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Abstract:

This study investigates the economic impact of renewable energy adoption across countries
with varying income levels and resource endowments. Using panel data from 2000-2023, the
analysis explores how renewable energy consumption affects GDP growth, employment, and
carbon emissions. Results show that while renewable energy does not significantly drive short-
term GDP growth, it contributes to long-term sustainability, energy security, and
environmental benefits. Employment, capital formation, and trade openness emerge as
stronger immediate growth drivers, while rapid urbanization hinders growth in developing
economies. Policy recommendations stress stable investment incentives, workforce
development, and planned urbanization. Overall, renewable energy represents both an
environmental necessity and an economic opportunity aligned with the Sustainable
Development Goals (SDGs).

Keywords: Renewable Energy, Economic Growth, Sustainable Development and Climate

Change Mitigation.

Introduction:

The twenty-first century is witnessing a profound transformation in global energy systems,
driven by the urgent need to address climate change, ensure energy security, and promote sustainable
development. Rising greenhouse gas emissions, largely attributable to the combustion of fossil fuels,
have contributed significantly to global warming, resulting in severe environmental, social, and
economic consequences. In response, renewable energy sources such as solar, wind, hydro, and biomass
have emerged as viable alternatives to fossil-based systems, offering cleaner and more sustainable
solutions to meet growing energy demands. The global discourse on energy transition is therefore not
limited to environmental considerations but increasingly extends to its economic implications,
particularly the role of renewable energy in shaping growth trajectories, employment patterns, and

technological innovation.
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From an economic standpoint, renewable energy adoption presents a dual opportunity. On the
one hand, it mitigates environmental degradation and reduces long-term dependence on non-renewable
resources, thereby fostering resilience and sustainability. On the other hand, it creates new markets,
industries, and employment opportunities, contributing positively to economic growth. For developing
countries, investments in renewable energy infrastructure can stimulate local economies, enhance
energy access, and reduce poverty, aligning closely with the Sustainable Development Goals (SDGs).
For developed economies, the transition enhances competitiveness by fostering technological
innovation and reducing external energy dependencies.

Despite its growing importance, the economic impact of renewable energy adoption remains
contested in the literature. Some studies argue that renewable energy provides long-term economic
benefits through job creation and reduced externalities, while others caution about short-term trade-
offs, including high capital costs, policy uncertainties, and infrastructure limitations. These mixed
findings highlight the need for a more nuanced and comparative analysis across different regions and
income groups.

This study aims to address this gap by examining the economic impact of renewable energy
adoption using a cross-country approach. By analyzing data from multiple economies with diverse
resource bases and policy frameworks, the research investigates how renewable energy influences key
economic indicators such as gross domestic product (GDP), employment generation, and carbon
emission reduction. The focus extends beyond economic growth to include broader developmental
outcomes, emphasizing the role of renewable energy in advancing the SDGs, particularly Goal 7
(Affordable and Clean Energy) and Goal 13 (Climate Action).

Literature Review:

The link between renewable energy adoption and economic growth has been widely studied,
though findings remain mixed. Four perspectives dominate the energy—growth hypothesis:

(1) Growth hypothesis—energy drives growth (Stern, 2011);

(2) Conservation hypothesis—growth determines energy demand (Payne, 2010);

(3) Feedback hypothesis—a bidirectional relationship exists (Ozturk, 2010); and

(4) Neutrality hypothesis—no relationship (Apergis & Payne, 2012).

While earlier work emphasized fossil fuels, recent studies increasingly consider renewables,
reframing debates around sustainability.

Empirical Evidence:

Global analyses suggest renewable energy supports long-term growth. Bhattacharya et al.
(2016) found positive contributions across 38 economies, while Al-Mulali e al. (2015) highlighted
benefits in energy-importing countries. In OECD nations, renewables foster innovation and carbon
reduction, though GDP effects are often modest (Marques & Fuinhas, 2011; Menyah & Wolde-Rufael,
2010). Emerging economies link renewable adoption to poverty reduction and industrialization
(Sadorsky, 2009), but face constraints from high upfront costs and weak institutions (Apergis & Payne,
2014).
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Employment and Industrial Development:

Renewables generate substantial employment: IRENA (2021) reported over 12 million jobs
worldwide, led by solar and wind. Studies show renewables stimulate broader manufacturing and
service industries (Cai, Sam, & Chang, 2017). However, fossil-fuel-dependent regions risk job
displacement, underscoring the need for just transition policies (Hillebrand et al., 2006).
Environmental and Social Impacts:

Adoption of renewables significantly reduces carbon emissions (Sadorsky, 2009; Apergis &
Payne, 2012) and expands energy access, especially in rural areas, enhancing health and education
outcomes (van der Horst, 2008). These benefits align closely with SDGs 7 (Clean Energy) and 13
(Climate Action).

Challenges:

Barriers remain: high capital costs (Peters & Schneider, 2019), policy inconsistency (Marques
& Fuinhas, 2012), intermittency and storage needs (Elliston et al., 2012), and transitional economic
disruptions (Sebri & Ben-Salha, 2014).

Methodology
1. Research Design

This study adopts a quantitative cross-country research design to examine the economic impact
of renewable energy adoption on sustainable development. A panel data approach is employed, as it
allows for analysis across multiple countries over time, capturing both cross-sectional and time-series
variations.

2. Data Sources
Secondary data is collected from internationally recognized databases to ensure reliability and
comparability:
¢  World Bank (World Development Indicators): GDP, employment rate, population, energy
use, CO2 emissions.
e International Energy Agency (IEA): Renewable energy consumption and generation
statistics.
e United Nations (UN Data / UNDP): Indicators related to SDGs, particularly Goal 7 (Clean

Energy) and Goal 13 (Climate Action).

e International Renewable Energy Agency (IRENA): Employment in the renewable energy
sector.

The study covers the period 2000-2023, ensuring sufficient time variation to capture long-term
impacts. Countries are selected based on data availability, including a balanced mix of developed and
developing economies.

3. Variables
e Dependent Variables: Economic Growth (GDP per capita, annual % growth), Employment

Rate (%) and Carbon Emissions (metric tons per capita)

e Independent Variable: Renewable Energy Consumption (% of total final energy

consumption)
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e Control Variables: Trade openness (% of GDP), Gross capital formation (% of GDP),

Population growth (%) and Urbanization rate (%)

These controls are included to reduce omitted variable bias and isolate the effect of renewable
energy adoption on economic outcomes.
4. Econometric Model

A panel regression model is specified as follows:
Yi=o+BRE;+yXirtpitAte;
Where: Y= dependent variable for country i at time ¢ (GDP growth, employment, or carbon emissions);
BRE;; = renewable energy consumption (%); Xi;= vector of control variables; ;= country-specific fixed
effects; A = time-specific effects and € = error term

The model will be estimated using Fixed Effects (FE) and Random Effects (RE) approaches.
Hausman tests will guide the choice between FE and RE. To address potential endogeneity between
renewable energy adoption and economic growth, robustness checks will be conducted using
Generalized Method of Moments (GMM).
Result and Discussion:
Descriptive Analysis

Table 1 presents the summary statistics for the variables of interest across the ten countries (five
developed and five developing) between 2000 and 2023.

Table 1: Renewable Energy and Economic Growth Analysis: Summary Statistics

Index count mean std min 25% 50% 75% max

Year 240.0 | 2011.5 6.94 2000.0 | 2005.7 | 2011.5 | 2017.2 | 2023.0
5 5

GDP per capita | 240.0 2.29 3.28 -7.74 0.67 1.9 3.77 13.56

growth (annual %)

Employment to | 240.0 58.57 9.38 36.8 51.57 583 62.01 80.29

population ratio,
15+, total (%)
Renewable energy | 220.0 23.83 23.98 3.5 8.4 11.9 36.12 88.1

consumption (% of
total final energy

consumption)

Population, total 240.0 | 3645023 | 48057 | 1902880 | 65578 | 1280665 | 31246 | 143806
74.3 2409.6 2.0 451.75 00.0 4370.5 | 9596.0

Urban  population | 240.0 68.54 19.31 27.67 53.39 77.29 83.52 92.04

(% of total

population)

Gross capital | 216.0 25.16 7.95 12.35 19.94 22.63 27.47 46.27

formation (% of

GDP)

Trade (% of GDP) 216.0 44.88 16.18 19.56 30.15 42.67 56.62 89.06
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From Table 1, GDP per capita growth averaged 2.3% but ranged from —7.7% to +13.6%, with
greater volatility in developing economies than in developed ones. The employment-to-population ratio
averaged 58.6%, with advanced economies maintaining higher levels. Renewable energy consumption
averaged 23.8% of total energy, ranging from over 80% in Brazil (hydropower) to below 15% in fossil-
dependent countries like the U.S. and Australia. Urbanization was high overall (68.5%), nearing
saturation in developed nations but lower in Nigeria and India. Gross capital formation averaged 25%
of GDP, especially strong in emerging economies, while trade openness averaged 45% but varied
widely across countries.Renewable Energy Trends

Renewable Energy - Developed Countries
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Figure 1: Renewable Energy Trends (Developed)
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Figure 2: Renewable Energy Trends (Developing)
In developed countries (United States, Germany, Japan, United Kingdom, and Australia),
renewable energy adoption has shown a gradual but consistent increase, driven largely by policy

measures, technological innovation, and commitments to carbon neutrality. Germany stands out with a
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steady rise linked to the Energiewende policy, while the United States and Australia exhibit slower
growth due to continued reliance on fossil fuels.

In contrast, developing countries show more heterogeneous trends. Brazil dominates with
renewable shares consistently above 40 percent, primarily from hydropower. China and India have
shown rapid increases since 2010, reflecting large-scale investments in wind and solar capacity. South
Africa and Nigeria remain laggards, with slow uptake of renewables, hindered by institutional

challenges, energy poverty, and infrastructure gaps.
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Figure 3: GDP Growth Trends (Developed)
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Figure 4: GDP Growth Trends (Developing)

Developed economies exhibit relatively low but stable growth rates, averaging around 1-3
percent annually. Periodic downturns are observed during the global financial crisis of 2008—-2009 and
the COVID-19 pandemic in 2020, after which modest recovery occurred.

Developing countries, by contrast, display higher average growth but with substantial volatility.

China and India consistently achieved robust growth rates above 5 percent for most of the study period,
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although both slowed after 2015. Brazil and South Africa reveal cyclical downturns, reflecting
commodity dependence and political-economic instability. Nigeria’s growth fluctuates sharply,
influenced by oil price shocks.

Group Comparisons: Developed vs Developing Economies
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Figure 5: Group Average Renewable Energy
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Figure 6: Group Average GDP Growth

On average, developing countries exhibit higher renewable energy shares than developed
countries, primarily due to Brazil’s hydropower reliance and China’s aggressive renewable investments.
However, these averages mask disparities: while some emerging economies lead globally, others lag
behind.

In terms of GDP growth, developing countries consistently outperform developed countries,
averaging above 4-5 percent compared to 1-2 percent in advanced economies. Yet this growth is more
volatile, reflecting structural vulnerabilities, dependence on commodity exports, and policy

uncertainties.
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Table 2: Panel Regression Results (Dependent Variable: GDP per capita growth, annual %)

Variable Fixed Effects FE p-value | Random Effects | RE p-value
Coefficient Coefficient
Renewable energy —0.0933 0.146 (ns) —0.0075 0.771 (ns)
consumption (% of total
energy)
Employment to population 0.1686 0.126 (ns) 0.1816 0.0005
ratio (%) (*F**)
Gross capital formation (% of 0.1677 0.066 (*) 0.1199 0.0187 (**)
GDP)
Trade (% of GDP) 0.0928 0.0000 0.0460 0.0147 (**)
(***)
Urban population (% of total) —0.1867 0.0001 —0.0806 0.0007
Constant -0.7310 0.914 (ns) -7.1760 0.0339 (**)
Notes:

Significance levels: *** p<0.01, ** p<0.05, * p<0.10, ns = not significant.
FE = Fixed Effects; RE = Random Effects.
Table 2 shows the panel regression results for GDP growth across ten countries (2000—-2023).

Renewable energy consumption had negative, insignificant coefficients in both FE and RE models,

indicating no measurable short-term impact on growth, consistent with literature stressing long-term

rather than immediate benefits. Employment was significant only in the RE model, suggesting growth

differences stem more from cross-country variation than within-country changes. Investment and trade

openness were positive and significant in both models, confirming their central role as growth drivers.

Urbanization showed a consistently negative effect, highlighting infrastructure and social challenges in

rapidly urbanizing economies. The FE model explained more variation (29%) than the RE model (20%),

reflecting stronger within-country dynamics.

Policy Implications

1.

Support Long-Term Renewable Investment: Renewable energy does not show immediate
positive effects on short-term GDP growth, but its long-term contributions to sustainability and
energy security are undeniable. Governments should provide stable investment incentives, such
as tax credits, subsidies, and low-interest financing, to accelerate renewable adoption without
undermining economic stability.

Enhance Labor Market Participation: Employment was found to be a robust driver of
growth. Policies that encourage workforce participation—through skills training, education,
and renewable energy sector job creation—can amplify the economic impact of the transition
to clean energy.

Promote Capital Formation and Green Investment: The significant role of gross capital

formation highlights the need for policies that facilitate investment in both traditional
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infrastructure and green technologies. Public—private partnerships, targeted investment in

renewable infrastructure, and foreign direct investment incentives are essential for sustaining

growth.

4. Leverage Trade Openness for Technology Transfer: Trade openness showed a consistent
positive impact on growth, suggesting that integrating into global markets is beneficial.
Countries should actively engage in international cooperation and trade agreements to facilitate
technology transfer and import of renewable energy technologies, which can accelerate the
green transition.

5. Manage Urbanization Challenges: The negative impact of urbanization on growth
underscores the importance of planned urban development. Policymakers must prioritize
investments in housing, transport, water, and energy systems in rapidly urbanizing regions to
ensure that cities act as engines of growth rather than bottlenecks.

Conclusion:

This study examined the interplay between renewable energy consumption and economic
growth across ten countries from 2000-2023 using descriptive analysis, trend comparisons, and panel
regression models. The results indicate that while renewable energy adoption has not yet translated into
significant short-term growth benefits, its long-term role in achieving sustainable development remains
crucial.

Instead, employment, capital formation, and trade openness emerged as the strongest drivers of
GDP growth, while rapid urbanization posed significant structural challenges. Developed economies
demonstrated gradual increases in renewable adoption with stable growth, whereas developing
countries experienced higher but more volatile growth and faster, though uneven, renewable energy
expansion.

Overall, the findings emphasize that renewable energy must be pursued not in isolation, but
alongside supportive policies in employment, investment, trade, and urban planning. In doing so,
countries can ensure that the transition to cleaner energy sources not only addresses environmental
concerns but also contributes to inclusive and sustainable economic growth.
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