Applied Theories of Economics

Quarterly Journal of

L

=1 3

Examining the Direct and Indirect Effects of Information and
Communication Technology on Carbon Dioxide Emissions with an
Emphasis on the Role of Renewable Energy

Somayeh Azami ™' Saba Mohamadi2, Jamal Fathollahi 3"

1. Corresponding Author, Associate Professor, Department of Economics, Razi University, Kermanshah, Iran.

s.azami(@razi.ac.ir

2. Master of Economics (E-Commerce), Faculty of Strategic Sciences and Technologies, Razi University,
Kermanshah, Iran. saba.mohammadi7274@gmail.com
3. Associate Professor, Department of Economics, Razi University, Kermanshah, Iran. J.fathollahi@razi.ac.ir

Article Info

ABSTRACT

Article type:
Research Article

Article history:
Received: Febuary 2025
Accepted: July 2026

JEL: F64, Q53, Q56.

Keywords:
E-Commerce, ICT,

Quality,
FGLS.

The objective of this study is to examine the effects of Information and
Communication Technology (ICT) indicators, including Internet use, mobile
phone subscriptions, and fixed-line telephone subscriptions, on environmental
quality in twenty selected Asian countries with the largest shares of global carbon
dioxide emissions over the period from 1990 to 2022. The cointegration test
indicates the existence of a long-run relationship among the model variables. The
N-shaped Environmental Kuznets Curve (EKC) is confirmed for this group of
countries, and renewable energy consumption leads to a significant reduction in
carbon dioxide emissions. The results show that the direct effects of ICT
indicators on CO: emissions are negative and statistically significant, whereas
their indirect effects through the trade channel are positive and statistically
significant. The net effect is negative up to the trade threshold level, becomes
zero at the threshold level, and turns positive beyond the threshold, thereby
helping to resolve the ambiguity surrounding the impact of ICT on the
environment. The results are confirmed using a composite ICT index based on
Principal Component Analysis (PCA), and trade has a positive and statistically
significant effect on carbon dioxide emissions. Internet use makes the largest
contribution to the composite ICT index, accounting for 66.25%. Policymakers
are advised to promote the use of ICT to reduce emissions while, as economies
move toward globalization and increased trade, replacing fossil fuels with
renewable energy sources in order to mitigate the indirect environmental effects
of ICT through the trade channel.
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Introduction

The most important environmental issue is global warming and climate change. The expansion of
Information and Communication Technology (ICT) activities, in addition to their desirable economic
consequences, can also have environmental consequences. On the one hand, advances in Information
and Communication Technology through the widespread adoption of electronic goods and services, such
as online meetings, online education, e-books, electronic banking, and e-commerce, have reduced the
use of many traditional goods and services. This shift reduces resource use and, consequently, resource-
intensive activities associated with the use of underlying infrastructure that contribute to environmental
degradation. In addition, the ICT revolution has led to the adoption of modern transportation systems
and the deployment of advanced software that assists in traffic management, resulting in lower energy
consumption and reduced emissions. Therefore, Information and Communication Technology has
promoted e-commerce as a substitute for other trading systems, reducing human interactions and
transportation, as well as energy consumption, which are major sources of CO2 emissions. On the other
hand, Information and Communication Technology increases economic activity through trade and
foreign direct investment. It also promotes industrialization and economies of scale. A boom in
economic activity increases CO2 emissions through energy consumption, such as the use of fossil fuels.
Despite the extensive body of research, a review of the literature shows that most studies have focused
on examining the direct effects of ICT and have overlooked its indirect effects through the channels of
trade and threshold levels. This study seeks to fill this gap. The study is significant in several respects.
First, it specifically focuses on Asian countries that account for a large share of global emissions.
Second, several ICT indicators, including fixed-line telephone subscriptions, mobile phone
subscriptions, Internet use, and secure Internet servers, are considered. In addition, a composite ICT
index is constructed using the Principal Component Analysis (PCA) method, and the effect of this index
on emissions is also examined. Third, the direct and indirect effects of ICT on CO2 emissions are
analyzed. ICT indirectly affects CO2 emissions through trade. This analysis shows that the effect of ICT
on CO2 emissions depends on the level of trade, and it is expected that this effect will become positive
as trade increases beyond the threshold level. This finding helps resolve the ambiguity surrounding the
impact of ICT on CO2 emissions.

Methodology

Using panel econometrics, this study examines the effect of Information and Communication
Technology on environmental quality in the twenty major Asian carbon dioxide-emitting countries,
namely China, India, Japan, Iran, Indonesia, South Korea, Saudi Arabia, Vietnam, Thailand, Malaysia,
Kazakhstan, the United Arab Emirates, Pakistan, Iraq, the Philippines, Uzbekistan, Bangladesh, Kuwait,
Qatar, and Oman, over the period from 1990 to 2022. These countries ranked among the countries with
the largest shares of global carbon dioxide emissions in 2022. The research model is estimated using the
Feasible Generalized Least Squares (FGLS) method. Given the results of the diagnostic tests, which
indicated the presence of heteroskedasticity, serial correlation, and cross-sectional dependence in the
data, the Feasible Generalized Least Squares (FGLS) estimator is employed because it is robust to these
problems and provides efficient estimates.

Results and Discussion

The cointegration test indicates the existence of a long-run relationship among the model variables. The
N-shaped Environmental Kuznets Curve (EKC) is confirmed for this group of countries, and renewable
energy consumption leads to a significant reduction in carbon dioxide emissions. The results show that
the direct effects of ICT indicators on CO2 emissions are negative and statistically significant, whereas
their indirect effects through the trade channel are positive and statistically significant. The net effect is
negative up to the trade threshold level, becomes zero at the threshold level, and turns positive beyond
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the threshold, thereby helping to resolve the ambiguity surrounding the impact of ICT on the
environment. The results are confirmed using a composite ICT index based on Principal Component
Analysis, and trade has a positive and statistically significant effect on carbon dioxide emissions.
Internet use has the largest contribution to the composite ICT index, accounting for 66.25%.
Policymakers are advised to promote the use of ICT to reduce emissions while, as economies move
toward globalization and increased trade, replacing fossil fuels with renewable energy sources in order
to mitigate the indirect environmental effects of ICT through the trade channel.
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