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Abstract
The impact of information and communications technologies (ICT) on the environment is a complex highly-debated subject. Indeed, ICT can have both
positive and negative impacts on the environment. While ICT tools and devices can be used to improve energy e�ciency, which results in reduced CO2

emissions and environmental degradation, the manufacturing and use of ICT devices can become a major source of emission. Also, many ICT devices contain
non-renewable and non-recyclable components that can cause signi�cant environmental damage. Therefore, one may question that whether ICT improves
environmental quality in countries with different income levels? To answer this question, this study investigated the environmental impacts of ICT in three
groups of high, middle, and low-income countries from 2005 to 2019 using the Generalized Method of Moments (GMM). The ICT Development Index (IDI) was
used as the measure of ICT development. Empirical results showed that the use of ICT led to reduced total CO2 emissions, CO2 emissions from solid fuel
consumption, CO2 emissions damage, particulate emissions damage, and energy consumption in the studied countries. Therefore, ICT was found to have a
generally negative (favorable) impact on environmental degradation in these countries. Considering this effect of ICT on environmental degradation and
pollution, governments are recommended to pursue their energy consumption and emission objectives by promoting the use of ICT in the environmental
sector and the implementation of green ICT projects.

1. Introduction
Given the remarkably fast advancement of Information and Communications Technologies (ICT) in recent years, the digitalization of the economy is expected
to accelerate over the upcoming decades. These developments, along with the intensi�cation of environmental issues like climate change, highlight the need
for more research into the potential environmental impacts of ICT. While the amount of greenhouse gas (GHG) emissions produced from or as a result of ICT-
related products or activities throughout their life cycle is an important issue (Freitag et al., 2021), so is the capability of ICT in reducing energy consumption
and counteracting rising energy costs (Wong & Schuchard, 2011). Indeed, some ICT-based solutions introduced in recent decades have been very successful in
reducing GHG emissions in certain �elds, resulting in a positive impact on the environment. For example, the use of e-mail instead of physical mail has
reduced the consumption of paper and fuel. Also, ICT allows all transactions to be conducted online without the need for physical travel. ICT has also provided
a platform for automated and intelligent solutions in the �elds of electricity generation, agriculture, etc., which tend to reduce GHG emissions (Bekaroo et al.,
2016).

Today, the world faces several major environmental crises, some of which seem to be irreversible. Identifying the factors that can intensify or reduce these
environmental damages is essential for saving the planet and humankind from the consequences of these crises. Considering the variety of environmental
and energy issues facing the world today and the potential positive and negative effects of ICT on the environment, in this study, we have tried to conduct a
thorough investigation of the general environmental impacts of ICT. The innovation of this study was the analysis of 30 countries selected from three different
income groups and periods (2005-2019), including high-, middle-, and low-income nations. Moreover, the effect of the combination of variables recruited,
containing population variables, industry value-added, and GDP along with ICT development index on several groups of environmental components (namely,
carbon dioxide [CO2] emissions, CO2 emissions from solid fuel consumption, damages from CO2 emissions, energy consumption, and emissions of
suspended particulates) was examined separately in �ve different equations using the panel generalized method of moments (GMM).

There are various views and theories regarding the role of ICT in environmental changes in terms of energy consumption and emissions, some of which will be
discussed in the following section along with the existing empirical evidence. In the third section, the research model and analysis method are introduced and
then the empirical �ndings are presented.

2. Review Of Literature
ICT has had revolutionizing impacts in countless economic, social, and environmental dimensions, which have transformed the world into an information
society. The relationship of ICT with the environment is a complex and multidimensional issue. ICT can have both positive and negative effects on
environmental sustainability. ICT gives communities a powerful tool to protect the environment around them. It also gives humans the means to reduce their
need for natural sources and the amount of waste they release into the environment. However, it takes signi�cant amounts of energy and resources to develop,
manufacture, and distribute ICT devices and equipment, and since these devices tend to have a short lifespan, the development of ICT has also increased the
amount of electronic waste that is released into the environment. The positive and negative effects of ICT on the environment are usually divided into three
broad categories provided in Table 1. The �rst two categories, which can be both positive and negative, are the �rst-order or direct impacts (e.g. energy
consumption by ICT devices and the use of ICT in environmental monitoring and control) and the second-order or indirect impacts (e.g. the effect of ICT on the
transportation e�ciency and thus the pollution caused by fuel consumption). The third category of effects, which are known as systemic (rebound) impacts,
refers to the mostly negative outcomes that follow the direct or indirect impacts of ICT on the environment (e.g. increased production with advanced ICT-based
production equipment due to ease of working with this equipment).
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Table 1
Environmental impacts of ICT

  Positive impacts Negative impacts

The �rst-order or
direct impacts

The use of ICT in environmental monitoring and control Environmental impacts of the manufacturing and use of ICT
devices and equipment (e.g. generation of electronic waste)

The second-order
or indirect impacts

The third-order
impacts

Structural changes and resource conservation (a reduction in
the amount of resources consumed in the economy)

Lifestyle changes (e.g. directing consumption towards green
and environment-friendly consumption)

Incomplete substitution of goods and services with ICT

Systemic or rebound impacts

Source: Organization for Economic Co-operation and Development (OECD, 2001)

2.1. Relationship between ICT and CO2 emissions
Research has shown that the positive and negative effects of ICT on CO2 emissions can be related to a wide variety of factors. Provided in the following are a
few examples of studies conducted in this area.

ICT-based tools can affect the amount of pollution vehicles release into the air by changing driver behavior and enabling and encouraging environment-
friendly driving. These tools include navigation and travel information, tra�c management and control, demand and access management, and advanced
driver assistance systems. Thus, ICT has indeed the potential to reduce CO2 emissions (Monzon et al., 2017). In a study by Lopez et al. (2011) on the effect of
the composition of public spending on environmental quality, it was shown that increasing government spending in areas such as environmental protection
and communications tends to result in reduced CO2 emissions. In another study on the environmental effects of ICT, Auci & Becchetti (2005) investigated the
effects of variables such as the number of radio receivers and landlines per 1,000 people on CO2 emissions in 197 countries. The results of this study showed
the negative impact of both factors on CO2 emissions. Moyer & Hughes (2012) investigated the dynamic effects of ICT in the economic and energy sectors
and the resulting CO2 emissions. In the end, this study concluded that ICT will reduce the overall amount of CO2 to be emitted over a 50-year time period. In a
study by Chowdhury (2012), it was shown that proper use of ICT can reduce the GHG emissions of commercial and service sectors. This study also showed
how Green Information Technology (Green IT) and cloud computing technologies can be used to optimize the use of ICT and ultimately reduce GHG emissions
through an environment-friendly information retrieval (IR) system. By introducing the concept of Green IR systems and services, this study highlighted the
potential role of these factors in reducing the environmental impact of ICT-based services in the �elds of education, research, business, government, etc. It also
demonstrated that green IT and cloud computing can play a notable role in reducing the environmental impact of ICT. A study by Stewart (2015) examined the
impact of ICT and ICT-based measures on CO2 emissions through the improvement of bus travel time and car-sharing in the European Union. The result of this
study showed that ICT measures have a more signi�cant effect on CO2 emissions through reduced car use than through improved public transport (bus) travel
time. A study by Zhang & Liu (2015) investigated the impact of ICT on CO2 emissions in China at national and regional levels with due consideration of major
regional differences that exist in different parts of this country. The results of the study showed that the ICT industry has a positive (reducing) impact on CO2

emissions and this impact is greater in central China than in the east and is relatively negligible in the west. In this regard, the empirical results of a study by
Higón et al. (2017) on the relationship between ICT and CO2 emissions on the global scale showed that after reaching a certain level of ICT development, ICT
starts to reduce CO2 emissions. These researchers reported that in both developed and developing countries, ICT has an inverted U-shaped relationship with
CO2 emissions. From this, it can be inferred that with the further development of the ICT sector and changes in the economic structure, it becomes easier to
pursue environmental sustainability. In a study by Asongu et al. (2018), they investigated how increasing ICT penetration may contribute to environmental
sustainability in sub-Saharan Africa (SSA) by reducing CO2 emissions. This study examined two indicators of ICT penetration, namely Internet penetration and
mobile phone penetration, in 44 countries. In this study, non-interactive regressions suggested that ICT does not have a signi�cant effect on CO2 emissions.
But interactive regressions showed that ICT has a net positive effect on CO2 emissions. However, increased mobile phones penetration alone did not have a
net negative effect on CO2 emissions. This study also reviewed the policies that can be utilized to deduce the negative impact of ICT on CO2 emissions. Zhou
et al. (2019) studied the CO2 emissions of multiple sub-sectors of ICT in China. The results of this study show that considering its inherent carbon impacts, the
ICT sector is very environmentally friendly, as it can signi�cantly reduce CO2 emissions. Haini (2021) examined the impact of ICT and human capital on CO2

emissions in ASEAN economies. The results of this study suggested that ICT reduces CO2 emissions through innovative technologies. This is evident in the
fact that CO2 emission has plummeted during the COVID-19 pandemic because of increased online activity. However, the impact of human capital differs from
sector to sector. This study reported that the development of human capital leads to reduced CO2 emission in the manufacturing sector but increases it in the
residential and transportation sectors. Overall, the �ndings of this study suggested that the development of a strong ICT sector with high levels of human
capital can potentially reduce CO2 emissions. Khan et al. (2018) studied the relationship between the factors of ICT, economic growth, �nancial development,
and environmental quality in emerging economies. The �ndings of this study showed that: 1) The effect of ICT on CO2 emissions is signi�cant, 2) The
moderating effect of ICT and �nancial development stimulates CO2 emissions, and 3) economic growth increases CO2 emissions. However, the interactive
effect of ICT and GDP leads to reduced pollution. Likewise, the use of smart technologies such as smart home appliances, smart transportation, and smart
electricity services reduces CO2 emissions. Also, in emerging economies, the use of energy-e�cient ICT devices results in reduced carbon levels. Also, the use
of ICT devices with lower energy consumption (e.g. smart networks) inhibits global CO2 emissions (Ozcan & Apergis, 2018).
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Many researchers have reported on the destructive effects of ICT on the environment. For example, according to Kumar & Mieritez (2007), 1-3% of global GHG
emissions are related to the manufacturing and use of ICT devices and equipment. Costantini & Martini (2006) reported that the number of Internet lines,
landlines, and mobile phones per 1000 people has a positive impact on the emission of various pollutants, including CO2. According to some studies, ICT has
much greater negative effects in developing countries than in the developed world. According to Majeed & Tariq (2018), while in developed countries, ICT helps
maintain environmental sustainability, in developing countries, it has a devastating effect on the environment. Since many ICT-related tools used in developed
countries have a negative impact on CO2 emissions, more investment in ICT in these countries tends to contribute to environmental sustainability. But, such
investments will have the opposite effect in developing countries, as they do not have the necessary capabilities to fully utilize ICT. Furthermore, these
countries have much poorer electronic waste management capabilities. In this regard, the results of a study by Lashkarizadeh & Salatin (2012) also
highlighted the difference between the effectiveness of ICT in developed and developing countries. According to this study, although ICT is a negative factor
for pollution in both developed and developing countries, its impact is different in these countries. In developed countries, ICT has a much greater effect on
reducing air pollution and investment in ICT per GDP leads to a greater reduction in CO2 emissions (compared to developing countries). The difference
between developed and developing countries in terms of CO2 emissions is mainly due to the migration of polluting industries from developed countries to
developing countries because of cost advantages and environmental regulations. This trend functions as a contributor to environmental pollution in
developing countries but has the opposite effect in developed countries. In a study by Bekaroo et al. (2016), these researchers investigated the factors that
in�uence CO2 emission reduction by examining the complex relationship between ICT, climate change, and society using the knowledge-implementation-effect
(KIE) cycle. These researchers studied various ICT-related methods that can be used to help reduce CO2 emissions. The analyses of this study showed that the
lack of knowledge is a key obstacle to the implementation of environmentally sustainable techniques, or in other words, poor knowledge prevents the
sustainable use of ICT to reduce CO2 emissions. Amri et al. (2019) also studied the relationship between CO2 emissions and total factor productivity (TFP) as
well as ICT in Tunisia. The results of this study rejected the validity of the environmental Kuznets curve (EKC) and showed the small effect of ICT on CO2

emissions as a measure of pollution. In another study, Avom et al. (2020) investigated the effect of ICT and ICT transmission channels on CO2 emissions.
This study reported that the two used ICT indicators, namely mobile phone penetration and Internet penetration, have a relationship with CO2 emissions. This
study also showed the direct and indirect positive effects of ICT on CO2 emissions. This positive effect suggests that the environmental quality in the studied
countries deteriorates with the improvement of ICT indicators. A study by Marin (2010) on the factors in�uencing the emission of pollutants in the Italian
industrial sector showed a statistically insigni�cant relationship between ICT and CO2 and SOX emissions.

2.2. Relationship between ICT and energy cost and consumption
The use of ICT can bene�t or hurt the energy sector in various ways. The development of ICT affects energy consumption in two ways: 1) ICT reduces energy
consumption by providing a platform for wireless information exchange. For example, in the �eld of education, it enables students to use distance learning
services. In the �eld of business, ICT allows most purchases and transactions to be made online or electronically, which greatly reduces the need for physical
transport. 2) ICT increases energy consumption by increasing the use of electronic devices. Indeed, electronic devices are expected to account for a major
portion of total power consumption in the future (Wang & Han, 2016). ICT can also be used to make technologies more energy e�cient in order to �ght climate
change. For example, it has the ability to minimize energy loss and improve the e�ciency of energy generation, storage, and distribution systems. ICT can also
be used to reduce the energy consumption of construction and transportation sectors with the ultimate goal of alleviating the effects of climate change (Asian
Disaster Preparedness Center, 2013). ICT can have a major environmental impact in relation to climate change. This technology can help achieve enhanced
energy e�ciency in buildings and transportation sectors through dematerialization and teleworking. ICT also allows for creating smart grids with better
monitoring and control capabilities, which leads to reduced energy loss, higher operational e�ciency, better energy supply quality, greater control over energy
consumption, better management of power sources, and reduced GHG emissions. In relation to buildings, ICT can be used to create smart systems for
automatic management of lighting, heating, and cooling devices and measuring the energy e�ciency of buildings (Houghton, 2010). In a review of the
literature on the effect of ICT on the environmental impacts of energy consumption, Bastida et al, (2019) reported that ICT has a positive effect on reducing
power consumption, improving energy e�ciency, and reducing GHG emissions in the European Union. The results of this study showed the positive effect of
ICT on the pattern of energy consumption in the household sector and ultimately the GHG emissions of the power generation sector. In a study by Schulte et
al. (2014) on the relationship between ICT and overall energy demand, it was concluded that there is a negative relationship between these factors. After
examining the relative demand for electrical and non-electrical energy, these researchers reported that while there is no signi�cant relationship between the use
of ICT and the demand for electrical energy, the demand for non-electric energy decreases signi�cantly with the increase in ICT use. These results can be used
to decide on the matters relating to the substitution and complementation of electricity and fuels. Since fuel consumption tends to cause air pollution,
whereas electricity consumption has much less or zero pollution, the negative relationship between ICT and non-electricity energy demand is environmentally
bene�cial. A study by Han et al. (2016) on the role of ICT in China con�rmed the signi�cant negative impact of ICT on short-term energy consumption in this
country. According to these researchers, ICT-based wireless information exchange possibilities have changed the way newspapers are read and the patterns of
business travels, leading to higher energy conservation. Indeed, ICT provides a platform for online shopping, remote communications, videoconferencing, and
virtual meetings and conferences, which reduce the need for travel and, consequently, the amount of energy consumed in the transportation sector.

While the above studies have highlighted how ICT can reduce energy consumption, another group of studies have pointed out the negative effects of ICT on
energy cost and consumption and the environmental impacts of these effects.

For example, a study by Sadorsky (2012) on the impact of ICT on power consumption in emerging economies showed a signi�cant positive relationship
between ICT and electricity consumption in these countries. The indicators of ICT in this study were Internet connectivity, mobile phones, and personal
computers. The study of Arushanyan et al. (2014) on the effects of ICT products and services also showed that the use of these products and services has a
notable impact on global energy consumption and global warming. The e�ciency improvement resulting from the use of ICT can lead to reduced energy
costs, which will ultimately lead to increased energy consumption. This is known as the rebound impact. The development of ICT also affects people’s
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lifestyles, leading to increased demand for ICT products and, consequently, increased energy consumption in the manufacturing of these products.
Furthermore, the high ICT-dependence of production processes can lead to higher energy consumption in this sector.

2.3. Relationship between ICT and ecology and agriculture
Regarding the impact of ICT on ecology and agriculture, a study by Yilmaz et al (2019) showed that ICT has a positive (reducing) effect on deforestation. ICT
can bene�t forestry in a variety of ways, for example by making it easier to map and monitor forest hazards and threats and prevent illegal logging and �res.
In a study by Bonvoisin et al. (2014), these researchers provided an integrated framework for the environmental design and assessment of ICT-based
optimization services at three levels of equipment, infrastructure, and information and introduced such an optimization service for municipal waste collection
at the city level.

The negative environmental effects of ICT include the use of non-renewable and environmentally damaging resources such as lead and mercury and the
pollution caused by the disposal of electronic and non-electronic wastes. Another negative environmental effect of ICT is the increased use of paper in small
printers (Rodhain & Fallery, 2013). Also, incineration of ICT devices along with other wastes can lead to the release of hazardous compounds such as
brominated dioxins and furans. Another environmental issue of ICT devices and equipment is that many of them cannot be easily recycled (European Union,
2021). In fact, improper recycling of these devices in developing countries can be a signi�cant source of environmental pollution (Williams, 2011).

ICT has had a substantial positive impact on the improvement of agricultural processes. For example, ICT grants farmers the knowledge and information they
need to produce more valuable crops, reduce production costs, increase sales prices, and use less herbicide and pesticide. Also, farmers can use ICT to gain
better climate, natural resource, and other farming-related information (Das & Kabir, 2016). ICT can also bene�t agricultural marketing in two ways: 1)
providing real-time access to information about market demand, 2) providing long-term market trend information for easier planning. Mobile phones, for
example, have become a handy tool for gaining market knowledge and insight. Past studies in this �eld have shown that ICT-based market information
services improve the e�ciency of agricultural markets (Kamande & Nafula, 2016).

While most of the above studies have been focused on the role of ICT in environmental development and the mitigation of environmental damages in this
area, several articles have highlighted how ICT has hurt the environment by accelerating GHG emissions and energy consumption. However, the present article
assumes that the implementation of ICT-based innovations and policies can have a net positive effect on the environment.

The aforementioned positive and negative environmental impacts of ICT in different sectors are summarized in the following tables.
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Table 2
Impacts of ICT on CO2 emissions

CO2
emissions

Positive Impacts Source Negative Impacts Source

  ICT tools can help reduce air pollution Monzon et
al., 2017

According to non-interactive regressions, ICT has no
signi�cant effect on CO2 emissions in Africa

Asongu et al.
(2018)

  ICT increases government spending on
environmental protection and communications

Lopez et
al., 2011

The manufacturing and use of ICT devices account
for 1-3% of global GHG emissions

Kumar &
Mieritez
(2007)

  There is an inverse relationship between the
penetration of radio receivers and landlines and
CO2 emissions

Auci &
Becchetti,
(2005)

The undesirable impact of ICT on the emission of
pollutants, including CO2, is greater in developing
countries

Costantini &
Martini (2006)

  There is an inverse relationship between ICT and
CO2 emissions over the next 50 years

Moyer&
Hughes
(2012)

Investments in ICT in developing countries increase
CO2 emissions

Majeed &
Tariq, 2018

  ICT reduces GHG emission of commercial and
service sectors

Chowdhury
(2012)

ICT has less impact on reducing CO2 emissions in
developing countries than in developed countries

Lashkarizadeh
& Salatin,
2012

  ICT reduces CO2 emissions by decreasing vehicle
use

Stewart
(2015)

The lack of knowledge is an obstacle to the
sustainable use of ICT to reduce CO2 emissions

Bekaroo et al.
(2016)

  ICT industry reduces CO2 emissions in China Zhang &
Liu (2015)

ICT has a negligible impact on CO2 emissions Amri et al.
(2019)

  The development of the ICT sector leads to reduced
CO2 emissions in both developed and developing
countries

Higón et al.
(2017)

Two indicators of ICT have an impact on the
increase in CO2 emissions and deterioration of
environmental quality

Avom et al.
(2020)

  According to interactive regressions, ICT reduces
CO2 emissions in Africa

Asongu et
al. (2018)

An insigni�cant relationship between ICT and CO2
and SOX emissions

Marin (2010)

  Environmental adaptability of the ICT sector in
terms of reducing the effects of CO2 emissions

Zhou et al.
(2019)

   

  Developing a strong ICT sector with high levels of
human capital reduces CO2 emissions

Haini
(2021)

   

  Using ICT to build smart grids reduces CO2
emissions

Khan et al.,
2018

   

  The use of energy-e�cient ICT devices in emerging
economies reduces their CO2 emissions

Ozcan &
Apergis,
2018

   

Table 3
Impacts of ICT on energy cost and consumption

Energy cost
and
consumption

Positive Impacts Source Negative Impacts Source

  Wireless information technologies reduce energy
consumption

Wang & Han,
2016

ICT increases energy consumption Wang &
Han, 2016

  ICT reduces energy loss in the manufacturing, construction,
and transportation sectors

Asian disaster
preparedness
center, 2013

There is a signi�cant positive
relationship between ICT and
electricity consumption

Sadorsky
(2012)

  ICT reduces energy loss by creating intelligent networks and
automated lighting, heating, and cooling management
systems

Houghton,
2010

The use of ICT products plays a
notable role in global energy
consumption and global warming

Arushanyan
et al. (2014)

  ICT reduce electricity consumption, improve energy
e�ciency and reduce GHG emissions by changing the
pattern of household energy consumption

Bastida et al.
(2019)

   

  1) There is a negative relationship between ICT and electrical
energy demand

2) There is a negative relationship between ICT and non-
electrical energy demand

Schulte et
al.,2014

   

  ICT has a signi�cant negative impact on short-term energy
consumption in China

Han et al., 2016    
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Table 4
Impacts of ICT on ecology and agriculture

Ecology
and
agriculture

Positive Impacts Source Negative Impacts Source

  ICT effectively reduces deforestation Yilmaz et
al.,2019

ICT enables the wasteful use of paper in printers Rodhain &
Fallery,
2013

  Support for the eco-friendly design of ICT-based
optimization services

Bonvoisin et
al. (2014)

1) Incineration of ICT devices will release dangerous
compounds

2) ICT devices are di�cult to recycle

European
Union,
2021

  1) ICT contributes to the growth of the agricultural
sector

2) ICT gives farmers valuable information about
the agricultural sector

Das & Kabir,
2016

Improper recycling of ICT devices cause signi�cant
environmental pollution in developing countries

Williams,
2011

  1) ICT provides real-time access to information
about market demand in the agricultural sector

2) ICT provides information about long-term
market trends in the agricultural sector

Kamande &
Nafula,
2016

   

3. Other Factors Impacting The Environment
In this section, we review several studies that have investigated the impact of factors like population, industry, and GDP on CO2 emissions and energy
consumption.

In one of these studies, Nagdeve (2007) examined the relationship between population and the environment by analyzing the trends of these factors in India
from 1957 to 2006. According to the results of this study, population growth has had a devastating impact on India’s natural resources and reserves.

Zhou et al. (2010) estimated and analyzed the amount of CO2 emitted by the ammonia industry in China from 2005 to 2015 and discussed the vial policies
and potentials for CO2 emission reduction in this �eld. Considering the availability of data and the unique features of the industry, these researchers decided to
use a combination of Tiers 1 and 2 methods proposed by IPCC (International Panel on Climate Change) for calculating CO2 emissions of ammonia
production. The results of this study con�rmed that the Chinese ammonia industry produces signi�cant amounts of CO2, but also showed that there is
tremendous potential for CO2 emission reduction in this industry.

In a study by Narayan et al. (2010), these researchers used the panel method to investigate the long-term elasticity of the effects of energy consumption on
GDP and vice versa for a group of 93 countries from 1980 to 2006 using seven panels. This study reported that in .approximately 59% of the examined
countries, energy consumption had a statistically signi�cant positive long-term effect on real GDP, and in about 61% of them, real GDP had a statistically
signi�cant positive long-term effect on energy consumption.

An empirical study by Zaman et al. (2011) investigated the interaction between population and environmental degradation in India, Pakistan, and Sri Lanka
from 1985 to 2009 using the Im-Pesaran-Shin (IPS) unit root test. In this study, the long-term relationships were tested using the Pedroni Panel Cointegration
method, and ultimately a seemingly unrelated regression equation model was used to investigate the effect of demographic indicators on environmental
factors. The results of this study showed the destructive effect of population overgrowth on the environment.

Fang et al. (2013) used the four-stage DEA method proposed by Fried et al. (1999) to examine the effects of industry characteristics on the energy-saving
targets of Taiwan’s service sectors from 2001 to 2008. In this study, the Tobit regression model with panel data was used for analyses. This study reported
that service industries that have a higher GDP also have higher energy overuse.

In a study by Mehrara (2014) the relationship between environment, economic growth, and openness in Iran from 1970 to 2011 was investigated using the
autoregressive distributed lag (ARDL) method. The results of this study showed that GDP had the greatest impact on CO2 emissions in both short and long
terms.

Ameyaw & Yao (2018) examined the relationship between GDP and CO2 emissions in �ve West African countries from 2007 to 2014 using a panel data model.
Based on the �ndings, these researchers concluded that there is a one-way causality relationship between GDP and CO2 emissions. Using this relationship,
they predicted the future CO2 emissions of the studied countries and their future consumption levels.

In a study by Weber & Sciubba (2019), the effect of population growth on CO2 emissions in 1062 regions of 22 European countries between 1990 and 2006
was analyzed by panel regressions, spatial econometric models, and propensity score matching. The results of these analyses showed different patterns in
Western Europe and Eastern Europe. In Western Europe, urban growth increased with population growth, leading to increased CO2 emissions compared to
smaller areas. But there was no such relationship in Eastern Europe, as the population was mostly declining.

Subartini et al. (2019) investigated the effect of GDP and population on CO2 emissions in Indonesia from 1967 to 2014 using the Cobb-Douglas model with
the Particle Swarm Optimization (PSO) algorithm used for parameter estimation. According to the results of this study, CO2 emissions increase further with
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GDP than with population.

Xu et al. (2012) studied the changes in energy consumption and CO2 emissions and their driving factors in the Chinese cement industry from 1990 to 2009
using the logarithmic mean Divisia index (LMDI). These researchers reported that the increase in cement production output is the most important cause of
increasing energy consumption in the industry, whereas clinker share decline and structural shifts are the main causes of the decrease in energy consumption
(the same is also true for CO2 emissions).

In a study by Chen et al. (2020), one of the research objectives was to identify the factors affecting the energy consumption of the agricultural industry in 89
countries from 2000 to 2016. The results of this study showed that the economic output of agriculture is associated with an increase in energy consumption
in the agricultural sector, but the other three studied factors (agricultural land, labor intensity, and energy intensity) reduce the energy consumption of this
sector.

He et al. (2020) used an empirical strategy to study the impact of China’s highway system on GDP growth in a�uent and poor villages from 1984 to 2012.
According to these researchers, highways give local governments an opportunity to strike a balance between GDP growth and environmental concerns. This is
an opportunity for poor villages to increase their GDP, as they can host more polluting industries and promote industrialization at the cost of environmental
quality. A�uent villages however can sacri�ce part of their GDP to remain clean by rejecting the industries that emit GHGs and pollutants.

4. Research Methodology And Model
This study aimed to examine the relationship between ICT and the environment in high-income, middle-income, and low-income countries from 2005 to 2019.
The Generalized Method of Moments (GMM) was used to estimate �ve models. The Sargan (1958) test proposed by Arellano and Bond was used to ensure
the suitability of instrumental variables.

Taking inspiration from Avom et al. (2020), we investigated the effect of ICT on the environment by introducing a linear function comprised of the logarithm of
CO2 emission (Y1), ICT development Index (IDI), Gross Domestic Product (GDP), industry’s share of total production (Ind), and population (Population):

Ln(Y1) it =β1Ln(Y1)i,t−1 + β2 IDIit + β3 Indit + β4 GDPit + β5 (Population)it + it (1)

Here, i and t denote the country and year, and  is the error term. The effect of IDI on other environmental variables was investigated as follows:

De�nition of the model of CO2 emissions from solid fuel consumption:

Adjusted net savings, including particulate emission damage, Adjusted savings: energy depletion, Adjusted savings: carbon dioxide damage

The estimation was performed several times by removing and replacing environmental variables including CO2 emissions from liquid fuel consumption in
Model 2, the logarithm of CO2 emissions from solid fuel consumption (% of total) in Model 3, the logarithm of adjusted net savings including particulate
emission damage (current US$) in Model 4, adjusted savings: energy depletion (current US$) in model 5, and adjusted savings: carbon dioxide damage
(current US$)

(Y2)it = β1 (Y2)i ,t−1 + β2 IDIit + β3 Indit + β4 GDPit + β5 (POPULATION)it + it (2)

Ln(Y3)it = β1 Ln(Y3)i, t−1 + β2 IDIit + β3 Indit + β4 GDPit + β5 (POPULATION)it + it (3)

Ln(Y4)it = β1 Ln(Y4)i, t−1 + β2 IDIit + β3 Indit + β4 GDPit + β5 (POPULATION)it + it (4)

Ln(Y5)it = β1 Ln(Y5)i, t−1 + β2 IDIit + β3 Indit + β4 GDPit + β5 (POPULATION)it + it (5)

Y2: CO2 (solid)

Y3: Adjusted net savings, including particulate emission damage

Y4: Adjusted savings: energy depletion

Y  5 : Adjusted savings: carbon dioxide damage

Descriptions of dependent and independent variables are provided in Tables 5 and 6, respectively.
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Table 5
Description of dependent variables

Variable name unit Source

CO2 emissions kt World Bank

CO2 emissions from solid fuel consumption % of total World Bank

Adjusted net savings, including particulate emission damage current US$ World Bank

Adjusted savings: energy depletion current US$ World Bank

Adjusted savings: carbon dioxide damage current US$ World Bank

 
Table 6

Description of independent variables
Variable name unit Source

IDI (ICT Development Index) ---- Website of ITU and IDI 2017 Rank

Population ages 15-64 (% of total population) World Bank

Industry(including construction) % of GDP World Bank

GDP annual % World Bank

In this study, it was decided to measure ICT in terms of the ICT Development Index (IDI). Besides IDI, other variables that were assumed to have a positive
effect on CO2 emissions and the consequent environmental impacts are population, GDP, and industry’s share of total production (including construction).

5. Data Description And Model Estimation
To estimate the models, we needed the IDI data of countries with different income levels. One of the most challenging issues in determining the relationship
between ICT and the environment is how to measure ICT development. The di�culty of this measurement stems from the de�nition of ICT development. In
previous studies, researchers have measured ICT development with a variety of indicators including the number of landline users, mobile phone users, Internet
users, households with computers, and households with Internet access at home, each of which indicates a different aspect of ICT development. In this study,
this measurement was done in terms of the ICT Development Index (IDI), which was �rst introduced in the 2009 edition of the book “Measuring the
Information Society”.

This study is limited to 10 high-income countries, 10 middle-income countries, and 10 low-income countries in the period 2005-2019. The names of these
countries and their income levels are provided in Table 7. The source of all income data used in this study is the World Bank.
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Table 7
Studied countries by GDP per capita

Year High-income World Rank GDP per capita (USD)

2018 Switzerland 1 83580

2018 Norway 2 80790

2018 Luxembourg 3 77820

2018 United States 4 62850

2018 Denmark 6 60140

2018 Singapore 8 58770

2018 Sweden 9 55070

2018 Germany 14 47450

2018 Canada 16 44860

2018 United Kingdom 18 41330

  Middle-income    

2018 Argentina 52 12370

2018 Malaysia 57 10460

2018 Turkey 58 10380

2018 Russia 59 10230

2018 Brazil 65 9140

2018 Philippines 110 3830

2018 Egypt 124 2,800

2018 Ukraine 125 2660

2018 Pakistan 144 1580

2018 Cameroon 146 1440

  Low-income    

2018 Tanzania 155 1020

2018 Tajikistan 156 1010

2018 Nepal 157 960

2018 Mali 160 830

2018 Ethiopia 163 790

2018 Rwanda 164 780

2018 Chad 167 670

2018 Togo 169 650

2018 Niger 178 380

2018 Malawi 179 360

All �gures are based on the Atlas method.

Source: World Bank

6. Model Estimation
The model estimation method used in this paper is the dynamic panel data method. Before estimating the model, a cross-sectional dependency test must be
performed. In panel data econometrics, it is generally assumed that there is cross-sectional independence between the available data. The cross-sectional
interdependence can originate from sources such as external consequences, interdependence of uncalculated residuals, regional and economic relationships,
and unobserved relationships between different sections. Thus, the �rst step of panel data econometrics is to detect cross-sectional independence in data.
This can be done by various tests including those developed by Breusch & Pagan (1980) and Pesaran (2004). In this article, the CD test of Pesaran (2004) was
used for this purpose. This test is applicable to both balanced and unbalanced panel data. Also, unlike the test of Breusch & Pagan (1980), this test provides
reliable results for both large and small cross-sectional dimensions.
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The results of the cross-sectional dependence test of Pesaran (2004) for the studied data are provided in Table 8. The null hypothesis of this test is the
absence of cross-sectional dependence for the tested variables. As these results demonstrate, the test showed cross-sectional dependence between all
variables except population.

Table 8. Results of the cross-sectional dependence test of the variables of Model 1 for the period 2005-2019
VariableStatisticSignificance (prob)
Ln(CO2) 

6.812276 

 

 

0.0000

 
GDP 

21.99308

 

 

0.0000

 
Industry(including construction) 

15.15629

 

 

0.0000

 
IDI 

65.03501

 

 

0.0000

 
population 

0.799830

 

 

0.4238

 

Source: research findings

It was also necessary to determine whether there is a cross-sectional dependence between the error terms of the model. For this purpose, the cross-sectional
dependence test for these terms was performed in both �xed effects and random effects modes. The presence or absence of cross-sectional dependence
between error terms can be assessed by various tests including the cross-sectional independence test of Pesaran (2004) and the cross-sectional dependence
test of Breusch & Pagan (1980). The answer to the question that which of these tests is more appropriate depends on the number of sections and time series
in the research. If there are fewer time series than sections, the Pesaran test of cross-sectional independence will be more suitable; otherwise, it is better to use
the other test (Pesaran, 2004). Since the data of this study belonged to 30 countries with different income levels for the period from 2005 to 2019, we used the
Pesaran test of cross-sectional independence (Pesaran, 2004) to check the existence or absence of cross-sectional dependence for error terms. The results of
this test are presented in Tables 9 to 12.

Table 9. Results of Pesaran test of cross-sectional independence for the error terms of IDI
 Fixed effectsRandom effects 

statisticSignificance (prob)statisticSignificance (prob)
 

6.201165

 

 

0.0000

 

 

6.195609

 

 

0.0000

 

 
Table 10. Results of Pesaran test of cross-sectional independence for the error terms of Industry 

 Fixed effectsRandom effects 
statisticSignificance (prob)statisticSignificance (prob)

 

7.729454

 

 

0.0000

 

 

8.094307

 

 

0.0000

 

 
Table 11. Results of Pesaran test of cross-sectional independence for the error terms of Population

 Fixed effectsRandom effects 
statisticSignificance (prob)statisticSignificance (prob)
 

2.856162

 

 

0.0043

 

 

2.383923

 

 

0.0171

 

 
Table 12. Results of Pesaran test of cross-sectional independence for the error terms of GDP

 Fixed effectsRandom effects 
statisticSignificance (prob)statisticSignificance (prob)
 

7.077910

 

 

0.0000

 

 

7.020521

 

 

0.0000
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As can be seen, cross-sectional dependence was detected in both �xed effects and random effects modes. Based on the above results, the existence of a
panel co-integration relationship between the studied variables was con�rmed.

Once the existence of cross-sectional dependence between the error terms of the studied variables in both �xed effects and random effects modes is veri�ed,
one can use GMM for model estimation. To make sure the accuracy of the selected estimation approach, the serial autocorrelation test and the Sargan test
were performed at the end of the model estimation phase. It should also be noted that GMM controls the endogeneity of variables with high inter-variable
correlation.

The results of the estimation of the �ve equations provided in Section 2 using GMM are presented in Table 13.

Table 13
Results of GMM for Equations 1 to 5

Model 5 Model 4 Model 3 Model 2 Model 1 Variable

-.001301

(0.000)

-.0056798

(0.007)

-.0019591

(0.191)

-.0045204

(0.005)

-.000726

( 0.000)

IDI

.0236129

(0.000)

.0724651

(0.000)

.1182042

(0.013)

.873863

(0.000)

.0482898

(0.000)

population

.0015647

(0.052)

.1151782

(0.000)

.0255762

(0.002)

.0265358

(0.001)

.0025991

(0.018)

Industry (including construction)

.0057322

(0.000)

.0221065

(0.000)

.0706865

(0.000)

.0953987

(0.000)

.0052903

(0.000)

GDP

---- ---- ---- ---- .8105869

(0.000)

(Ln(co2))i, t−1

---- ---- ---- .7199312

(0.000)

---- (CO2 (solid))i, t−1

---- ---- .4032713

(0.000)

---- ---- (Ln(including))i, t−1

---- .3692832

(0.000)

---- ---- ---- (Ln(energy depletion))i, t−1

.9460739

(0.000)

---- ---- ---- ---- (Ln(carbon dioxide damage))i, t−1

Source: research �ndings

The above table shows the effects of different factors on each of the studied environmental components and the contribution of each factor to variations with
the other factors kept constant. Since not all dependent variables (environmental components) are of the same kind or have similar units, their values must
not be summed up.

As shown in Table 13, the behavior of the dependent variables (Ln(CO2), CO2 (solid), Ln(including), Ln(energy depletion), and Ln(carbon dioxide damage)) is
in�uenced by their own behavior in the previous year. As expected, IDI has a negative effect on the dependent variables of Models 1 to 5, and other variables
(GDP, population, and Ind) have a positive effect on CO2 emissions. In other words, any increase in these variables is associated with an increase in CO2

emissions.

The negative sign of the multiplier of IDI in the above equations is indicative of the role of ICT development in reducing environmental pollution due to CO2

emissions in the studied countries. This conclusion is consistent with the results of Chowdhury (2012), Stewart (2015), Zhang & Liu (2015), and Higón et al.
(2017), but contradicts the �ndings of Arushanyan et al. (2014), Amri et al. (2019), and Avom et al. (2020). According to the results of Table 12, an
improvement in IDI helps improve the environment through a reduction in particulate emission damage, CO2 emissions, and energy consumption.  For each
percent increase in IDI, we see a 0.07%, 0.45%, 0.19%, 0.56% and 0.13% decrease in the dependent variables of Models 1 to 5, respectively. As mentioned in
Section 2, since the advent of ICT has changed people’s lifestyles and created many tools and opportunities for e�ciency improvement, it can be expected to
alleviate environmental degradation. For example, with the popularization of electronic books and newspapers, we consume much less physical resources in
the publishing industry. Also, with the development of ICT and the increasing use of these technologies in transportation networks, one can expect a decrease
in the CO2 emissions of these networks and the consequent damages and also the emissions of particulates, which are generally produced in heavy tra�c in
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addition to industrial activities. Furthermore, by providing a platform for the advent and expansion of e-banking, e-shopping, e-commerce, and other such
activities, ICT has made a huge contribution to reducing unnecessary travel. ICT also reduces the emission of CO2 and particulates by lowering energy
intensity and promoting new forms of renewable energy sources by laying the foundation for e�ciency and output improvement in renewable energy systems.
An increase in IDI corresponds to an increase in the use of ICT in the creation of smart networks in a variety of �elds, which will lead to reduced CO2 emissions
and more e�cient energy consumption and thus environmental sustainability. Increasing IDI (level of ICT utilization) in a variety of �elds also triggers a
substitution trend, which means the reorganization of production processes to make them more energy-e�cient. In many industrial sectors, ICT can lead to
dematerialization or the optimization of energy or resource usage through the substitution process. Meanwhile, the improvement of IDI can also lead to
increased demand for electricity or the replacement of an old technology with a new technology with the same level of energy consumption. However, the IDI
data of the studied countries showed a negative relationship between their IDI and their CO2 emissions.

In Equations 1 to 5, the variable “Population” has a signi�cant positive effect on the emission of particulates and CO2 and the consequent damage as well as
energy consumption. For each percent increase in population, the dependent variables of Models 1 to 5 increase by 4.82%, 87.3%, 11.82%, 7.24%, and 2.36%,
respectively, which means more environmental pollution. An increase in population size (population growth) increases the emission of GHG and particulates
and the consequent environmental damage by increasing the demand for food, wood, and energy, which tends to results in faster destruction of forests and
other green spaces and more reliance on fossil fuels. Regarding energy use, it is important to not neglect the effect of population age structure. In fact, since
production and consumption patterns tend to be age group dependent, the same is also true for energy consumption patterns. Since the age group considered
in this study (15-64 years) constitutes the active portion of a normal population, their energy consumption tends to increase with economic growth and GDP.
This is because this age group provides the labor force for most of the economic and social activities. Also, the energy consumption of the household sector
of each country is a function of demographic characteristics of households in that country such as the total number of households (the higher the number of
households, the higher the energy consumption). The results of this part of the study are consistent with the results of Weber & Sciubba (2019), Zaman et al.
(2011), Nagdeve (2007), and Subartini et al. (2019), which have found population growth to be a contributing factor to environmental degradation.

There is also a signi�cant positive relationship between the industry’s share of production and environmental variables in Models 1 to 5. With each percent in
this variable, the dependent variables of these models increase by 0.25%, 2.6%, 2.5%, 11.51%, and 0.15%, respectively, which indicate detrimental effects on
the environment. These results, which show the direct effect of the industry’s share of production on CO2 emissions, are more or less consistent with the
results of several theoretical and empirical studies conducted in the countries. To explain this relationship, it can be argued that the manufacturing sector is an
integral part of any economy with a huge impact on GDP and income levels. In some of the studied countries, an economic structure that is heavily dependent
on an unsustainable manufacturing sector has caused signi�cant environmental damages and problems in terms of air pollution and excessive energy
consumption. The high energy intensity of the industrial sector in developing countries can be somewhat attributed to the low rate of technological progress
towards more energy-e�cient processes. The same argument can also be made for the increase in CO2 emissions and the resulting environmental pollution in
these countries. Also, with the introduction of new industries to countries, especially developing countries, it is reasonable to expect an increase in the energy
consumption of their industrial sectors. Furthermore, in industrial economies, there is a direct relationship between energy consumption in the industrial sector
and major environmental issues. Ine�cient consumption of fossil fuels and raw materials in unsustainable industries increases the amount of energy and
resources lost for reaching a certain amount of industrial output. The disposal of industrial wastes also involves consuming some amounts of energy, which
also plays a role in increasing the emission of GHGs, especially CO2. This shows that there is no alternative to introducing cleaner fuels and technologies to
the industrial sector. The increasing energy e�ciency in the industrial sector of the studied countries can also result in reduced emissions by promoting the
use of new mechanized methods and the use of electricity instead of fossil fuels. Zhou et al. (2010) have proven the association between the energy
consumption of the industrial sector and the increase in its CO2 emissions. Fang et al. (2013) have also made a similar conclusion for Taiwanese service
industries. The study of Xu et al. (2012) showed such an increase in energy consumption in a Chinese industry (cement) and examined the change in the
industry’s energy consumption. In this regard, Chen et al. (2020) con�rmed the increase in the energy consumption of the agriculture industry. The �ndings of
this part of the study are consistent with the results of the aforementioned studies.

The positive sign of the multiplier of GDP in Models 1 to 5 indicates that it has a signi�cant positive effect on the dependent variables of these equations.
According to the results, a 1% increase in GDP will increase the dependent variables of Models 1 to 5 by 0.52%, 9.53%, 7.06%, 2.21% and 0.57%, respectively.
Regarding the impact of GDP on CO2 emissions, it can be argued that since many of the studied countries have a growing industrial sector or undergoing
industrialization, the share of the industrial sector in the GDP of these countries account for a greater portion of their CO2 and particulate emissions. Also, the
rising living standards and industrial growth in these countries and the resulting GDP improvement have led to more widespread adoption of energy-intensive
consumption patterns. Although there is a relationship between energy consumption and GDP in both developed and developing countries, the amount of
energy consumption very much depends on the extent of development. Since the studied countries have different levels of development, the relationship
between energy consumption and GDP differs from case to case. The major surge in energy consumption usually occurs in the early stages of economic
growth. Then, with the improvement of public awareness and sensitivity, the stabilization of environmental effects, and the improvement of education on
energy use, the energy consumption becomes less intense through better optimization. Meanwhile, as the domestic production of countries increases, so does
the demand for capital and energy consumption. If the production growth is not accompanied by any of the mentioned processes, it will cause environmental
damage in addition to economic development. The results of this part of the study are consistent with the results of He et al. (2020), which con�rmed the
negative impact of rising GDP on environmental quality. Ameyaw & Yao (2018) also reported a one-way causality relationship between GDP and CO2

emissions. According to Mehrara (2014), GDP has an impact on CO2 emissions over both short term and long term periods. Subartini et al. (2019) have also
reported that GDP has an impact on CO2 emissions. Regarding the relationship between GDP and energy consumption, the results of this study are consistent
with the �nding of Narayan et al. (2010), which reported that real GDP had a signi�cant positive effect on long-term energy consumption in about 61% of the
countries they studied.
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Equations 1 to 5 were estimated using GMM and panel data. Of course, the estimations of GMM are only valid if there is no serial autocorrelation in error
terms. Arellano and Bond (1991) have proposed a test for �nding second-order autocorrelation. Since the null hypothesis of this test is the absence of serial
autocorrelation, the second-order auto-regression statistic (AR(2)) should not be signi�cant. If there is a second-order autocorrelation, then the moment
conditions for the Arellano-Bond test of autocorrelation are not satis�ed (Arellano and Bond, 1991).

The results of the Arellano-Bond test of second-order autocorrelation for the �ve formulated equations are presented in the table below.

 
Table 14

Results of Arellano-Bond test of second-order autocorrelation for Equations 1-5

  Model 5   Mode 4   Mode 3   Model 2   Model 1 Arellano-Bond test

Prob > z z Prob > z z Prob > z z Prob > z z Prob > z z  

0.9172 -.10399 0.0317 -2.1482 0.3264 .98148 0.1326 -1.504 0.8178 -.23034  

As shown in Table 14, the second-order autoregression coe�cient was found to be above 5%, which indicates the absence of second-order serial
autocorrelation. Using the above results, the null hypothesis that there is no serial autocorrelation of the �rst-order between error terms was veri�ed and it was
concluded that there is no correction bias in any of them.

Furthermore, the Sargan test (1958) was used to check the validity of instrumental variables. This test is commonly used to make sure of the proper selection
of instrumental variables. The results of the Sargan test for the equations are presented in Table 15.

 
Table 15

Results of Sargan test for Equations 1-5
Model 5 Model 4 Model 3 Model 2 Model 1 Sargan

27.91776 21.55651 23.16525 27.90406 25.08607 chi2(77)

1.0000 1.0000 1.0000 0.9991 0.9999 Prob > chi2

Using the results of Table 15, the null hypothesis that the chosen instrumental variables are valid in estimating the research models was con�rmed. This
veri�es the validity of the �ndings for interpretation.

7. Conclusion
Recent years have seen a remarkable improvement in ICT penetration in the majority of countries across the world regardless of their income levels. While
increased ICT penetration tends to create interesting challenges and opportunities in economic, social, and energy dimensions, it is also important to examine
the role of ICT in reducing or increasing emissions. To explore this role, this study investigated the effect of the ICT Development Index (IDI) on �ve
environmental variables in three groups of high, middle, and low-income countries from 2005 to 2019. The results of model estimation with panel GMM
showed the positive effect of IDI in reducing environmental damage in the studied countries. In other words, this index has a negative effect on total CO2

emissions, CO2 emissions from solid fuel consumption, CO2 emission damage, particulate emission damage, and energy consumption in these countries.
These �ndings are consistent with the results of Zhou et al. (2019), Bastida et al., (2019), and Haini (2021) but contradict the results of Arushanyan et al.,
(2014), Amri et al. (2019), and Avom et al. (2020). This discrepancy in �ndings can be attributed to the difference between the studied countries or the studied
periods. Another reason for this difference could be the devastating environmental effects of ICT penetration in countries where this process has been
combined with ine�cient energy use, high dependence on fossil fuels, and excessive electricity consumption. ICT can affect the emission of CO2 and other
pollutants indirectly by affecting energy consumption levels.

Some production processes and human activities have always had devastating effects on the environment. Considering this and the dependence of industrial
growth and development on the consumption of massive amounts of resources and fossil fuels, which have their own environmental impacts, ICT provides an
interesting platform for the development of modern tools that experts can utilize to reduce the environmental impacts of industrial processes. Other studied
variables, namely GDP, population, and industry’s share of production, were also found to have a signi�cant positive effect on environmental degradation in
the formulated CO2 emission and energy consumption equations. In some of the studied countries, the absence of favorable conditions and proper
infrastructure make it di�cult to �nd a good replacement for activities that are energy-intensive or waste natural resources. Thus, it is essential to implement
policies and programs that are effective in mitigating environmental changes.

Overall, the �ndings of this study showed the exceptional impact of ICT penetration on reducing energy consumption, reducing CO2 emissions and the
consequent damages, and also reducing the emissions of other pollutants. This paper recommends the following policies for progress in this area.

Since it could be very bene�cial to replace the existing outdated technologies with smart technologies that also reduce energy consumption, policymakers can
signi�cantly reduce environmental degradation by formulating policies that promote energy e�ciency in the �eld of ICT and other energy-intensive sectors.
Furthermore, the use of renewable energies and modern equipment instead of existing technologies can have a direct impact on the emission of particulates
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and carbon dioxide. Governments can also contribute to reducing energy consumption and emissions by promoting online exchanges and reducing
restrictions on the import of modern equipment and technologies that facilitate such processes. Governments can also push for more energy e�ciency
through ICT by adopting policies that limit outdated technologies and processes. For certain countries, it might be advantageous to focus exclusively on
acquiring modern industrial and energy generation technologies and implementing green ICT projects. Governments can also enhance the impact of ICT at the
public level by creating programs that raise public awareness about environmental issues and their consequences or facilitate public access to modern
technologies with less environmental impacts. Building ICT infrastructure, improving the indicators of ICT development, and pursuing better environmental
compatibility in this area are some of the goals that must be given higher priority in the environmental protection agenda. Also, with the increasing
environmental awareness of the ICT sector and the increasing use of ICT in the service of environmental goals, it is time to �nd a way to recycle electronic
wastes more properly in order to signi�cantly reduce their environmental impacts.

One of the limitations of this study was that it did not consider how the characteristics of each country affect the impact of ICT on its environment. This could
be important because ICT infrastructure and public investment in this �eld differ from country to country, which means different countries do not have the
same level of access to this technology. Therefore, future studies can expand on this research by conducting their analyses for individual countries in order to
gain better insights into the effectiveness of policies at this level.
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