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Abstract

The ratio of energy consumption to gross domestic product (GDP) is considered one of the key determinants
of environmental risks and an indicator of ecological efficiency. Historically, education has been recognized
as one of the most important drivers of economic development and innovation and can serve as an effective
tool to promote energy education, implement renewable energy, and improve energy consumption efficiency.
The present study aims to examine the nonlinear impact of education on energy intensity in Iran during the
years 1990 to 2022, using the quantile regression method. The results indicate that, across all quantiles,
education has an inverted U-shaped nonlinear relationship with energy intensity. Additionally, the structural
sector of the economy (agriculture and services) has a positive (undesirable) effect on energy intensity.
Although at the 10th percentile, an increase in energy prices negatively (favorably) affects energy intensity,
this effect becomes positive (undesirable) at higher quantiles (50th-90th percentiles). The findings of this
study can assist policymakers in developing more effective strategies to improve energy efficiency and reduce
environmental impacts by better understanding the influence of education and other factors.
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Extended Abstract

1. Introduction

Energy intensity, defined as the ratio of energy consumption to gross domestic product, is a key indicator for
assessing energy efficiency in economic systems and plays a crucial role in analyzing environmental and
economic sustainability (Ang, 2006). In recent decades, growing concerns about climate change and energy
resource limitations have drawn researchers and policymakers’ attention to identifying the factors influencing
energy intensity. Among these factors, human capital—particularly education as a fundamental component—
can impact energy consumption behaviors and productivity at both individual and societal levels (Human
Capital Report, 2020). Studies have shown that education can alter production and consumption patterns by
raising awareness, enhancing skills, and advancing technology (Becker, 1993). However, the relationship
between education and economic or environmental variables such as energy intensity is not necessarily linear
and may vary across different educational levels (from primary to higher education) (Barro & Lee, 2013). This
nonlinearity can be influenced by factors including the type of education, cultural contexts, and the economic
structure of each country. Iran, as one of the largest energy producers and consumers in the Middle East, faces
challenges such as dependence on fossil fuels, energy subsidies, and inefficient consumption patterns
(International Energy Agency, 2021). Despite educational advances in recent decades, there is limited evidence
regarding the impact of education on energy intensity in Iran. Unique features of Iran’s economy—including
the large public sector share, energy subsidies, and focus on energy-intensive industries—underscore the
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necessity of examining this relationship (Farzanegan & Markwardt, 2009). This study adopts a nonlinear
perspective to investigate the effect of education on energy intensity in Iran and aims to identify critical
thresholds where the impact of education on energy intensity shifts. The ultimate goal is to propose policy
solutions to improve energy efficiency and move towards sustainable development through strengthening the
educational system. Despite the topic’s significance, prior domestic studies have not focused on the effects of
education on energy intensity. Therefore, this research innovates by examining the second-order feedback
effect of education on energy intensity in Iran, employing a quantile regression approach for this purpose.

2. Method

In statistics and econometric literature, the mean is one of the measures of central tendency, and its value
alone cannot fully explain the shape of the distribution. For this reason, ordinary regression (based on the
conditional mean) is not without flaws and cannot provide complete information regarding the effects of
explanatory variables at different levels or deciles of the dependent variable. Therefore, in this regard,
quantiles or percentiles together can depict the shape of the distribution and the relationships between
variables more comprehensively. Unlike the ordinary least squares method, quantile regression is a semi-
parametric method. This analytical approach is fundamental to statistical knowledge and an important applied
statistical method in studying economic and social phenomena. It avoids the use of fixed parameters across the
entire distribution (De Silva, 2008). Additionally, this method enables a more precise and comprehensive
analysis of the relationship between the dependent variable and the explanatory variables in the model. Most
domestic studies on energy intensity focus only on the average regression parameters and do not consider the
asymmetric effects of explanatory variables on energy intensity.

» Specification of the research model

The basis of the econometric model in the present study is founded on theoretical foundations, prior research,
the structure of the Iranian economy, and the most relevant studies examining the impact of education and a
group of selected variables on energy intensity (including Zaroki et al. (2022), Zaroki and Moghadasi Sedehi
(2023), Asadi et al. (2019), Wang et al. (2020), and Yuan et al. (2024)). Therefore, the econometric model of
the study is specified as equation (1), in which the dependent variable EI represents energy intensity. The
variable Edu indicates the average years of schooling as an indicator of the education level, extracted from the
United Nations Development Programme database. Additionally, to examine a nonlinear relationship, the
square of this variable is also included in the model. EcoStru represents the structural composition of the
economy, namely the combined value added of the services and agricultural sectors as a percentage of gross
domestic product. REnergyP denotes the real overall energy price index.

Elt = EO + ﬁlEdut + ﬁzEduzt + ﬁ3ECOStrut + ,84REneTgyPt + 6t (1)

3. Finding

The results obtained from estimating the research model showed that, across all quantiles, the education
variable has a positive and significant effect on energy intensity, while its squared term has a negative and
significant effect on energy intensity. In other words, education affects energy intensity in an inverted U-
shaped manner. Specifically, an increase in education initially raises energy intensity, but after reaching a
saturation point, it reduces energy intensity in the country. Among the other explanatory variables, the
structural composition of the economy has a positive effect on energy intensity. The coefficients for the energy
price variable indicated that at the 10th percentile quantile, energy price negatively and significantly affects
energy intensity. However, at the 20th, 30th, and 40th percentiles, the negative effect of energy price on energy
intensity is not statistically significant. From the 50th to the 90th percentiles, energy price not only does not
have a negative effect but also has a positive and significant effect on energy intensity. In summary, the results
highlight that the relationship between education and energy intensity underscores the importance of long-term
investment in the education system to achieve sustainable development. Education not only enhances
economic productivity but also reduces environmental impacts by changing consumer behavior and promoting



the adoption of cleaner technologies, guiding the economy toward less dependence on energy-intensive
resources. This inverted U-shaped relationship reflects the gradual transformation of societies from high
energy consumption to high energy efficiency.

4. Conclusion

To reduce energy intensity through education, policies should focus on improving access to quality and
targeted education, especially by expanding compulsory education programs and integrating content related to
optimal energy use. Specialized and lifelong training for workers in high-energy industries should be
supported with financial incentives to enhance energy-saving skills. Additionally, energy price increase
policies should be designed to manage their effects on different energy intensity levels purposefully, where
price increases at low intensity levels are effective, but at higher levels, they should be combined with
supportive measures. Finally, modern technologies and green financial policies in the service and agriculture
sectors contribute to lowering energy intensity.
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