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A Dynamic Analysis of the Impact of Energy
Consumption and Carbon Dioxide Emissions
Uncertainty in the Industrial Sector on Iran’s Economic
Growth

Abstract

The industrial sector, as the largest consumer of fossil energy and a vital
pillar of economic development, plays a crucial role in influencing
economic growth and environmental changes. The present study aims
to dynamically analyze the relationship between the uncertainty of
energy consumption and carbon dioxide emissions in the industrial
sector and Iran’s economic growth, while considering uncertainties in
the available data and economic variables. Using data from the Central
Bank of Iran and the Energy Balance Sheets, and applying a fuzzy
modeling approach over the period 1991-2021, the study estimates the
impact of access to electricity, financial development, population, labor
force, capital stock, industrial CO2 emissions, and trade openness on
economic growth. The main novelty of this study lies in integrating
variable uncertainties into the dynamic analysis of the relationship
between energy consumption, CO2 emissions, and economic growth.
The findings reveal that CO2 emissions from the industrial sector,
capital stock, and trade openness exert the most significant impacts on
per capita GDP, with coefficients of 2.302, 0.93, and 0.83, respectively.
Moreover, access to electricity shows a significantly positive effect on
economic growth with a coefficient of 0.34, while, at the lower bound
with a membership degree of 0.9, industrial CO. emissions negatively
affect economic growth with a coefficient of —2.302. Based on the
results, it is recommended that carbon taxation policies and incentives
for renewable energy adoption be implemented as strategies to reduce
environmental uncertainties and promote sustainable economic growth.

Introduction

Energy consumption in the industrial sector has always been
considered one of the most important factors influencing economic
growth and the environment. According to the International Energy

Original Research / Review / ...

Received:

Accepted:

ISSN:

elSSN:



(VW40 Obiuws | ¥ ojled | Ul dlo | (253 <d93) S Juad | € ojlais | € Ul | almo i | ¥

Agency (IEA), Iran’s fossil energy consumption in its industrial sector
is significantly higher than the global average, leading to increased
greenhouse gas emissions, particularly carbon dioxide (CO:). The
industrial sector accounts for a major share of total energy consumption
in the country, and managing this consumption alongside reducing
emissions can play a vital role in achieving sustainable economic
development. Recent reports by the IEA (2023, 2024) emphasize that
global energy demand has been rising, with a 2.2 percent growth in
2024, mainly due to industrial electricity demand and unprecedented
temperature increases. In this context, Iran faces serious challenges
related to energy efficiency and emission reduction.

Previous studies such as Shahbaz et al. (2013, 2015) and
Mardani et al. (2018, 2019) have analyzed the nexus between energy
consumption, CO: emissions, and economic growth. However, a key
limitation in many of these works is the neglect of uncertainties in data
and variables, which can lead to significant estimation errors. Fuzzy
models, with their ability to incorporate imprecise and incomplete data,
provide an effective approach for analyzing such relationships under
uncertainty. Given Iran’s energy crisis in 2024, which resulted in
nationwide blackouts due to gas shortages and outdated energy
infrastructure, the importance of incorporating uncertainty in analyzing
the energy-growth-environment nexus becomes even more critical.

This study seeks to dynamically investigate the effects of
industrial energy consumption and CO- emissions uncertainty on Iran’s
economic growth between 1991 and 2021, applying a fuzzy regression
model that allows for more realistic estimates under uncertain
conditions.

Methods and Material

The research employed annual data from the Central Bank of
Iran and the national Energy Balance Sheets for the period 1991-2021.
Key explanatory variables include access to electricity, financial
development, population, labor force, capital stock, industrial CO:
emissions, and trade openness.

A possibilistic fuzzy regression model with symmetric
coefficients was applied. Unlike classical regression, which requires
strong assumptions such as normally distributed errors and
homoscedasticity, fuzzy regression relaxes these assumptions and
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instead models uncertainty using membership functions. Specifically,
triangular membership functions were used to capture the imprecision
associated with the explanatory variables and their effects on per capita
GDP.

The general form of the fuzzy regression equation is expressed
as:

7=f(x,A) :ZO +le1 +zzx2+"'+znxn (1)

where ¥ is the fuzzy dependent variable (per capita GDP), x =
(x4, x5, ...X,,) is the vector of independent variables, and A =
{Ag, A4, ....A,} represents fuzzy coefficients. The estimation
process minimizes the fuzziness width while ensuring the observed
values are covered within the predicted fuzzy intervals at a specified
membership degree (e.g., 0.9). Computations were performed in
MATLAB software.

Results and Discussion

The fuzzy regression results demonstrate significant impacts of
access to electricity, financial development, labor, capital stock, CO:
emissions, and trade openness on per capita GDP under varying degrees
of uncertainty. For example, with a central coefficient of 2.302 at a
membership degree of 0.9, CO2 emissions has the strongest positive
impact on per capita GDP. However, under lower membership degrees
(0.1), this effect diminishes to -2.302, reflecting uncertainty related to
the quality and productivity of labor. Capital exerts a strong positive
effect (0.93 at 0.9), highlighting the role of investment in infrastructure,
machinery, and technology in boosting production capacity.
Interestingly, trade openness shows a dual impact. At higher certainty,
the coefficient is positive (0.83), suggesting economic openness
initially contributes to output. However, at the lower bound, trade
openness exerts a small effect (0.28), emphasizing that trade openness
has less significant impact on long-term economic growth. Access to
electricity significantly boosts economic growth, with a coefficient of
0.34, confirming the energy-dependence of Iran’s industrial production.
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Financial development and labour positively affect per capita GDP with
coefficients of 0.14 and 0.08, respectively. Financial development
increases supply of goods and services, but its effect depends on
whether labor productivity and human capital investments are
enhanced. Increasing the working-age population fosters economic
expansion, though it may also expose the economy to external shocks.

The results collectively demonstrate that uncertainty
substantially alters the magnitude of relationships between industrial
inputs, CO: emissions, and economic growth.
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A Dynamic Analysis of the Impact of Energy
Consumption and Carbon Dioxide Emissions
Uncertainty in the Industrial Sector on Iran's Economic
Growth

Abstract

The industrial sector, as the largest consumer of fossil energy
and a vital pillar of economic development, plays a significant role in
both economic growth and environmental changes. This study aims to
dynamically analyze the relationship between uncertainty in access to
electricity and carbon dioxide (CO-) emissions in the industrial sector
with Iran's economic growth. Using data from the Central Bank and the
Energy Balance Sheet of Iran for the period 1991-2021 and applying a
fuzzy model, the study examines the impact of uncertainty in access to
electricity, financial development, population, labor force, capital
stock, industrial CO2 emissions, and economic openness on per capita
GDP. The main innovation of this research lies in integrating variable
uncertainties in the dynamic analysis of the relationship between energy
consumption, CO: emissions, and economic growth. The results
indicate that CO2 emissions from the industrial sector, capital stock,
and trade openness have the highest impacts on per capita GDP, with
coefficients of 2.302, 0.93, and 0.83, respectively. Moreover, access to
electricity positively and significantly affects economic growth
(coefficient 0.34), while at the lower bound with a membership degree
of 0.9, industrial CO2 emissions negatively affect growth (coefficient -
2.302). Based on these findings, it is recommended that carbon taxation
policies and the promotion of renewable energy be adopted as strategies
to reduce environmental uncertainties and enhance sustainable
economic growth.

Keywords: CO: emissions uncertainty, industrial sector, economic
growth, fuzzy model, access to electricity, financial development,
sustainable development
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(PYUFEH AE FD POP L CAP COo2 T GP
AE 1 0.18 0.25 0.22 0.28 0.20 -0.15 0.24
FD 0.18 1 0.21 0.17 0.23 0.19 -0.10 0.20

POP 0.25 0.21 1 0.27 0.30 0.24 -0.18 0.26
L 0.22 0.17 0.27 1 0.29 0.23 -0.16 0.28
CAP 0.28 0.23 0.30 0.29 1 0.27 -0.14 0.22
COo2 0.20 0.19 0.24 0.23 0.27 1 -0.12 0.21
T -0.15 -0.10 -0.18 -0.16 -0.14 -0.12 1 -0.13
GP 0.24 0.20 0.26 0.28 0.22 0.21 -0.13 1
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