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Abstract

This study advances the economic development scholarship through three key
contributions. First, it examines the impact of distributional energy justice (here-
after, energy justice) on inclusive human development (IHDI) in Africa. Second, we
investigate how climate readiness moderates the effect of energy justice on THDI.
Third, we explore whether the joint effect of energy justice and climate readiness
differs across low- and high-income African countries. We make these contributions
using macro data for 36 African countries from 2010 to 2020. The results reveal that
energy justice promotes IHDI. The contingency analysis also demonstrates that cli-
mate readiness amplifies the positive impact of energy justice on IHDI. Notably,
across the economic, social, and governance perspectives of climate readiness, the
results show that the moderating effect of governance readiness is striking. Evidence
from sensitivity analysis also suggests that relative to their low-income counterparts,
high-income countries realise a remarkable increase in IHDI with progress in energy
justice and climate readiness. These findings underscore the urgent need for invest-
ments in distributionl energy justice and climate resilience to foster inclusive human
development in Africa.

Keywords: Africa; Climate change readiness; Energy justice; Human development in-
dex; Inclusive human development
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1 Introduction

Access to affordable, reliable, and sustainable energy is indispensable for economic devel-
opment (World Bank, 2018). The inclusive growth literature emphasises the crucial role
of electricity access in human capital development (Banerjee et al., 2021), entrepreneur-
ship (Pueyo et al., 2020), economic growth (Adom et al., 2021), and equitable income
distribution (Adams et al., 2025). Recent evidence also suggests that the socioeconomic
impacts of energy equity transcend economic growth to include environmental sustain-
ability (see, e.g., Ofori et al., 2024; Sovacool, 2012).

This study contributes to this emerging body of scholarly discourse by investigating
the impact of distributional energy justice (defined as rural-urban equality in electricity
access irrespective of race, gender, geographic location, socioeconomic status, or political
affiliation) on inclusive human development in Africa. This conceptualisation builds
on prior research on Africa that fails to account for locational disparities in electricity
access. The main argument underpinning this empirical scrutiny is that progress in
distributional energy justice (hereafter: energy justice) can foster fairer outcomes across
three fundamental pillars of human development: education, health, and income.

Two significant developments motivate our focus on energy justice and inclusive hu-
man development (IHDI). First, according to UNDP (2023) data, Africa reports the
lowest IHDI compared to other continents. Notably, the current IHDI score for Africa
(0.448) is notably lower than those of Europe (0.815), Asia (0.511), Oceania (0.736),
North America (0.830), and Latin America and the Caribbean (0.667). Second, Africa
remains the continent with the highest levels of energy poverty and insecurity, with over
600 million people lacking access to electricity (IEA, 2024). In this context, energy jus-
tice can promote IHDI in several ways. From the income generation perspective of IHDI,
it can be impactful by facilitating open innovation, entrepreneurship, and firm perfor-
mance (Pueyo et al., 2020; Geginat and Ramalho, 2018). Energy justice can, thus, be
transformative in spurring growth (Stern et al., 2019) and lifting millions of people out

of poverty in Africa.



Energy justice can also play a critical role in human capital development. Particularly
in low-income African households, it can free up resources to invest in education by
reducing both the time and financial burdens associated with using unclean fuels (e.g.,
firewood, charcoal, and crop residue). Additionally, energy justice can expand access
to quality education, regardless of location, by facilitating distance learning, promoting
effective teacher-student interaction, and enabling productive practical sessions. The role
of energy justice in creating a modern learning environment through adequate lighting,
internet connectivity, and access to digital resources is also documented in the literature
(see e.g., Armey and Hosman, 2016).

Energy justice can also prolong life expectancy by reducing indoor and outdoor air
pollution. Research suggests that access to modern electricity can lessen healthcare
burden and premature mortalities by decreasing respiratory diseases and health risks,
such as cataracts, heart attacks, miscarriages, and infant mortality (Ajide et al., 2023;
Fisher et al., 2021). Gains in this direction can be lifesaving, as per information from
Acosta et al. (2019), which indicates that nearly 1 million people in Africa die annually
from air pollution alone. Additionally, energy justice can enable healthcare providers
to deliver quality healthcare through proper cold-chain vaccine storage, blood banking,
heating, and effective utilisation of medical devices (Banerjee et al., 2021).

Notwithstanding, we argue that empirical scrutiny concerning the role of energy jus-
tice in THDI in developing countries should also consider the level of climate change
readiness (hereafter referred to as climate readiness). Climate readiness refers to a coun-
try’s institutional and infrastructural capacity to leverage investments and convert them
into effective adaptation solutions (Adger et al., 2015). That is, in countries with high
climate vulnerability, institutional proactiveness and infrastructural capacity enable all
to navigate socioeconomic and environmental shocks. This suggests that countries with
high social, economic, or governance readiness are more likely to cushion their citizens
to leverage incentives, such as energy justice, to promote IHDI. For instance, gover-
nance readiness, in the form of regulatory efficiency and political stability, can promote

and/or safeguard businesses, infrastructure, and livelihoods (Fay, 2012). This way, cli-



mate readiness can sustain progress in the IHDI by mitigating the vulnerability of enter-
prises, healthcare systems, and educational systems to extreme events. Social readiness
dynamics, including technological innovation and digital infrastructure, can also enhance
livelihoods while promoting inclusiveness, empowerment, and pollution abatement (Lyb-
bert and Sumner, 2012; Adger et al., 2009). Similarly, economic readiness channels,
such as business freedom, can complement energy justice to promote IHDI by fostering
private-sector competition, innovation, employment, and access to eco-friendly technolo-
gies (Ofori et al., 2023).

Reviewing the energy justice and economic development literature on Africa, we iden-
tify three knowledge and policy gaps. First, previous studies have not examined the effect
of energy justice on IHDI. The few empirical contributions that explore the impacts of
energy justice focus on economic growth (Opoku and Acheampong, 2023) and environ-
mental quality (Ofori et al., 2024). Instead, the literature is inundated with studies
investigating the impact of energy access, energy burden or energy insecurity on devel-
opment outcomes such as education, income, health, and human development (see e.g.,
Ajide et al., 2023; Adom et al., 2021; Lee et al., 2022; Banerjee et al., 2021; Acheampong
et al., 2021; Sarkodie and Adams, 2020; Ouedraogo, 2013). Second, to our knowledge, no
study has examined how climate readiness (disaggregated into social, economic, and gov-
ernance aspects) moderates the relationship between energy justice and HDI in Africa.
Adopting a holistic view of climate readiness is imperative for comprehensive analysis, as
low-income African countries, relative to their high-income counterparts, report glaring
frailties in institutional and infrastructural capacity for climate change mitigation and
adaptation (see e.g., Sarkodie and Strezov, 2019; Chen et al., 2015). Thus, failure to cap-
ture these climate-specific dynamics can mask nuances in the relationship between energy
justice and ITHDI. Third, the question of whether the conditional effect of energy justice
on IHDI differs across low- and high-income African countries remains unexplored. To

address these gaps in the literature, this study addresses the following research objectives:

1. What is the impact of energy justice on IHDI in Africa?



2. How does climate readiness, disaggregated into social, economic, and governance

dimensions, condition the impact of energy justice on IHDI in Africa?

3. Does the conditional effect of energy justice on IHDI differ between low- and high-

income African countries?

To this end, we employ macro data for 36 African countries for the analysis. Robust
evidence from the data analysis reveals that energy justice promotes IHDI, with notable
impacts in high-income African countries. The findings further demonstrate that the con-
tingency effect of climate readiness within the energy justice and IHDI nexus is nuanced.
Specifically, while economic and governance readiness augment the IHDI-enhancing ef-
fects of energy justice, social readiness undermines this impact. The sensitivity analysis
also suggests that the joint effect of energy justice and climate readiness on THDI is
striking in high-income African countries.

Through these findings, we make three clear contributions to the economic devel-
opment literature. First, we contribute to policy formulation by demonstrating that
enhancing energy justice is critical in reducing inequalities in income, life expectancy,
and education. Policy-wise, our evidence underscores the importance of equitable elec-
tricity access in Aspiration 1.1 of Africa’s Agenda 2063, which seeks to enhance access to
employment, human capital development, and improved life expectancy for all. Within
the remit of SDG 7, this study presents evidence to inform policymaking on the crucial
role of energy equity in socioeconomic sustainability.

Second, we advance the energy and development literature by examining the con-
tingent effects of three climate readiness domains, economic, social, and governance, on
the relationship between energy justice and IHDI. Our evidence highlights the non-linear
impact of energy justice on IHDI across low- and high-income African countries. We
support policymaking in this regard by revealing that deficits in social readiness in low-
income countries undermine the IHDI gains from energy justice. This is imperative for
targeted policy recommendations, given that high-income African countries have better

infrastructure, including energy systems, and institutional capacity for climate change



mitigation and adaptation.

We structure the remainder of this study as follows: Section 2 reviews the literature on
energy justice, climate readiness and IHDI, while Section 3 presents the research methods.
We present the findings in Section 4 and conclude with some policy recommendations in

Section 5.

2 Literature review

2.1 The role of energy justice in inclusive human development

In the context of social justice, distributional energy justice is widely recognised as a
critical driver of economic development (McCauley and Heffron, 2018; McCauley et al.,
2013). According to Sovacool and Dworkin (2015), energy justice refers to a global en-
ergy system that equitably distributes the benefits and burdens of energy production and
services, while ensuring inclusive participation in decision-making processes. Energy jus-
tice, therefore, denotes equitable access to energy services regardless of race, geography,
gender, political affiliation, or socioeconomic status (McCauley et al., 2013). In highly
informal and marginalised societies such as those of Africa, fairness in energy services
can yield multidimensional benefits, for instance, by improving health outcomes, expand-
ing labour market participation, and fostering the development of knowledge and skills
essential for long-term prosperity.

On the empirical front, a review of the economic development literature reveals a
notable gap, with only a handful of studies examining the influence of energy justice on
development outcomes within the African context. Indeed, only Opoku and Acheam-
pong (2023) have demonstrated that energy justice has a significant impact on economic
growth in Africa. Instead, most studies focus on the role of energy access/poverty in hu-
man development, or their impact on income, health, and education, without addressing
within-country inequalities in these outcomes. For instance, Acheampong et al. (2021)
assess the impact of electricity access on human development using a panel of 79 coun-

tries. The authors present evidence based on instrumental variable regression to establish



that access to electricity promotes human development. The analysis reveals distinct re-
gional patterns, with electricity access promoting human development in Sub-Saharan
Africa and Latin America and the Caribbean, yet having a detrimental effect in South
Asia. The study attributes the negative impact on the latter to the region’s high reliance
on traditional fuels. Similarly, Ouedraogo (2013) analyses the energy access and human
development nexus in 15 developing countries from 1998 to 2008. The study finds that
electricity consumption enhances human development, concluding that access to energy
can be a key pathway to promoting quality of life in developing countries.

In Ghana, a comprehensive study by Adom et al. (2021) highlights the multifaceted
role of energy access in driving human welfare. The authors reveal that energy poverty
reduces per capita income growth, education, employment, and life expectancy while
positively influencing income poverty, inequality, and the risk of drinking unsafe water.
Ajide et al. (2023) confirm the conclusion of Adom et al. (2021) with data from 45
African economies over the period 2001-2018. Results from the dynamic generalised
method of moments indicate that energy poverty reduces life expectancy but increases
infant mortality rates and per capita health expenditure.

In a global study comprising 68 countries, Lee et al. (2022) find that energy secu-
rity widens (narrows) the income gap of countries in their early (advanced) stages of
development. This evidence is corroborated by Song et al. (2023), who demonstrate that
access to electricity reduces income inequality in 77 developing countries. Youssef et al.
(2015) also contribute to the discourse by examining the effect of electricity consumption
on infant mortality and life expectancy in 16 African countries. The findings show that
electricity consumption reduces (increases) infant mortality (life expectancy). Banerjee
et al. (2021) also analysed the effects of energy use and electricity access on health and
education using a sample of 50 developing countries. The authors find that access to
electricity improves health and educational outcomes. These findings have been estab-
lished in Honduras, Vietnam, and India by Squires (2015), Khandker et al. (2013) and
Ahmad et al. (2014), respectively. Studies using microdata also demonstrate that access

to electricity drives entrepreneurship, firm performance, education, and good health (see,



e.g., Pueyo et al., 2020; Bridge et al., 2016; Vernet et al., 2019; de Groot et al., 2017).

A section of the extant literature also finds a negative or no significant impact of
energy access/poverty on human development. For instance, Van Tran et al. (2019),
through a panel study of 90 countries from 1990 to 2014, conclude that energy con-
sumption has no statistically significant impact on human development in developing
economies. Similarly, Ahmed and Azam (2016) find robust evidence that energy con-
sumption has no significant impact on economic growth in 36 countries (comprising 15
high-income OECD, 2 high-income non-OECD, 14 middle-income and 5 low-income).
Apergis and Payne (2009) also document an adverse effect of energy consumption on
economic growth in the case of 9 South American countries from 1980 to 2005.

The literature review reveals two key insights regarding the impact of energy justice
on human development. First, most prior studies measure energy justice using indica-
tors such as energy access or energy poverty, but often fail to account for disparities in
electricity access across the rural-urban divide. Second, the few studies that incorporate
distributional equity to capture energy justice do not employ the inclusive human devel-
opment index (i.e., the inequality-adjusted human development index) as the outcome
variable. The focus on inclusive human development as the response variable builds
on prior studies that capture economic development through composite measures, such
as the Human Development Index, or individual outcomes, including economic growth,
income inequality, infant mortality, and poverty. According to United Nations Devel-
opment Programme (2022), the inequality-adjusted Human Development Index (IHDI)
offers a more comprehensive assessment by accounting for within-country inequalities
across its three core dimensions: income, education, and health. Specifically, the IHDI
adjusts the average achievement in each dimension to reflect its distribution among the

population, thus providing a clearer picture of inclusive development.

2.2 The moderating role of climate change readiness

The political economy literature emphasises the role of social overhead capital and in-

stitutional quality in economic development (Mikulewicz and Taylor, 2020; Acemoglu



et al., 2005). In the context of human development, climate change readiness is regarded
as a crucial strategy for building resilience, protecting developmental gains, and foster-
ing sustainable and inclusive progress for both present and future generations. Climate
readiness is, therefore, viewed as a compensating (complementary) mechanism for con-
solidating gains (mitigating harms) in the energy transition. This notion is ingrained
in resilience theory, which emphasises building climate-adaptive capacities to cushion
societies against socioeconomic shocks, of which climate shocks remain impactful in de-
veloping countries (Moench, 2018). At the heart of this theory lies the importance of
proactive institutions that continuously monitor, assess, and refine strategies to improve
living conditions for everyone amid climate change (Rodima-Taylor, 2012; Adger et al.,
2009). In this context, governance readiness, which encompasses regulatory quality, po-
litical stability, corruption control, and the rule of law, as well as economic readiness,
measured by the ease of doing business, emerges as a crucial factor in shaping the im-
pact of energy justice on HDI. For example, economic readiness can foster business and
investment freedom, enabling economic agents across all regions to access electricity for
health, education, and labour market activities.

A related concept is social learning theory, which emphasises the role of social in-
teractions and knowledge-sharing in climate change mitigation and human development
(Bandura and Walters, 1977,9). This theory recognises the role of infrastructural quality
in adapting to and mitigating the impacts of climate change. This way, social readi-
ness mechanisms, such as digital and educational infrastructure, can support countries
in advancing human capital development by deepening knowledge exchange, facilitating
collaboration, and fostering stronger networks of stakeholders (Hallegatte et al., 2019).
Therefore, societies that are socially prepared are better equipped to leverage energy
access to advance fairness in education, healthcare, and workforce inclusion.

Upon reviewing the socioeconomic sustainability literature, we find that studies link-
ing climate readiness to economic development in developing countries primarily focus on
outcomes such as economic growth, income inequality, food insecurity, employment, and

poverty. For example, Adom and Amoani (2021) use instrumental variable regression



with data from 44 African countries (2006-2016) to analyse whether climate readiness
moderates the impact of climate change on economic growth. The study reveals that
climate change, as measured by temperature, hampers economic growth and productiv-
ity; however, these adverse effects are mitigated as countries strengthen their climate
adaptation capacities.

In North Africa, (Schilling et al., 2012) investigated the impact of climate change vul-
nerability on water availability and agricultural productivity, finding that higher vulner-
ability (indicating lower climate readiness) exacerbates social instability by intensifying
water stress and reducing agricultural productivity. Wens et al. (2022) also contribute
to the discourse by revealing that social readiness factors (financial aid and climate
change awareness) improve the food security, income, and financial stability of small-
holder farmers in Kenya. Expanding the scope, Sarkodie et al. (2022) examine the
effects of climate change vulnerability on ecosystem services, food security, health, hu-
man habitats, infrastructure, and water resources, while considering the moderating role
of climate readiness. Their findings indicate that although climate change vulnerabil-
ity hampers progress across these sectors, countries with strong social, governance, and
economic readiness capacities experience significantly reduced impacts.

Cevik and Jalles (2023) examine the impact of climate vulnerability on income in-
equality across 158 developing and advanced countries. Their results indicate that climate
vulnerability exacerbates inequality in developing countries, while its effect is insignif-
icant in advanced economies. The authors attribute this difference to the stronger cli-
mate adaptation and mitigation capacities in developed countries. Similarly, Burke et al.
(2015) demonstrate that climate vulnerability hampers economic growth in developing
economies. However, the effect is not statistically significant in developed countries due
to their robust institutional frameworks for managing climate risks.

It is evident from the literature survey that previous studies have not explored the
effect of climate readiness on inclusive human development in Africa. Additionally, prior
studies have not examined the moderating role of climate readiness (disaggregated into

social, economic, and governance readiness) in the relationship between energy justice and
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inclusive human development. Finally, whether the conditional effect of climate change
readiness differs across low- and high-income African countries remains unexplored. This

study bridges these gaps by employing the empirical strategy detailed in the next section.

3 Methods and data

3.1 Data and justification for the inclusion of variables

The empirical analysis utilises macro data from a panel of 36 African countries from 2010
to 2020. Table Al provides a list of the countries. We selected the countries and study
period based on data availability. Specifically, data for the inequality-adjusted human
development index is conspicuously scanty or missing for several countries, including the
Democratic Republic of Congo, Cape Verde, Comoros, Chad, Eritrea, Guinea, Guinea-
Bissau, Libya, South Sudan, Somalia, Djibouti, Madagascar, Mauritania, and Zimbabwe,
both prior to and after the designated study period.

Our outcome variable is the inequality-adjusted human development index (IHDI).
According to the United Nations Development Programme (2022), the THDI is a key
indicator of economic development because it captures equity in achievements across
three dimensions of human development: (i) a decent standard of living, (ii) long and
healthy life, and (iii) knowledge. The inclusive bit of this measure is derived by accounting
for within-country inequalities across its three components. In other words, the IHDI
differs from the widely used human development index in the literature by adjusting
gains in labour market participation, human capital development, and life expectancy to
reflect inequalities within the population. Recent works employing the IHDI for empirical
research include Nchofoung et al. (2022) and Andrés et al. (2017). It is imperative to note
that the THDI ranges between 0 (Lowest) and 1 (Highest), with higher levels indicating
greater equality in human capital development, life expectancy and income. We retrieve
the IHDI series from UNDP (2023).

The primary predictor variable in this study is distributional energy justice. Follow-

ing Ofori et al. (2024), this study captures the variable as the ratio of the rural population
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with access to electricity to the urban population with access to electricity. We source
access to electricity data from the World Development Indicators [WDI| World Bank
(2023). Also, the moderating variable in this study is climate readiness. According to
Chen et al. (2015), climate readiness denotes the institutional and infrastructural frame-
work for mitigating and adapting to climate change. The study further disaggregates
climate readiness into economic, social, and governance readiness to offer targeted pol-
icy recommendations. We collect the climate readiness data from Notre Dame Global
Adaptation Initiative (2023).

The study controls for financial development, foreign direct investment, climate change
vulnerability, and foreign aid in the conditioning information set. The finance and eco-
nomic development literature acknowledges the role of financial development in driving
[HDI. It provides individuals with opportunities to acquire resources to invest in educa-
tion, healthcare, and businesses (Conning and Morduch, 2011, p. 410). Evidence shows
that financial development promotes inclusive growth by reducing income inequality and
poverty (Imai et al., 2022; Beck et al., 2007). The financial development variable is an
index measuring the depth, efficiency, and accessibility of a country’s financial system.
This index, therefore, encapsulates various dimensions, reflecting the sophistication and
functionality of a country’s financial institutions in facilitating capital allocation and
promoting economic development. This study obtains the corresponding data from the
IMF’s Findex database (Svirydzenka, 2016)

The choice of foreign aid as a control aligns with anecdotal evidence that develop-
ment assistance enables recipient countries to expand access to social overhead capital
(Jones and Tarp, 2015). For instance, foreign aid can promote IHDI by creating enabling
conditions for social mobility and poverty alleviation. We source the foreign aid series
from the World Bank (2023). We also consider foreign direct investment in line with
neoliberal growth theory, which posits that foreign investors introduce human capital
and technological shocks that developing countries can leverage to enhance competition,

growth, and poverty reduction.
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Table 1: Description of variables used for the analysis

Variables Symbol Description Source

Dependent variable
Measured by the inequality-adjusted human development index. It captures
a country’s average achievements in health, education, and income, while

Inclusive human development THDI accounting for the distribution of those achievements across the population. UNDP (2022)
It “discounts” each dimension’s average value based on the level of inequality
in the population.

Main predictor

Energy justice ENERJUS R?Ltlo of the rural po;ln%latlon with access to electricity to the urban population Authors’ computation
with access to electricity.

Moderating variables

Climate change readiness READI iiitrlltgt;tlonal and infrastructural fabric for mitigating and adapting to climate ND-GAIN (2023)

Economic readiness ECOREADI Ecohnomlc dimension of climate change readiness, proxied by the ease of doing ND-GAIN (2023)
business.

Governance readiness GOVREADI Institutional factors (po.htlc?d stability, corruption t.:ontrol, regulatory quality, ND-GAIN (2023)
and rule of law) enhancing investment for adaptation.

Social readiness SOCREADI Somajl fa'ctors (social lneg}lallty, ICT 1nf.rastructure, and innovation) for en- ND-GAIN (2023)
hancing investment mobility for adaptation.

Control variables

Financial development FINDEX Index measuring a country’s progress in the access, depth, and efficiency of Svirydzenka (2016)
financial institutions and markets.

Climate change vulnerability CLIMAVUL Inde.x capturing fra.ultles in six dimensions (food, \fvatel.r,' health, ecosystem ND-GAIN (2023)
service, human habitat, and infrastructure) of sustainability.

Foreign direct investment FDI Net direct investment inflow as a percentage of gross domestic product. World Bank (2024)

Foreign aid FORAID Official development assistance as a share of gross national income. World Bank (2024)

Notes: WDI is World Development Indicator; ND-GAIN is Notre Dame Global Adaptation Initiative; UNDP
is United Nations Development Programme.



Finally, we consider climate vulnerability in line with the argument by Chen et al.
(2015) that such vulnerabilities undermine the contributions of food, ecosystem services,
health, human habitat, water, and infrastructure systems to human development. Cli-
mate vulnerability is an index measuring a country’s exposure, sensitivity, and ability to
adapt to the negative impacts of climate change. The index ranges from 0 (no vulner-
ability) to 1 (absolute vulnerability). We extract the data from the ND-GAIN (2024)

database. Table 1 summarises the description and data sources of all the variables.

3.2 Model specification

This study examines the impact of energy justice on inclusive human development, with
a specific focus on the moderating role of climate readiness. The theoretical foundation
for analysing this non-linear relationship is grounded in the concepts of energy justice and
resilience theory, as detailed in Section 2. Building on this framework, we model IHDI us-
ing a reduced-form econometric approach, following specifications from Nchofoung et al.

(2022), Andrés et al. (2017), and Asongu and Nwachukwu (2017):

IHDIL; =« + S1FINDEX;; + BoFDI;; + B3sCLIMAV ULy + B4FORAID;; + SsENERJUS;
+ BeREADI;; + u; + 44
(1)

where IHDI;; is inclusive human development in country ¢ at time ¢. Also, FINDEX;
is financial development, FDI;; means foreign direct investment, CLIMAVUL;; denotes
climate vulnerability, FORAID;; stands for foreign aid, and ENERJUS;; is distributional
energy justice.

As elaborated in Section 2.2, we argue that the effect of energy justice on inclusive
human development can be moderated by the degree of climate readiness in the sampled
countries. In light of this, we modify Equation 1 by introducing an interaction term for

energy justice and climate readiness, as expressed in Equation 2:
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IHDIL; =ag + S1FINDEX;; + BoFDI;; + B3CLIMAV ULy + B4FORAID;; + SsENERJUS;
+ BsREADI;; + 57 (ENERJUS;; x READI;) 4 u; + e
(2)

where READI;; denotes climate readiness (overall), which is further disaggregated
into (i) economic readiness (ECOREADI;;), (ii) social readiness (SOCREADI;;), and (iii)
governance readiness (GOVREADI;;). Also, ENERJUS;; x READI; is the interaction
term for energy justice and climate readiness.

Consistent with Objectives 1 and 2, we pay particular attention to parameters 5 (i.e.,
the unconditional effect of energy justice on IHDI), S (i.e., the direct effect of climate
change readiness on IHDI), and 7 (i.e., the coefficient of the energy justice and climate
change readiness interaction term). Following Brambor et al. (2006), we compute the
corresponding total /marginal effect from this interaction term as:

oUHDI), -
8(ENERJUtS)it = 5 + B (READI),, (3)

where READI;; is the median value of climate readiness, while all other symbols
remain, as earlier mentioned. Calculating total effects at the median values is crucial for
mitigating the influence of outliers in the data. Specifically, we compute the marginal
effect of energy justice by combining its direct effect, the coefficient of the interaction
term between energy justice and climate readiness, and the median value of climate
readiness. Consistent with the energy justice concept, we expect equality in electricity
access to enhance IHDI (85 > 0). Similarly, we expect higher levels of climate readiness to
enhance THDI (B > 0). Correspondingly, a synergistic effect between climate readiness
and energy justice on IHDI is anticipated (85 + B3;READI; > 0).

The energy justice-climate readiness interaction term serves two important purposes.
First, it allows the slope coefficient of energy justice to vary with climate readiness, pro-

viding a nuanced understanding of how these variables jointly influence inclusive human
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development. Second, it enables us to pinpoint where investments in climate readiness
are most impactful for policy strategisation. If the interaction term is positive (negative)
and statistically significant, it implies that enhancing climate readiness amplifies (offsets)

the favourable (adverse) impacts of energy justice on inclusive human development.

3.3 Data and preliminary issues

In panel data regression analysis, issues such as multicollinearity, cross-sectional de-
pendence, autocorrelation, and endogeneity pose significant risks to the unbiasedness,
consistency, and reliability of parameter estimates. These issues can render inference
and policy recommendations flawed. To circumvent these risks, this study conducts rig-
orous preliminary tests, specifically examining (i) unit roots, (ii) strong correlations, (iii)
autocorrelation, and (iv) cross-sectional dependence. For the latter, this study employs
the Pesaran (2004) cross-sectional dependence test for the assessment. The test is based
on the null hypothesis of no cross-sectional dependence. Failure to reject the null hy-
pothesis at the 1%, 5%, or 10% significance levels indicates the absence of cross-sectional
dependence in the dataset. Depending on whether cross-sectional dependence is present,
we employ either first-generation or second-generation unit root tests to examine the
stationarity properties of the variables. Conducting these stationarity tests is essential
to avoid misleading or spurious regression results Pesaran (2007).

To assess bivariate relationships among variables, we conduct pairwise correlation
tests. Additionally, we apply Wooldridge’s (2010) autocorrelation test, which examines
the null hypothesis of no first-order autocorrelation in the data. The results from these
preliminary tests are as follows: First, the correlation test results in Table A2 show
that energy justice is positively correlated with THDI. Also, consistent with intuition,
the climate readiness variables positively correlate with IHDI. For the control variables,
we observe that foreign aid, foreign direct investment, and climate change vulnerability
are inversely correlated with IHDI. The graphical relationships presented in Figure 1
reinforce these findings. Table A3 also presents the results of the serial correlation test.

The evidence suggests the presence of serial correlation in the dataset (F-statistic =
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127.806; p < 0.001). Further, the results in Table A4 reveal the presence of strong cross-
sectional dependence in the data. We observe that variables such as IHDI and climate
readiness are highly correlated across panels, which we account for in the estimation.
Having established the presence of cross-sectional dependence, we assess the station-
arity properties of the variables using the second-generation unit root tests. Precisely, we
apply the cross-sectionally augmented panel unit root test (CIPS) and the Pesaran (2007)
cross-sectionally augmented Dickey-Fuller (PESCADF) test. According to the CIPS and
PESCADF estimates in Table A5, variables such as financial development, foreign aid,
and climate change readiness exhibit no unit root either at the level or in first differences.
For energy justice, IHDI, economic readiness, foreign direct investment, and governance
readiness, stationarity is established only after the first difference is taken. Although this
preliminary data analysis is essential for understanding the developments in the under-
lying dataset, it provides no parameter estimates for inference. Accordingly, we subject
the dataset to rigorous empirical analysis, taking into account the established issues of

autocorrelation and cross-sectional dependence.

3.4 Identification and estimation strategy

This study employed the Schaffer (2010) fixed effect instrumental variable (FE-IV) re-
gression with Driscoll-Kraay standard errors for the estimation. The rationale for em-
ploying this estimator is based on the established data and estimation challenges. First,
the Schaffer (2010) FE-IV estimator is robust to general forms of cross-sectional and
temporal dependence. In this study, cross-sectional dependence is evident, as confirmed
by Pesaran (2004) cross-sectional dependence test. We address this econometric chal-
lenge by invoking Driscoll and Kraay (1998) standard errors in the estimation procedure.
Second, compared to competing estimation techniques such as Beck and Katz (1995)
panel-corrected standard errors, the Schaffer (2010) FE-IV estimator is more efficient
when the cross-sections exceed the study period. This study fulfils this requirement be-
cause the number of sampled countries (36) exceeds the length of the study period (11).

Third, the Schaffer FE-IV estimator accounts for constant differences across countries
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Figure 1: Relationship between IHDI, energy justice, and climate change readiness in
Africa, 2010-2020.

and, thus, reduces the likelihood of heterogeneity bias by incorporating country-specific
fixed effects in the estimation. Fourth, the Schaffer FE-IV estimator is flexible in han-
dling endogeneity problems. The estimator accommodates both internal and external
instruments to address endogeneity concerns.

In this study, endogeneity arises from two sources: reverse causality and measure-
ment error. For the latter, climate readiness and energy justice can be challenging to
measure accurately, as they often rely on composite indicators or self-reported data,
which can introduce measurement error. This measurement error could correlate with
the error term in Equation 1 and Equation 2, leading to endogeneity. Concerning reverse
causality, we argue that IHDI can influence both climate readiness and energy justice.

This occurs because, as IHDI improves, countries tend to innovate or allocate greater
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resources toward strengthening climate change resilience and advancing energy justice.
As argued succinctly in this study, progress in these two dimensions can also enhance
IHDI. Endogeneity can also arise from a reverse causality between IHDI and financial
access, as documented in the finance- and growth-led hypotheses (see, McKinnon, 1973).

Baum et al. (2003) submit that these endogeneity concerns can be accounted for
in the estimation procedure by using in(ex)ternal instruments. However, due to data
availability and measurement issues, we employ the first lags of the explanatory vari-
ables as instruments, and critically evaluate their appropriateness. In Africa, accurate
data on potential external instruments such as historical climate policies, environmental
trade, climate aid, energy infrastructure, and public awareness are limited due to re-
source constraints, inconsistent documentation, and political sensitivities. Furthermore,
using dummy variables to address endogeneity in this context can be misleading, as
they oversimplify complex and dynamic influences, thereby masking essential nuances.
This simplification risks omitted variable bias, ultimately weakening the robustness of
inferences.

Against this background, internal instruments can help predict current values of
financial development, energy justice and climate readiness, while being uncorrelated with
the error term. This approach is consistent with Schaffer (2010) and Wang and Bellemare
(2019), who contend that lags of the regressors can be employed as instruments (i) in
cases where identifying strictly exogenous instruments is cumbersome and (ii) provided
they do not violate the independence assumption and exclusion restrictions. This is
corroborated by Lewbel (2012) argument that introducing poor external instruments
can aggravate the endogeneity problem, leading to biased and misleading inferences.

Additionally, we assess the robustness of the Schaffer FE-IV estimates by employing
the two-step generalised method of moments (IV-GMM) estimator proposed by Baum
et al. (2003). Similar to the Schaffer FE-IV estimator, Baum et al.’s (2003) IV-GMM
estimator is robust to serial correlation and heteroskedasticity as it accommodates panel
clustering and robust standard errors. More importantly, both the Baum and Schaffer

techniques address endogeneity problems arising from reverse causality, omitted variable
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bias and measurement error using moment conditions. Their instrumentation procedure
is ascertained by applying the weak identification tests of Cragg and Donald (1993) and
Kleibergen and Paap (2006).

We assess the latter by comparing the Kleibergen-Paap rank Wald statistic to the
rule-of-thumb threshold of 10 suggested by Staiger and Stock (1997). The former is
evaluated by comparing the relevant Fisher statistics to the Stock and Yogo (2005) critical
values. For this study, the Stock-Yogo critical values used to assess the Cragg-Donald
Wald F statistics are 11.04 (5%), 7.56 (10%), and 5.5 (20%). Instruments are considered
relevant if the Wald or Fisher statistics exceed their corresponding critical values. Finally,
we assess whether the instruments satisfy the exclusion restriction using the Hansen
(1982) overidentification test. The Hansen test evaluates the null hypothesis that the
instruments are valid against the alternative that they are invalid. Accordingly, the
instruments are considered valid if the associated p-values are greater than 5%.

Finally, the Baum et al. (2003) IV-GMM estimator addresses concerns about mul-
ticollinearity and overparameterisation by accommodating interactive models, which
means that all constitutive terms are included in the model, as specified in Equation 2
(see (Brambor et al., 2006, Section 3). This is crucial because, in contrast to linear ad-
ditive models, the estimated coefficients for the interactive variables are interpreted as

total effects of the modified variable (i.e., energy justice) rather than elasticities.

4 Results and discussion

4.1 Summary statistics

Table 2 provides the summary statistics for the variables. The data show an average
energy justice score of 0.37 (37%). This indicates a high disparity in energy access across
the rural-urban divide in Africa. Additionally, the data reveal an average climate readi-
ness score of 0.309, which, according to Chen et al. (2015), signifies a low institutional

and infrastructural capacity for mitigating and adapting to climate change.
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Table 2: Summary statistics, 2010-2020

Full sample Middle- and high-income countries Low-income countries
Variable Obs Mean  Std. Dev. Min Max Obs Mean Std. Dev. Min Max Obs  Mean  Std. Dev. Min Max
Outcome variables
Inclusive human development 396 0.384 0.009 0.211 0.681 187  0.455 0.090 0.292 0.681 209 0.320 0.042 0.211 0.417
Main predictor
Energy justice 396  0.370 0.319 0.014 1.004 187  0.571 0.341 0.060 1.004 209 0.190 0.142 0.014 0.507
Moderating variables
Climate change readiness (overall) 396  0.309 0.070 0.116 0.568 187  0.333 0.082 0.185 0.568 209 0.286 0.049 0.116 0.426
Economic readiness 396  0.289 0.118 0.000 0.675 187  0.326 0.136 0.081 0.675 209 0.256 0.089 0.000 0.539
Social readiness 396  0.234 0.057 0.131 0.370 187  0.240 0.062 0.133 0.370 209 0.229 0.052 0.131 0.329
Governance readiness 396  0.402 0.104 0.172 0.671 187  0.433 0.112 0.260 0.671 209 0.374 0.086 0.172 0.558
Control variables
Financial development 396  0.170 0.125 0.033 0.643 187  0.243 0.149 0.077 0.643 209 0.104 0.027 0.033 0.180
Foreign direct investment 396 4.515 10.09 -18.91 103.33 187 2.781 5.610 -18.918  39.811 209 6.066 12.663 -2.545  103.33
Climate change vulnerability 396  0.520 0.071 0.379 0.688 187  0.465 0.053 0.379 0.554 209 0.570 0.042 0.481 0.688
Foreign aid 396  6.892 7.893 0.014 77.86 187  1.817 1.741 0.014 11.218 209 11.434 8.468 0.693  77.868

Note: Obs is the number of observations; Min is minimum; Std. Dev. is the standard deviation; Max is

maximuim.



Regarding the economic, social, and governance dimensions of climate readiness, the
data show mean values of 0.289, 0.234, and 0.402, respectively. Although low, these
figures suggest, following Chen et al. (2015), that African countries demonstrate stronger
governance readiness compared to their social and economic preparedness. The data also
indicate average values of 6.89% for foreign aid and 4.51% for foreign direct investment.
On average, financial development in Africa stands at 0.17, indicating the continent’s
early stage of financial system development. Climate change vulnerability also averages
0.52, underscoring Africa’s heightened exposure to climate-related risks.

For the outcome variable, IHDI, the data reveal a mean value of 0.384. However,
graphical analysis uncovers notable variation in inclusive human development across the
sampled countries. Figure 2 shows that among the 36 countries, only Mauritius, Algeria,
Tunisia, Gabon, and Egypt achieve an IHDI score of 0.5 or higher. This highlights the
generally low levels of inclusive human development in Africa, with countries such as the
Central African Republic, Niger, Sierra Leone, Mali, Burkina Faso, and Burundi ranking

among the lowest.

4.2 Effects of energy justice and climate change readiness on IHDI

Table 3 presents the findings for the direct and conditional effects of energy justice on
IHDI in the entire sample. For the first objective, the study finds that energy justice
promotes ITHDI. This result is statistically significant at the 1% significance level. The
magnitude of the coefficient indicates that a 1% increase in energy justice results in a
0.087-point increase in IHDI (Column 1). Evidence in Column 2 also reveals that climate
readiness enhances IHDI. We show that a 1% improvement in climate readiness raises
IHDI by a remarkable 0.281 points. Across the economic, social and governance domains
of readiness, the results suggest that only social and economic readiness are statistically
significant in promoting IHDI. Specifically, for every 1% increase in economic and social
readiness, the THDI score rises by 0.091 and 0.830 points, respectively.

We now focus on the second objective, examining how climate readiness moderates

the relationship between energy justice and IHDI. The results, presented in Columns
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Figure 2: Inclusive human development performance in African countries, 2010-2020.
Source: Data are sourced from the UNDP Data Centre.

6-9, indicate that overall climate readiness interacts synergistically with energy justice
to increase IHDI by 0.055 points (Column 6). This total effect is obtained by engaging the
unconditional effect of energy justice on IHDI (-0.610), the coefficient of the energy justice
and climate readiness interaction term (0.3870), and the median climate readiness score
of 0.299 (see, Table 3). Following similar computations, we report total effects of 0.060,
0.046, and 0.205 points for the economic readiness-, social readiness-, and governance
readiness-energy justice interaction terms, respectively.

Although all the total effects are positive and statistically significant, they offer in-
teresting insights into the moderating role of climate readiness in Africa. Notably, the
analysis demonstrates that whereas governance and economic readiness interact with en-
ergy justice to promote IHDI, social readiness dampens the effect. The results further
reveal that, relative to social and economic readiness, governance readiness is crucial
for conditioning energy justice to promote IHDI. These heterogeneities become glaring

when one juxtaposes the conditional effects of energy justice with their corresponding
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unconditional effects (Columns 6-9). Conspicuously, the direct effects of energy justice in
Column 6 (-0.610), Column 7 (0.022) and Column 9 (-0.077) are lower than their atten-
dant total effects of 0.054, 0.060, and 0.205 points. However, in Column 8, it is evident
that in the presence of social readiness, the effect of energy justice on IHDI reduces from
0.120 points to 0.046 points.

For the control variables, the results show that financial development and foreign
aid enhance THDI, whereas climate vulnerability and foreign direct investment exert an
adverse effect!. We show that the IHDI score increases by 0.230 points for every 1%
increase in financial development (Column 1). This is consistent with the contemporary
literature on the supply-leading hypothesis, which suggests that financial development
promotes employment, good health, and human capital development (Conning and Mor-
duch, 2011). Although sensitive to model specification, the positive effect of foreign aid
aligns with prior evidence that development assistance to Africa enhances access to ed-
ucation, health, potable water, and sanitation (Asongu and Nwachukwu, 2017). The
negative effect of foreign direct investment on IHDI is consistent with prior evidence
that capital flows to Africa worsen the continent’s income disparity gap (Adams et al.,
2025). Furthermore, the substantial ecological footprint associated with foreign direct
investment in Africa poses a significant challenge to IHDI, as it can exacerbate existing
health conditions and complicate overall public health outcomes (see e.g., Bokpin, 2017;
Ofori et al., 2023). Climate change vulnerability can also hinder IHDI by driving forced
displacement, increasing job losses, and raising morbidity rates.

The model diagnostics, which we report as part of the general regression statistics,
confirm that the results are unbiased, consistent, and reliable for inference and policy rec-
ommendations. First, the study satisfies the overidentification restriction, as evidenced
by the statistically insignificant Hansen J probability values at the 5% level. Finally, the
Cragg-Donald Wald F-statistic and Kleibergen-Paap rank Wald F-statistic are markedly
higher than the corresponding Stock and Yogo (2005) and Staiger and Stock (1997)

critical values, suggesting that the instruments are not weakly identified.

!See the full results, including estimates for the control variables, in the supplementary file (WD-SM1)
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Table 3: Effects of energy justice on IHDI in Africa (Schaffer 2010 FE-GMM Estimates)

Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9
Energy justice (EJ) 0.0878***  0.0600*%**  0.0645***  0.0536***  (0.0880*** -0.0610* 0.0229 0.1208%** -0.0770%**
(0.010) (0.008) (0.009) (0.008) (0.011) (0.036) (0.019) (0.019) (0.020)
Climate change readiness 0.2814*** 0.1560***
(0.026) (0.023)
Economic readiness 0.0910*** 0.0554***
(0.012) (0.016)
Social readiness 0.8309*** 1.0511%**
(0.049) (0.052)
Government readiness -0.0180 -0.0412%*
(0.028) (0.019)
EJ x Climate change readiness 0.3870***
(0.120)
EJ x Economic readiness 0.1349**
(0.067)
EJ x Social readiness -0.3283***
(0.077)
EJ x Governance readiness 0.7122%**
(0.082)
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Total effect (median) - - - - - 0.0547*** 0.0607*** 0.0463*** 0.2050***
- - - - - (0.0061) (0.0069) (0.0086) (0.0161)
Observations 360 360 360 360 360 359 359 359 359
Fisher Statistic 176.85%** 702.82%** 219.91%**  313.60*** 217.25%** 13179.16*** 2733.94%** 5405.33*** 191.45%**
Hansen p-value 0.1046 0.1072 0.1111 0.0903 0.0994 0.0989 0.1007 0.0874 0.0944
Cragg-Donald Wald F-statistic 38.52%** 33.08%** 33.42%%* 28.02%** 38.20%** 31.47%** 32.12%%%* 27.45%** 28.27*%*
Kleibergen-Paap rank Wald F Statistic 24 37H** 19.09%** 19.50%*** 11.99%** 23.68%** 17.67%%* 17.47%%* 11.83%** 13.12%%*

Note: Standard errors in parentheses
*p<0.10, " p < 0.05, *** p < 0.01



4.3 Sensitivity analysis: Effects of energy justice across income groups

Thus far, the analysis shows that, both conditionally and unconditionally, energy jus-
tice promotes IHDI in Africa. While these findings provide fresh insights into the roles
of energy equity and climate readiness in inclusive human development, a key question
remains: do these effects differ between low- and high-income African countries?. Ac-
cordingly, the study classifies the sampled countries into two groups—low-income and
high-income—using the United Nations Development Programme (2022) income classi-
fication to address Objective 3. This yields two distinct sub-samples: 17 high-income
countries and 19 low-income countries.

The findings in Tables 4 and 5 reveal that while energy justice enhances IHDI in both
income groups, the effect is more pronounced in high-income countries (0.112) compared
to low-income countries (0.081). Conditioning the effect on climate readiness reveals
a statistically significant synergistic impact in both groups. Two important patterns
emerge across the dimensions of climate readiness. First, in high-income African coun-
tries, economic, governance, and social readiness each reinforce the impact of energy
justice on THDI. However, in low-income countries, such complementarities emerge only
through economic and governance readiness. Second, where synergy exists, the total ef-
fect of energy justice is consistently more pronounced in high-income than in low-income
countries. For example, the total effect from the energy justice—economic readiness inter-
action is 0.099 points in high-income countries, compared to 0.039 points in low-income
countries (see Column 7 of Tables 4 and 5). These results underscore the importance
of institutional and infrastructural quality in conditioning the extent to which energy
justice translates into inclusive human development across different income contexts in

Africa.
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Table 4: Effects of energy justice on THDI in High-income countries (Schaffer 2010 FE-GMM Estimates)

Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9
Energy justice (EJ) 0.1125%**  0.0913***  0.1051*%**  0.0664***  0.1113***  _0.1054** 0.0517%** 0.0734* -0.0868***
(0.031) (0.017) (0.020) (0.017) (0.032) (0.047) (0.010) (0.042) (0.021)
Climate change readiness 0.3354*** 0.0646
(0.073) (0.108)
Economic readiness 0.1167*** 0.0474
(0.040) (0.045)
Social readiness 0.6630*** 0.6675***
(0.042) (0.087)
Government readiness -0.0281 -0.0481
(0.052) (0.047)
EJ x Climate change readiness 0.5670%**
(0.145)
EJ x Economic readiness 0.1462**
(0.064)
EJ x Social readiness -0.0214
(0.154)
EJ x Governance readiness 0.7113***
(0.089)
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Total effect (median) - — — — — 0.0799***  0.0991*** 0.0685%** 0.2213***
- - - - - (0.0144)  (0.0171)  (0.0159) (0.0315)
Observations 170 170 170 170 170 169 169 169 169
Fisher Statistic 24.62%** 29.51%** 24,19*** 261.41%** 22.85%** 195.13***  173.80***  1247.00*** 396.24%**
Hansen p-value 0.1982 0.2825 0.1930 0.3122 0.1950 0.2291 0.1598 0.2357 0.2242
Cragg-Donald Wald F-statistic 1.3995 1.4945 1.6108 1.3900 1.2298 1.4468 1.6475 1.2882 1.1846
Kleibergen-Paap rank Wald F Statistic 0.8144 1.0205 1.3019 0.8221 0.6524 1.0192 1.3326 0.8289 0.6297

Note: Standard errors in parentheses
*p<0.10, ¥ p < 0.05, *** p < 0.01
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Table 5: : Effects of energy justice on IHDI in Low-income countries (Schaffer 2010 FE-GMM Estimates)))

Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9
Energy justice (EJ) 0.0817***  0.0478%**  (0.0414%**  (0.0284*** 0.0807*** 0.0786** 0.0337* 0.1816*** -0.0817**
(0.009) (0.011) (0.010) (0.006) (0.009) (0.033) (0.018) (0.035) (0.041)
Climate change readiness 0.3252%** 0.3452%**
(0.027) (0.042)
Economic readiness 0.1343*** 0.1310***
(0.012) (0.015)
Social readiness 1.4765%** 1.7846%**
(0.082) (0.091)
Government readiness -0.0725%** -0.0848%**
(0.024) (0.024)
EJ x Climate change readiness -0.0996
(0.105)
EJ X Economic readiness 0.0233
(0.036)
EJ x Social readiness -0.7432%**
(0.156)
EJ x Governance readiness 0.7408***
(0.190)
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Total effect (median) - — — — — 0.0498%** 0.0398%** 0.0129%** 0.2020%**
- - - - - (0.0107)  (0.0109) (0.0039) (0.0336)
Observations 190 190 190 190 190 190 190 190 190
Fisher Statistic 68.9%** 1038.5%*** 744 5*** 3987.8%** 193.3%** T7T79.4%** 41344.5%*%*  13574.01%** 102.9%***
Hansen p-value 0.1027 0.1265 0.1629 0.4076 0.1136 0.1276 0.1620 0.9255 0.1072
Cragg-Donald Wald F-statistic 28.91%** 22.75%** 21.51*** 25.32%%* 28.86*** 22 4T7H** 20.98*** 26.35*** 26.82%**
Kleibergen-Paap rank Wald F Statistic =~ 19.94%%%* 16.44%%* 15.82%%* 20.01%%* 23.03%** 16.23%%* 15.23%%* 21.69*** 21.43%%*

Note: Standard errors in parentheses
*p<0.10, ¥ p < 0.05, *** p < 0.01



4.4 Robustness check

This section deepens the robustness of the findings by employing a different estimator.
Precisely, we assess whether the results in Tables 3-5 remain the same when the Baum
et al. (2003) IV-GMM estimator is employed. Despite marginal differences in parameter
estimates, the results in Table 6, Table A6, and Table A7 demonstrate the robustness of
our earlier findings. For instance, the results in Column 1 of Table 6 confirm the THDI-
enhancing effect of energy justice. The evidence shows that every 1% increase in energy
justice raises the THDI score by 0.136 points, confirming the positive impact reported
in Table 3. Furthermore, we demonstrate that climate readiness increases HDI by 0.354
points. Consistent with the evidence in Table 3, the findings reveal that all climate
change dynamics are statistically significant in prompting IHDI, except for governance
readiness. The evidence further demonstrates that every 1% improvement in economic
and social readiness accelerates Africa’s progress in IHDI by 0.214 points and 0.272
points, respectively. Concerning Objective 2, the estimates in Columns 6-9 confirm the
synergistic effect of energy justice and climate readiness on IHDI. Consistent with the
evidence in Table 3, we find that governance readiness is the most crucial channel for
conditioning energy justice to promote IHDI (0.117 points). The findings in Tables
A6 and AT also show that while energy justice and climate readiness jointly enhance
HDI in middle- and high-income African countries, this synergy is absent in low-income
countries, plausibly due to their glaring weaknesses in climate readiness.

We extend the robustness checks by investigating whether the marginal effect of
energy justice, evaluated at the median of climate readiness, on IHDI is not spurious
or arbitrary. This assessment is policy-relevant as it demonstrates whether the positive
impact of energy justice on IHDI strengthens with successive gains in climate readiness,
underscoring the importance of advancing both in tandem to foster inclusive development.
For the overall sample, evidence from Figure A1 shows that the positive impact of energy
justice on the IHDI increases significantly with improvements across all dimensions of

climate readiness.
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Table 6: : Effects of energy justice on IHDI (Baum et al. 2003 IV-GMM Estimates))))
Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9
Energy justice (EJ) 0.1361***  0.1010*%**  0.0968***  0.0987***  (0.1310*** -0.1013 -0.0276 -0.1148 -0.0668
(0.033) (0.028) (0.027) (0.032) (0.036) (0.099) (0.070) (0.103) (0.130)
Climate change readiness 0.3546** 0.1417
(0.157) (0.148)
Economic readiness 0.2145%** 0.0665
(0.081) (0.088)
Social readiness 0.2724* -0.0323
(0.147) (0.206)
Government readiness 0.0964 -0.0531
(0.097) (0.125)
EJ x Climate change readiness 0.5975%*
(0.293)
EJ X Economic readiness 0.3664*
(0.209)
EJ x Social readiness 0.8128*
(0.446)
EJ x Governance readiness 0.4577
(0.319)
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Total effect (median) - - - - - 0.0773**  0.0753***  0.0696**  0.1157***
- - - - - (0.0293)  (0.0274)  (0.0284)  (0.0333)
Constant 0.6394***  0.5574%**  (0.6173***  0.6199***  0.6039***  (0.5990***  (0.6383***  (.6425%**  (.7281***
(0.095) (0.105) (0.102) (0.085) (0.117) (0.091) (0.099) (0.081) (0.118)
Observations 360 360 360 360 360 360 360 360 360
Fisher Statistic 20.19%** 18.66%** 18.20%** 21.48*** 18.06%** 26.34*** 24.44*** 20.28*** 15.76%**
Hansen p-value 0.4392 0.1052 0.1225 0.7099 0.1490 0.2621 0.3580 0.7605 0.2060
Cragg-Donald Wald F-statistic 183.58***  182.79***  182.30***  179.86***  182.95%**  181.93***  181.95***  17R8.98%**  181.61***
Kleibergen-Paap rank Wald F Statistic =~ 58.92%%* 58.92%** 56.04%** 51.95%%* 59.63%** 58.43%** 54.35%** 50.72%** 59.82%**

Note: Standard errors in parentheses
* p<0.10, ™ p < 0.05, ™ p < 0.01
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Similar patterns emerge for high-income African countries, indicating that gains from
energy justice are amplified by advances in economic, social, and governance readiness
(see Figure 3). However, consistent with the contingency analysis, Figure 4 reveals that in
low-income African countries, all dimensions of climate readiness, except social readiness,

enhance the IHDI-boosting effect of energy justice.

4.5 Contribution to the economic development literature

This study advances the emerging body of research on the socioeconomic impacts of
energy justice and climate readiness on three fronts. First, we demonstrate that energy
justice promotes IHDI. One channel through which this can be feasible is human capi-
tal development, considering the indispensable role of energy justice in enabling remote
learning, expanding access to digital resources, and enhancing effective student-teacher
interaction. Energy justice can also enable people, regardless of location, to leverage
ICT tools (e.g., tablets, computers, and Generative Al) to develop critical skills, sharpen
competencies, stay competitive in the ever-evolving job market, and/or mitigate socioe-
conomic challenges. Moreover, energy justice can facilitate quality healthcare delivery
and long life by powering essential medical equipment, storing medicines and blood, and
the effective deployment of technologies such as 3D printing for surgeries. Additionally,
in labour markets, energy justice can reduce the cost and risk associated with establish-
ing family businesses and small-scale enterprises. This can stimulate decent job creation
and enhance the overall standard of living. Our contribution builds on recent studies
investigating the impact of energy justice on social progress in developing countries (see
e.g., Adams et al., 2025; Banerjee et al., 2021; Adom et al., 2021; Youssef et al., 2015).
The second significant lesson from this study is that governance and economic readi-
ness amplify the positive impact of energy justice on IHDI, while social readiness dampens
it. Economic readiness can be instrumental, for instance, in refining regulatory frame-
works, securing property rights, and fostering investment autonomy. In predominantly
informal economies, such as those in Africa, economic readiness can significantly reduce

business operation costs and empower firms and households to better mitigate energy bur-
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dens. This can drive open innovation and accelerate the adoption of frontier technologies
(e.g., drones, robotics, and 5G) by firms and households. Given Africa’s youthful and
growing digitally skilled population, these advancements can lift millions out of poverty
by enhancing socioeconomic mobility, entrepreneurship, and private sector performance.
Governance readiness in the form of territorial stability, sound economic policies, and
efficient resource allocation can also condition energy justice to yield substantial THDI
impacts. For instance, governance readiness can ensure that energy resources are allo-
cated based on need and impact rather than political or economic bias (Best and Burke,
2018; Ahlborg et al., 2015). In this context, energy equity can play a pivotal role in
narrowing rural-urban disparities in education, healthcare, and employment outcomes.
Moreover, governance readiness enhances the protection of energy infrastructure and re-
duces inefficiencies in energy systems, thereby ensuring more reliable, affordable, and
inclusive energy distribution. This, in turn, enables businesses, educational institutions,
and healthcare facilities to improve operational efficiency, fostering more equitable out-
comes in human development.

Conversely, the dampening effect of social readiness, especially in low-income coun-
tries, reflects persistent structural inequalities in access to social infrastructure and bar-
riers to integrating innovations Chen et al. (2015). In such contexts, improvements in
energy justice may disproportionately benefit afluent households and established enter-
prises, marginalising lower-income groups and small businesses. This can undermine the
effectiveness of energy justice in fostering equitable outcomes in income, quality health-
care, employment, and human capital.

The third major finding from this study is that conditionally or unconditionally, the
impact of energy justice on IHDI is striking in high-income African countries relative to
their low-income counterparts. This evidence highlights how heterogeneities in institu-
tional fabric and infrastructure quality across low- and high-income African countries in-
fluence the translation of energy equity into more equitable outcomes in terms of income,
education, and health. By highlighting these structural heterogeneities, this research

enriches the evolving scholarly discourse on the role of infrastructure and institutional
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quality in the link between energy justice and outcomes such as (un)employment, income
inequality, human capital development and life expectancy (see e.g., Adams et al., 2025;

Ajide et al., 2023; Sarkodie and Adams, 2020).

5 Summary, concluding remarks and policy implications

This study contributes to the growing body of literature on the role of energy justice in
inclusive human development. Specifically, it examines how distributional energy justice,
operationalised as rural-urban equality in electricity access, and climate change readi-
ness (disaggregated into governance, economic, and social readiness) influence inclusive
human development in Africa. Our focus on distributional energy justice is motivated
by the widespread energy poverty of over 600 million people across the African conti-
nent. Furthermore, recent data from Notre Dame Global Adaptation Initiative (2023)
suggests that climate change undermines economic development. Within the context of
energy justice and resilience theory, it is expected that progress in energy justice and
institutional capacity to mitigate climate threats and impacts can foster inclusive hu-
man development. However, empirical evidence pinpointing the extent to which energy
justice affects IHDI, including how economic, governance, and social readiness moderate
the relationship, remains grey in the extant scholarship. We address these gaps through
contingency and sensitivity analyses, assessing whether the impacts differ across 36 low-
and high-income African countries over the period from 2010 to 2020.

To ensure robustness against common panel data issues, including endogeneity, het-
eroskedasticity, autocorrelation, and cross-sectional dependence, we employ Driscoll-Kraay
standard errors and instrumental variable regression techniques in our analysis. The
results demonstrate that energy justice promotes IHDI in Africa, with a remarkable
impact in high-income countries. Findings from the contingency analysis also reveal
that economic and governance readiness amplify the positive effect of energy justice on
IHDI in both low- and high-income African countries. However, this synergy eludes low-

income countries when social readiness is considered. Sensitivity analysis also indicates
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that, compared with their low-income counterparts, high-income African countries derive
greater benefits from progress in both energy justice and climate readiness.

Three critical conclusions emerge from this study. First, expanding rural-urban
equality in electricity access constitutes a vital pathway for advancing inclusive human
development in Africa. Second, strengthening the economic and governance dimensions
of climate change readiness serves as a critical complementary mechanism for amplifying
the positive impact of energy justice on inclusive human development. Finally, in low-
income countries, weaknesses in social readiness undermine the IHDI-enhancing benefits
of energy equity.

These findings lead us to the following conclusions and policy recommendations.
First, African governments must intensify efforts to tackle widespread energy poverty and
the rural-urban access disparity by investing in renewable energy generation, modernising
distribution systems, and eliminating inefficiencies and hazards in existing infrastructure.
Policymakers should channel resources into these areas while fostering partnerships with
the private sector in electricity distribution and complementary investments in quality
education and healthcare. Second, given the complementary role of economic readiness
in amplifying the impact of energy equity on inclusive human development, governments
should streamline regulatory processes, remove punitive taxes, and support households
in leveraging improved electricity access to enhance economic participation, education,
and access to health services. Equally important is strengthening governance readiness
to create an enabling investment climate through public financial integrity, transparent
institutions, and political stability. Third, given the technical, financial, and institutional
constraints many African countries face in expanding electricity access and addressing
climate change, international development partners such as the World Bank, European
Union, African Development Bank, and International Finance Corporation should pro-
vide coordinated financial and logistical assistance, particularly in building digital in-
frastructure, supporting political stability, and advancing climate-resilient innovation.
Fourth, for low-income countries, policymakers should prioritise investment in smart ed-

ucation and healthcare infrastructure to broaden accessibility. In contrast, higher-income
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African countries should focus on consolidating economic freedom and scaling up invest-
ments in digital systems and climate-smart technologies to protect all against emerging
socioeconomic vulnerabilities.

This study adopts a distributional perspective of energy justice, driven by data limita-
tions for other dimensions, such as restorative, recognition, and procedural justice, within
the African context over the study period. Additionally, our final analytical sample com-
prises 36 African countries, reduced from the original 54 due to missing IHDI data for the
Democratic Republic of Congo, Cape Verde, Comoros, Chad, Eritrea, Guinea, Guinea-
Bissau, Libya, South Sudan, Somalia, Djibouti, Madagascar, Mauritania, and Zimbabwe.
However, by focusing on the most fundamental aspect of energy justice—equality in elec-
tricity access—and employing robust estimation techniques, including sensitivity checks,
this research offers both substantial scholarly value and clear policy relevance.

To advance this field, we propose two key extensions. First, future studies should
investigate how other domains of energy justice, such as affordability and community
decision-making, shape human development outcomes, including investigating whether
green finance mechanisms exert a moderating influence within these relationships. Sec-
ond, while this study analyses the joint effect of energy justice and climate readiness on
inclusive development, subsequent research could explore how energy justice influences
the environmental quality of life (wellbeing). Such work would provide a valuable com-
plement to the present study and generate more targeted policy insights in support of

Africa’s Agenda 2063.
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Table Al: List of sampled countries

Country IHDI Average EJ Average CCR Average Income Group
Algeria 0.588 0.984 0.303 High
Angola 0.401 0.074 0.225 Middle
Benin 0.327 0.243 0.305 Low
Botswana 0.421 0.343 0.418 Middle
Burkina Faso 0.293 0.057 0.288 Low
Burundi 0.300 0.032 0.247 Low
Cameroon 0.375 0.231 0.257 Middle
Central African Republic 0.226 0.046 0.135 Low
Congo 0.430 0.194 0.221 Middle
Cote d’Ivoire 0.326 0.392 0.252 Middle
Egypt 0.497 0.999 0.332 High
Eswatini 0.397 0.721 0.309 Middle
Ethiopia 0.327 0.257 0.297 Low
Gabon 0.540 0.295 0.300 High
Gambia 0.317 0.358 0.312 Low
Ghana 0.430 0.656 0.352 Middle
Kenya 0.409 0.454 0.271 Middle
Lesotho 0.338 0.274 0.308 Low
Liberia 0.316 0.187 0.282 Low
Malawi 0.352 0.105 0.276 Low
Mali 0.279 0.079 0.297 Low
Mauritius 0.662 0.998 0.534 Very High
Morocco 0.445 0.950 0.400 Middle
Mozambique 0.292 0.056 0.271 Low
Namibia 0.386 0.405 0.373 Middle
Niger 0.270 0.156 0.298 Low
Rwanda 0.368 0.200 0.387 Low
Senegal 0.340 0.434 0.322 Low
Sierra Leone 0.288 0.052 0.293 Low
South Africa 0.475 0.889 0.367 High
Sudan 0.334 0.402 0.253 Low
Tanzania 0.389 0.180 0.298 Low
Togo 0.347 0.233 0.293 Low
Tunisia 0.577 0.995 0.428 High
Uganda 0.382 0.260 0.279 Low
Zambia 0.375 0.132 0.324 Middle

Note: THDI is the inequality-adjusted human development index, CCR is the Climate Change Readiness
index, and EJ is the Distributional Energy Justice score.
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Table A2: Pairwise correlation matrix

Variables (1) () ®3) () (5) (6) (7) (8) (9) (10) (11)
(1) Inclusive human development 1

(2) Gender inequality -0.761%** 1

(3) Energy justice 0.778%%%  _0.666*** 1

(4) Climate change readiness 0.630***  -0.717*%%*  0.618%** 1

(5) Economic readiness 0.584***  _0.766***  0.606***  (0.912%** 1

(6) Social readiness 0.376%** -0.117%* 0.381*¥*  (0.294*** 0.118* 1

(7) Governance readiness 0.409***  -0.521%*%*%  0.354%**%  (0.832%**  0.650%*** -0.0875 1

(8) Financial development 0.505***  -0.597*F%  0.578%F*  0.640%**  0.600%*** 0.0100 0.613*** 1

(9) Foreign direct investment -0.146** 0.176*** Q. 171%** -0.0852 -0.140%* 0.0416 -0.0363 -0.0874 1

(10) Climate change vulnerability =~ -0.805***  0.678%**  -0.729***  _0.501***  -0.452%**  -0.190***  -0.399*%*%*  _0.582%**  (.147** 1

(11) Foreign aid -0.560%**  0.399%**  _0.504%**  -(0.354%**  _(.320%** -0.123* -0.288%**  _(.382%**  (.444***  (.538%** 1

Note: * p < 0.05, ** p < 0.01, *** p < 0.001.



Table A3: Serial correlation test result

Test

Test statistic

p-value

Wooldridge’s (2002) test of autocorrelation in panel data

127.806%**

0.000

Note: Hp: no first-order autocorrelation; *** p < 0.01.

Table A4: Cross-sectional dependence test results

Variable CD-test Correlation Absolute correlation P-value
Inclusive human development — 68.81*** 0.827 0.827 0.000
Financial development 12.67*** 0.152 0.401 0.000
Foreign aid 10.42%%* 0.125 0.336 0.000
Climate change vulnerability 23.96*** 0.288 0.484 0.000
Foreign direct investment 3.55%** 0.043 0.324 0.000
Energy justice 31.14%%* 0.374 0.579 0.000
Climate change readiness 37.44%%* 0.450 0.550 0.000
Economic readiness 46.55*** 0.559 0.639 0.000
Social readiness 76.44%%* 0.918 0.918 0.000
Governance readiness 2.70%** 0.032 0.457 0.007

Note: Under the null hypothesis of cross-sectional independence; *** p < 0.01, ** p < 0.05, * p < 0.1.

Table A5: PESCADF and CIPS unit root test results

Variable PESCADF PESCADF CIPS Level CIPS First dif-
Level First differ- ference
ence
THDI -1.822 -2.930%** -1.818 -2.509
Financial development -2.692%* -3.075%** -2.727%* -3.543%**
Foreign aid -1.908 -2.927%*x* -2.402%** -3.740%**
Climate change vulnerability — -2.267 -2.920%** -2.724%%* -3.336%**
Foreign direct investment -1.737 -2.023 -2.419 -3.306%**
Energy justice 1.175 -0.742 -2.023 -3.007H**
Climate change readiness -2.464 -3.150%** -2.101 -2.876%*
Economic readiness -1.869 -3.614%** -1.696 -2.331
Social readiness -1.659 -3.388%** -2.188 -2.951%%
Governance readiness -1.906 -1.744 -2.072 -2.834%**

Note: THDI is Inclusive Human Development Index. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table A6: Effects of energy justice on IHDI in Middle- and High-income Countries (Baum et al. 2003 IV-GMM Estimates)

Variables 1 2 3 4 5 6 7 8 9
Energy justice (EJ) 0.1014** 0.0857** 0.0811** 0.0578 0.0896** -0.1736* -0.0684 -0.1223 -0.1598
(0.045) (0.037) (0.035) (0.045) (0.045) (0.099) (0.071) (0.088) (0.116)
Climate change readiness 0.4671%* -0.0136
(0.224) (0.154)
Economic readiness 0.2623** -0.0381
(0.121) (0.085)
Social readiness 0.6104*** 0.1548
(0.194) (0.305)
Government readiness 0.0840 -0.1155
(0.146) (0.112)
EJ x Climate change readiness 0.7504***
(0.284)
EJ x Economic readiness 0.4726**
(0.196)
EJ x Social readiness 0.7227
(0.458)
EJ x Governance readiness 0.6243**
(0.273)
Total effect (median) - - - - - 0.0717** 0.0847** 0.0410 0.1036***
- - - - - 0.0353 (0.0340)  (0.0341)  (0.0381)
Constant 0.7697*** 0.5454** 0.6367*** 0.4795%* 0.7731%**  0.6933***  0.6831***  (0.5939***  (.8382***
(0.184) (0.224) (0.216) (0.193) (0.200) (0.202) (0.205) (0.178) (0.196)
Observations 170 170 170 170 170 170 170 170 170
Fisher statistics 14.310%*%*  10.391***  12.832***  6.4958%**  13.272%**  10.512***  8.1241***  8.1416***  7.3463***
Hansen J p-value 0.1115 0.1223 0.1557 0.5085 0.0880 0.1608 0.1950 0.5295 0.0687
Cragg-Donald Wald F-statistic 8.3666** 8.1418%* 8.3234** 7.5989%* 8.1513** 8.0673** 8.0547** 7.2760* 8.0240**
Kleibergen-Paap rank Wald F Statistic =~ 104.36***  92.910***  99.539***  62.695%**  92.640***  76.118***  86.604***  50.282***  62.666***
Note: Standard errors in parentheses; * p < 0.10, ** p < 0.05, *** p < 0.01.
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Table AT: Effects of energy justice on Low-income Countries (Baum et al. 2003 IV-GMM Estimates)

Variables 1 2 3 4 5 6 7 8 9
Energy justice (EJ) 0.1129%** 0.0806** 0.0572* 0.1146%**  0.1050%**  (0.4869*** 0.2371%** 0.2965* 0.4388***
(0.031) (0.038) (0.032) (0.027) (0.036) (0.152) (0.077) (0.169) (0.103)
Climate change readiness 0.3452%** 0.5743***
(0.101) (0.130)
Economic readiness 0.3049*** 0.4177%**
(0.054) (0.073)
Social readiness -0.1312 -0.0055
(0.149) (0.176)
Government readiness 0.1167* 0.3340%***
(0.063) (0.094)
EJ x Climate change readiness -1.3138**
(0.523)
EJ x Economic readiness -0.6255**
(0.245)
EJ x Social readiness -0.7667
(0.666)
EJ x Governance readiness -0.8442%**
(0.278)
Total effect (median) - - - - - 0.1072%** 0.0713** 0.1225***  (0.1154%***
- - - - - (0.0340)  (0.0316)  (0.0295)  (0.0316)
Constant 0.4636***  (0.3736%** 0.4763*** 0.4556***  (0.3441*%**  (.3456*** 0.4466%** 0.4276%** 0.3141%**
(0.090) (0.088) (0.076) (0.087) (0.105) (0.075) (0.070) (0.089) (0.088)
Observations 190 190 190 190 190 190 190 190 190
Fisher statistics 5.0430%**  7.8465%*%*  12.4045%**  5.2826%*** 3.948** 23.383%** 18.570%*** 15.202*** 6.207***
Hansen J p-value 0.4800 0.1814 0.0824 0.5663 0.3573 0.1373 0.0999 0.5382 0.1447
Cragg-Donald Wald F-statistic 203.68***  198.45%F*  174.69***  201.96%**  202.38***  195.25%F*  174.10%**  200.39%**  193.81%**
Kleibergen-Paap rank Wald F Statistic =~ 458.12%**  731.74***  1123.22%**  390.79***  404.61***  530.18*%**  1716.85***  465.72%**  429.29%**

Note: Standard errors in parentheses; * p < 0.10, ** p < 0.05,

¥ b < 0.01.
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Figure Al: Marginal effects of energy justice on IHDI in African countries (Full sample)
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