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Abstract

Human development is a comprehensive welfare indicator that extends beyond economic growth to
encompass education and health. Despite abundant energy resources in the Middle East and North Africa
(MENA) region, many countries continue to face serious challenges in attaining higher levels of human
development. Heavy reliance on fossil fuels, economic volatility, and limited production diversification
have weakened the link between economic growth and sustainable improvements in human well-being. In
this context, economic complexity can play an important role in explaining development disparities. This
study examines the impact of energy consumption on the Human Development Index (HDI), accounting
for economic complexity in twelve selected MENA countries over the period 1995-2021. Panel quantile
regression is employed to capture heterogeneous effects across different levels of human development. The
results indicate that GDP per capita, trade openness, and urbanization exert positive and significant effects
on HDI across all quantiles. Economic complexity has a negative effect in lower quantiles and turns
positive and significant in higher quantiles. Renewable energy consumption negatively affects HDI in
lower quantiles, whereas fossil fuel consumption has a positive effect in higher quantiles. These findings
highlight the importance of tailoring energy and development policies to the specific stage of development.
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Introuction

Economic growth alone does not guarantee improvements in human welfare; the quality of a
country’s economic structure, its technological capacity, and the diversity of its production base play
a crucial role in sustainable development. The Human Development Index (HDI) provides a broader
measure of welfare by incorporating education and health alongside income, meaning that relying
solely on income-based indicators may not accurately reflect real development progress. Countries
in the Middle East and North Africa (MENA) possess substantial oil and gas resources, yet many
continue to experience relatively low levels of human development. Dependence on natural resource
exports, income volatility, and limited diversification have weakened the translation of economic
growth into gains in education, health, and living standards—a pattern that exemplifies the
challenges inherent in resource-dependent development paths.

Energy is a fundamental input for economic and social activities, and access to energy is essential
for improving human development outcomes. At the same time, economic complexity captures the
productive knowledge embedded in an economy and its ability to generate a diverse range of
sophisticated products. The effects of energy consumption and economic complexity on human
development are likely to vary across different levels of development. This study addresses this gap
by examining the heterogeneous impacts of these factors in selected MENA countries.

Methodology

This study employs a quantitative, applied research approach to analyze the impact of energy
consumption and economic complexity on human development in twelve MENA countries from
1995 to 2021. The sample includes countries with varying levels of development and significant
energy endowments. The Human Development Index (HDI) serves as the dependent variable, while
the explanatory variables comprise GDP per capita, renewable energy consumption, non-renewable
energy consumption, the Economic Complexity Index (ECI), trade openness, and the urbanization
rate. Data are drawn from international databases, including the World Bank and the Economic
Complexity Observatory.

To capture heterogeneous effects across different levels of human development, panel quantile
regression is applied. Unlike conventional panel regression methods, which estimate average effects,
this approach allows the impact of each explanatory variable to vary across quantiles of the HDI
distribution. The method is particularly well suited to analyzing countries at different development
stages and to identifying non-linear relationships. The estimation is conducted using panel data
techniques that ensure robustness against heteroskedasticity and distributional asymmetry.

Results and Discussion

The empirical results reveal significant heterogeneity in the relationships linking energy
consumption, economic complexity, and human development across quantiles of the HDI
distribution. GDP per capita, trade openness, and urbanization exhibit positive and statistically
significant effects on HDI across all quantiles, indicating that economic growth, integration into
global markets, and urban development consistently contribute to improvements in human welfare.

The impact of economic complexity varies with the level of development. In lower quantiles,
economic complexity exerts a negative effect on HDI, suggesting that the early stages of production
diversification may entail short-term adjustment costs that dampen human development gains. In
higher quantiles, however, economic complexity has a positive and significant effect, reflecting the
long-term benefits of diversified, knowledge-intensive production structures.

Energy consumption also displays differentiated effects. Renewable energy consumption
negatively affects HDI in lower quantiles, likely owing to insufficient infrastructure, high upfront
costs, and limited technological capacity in less developed economies. In contrast, fossil fuel
consumption positively influences HDI in higher quantiles, where access to energy supports
education, health services, and overall living standards. These findings indicate that the effects of
energy and economic structure on human development are development-stage dependent. Policies
aimed at promoting renewable energy and economic complexity should therefore be implemented
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gradually and aligned with institutional capacity and development conditions to avoid adverse short-
term consequences for human welfare.

Conclusion

This study examined the impact of energy consumption on human development, accounting for
economic complexity in selected MENA countries. The results demonstrate that economic growth,
trade openness, and urbanization consistently enhance human development across all development
levels. In contrast, economic complexity and energy consumption exert heterogeneous effects
depending on the stage of development. Economic complexity negatively affects human
development in lower quantiles but contributes positively at higher levels of development,
underscoring the importance of gradual structural transformation. Renewable energy consumption
shows short-term negative effects in less developed countries, whereas fossil fuel consumption
supports human development in higher quantiles.

Overall, the findings suggest that energy and development policies should be tailored to each
country’s development stage. Gradual transitions toward renewable energy and more complex
production structures, supported by institutional capacity building, are essential for achieving
sustainable improvements in human development.
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