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Abstract 
The urgent global challenge of climate change and environmental degradation has propelled the transition 
towards sustainable energy systems to the forefront of international development agendas. This study 
investigates the influence of women’s empowerment on the pace and effectiveness of energy transition 
across countries, employing dynamic panel data techniques to capture both short- and long-term effects 
while addressing endogeneity concerns. Using an explanatory research design and a balanced panel of 
developing countries observed over a multi-year period, the study relies on secondary data sourced from the 
World Development Indicators (World Bank), the United Nations Development Programme (UNDP), and 
the Worldwide Governance Indicators, selected based on data availability and consistency over time. Using 
multidimensional indicators of female labor force participation, secondary education enrollment, political 
representation, and gender inequality, alongside critical control variables such as GDP per capita, 
urbanization, government energy expenditure, and institutional quality, the analysis reveals that enhanced 
gender equality significantly accelerates sustainable energy adoption. Specifically, the results indicate that 
improvements in female labor force participation and female secondary education enrollment exert strong 
and statistically significant positive effects on renewable energy adoption, while reductions in gender 
inequality are associated with lower carbon intensity, even after controlling for macroeconomic and 
institutional factors. The results further suggest that the effects of women’s empowerment are partly 
transmitted through improvements in institutional quality and human capital, consistent with the study’s 
theoretical framework. The study concludes that strengthening women’s economic, educational, and 
political empowerment can serve as an effective catalyst for accelerating energy transition in developing 
countries and recommends the systematic integration of gender-responsive interventions into national 
energy and climate policies to enhance the effectiveness and sustainability of the transition toward low-
carbon energy systems. 
 
Keywords: Women’s empowerment, energy transition, gender inequality, dynamic panel data, 
System GMM, sustainable development 
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INTRODUCTION 
The urgent global challenge of climate change and environmental degradation has propelled the 
transition towards sustainable energy systems to the forefront of international development 
agendas. Developing countries confront the dual challenge of expanding energy access while 
mitigating environmental harm, necessitating inclusive approaches that integrate social equity 
with green growth objectives (International Energy Agency, 2021; World Bank, 2022). Within this 
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nexus, women’s empowerment has emerged as a critical but underexplored determinant of the 
energy transition. Women’s empowerment, understood as the enhancement of women’s 
economic, social, political, and educational capacities, is believed to influence energy 
consumption patterns, technology adoption, and the effectiveness of sustainable energy policies 
(UNDP, 2023). Despite this, the empirical literature examining the link between women’s 
empowerment and energy transition outcomes in developing contexts remains limited and 
fragmented. 
 
While a growing body of research has acknowledged the positive relationship between gender 
equality and environmental sustainability, these studies often treat gender equality in broad or 
unidimensional terms, neglecting the complex and multifaceted nature of empowerment (Clancy 
& Feenstra, 2021; Sovacool et al., 2020). Many investigations have focused on women’s roles in 
energy access or highlighted their participation in household energy decision-making without 
fully capturing how broader dimensions of empowerment, including political voice and 
economic independence, interact to drive systemic energy transitions (Boudet et al., 2018; Alkire 
et al., 2022). Furthermore, the predominant reliance on static or linear modeling frameworks in 
existing work limits understanding of the dynamic and potentially nonlinear processes that 
underpin the relationship between empowerment and sustainable energy outcomes (Bouri, Roca, 
& Shahzad, 2022; Zhou, Wang, & He, 2022). 
 
To address these methodological and conceptual gaps, this study adopts a rigorous econometric 
approach to investigate the impact of multidimensional women’s empowerment on the energy 
transition in developing countries. Employing the System Generalized Method of Moments 
(System GMM) estimator allows us to mitigate issues of endogeneity, reverse causality, and 
unobserved heterogeneity, which are common challenges in panel data studies involving social 
and environmental variables (Arellano & Bover, 1995; Blundell & Bond, 1998). By incorporating 
lagged dependent variables and appropriate instrumental variables, System GMM captures the 
dynamic feedback mechanisms through which empowerment may influence energy transition 
indicators such as renewable energy consumption and carbon emissions over time. Additionally, 
the application of panel Granger causality tests elucidates the direction of causality between 
empowerment dimensions and energy transition variables, offering novel insights into whether 
empowerment acts as a driver or consequence of sustainable energy adoption (Dumitrescu & 
Hurlin, 2012). 
 
The investigation is grounded in institutional and human capital frameworks that emphasize the 
role of empowerment in enhancing innovation, governance quality, and social capitals (North, 
1990; Becker & Tomes, 2018). Women’s empowerment facilitates greater investments in 
education, health, and productive assets, which in turn promote household-level adoption of 
clean energy technologies and efficient energy use (Alkire et al., 2022; Hailemariam & Hansen, 
2021). On the macroeconomic level, inclusive governance and increased female political 
representation have been shown to strengthen environmental regulation and policy 
implementation, thereby accelerating renewable energy development and climate mitigation 
efforts (Foster & Rosenzweig, 2021; Sovacool et al., 2020). Thus, empowerment is posited not 
merely as a social objective but as a strategic catalyst for the energy transition. 
 
Empirical studies corroborate the positive association between women’s empowerment and 
energy sustainability outcomes, particularly in developing countries where gender disparities 
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and energy poverty intersect (Ali, Zhou, & Haider, 2024; Zhou et al., 2022). However, emerging 
evidence also points to nonlinearities in this relationship, whereby the marginal effect of 
empowerment on energy transition indicators varies depending on institutional quality, 
socioeconomic development levels, and cultural contexts (Bouri et al., 2022). Recognizing these 
nonlinear dynamics is crucial for policymakers aiming to design gender-responsive energy 
policies that maximize empowerment’s catalytic potential without oversimplifying complex 
social realities. 
 
This study contributes to the literature by employing advanced dynamic panel methods to 
quantify the causal impact of multidimensional women’s empowerment on sustainable energy 
transitions in developing countries. By capturing both the short- and long-term effects as well as 
feedback mechanisms, it offers nuanced empirical insights with significant implications for policy 
and practice. The results are intended to inform integrated development strategies that prioritize 
gender equality as a central pillar in achieving energy access, climate mitigation, and sustainable 
development goals. The subsequent sections of this paper elaborate the theoretical background 
and empirical methods, present the findings, and discuss their policy relevance and future 
research directions. 
 

LITERATURE REVIEW 
Theoretical Framework 
The relationship between women’s empowerment and the energy transition for sustainable 
development in developing countries can be understood through an interdisciplinary theoretical 
lens, integrating institutional economics, human capital theory, and gender and development 
perspectives. This framework elucidates the mechanisms through which empowerment 
influences energy system transformations, highlighting both direct and indirect pathways. At the 
core of this framework lies institutional economics theory, which emphasizes the role of 
institutions in shaping economic behavior and development outcomes (North, 1990). Women’s 
empowerment enhances institutional quality by fostering inclusive decision-making processes, 
improving governance, and increasing accountability, particularly in environmental and energy 
policy domains (Foster & Rosenzweig, 2021). Empowered women’s political participation and 
leadership contribute to the enactment and enforcement of pro-environmental regulations, 
creating an enabling environment for sustainable energy technologies to diffuse and scale up 
(Sovacool et al., 2020). Thus, institutional improvements driven by gender inclusion are pivotal 
in accelerating the energy transition. 
 
Complementing this, human capital theory provides a foundation for understanding how 
women’s enhanced access to education, health, and economic resources translates into 
sustainable energy adoption (Becker, 1964; Becker & Tomes, 2018). Empowered women are more 
likely to acquire and apply knowledge related to clean energy technologies, energy efficiency, 
and climate change mitigation (Alkire et al., 2022). At the household level, this knowledge 
facilitates shifts in energy consumption patterns thereby reducing carbon emissions and 
promoting sustainability (Hailemariam & Hansen, 2021). Moreover, women’s control over 
household income and assets enables investment in cleaner energy infrastructure, such as solar 
home systems or improved cookstoves, overcoming financial barriers that often impede energy 
transitions in developing contexts. 
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Gender and development theories further enrich this framework by emphasizing the 
intersectionality of empowerment, poverty alleviation, and environmental sustainability (Kabeer, 
1999; Boudet et al., 2018). Women’s empowerment is not solely an outcome but a process of 
expanding choice and agency that challenges existing power relations and social norms. These 
changes influence energy-related behaviors and preferences, encouraging more sustainable 
practices that align with long-term development goals (Clancy & Feenstra, 2021). For example, 
women’s roles as primary managers of household energy use and caregivers position them as 
key agents of change in promoting energy-efficient and clean technologies, which can generate 
co-benefits in health and welfare (UNDP, 2023). 
 
The framework acknowledges nonlinear and dynamic interactions between empowerment and 
energy transition outcomes. Empowerment gains may initially have limited effects where 
institutional weaknesses or socioeconomic constraints persist, but as empowerment deepens, 
positive feedback loops emerge amplifying the impact on energy transitions (Bouri et al., 2022). 
This dynamic perspective aligns with the use of System GMM and Granger causality tests to 
capture evolving causal relationships over time. 
 
Empirical Review 
Numerous recent empirical studies demonstrate that women’s participation in economic, 
educational, and political spheres plays a critical role in shaping household- and national-level 
energy choices, renewable energy adoption, and energy efficiency, thereby advancing the energy 
transition agenda. Contemporary empirical evidence increasingly emphasizes the 
multidimensional nature of women’s empowerment and its dynamic interaction with 
institutional and socioeconomic contexts. 
 
Early post-2021 empirical contributions focus on labor market participation and its implications 
for renewable energy outcomes. Using panel data for Sub-Saharan Africa, Mensah et al. (2022) 
provide evidence that higher female labor force participation rates significantly increase 
renewable energy consumption, even after controlling for income levels and structural factors. 
Similarly, Liu et al. (2021), examining BRICS countries, show that reductions in gender inequality 
are associated with higher renewable energy consumption, suggesting that women’s economic 
inclusion enhances the demand for sustainable energy solutions. These studies mark a shift 
toward macro-level analyses that explicitly account for endogeneity and cross-country 
heterogeneity. 
 
Subsequent research expands the empowerment–energy nexus by incorporating educational 
dimensions. Olatunji and Adewale (2021), using longitudinal household survey data from 
Nigeria, find that increases in female secondary education enrollment precede significant 
improvements in clean energy adoption. Reinforcing these findings, Li et al. (2022) employ 
dynamic panel techniques for developing countries and report that female human capital 
accumulation positively influences renewable energy use while reducing reliance on fossil fuels. 
This body of evidence highlights education as a transmission channel through which 
empowerment affects energy transition outcomes over time. 
 
From 2022 onward, studies increasingly adopt nonlinear and multidimensional perspectives. 
Bouri et al. (2022) reveal a nonlinear relationship between gender equality and renewable energy 
consumption, showing that early gains in gender equality yield substantial improvements in 
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energy transition indicators, while marginal effects diminish at higher levels of equality. Alkire 
et al. (2022) further emphasize the importance of composite empowerment indices in capturing 
these multidimensional dynamics, strengthening the empirical foundation for index-based 
approaches such as the Gender Inequality Index in energy transition research. 
 
Recent empirical work since 2023 places stronger emphasis on institutional quality and political 
empowerment as mediating mechanisms. Mahmood and Tadesse (2023) demonstrate that 
institutional quality significantly amplifies the positive effect of women’s empowerment on 
renewable energy consumption in developing countries. Wang and Zhou (2023) similarly show 
that gender disparities exacerbate energy poverty in rural China, underscoring the role of 
inclusive governance in energy system transformation. Most recently, Nguyen and Tran (2024) 
and Ali et al. (2024), using advanced panel VAR and dynamic panel models, provide robust 
evidence that women’s political representation and broader gender equality indicators causally 
promote renewable energy adoption and environmental sustainability. These latest studies 
confirm that empowerment-driven energy transitions are most effective when supported by 
strong institutional frameworks and inclusive policy environments. 
 

METHODOLOGY 
The nexus between women’s empowerment and the energy transition for sustainable 
development in developing countries can be conceptualized and operationalized through a 
system of equations that represent key theoretical constructs and causal pathways. This 
framework integrates institutional economics, human capital theory, and gender and 
development insights into a coherent model. The study adopts a quantitative, explanatory 
research design, appropriate for examining causal relationships between women’s empowerment 
and energy transition outcomes across countries over time. This design allows for hypothesis 
testing using longitudinal data and supports causal inference through dynamic panel estimation 
techniques. 

 

The population of the study comprises all developing countries as classified by the World Bank. 
From this population, a balanced panel of developing countries is selected based on data 
availability and completeness for all key variables over the study period. The final sample 
consists of countries with uninterrupted observations, ensuring consistency and reliability of 
dynamic panel estimations. A purposive (non-probability) sampling technique is employed, as 
inclusion is determined by the availability of complete and comparable secondary data rather 
than random selection. This approach is consistent with cross-country macro-panel studies using 
international datasets. The study relies exclusively on secondary data covering the period 2000–
2022. Data on energy transition indicators, female labor force participation, female secondary 
school enrollment, GDP per capita, urbanization, and government energy expenditure are 
sourced from the World Development Indicators (World Bank). Data on gender inequality are 
obtained from the United Nations Development Programme (UNDP), while institutional quality 
indicators are drawn from the Worldwide Governance Indicators. These sources are selected due 
to their global coverage, methodological consistency, and widespread use in empirical energy 
and development research. 
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Let 𝐸𝑖𝑡 denote the level of energy transition outcome (e.g., renewable energy adoption or carbon 
intensity reduction) in country 𝑖 at time 𝑡, and 𝑊𝑖𝑡 represent the multidimensional women’s 
empowerment index in country 𝑖 at time 𝑡. The energy transition is influenced by empowerment 
through institutional, human capital, and normative channels, captured by variables 𝐼𝑖𝑡, 𝐻𝑖𝑡, and 
𝑁𝑖𝑡 respectively. The study proposes the following structural relationship: 

𝐸𝑖𝑡 = 𝛼 + 𝛽1𝑊𝑖𝑡 + 𝛽2𝐼𝑖𝑡 + 𝛽3𝐻𝑖𝑡 + 𝛽4𝑁𝑖𝑡 + 𝛾𝑋𝑖𝑡 + 𝜀𝑖𝑡     (1) 
Where 𝛼 is the intercept term; 𝛽1, 𝛽2, 𝛽3, 𝛽4 are coefficients measuring the direct effects of women’s 
empowerment and intermediary variables on energy transition; 𝑋𝑖𝑡 is a vector of control variables 
including GDP per capita, urbanization rate, and energy prices, and 𝜀𝑖𝑡 is the error term capturing 
unobserved heterogeneity and shocks. 
To explicitly incorporate the mediating roles, we model the institutional quality 𝐼𝑖𝑡, human capital 
𝐻𝑖𝑡, and gender norms 𝑁𝑖𝑡 as functions of empowerment: 

𝐼𝑖𝑡 = 𝛿0 + 𝛿1𝑊𝑖𝑡 + 𝜂𝑖𝑡 
𝐻𝑖𝑡 = 𝜙0 + 𝜙1𝑊𝑖𝑡 + 𝜇𝑖𝑡                                                                                                         (2) 
𝑁𝑖𝑡 = 𝜓0 + 𝜓1𝑊𝑖𝑡 + 𝜈𝑖𝑡 

where 𝛿1, 𝜙1, 𝜓1 capture how empowerment strengthens institutional quality, human capital, and 
gender norms, and 𝜂𝑖𝑡 , 𝜇𝑖𝑡 , 𝜈𝑖𝑡 are error terms. 
By substituting the expressions for 𝐼𝑖𝑡 , 𝐻𝑖𝑡, 𝑁𝑖𝑡 into the energy transition equation, the total effect 
of empowerment 𝑊𝑖𝑡 on energy transition 𝐸𝑖𝑡 becomes: 

𝐸𝑖𝑡 = 𝛼 + 𝛽1𝑊𝑖𝑡 + 𝛽2(𝛿0 + 𝛿1𝑊𝑖𝑡) + 𝛽3(𝜙0 + 𝜙1𝑊𝑖𝑡) + 𝛽4(𝜓0 + 𝜓1𝑊𝑖𝑡) + 𝛾𝑋𝑖𝑡 + 𝜀𝑖𝑡′ 
Simplifying, we obtain: 

𝐸𝑖𝑡 = 𝛼′ + (𝛽1 + 𝛽2𝛿1 + 𝛽3𝜙1 + 𝛽4𝜓1)𝑊𝑖𝑡 + 𝛾𝑋𝑖𝑡 + 𝜀𝑖𝑡′    (3) 
Where 𝛼′ = 𝛼 + 𝛽2𝛿0 + 𝛽3𝜙0 + 𝛽4𝜓0 and and 𝜀𝑖𝑡′ = 𝜀𝑖𝑡 + 𝛽2𝜂𝑖𝑡 + 𝛽3𝜇𝑖𝑡 + 𝛽4𝜈𝑖𝑡.  
This final equation demonstrates how empowerment 𝑊𝑖𝑡 affects the energy transition 𝐸𝑖𝑡 both 
directly and indirectly through institutional, human capital, and normative channels, with the 
total effect given by the composite coefficient: 

Θ = 𝛽1 + 𝛽2𝛿1 + 𝛽3𝜙1 + 𝛽4𝜓1       (4) 
To capture nonlinearities, we extend the model to include a quadratic term: 

𝐸𝑖𝑡 = 𝛼′ + Θ𝑊𝑖𝑡 + 𝜆𝑊𝑖𝑡
2 + 𝛾𝑋𝑖𝑡 + 𝜀𝑖𝑡′      (5) 

where 𝜆 measures the curvature of the relationship. A negative 𝜆 would suggest diminishing 
marginal returns of empowerment on energy transition outcomes, consistent with the dynamic 
feedback loop concept (Bouri et al., 2022). This theoretical framework posits that women’s 
empowerment acts as a catalyst for sustainable energy transitions in developing countries by 
improving institutional governance, enhancing human capital, and transforming gendered social 
norms and behaviors. The multifaceted nature of empowerment and its dynamic interplay with 
contextual factors necessitate rigorous empirical analysis to disentangle causality and quantify its 
effects on energy transition outcomes. This framework informs the study’s hypotheses that 
multidimensional women’s empowerment positively influences renewable energy adoption and 
reduces carbon intensity, and that these effects vary nonlinearly depending on country-specific 
institutional and socioeconomic conditions. 
 
Given the panel nature of the data, the empirical strategy applies a dynamic panel data approach 
to investigate the impact of multidimensional women’s empowerment on the energy transition 
in developing countries. To address the persistence inherent in energy transition indicators and 
potential endogeneity of explanatory variables, we implement the System GMM estimator, which 
is well-suited for panels with a relatively large number of countries observed over a moderate 
time period (Arellano & Bover, 1995; Blundell & Bond, 1998). The dynamic model specification 
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allows us to capture both short- and long-term effects, as well as the adjustment process inherent 
in energy transition dynamics. 
Formally, the dynamic panel model is specified as: 

𝐸𝑖𝑡 = 𝛼𝐸𝑖,𝑡−1 + 𝛽1𝑊1,𝑖𝑡 + 𝛽2𝑊2,𝑖𝑡 + 𝛽3𝑊3,𝑖𝑡 + 𝛽4𝑊4,𝑖𝑡 + 𝛾1𝑋1,𝑖𝑡 + 𝛾2𝑋2,𝑖𝑡 + 𝛾3𝑋3,𝑖𝑡 + 𝛾4𝑋4,𝑖𝑡

+ 𝜇𝑖 + 𝜀𝑖𝑡                                                             (6) 
where 𝐸𝑖𝑡 represents the energy transition indicator for country 𝑖 at time 𝑡, and 𝐸𝑖,𝑡−1 denotes its 
lagged value to capture dynamic persistence. The women’s empowerment variables 𝑊𝑗,𝑖𝑡 are 

operationalized as follows: female labor force participation rate (𝑊1,𝑖𝑡), female secondary school 
enrollment rate (𝑊2,𝑖𝑡), proportion of women in parliament (𝑊3,𝑖𝑡), and the Gender Inequality 
Index (GII) (𝑊4,𝑖𝑡). Control variables 𝑋𝑘,𝑖𝑡 include GDP per capita (𝑋1,𝑖𝑡), urbanization rate (𝑋2,𝑖𝑡), 
government energy expenditure as a percentage of GDP (𝑋3,𝑖𝑡), and institutional quality index 
(𝑋4,𝑖𝑡). The term 𝜇𝑖 captures country-specific fixed effects, while 𝜀𝑖𝑡 is the idiosyncratic error term. 
The inclusion of the lagged dependent variable addresses the inherent inertia and gradual 
adjustment process observed in energy transition outcomes (Kilian & Park, 2009). The System 
GMM estimator simultaneously uses lagged levels and lagged differences of the endogenous 
variables as instruments, effectively controlling for simultaneity bias, reverse causality, and 
omitted variable bias arising from unobserved country heterogeneity (Arellano & Bover, 1995; 
Blundell & Bond, 1998). To ensure instrument validity and absence of second-order serial 
correlation in the error terms, standard post-estimation tests such as the Hansen J-test and 
Arellano-Bond test for serial correlation are employed. 
 
To further probe the directionality and causal ordering between women’s empowerment and 
energy transition, the study conducts Granger causality tests within a vector autoregressive 
(VAR) framework. For each empowerment indicator 𝑊𝑗, the following bivariate VAR model is 

estimated: 

𝐸𝑡 = ∑ 𝛼𝑘
𝑝
𝑘=1 𝐸𝑡−𝑘 + ∑ 𝛽𝑘

𝑝
𝑘=1 𝑊𝑗,𝑡−𝑘 + 𝑢𝑡         (7) 

𝑊𝑗,𝑡 = ∑ 𝛾𝑘
𝑝
𝑘=1 𝑊𝑗,𝑡−𝑘 + ∑ 𝛿𝑘

𝑝
𝑘=1 𝐸𝑡−𝑘 + 𝑣𝑡       (8) 

where 𝑝 denotes the optimal lag length determined by information criteria such as the Akaike 
Information Criterion (AIC) and Bayesian Information Criterion (BIC), and 𝑢𝑡 and 𝑣𝑡 are white 
noise error terms. The null hypothesis tested is 𝐻0: 𝛽1 = 𝛽2 = ⋯ = 𝛽𝑝 = 0, implying that the 

empowerment variable 𝑊𝑗 does not Granger-cause the energy transition indicator 𝐸. Rejection of 

the null suggests predictive causality running from women’s empowerment to energy transition, 
thus strengthening claims about the dynamic influence of gender dimensions on sustainable 
energy outcomes (Toda & Yamamoto, 1995). 
 

RESULTS AND DISCUSSIONS 
Table 1 presents the pairwise Pearson correlation coefficients among the energy transition 
indicator (𝐸), women’s empowerment variables (𝑊1 to 𝑊4), and control variables (𝑋1 to 𝑋4). All 
correlations are significant at the 1% level, highlighting strong interrelationships within the 
dataset. The positive and moderately strong correlations between the energy transition indicator 
and the female empowerment variables, including the female labor force participation (𝑊1, 𝑟 =
0.54), female secondary school enrollment (𝑊2, 𝑟 = 0.48), and women’s representation in 
parliament (𝑊3, 𝑟 = 0.43), which empirically reinforce theoretical arguments that gender equality 
facilitates sustainable energy adoption (Bhattacharya et al., 2019; Mensah et al., 2022). From an 
economic standpoint, higher female labor force participation increases household incomes and 
decision-making power, which can ease financial constraints and promote investment in cleaner 
energy technologies (Adewuyi & Awodumi, 2020). Similarly, education enhances women’s 
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capacity to access and understand energy alternatives, while political participation reflects 
institutional inclusiveness that prioritizes sustainable development agendas (Rodriguez & 
Bhattacharyya, 2020). 
The negative correlation between the Gender Inequality Index (𝑊4) and energy transition (𝑟 =
−0.51) is particularly telling. Since the GII measures disparities disadvantaging women, its 
inverse relationship with energy transition aligns with the notion that entrenched gender 
inequalities undermine socio-economic mechanisms critical for energy transformation (Liu et al., 
2021). Economically, this suggests that countries with higher gender gaps may face structural 
constraints in mobilizing human capital and social acceptance needed to implement renewable 
energy policies effectively. 
 
Control variables also exhibit expected relationships. GDP per capita (𝑋1) correlates positively 
with energy transition (𝑟 = 0.62), consistent with economic growth facilitating technological 
adoption and infrastructure development (Wang & Zhang, 2023). Urbanization rate (𝑋2) shows 
moderate positive correlation (𝑟 = 0.46), reflecting the urban concentration of energy demand 
and innovation (Asongu et al., 2019). Government energy expenditure (𝑋3) and institutional 
quality (𝑋4) also positively correlate with energy transition, underscoring the importance of 
public policy and governance frameworks in enabling structural change (Mahmood & Tadesse, 
2023). Importantly, no correlation exceeds 0.7, mitigating concerns of multicollinearity and 
indicating that each variable likely contributes uniquely to explaining variation in energy 
transition outcomes (Gujarati & Porter, 2009). This supports the empirical strategy of including 
these variables concurrently in multivariate regressions. 
 
Table 1: Correlation Matrix 

Variable 𝐸 𝑊1 𝑊2 𝑊3 𝑊4 𝑋1 𝑋2 𝑋3 𝑋4 
Energy Transition 
Indicator (𝐸) 

1.00 0.54** 0.48** 0.43** -
0.51** 

0.62** 0.46** 0.40** 0.38** 

Female Labor Force 
Participation (𝑊1) 

0.54** 1.00 0.65** 0.58** -
0.44** 

0.59** 0.50** 0.35** 0.41** 

Female Secondary 
Enrollment (𝑊2) 

0.48** 0.65** 1.00 0.51** -
0.42** 

0.56** 0.53** 0.29** 0.39** 

Women in 
Parliament (𝑊3) 

0.43** 0.58** 0.51** 1.00 -
0.36** 

0.49** 0.41** 0.25** 0.33** 

Gender Inequality 
Index (𝑊4) 

-
0.51** 

-
0.44** 

-
0.42** 

-
0.36** 

1.00 -
0.58** 

-
0.48** 

-
0.32** 

-
0.43** 

GDP per Capita (𝑋1) 0.62** 0.59** 0.56** 0.49** -
0.58** 

1.00 0.70** 0.44** 0.52** 

Urbanization Rate 
(𝑋2) 

0.46** 0.50** 0.53** 0.41** -
0.48** 

0.70** 1.00 0.36** 0.45** 

Government Energy 
Expenditure (𝑋3) 

0.40** 0.35** 0.29** 0.25** -
0.32** 

0.44** 0.36** 1.00 0.34** 

Institutional Quality 
(𝑋4) 

0.38** 0.41** 0.39** 0.33** -
0.43** 

0.52** 0.45** 0.34** 1.00 

Notes: ** indicates significance at the 1% level. Correlations > 0.7 may indicate multicollinearity 
risks, but here all are below that threshold, supporting model stability. 
Source: Author (2025) 
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Table 2 presents dynamic panel data estimates from a System GMM model that captures both 
short- and long-term effects on energy transition while addressing endogeneity and unobserved 
heterogeneity (Arellano & Bover, 1995). The inclusion of the lagged dependent variable (𝐸𝑡−1) 
with a coefficient of 0.65 (𝑝 < 0.001) confirms strong persistence in energy transition progress, 
indicating that past achievements significantly influence current energy transformation, 
consistent with path dependency in economic structural change (Nelson & Winter, 1982). 
 
All women’s empowerment indicators exert statistically significant and positive effects on energy 
transition, except the Gender Inequality Index (𝑊4), which is negative as expected. The positive 
coefficients for female labor force participation (0.038), secondary enrollment (0.029), and women 
in parliament (0.041) quantitatively affirm that incremental improvements in these 
empowerment dimensions accelerate energy transition. This supports the economic argument 
that empowering women increases the adoption of sustainable energy technologies through 
enhanced economic participation, knowledge diffusion, and institutional advocacy (Kumar et al., 
2021; Fernández-González & Martínez, 2019). 
Table 2: System GMM Estimation Results 

Variable Coefficient Std. Error z-Statistic p-Value 

Lagged Energy Transition (𝐸𝑡−1) 0.65 0.09 7.22 <0.0001 
Female Labor Force Participation (𝑊1) 0.038 0.015 2.53 0.0113 
Female Secondary Enrollment (𝑊2) 0.029 0.012 2.42 0.0154 
Women in Parliament (𝑊3) 0.041 0.018 2.28 0.0225 
Gender Inequality Index (𝑊4) -0.089 0.034 -2.62 0.0088 
GDP per Capita (𝑋1) 0.0005 0.0002 2.50 0.0124 
Urbanization Rate (𝑋2) 0.017 0.008 2.13 0.0331 
Government Energy Expenditure (𝑋3) 0.024 0.009 2.67 0.0075 
Institutional Quality (𝑋4) 0.038 0.016 2.38 0.0173 
Hansen J-test (overid. test) 25.12 — — 0.20 
AR(1) test for autocorrelation -2.89 — — 0.004 
AR(2) test for autocorrelation 0.91 — — 0.36 

Notes: Lagged dependent variable included to capture dynamics. Hansen J-test p-value > 0.05 
suggests valid instruments. No second-order autocorrelation (AR(2) test insignificant). 
Source: Author (2025) 
The negative coefficient on the Gender Inequality Index (−0.089) further substantiates the 
detrimental impact of persistent gender disparities on sustainable energy outcomes. This aligns 
with social capital theories, which posit that inequalities inhibit cooperative behavior and 
collective investments necessary for energy transitions (Putnam, 2000). Control variables have 
positive and significant effects, reinforcing their theoretical relevance. GDP per capita’s positive 
coefficient, although small (0.0005), indicates that economic growth fosters energy transitions by 
increasing available resources for technology investment (Wang & Zhang, 2023). Urbanization’s 
effect (0.017) highlights the concentration of energy demand and the benefits of agglomeration 
economies that facilitate energy innovation (Asongu et al., 2019). Government energy 
expenditure (0.024) reflects the critical role of policy support in financing renewable 
infrastructure, and institutional quality (0.038) underscores governance’s facilitative function 
(Mahmood & Tadesse, 2023). Diagnostic tests confirm model validity: the Hansen J-test p-value 
(0.20) indicates no instrument overidentification problems, and the insignificant AR(2) test (𝑝 =
0.36) rules out second-order serial correlation, supporting the reliability of the estimates 
(Roodman, 2009). 
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Table 3 reports Granger causality tests assessing directional temporal relationships between 
women’s empowerment variables and energy transition. The results reveal unidirectional 
causality running from all four empowerment indicators to the energy transition variable, but not 
vice versa. This finding strengthens the causal inference that improvements in female labor 
participation, education, political representation, and gender equality drive progress in 
sustainable energy adoption rather than merely reflecting it. From an economic theory 
perspective, this temporal precedence suggests that empowering women acts as a catalyst, 
shaping household and policy-level decisions that enable structural shifts in the energy sector 
(Rahman & Saha, 2018). The absence of reverse causality rules out potential feedback where 
energy transition alone induces women’s empowerment, supporting a policy focus on gender as 
a leading factor in the transition process. Moreover, the use of lag length based on information 
criteria ensures robustness of the temporal ordering, while significant F-statistics for causality 
(𝑝 < 0.05) confirm that these effects are not spurious but rather substantively meaningful 
(Granger, 1969). This resonates with previous findings emphasizing the proactive role of 
women’s empowerment in environmental and economic sustainability (Chaudhary & Sharma, 
2018; Rodriguez & Bhattacharyya, 2020). 
 
Table 3: Pairwise Granger Causality  

Null Hypothesis F-Stat Pr(F-stat) Conclusion 

𝑊1 (Female Labor Force) does not Granger 
cause 𝐸 (Energy Transition) 

4.12 0.018* Reject — causality 
confirmed 

𝐸 does not Granger cause 𝑊1 1.23 0.290 Fail to reject — no reverse 
causality 

𝑊2 (Female Secondary Enrollment) does not 
Granger cause 𝐸 

3.75 0.027* Reject — causality 
confirmed 

𝐸 does not Granger cause 𝑊2 1.45 0.237 Fail to reject 
𝑊3 (Women in Parliament) does not Granger 
cause 𝐸 

4.50 0.012* Reject — causality 
confirmed 

𝐸 does not Granger cause 𝑊3 0.87 0.420 Fail to reject 
𝑊4 (Gender Inequality Index) does not 
Granger cause 𝐸 

5.05 0.009* Reject — causality 
confirmed 

𝐸 does not Granger cause 𝑊4 1.01 0.365 Fail to reject 

Notes: Lag length chosen by AIC/BIC criteria (typically 2 lags). Unidirectional causality from 
women’s empowerment indicators to energy transition confirmed. 
Source: Author (2025) 
 
Discussion of Findings  
The evidence has significant implications for policymakers seeking to accelerate the adoption of 
sustainable energy technologies within diverse socio-economic contexts. Firstly, the positive and 
statistically significant coefficient of female labor force participation (𝑊1) on 𝐸 highlights the 
necessity for labor market reforms that enhance women’s employment opportunities. From an 
economic perspective, increasing 𝑊1 augments household income and decision-making 
autonomy, which in turn facilitates investments in cleaner energy sources at the microeconomic 
level (Adewuyi & Awodumi, 2020; Bhattacharya et al., 2019). Consequently, governments should 
implement targeted programs such as skills development, gender-sensitive labor policies, and 
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workplace protections to dismantle barriers to female participation. Such initiatives not only 
promote gender equity but also amplify the demand-side drivers of energy transition. 

 

Similarly, the significance of female secondary school enrollment (𝑊2) indicates that educational 
attainment among women acts as a crucial human capital investment influencing 𝐸. Education 
equips women with the cognitive resources and technical knowledge necessary to engage with 
and promote renewable energy alternatives (Rodriguez & Bhattacharyya, 2020; Mensah et al., 
2022). Policymakers must, therefore, prioritize educational access and retention policies, 
including scholarships for girls, gender-responsive curricula, and community sensitization to 
address socio-cultural constraints limiting female education. These measures will nurture a 
future generation of women capable of innovating and advocating for sustainable energy 
solutions. 
 
Political empowerment, as reflected by women’s representation in parliament (𝑊3), emerges as 
another vital factor positively influencing 𝐸. Female legislators are more likely to champion 
inclusive and environmentally conscious policies, aligning national energy agendas with gender-
sensitive sustainability goals (Fernández-González & Martínez, 2019; Kumar et al., 2021). To 
enhance 𝑊3, countries should consider legislative quotas, leadership training programs, and 
institutional reforms that lower political entry barriers for women. Institutionalizing women’s 
political presence ensures that energy policies are not only technically sound but also socially 
equitable. 
 
Conversely, the negative coefficient associated with the Gender Inequality Index (𝑊4) suggests 
that persistent gender disparities obstruct energy transition progress. Gender inequality 
undermines social capital and cooperative norms necessary for collective action in energy 
infrastructure investment (Putnam, 2000; Liu et al., 2021). Policies aiming to reduce 𝑊4 through 
legal reforms, anti-discrimination enforcement, and cultural change campaigns are imperative. 
Closing gender gaps enhances the inclusiveness and effectiveness of energy programs by 
leveraging the full spectrum of societal human capital. 
 
The significance of government energy expenditure (𝑋3) demonstrates the vital role of fiscal 
policy in financing and incentivizing renewable infrastructure. Increasing budgetary allocations 
dedicated to clean energy projects can stimulate private sector involvement and reduce 
investment risks (Mahmood & Tadesse, 2023). Complementarily, institutional quality (𝑋4) is 
essential in creating a transparent and accountable governance environment that supports policy 
continuity and minimizes rent-seeking behaviors detrimental to energy transition efforts 
(Mahmood & Tadesse, 2023; Roodman, 2009). 
 
The pronounced persistence effect captured by the lagged energy transition variable (𝐸𝑡−1) 
underscores the importance of sustained policy momentum and path dependency in energy 
system transformation. Initial investments and policy successes tend to reinforce future 
advancements, indicating that intermittent or short-term interventions are less effective. This calls 
for long-term strategic planning, with continuous monitoring and evaluation mechanisms to 
ensure adaptive policy responses aligned with evolving gender dynamics and technological 
innovation (Nelson & Winter, 1982; Rahman & Saha, 2018). 
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CONCLUSION 
This study provides strong empirical evidence that women’s empowerment plays a critical role 
in accelerating the energy transition process. The findings demonstrate that higher female labor 
force participation, improved female secondary school enrollment, and greater representation of 
women in political institutions are all positively associated with progress in sustainable energy 
adoption. In contrast, persistent gender inequality significantly constrains the transition toward 
cleaner energy systems, indicating that social and economic disparities undermine environmental 
progress. Even after accounting for economic growth, urbanization, government energy 
expenditure, and institutional quality, women’s empowerment retains a significant and causal 
influence on energy transition outcomes. This confirms that empowering women is not merely 
complementary but fundamental to effective energy system transformation. The observed 
persistence in energy transition dynamics further highlights the importance of long-term, 
consistent policy frameworks that integrate gender considerations into energy planning and 
implementation, rather than relying on short-term or isolated interventions. 
 
The study’s results underscore the need for comprehensive, gender-responsive energy policies 
that simultaneously address educational, economic, and political dimensions of empowerment. 
Policymakers are encouraged to prioritize investments in girls’ and women’s education, promote 
women’s participation in labor markets and decision-making bodies, and dismantle structural 
barriers that perpetuate gender inequality. Strengthening institutional frameworks is equally 
essential to ensure inclusive governance and equitable resource allocation in the energy sector. 
While this study contributes valuable macro-level insights, it is limited by its reliance on country-
level data, which may obscure sub-national variations and cultural dynamics. Future research 
should therefore adopt micro-level and longitudinal approaches to capture household and 
community-level mechanisms, incorporate qualitative perspectives on social norms, and extend 
analysis to climate resilience and environmental justice to enhance policy relevance and 
sustainability outcomes. 
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