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The issue of optimizing energy consumption is a long-standing concern in
developing economies. This study examines the effects of two key factors, namely
economic structure and degree of trade openness, on energy consumption
intensity in Iran. Going beyond linear analyses, a threshold econometric model is
used to examine nonlinear relationships. This model identifies how different
levels of energy intensity affect the patterns of influence of macroeconomic
variables. Based on time series data of the Iranian economy (1973-2021), the
results show that at low levels of energy intensity, both industrialization and
trade openness significantly reduced energy consumption intensity. However, at
high levels of energy intensity, industrial development increased energy
intensity, and trade openness no longer had a significant effect. In addition,
studies show that the phenomenon of energy waste has had a positive and

Keywords: significant effect on current energy consumption at both levels. These findings
Energy Intensity, emphasize the existence of nonlinear and variable relationships in the impact of
Industrialization, Trade economic variables on energy consumption intensity. Therefore, adopting
Openness, Threshold integrated policies without considering the conditions of different levels of
Effects energy consumption intensity cannot be a solution. By explaining these
JEL Classification: relationships, this research paves the way for formulating targeted policies to
C22, F10, O14, Q43. reduce energy consumption intensity and achieve sustainable development in the

Iranian economy.
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1. Introduction

Energy consumption is one of the
fundamental drivers of production and
economic growth, playing a crucial role in
the development of countries. However,
inefficient and excessive energy use can
lead to serious environmental and
economic challenges. Energy intensity—
defined as the ratio of energy
consumption to gross domestic product
(GDP)—serves as a key indicator for
evaluating energy efficiency and plays a
significant role in reducing greenhouse
gas emissions and enhancing energy
security.

Research indicates that energy
intensity is influenced by factors such as
industrialization, energy prices, trade
openness, economic  growth, and
urbanization. Industrialization, as one of
the largest energy-consuming sectors, can
reduce energy intensity  through
technological advancement and process
optimization. Conversely, international
trade, particularly the export of energy-
intensive goods, may increase overall
energy consumption. In this context, trade
openness can allow developing countries
to import advanced technologies from
developed economies, thereby helping to
lower energy intensity.

Examining the determinants of energy
intensity, especially the nonlinear effects
of macroeconomic variables, is of
particular importance. While much of the
existing literature has focused on linear
relationships involving variables such as
economic structure and trade openness,
there is growing evidence that these
relationships may in fact be nonlinear.
Threshold econometric models offer
valuable tools for gaining deeper insights
into such complexities. In this regard,

Iran’s economy, characterized by its
dependence on oil revenues and energy
subsidies, faces significant challenges
related to energy use. The country’s
energy intensity is notably higher than the
global average, signaling inefficiencies and
underscoring the need for targeted policy
interventions. Structural and economic
developments in Iran, including industrial
policy shifts and increased global trade
engagement, have affected its energy
intensity in various ways.

This study investigates the impact of
economic structure and trade openness
on energy intensity in Iran during the
period 1973-2021, focusing specifically on
nonlinear dynamics and lagged effects. To
this end, a threshold econometric model is
employed. The analysis of time-series data
from the Iranian economy aims to inform
practical and effective policy
recommendations for reducing energy
intensity and enhancing energy efficiency.

2. Methodology

This research utilizes a threshold
econometric model to examine the
nonlinear relationships between economic
structure, trade openness, and energy
intensity. In such models, the effect of
explanatory variables on the dependent
variable changes when the explanatory
variable crosses a certain threshold,
allowing for variations such as
intensification, mitigation, or reversal of
the relationship.

3. Finding

The results reveal that during periods of
low energy intensity, economic structure
and trade openness contribute to
improved energy efficiency. Mechanisms
such as technology transfer and enhanced
market competition appear to function
effectively in these contexts, fostering the
development of low-energy economic
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structures. However, at high levels of
energy intensity, a shift toward energy-
intensive industries has driven up energy
consumption, while the benefits of trade
openness have been limited due to weak
institutional frameworks. These findings
highlight the need for policymakers to
consider the differing impacts of
macroeconomic factors across varying
energy intensity levels and to tailor
policies accordingly.

4. Conclusion

This study underscores the nonlinear
relationship between economic structure,
trade openness, and energy intensity in
Iran. At lower levels of energy intensity,
industrialization and trade openness tend
to reduce energy use, whereas at higher
levels, industrialization = exacerbates
energy intensity. Additionally, the lag
effect of energy consumption proves to be
both positive and statistically significant at

all levels. These insights suggest that
energy policymaking should adopt a
nuanced, evidence-based approach that
accounts for nonlinearities and time-
lagged effects.
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