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Abstract

Given the pivotal role of energy in economic development and the growing emphasis on
sustainable energy resources, analyzing the determinants of energy efficiency is of paramount
importance. This study investigates the impact of economic complexity and energy security
risk on energy efficiency indicators in Iran. Using macroeconomic data together with indices
of energy security and economic complexity, the study examines the relationship between these
factors and energy productivity—proxied by energy intensity and carbon emissions—over the
period 1995-2023, employing the Fully Modified Ordinary Least Squares (FMOLS) method.
The findings reveal that economic complexity has a positive and statistically significant
relationship with both energy intensity and carbon emissions, implying that greater economic
complexity is associated with higher energy consumption and increased environmental
pollution. Conversely, energy security risk exhibits a negative and statistically significant
relationship with energy intensity and a positive and statistically significant relationship with
carbon emissions, indicating that while an increase in energy security risk reduces energy
intensity, it simultaneously leads to higher carbon emissions. These results underscore the
complex interplay between economic indicators and energy security factors and highlight the
need to address both dimensions simultaneously in order to improve energy efficiency and
mitigate environmental degradation in Iran.
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Introduction

Climate change and global warming represent pressing challenges for countries worldwide, and
concerted international efforts—particularly in the energy sector—are essential to address these
crises. One of the key strategies for tackling these challenges is improving energy efficiency, which
can reduce energy consumption, lower carbon emissions, and contribute to the achievement of
sustainable development goals. Within this context, economic complexity and energy security risk
have emerged as significant factors that may shape energy efficiency outcomes. Given Iran’s heavy
reliance on fossil fuels, understanding how economic complexity and energy security risk affect
energy efficiency in the country is of considerable importance.

This study analyzes the long-term impacts of these factors on energy efficiency and explores
their implications for environmental policy and energy security in Iran. The primary objective of the
research is to examine the effect of economic complexity on energy efficiency—proxied by energy
intensity and carbon emissions—and to determine how this relationship changes under conditions
of energy security instability. The key question guiding the study is whether an increase in economic
complexity exerts a positive and significant effect on energy efficiency in Iran and how this effect
changes during periods of heightened energy security risk.

By exploring these dynamics, the study aims to provide valuable insights into how Iran can
improve its energy efficiency while simultaneously managing the risks associated with energy
security and the complexities of its economic structure. Such insights can ultimately contribute to
more effective policymaking in the areas of environmental sustainability and energy security.

Methodology

The relationships among the variables are investigated using the Fully Modified Ordinary Least
Squares (FMOLS) method. First introduced by Phillips and Hansen (1990), FMOLS is designed to
estimate long-run relationships among cointegrated variables. This method is particularly effective
in addressing issues such as non-stationarity, endogeneity, and serial correlation in the error terms,
which frequently bias conventional regression models. Standard regression techniques may yield
inaccurate or misleading results in the presence of these problems; FMOLS corrects for them by
applying semi-parametric adjustments to the coefficients, thereby providing consistent and
asymptotically efficient estimates.

Table 1. Variables and sources of research data

Symbol Variable Variable Measurement Source
ENE Energy Efficiency Primary energy intensity (MJ/$2017 PPP GDP) WDI
co2 Energy Efficiency Carbon dioxide intensity (kg per ynlt of energy equivalent WDI

to crude oil)
. Economic Complexity Index: This index is based on the
Economic L - . Harvard
ECI . diversity and comprehensiveness of goods produced in a
Complexity CID
country.
Energy Security Risk Index: This index measures the
energy risk by comparing countries' vulnerabilities to Business
ESR Energy Security Risk | global energy fluctuations. A lower score indicates lower Monitor
energy security risk, while a higher score indicates higher Index
risk.
Renewable Energy Renewable energy consumption (percentage of total final
REN . . WDI
Consumption energy consumption)
OPE Trade Openness Trade openness (th_e sum of exports and imports of goods WDI
and services as a percentage of GDP)
Gross Domestic Gross Domestic Product (measured in constant US dollars,
GDP WDI
Product 2015)
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The study covers the period from 1995 to 2023 (1374 to 1402 in the Iranian calendar). The data
employed in this research are drawn from reputable international sources, including both
governmental and non-governmental organizations, and are analyzed using EViews software. The
application of the FMOLS estimator enables the study to produce more accurate and reliable
estimates of the long-term effects of economic complexity and energy security risk on energy
efficiency in Iran. The findings are expected to provide valuable insights into the complex interplay
among these variables and to support more informed decision-making. Ultimately, this research is
intended to assist policymakers in improving energy efficiency while simultaneously addressing the
critical challenges of energy security, environmental sustainability, and economic development in
Iran.

ENE;; = ay + a1 ECl;; + a,ESR;; + a3REN;; + a,OPE;; + asGDP;; + ;¢ (D)
COy; = Yo + 1EClie + v2ESR;e + V3REN; + Y4,OPE; + vsGDPy + pye (2)

Results and Discussion

The results of the unit root tests indicate that the null hypothesis of a unit root at levels cannot
be rejected, meaning that none of the variables is stationary in level form. After first differencing,
however, all variables become stationary, with the null hypothesis rejected at the 1% significance
level. To identify potential long-run equilibrium relationships, the Johansen cointegration test is
applied. Both the trace and maximum eigenvalue statistics reject the null hypothesis of no
cointegrating vector at the 95% confidence level, confirming the presence of one cointegrating
vector among the variables. The optimal lag length is selected using the Schwarz Information
Criterion (SIC).

The Fully Modified Ordinary Least Squares (FMOLS) method is employed to estimate the long-
run relationships among economic complexity, energy security risk, and energy efficiency. FMOLS
corrects for endogeneity and serial correlation in the error terms, yielding consistent and
asymptotically efficient estimates. The results reveal that economic complexity has a positive and
statistically significant relationship with energy intensity, suggesting that greater economic
complexity is associated with higher energy consumption. In contrast, energy security risk exhibits
a negative relationship with energy intensity, implying that increased risk reduces energy intensity.
In addition, higher shares of renewable energy consumption and economic growth are both found to
be associated with lower energy intensity.

Regarding carbon emissions, the findings indicate that both economic complexity and energy
security risk contribute to higher emissions. However, with technological progress, these effects
could potentially be reversed. Economic growth, given its dependence on fossil fuels, is also
associated with increased carbon emissions. Conversely, trade openness and renewable energy
consumption are found to mitigate environmental pollution by reducing emissions. These results
suggest that policies promoting renewable energy adoption and economic diversification can play a
crucial role in addressing long-term environmental and energy security challenges.

Conclusion

In recent decades, the pursuit of greater energy efficiency and lower carbon emissions has led
researchers and policymakers to examine the economic and structural factors shaping energy
performance. This study analyzes the impact of two such factors—economic complexity and energy
security risk—on energy intensity and carbon emissions in Iran.

The results show that economic complexity is positively associated with both energy intensity
and carbon emissions, as the expansion of production and industrialization drives higher energy
consumption and pollution. Energy security risk significantly reduces energy intensity, thereby
improving efficiency, yet the continued reliance on fossil fuels still results in higher carbon
emissions. Furthermore, renewable energy consumption exerts a favorable effect by reducing both
energy intensity and emissions, although the share of renewables in Iran’s energy mix remains low.
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The findings indicate that, for Iran to achieve sustainable growth and minimize negative
environmental impacts, it is essential to develop technology-intensive industries and invest
substantially in renewable energy sources.
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