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Abstract

In recent years, the development of eco-innovation has been recognized as one of the
main drivers of reducing the non-renewable energy consumption, the importance of
which is undeniable for combating climate change and promoting environmental
sustainability. Research evidence shows that green innovations can change energy
consumption pattern and lead to a reduction in the demand for fossil fuels by
improving energy efficiency and utilizing renewable resources. Therefore, examining
the effects of these innovations on energy consumption is not only necessary for
developing energy management strategies, but it can also help identify the challenges
and opportunities on the path to a green economy. However, this issue has not been
addressed in the previous literature. Accordingly, the present study aims to investigate
the asymmetric role of eco-innovation in the non-renewable energy consumption in
Iran during the period 1975-2022. The findings, based on the Nonlinear
Autoregressive Distributed Lag (NARDL) model, show that the effect of eco-
innovation (EI) in the research model is asymmetrical, such that positive changes in
eco-innovation lead to a decrease, while negative changes lead to an increase in the
non-renewable energy consumption (NRE). In addition, the results indicate that
human capital (HC), industrialization (IND), and foreign direct investment (FDI) have
a negative effect, whereas economic growth (EG), trade openness (TO), urbanization
(URB), and the dummy variableto the Islamic Revolution of Iran (DU) have a positive
and significant effect on the non-renewable energy consumption.
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Introduction

The world's extensive reliance on non-renewable energies, which are
primary contributors to the increase in greenhouse gases and the
intensification of climate change, highlights the necessity of
transitioning to low-carbon systems and achieving sustainable
development. In this context, Eco-innovation (such as solar, wind
energy, and carbon capture technologies) have emerged as key tools for
enhancing energy productivity, reducing fossil fuel consumption, and
realizing green economic growth. However, due to their nascent nature,
the share of green innovations within the overall innovation structure
remains limited. Thus, a fundamental question is whether eco-
innovation can contribute to reducing non-renewable energy
consumption and facilitating the transition to a sustainable energy
system. Therefore, this research focuses on Iran, aiming to analyze the
role of these Eco-innovation in reducing non-renewable energy
consumption. Iran, as the world's sixth-largest consumer of fossil
energy, faces serious environmental crises due to inefficient policies
and excessive consumption, and increasingly requires reforming its
energy consumption structure and moving towards a green economy
through Eco-innovation.

Methods and Material

The present study investigates the factors affecting non-renewable
energy consumption, emphasizing the role of Eco-innovation in Iran's
economy. Furthermore, this study assumes that eco-innovation has an
asymmetric  (non-linear) behavior on non-renewable energy
consumption. The term asymmetry in variables refers to positive and
negative changes in the variables. Hence, to estimate the empirical
model, the Non-Linear Autoregressive Distributed Lag (NARDL)
estimation method was employed. Finally, according to the objectives
and hypothesis of this study, the empirical model is specified as
Equation (1):
LnNRE, = By + BiLnELF + BoLnEl; + B3HC, + BoLnEG, + @

BsIND, + BsFDI, + B,TO; + BgURB, + BoDU + &

In Equation (1), non-renewable energy consumption (NRE) is the
dependent variable. eco-innovation (EI) is selected as the main
independent variable. Additionally, the variables of economic growth
(EG), human capital (HC), Industrialization (IND), foreign direct
investment (FDI), trade openness (TO), urbanization (URB), and the
dummy variable for the Islamic Revolution of Iran (DU) are included
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in the model as control variables. Also, the term o is the constant
coefficient, t denotes the time dimension, and & refers to the random
error term. The terms Pi to Po represent the coefficients of the
independent variables, respectively. Furthermore, Ln denotes the
natural logarithm. This study utilizes annual time series data for the
Iranian economy covering the period (1975-2022). The research data
were extracted from the statistical databases of the Energy Institute, the
Organization for Economic Co-operation and Development (OECD),
the Penn World Table, and the World Bank.

Results and Discussion

Prior to model estimation, the stationarity of the variables was
examined using the Augmented Dickey-Fuller (ADF) unit root test. The
results indicated that the variables EG, FDI, and TO are stationary at
level 1(0), while NRE, EI, IND, HC, and URB became stationary after
first differencing, i.e., integrated of order one I(1). Therefore, the set of
variables has a mixed order of integration, I(0) and I(1), allowing the
use of the NARDL method for model estimation. Within the NARDL
framework, the bounds test by Pesaran et al. (2001) was used to test for
the existence of a long-run relationship. The results showed that the F-
statistic value is 12.069, which exceeds the upper and lower critical
bounds at the 1%, 5%, and 10% significance levels, thus rejecting the
null hypothesis of no long-run relationship. Subsequently, the Wald test
for symmetry, to examine the type of behavior of the variable EI on
NRE in the long run, was estimated at 17.66, which is significant at the
1% probability level. Therefore, the null hypothesis is rejected, and the
asymmetric effects of EI are accepted.

The results indicate that EI has a significant asymmetric effect on
NRE in Iran; such that an increase EI reduces NRE by 0.032% in the
short run and 0.039% in the long run. Therefore, positive changes,
through increased patent registrations and the use of modern green
technologies, have a reducing effect on fossil energy consumption. On
the other hand, an increase EI leads to an increase in NRE by 0.077%
in the short run and 0.095% in the long run. Since EI has long-run
effects, discontinuing them would lead to a gradual decline in energy
productivity and increased reliance on high-consumption and polluting
resources.
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Table 1. Results of Short-Run and Long-Run Model Estimation using

the NARDL Method
. Short-Run Model Long-Run Model
Variables
Coefficient t-stat Coefficient t-stat
EI+ -0.032 -2.32™ -0.039 236"
EI- 0.077 3.94™" 0.095 3.46™
HC -0.796 527 -0.971 -5.54
EG 0.570 6.29"" 0.695 6.24™"
IND -0.004 -2.35" -0.006 -2.48™
FDI -0.027 -2.33" -0.036 -2.32™
TO 0.003 3.49™" 0.005 3.53"™"
URB 0.109 9.04™ 0.133 14.47"
DU 0.096 2.29™ 0.117 2.15™
C -14.036 -6.28" -17.104 -5.99"
ECM (-1) -0.820 -13.15" - -

Note: *, ** and *** denote significance at the 1%, 5% & 10% levels, respectively.
Source: Research Findings

Other results showed that in both the long and short run, the variables
HC, IND, and FDI have a negative and significant impact on NRE.
Therefore, these factors contribute to reducing non-renewable energy
consumption. However, the variables EG, TO, URB, and DU have a
positive and significant effect on NRE. All these factors, due to the
structural reliance of Iran's economy on fossil fuels, have led to an
increase in NRE; this underscores the necessity for policies that, while
strengthening green innovation for greater productivity, decouple
economic growth from dependence on polluting resources to manage
Iran's environmental challenges. The results showed that ECM (-1) is
significant at the 1% error level. This coefficient is negative, as
expected, with a value of -0.820. This means that approximately 82%
of the disequilibrium in NRE from the previous period is adjusted in the
subsequent period; thus, the adjustment process back to equilibrium
occurs at a relatively high speed in the model.

Conclusion

This study, using the NARDL method for the period 1975 to 2022
in Iran, confirms the critical importance of Eco-innovation (EI) in
reducing dependence on fossil fuels. The results demonstrated that EI



o O\)&.«A}J}\OMJJu’fé\}}lﬁ-fuo-\w_j;)}\uiﬁ)fjéjdj\ow.}iu’fé\}i‘.?'f‘.}

exhibits asymmetric behavior; whereby positive changes in innovation
lead to a decrease in non-renewable energy consumption (NRE)
(aligning with global findings), while negative shocks in it significantly
increase NRE. Furthermore, HC and IND also had reducing effects on
NRE, but EG, URB, TO, and DU all contributed to an increase in NRE.
Therefore, the development of green innovations, enhancing energy
efficiency, and expanding clean technologies (such as electric vehicles
and renewable energies) should be at the core of policy-making. To
ensure a sustainable future, policymakers must support research and
development in green technologies and incentivize the private sector to
invest in sustainable infrastructure.

Keywords: Non-Renewable, Energy, Eco-Innovation, NARDL, Iran.
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2. Bayesian information criterion
3. Durbin-Watson h-test
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1. Breusch-Godfrey Serial Correlation LM Test
2. Heteroskedasticity Test: ARCH
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