
impacts gender differently and that those impacts are economic and political and can vary by
region and country. To explore this concept, | utilize political, economic, and environmental data
collected between 2010 and 2020 within the forty-eight countries of the sub-Sahara African
region. | propose that the presence of renewable energy programs contributes to different levels
of political participation in sub-Sahara Africa. | hypothesize that the presence of renewable
energy programs leads to greater female economic and political participation. Secondly, | argue
that greater female economic participation leads to greater political participation. While the
models in my analysis do not find statistical evidence for a causal relationship between
renewable energy and greater female economic and political participation, a qualitative analysis
of Nigeria and Cote d’Ivoire reveals that there are sociocultural factors to women benefitting
from renewable energy programs. The study ends with recommendations on future analyses of
the relationship between renewable energy and women, and how this may impact domestic and
international policies moving forward.
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Chapter 1

Introduction

My thesis asks the primary question: what impacts different rates of political and
economic participation among women in sub-Saharan African countries? | seek to explore how
female economic and political participation rates among women in sub-Saharan African
countries are impacted because of environmental policies, particularly renewable energy policies
such as the implementation of solar farms and hydropower farms.

In an era of ongoing research into the impacts of climate change mitigation policies, my
thesis topic presents an opportunity to discuss the socioeconomic impacts of climate change
policy on women, particularly within formal political and economic institutions. First, there are
social challenges within the energy sector as the division of labor along gender roles either
hinders or creates access to energy (Ngum et al. 2011, pp. 1-2). This results in women and girls
having different energy needs than their male counterparts, adding to their general displacement
of access to natural resources such as land, information about formal institutions, and
participation in formal political and economic institutions while also failing to meet their energy
needs (Ngum 2011, pp. 2-4). Additionally, women are directly impacted by the effects of climate
change at rates that are disproportionate to those of men, yet the gendered impacts of climate
change on women are not considered as greatly as the impacts of those on men and the field of
environmental policy analysis contains a distinct lack of a female perspective (Osman-Elasha
2019; Bendlin 2014, p. 680). International and subnational organizations such as the African

Union, the African Development Bank Group, and the Organization for Economic Cooperation



and Development recognize that the potential of renewable energy policies on reducing energy
poverty, increasing access to clean cooking methods and improving overall economic
development, but little has been done within the economic sphere to ensure that current and
future environmental policies do not exacerbate existing inequalities nor create new
manifestations of such inequalities (Corfee-Morlot, Parks, Ogunleye and Ayeni 2019, pp. 5-8;
“Facts and Figures: Economic Empowerment” 2018; Diffenbaugh and Marshall 2019, p. 9808).
This is where this thesis steps in: it seeks to understand how environmental policies, specifically
renewable energy policies, impact women’s abilities to participate within their immediate
communities and beyond economically and politically.

Additionally, this study is unique in that it discusses both the economic and political
effects of renewable energy programs on women in developing nations, while a vast majority of
these studies only focus on the economic impacts. While the economic impacts of renewable
energy programs are great, there is still a persistent economic gap between men and women in
developing nations, the focus of many economic development and energy security compilations
(Ferrouki et al. 2018, pp. 26-28). There is also a political participation gap between men and
women in developing nations, especially in positions of leadership, stemming from overall
attitudes towards female participation in economic and political institutions (“Facts and Figures:
Economic Empowerment” 2018; Milazzo and Goldstein 2019, p. 34). The incorporation of an
analysis of whether renewable energy programs substantially impact female economic or
political participation will help to create a more robust understanding of the socioeconomic
impacts of climate policies and how they can be modified to close gender gaps regarding energy

poverty, economic development, and female political participation.
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| am investigating this question using multiple regression models with time-series data to

determine whether the presence of renewable energy programs and their economic outputs
impact female political and economic participation. This will be done through data sourced from
the World Bank World Development Indicators and UN Gender. These models seek to see if
there is a correlation between renewable energy programs and female political and economic
participation and whether these correlations are statistically significant in any form. Additionally,
there will be case studies focusing on select African countries, namely Nigeria and Cote d’Ivoire,
discussing in greater detail the present and future socioeconomic impacts of renewable energy
programs and women’s relationship to energy and how this affects female political and economic
participation. Additionally, as both Nigeria and Cote d’Ivoire are in distinct stages in their
renewable energy transition, the case studies attempt to illustrate the current attempts taken by
African countries to diversify their energy streams and what such strategies look like.

This analysis reaffirms the idea that environmental policies, such as the implementation
of renewable energy, have a socioeconomic and political dimension that must be taken into
consideration when gauging effectiveness. Additionally, the analysis asserts that the
socioeconomic and political impacts are more individualized than previously thought and should
be considered regarding research design moving forward. Overall, the study indicates that there
is evidence for renewable energy shifting gender roles that are further confirmed through formal
institutions, but more work needs to be done to identify under what conditions this relationship

occurs and where.



Chapter 2

Literature Review

At present, the literature encompassing the specific topics of renewable energy programs,
female political participation, and female economic empowerment are few, with the primary
reason being that analysis of environmental policy tends to be centered through an economic lens
with a primary focus on how it affects communities with little regard for impacts facing people
of minority status, particularly women. However, evidence points towards the gendered impacts
of environmental policy and the need for a female perspective within the field of environmental
policy (Osman-Elasha 2019; Bendlin 2014, p. 680). Additionally, there is a large amount of
literature that touches upon the separate topics of environmental policy and renewable energy
impacts, female political participation, and female economic empowerment; there just exists a
need to put it all together.

The purpose of this literature review is to incorporate the various thematic concepts that
appear through the generalized topics of environmental policy, female political participation, and
female economic participation. The literature review will focus on three main thematic concepts
to identify current gaps within the current discussions surrounding environmental policy analysis
and its socioeconomic impacts as well as thread together key concepts that impact the theoretical
basis of the thesis. The three main thematic concepts include women in economic and political

institutions, climate change impact and climate policy, and renewable energy program impact.



Women in Economic and Political Institutions

Climate policy specifically favors traditional patriarchal social structures that unequally
distribute power in the favor of men, which is both reinforced and created through the
arrangement of political institutions (Milazzo and Goldstein 2019, p. 35). The imposition of
these power inequalities makes it difficult for women to participate in formal economic and
political institutions and also hampers the ability of the social, political, and economic impacts of
climate policy (Milazzo and Goldstein 2019, pp. 44-47, p. 55). Current literature states that
women in developing countries primarily are often shut out of formal labor markets, instead
participating in informal labor markets such as subsistence agriculture and manufacturing
(Verick 2014, p. 9). This is supported by Urmee and Md’s 2016 study, which states that social
and cultural attitudes impact the viability of economic and political policy implementation,
highlighting such programs as electrification and renewable energy implementation (Urmee and
Md 2016, pg. 159).

Political participation is also supported through cultural norms, political institutions, and
economic strength (Bullough 2011, p. 398). When viewed through an issues-based lens, it is
even more prevalent that the factors that impact female economic empowerment and
participation in formal labor markets and economic institutions, such as cultural norms, political
structures, and the strength of economic institutions, still impact political participation (Bullough
et al. 2011, pp. 400-402). There is also a relationship between female economic empowerment
and political participation, with evidence stating that lower levels of female economic
participation subsequently lead to greater female underrepresentation in democratic systems

(Iverson and Rosenbluth pp. 486-488). Political and economic systems are impacted by cultural
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norms, creating, and reinforcing norms that could push out specific minority communities, such

as women, out of formal institutions (lverson and Rosenbluth 2008, p. 479).

The need to understand the relationship between women and economic and political
institutions is vital to identify what pre-existing relationship exists to account for how women
interact with the systems because of the imposition of renewable energy programs. Additionally,
the understanding of the interactions between women and economic and political institutions
introduces the role of cultural norms that impact how women are viewed within their community
and how they can participate in formal institutions. The incorporation of this as a major thematic
element of the project allows for a broad understanding of the pre-existing circumstances that
women in developing countries, specifically women in sub-Saharan African countries, are in
politically and economically and can be used to then narrow the scope of analysis to the specific
relationship between renewable energy programs and female political and economic

empowerment.

Renewable Energy Impacts Within Specific Countries

Another area of focus that ties back into the main argument and theory is the impact of
renewable energy programs on individual countries. While these individual case studies focus on
specific countries, they use a form of analysis that is essential for understanding the
socioeconomic and cultural impacts of renewable energy programs on specific countries and how
this can be applied outside.

A major area of focus on renewable energy program impact is India, which contains

similar patriarchal norms (especially in rural areas) that can be applied to the majority of sub-
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Saharan African countries. At present, researchers have found that renewable energy programs

have improved the economic lives of female entrepreneurs, and a government-led push can lead
to renewable energy programs yielding net positive economic impacts for women in rural
communities (Barauh 2015, pp. 55-56, pp. 67-68). In particular, the paper highlights the strong
need for the Indian government to tackle two primary goals: economic development and the
incorporation of women into its formal economic sector (Barauh 2015, p. 58). The overall
socioeconomic improvements related to the implementation of renewable energy programs and a
governmental push to train women, particularly women of lower economic status, led to the
expansion of household activities, increasing household quality of life (Barauh 2015, p. 60).
However, deteriorations regarding women’s subordinate role in the household were noted and
call attention to the differences between political empowerment and economic benefits resulting
from the implementation of renewable energy programs (Barauh 2015, p. 62).

Another major area of focus is China, particularly the communities of Northwest China.
This is primarily due to an overall lack of available energy and the need to turn to renewables to
make up for a lack of available biofuels to sustain rural communities. Within China, researchers
found that improvements in renewable energy structures and greater participation for women in
energy structures improved their available living standards (Ding 2014, pp. 183-184).
Additionally, China maintains its position as a leader in the exportation of renewable energy
programs globally; if such findings can be replicated elsewhere, there will be increased
availability of information on renewable energy programs and their social impacts (Liming 2008,
p. 1102-1103; Peidong et al. 2009, p. 439).

Case studies completed in India and China, developing economies with large populations,

and outsize interest from the international community regarding development in the renewable



energy sphere, provide a basis for renewable energy programs that can be applied to countries
within sub-Sahara Africa. Sub-Saharan African countries have received increased attention in
recent years regarding renewable energy programs, particularly in the economic development
sphere (Deichmann et al. 2011, p. 215). There are two primary reasons for this; the first is that
electrification is a key development challenge for many countries within sub-Sahara Africa and
renewable energy programs provide an opportunity for urban and rural communities to have
sustainable and efficient access to energy within their household and communities (Deichmann
et al. 2011, p. 218). Secondly, renewable energy programs as a form of carbon emission
mitigation policy are increasingly popular among development economists within the developing
world and are encouraged in development plans, including ones for sub-Saharan African
countries (Asongu and Odhiambo 2021, p. 677). As such, there is a growing body of literature
focusing on the socioeconomic impacts of renewable energy programs in sub-Saharan African
countries to measure the effectiveness of these implemented policies. One case study on
renewable energy programs was conducted in Tanzania. While there are clear economic benefits
to renewable energy program implementation, including greater available energy sources and
international recognition for its ability to complete requirements that align with international
energy agreements, there are social costs, such as an overall lack of skilled labor and a lack of
available capital to meet the high initial investment costs (Bishoge et al. 2018, pp. 80-82).
Additionally, while this specific study did not focus on the gendered impacts, it remains that
there are social, political, and economic impacts that are associated with environmental policy
and that it is necessary to account for them.

Another case study focused on renewable energy program implementation and

development in Ghana. Within Ghana, numerous mechanisms spur development within



renewable technologies, including green bonds, asset-backed securities, and feed-tariffs (De-
Graft et al. 2021, p. 322). Many of these mechanisms come from international or national bodies,
such as World Bank investors and the Ghanaian national government and lead to disparate
outcomes among local communities regarding development (De-Graft et al. 2021, p. 330). Such
regulatory costs impact the ability of both rural and urban communities to develop and electrify
efficiently, but continued policies such as its “renewable master plan” hope to improve the
development of its renewable sector to promote socioeconomic development (Sun et al. 2020).
Again, the socioeconomic impacts that are explored are not gendered, but rather urban-rural and
Global North/Global South divides, highlighting how minority communities disproportionately
lack the economic and social benefits of renewable energy programs at varying scales from the
local to the international. As such, the socioeconomic impacts of renewable energy programs
contain multitudes of factors that can impact how communities and specific sectors of people are
impacted by renewable energy programs, particularly in how renewable energy programs interact
with and are impacted by formal economic institutions and political establishments.

A final case study from sub-Sahara Africa that discusses the socioeconomic impacts of
renewable energy programs is from Nigeria and focuses on sustainable energy transitions,
including the socioeconomic impacts of transitioning from biofuels to renewable energy sources.
Dioha and Kumar find that the primary overall energy use is from individual household
consumption, particularly in cooking and heating, and that an urban and rural divide exists in
terms of types of energy consumed, with biofuels primarily consumed in rural communities and
electricity and natural gas consumed in urban communities. With a national and international
push towards the implementation of renewable energy programs, the authors find evidence that

energy demand in rural communities is reduced, and communities become richer, lessening the
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time burden on women and children on resource management and improving their health overall

(Dioha and Kumar 2020, p. 10). Additionally, the models created by the authors indicate that
there is a shift towards more environmentally friendly forms of energy, including clean energies
like solar, that reduce carbon emissions (Dioha and Kumar 2020, p. 11). This case study
indicates how the socioeconomic impacts of renewable energy programs can lead to benefits at
the local and community levels and improve the economic and human development health of
communities. However, this article also spotlights how an urban/rural divide is prevalent within
Nigeria (and likely a reflection of the urban/rural divide present within sub-Saharan African
countries more generally) and contributes to a difference in the socioeconomic impacts of
renewable energy programs.

Case studies such as ones prioritizing Indian and Chinese contexts provide evidence that
the socioeconomic impacts of renewable energy programs are a global phenomenon and not
restricted to specific regions of the world. They also contribute to a theoretical basis of analysis
for renewable energy programs and their impacts in other developing countries, namely sub-
Saharan Africa. The conversation about the case studies related to renewable energy
implementation in countries with varied political and economic systems but similar cultural
backgrounds accentuate how it is the impact of renewable energy programs, not just cultural
norms, that leads to differentiated participation among women in formal political and economic

institutions.
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Climate Change Impact and Climate Policy

A third and final theme is the impacts of climate change and climate policy. This theme is
the most prevalent and most relevant due to a heightened urge for countries to tackle global
warming and climate change-related issues, particularly considering new models and data that
are released. Studies regarding climate change and climate policy provide a substantial basis for
this research question and illustrate a key assumption, which is that climate policy results in
gendered impacts. Additionally, the development of specific climate policies, such as renewable
energy programs, is tied to economic development through the creation of an environmentally
sustainable energy alternative that can be reproduced on a scale that allows for communities to
develop.

There is a general need to incorporate female- and rural-led perspectives when it comes
to the implementation of climate policy overall, including renewable energy programs. Through
such lenses, the progress of climate justice and climate justice research could be furthered and
could reduce existing inequalities (Bendlin 2014, p. 684). In particular, this would lead to greater
criticisms about the implementation of scale; women often exist at the community and local
levels, rarely not being able to participate higher due to societal pressures and social expectations
of female roles (Kaygusuz 2010, p. 946; Glazebrook 2011, p. 763). This often leads to
international agreements and national policy being difficult to implement on smaller scales as
those policies fail to incorporate the vast social and cultural implications that come with their
implementation (Glazebrook, pp. 771-775).

Additionally, women are not regarded as key actors when it comes to the implementation
of climate change policy, and this will likely be a theme present throughout the data analysis and

subsequent models (Riley et al. 2018, p. 317). The failure to consider women as key actors, when
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oftentimes they are the ones implementing the policy itself, indicates the need to invest in gender

equality programs or incorporate a stronger gender-based lens into the current literature and
beyond.

The incorporation of climate policy analysis, specifically the need for analysis that
emphasizes the socioeconomic impacts of climate policy on marginalized populations while also
reaffirming the need for the use of a varied perspective in approaching climate policy analysis
and the application of climate mitigation analysis strategies. This highlights a key gap; that there
is climate policy analysis being conducted, with an explicit focus on the socioeconomic impacts
on communities, but it fails to consider marginalized communities that exist outside the formal
political, economic, and legal institutions. The application of the frameworks discussed in this
section is righting a wrong that exists within the examination of environmental policy, which is
that marginalized communities face greater harm because of both climate change and climate
mitigation policies, as climate mitigation policies often reinforce societal expectations of
marginalized communities that often lead to negative political and economic impacts.
Additionally, the use of such a framework broadens the general understanding of the varied
impacts of climate mitigation policy, specifically as a warming climate and the greater presence
of climate change impacts force more debate and application of climate change mitigation

programs.

Conclusion

The following three themes explore the wide conceptual area that covers the main

research question, which seeks to explain why there are differing levels of political and
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economic participation among women in sub-Saharan African countries. The literature review

supports the theory that places differences among levels of political and economic participation
among women in sub-Saharan African countries as the result of the implementation of renewable
energy programs, which fundamentally shifts the relationship between women and their
communities and encourages economic and political participation. Within this literature review,
a focus on the thematic elements of renewable energy impacts, women and their relationship to
economic and political institutions, and climate change policy helps to understand the broad
nature of the discussion and the current theses and dialogues surrounding these topics.
Additionally, the primary gap within the literature is that there is a lack of insight into the
gendered effects of climate change mitigation policies, specifically renewable energy policies,
and how that impacts female interaction with formal economic and political institutions. A
variety of literature exists within each thematic element of the main research question, but little
has been done to examine how these thematic elements work together and how these can be
applied to a region that was not a main area of focus within climate change policy. By tackling
the various elements of the research and identifying how different frameworks and
understandings can be applied to the region of sub-Saharan Africa, we are able to expand the
current conceptualization of the socioeconomic impacts of environmental policy and how to

tackle its gendered impacts.
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Chapter 3

Theoretical Analysis

The main question presented within my thesis that | seek to answer is: why are there
different levels of female political and economic participation in sub-Saharan African countries?
As | argue below, the presence of renewable energy programs explains some of the variation in
political and economic participation | observe. The presence, implementation, and use of
renewable energy programs are impacted by social factors (primarily gender roles) and
institutions (including political and formal economic institutions) that led to direct impacts on
female formal economic participation and political participation in developing nations. A special
focus on the sub-Sahara African region is employed to test whether the thematic concepts and
evidence presented in the literature review are supported within the context of sub-Sahara
African countries, if there are additional outcomes relevant to sub-Sahara African countries, and
how this ties back to the role of renewable energy at the international and country scales. To
begin a discussion on whether renewable energy programs impact female political participation

and economic empowerment, | will define concepts that are central to the overall theory.

Political and Economic Participation Among Women in Developing Nations

Overall, women are not adequately represented in positions of power and formal
decision-making, with low levels of representation in positions of power and formal decision-
making bodies such as governmental institutions and judicial bodies (“Fact and Figures:
Economic Empowerment 2018). A leading explanation for inadequate political participation

stems from overall attitudes toward female participation in both economic and political
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institutions, with patriarchal norms encouraging women to remain within the sphere of the home

rather than the sphere of public life (Milazzo and Goldstein 2019, p. 34). Additionally, women
are underrepresented in areas of civic engagement such as policymaking and voting, indicating
an overall lower social status among sub-Saharan African countries (Kassa 2015, p. 2). Female
economic participation also varies depending on the type of economic institution and framework
that women are allowed to participate in; overall, women in developing countries are more likely
to participate in informal economic sectors due to a lack of education, gender norms, and other
factors (Ramani 2013, p.2).

These statistics highlight the need to be explicit about the concepts put forth within this
chapter as a lack of a clear delineation of conceptual values can weaken the argument and
findings as it would be difficult to distinguish outcomes observed if the data includes multiple
types of institutions or frameworks. For this reason, political participation is defined as focusing
on the level of participation in institutions that aid in the design and implementation of policies
directly concerning an individual’s well-being and behavior (Kassa 2015, p. 3). This includes the
ability to act as a representative in formal legislative bodies, such as parliamentarian bodies or
the executive branch, participating in political parties, and running for political office. There is
an added component to political participation that discusses the active involvement of individuals
in political processes that contribute to the implementation of policies directly concerning their
well-being and behavior but often not their design, such as participating in political parties,
engaging in active public dialogue or exerting influence in the news media (Kassa 2015, p. 3).
This definition of political participation excludes other measures of civic engagement that can be

defined as political, such as union formation.
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It is also necessary to strictly define economic participation and engagement in a way that

emphasizes participation through formal institutions. While it is known that women in
developing countries, including those in sub-Sahara Africa, are more likely to participate in
informal economic sectors, it is more compelling to focus on economic participation through
formal economic institutions because formal economic institutions emphasize the regularity of
payment, payment transparency, taxation of wages and regulated work environments, all of
which may or may not exist within informal economies (Corner 2011, pp. 2-4). With a focus on
formalized institutions, | can better explore if women can obtain legitimacy through the
participation of formal political and economic institutions, whether it can be tied back to
renewable energy programs, and how this impacts their social status within the public and
private spheres. Additionally, the lack of transparency within informal economic sectors makes it

difficult to adequately identify how participation in these sectors impacts female social standing.

Gender Norms

Gender norms represent a vital component to the overall analysis. How women can
interact with formal institutions, both political and economic, is highly regulated by social and
socioeconomic characteristics (Milazzo and Goldstein 2014, p. 32). Gender norms, also known
as gender roles, describe how the dimensions and idea of gender affect individuals at the local
scale through their individual behavior and the establishment of household norms and at the
national scale through how men, women, and those with other gender presentations are able to

participate in codified institutions like a governing body (Alesina et al. 2013, p. 471). A more



17
succinct definition of gender norms is as follows: “social norms defining acceptable and

appropriate actions for women and men in a given society” (Cislaghi and Heise 2019, p. 408).

The attitudes that are influenced by gender norms lead to the creation of patriarchal
norms that then trickle down into female political and economic spaces, reducing the ability of
women to effectively participate in those spaces, if not shut them out entirely (Coffe and
Bolzendahl 2010). Additionally, patriarchal norms spread to traditional roles and duties of
women within their communities. Regarding energy consumption and use, women were
designated as primary resources and energy controllers of their households and communities,
which has persisted into modern economic and political contexts (Lancaster 1976; Oppong 2006,
p. 655).

Understanding gender norms is vital as a control for pre-existing conditions that either
allow or hinder female participation in political and economic institutions and could potentially
influence how renewable energy programs interact with gender norms and formal institutions as
a primary or secondary causal mechanism for the explanation. It also describes a pre-existing set
of social expectations that may or may not shift because of the presence of renewable energy
programs, necessitating the establishment of the current state of gender expectations for women

in sub-Saharan African countries.

Renewable Energy Programs

Renewable energy sources are defined as “energy [sources] that are naturally
replenishing but flow-limited; renewable resources are virtually inexhaustible in duration but

limited in the amount of energy that is available per unit of time” (EIA 2022). Major types of
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renewable energy sources include biomasses, such as wood, solid waste, biofuels, hydropower,

geothermal energy, wind, and solar (EIA 2022). While not all forms of renewable energy are
seen as environmentally friendly, such as biomasses and biofuels, other methods that have been
historically used in sub-Sahara Africa, such as hydropower, present environmentally friendly and
a low-emissions alternative (Holtz and Golubski 2021; Dutiro 2021). One major form of
renewable energy that will be focused on within the thesis is hydropower, a historic form of
renewable energy worldwide and within the African continent that is still in use today (Karekezi
and Kithyoma 2003, p. 5; IRENA 2022). Other methods, such as solar, are prevalent in the sub-
Saharan African region but due to a lack of information on just the rates of solar power usage
within the region, hydropower is the sole focus of this study.

The presence of renewable energy programs is indicated by the presence of renewable
energy production (specifically hydropower) and the infrastructure to use the produced energy.
For almost all countries, renewable energy planning contains both aspects and otherwise, they
are not designated as renewable energy programs according to the International Renewable

Energy Agency (IRENA 2020).

Main Argument

The primary argument that stems from this contextual framework is that with the
implementation and presence of renewable energy programs in sub-Saharan African countries,
there will be a shift in female roles regarding energy provision for their households, either as
direct participants in this new form of energy collection or as an area undergoes electrification,

the creation of a new role altogether. This shift in or creation of new female roles regarding
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energy provision for their households and communities is expected to lead to an increase in

female economic and political participation. The role of economic and political institutions
would be as outlets where women can participate in their communities, enhance their
socioeconomic status within their communities and work to advance goals that reduce gender

inequality due to their newfound economic and political power.

Hypotheses

There are three hypotheses that | will evaluate, the first of which is that the presence of
renewable energy programs will lead to an increase in women’s economic empowerment. The
mathematical model that would represent this relationship is:

H1: Female Economic Participation = fo + p1X1 + f2X2 + 1

X1 represents access to electricity while X represents the amount of electricity generated
using hydropower. I believe that there will be a statistically significant positive relationship
between female economic participation and access to electricity and the percentage of electricity
generated through hydropower because the use of renewable energy will recalibrate women’s
relationships to resource gathering in sub-Saharan Africa, granting them empowerment, and
allowing them to participate economically within their communities.

The second hypothesis | aim to test is whether there is a relationship between female
political participation and the presence of renewable energy programs. The mathematical model
that would represent this relationship is:

H2: Female Political Participation = o + f1X1 + f2Xo + [
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As stated in the first hypothesis, X1 represents access to electricity while X> represents

the amount of electricity generated by hydropower. | believe that there will be a statistically
significant positive relationship between the independent and dependent variables because, as
stated in Hypothesis 1, the presence of renewable energy programs will shift women’s
relationships to resource gathering and allow them the time and social status to be able to
participate politically within their communities.

The third and final hypothesis that | plan on testing is that increased female economic
participation leads to increased female political participation. | believe that | would see a
statistically significant relationship between female economic participation and female political
participation, where an increase in economic participation then leads to an increase in female
political participation. The mathematical representation of this relationship is:

H3.: Female Political Participation = o+ p1X1 + f2X2 + [3X3 + 1

X1 represents the percentage of women’s participation in the labor force, while X>
represents the level of entrepreneurship opportunities available for women in a country. Xs
represents the access that women must be able to manage their own individual and household
assets.

Controls for all three of the hypotheses will include variables that represent women’s
fertility, their educational attainment levels, and the general perception of women’s rights in the
country. Other studies demonstrated the impact of these three variables and their relationship to
women’s political and economic participation in sub-Saharan African countries, making it
necessary to include them as controls to ensure that I can limit their impacts on the existing

relationship.
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Competing Arguments

There are potential competing answers that | need to be aware of when exploring these
hypotheses. The primary one is an overstatement of the role of renewable energy programs on
female political participation and economic empowerment and that greater institutional changes
or cultural shifts unrelated to the creation and implementation of renewable energy programs are
the primary contributing factors toward greater female political and economic participation.
However, the purpose of this thesis is related more to policy evaluation, particularly as more
countries move towards renewable energy programs as a method to combat emissions and
climate change. Understanding how climate mitigation policies impact socioeconomic factors is
vital in these exchanges.

A second potential competing answer is that the control variables included in the design
have a stronger impact on the relationship than the independent or dependent variables. As will
be further explained in the research design chapter, there are strong demonstrated impacts on the
relationship between the control variables and the independent variable(s) that firmly reduce the
impact of the dependent variables to a negligible amount or counteract the effect entirely. To be
able to ensure that the relationship posed in this chapter is plausible, further research might be
done to describe the relationship between the control variables and the dependent variables and if
they may work together to produce an impact on the independent variable(s). As such, it is
important to understand the primary purpose of this study is to take a first look at the
socioeconomic impacts of renewable energy. As there is limited done on this topic in the sub-
Saharan African region as described throughout this paper, more can and should be done to

explore the influences that renewable energy might have.
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Chapter 4

Research Design

The primary focus of this research is to provide a preliminary answer to this question:
why are there distinct levels of female political and economic participation in sub-Saharan
African countries? The theory put forth is that socioeconomic impacts resulting from the use of
renewable energy led to increased female political and economic participation. To test this
hypothesis, | plan on utilizing panel data about female political and economic participation in the
formal sector as well as renewable energy use and generation from the years 2010 to 2020 in
forty-eight sub-Saharan African countries.

The panel models will be utilizing information on the following countries: Angola,
Benin, Botswana, Burkina Faso, Burundi, Cabo Verde, Cameroon, the Central African Republic,
Chad, Comoros, the Democratic Republic of the Congo, the Republic of Congo, Cote D’Ivoire,
Equatorial Guinea, Eritrea, Eswatini, Ethiopia, Gabon, the Gambia, Ghana, Guinea, Guinea-
Bissau, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania, Mauritius,
Mozambique, Namibia, Niger, Nigeria, Rwanda, Sao Tome and Principe, Senegal, Seychelles,
Sierra Leone, Somalia, South Africa, South Sudan, Sudan, Tanzania, Togo, Uganda, Zambia,
and Zimbabwe. This comprises all countries within the sub-Saharan Africa region, and the
primary use of this region is to replicate other analyses conducted within specific countries, such
as China, India, and Nigeria, as shown in the literature review. The use of an entire region as
opposed to a specific country is to identify whether the trends shown in country-specific
literature are apparent across an entire region, especially one that already utilizes renewable
energy to a certain extent, and if government entities at the national and supranational levels

need to be further incorporating renewable energy into their economic plans for development. An
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additional purpose for the use of regional analysis is that the region is an important area for

international development agencies and global economic institutions to monitor for advisory
purposes. Utilizing a regional approach would allow for the use of this information to inform
current and future development policies so that they are more robust. Finally, it should be noted
that the term “sub-Sahara Africa” is a geographic, economic, and political term widely used by
academics, international non-governmental organizations, and other states. For this study,
countries belonging to “sub-Sahara Africa” are designed by being assigned the economic and
political descriptor “sub-Sahara Africa” as not all the countries listed contain the Sahara Desert
within their borders.

The primary focus of this thesis is to identify socioeconomic impacts resulting from
renewable energy policy, particularly as a growing number of countries worldwide are creating
widespread climate adaptation policies that include the use of renewable energy. Understanding
these impacts can re-frame or readjust development economics and gender equality goals in the
short and long term. A secondary focus of this thesis is part of a larger attempt to understand the
socioeconomic impacts of development policy, of which renewable energy policy is one small
part. The Sustainable Development Goals and its predecessor, the Millennium Development
Goals, have played a large part in the creation of the development trajectories of the developing
world, such as the special focuses of poverty, education, and health targets (MDGs in sub-
Saharan Africa). In recent years, the developing world, including sub-Saharan Africa, has
struggled to hit these targets, particularly the economic goals (UNECA 2022). Developing a
broader body of information on how the goals relate to each other and the unintentional impacts
there may be allows for more robust development policies, more just societies, and further

progress on the trajectories set by the Sustainable Development Goals.
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The time period of 2010 to 2020 is used due to practical considerations. It is during this

period that the most available sets of information on this topic are obtainable as the use of
renewable forms of energy is a very recent phenomenon. Specifically, it gained traction through
its inclusion after the signing of the 2000 Millennium Development Goals and became more
prominent through the adaptation of stronger forms of technology, particularly in the ability to
store larger amounts of energy for longer periods that were developed in the late 2000s and
2010s. A major limitation resulting from this period is the short timespan makes it difficult to
observe the full effects of renewable energy use and it is highly possible that the total effects of
renewable energy use on participation would be shown through a longer period, such as a period
of twenty to thirty years.

The use of panel data is employed because it allows for the inclusion of the time element
in a way that a cross-sectional analysis would not allow for, particularly in tracking changes that
are a result of renewable energy policy. Additionally, it also provides information on individual
country behavior, which provides theoretical support for the inclusion of specific countries as
case studies and tracks outliers. The inclusion of outliers is likely to be present due to
socioeconomic factors, and it is necessary to identify what outliers are there and their impact on
the overall relationship. Panel data is a common statistical tool for this kind of analysis. For
example, the article Work and Power: The Connection Between Female Labor Force
Participation and Political Representation utilizes panel data to identify the impacts of trends
over time on female labor force participation to supplement their theory. For example, the
authors find that there are two key factors found within their data that are highlighted using panel
data, those being an increase of women into paid employment and the rise of service

employment leading to a rise of women in the workforce overall (Iversen 2008). This
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supplements their main theory that this increased participation in the workforce is an entry point

into political engagement and would be as clearly identified if panel data had not been employed
since they would not have been able to identify increases in female labor participation (lverson
2008). An additional example of the use of panel data that is more relevant to my thesis is shown
in Inequality, finance and renewable energy consumption in Sub-Saharan Africa by Asongu and
Odhiambo. As stated in their abstract, the authors use quantile regressions utilizing panel data of
thirty-nine African countries to identify linkages between financial development, income
inequality, and renewable energy consumption to determine causal factors of renewable energy
use in sub-Saharan Africa. This demonstrates that not only is this method appropriate for the
analysis of the data, but it is also an indication of best practice.

An additional element of the analysis is the use of case studies. The case studies allow for
the examination and inclusion of theoretical factors that are difficult to quantify, such as culture,
an individual’s relationship to governmental structures, a country’s history surrounding
renewable energy policy, and others. The inclusion of specific case studies (specifically a
comparison between two countries) is meant to highlight the potential differences that cannot be
quantified adequately but still impact what can be concluded from the quantitative analysis. For
example, the case study of Nigeria shown in Exploring Sustainable Energy Transitions in sub-
Saharan Africa Residential Sector: The case of Nigeria by Dioha and Kumar specifically uses
qualitative methodology to explore the motivations behind the uses of specific methods of
energy for cooking.

The unit of analysis is country, specifically sub-Saharan African countries: The countries
included in the analysis will be Angola, Benin, Botswana, Burkina Faso, Burundi, Cabo Verde,

Cameroon, the Central African Republic, Chad, Comoros, the Democratic Republic of the
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Congo, the Republic of Congo, Cote D’Ivoire, Equatorial Guinea, Eritrea, Eswatini, Ethiopia,

Gabon, the Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, Lesotho, Liberia, Madagascar,
Malawi, Mali, Mauritania, Mauritius, Mozambique, Namibia, Niger, Nigeria, Rwanda, Sao
Tome and Principe, Senegal, Seychelles, Sierra Leone, Somalia, South Africa, South Sudan,
Sudan, Tanzania, Togo, Uganda, Zambia, and Zimbabwe. There are practical considerations
behind this choice: it is difficult to obtain data at the household, community, and provincial level
for certain countries, particularly those that have weaker bureaucratic institutions or are affected
by domestic situations (civil war, severe weather events, etc.) that make record-keeping and
statistical analysis difficult unless it is kept by an outside organization. Additionally, statistics
about energy are kept at the country level and for theoretical consistency, it is necessary for the
unit for analysis to also be at the country level to avoid having to extrapolate data.

The primary dependent variable for hypothesis one is female economic participation,
which is operationalized as the labor force participation rate, female (% of female population
ages 15+) according to the International Labor Organization (ILO) estimates. The strength of
using this variable is that the International Labor Organization data covers all formal industries,
which is the primary aim of this thesis. Data reported through the ILO is likely to be more
accurate due to stronger reporting mechanisms and the fact that all countries that will be included
in the analysis are members and required to submit accurate information on labor trends
annually. However, a major weakness that is tied to the use of this variable is that it does not
capture the breakdown of women in different sectors of the economy. This information would be
useful to understand in what avenues are women participating in the formal economy because
participation in different industries comes with disparate wage breakdowns and participation

within the economy.
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The primary dependent variable for hypotheses two and three is female political

participation, which is operationalized as the proportion of seats held by women in national
parliaments, illustrated as a percentage. The strength of this variable is that it is a strong
representation of women in decision-making bodies at the highest level, as well as being the
most robust identifier of women in public decision-making bodies due to gender disparities in
federal governments regionally and internationally. However, this presents an additional
weakness, which is that this is the most robust variable available, with little to compare to, and
that other forms of participation are not addressed, such as voting.

The independent variables that are included in this analysis include energy capacity,
which is operationalized as access to electricity, illustrated as a percentage. The main reason for
its inclusion is that nearly all major international energy reporting agencies (such as the
International Energy Agency [IEA] and the International Renewable Energy Agency [IRENA])
use this variable to make estimations on a country or region’s current state of energy capacity, as
electrification implies the ability to both generate and store energy appropriately. A major
weakness associated with this variable is that it may not be the most accurate measure, as there
are major incentives for misreporting and electrification can be dependent on state stability,
which might vary. However, the variable still gives insight into the infrastructural capacity of
Sub-Saharan African countries to provide energy to their citizens, and theoretical evidence
supports that a growing amount of electricity provided comes from renewable sources
(International Energy Agency “Africa Energy Outlook™ 2022). It should be noted that I am not
planning on using energy consumption because as an aggregate, it does not look at the household

as variables analyzing consumption often incorporate industry and public uses, making it
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difficult to adequately account for scale. In this case, the use of access to electricity allows for

more emphasis on a community- or household scale.

An additional independent variable is the amount of energy generated, operationalized as
the percentage of total electric generation through hydroelectric sources illustrated as a
percentage. This source indicates the presence of renewable energy produced within a country
and identifies both the country’s willingness to spend and develop renewable energy sources and
the use and availability of energy produced from renewable energy sources. The primary source
of the data, the International Energy Agency, refers to hydropower as “electrical energy derived
from turbines being driven by flowering water in rivers, with or without man-made dams
forming reservoirs” (World Bank Group 2024).

Identifiers of female participation in the workforce are operationalized as the Women,
Business, and the Law entrepreneurship indicator score (scaled 1-100). Women, Business and
the Law is a project group of the World Bank that seeks to collect, analyze, and public data and
reports on the legal structures and policy mechanisms to measure the environment for women’s
economic opportunity, with the primary purpose of identifying whether a country’s legal,
political and economic structure permits women to achieve economic opportunities in the same
way as men do. The entrepreneurship score considers the following variables to weigh their
scores and provide a “score” for a country. These variables include if a woman can sign a
contract in the same way as a man (1 = yes; 0 = no), if a woman can register a business in the
same way as a man (1 = yes; 0 = no), a woman can open a bank account in the same way as a
man (1 = yes; 0 = no), and the law prohibits discrimination in access to credit based on gender (1
=yes; 0 =no) (World Bank “Women, Business and the Law” 2024). The closer a country’s score

to 100 is, the stronger the legal and political protections are for women to participate in that



29
country’s economy. This variable is useful because it reconceptualizes binary variables into a

more consistent format for analysis in a panel series in addition to creating a more intuitive
model for comparison against countries.

An additional variable that measures women’s participation in economic institutions is
the Women, Business and the Law assets indicator. The assets score considers the following
variables to weigh their responses to provide a “score” for the country, which includes do men
and women have equal ownership rights to immovable property (1 = yes; 0 = no), do sons and
daughters have equal rights to inherit assets from their parents (1 = yes; 0 = no), do male and
female surviving spouses have equal rights to inherit assets (1 = yes; 0 = no), whether male and
female surviving spouses have equal rights to inherit assets (1 = yes; 0 = no), and whether the
law grants male and female spouses equal administrative authority over assets during marriage (1
=yes; 0 =no) (World Bank Group 2023). As with the entrepreneurship score from the same
dataset, the closer a country is to 100, the more access and control a woman in a specific country
has over her or her familial assets. The theory behind the inclusion of this indicator is that this
score represents the recognition of a woman’s ability to participate in formal economic
institutions, such as property ownership. Additionally, this is also a create way to conceptualize
social attitudes towards women and their participation in economic institutions, including
whether there 1s a widespread belief in a woman’s ability to make financial decisions for herself
or her family.

The following three variables will be included as controls. The first variable, literacy, will
be conceptualized as the literacy rates, adult female (% of females ages 15 and above). Literacy
and educational attainment levels are viewed as separate points of comparison, even though

literacy has been used as a proxy for educational attainment levels and vice versa (Smith-



30
Greenway 2015, pp. 1016-1017). However, as new information comes out to suggest that these

two variables are not as connected as it seems, literacy is known to be correlated with increased
political and economic participation (Amoateng et al. 2014, p. 5898). The use of literacy as a
control will allow us to further isolate the relationship to ensure that we can see the relationship
between the independent variables and the dependent variable as clearly as possible. An
additional control is fertility, operationalized as fertility rate, total (births per woman). There is
evidence to suggest that higher fertility rates ultimately shape gender roles in a way that confines
women to the sphere of the household, limiting their ability to participate in the public sphere
(Mbacke 2017, p. 332). As there is potential for a negative relationship there, it is included as a
control variable. Finally, there will be a control for corruption, operationalized as control of
corruption on a -2.5 to 2.5 scale. This variable aims to “capture perceptions of the extent to
which public power is exercised for private gain, including forms of corruption, as well as
“capture” of the state by elites and private interests” (Kaufman and Aart 2023). The greater the
perception that a country is corruption, the more negative its score is, while the greater the
perception that a country is not corrupt, the more positive its score is. The relationship between
corruption and political and economic participation is disputed, with some arguing that it
promotes political participation as those who suffer from corruption are more likely to use
political institutions to end it (Skolnik 2020, p. 90). Additionally, corruption is also believed to
encourage people to behave in ways that are antithetical to economic growth, such as rent-
seeking, further demonstrating the potential for a negative relationship (Zhang et al. 2023). Due
to the demonstrated presence of a relationship, it is necessary to include this variable as a control.
The data for the variables described were pulled from the following datasets: the World

Bank World Development Indicators and World Bank Gender Statistics. Both datasets include
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variables from the Worldwide Governance Indicators and the International Energy Agency, but

they are incorporated into the Gender Statistics and the World Development Indicators
databases.

The methodology for this analysis is two-pronged: the first part of the analysis comprises
the utilization of panel data about female political and economic participation in the formal
sector as well as renewable energy use and generation from the years 2010 to 2020 in forty-eight
sub-Saharan African countries. This panel data will be put into a fixed-effects regression model
to identify trends amongst the countries regarding data about African female political
participation, female economic participation, and renewable energy use and generation. The
second aspect of the analysis comprises case studies, which will be used to compare two
countries against each other. These models were created in R, utilizing the ‘plm’ package, which
allows for the application of fixed-effects statistical methods on panel data. The case studies will
focus on the non-qualitative aspects of female political and economic participation, particularly
how culture and political legislation can impact how women interact with both energy and
economic and political institutions. This will be done through the continued analysis of the panel
data as well as the addition of information from case studies conducted within these two

countries.
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Results and Discussion
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For this project, there will be several statistical techniques employed to understand the

shape of the data, the potential relationship between the independent and dependent variables,

and if so, what is the strength of such a relationship, and the impacts that control variables may

have on the relationship. Additionally, there will be two case studies, that of Nigeria and Cote

d’Ivoire, to expound on potential gaps in the qualitative data and to identify what the future of

renewable energy programs in different countries may look like.

The following are the descriptive statistics of the independent and dependent variables.

Descriptive statistics are meant to give insight into the size and shape of the data, which allows

for a more robust analysis. Table 1 describes the descriptive statistics of all nine variables.

Table 1: Descriptive Statistics

Minimum 1%t Quartile Median Mean 3 Quartile | Maximum
Labor Force 20.59 49.19 57.00 56.90 67.11 83.90
Participation (%)
Women in 3.03 10.96 17.96 20.83 27.79 63.75
Parliament (%)
Access to 1.50 21.05 42.41 43.73 60.93 100.00
Electricity (%)
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Electricity
Generated by

Hydropower (%)

0.000

3.98

48.870

45.02

74.23

99.89

Women,
Business, and
Law
Entrepreneurship

Score (1 -100)

0.00

75.00

75.00

70.69

100.00

100.00

Women,
Business, and
Law Assets

Score (1 -100)

0.00

60.00

80.00

70.68

100.00

100.00

Literacy Rates,

adult female (%)

12.19

34.09

61.97

59.18

82.45

96.70

Fertility Rates
(births per

woman)

1.36

4.05

4.70

4.63

5.29

7.49

Control of
Corruption,
Estimate Score

(-2.5-2.5)

-1.94

-1.19

-0.76

-0.67

-0.26

1.39

It is important to note that for some of the variables, data was not available, particularly

for the amount of electricity generated by hydropower (370 NAs) and adult female literacy

variables (431 NAs). This does not necessarily indicate that the reported data is automatically
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zero, but rather that the data was not captured and reported. In the assigned year. However, as

some data is incomplete, the results of the panel regression models will also be incomplete.
Regarding women’s political participation and labor force participation, the average country in
the sample averages about 20.8% and 56.9%, respectively. The average country in the sample
sees about 43.7% of its population having access to electricity. For countries that had the data,
the average saw about 45% of its electricity generated through hydropower. On average, the
samples in the dataset scored 70.7 for both the Entrepreneurship and Asset scores. The average
country (of those that reported data) had about 59.2% of its adult female population attaining
literacy while the average woman from the set gave birth 4.6 times. Finally, the average country
in the sample saw a corruption score of -0.67, indicating the perception of a somewhat corrupt
state. Overall, the spread of the data indicates the presence of some countries having an outsized
impact on the data, as many of the variables are negatively skewed, as shown through the means
of the variables being smaller than the median. As this points to the direction of outliers being on
the left side of the dataset, it is possible to affect the trendlines and overall shape of the
relationship between the independent and dependent variables.

Next, univariate and multivariate regressive methods are employed for each year, 2010-
2020. The purpose of the examination of the univariate relationship is to explore, in its plainest
terms, the possibility of a relationship between the independent and dependent variables. The use
of multivariate regression allows for the addition of the control variables, which might reveal the
true nature of the relationship. As discussed earlier, the univariate and multivariate models will

be using panel regression models. This is done for all three hypotheses.
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Estimate Std. t-value  Pr (>|t))
error
Access.Electric 0.137168 1.3427 0.18181
0.102160

Elec.Hydro

-0.149438 0.096391 -1.7298  0.08614

Total Sum of Squares
Residual Sum of Squares
R-Squared

Adj. R-Squared

F-Statistic

2250.3
2163.1
0.038762
-0.16118

2.5203 on 2 and 125 DF, p-value: 0.084516

As illustrated in Table 2, there is a mild positive relationship between access to electricity

and female economic participation, which shows that for every one-unit increase in access to

electricity, there is a 0.137 unit increase in female economic participation. For the percentage of

electricity generated from hydropower and female economic participation, for every one-unit

increase in electricity generated from hydropower, there is a -0.149 unit decrease in female

economic participation. This is not a statistically significant relationship due to p-values of 0.181

and 0.086, respectively. Additionally, the univariate analysis reveals that this regression model is

not a good fit due to an adjusted R-squared value of -0.16.
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Table 3: Univariate, Hypothesis 2

Estimate  Std.Error t-value  Pr (>[t))
Access.Elec -0.00513 0.030731 -0.1669  0.8677
Elec.Hydro 0.033598 0.0259925 1.2926  0.1984

Total Sum of Squares 229.89

Residual Sum of Squares | 226.85

R-Squared 0.013241
Adj. R-Squared -0.1826
F-Statistic 0.878942 on 2 and 313 DF, p-value: 0.41766

Table 3 outlines the univariate regression model between female political participation
and access to electricity and electricity generated from hydropower. As shown in the table, for
every one-unit increase in access to electricity, there is a -0.005 unit decrease in female political
participation. For every one-unit increase in electricity generated from hydropower, there is a
0.034 unit increase in female political participation. There are very weak relationships for both
independent variables as neither variable is statistically significant, with p-values of 0.868 and
0.198. Additionally, the fit of this regression model is not adequate due to a low adjusted R-

squared value of -0.183.
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Table 4: Hypothesis 3 (no controls)

Estimate Std. Dev  t-value Pr (>]t))

Labor.Force.Participation | 0.012055 0.9096
0.10607 0.1137
Entrepreneurship 0.007541  0.007541 0.7327
0.3417
Assets 0.013167 0.0366341 0.7194

0.3594

Total Sum of Squares 6382.3

Residual Sum of Squares | 6378.8

R-Squared 0.0005555
Adj. R-Squared -0.10876
F-Statistic 0.0829983 on 3 and 448 DF, p-value: 0.96928

Table 4 displays the regression model for female political participation and the other
main independent variables for this hypothesis, female labor force participation, levels of
entrepreneurship for women, and the ability of women to access and maintain their own assets.
In this model, the control variables are excluded to gain preliminary insight into whether there is
a statistically significant relationship. Every one-unit increase in female labor force participation
yields a 0.012 unit increase in female political participation, while every one-unit increase in a
country’s entrepreneurship score yields a 0.007 unit increase in female political participation.

Additionally, every one-unit increase in the assets score for a country yields a 0.013 unit increase
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in female political participation. All three relationships in the regression model are not

statistically significant as shown through p-values of 0.910, 0.733, and 0.719. The adjusted R-
squared value also indicates a poor fit with a score of -0.109.

Table 5: Multivariate, Hypothesis 1

Estimate  Std. Error t-value Pr (>]t))

Access.Electric -0.77150 0.54300  -1.4208 0.18907
Elec.Hydro -0.10675  0.75791  -0.1408 0.89110
Literacy.Fem -0.43431 0.65223  -0.6659 0.52218
Fertility -17.2680 22.98534 -0.7513 0.47168

Control.of.Corruption.Est | 22.34602 11.52089 1.9396 0.08436

Total Sum of Squares 433.41

Residual Sum of Squares | 243.03

R-Squared 0.43926
Adj. R-Squared -1.056
F-Statistic 1.41005 on 5 and 9 DF, p-value: 0.030775

Table 5 illustrates a multivariate regression model between the dependent variable
‘female economic participation’ and the independent variables ‘access to electricity’ and
‘electricity generated by hydropower. Additionally, the control variables ‘adult female literacy’,
‘fertility’, and ‘control of corruption estimate’ are also included. All five variables, including the
controls, are not statistically significant but do show varying levels of impact on the dependent
variable. For example, for every one-unit increase in the ‘control of corruption’ estimate

variable, there is a 22.346 unit increase in female political participation, which adheres to the



39
theory described in Chapter 4. However, for every one-unit increase in the ‘fertility’ variable,

there is a -17.268-unit decrease in female political participation. For the two main independent
variables, for every one-unit increase in access to electricity and electricity generated by
hydropower, female political participation decreases by 0.771 and 0.106 units, respectively. It
should be noted that the variables included in this model are not a good fit, as shown through the
adjusted R-squared value of -1.056. With further analysis, this model is not statistically
significant in any of the countries in the sample. However, the F-statistic is significantly
significant with a p-value of 0.031, indicating that the collection of these variables are

statistically significant, rather than their significance being independent of each other.

Table 6: Multivariate, Hypothesis 2

Estimate  Std. Dev  t-value Pr (>1t])

Access.Elec -0.06184 0.097556 -0.6339 0.540388
Elec.Hydro* 0.270134 0.095564 2.8267 0.017952
Literacy.Fem -0.02908 0.116137 -0.2504 0.807343
Fertility** -14.5011 3.899994 -2.7182 0.003987

Control.Corruption.Est | -1.83444 1.841591 -0.9961 0.342686

Total Sum of Squares 26.115
Residual Sum of Squares 9.2029

R-Squared 0.6476

Adj. R-Squared -0.19815

F-Statistic 3.67542 on 5 and 10 DF, p-value: 0.03793
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Table 6 displays the multivariate regression model for the dependent variable ‘female

political participation’ and the independent variables ‘access to electricity’ and ‘electricity
generated by hydropower’. The control variables described in Table 5 are also included. In this
model, the variable ‘electricity generated by hydropower’ is statistically significant with a p-
value of 0.017. As a result, for every one-unit increase in ‘electricity generated by hydropower’,
there is a 0.270 unit increase in female political participation. The control variable ‘fertility’ is
also statistically significant with a p-value of 0.004, indicating that this variable affects the
regression to some degree. For this model, for every one-unit increase in ‘fertility’, there is a
decrease of 14.501 units in female political participation. As with the other models, this is a poor
fit with an adjusted R-squared value of -0.198. However, the F-statistic is statistically significant,
with a p-value of 0.038, indicating that the group of variables in this model is jointly significant.
Like with the model in Table 6, none of the countries within the sample are statistically
significant independently.

Table 7: Multivariate, Hypothesis 3

Estimate  Std. Dev t-value Pr (>1t])

Labor.Force.Participation | -0.564741 0.306509 -1.8425 0.07264

Entrepreneurship -0.127920 0.128456 -0.9958  0.32517
Assets -0.018656 0.086699 -0.2152  0.83070
Fertility* -8.009776 3.224226 -2.4842 0.01716
Literacy.Fem -0.047129 0.117379 -0.4023  0.68957

Control.Corruption.Est* | 12.188921 5.291657 2.3034 0.02640

Total Sum of Squares 1117.00
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Residual Sum of Squares | 793.79

R-Squared 0.28935
Adj. R-Squared -0.5773
F-Statistic 2.78226 on 6 and 41 DF, p-value: 0.023093

Table 8 displays the multivariate regression model between the dependent variable
‘female political participation’ and the independent variables ‘female labor force participation’,
‘female entrepreneurship scores’, and ‘women’s access to assets’. Additionally, the controls are
the same as shown in Tables 6 and 7. For this model, the only two statistically significant
variables are the control variable ‘fertility’ and the control variable ‘control of corruption’ with
p-values of 0.017 and 0.026, respectively. While they are both controls, this demonstrates that
these two variables have an impact on the main dependent variable for this model. For ‘fertility’,
for every one-unit increase in ‘fertility’, there is a decrease of 8.010 units in female political
participation. This is consistent with the relationship between fertility and female political
participation shown in Table 7. For ‘control of corruption’, every one-unit increase in the score
yields an increase in female political participation by 12.189 units. As with the other multivariate
models, the adjusted R-squared value is -0.577, indicating a poor fit. Additionally, the F-statistic
is significant with a p-value of 0.023, indicating that the group of variables within the model is

statistically significant. For this model, the only statistically significant country is Eswatini.
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Discussion

For all three hypotheses, 1 fail to reject the null hypothesis due to a lack of a statistically
significant relationship. For Hypothesis 2, there is partial evidence as demonstrated through the
multivariate regression model displayed in Table 6, where the independent variable ‘electricity
generated through hydropower’ is statistically significant. However, as the other independent
variable ‘access to electricity’ is not statistically significant, it does not meet the requirements
necessary to reject the null hypothesis for Hypothesis 2, which is that an increase in access to
electricity and electricity generated by hydropower leads to an increase in female political
participation. In a future analysis, | would like to further explore the relationship between
‘electricity generated through hydropower’ and female political participation to determine if this
is a consistent relationship or if it is limited to this analysis only.

While the main independent variables are all statistically insignificant, some of the
control variables proved to be significant, such as ‘fertility’ and ‘control of corruption estimate’.
This is consistent with the background for the inclusion of the variables as controls, described in
Chapter 4. However, as both ‘fertility’ and ‘electricity generated by hydropower’ are statistically
significant in the multivariate model for the second hypothesis, if further testing is to be done, it
would be beneficial to include ‘fertility” as a control to see the range of its effects.

As shown throughout the three multivariate models, the F-statistic remained significant.
This demonstrates that while the independent and control variables do not demonstrate a causal
relationship, the variables help to explain the unexplained variance in the independent variables

‘female political participation’ and ‘female economic participation’. However, it should be noted
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that the models demonstrated poor fit overall, so the F-statistic being significant may not be

relevant in future studies.

Several implications arise from the outcomes of this analysis. First, the lack of responses
in some variables, as stated earlier in this section, and the outliers in the sample may be affecting
the relationship in some way. For example, the descriptive statistics indicate that there are strong
negative skews in the data, as some countries within sub-Sahara Africa are lower on certain
aspects of political and economic development than others. Additionally, conditions within the
region may prevent adequate data collection, resulting in incomplete data for some variables, as
shown in Table 1. Before we can rule out a relationship entirely, better and more complete
sourcing of data would be useful in addition to utilizing statistical methods that would reduce the
impact of the different socioeconomic and political conditions of different countries within the
region. Second, it is possible that, in its current state, the impacts of renewable energy are too
individualized to be able to adequately capture using a regional panel data regression model. For
example, the range of the data for ‘electricity generated through hydropower’ contains a
significant amount of missing data or zeroes, indicating that it might be useful to utilize other
forms of renewable energy in a future study. Additionally, as stated previously, the countries in
sub-Saharan Africa are incredibly diverse and various sociocultural aspects, such as the varying
forms of gender roles, can be difficult to adequately quantify. While some of this can be solved
through the use of qualitative data, as utilized below, it would be beneficial for future analyses to
be able to test causality using sociocultural indicators. Different uses and application of statistical
analysis and data collection would be beneficial in this regard.

To further examine the role of renewable energy in female economic and political

participation, I will turn to two case studies to further examine the trends outlined in the models.
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The purpose will be to further expand upon the quantitative data outlined here but also provide

an alternative view of the relationship between renewable energy programs and female political

and economic participation.

Nigeria
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Figure 1: Map of Nigeria (Gayawan et al. 2014)

One of the most diverse countries on the African continent, Nigeria is located on the
western coast and is centered between Benin to the west and Cameroon to the southeast. The
country, before its colonization in 1914, was ruled by several different Islamic kingdoms
representing a variety of different languages and cultural traditions, including the Borno, Kano,

and Sokoto caliphates and the Benin and Oyo Empires (“Nigeria” 2024). The post-colonial
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period, beginning in 1960 after Nigeria’s break from the British, marked the start of an ethnically

inflamed and politically tense period in Nigerian history. The Nigerian Civil War (1967-1970),
while marking the creation of a stronger central government through the establishment of
military rule, created the conditions of ethnic tensions that continue to this day. Presently,
Nigeria faces instability due to a lack of democratization, a legacy of corruption, and increased
terrorism and successionist violence within the nation (“Nigeria” 2024). However, it is the
largest economy on the African continent, with a real GDP of $1.05 trillion (“Nigeria” 2024).
The size of its economy, combined with its abundant natural resources, makes the use of
renewable energy a necessity as energy demand grows due to industrial and manufacturing
growth.

Nigeria already has a strong renewable energy infrastructure due to its use of hydropower
as a supplement to meet current domestic energy demand. However, the share of energy needs
met coming from renewables, based on current forecasts, is likely to increase to a 47% share by
2030 and a 57% share by 2050 (International Renewable Energy Agency 2023). As Nigeria
energy needs continue to grow and are met by renewable energy, the greater the potential for
future socioeconomic and political impacts to occur.

As demonstrated through the multivariate analyses, Nigeria did not appear as a
statistically significant country regarding the socioeconomic and political impacts of renewable
energy. However, other studies, utilizing qualitative analysis such as interviews, government
documents, and others, give an insight into the current state of renewable energy within the
country and its impacts on female political and economic participation. Overall, women have a
lower awareness and understanding of renewable technology and its role in preventing

greenhouse gas emissions, even when accounting for levels of education (Wojoula and Alant
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2019, p. 1367). Additionally, women do not appear to participate in renewable energy

themselves, despite Nigeria’s strong push towards the incorporation of renewable energy
technology into their electric supply (Wojoula and Alant 2019, p. 1368). This indicates that any
relationship between female economic and political participation is likely to be indirect.

However, it is possible that increased access to renewable energy, particularly for women
in rural areas, will lead to increased productivity gains in agriculture and industry, allowing
women to increase their access to healthcare and education, thus expanding their economic and
political opportunities. Folarin et al., in their paper Access to Healthcare through Renewable
Energy on Female Agricultural Productivity in Nigeria, find that increased productivity gains,
such as those made with the use of renewable energy, allowed women’s access to improved
healthcare. Through improved healthcare and other indicators of development such as increased
access to education, female farmers can increase their productivity and their profits, increasing
their social standing within their communities as well as allowing their families to access
education and healthcare, promoting development gains throughout a community (Folarin et al.
2022, p. 8).

Other organizations, such as Solar Sister, allow women to establish entrepreneurial
networks with renewable energy (Heuer 2017). Renewable energy, specifically solar, can be
enacted at smaller scales, allowing for rural communities to mitigate the costs of energy and
establish entrepreneurial enterprises, such as agricultural or artisanal ventures that require energy
inputs (Heuér 2017, p. 117). The use of these technologies allows women to gain expertise in
both renewable energy technology and entrepreneurial skills, decreasing gender gaps in

economic participation (Heuér, 2017, p. 118; Atahau et al. 2021).
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Little has been done to examine this relationship over the long-term and much of the

current analyses available are conducted at a local level, likely due to the locations of renewable
energy infrastructure and to better gauge the outcomes resulting from renewable energy
programs. However, as Nigeria is deeply embedded in renewables and looks to keep expanding,

future analyses would benefit from long-term studies.
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Before the establishment of the French colony of Cote d’Ivoire in 1844, various

kingdoms ruled the territory starting in the 15" century. Many of these kingdoms, such as the
Sanwi kingdom, sought to maintain independence from the French colonial government through
secession but failed to do so (“Cote d’Ivoire” 2024). Cote d’Ivoire declared itself independent in
1960 but continued to have strong economic ties with France, such as through the cocoa trade
(“Cote d’Ivoire” 2024). While it is one of the most prosperous states in Western Africa, the early
21% century saw a period of extreme political instability through the establishment of a military
junta and its subsequent removal by Laurent Gbagbo (“Cote d’Ivoire” 2024). Several years of
civil war followed until an agreement was signed in 2007, where the leader of the rebel faction,
Guillaume Soro, joined the Gbagbo administration. In November 2010, Alassane Dramane
Ouattara won the popular elections but Gbagbo refused to hand over power, resulting in a violent
conflict until Gbagbo was ousted in 2011. Since then, Ouattara has remained in power, despite
there being a two-term presidential limit, with the next elections coming up in 2025 (“Cote
d’Ivoire” 2024).

Despite the ongoing political instability, Cote d’Ivoire is one of the most stable and
booming economies within West Africa (“Cote d’Ivoire” 2024). There is an increasingly
diversifying economy, with strong strides made in the construction and industrial sectors, but
most lvorians work in agriculture (“Cote d’Ivoire” 2024). Like with Nigeria, energy demand and
consumption is going to increase as the Ivorian economy continues to grow, and the government
and private sector are turning towards renewable energy as a supplement. At present, the country
is heavily dependent on local oil and gas production while renewables make up about 24% of

total power generation overall (Enerdata 2023; International Energy Agency “Cote d’Ivoire”
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2023). As the country is at the beginning stages of strongly implementing renewable energy, its

impacts are going to look different than those of Nigeria.

Little is written on the specific relationship between female economic and political
participation and renewable energy in Cote d’Ivoire, as much of the current literature focuses on
the overall impacts of energy access and where renewable energy options can close the gap
between urban and rural populations (Diallo and Moussa 2020). However, there is a growing
recognition of how energy access contributes to increased economic opportunities for women, as
they can automate processes in the household, like cooking, to free up more time for them to
provide for their families (Diallo and Moussa 2020). While there is limited knowledge of the
specific relationship that Ivorian women might experience due to the increased implementation
of renewable energy, it is important to note that the government is aware of the general trend
between development and increased access to electricity. As a result, it is possible that during
discussions about how to equitably distribute the positive effects of renewable energy, women
will be at the forefront.

Like with Nigeria, future studies must be done to continue to examine this relationship to

ensure that there is equitable access to energy, particularly renewable energy.
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Chapter 6: Conclusion

This paper was an initial attempt to explore the socioeconomic and political outcomes of
renewable energy use, particularly as policies with a focus on environmental protection become
more commonplace throughout areas that are likely to be affected by climate change, such as
sub-Saharan Africa. While there is limited statistical evidence to support a causal relationship
between renewable energy and increased female economic and political participation, the case
studies and much of the literature comprising the base of this paper indicate that there are
positive impacts from renewable energy for women. As there is growing support among the
countries in the sub-Saharan African region on the implementation and use of renewable energy,
renewable energy and its socioeconomic and political impacts will be at the forefront to ensure
that renewable energy is implemented justly as well as providing the economic and political
benefits that are commonly touted.

This paper, and more broadly this area of study, presents many benefits for policymakers
as it identifies what adjusted in the wake of a climate change-induced slowdown of economic
growth and potential adverse political outcomes as a result. This area of study clearly outlines
how development is related to environmental policy, in addition to when and how it should be
executed to ensure the enjoyment of its benefits. Through the incorporation of both qualitative
and quantitative analysis, policymakers will understand the complexity of this topic and aim for
continued future research in this area.

For future analysis, it is recommended that a longer time horizon be used to fully explore

the shape and strength of a potential relationship between female economic and political
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participation and the implementation of renewable energy. Additionally, different variables
reflecting measures of human development, such as access to healthcare, would be useful to
explore. Finally, the continued use of both quantitative and qualitative analyses would be the
most beneficial to policymakers and stakeholders in this topic, as they can recognize the impacts
of people at varying levels of implementation in addition to the replicability of quantitative
analyses.

As the energy transition begins and renewable energy becomes more and more attractive,
the exploration of how it shapes political and economic institutions as well as individuals
becomes more pertinent. It is with the hope of | and other researchers that there is continued
support for this area of study to ensure an equitable and just future and that all individuals are

able to reap the benefits from this new form of technology.
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