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Abstract

Progress towards the 2030 Sustainable Development Goals
depends on simultaneous efforts to reduce income inequality
and ensure access to affordable, reliable, and modern energy.
This study investigates the impact of energy access on income
inequality, utilising cross-country data from 24 countries. It
employs the Ordinary Least Squares estimation technique.
It finds that a one percentage point increase in the share of
the population with access to electricity is associated with a
0.27-point reduction, on average, in the Gini index (keeping
other factors constant). It also shows that higher social
contributions as a share of government revenue are significantly
associated with lower income inequality. The results highlight
the importance of combining energy-related interventions with
fiscal and social protection policies to achieve more equitable
development outcomes.

JEL Classification: D63; O13; Q43; O15

Keywords: Income Inequality, Electricity Access, Social

Contributions, Economic Growth, Cross-country
Analysis

Introduction

The top 1%, roughly equivalent to the adult

Despite substantial advances in global
economic development, poverty and inequality
persist as enduring challenges. According to
the World Inequality Report (2026), the top
10% (about 560 million adults) receive 53% of
global income, while the bottom 50% (roughly
2.8 billion adults) capture only 8%. Diving
deeper, the concentration becomes staggering.
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population of the United Kingdom, alone
control 37% of global wealth. However, for the
first time, all members of the United Nations
(UN) placed the reduction of inequality at all
levels at the center of global policy priorities
by introducing Sustainable Development Goal
10. Income inequality is not just an economic
issue, but it is also a moral concern. This is why
governments and international institutions are
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increasingly being urged to take action to reduce
it (DESA, 2025). If large income gaps are left
unaddressed, they can lead to social unrest and
economic instability, making it even harder to
reduce poverty. It weakens the growth elasticity
of poverty reduction (Galbraith, 1958). Many
economists hold the belief that higher economic
growth trickles down through society, thereby
reducing income inequality.

However, given the complexity of the concept,
the growth figures alone are insufficient to explain
the widening gaps. This study, therefore, seeks to
go beyond traditional economic growth metrics
and asks whether access to energy is a crucial
factor in reducing income inequality.

Motivation

The relevance of this question to knowledge
and policymaking is evident in the 2030 Agenda
for Sustainable Development, which establishes
the first universal energy goal. It is essential to
note that the Millennium Development Goals
did not include an energy objective. Furthermore,
the World Bank recognizes energy as the heart
of development, prompting the launch of the
Lighting Global program, which has allocated
over $5 billion to enhance energy access across
various developing countries.

According to the World Energy Outlook
(2025):

Modern energy access includes household
access to a minimum level of electricity, initially
equivalent to 250 kilowatt-hours (kWh) annual
demand for a rural household and 500 kWh
for an urban household; household access to
less harmful and more sustainable cooking and
heating fuels, and improved/advanced stoves;
access that enables productive economic activity;
and access for public services (World Energy
Outlook, 2025, p. 484)
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Energy access plays a key role in reducing
income inequality by strengthening people’s
capabilities and enabling them to participate
more fully in economic and social life (UNDP,
2018). In other words, when people, especially
those who are less well-off, gain access to energy,
they can build up their own resources and narrow
the income gap. Additionally, access to energy
can improve health, education, employment
opportunities, gender equality, and agricultural
practices, all of which can help reduce income
inequality.

Literature Review

The relationship between energy access,
economic growth, and inequality is a multifaceted
issue. To ensure that every individual has access
to modern, affordable, and dependable energy,
countries prioritize reducing income inequality
in line with the 2030 Global Goals. This review
synthesizes recent research to elucidate the
bidirectional relationship between energy access
and economic inequality, explores the regional
and social dimensions, and highlights policy
pathways to advance both energy equity and
economic justice.

Causal Mechanisms Linking Energy Access
and Economic Inequality

Energy access and economic inequality
are linked through multiple complex causal
pathways. Limited access to modern energy
services (electricity, clean cooking) restricts
economic opportunities, exacerbates income
disparities, and perpetuates poverty, especially
in rural and disadvantaged regions by repressing
agricultural productivity, constraining small
business development, and impairing access
to education and health services, thereby,
deepening the economic disparities (Lopez, 2025;
Ghosh, 2025; Ma & Njangang, 2025; Opoku et
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al., 2025). Urban areas typically benefit from
denser grids, lower connection costs, and better
service reliability, while rural regions face limited
coverage, higher per-unit costs, and poorer
service quality. This urban-rural divide is further
exacerbated by infrastructure gaps resulting
from high capital costs, dispersed settlements,
challenging terrain, and weak incentives for
private and public investment in rural areas
(Mekonnen & Sarwat, 2017; Falchetta, 2021).
Urbanisation patterns and access to urban
opportunities are often linked to access to energy
and infrastructure, and therefore can influence
income gaps. Specifically, in regards to state-level
inequality, the city-size distribution becomes a
crucial factor. A higher concentration of people in
large cities (urban concentration) tends to increase
state-level inequality, whereas a concentration in

small towns tends to lower it (Tripathi & Yenneti,
2024).

Several studies indicate that trade patterns
tend to distribute economic benefits and energy
burdens unevenly. International energy trade
often favours developed regions while energy-
intensive production is outsourced to developing
areas (Pang et al., 2024). This shift increases local
energy burdens without commensurate economic
gains, thereby reinforcing regional inequality
(Chen et al., 2025; Falchetta, 2021; Mekonnen
& Sarwat, 2017; Pang et al., 2024).

Beyond macro-level trade dynamics, energy
access and inequality are also mediated through
entrenched socioeconomic structures within
countries. Evidence from rural India suggests
that caste and wealth significantly predict
both electricity access and the adoption of
decentralized renewable technologies, such
as solar home systems, even after large-scale
electrification initiatives were implemented post-
2015 (Cieslik, 2016). Wealthier households are not
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only more likely to obtain initial access but also
better positioned to sustain the use of renewable
energy technologies, while marginalized
households face persistent barriers (Biswas et
al., 2022; Dugoua et al., 2017). The extent to
which expanded energy access translates into
equitable economic outcomes further depends
on the quality of supporting infrastructure and
governance institutions. Strong regulatory quality,
transparency, and inclusive governance are
crucial for the effective implementation of energy
access interventions (Sainati et al., 2023).

Studies from Sub-Saharan Africa, including
those by Sarkodie and Adams (2020), demonstrate
that income inequality adversely affects human
development outcomes and that social protection
programmes play a crucial moderating role in this
relationship. Social protection mechanisms—such
as unemployment benefits, old-age pensions,
disability transfers, and other safety nets—are
identified as key instruments for reducing
household vulnerability and preventing
socioeconomic deprivation from becoming
persistent and intergenerational.

Though the energy access generally promotes
development, its distributional effects (and thus
its likely impacts on inequality) can vary across
regions. Acheampong et. al. (2021) examine
human development rather than inequality
per se, using panel data for 79 “energy-poor”
countries across South Asia, sub-Saharan Africa,
and Latin America/Caribbean. The findings show
that, after accounting for several complementary
factors—economic growth, trade openness, FDI,
urbanisation, credit access, and remittances—both
electricity and access to clean energy significantly
improve overall human development through
various channels (employment, industrialisation,
Information and Communication Technology,
and gender empowerment). Interestingly, their
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regional breakdown shows positive development
impacts in the Caribbean and Latin America,
as well as sub-Saharan Africa, but negative
effects in South Asia. Sarkodie and Adams et
al. (2020) demonstrate that electricity access,
human development, and income distribution
form a tightly connected system: regions with
better access to electricity tend to exhibit higher
human development, while areas with limited
access show persistent inequality. Their analysis
underscores that energy access is not merely
a technological variable but a foundation for
inclusive development. Other studies demonstrate
the joint effect of education and energy access on
income inequality. Owolabi et al. (2024), studying
Nigeria, find that electricity access plays a
statistically significant role in reducing inequality
in the short run. In contrast, education alone
does not produce an immediate equalising effect.
Their work emphasizes that electrification enables
modern-sector activities that disproportionately
benefit households previously excluded from
such opportunities. Parallel evidence from India’s
urbanisation dynamics, examined by Tripathi
and Yenneti et al. (2024), indicates that rising
educational attainment does not automatically
reduce inequality in contexts where labour
markets are segmented or where access to quality
education remains uneven. Their findings suggest
that expansions in employment opportunities and
reductions in structural barriers must accompany
improvements in enrolment. Similarly, studies
from South Africa and Indonesia treat education
mainly as part of broader development pathways
influenced by energy access and institutional
conditions rather than as a direct determinant of
inequality.

Energy Access and Developmental

Upstream Research International Journal (URI])

Website: www.eupstream.com

ISSN 2320-768X, Impact Factor : 2.2
Vol. X1V, Issue I (April — 2026)

Heterogeneity

Song et al. (2023) distinguish between access
to electricity, clean cooking fuels, and renewable
energy development, and examine how each
relates to income inequality at different stages of
development. Using panel data for 77 countries
over the period 2000-2019, they demonstrate
that greater access to electricity significantly
reduces income inequality. In contrast, access to
clean fuels and renewable energy development
may initially exacerbate inequality, particularly
in countries at lower and middle stages of
development. Their findings suggest that while
basic electrification alleviates income disparities
by easing time and income constraints faced by
poorer households, the benefits of clean fuels and
renewable energy are unevenly distributed due
to high adoption costs and technological barriers.
Incentive schemes for clean energy development
in developing nations are often not sufficiently
designed, disproportionately affecting the poor.
Notably, the study identifies public health
improvements and higher educational attainment
as key transmission mechanisms through which
reductions in energy poverty translate into lower
income inequality. As economies advance,
renewable energy development emerges as a
more effective equalising force, highlighting
the dynamic and stage-dependent nature of the
energy—inequality nexus.

Micro-level Analyses

Moreover, much of the available evidence on
energy access is based on micro-level analyses
or country-specific studies, which, although
rich in contextual detail, limit the ability to
generalize findings across diverse institutional and
socioeconomic settings. For instance, da Silveira
Bezerra et al. (2017) provide micro-level evidence
from Brazil, demonstrating that access to electricity
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improves human development in the country’s
poorest regions. Awaworyi Churchill and Smyth
(2021) document a negative association between
energy poverty and general health in Australia,
while Njiru and Letema (2018) demonstrate
that energy poverty negatively impacts living
standards, calorific intake, life expectancy, and
literacy outcomes in Kirinyaga, Kenya. Sambodo
and Novandra (2019), using village-level data,
find that access to electricity and modern cooking
fuels contributes to reductions in malnutrition.
Oum (2019) similarly finds that energy poverty
significantly lowers educational attainment and
health status among households in Lao PDR.
Hardi etal. (2025), analysing Indonesia, show that
increased access to renewable energy reduces the
depth and severity of poverty, thereby narrowing
distributional gaps. Although their dependent
variables are poverty measures rather than the
Gini coefficient, the mechanism that shows that
greater energy access reduces deprivation is
consistent with global findings. It also emphasizes
the role of redistribution and institutional support
in enhancing the impact of economic growth and
energy access in reducing poverty gaps. They
show that renewable-energy programmes are
more effective when supplemented with wider
welfare and infrastructure investments. The global
literature, therefore, views redistributive fiscal
capacity, whether through transfers, pensions,
or social insurance, as a key determinant of
whether development translates into more equal
outcomes.

Economic Growth and Inequality

Globally, economists typically believe
that there is a non-linear relationship between
economic development and inequality. Studies
based on the Kuznets hypothesis argue that
inequality tends to rise in the early to mid-
stages of economic growth before stabilising at
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higher income levels. This pattern appears in
several developing regions. For instance, work
by Owolabi et al. (2024) on Nigeria situates
inequality within the broader context of structural
transformation, where growth disproportionately
benefits skilled workers and capital-intensive
sectors. However, most empirical research has
not established a systematic Kuznets relation. This
is evident in the recent rise in income disparities
even in developed economies (Bourguignon,
2015). Consistent with this pattern, Alvaredo
et al. (2018) show that since 1980, the richest 1
per cent of the global population has captured
approximately twice the share of economic
growth accrued by the bottom 50 per cent. These
findings suggest that while economic growth may
be a necessary condition for improving overall
economic performance, it is not sufficient to
ensure a more equitable distribution of income.
This perspective aligns with Sen’s (1980, 1988)
argument that economic growth alone does not
automatically translate into improvements in
people’s well-being.

This study makes a significant contribution to
the existing literature in several important ways
by directly addressing key gaps in prior research.
First, while much of the empirical literature
has relied on micro-level or country-specific
analyses focusing on the effects of energy access
on growth or human development outcomes,
this study provides a cross-country assessment
of the relationship between energy accessibility
and income inequality. It focuses explicitly on
electricity accessibility as the key independent
variable. In addition, this study makes a novel
contribution by explicitly incorporating social
contributions—as a share of government revenue—
into the analysis of income inequality. While
existing research often considers aggregate
social spending or social protection coverage,

Vol. X1V, Issue I (April - 2026)
Impact Factor: 2.2 : IC Value:6.48



Upstream Research International Journal (URI])
A Peer Reviewed Refereed Indexed Journal

few studies examine the distributive role of
social contributions within governments’ fiscal
structures. By capturing the extent to which
governments mobilize resources through social
insurance mechanisms, this measure provides
a more nuanced understanding of how fiscal
capacity and redistribution interact with energy
accessibility to shape income inequality outcomes.

Research Objective

To empirically examine how access to
energy affects economic inequality in emerging

Table 1 - Sample of the study
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(developing) countries by estimating the impact of
access to electricity on the Gini coefficient (index)
using cross-country regression analysis.

Data and Methodology
Data Sources

This study conducts a cross-sectional analysis
using country-level data sourced from the World
Development Indicators Database (WDI, https://
databank.worldbank.org/) for 2023, except for
India, for which data for all variables are for 2022.

Income Group Number of Countries

Countries

Low Income 1

Rwanda

Lower-Middle Income |9

India, Jordan, Kenya, Kyrgyz Republic, Namibia,
Senegal, Sri Lanka, Tajikistan, Uzbekistan

Upper-Middle Income | 12

Albania, Argentina, Belarus, Bosnia and
Herzegovina, Dominican Republic, El Salvador,
Guatemala, Mexico, Moldova, North Macedonia,
Paraguay, Thailand

High Income 2

Costa Rica, Russian Federation

Study Sample
The study analyses 24 developing/emerging

countries, representing a wide range of income
groups (as classified by the World Bank) and
geographic regions.

The sample includes low-, lower-middle-,
upper-middle-, and high-income economies
across South Asia, Sub-Saharan Africa, Latin
America and the Caribbean, Europe and Central
Asia, the Middle East and North Africa, and East
Asia and the Pacific. The countries are selected
based on data availability (see Table 1). Despite
data limitations, the sample provides a reasonably
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representative coverage of developing economies
across these regions.

Variables Description
Dependent Variable

In the study, the outcome variable taken is
the country’s Gini index.

The Gini index measures the extent to which
the distribution of income (or, in some cases,
consumption expenditure) among individuals
or households within an economy deviates from
a perfectly equal distribution (WDI). A Lorenz
curve plots the cumulative percentages of total
income received against the cumulative number
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of recipients, starting with the poorest individual
or household. The Gini index measures the area
between the Lorenz curve and a hypothetical line
of absolute equality, expressed as a percentage of
the maximum area that could be achieved under
the line (WDI). Thus, a Gini index of 0 represents
perfect equality, while an index of 100 implies
perfect inequality. See Figure 1 for the distribution
of the dependent variable across the countries.

Explanatory Variables

i. Access to Electricity (% share of Population):
Access to electricity is the percentage of the
population with access to electricity.

Source: WDI Dataset, which draws on the SDG
7.1.1 Electrification Dataset from the World Bank
(WB). Electrification data are collected from
industry, national surveys, and international
sources.

Rationale — Access to electricity is a core
indicator of energy accessibility and energy
poverty, reflecting the extent to which households
can meet basic energy needs for lighting,
communication, education, healthcare, and
productive activities. By enabling income-
generating activities and improving human
capital outcomes, electricity access can reduce
income disparities, especially in developing
economies. See Figure 2.

it. Social contributions (% of Government revenue):
Social contributions are actual or imputed
contributions payable to social insurance schemes
to make provisions for social benefits to be paid.
This indicator is expressed as a percentage of
revenue, which includes all transactions that
add to the amount of economic value of a unit
or sector.

Source — WDI Dataset, which obtains data
from the Government Finance Statistics Yearbook

Upstream Research International Journal (URI])

Website: www.eupstream.com

ISSN 2320-768X, Impact Factor : 2.2
Vol. XIV, Issue I (April - 2026)

and data files, International Monetary Fund
(IMF).

Rationale — Social contributions as a
percentage of government revenue capture
the strength and coverage of a country’s social
insurance and social protection system. It
reflects the fiscal capacity and institutional
depth of social protection systems. Higher
social contributions mean a greater capacity
of the state to mobilize resources for pensions,
unemployment benefits, health insurance, and
other social security programmes that protect
households against income and energy-related
shocks. By redistributing income and reducing
vulnerability among low- and middle-income
groups, stronger social contribution systems can
play a crucial role in mitigating income inequality.
Including this variable enables the study to assess
how fiscal and social protection capacity interact
with energy access to shape income distribution
outcomes. See Figure 3.

iii. Gross Domestic Product (GDP) per capita
(constant 2015 US$): Gross domestic product is
the total income earned through the production
of goods and services in an economic territory
during an accounting period (WDI). The core
indicator has been divided by the general
population to achieve a per capita estimate.
This indicator is expressed in constant prices,
meaning the series has been adjusted to account
for changes in prices over time. The reference
year for this adjustment is 2015. This indicator is
expressed in United States dollars.

This study uses the logarithm of GDP per
capita to account for diminishing marginal
effects of income on inequality and energy
access, consistent with the non-linear relationship
suggested by the Kuznets hypothesis. Controlling
for the log of GDP per capita ensures that
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observed effects are not driven solely by
differences in overall income levels.

Source — WDI Dataset, which obtains data
from Country official statistics, National Statistical
Organisations, and/or Central Banks.
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Rationale — GDP per capita serves as a
standard proxy for a country’s average income
level and overall stage of economic development.
Controlling for GDP per capita is essential, as
income inequality and access to energy are closely
linked to economic development. See Figure 4.

Figure 1. Gini Index (2023), Country-wise

Gini Index
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Figure 2. Access to Electricity (% share of population) in 2023, Country-wise

Access to Electricity
(% share of population)
20 40 60 80 100

0

Namibia

Rwanda

Senegal

Kenya

El Salvador

India

Dominican Republic
Mexico

Paraguay

Source: WDI. Data for India is of 20

Upstream Research International Journal (URI])
Website: www.eupstream.com

Albania

22.

TR
E5Sx 0858 CRE 3
T0 8850835 IXTX
mmm_‘_,.‘_-—)mOGJGJ__:;_Cm
BUREs 238355 &

300 o =Su o)

Bl o £ ¢

o S t O

c 2 o 0

© Z 9

.g o

[%2]

o

s}

Vol. X1V, Issue I (April - 2026)
Impact Factor: 2.2 : IC Value:6.48



Upstream Research International Journal (URI]) ISSN 2320-768X, Impact Factor : 2.2
A Peer Reviewed Refereed Indexed Journal Vol. XIV, Issue I (April - 2026)

Figure 3. Social Contributions (% of Government revenue) in 2023, Country-wise
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Descriptive/Statistical Analyses inequality across the sample countries. Table

2 reports the descriptive statistics for the key

Statistical analyses were performed to
Y P variables included in the regression analysis.

investigate the factors associated with income
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Table 2 - Summary Statistics of variables included in the study.

Variable Code Description N |Mean |S.D. Min Max

Y (Dependent)

Inc_Inequality Gini Index 24 | 55.29 10.60 | 25.5 73.09

X (Explanatory)

ElecAccess Access to Electr1c1t}f 94 | 94.48 19.655 | 56.7 100
(% share of Population)

. . . o 0

Social Contri Social contributions (% of Govt. 94 | 15.13 19.67 0.057 4018
revenue)

GDPpe S]s);)) per capita (constant 2015 | o\ | 5409 45 | 3660.38 | 1004.33 | 14318.84

Source: Author’s Estimation

(See Appendix for Graphs of the variables.)

Model Specification

The study estimates a multiple linear
regression model as a base model to examine the
impact of energy access on the Gini coefficient.
Several estimations were performed during
the process, but only those that passed the
goodness-of-fit tests were retained. Ordinary
Least Squares (OLS) estimation is used to assess
the relationship between the dependent and
explanatory variables. All variables are at the
country level. All analyses were conducted using
STATA software. The empirical model is specified
as follows:

Inc_Inequality, = a + B1 ElecAccess; + B, SocialContri;
+ B3 ln(GDPpc)i + &

The subscript i represents country i.
Research Hypothesis

Based on the theoretical framework and
existing empirical literature, the study advances
the following hypotheses regarding the expected
signs and effects of the estimated coefficients:

Upstream Research International Journal (URI])
Website: www.eupstream.com

H1: Access to electricity () is expected to have
a negative and statistically significant effect on
income inequality.

Greater access to electricity is expected
to reduce the Gini coefficient by expanding
economic opportunities, enhancing productivity,
and improving access to education and healthcare,
particularly for lower-income households.

H2: Social contributions as a percentage
of government revenue () are expected to be
negatively associated with income inequality.

Higher social contributions reflect stronger
social insurance and redistribution mechanisms,
which are expected to mitigate income inequality.

Empirical Results

Table 3 presents the results of the multiple linear
regression analysis examining the relationship
between energy access, social contributions, and
income inequality, measured by the Gini index.
The model demonstrates strong explanatory
power, with an R? value of 0.734 and an adjusted
R? of 0.678, indicating that approximately 73%
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of the variation in income inequality across the
sampled countries is explained by the included
explanatory variables.

Access to electricity shows a negative
and statistically significant association with
income inequality. The coefficient on access to
electricity is —0.271 and is significant at the 5%
level. This result supports the expectation that
improved electricity access enhances productive
opportunities, human capital formation, and
access to essential services, particularly for
disadvantaged populations, thereby reducing
income disparities.

Table 3 — Regression Results

ISSN 2320-768X, Impact Factor : 2.2
Vol. XIV, Issue I (April - 2026)

Social contributions as a percentage of
government revenue also have a highly significant
adverse effect on income inequality. The
estimated coefficient of —0.450 is significant at the
1% level, indicating that stronger social insurance
and redistribution mechanisms play a crucial
role in reducing income inequality. This finding
underscores the significance of fiscal capacity and
social protection systems in mitigating household
economic vulnerabilities and redistributing
income more equitably.

Dependent Variable: Income Inequality Gini Index (Inc_Inequality)
Access to Electricity (% share of Population) -0.271**
(ElecAccess) (0.120)
Social contributions (% of Govt. revenue) -0.450***
(Social Contri) (0.118)
Log of GDP per capita (constant 2015 US$) 7.281%**
In(GDPpc) (2.078)
Dummy: India -31.30%*
(6.613)
Constant 28.06*
(15.84)
No. of observations 24
R2 0.734
Adjusted R2 0.678

Source: Author’s estimation

Note: Standard errors in parentheses. ***, ** and * represent significance at 1%, 5%, and 10% levels, respectively.
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In contrast, the coefficient on the logarithm
of GDP per capita is positive and statistically
significant at the 1% level. From an econometric
perspective, this finding is consistent with the
upward-sloping segment of the Kuznets curve,
where economic growth initially exacerbates
income inequality before redistributive
mechanisms, institutional maturity, and broader
access to opportunities begin to reduce disparities
at later stages of development. Given that, most
of the sampled countries are predominantly
emerging and developing economies, that is,
low-, lower-middle-, or upper-middle-income
economies, the positive association between GDP
per capita and income inequality reflects this
transitional phase of development rather than a
contradiction of long-run convergence theories. In
the early stages, increases in average income often
coincide with structural transformation, where
the benefits of growth are unevenly distributed
across sectors, regions, and population groups.
Economies undergo shifts from agriculture to
industry and services, experience rising skill
premiums, and face uneven access to formal
employment and capital markets. As a result,
income gains tend to be concentrated among
specific groups, widening income disparities even
as per capita income rises.

The coefficient on the India dummy variable
is negative and statistically significant at the
1% level. This indicates that, after controlling
for other factors, India’s observed level of
income inequality is significantly lower than
that of the reference group of countries in
the sample. However, this result must be
interpreted with caution due to differences in
the data reference year. India’s data are from
2022, while the remaining countries’ data are
from 2023. As a result, the dummy coefficient
may partly capture time-specific effects, such as

Upstream Research International Journal (URI])

Website: www.eupstream.com

ISSN 2320-768X, Impact Factor : 2.2
Vol. X1V, Issue I (April — 2026)

differences in macroeconomic conditions, post-
pandemic adjustment paths, or short-term policy
interventions that affected income distribution in
2022 but not uniformly in 2023. In econometric
terms, the India dummy absorbs both country-
specific structural characteristics and unobserved
year-specific variation, since the model does not
include a separate time-control variable.

Interpretation of coefficients
«  Access to Electricity - % (share) of population

A one percentage point increase in the share
of the population with access to electricity is
associated with a 0.271-point reduction (on
average) in income inequality, as measured
by the Gini index, while holding other factors
constant.

+ Social contributions (% of government
revenue)

A one percentage point increase in social
contributions as a share of government
revenue is associated with a 0.450-point
decrease (on average) in the Gini Index,
ceteris paribus.

« Log of GDP per capita (constant 2015 US$):

A 1% increase in GDP per capita is associated
with an increase of approximately 0.073
points (on average) in the Gini index, holding
other variables constant.

Diagnostic Checks: Heteroscedasticity
and Outliers

A thorough diagnostic assessment was
performed to ensure the regression’s reliability.

Heteroskedasticity (Non-constant Error
Variance)

The Breusch-Pagan test was used to check
for heteroskedasticity in the regression model.
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The test statistic yields a chi-square value of 0.01
with a corresponding p-value of 0.9393. Since the
p-value is much greater than 0.05, the research
fails to reject the null hypothesis. This means there
is no statistical evidence of heteroskedasticity in
the model. The model satisfies the assumption of
constant error variance.

Influential Qutliers

Given the cross-country nature of the dataset
and the relatively small sample size, the diagnostic
checks were performed. It identified India as
a potentially influential case due to its distinct
economic and demographic characteristics and
the use of 2022 data, rather than 2023, for other
countries. The study includes a separate dummy
variable for India in the model. This approach
controls for unobserved country- and time-
specific effects while preserving the integrity of
the sample.

Reasons for India exerting disproportionate
influence —

India differs fundamentally from most
countries in the sample in terms of population
size, economic scale, and labour market structure.
According to World Bank data (2025), India’s
Gini Index fell from 28.8 in 2011 to 25.5 in
2022. The pandemic period (2020-2022) noted
a temporary effect where the incomes of the
rich, particularly in urban areas (e.g., permanent
salaried workers who lost jobs and struggled to
find comparable ones quickly), dropped at a faster
rate or recovered slower than those of informal
workers who could transition to other jobs
(like agriculture), which skewed the immediate
income distribution dynamics. India led large-
scale welfare and short-term redistributive
interventions, including the free food grain
distribution under the PM Garib Kalyan Anna
Yojana (PMGKAY), which was launched during
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the COVID-19 pandemic. Direct benefit transfers
ensured timely support to the most vulnerable
sections of society. By protecting low-income
households through food support, employment
guarantees, and price stabilisation, these schemes
helped prevent the churning poor from falling
back into extreme poverty.

Discussion — Policy Implications

The findings of this study offer important
policy implications for addressing income
inequality, particularly in emerging and
developing economies. The results suggest
that economic growth alone is insufficient
to ensure equitable income distribution, and
that complementary policies targeting energy
access and social protection are essential for
inclusive development. First, the study highlights
the importance of inclusive energy policies.
Expanding electricity access, especially to
underserved and marginalized populations, can
play a critical role in reducing income disparities.
Policies aimed at universal electrification (e.g.,
India’s Saubhagya Scheme; South Africa’s Free
Basic Electricity Program) and improvements in
grid reliability, combined with affordable access
for low-income households (e.g., Kenya’s Last
Mile Connectivity Project), can help ensure that
the benefits of energy access are broadly shared.
Importantly, energy policies should focus not
only on infrastructure expansion but also on
affordability and the quality of access to avoid
excluding poorer households.

Second, the strong inequality-reducing effect
of social contributions as a share of government
revenue underscores the role of robust social
protection and social insurance systems in
mitigating income inequality. Expansion of
contributory and non-contributory social
protection (including pensions and conditional
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cash transfers) helps reduce inequality during
periods of economic volatility. For example,
Brazil’s Bolsa Familia and Mexico’s Prospera
reduce inequality by giving income support
tied to education and health. Policymakers
should complement growth-oriented policies
with targeted interventions in education,
health, skill development, and employment
generation to prevent growth-induced increases
in inequality. The findings regarding India further
underscore the importance of policy flexibility
and countercyclical social protection measures,
particularly during post-crisis recovery phases.
Free food grain distribution (PMGKAY) reduced
effective consumption inequality by protecting
the real incomes of the poorest households.

Overall, energy policy should be viewed not
merely as an infrastructure or environmental
issue, but as a critical component of broader
agendas aimed at reducing inequality and
promoting human development. Strengthening
social contributions and ensuring universal,
affordable access to energy can significantly
enhance the distributive impact of economic
development.

Conclusion

This study empirically examined the
relationship between electricity access and income
inequality (measured by the Gini Index) using
cross-country data for 24 countries. Ordinary
Least Squares estimation reveals that access to
electricity, measured as the proportion of the
population with access to electricity, and social
contributions as a percentage of government
revenue are significant determinants of income
inequality, in addition to GDP per capita.

While the cross-sectional design limits causal
inference, the findings provide clear evidence
that electricity access and the fiscal capacity
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to finance social protection are quantitatively
important correlates of income inequality. Future
research can build on this study by incorporating
additional energy-related indicators, such as
access to clean fuels and technologies, as well
as renewable energy consumption. Moreover,
employing panel data and dynamic econometric
specifications would allow for a more accurate
assessment of the long-term distributional effects
of energy access and social protection policies.
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