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Abstract: The relationship between economic growth, energy consumption, and environmental quality
remains one of the most widely debated themes in environmental economics. Using insights from ten
influential studies (1995-2021), this review consolidates evidence on the Environmental Kuznets Curve
(EKC), the role of renewable versus non-renewable energy, causality between income and emissions, and the
sectoral determinants affecting environmental outcomes. The reviewed literature offers mixed but insightful
results: while certain developing and middle-income regions show EKC-consistent improvements at higher
income levels, most global evidence refutes the notion that economic growth alone can solve environmental
degradation. Renewable energy adoption emerges as a critical moderating factor capable of reducing
greenhouse gas emissions without hindering GDP. The review concludes that structural economic reforms,
clean-energy transitions, and regional policy considerations are essential for achieving sustainable
development.

Index Terms - Environmental Kuznets Curve (EKC), Economic Growth, Energy Consumption, Renewable
Energy, Non-renewable Energy

1. Introduction

The accelerated expansion of the global economy—most notably within developing and emerging nations—
has amplified pressures on the natural environment through intensified energy consumption, rapid
industrialization, deforestation, and rising greenhouse gas emissions. In response to these challenges, scholars
since the early 1990s have extensively examined whether continued economic growth can ultimately lead to
improvements in environmental quality, a hypothesis commonly articulated through the Environmental
Kuznets Curve (EKC) framework.

The body of literature reviewed in this paper contributes to this ongoing debate by exploring several
interrelated dimensions of the growth—environment nexus. These include the dynamic relationship between
carbon emissions and economic growth, the role of terrestrial carbon sequestration in mitigating
environmental degradation, and the differential impacts of renewable versus non-renewable energy
consumption on ecological outcomes. Additionally, the studies assess regional and income-specific causal
patterns, providing insights into why environmental trajectories diverge across countries and development
stages.
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A significant proportion of the reviewed work also evaluates the validity of the EKC hypothesis across diverse
geographic and economic contexts, while employing advanced panel econometric methodologies—such as
Fully Modified Ordinary Least Squares (FMOLS), Vector Error Correction Models (VECM), Driscoll-Kraay
estimators, Random Effects (RE), and Hausman-Taylor (HTR) models—to ensure methodological
robustness.

Collectively, these studies offer a nuanced understanding of the complex interactions among growth, energy,
and the environment. This review synthesizes their methodological approaches, empirical findings, areas of
convergence and divergence, and the broader policy implications for sustainable development.

2. Theoretical Framework

2.1 Environmental Kuznets Curve (EKC)

The Environmental Kuznets Curve (EKC) framework proposes an inverted U-shaped association between
economic development and environmental degradation. According to this hypothesis, environmental pressure
evolves through three distinct stages of income growth. In the initial stage, when countries are at low income
levels, pollution tends to increase due to rapid industrialization, reliance on fossil fuels, and limited
environmental regulation. As economies advance to the middle-income stage, pollution typically reaches its
maximum, reflecting intensified production and energy use. Eventually, in the high-income stage,
environmental degradation begins to decline as nations adopt cleaner technologies, strengthen regulatory
frameworks, shift toward service-oriented economic structures, and increase societal demand for
environmental protection.

Despite its conceptual appeal, the empirical validity of the EKC remains highly contested. Several recent
studies, including those by Ozokcu and Ozdemir (2017), demonstrate that the inverted U-shape does not
consistently characterize the relationship between income and environmental quality, particularly for global
pollutants such as carbon dioxide (CO-). Instead, alternative patterns—such as N-shaped or monotonically
increasing curves—are frequently observed, suggesting that rising income does not automatically translate
into reduced emissions. These findings underscore the limitations of relying solely on economic growth as a
mechanism for environmental improvement and highlight the need for deliberate policy interventions to
decouple growth from pollution.

o Stage 1: Low income — high pollution (industrialization, fossil fuel dependency)

e Stage 2: Middle income — pollution peaks

e Stage 3: High income — pollution declines (clean technology, environmental regulation)

3. Methodologies Used Across the Reviewed Papers
The papers employ advanced econometric tools, including:
o Panel unit root and panel cointegration tests

e FMOLS (Fully Modified OLYS)

e VECM (Vector Error Correction Models)

o Random Effects and Hausman-Taylor regression
o Driscoll-Kraay standard errors

e Granger causality

e INnVEST carbon sequestration modeling
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This diversity improves robustness but also explains varying conclusions.

4. Synthesis of Key Findings

4.1 Economic Growth and Environmental Quality

a. Economic growth degrades environmental quality in early stages

A substantial portion of the empirical literature indicates that low-income and lower-middle-income countries
experience heightened environmental degradation as their economies expand. This trend is largely driven by
the structure and characteristics of early-stage development. During these phases, industrial expansion tends
to rely on energy-intensive and pollution-heavy production processes, often operating with limited
technological efficiency and weak regulatory oversight. Simultaneously, deforestation accelerates as land is
cleared for agriculture, infrastructure, and industrial activities, reducing the capacity of ecosystems to absorb
carbon and contributing to biodiversity loss.

Moreover, these economies typically exhibit high dependence on fossil fuels, given their relative affordability
and availability compared to cleaner technologies. As a result, rising energy demand directly contributes to
increased greenhouse gas emissions. Finally, rapid urbanization, often unaccompanied by adequate planning
or environmental governance, places additional pressure on air quality, waste management, water resources,
and land use systems. Taken together, these structural features of early economic growth create a pattern in
which GDP expansion is closely associated with environmental deterioration in developing economies.

For example, Liu et al. (2021) show that GDP growth reduces terrestrial carbon sequestration in tropical
countries.

b. EKC validity is inconsistent

Empirical evidence regarding the Environmental Kuznets Curve (EKC) remains highly heterogeneous across
countries and regions. For instance, Narayan and Narayan (2010) find that several developing economies
exhibitan EKC-consistent pattern, wherein carbon emissions begin to decline once income surpasses a certain
threshold. In these cases, long-run income elasticities of emissions are lower than short-run elasticities,
suggesting that economic advancement eventually facilitates cleaner technologies, improved regulatory
capacity, and a transition toward less carbon-intensive production structures.

In contrast, broader global or multi-regional analyses often fail to capture this inverted U-shaped trajectory.
Studies such as Ozokcu and Ozdemir (2017) report N-shaped or inverted N-shaped relationships, indicating
that emissions may decline at intermediate income levels only to rise againat higher stages of economic
development. These alternative patterns suggest that initial improvements in-environmental quality may be
temporary and that high-income growth can re-intensify resource consumption and energy demand. Such
findings challenge the universality of the EKC hypothesis and imply that economic growth alone does not
guarantee sustained environmental improvement, especially in the absence of strong policy interventions.

c. Income elasticity approach provides clearer interpretation

Narayan and Narayan (2010) offer an important methodological refinement to the evaluation of the
Environmental Kuznets Curve by focusing on short-run and long-run income elasticities of emissions
rather than relying on higher-order income terms. In their framework, evidence of an EKC emerges when the
long-run income elasticity is smaller than the short-run elasticity, indicating that environmental pressures
diminish as economies mature. This approach effectively mitigates the multicollinearity issues frequently
encountered in traditional EKC estimations that incorporate squared or cubic income variables.

Their empirical analysis demonstrates that this elasticity condition is satisfied in several Middle Eastern,
South Asian, and African countries, suggesting a gradual shift toward cleaner technologies, improved
regulatory capacity, and reduced carbon intensity as income levels rise. However, this pattern does not extend
uniformly across all regions or global datasets. The absence of consistent elasticity-based convergence
highlights that the EKC is not a universal or automatic outcome of economic growth. Instead, its validity
is shaped by diverse regional characteristics, including economic structure, energy composition, institutional
quality, and environmental policy frameworks.
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4.2 Energy Consumption—Growth—-Environment Nexus
Lee and Chang (2008) provide compelling empirical evidence on the directionality of the energy—growth
nexus by demonstrating long-run unidirectional causality running from energy consumption to GDP across
16 Asian economies. Their results imply that energy consumption is a fundamental driver of long-term
economic expansion in the region. Consequently, policies aimed at reducing energy use without
simultaneously promoting efficiency improvements or alternative energy sources could hinder economic
performance. This finding underscores the critical role of energy availability in sustaining growth trajectories
in developing and rapidly industrializing Asian economies, and highlights the importance of transitioning
toward cleaner and more efficient energy systems rather than merely restricting energy consumption.
a. Energy consumption drives long-run economic growth
Lee and Chang (2008) identify a long-run unidirectional causality from energy consumption to economic
growth in their study of 16 Asian economies. This finding indicates that energy use is a critical engine of
sustained economic expansion in the region. As a result, policies that restrict energy consumption—without
parallel investments in energy efficiency or the development of cleaner energy sources—may inadvertently
impede long-run growth prospects.b. Renewable vs. Non-renewable energy
Mohsin et al. (2021) provide robust empirical evidence highlighting the environmental and economic
advantages of renewable energy adoption:

e A 1% increase in renewable energy consumption leads to a 0.193% reduction in CO: emissions,

demonstrating its direct role in lowering carbon intensity.

e Renewable energy contributes positively to economic growth, indicating that the expansion of clean
energy sources does not impose a trade-off between environmental protection and GDP performance.

e Non-renewable energy consumption exerts a significant positive effect on emissions, reaffirming that
fossil-fuel-based energy systems remain a major driver of environmental degradation.

Collectively, these findings present a strong case for accelerating the transition toward renewable energy, as

it simultaneously supports economic development and environmental sustainability.

b. Bi-directional causality in developing regions

Coondoo and Dinda (2002) identify distinct regional patterns in the causality between income and emissions,

emphasizing the heterogeneity of the growth—environment relationship:

e Asia and Africa: Evidence of bi-directional causality (income «> emissions) indicates a mutually

reinforcing relationship in which economic growth drives higher emissions, and rising emissions—
reflecting greater energy use—also contribute to economic activity.

e Western Europe and North America: A unidirectional causality from emissions to income suggests
that environmental pressures are a consequence rather than a driver of economic growth, consistent
with advanced economies characterized by high energy efficiency and strong regulatory frameworks.

e Latin America: A unidirectional causality from income to emissions reflects growth-induced
environmental degradation typical of economies transitioning through stages of industrialization.

Together, these distinct causal patterns underscore the necessity of region-specific energy and environmental
policies, as a uniform global strategy would fail to address the diverse developmental and structural realities
across countries.
4.3 Sectoral and Structural Factors (Research Paper 1)
Liu etal. (2021) find that:

e Agricultural and industrial sectors negatively impact carbon sequestration.

e The service sector contributes positively to environmental outcomes.

o Lower middle-income countries suffer the greatest environmental degradation from industrial growth.

[JCRT2601059 ‘ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ‘ a463


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 1 January 2026 | ISSN: 2320-2882

These findings highlight the importance of structural transformation toward knowledge- and service-based
economies to mitigate environmental impacts.

5. Comparative Analysis of the Papers

\Theme HEvidence StrengthHConsensus \
EKC validity Medium Mixed, context-specific
Economic growth — pollution  [High |Strong consensus |
‘Renewable energy reduces CO- HHigh HStrong consensus ‘
‘Incom&emission causality patternsHMedium HRegion-specific ‘
Energy — GDP long-run causality |High |Broad agreement |
Structural economic factors matter ||High Strong

6. Policy Implications
Based on collective evidence:
6.1 Renewable Energy Expansion
6.2 Sectoral Economic Reform
a. Shift from agriculture/industry — service sector
e Moving an economy’s focus from agriculture and heavy industry toward services (like IT, finance,
education, tourism) can reduce environmental degradation.

e Agriculture and industry often generate high carbon emissions, deforestation, and pollution, whereas
service sectors typically have lower energy intensity and environmental impact.

e This shift is a form of structural transformation that supports sustainable development.

b. Promote low-carbon technologies
o Low-carbon technologies include renewable energy (solar, wind, hydro), energy-efficient machinery,
and cleaner production methods.

o Using these technologies reduces greenhouse gas emissions and dependence on fossil fuels.

o Examples: electric vehicles, smart grids, carbon capture systems, and energy-efficient industrial
processes.

c. Encourage circular economy models
e A circular economy minimizes waste by reusing, recycling, and repurposing materials instead of the
traditional “take-make-dispose” model.

o This reduces resource extraction, lowers pollution, and enhances sustainability.

o Examples: recycling plastics, refurbishing electronics, designing products for longer life, and
industrial symbiosis (waste from one process becomes input for another).

6.3 Addressing Regional Differences

Region Causality Pattern Policy Implication
Asia & Africa Bi-(.lir?ctional (Income <« Poli.cies should simul.taneously promote economic growth and
Emissions) environmental protection.
Latin . Focus on regulating emissions while supporting growth, as
. Income — Emissions . .
America development tends to increase pollution.
OECD . Stricter environmental regulations can be applied without
. Emissions — Income - . .
Countries significantly harming economic growth.
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6.4 Moving Beyond EKC Assumptions
The statement “Environmental improvement does not occur automatically with growth” challenges the idea
that economic growth alone will reduce pollution or improve environmental quality. In many cases, without
deliberate interventions, growth can increase environmental degradation. To achieve real improvement,
proactive measures are needed:

1. Strong regulations

o Governments need clear rules and standards for pollution, emissions, and resource use.
o Example: emission limits for industries, waste disposal standards, water quality regulations.
o Without regulations, firms may prioritize profits over environmental protection.

2. Carbon pricing
o Putting a price on carbon emissions creates a financial incentive to reduce greenhouse gases.
o This can be done via carbon taxes or cap-and-trade systems.

o It encourages businesses and consumers to adopt cleaner technologies and reduce energy
consumption.

3. Technology transfer

o Sharing or providing access to clean and low-carbon technologies, especially from developed
to developing countries.

o Helps countries adopt renewable energy, energy-efficient manufacturing, and pollution-
reduction methods.

o Example: solar panels, electric vehicles, carbon capture technologies.
4. Monitoring and enforcement
o Policies only work if they are actively enforced and compliance is monitored.

o Regular inspections, penalties for violations, and public reporting ensure that regulations and
incentives are effective.

7. Conclusion
a. Economic growth alone is insufficient—and often detrimental—to environmental sustainability
o Simply increasing GDP does not automatically reduce pollution or improve ecological health.

e In many cases, rapid industrialization and economic expansion increase emissions, resource depletion,
and environmental degradation.

o Sustainable development requires targeted policies and interventions, not just growth.
b. EKC holds in specific contexts but fails as a universal theory

e The Environmental Kuznets Curve (EKC) suggests that pollution rises with income up to a point, then
declines.

o Evidence shows EKC is context-dependent: it may appear in some countries or sectors but not others.

e This indicates that assumptions about automatic environmental improvement with income are
oversimplified.

c. Renewable energy and structural reforms provide the most reliable pathway to sustainable development
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e Transitioning to renewable energy (solar, wind, hydro) reduces reliance on fossil fuels and lowers
emissions.

o Structural reforms, like shifting from heavy industry/agriculture to service- and knowledge-based
economies, help reduce environmental pressure.

o Together, these strategies offer a practical, policy-driven route to sustainability rather than relying on
growth alone.

d. Causality between income, energy, and emissions varies sharply by region and income level
e The relationship between GDP, energy use, and carbon emissions is not uniform globally.

e Example:
o Asia & Africa: bidirectional effects (economic growth «» emissions).
o OECD countries: emissions affect income more than income affects emissions.
o Latin America: income tends to drive emissions.

e This reinforces the need for region-specific and context-sensitive policies.
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