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In today's world, considering environmental challenges and the need to transition
toward clean and renewable energy sources, analyzing the relationship between
economic development and environmental pollution is of particular importance.
This study conducts a comparative analysis of the Environmental Kuznets Curve
(EKC) and the Renewable Energy Kuznets Curve (RKC) hypotheses in Iran using
two separate models, based on data from 1965 to 2023 and the Dynamic Ordinary
Least Squares (DOLS) method. The results show that per capita income and fossil
fuel consumption have a significant positive impact on carbon dioxide emissions,
and as per capita income increases, pollution levels gradually begin to decline.
Furthermore, in the RKC model, it was observed that renewable energy
consumption decreases in the early stages of economic growth but significantly
increases in the later stages as income rises. Therefore, both the inverted U-
shaped EKC and the U-shaped RKC hypotheses are confirmed for Iran. The EKC
Keywords: threshold in Iran is $707, while the RKC threshold is $3,719. This indicates that the
Environmental Kuznets EKC hypothesis materializes earlier than the RKC hypothesis, meaning that
Curve, Renewable Energy | positive changes in pollution reduction and the use of cleaner energy sources
Kuznets Curve, Per Capita | begin in the early stages of Iran’s economic growth. Based on these findings, it is

Income, Iran recommended to focus on the development of clean technologies and improving
JEL Classification: per capita income in the early stages of economic growth to accelerate the
Q43, Q56, 013, Q58 reduction of pollution and the adoption of renewable energy sources.
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Extended Abstract

1. Introduction

Economic growth has always been
accompanied by environmental and
energy challenges. In developing countries
such as Iran, heavy reliance on fossil
energy resources has led to a situation
where increases in per capita GDP are
associated with higher consumption of
these resources and, consequently,
increased pollutant emissions. This trend
has undesirable consequences, including
intensified climate change, increased air
pollution,  degradation of  natural
resources, and reduced quality of life. On
the other hand, sustainable development
requires attention to the use of clean and
renewable energy sources—resources that
can meet energy needs while playing a
significant role in reducing environmental
degradation.

In the economic literature, various
models and hypotheses have been
proposed to explain the relationship
between economic growth, pollution, and
energy consumption. One of the most
widely used models is the Environmental
Kuznets Curve (EKC) hypothesis, which
emphasizes the existence of a nonlinear,
inverted-U relationship between per
capita income and environmental
pollution. According to this hypothesis, in
the early stages of economic growth,
environmental degradation increases, but
after surpassing a certain income level,
countries acquire the financial and
technological capacity to improve
environmental quality and reduce
pollution. Alongside this model, the
Renewable Energy Kuznets Curve (RKC)
hypothesis has also emerged in recent
years, explaining a U-shaped relationship
between renewable energy consumption
and economic growth. According to this

hypothesis, in the early stages of
development, the use of fossil fuels
increases due to their lower cost and
easier availability, reducing the share of
renewable energy. However, in more
advanced stages of economic growth,
investments in modern technologies and
environmental concerns lead to increased
consumption of renewable energy.

Despite numerous studies on the EKC
and RKC hypotheses in various countries,
the simultaneous examination of these
two curves in Iran—particularly using
long-term  data—has received less
attention. This is while Iran, due to its
significant reliance on fossil resources,
low share of renewable energy in the
energy mix, growing urbanization trends,
and high vulnerability to climate change,
represents an important case for
empirically testing these hypotheses.

2. Method

In this study, to test the Environmental
Kuznets Curve (EKC) and Renewable
Energy Kuznets Curve (RKC) hypotheses
in Iran, time series data from 1965 to 2023
were used. The main variables include
carbon dioxide emissions as an indicator
of environmental degradation, fossil and
renewable energy consumption, per capita
income, and the level of urbanization,
which were collected from reliable
international sources such as the World
Bank and British Petroleum reports.

To avoid spurious regression, unit root
tests were first conducted, followed by the
use of the ARDL bounds testing approach
to examine the existence of long-term
relationships among the variables.
Subsequently, model estimation was
performed using the Dynamic Ordinary
Least Squares (DOLS) method to analyze
the effects of per capita income (and its
square) and other explanatory variables on
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pollutant emissions and renewable energy
consumption. The research design was
implemented through two separate
models: in the EKC model, CO, emissions
were considered the dependent variable,
and the effects of per capita income, fossil
energy consumption, and renewable
energy consumption were tested. In the
RKC model, renewable energy
consumption was considered the
dependent variable, and the roles of per
capita income and urbanization in
explaining it were examined.

3. Results and Discussion

The results from the model estimations
indicate that in Iran, there exists a
significant nonlinear relationship among
economic growth, energy consumption,
and environmental quality. In the EKC
model, per capita income and fossil energy
consumption have a positive and
significant effect on carbon dioxide
emissions; in other words, in the early
stages of economic growth, rising income
intensifies  pollution. However, the
negative coefficient of the squared income
term confirms the inverted-U
relationship, indicating that after
surpassing an income threshold of
approximately $707, the trend of pollutant
emissions begins to decline. Furthermore,
renewable energy consumption has a
significant negative effect on CO,
emissions, highlighting the positive role of
these sources in improving environmental
conditions.

In the RKC model, the results show that
in the initial stages of economic growth,
renewable energy consumption
decreases; however, as income rises and
surpasses an  income level  of
approximately $3,719, a significant upward
trend in renewable energy consumption is
observed. This confirms the existence of a

U-shaped relationship between per capita
income and renewable energy
consumption in Iran. In addition, the level
of wurbanization has a positive and
significant effect on renewable energy
consumption, indicating that population
concentration in urban areas can act as a
driver for increased use of cleaner energy
sources.

4. Conclusion

The results of the study indicate that both
the Environmental Kuznets Curve (EKC)
and the Renewable Energy Kuznets Curve
(RKC) hypotheses are valid in Iran. In other
words, in the early stages of economic
growth, increases in per capita income and
fossil energy consumption lead to higher
pollution, but after surpassing an income
threshold of $707, a declining trend in
carbon dioxide emissions begins. Similarly,
renewable energy consumption decreases
at the initial stages of development but
shows a significant upward trend upon
reaching an income level of $3,719. These
findings suggest that pollution reduction
occurs earlier than the increase in clean
energy consumption in Iran’s economy,
providing  policymakers  with  an
opportunity to steer development toward
a sustainable path.

Accordingly, it is recommended to
increase investment in renewable energy
and clean technologies and to design and
implement supportive policies such as
subsidies, financial incentives, and
promotion of green innovations. In
addition, strengthening sustainable urban
infrastructure, raising public awareness,
and fostering a culture of clean energy
consumption, as well as reducing reliance
on fossil resources through economic
diversification, are key strategies for
accelerating the transition to a low-
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carbon  economy  and
sustainable development in Iran.
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