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Abstract

Currently, about A+ percent of the global energy production relies on fossil
fuels, a consequence of which is the substantial emission of environmental
pollutants. Given that economic growth in Iran is predominantly driven by the
utilization of fossil fuels, this study aims to examine the relationship between
Iran's Gross Domestic product (GDP) and total energy demand through the
framework of the Environmental Kuznets Curve. The study first addresses key
issues concerning pollution and energy consumption before delving into
sustainable development and the Environmental Kuznets Curve. The
empirical model in this study consists of two parts: first, the Autoregressive
Distributed Lag (ARDL) model, selected as the methodological approach, is
estimated following stationarity testing; second, dynamic systems are
employed to implement the model over the period spanning Y+« to Y+ £1
(YYva-1&Ye in the Persian Calendar). The findings reveal that Iran is in the
first stage of the Environmental Kuznets Curve, with 37 of energy demand
variations attributable to changes in GDP. Accordingly, a policy
recommendation warranting consideration within this paper is encouraging
energy consumers to adopt more efficient energy systems to enhance energy
productivity and invest in renewable energy sources. This strategy could foster
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economic growth on the one hand, and facilitate a transition beyond the initial
stage of the Environmental Kuznets Curve on the other.

Introduction

Human life on Earth has always been tied to the environment and its physical
surroundings. However, with the ever-growing global population, the
interaction between humans and the environment has taken on complex and
far-reaching dimensions, giving rise to numerous ecological challenges. The
increase in carbon dioxide levels in the atmosphere has caused a major
environmental crisis, including environmental degradation, glacial melting,
and global warming. Notably, Iran ranks among the world’s top CO. emitters,
surpassing all regional counterparts with Y¢° million tons of CO. emissions
annually—placing it just behind Japan and Germany globally. Saudi Arabia
follows as the second-largest regional emitter, releasing £4V,Ye million tons.
Beyond its high CO- emissions and energy intensity, Iran has faced chronic
water scarcity for decades. Escalating water shortages, depleting groundwater
reserves, air pollution, and a temperature rise of +,£)°C per decade—coupled
with significant annual fluctuations—highlight the country’s deepening
environmental crisis. Additionally, the sharp decline in potable water supplies
and the loss of biodiversity underscore the severe ecological degradation Iran
has experienced over the past forty years.

Ultimately, necessary measures must be taken to prevent environmental
degradation. Rather than viewing ecological restoration as a financial burden,
it should be recognized as a strategic investment—one that fosters economic
activity and generates employment opportunities. Accordingly, the present
study, with the aim of clarifying the relationship between Iran's GDP and total
energy demand using the Environmental Kuznets Curve framework, attempts
to determine Iran’s current position on the curve and identify actionable
policies to curb further environmental deterioration.

Methods and Material

The empirical model in this study is implemented through a two-stage
methodology. In the first stage, we conduct a comprehensive analysis of the
selected variables and estimate their regression relationships. Based on these
results and system dynamics principles, a state-flow diagram is developed to
evaluate various scenarios. Utilizing data from the World Bank, the Central
Bank of Iran, and the national energy balance, we perform stationarity tests
within the Kuznets curve framework to examine the dynamic relationship
between Iran's GDP and total energy demand. Our results indicate that the
ARDL (Autoregressive Distributed Lag) model represents the optimal
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estimation method for the period spanning Y+++ to Y+ Y+ (AYV4-Y¥44 jn the
Persian calendar). In the second stage, a dynamic system model is created
using the initial regression results. Figure \ illustrates the causal loop diagram
based on this approach. Unlike static analysis that examines causal
relationships at a single point in time, dynamic analysis explicitly incorporates
time as a critical factor, focusing on underlying trends rather than isolated
events. Our methodology emphasizes this dynamic perspective, enabling us
to capture the evolving nature of the economic-energy-environment system
and its behavioral patterns over time.

Results and Discussion

The model implementation yields the outputs presented in Figure ),
demonstrating close alignment between the estimated trends and actual
observed data. This suggests that the model exhibits satisfactory validity, as
evidenced by its capacity to reproduce behavior through the comparison of
extant historical data with the simulated trends generated by the model.
Subsequently, the empirical model proceeds with scenario development and
the implementation of economic policies to analyze the repercussions of
economic growth on aggregate energy consumption.

In this study, two scenarios with ©7Z and Y7 economic growth are
considered. The results for each scenario are shown in Figure Y.
Naturally, higher economic growth in each scenario leads to an increase
in energy demand.
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Figure ¥ Results from applying scenarios
The findings of this study, derived from ARDL estimation and dynamic
system modeling within the Environmental Kuznets Curve framework, reveal
that 447 of the changes in energy consumption are explained by the model's
selected variables. Of these, about 7 is attributed to GDP based on the
empirical model, cause-and-effect and state-flow diagrams, and two growth
scenarios (°7 and V7). The results indicate:

- A positive relationship between GDP and energy consumption,
meaning that as GDP increases, total energy consumption also
rises.

- Iran is in the first stage of the Environmental Kuznets curve,
where GDP growth leads to higher energy consumption and
pollution, due to the country's reliance on fossil fuels.

Conclusion

The results derived from the empirical model in both the first and second
stages indicate that Iran is situated in the initial phase of the Environmental
Kuznets Curve (EKC). This implies that an increase in Iran's Gross
Domestic Product (GDP) is accompanied by a rise in the nation's energy
consumption. Furthermore, given the country's reliance on fossil fuels, it is
anticipated that pollution levels will concurrently increase with energy
consumption. Acknowledging the influence of other determinants on energy
demand, this study suggests that future research should consider the impact
of variables such as temperature, climatic conditions, and the type and
number of vehicles. Incorporating these variables into the dynamic modeling
stage could allow for the inclusion of additional causal feedback loops and
the observation of their effects within the model. Based on the findings of
this research, a policy recommendation warranting consideration is the
incentivization of energy consumers to adopt more efficient energy systems
for energy demand management and enhanced energy productivity,
alongside investment in renewable energy systems (such as the construction
of solar panels). Moreover, attention should be directed towards the YV
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Sustainable Development Goals (SDGs), particularly the realization of Goals
V) (Sustainable Cities and Communities), ¥ (Affordable and Clean Energy),
and 'Y (Climate Action), such as carbon reduction. This approach has the
potential to simultaneously foster economic growth and development and
facilitate a transition from the initial phase of the Environmental Kuznets
Curve.

Keywords: COv emission, economic growth, dynamic systems, energy

transition
JEL Classification: 0)+, Q+Y, Q¢+, Q¢
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