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Abstract
Renewable energy has been widely recognized as a key instrument for
achieving sustainable growth and mitigating climate change impacts;
however, in developing countries the direction of the relationship between
renewable energy consumption and economic growth/performance has
remained unclear. This study has examined whether Granger causality exists
between renewable energy consumption and GDP growth in 26 developing
countries over 1990-2020, and whether this relationship has exhibited
asymmetric behavior in response to positive and negative shocks.

To test symmetric causality, the bootstrap panel Granger causality
approach of Koénya (2006) has been employed within a seemingly unrelated
regression (SUR) framework, using country-specific bootstrap critical values
to account for cross-sectional dependence and parameter heterogeneity. To
investigate asymmetric causality, positive and negative components of the
variables have been decomposed and causality tests have been conducted
separately for each component.

The results have indicated that the causality pattern has not been uniform
across countries. Bidirectional causality has been confirmed in some cases,
while unidirectional causality from renewable energy to GDP growth (or vice
versa) has been observed in others, and no significant relationship has been
found for a subset of countries. The asymmetric analysis has further shown
that the direction and/or significance of causality has differed between positive
and negative shocks. Accordingly, country-specific and business-cycle-
sensitive policy design has been recommended: in countries where renewables
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have acted as a driver of growth, strengthening investment support and
incentive schemes has been advised, whereas in countries where growth has
facilitated renewable expansion, improving the investment climate and
reducing institutional barriers has been suggested.

Introduction

Energy has remained a core input in the production process and a critical
determinant of welfare improvement and long-run economic growth (Solow,
1956). At the same time, the dominant reliance on fossil fuels has intensified
environmental pressures, particularly through greenhouse-gas emissions and
the associated risks of global warming and climate change. This tension
between growth and environmental quality has been widely discussed in the
growth-environment literature, including the Environmental Kuznets Curve
(EKC) perspective (Grossman & Krueger, 1995). In response, renewable
energy sources—such as solar, wind, geothermal, hydropower, and biomass—
have increasingly been promoted as cleaner substitutes in national energy
strategies and policy frameworks (Strunz et al., 2016).

Despite the policy momentum, empirical evidence on the renewable
energy consumption-economic growth nexus has remained mixed across
countries and samples. The literature has documented support for different
hypotheses (growth, conservation, feedback, or neutrality), indicating that the
direction of causality may be country-specific and sensitive to institutional
and structural conditions (Sadorsky, 2009; Apergis & Payne, 2014; Chang et
al., 2015; Inglesi-Lotz, 2016; Rahman & Velayutham, 2020). Moreover,
conventional symmetric approaches may overlook the possibility that positive
and negative shocks affect renewable energy deployment differently—
through investment constraints, financing conditions, and policy responses
across the business cycle—suggesting the relevance of asymmetric causality
frameworks (Granger & Yoon, 2002; Yilanci & Aydin, 2017). Accordingly,
this study has examined both symmetric and asymmetric Granger-causal
linkages between renewable energy consumption and GDP growth in 26
developing countries (including Iran) over 1990-2020, using data from the
World Bank and BP, and applying Kénya’s (2006) bootstrap panel causality
method within a SUR framework to account for cross-sectional dependence
and heterogeneity.

Methods and Material

This study has examined the symmetric and asymmetric Granger-causal
relationship between renewable energy consumption (REC) and economic
growth (EG) for a panel of 26 developing countries (including Iran) over the
annual period 1990-2020. The REC and EG series have been compiled from
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the World Bank and the BP Statistical Review to ensure cross-country
comparability and data consistency across the sample period.

Because panel members may be economically interconnected, the
empirical strategy has first assessed key data properties. Cross-sectional
dependence has been evaluated using the Breusch-Pagan LM test and the
Pesaran (2004) CD test, while slope heterogeneity has been examined via
the Pesaran and Yamagata (2008) slope homogeneity test. These diagnostics
have motivated the use of an approach that explicitly accommodates both
cross-sectional dependence and heterogeneity across countries.

For symmetric causality, the study has applied Konya’s (2006) bootstrap
panel Granger causality test, formulated as a system of seemingly unrelated
regressions (SUR) and implemented with country-specific bootstrap critical
values and Wald statistics, allowing causality inference at the country level
while exploiting contemporaneous correlations across equations. Lag length
has been selected using the Schwarz criterion with a maximum lag of 4,
following the paper’s stated lag-selection procedure.

For asymmetric causality, the analysis has followed the framework
motivated by Granger and Yoon (2002) and operationalized by Yilanci and
Aydin (2017), where each variable has been decomposed into positive and
negative shock components (cumulative sums) and causality tests have then
been conducted separately for these components. The asymmetric panel
causality testing has been implemented within the same SUR-bootstrap logic
(Konya-type structure) using country-specific bootstrap critical values,
consistent with the article’s methodological exposition.

Results and Discussion

Pre-estimation diagnostics have indicated that the sample has exhibited cross-
sectional dependence and slope heterogeneity. Specifically, the Breusch-
Pagan LM / Pesaran-adjusted LM and Pesaran CD tests have rejected the null
of cross-sectional independence, and the Pesaran-Yamagata tests have
rejected slope homogeneity, implying that countries have been interrelated
and the REC-EG linkage has not been identical across panel members. These
findings have supported the use of Konya’s (2006) country-specific bootstrap
causality framework rather than pooled/aggregate inference.

Using Koénya’s (2006) symmetric bootstrap panel Granger causality
approach, the causality pattern has been shown to be country-specific. The
conservation hypothesis (EG — REC) has been confirmed for Argentina,
Belarus, China, Egypt, Kazakhstan, and Uzbekistan; the growth hypothesis
(REC — EG) has been supported for Mexico and Vietnam; the feedback
hypothesis (bidirectional causality) has held for Algeria and India; and the
neutrality hypothesis has been supported for the remaining countries. Overall,
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these results have implied that a single “one-Size-fits-all” causal narrative has
not been reliable for the developing-country sample.

The asymmetric causality results—motivated by the argument that positive
and negative shocks may transmit differently (Granger & Yoon, 2002) and
operationalized through the Yilanci-Aydin (2017) framework—have further
refined the evidence. For positive components, the conservation hypothesis
has been confirmed for China, Indonesia, Kazakhstan, and Mexico, the growth
hypothesis for Peru and Ukraine, and the feedback hypothesis for Azerbaijan,
Egypt, India, Iran, Pakistan, Turkmenistan, and Uzbekistan, while neutrality
has remained for the rest of the sample. Notably, only Egypt and Kazakhstan
(conservation) and India (feedback) have remained fully consistent with the
symmetric results, indicating that ignoring shock asymmetry could have
altered country-level inference.

For negative components, the conservation hypothesis has been supported
for Belarus and Kazakhstan; the growth hypothesis for Azerbaijan,
Bangladesh, Brazil, China, India, Malaysia, Pakistan, Ukraine, and Vietnam;
and the feedback hypothesis for Ecuador, Egypt, Mexico, the Philippines,
South Africa, Thailand, and Turkey, with neutrality for the remaining
countries. The comparison with symmetric results has shown limited
alignment: conservation has stayed consistent only for Belarus and
Kazakhstan, growth only for Vietnam, and no country has preserved feedback
in a fully consistent way under negative shocks. This pattern has reinforced
the interpretation that downturn-type shocks and constraints on
finance/investment can reshape the REC-EG causal linkage in developing
economies.

From a discussion standpoint, the combined evidence has suggested that (i)
causality between renewables and growth has been heterogeneous across
developing countries and (ii) the direction and statistical strength of causality
have been sensitive to shock sign, which has been consistent with the broader
energy-growth literature reporting mixed hypotheses across contexts (Ozturk,
2010; Sadorsky, 2009; Chang et al., 2015; Inglesi-Lotz, 2016; Ozcan & Ozturk,
2019) and with studies emphasizing asymmetry in related settings (Aslan &
Ocal, 2016; Yilanci & Aydin, 2017). Consequently, policy interpretation has
been inherently country-specific and business-cycle-sensitive: where REC —
EG has held, scaling renewable investment and incentives has been more
directly growth-relevant; where EG — REC has held, macroeconomic
expansion and investment climate improvements have been more central to
renewable deployment; and where feedback has held, integrated packages
aligning growth and renewable policies have been warranted.
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Conclusion

This study has provided country-level evidence on the symmetric and
asymmetric Granger-causal nexus between renewable energy consumption
and GDP growth in 26 developing countries (including Iran) over 1990-2020
by applying Koénya’s (2006) bootstrap panel causality framework within a
SUR system and extending it to asymmetric settings via the decomposition of
positive and negative shocks. The findings have confirmed that the renewable
energy-growth relationship has not been uniform across developing
economies. Symmetric causality has supported the conservation, growth,
feedback, and neutrality hypotheses in different country groups rather than
delivering a single common pattern.

Importantly, the asymmetric analysis has shown that the direction and/or
statistical significance of causality has differed between positive and negative
components, implying that reliance on symmetric, aggregated inference could
have led to incomplete or even misleading conclusions for several countries.
Overall, the evidence has indicated that renewable energy policy design in
developing countries has benefited from a country-specific and business-
cycle-sensitive approach. Where renewables have acted as a driver of growth,
strengthening investment support and incentive schemes has been warranted.
Where growth has facilitated renewable expansion, improving the investment
climate and reducing institutional barriers has been more critical, and where
feedback effects have existed, coordinated strategies aligning renewable
deployment with broader growth policies have been required.

Keywords: Asymmetric Causality, Bootstrapping Causality,
Developing Countries, Economic Growth, Renewable Energy.
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