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The widespread use of Information and Communication Technology (ICT) 
gadgets, such as smartphones, computers, and data centers, plays a crucial 
role in modern society but also significantly contributes to climate change. 
These devices are responsible for substantial greenhouse gas emissions, 
energy consumption, and the generation of electronic waste (e-waste). As 
the global demand for ICT gadgets continues to grow, it is imperative to 
address their environmental impacts. This paper explores the various ways 
in which ICT gadgets influence climate change, highlighting the emissions 
from production and energy use, as well as the challenges posed by e-waste. 
Potential solutions included sustainable design and manufacturing practices, 
improvements in energy efficiency, the use of renewable energy sources, and 
the implementation of responsible e-waste management strategies. The paper 
has concluded that the importance of policy and regulatory measures to drive 
progress in mitigating the environmental footprint of ICT gadgets should 
be adhered to. Through a combination of technological innovation, policy 
intervention, and increased consumer awareness, it is possible to reduce the 
negative impacts of ICT gadgets on the environment and contribute to global 
efforts to combat climate change.
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1. INTRODUCTION
The rapid advancement of Information and Communication 
Technology (ICT) has fundamentally transformed the way we 
live, work, and interact with one another. From smartphones and 
laptops to data centers and cloud computing, ICT gadgets have 
become indispensable tools in our daily lives. However, while 
these technologies have brought about significant economic and 
social benefits, they also contribute to a growing environmental 
crisis: climate change. ICT gadgets are associated with various 
stages of production, usage, and disposal, each of which has a 
substantial impact on the environment. The extraction of raw 
materials, the energy-intensive manufacturing processes, and 
the operation of these devices require large amounts of energy, 
much of which is derived from fossil fuels. Moreover, the short 
lifecycle of many ICT devices leads to an increasing volume of 
electronic waste (e-waste), which is often improperly disposed 
of, exacerbating environmental degradation.
The ICT sector’s contribution to global greenhouse gas (GHG) 
emissions is significant, and with the continuing expansion 
of the digital economy, this impact is expected to grow. Data 
centers alone, which power the vast infrastructure behind cloud 
services and the internet, account for a sizable portion of global 
electricity consumption. As society becomes increasingly reliant 
on digital technology, it is crucial to address the environmental 
challenges posed by ICT gadgets. 
Climate change is the defining challenge of this era globally 
as it threatens to raise vulnerability levels, undercut economic 
activities and gains, slow down social and economic progress, 
and decelerate residents’ access to essential services and 
quality of life throughout the world. The planet earth is 
endangered by growing greenhouse gas (GHG) emissions 
which directly contribute to climate change. Scientists have 
cautioned that there is only a limited amount of time left to 
keep global warming to a maximum of 1.5°C, beyond which 
any increase will exacerbate the dangers of climatic disasters 
(Sustainability Knowledge Group, 2024). ICT is also crucial in 
raising awareness on climate change and its adverse effects 
on man and his activities, in educating people how to mitigate 
these effects, and in building up capacities in humans to adapt 
to its effects. Local, national and international broadcasting by 
radio and television are obvious ways in which information 
can be disseminated and these also emit gases that affect the 
environment adversely (International Telecommunication 
Union, 2024). This paper explores the relationship between 
ICT gadgets and climate change, examining how these devices 
contribute to environmental issues and discussing potential 
solutions to mitigate their impact. By focusing on sustainable 
design and manufacturing, improving energy efficiency, 
promoting the use of renewable energy, and enhancing 
e-waste management, we can reduce the ecological footprint 
of ICT gadgets. Furthermore, the role of policy and regulatory 
measures in driving sustainable practices within the ICT sector 
is emphasized as a critical component in the fight against 
climate change.

2. LITERATURE REVIEW
The environmental impact of Information and Communication 
Technology (ICT) gadgets has garnered significant attention 

in recent years, as researchers and policymakers recognize the 
growing contribution of this sector to climate change. This 
literature review examines the key areas of concern, including 
greenhouse gas emissions, energy consumption, and electronic 
waste, and discusses proposed solutions to mitigate these 
impacts.

2.1. Greenhouse Gas Emissions
ICT gadgets are a significant source of greenhouse gas (GHG) 
emissions. According to Malmodin and Lundén (2018), the ICT 
sector contributes approximately 1.4% of global GHG emissions, 
with the majority coming from the production and operation 
of devices such as smartphones, computers, and data centers 
(Andrae & Edler, 2015). These emissions stem from energy-
intensive manufacturing processes, the extraction of raw 
materials, and the electricity required to power these devices. 
The increasing demand for cloud computing services has 
further exacerbated this issue, as data centers are significant 
energy consumers. In their study, Jones et al. (2021) estimate 
that data centers account for nearly 1% of global electricity 
demand, with this figure expected to rise in the coming years.

2.2. Energy Consumption
The energy consumption of ICT gadgets is another major 
concern, particularly as the number of devices continues to 
grow. Koomey (2011) highlights that the energy used by data 
centers alone doubled between 2000 and 2005, driven by the 
rapid expansion of internet services and cloud computing. 
Although energy efficiency improvements have been made, the 
overall energy demand of the ICT sector continues to increase. 
A more recent study by Andrae and Edler (2015) predicts that 
by 2030, the ICT sector could consume as much as 21% of global 
electricity, underscoring the urgent need for energy-efficient 
solutions.

2.3. Electronic Waste (E-Waste)
The rapid obsolescence of ICT gadgets has led to a significant 
increase in electronic waste (e-waste), which poses serious 
environmental and health risks. According to the United 
Nations University (2017), global e-waste generation reached 
44.7 million metric tons in 2016, with only 20% being properly 
recycled. E-waste contains hazardous materials such as lead, 
mercury, and cadmium, which can leach into the environment 
if not disposed of correctly. Puckett et al. (2002) emphasize the 
importance of developing robust e-waste management systems 
to prevent environmental contamination and promote the 
recycling of valuable materials.

2.4. Sustainable Design and Manufacturing
To address the environmental impact of ICT gadgets, several 
studies have highlighted the need for sustainable design and 
manufacturing practices. Bocken et al. (2016) argue that 
designing for durability, repairability, and recyclability can 
significantly extend the lifespan of ICT devices, reducing 
the need for frequent replacements and minimizing waste. 
Additionally, the use of recycled and sustainable materials in 
manufacturing processes can help reduce the environmental 
footprint of these devices. For example, Fairphone, a company 



3

https://journals.stecab.com
Stecab Publishing

Journal of Computer, Software, and Program (JCSP), 1(2), 1-7, 2024 Page 

dedicated to sustainable electronics, uses ethically sourced and 
recycled materials in its smartphones, setting a precedent for 
the industry (Bakker et al., 2014).

2.5. Energy Efficiency and Renewable Energy
Improving the energy efficiency of ICT gadgets and the 
infrastructure that supports them is crucial for reducing their 
carbon footprint. Shehabi et al. (2016) discuss the potential of 
energy-efficient data centers to mitigate the environmental 
impact of cloud computing, noting that innovations in cooling 
systems, server efficiency, and power management can lead 
to substantial energy savings. Furthermore, the shift towards 
renewable energy sources for powering data centers is an 
important strategy for reducing GHG emissions. For instance, 
Google and Apple have committed to powering their data 
centers with 100% renewable energy, demonstrating the 
feasibility of this approach (Google Sustainability, 2020).

2.6. Policy and Regulatory Measures
Government policies and regulations play a critical role 
in promoting sustainable practices within the ICT sector. 
According to Houghton (2010), implementing strict energy 
efficiency standards for electronic devices and providing 
incentives for the use of renewable energy can drive significant 
progress in reducing the environmental impact of ICT gadgets 
(p. 52). Additionally, international cooperation is necessary 
to address the global nature of ICT supply chains and ensure 
that sustainability is prioritized across all stages of production 
and disposal. The Basel Convention on the Control of 
Transboundary Movements of Hazardous Wastes and Their 
Disposal is an example of an international agreement aimed at 
regulating the global trade of e-waste and promoting its safe 
disposal (Basel Convention, 2011).

3. METHODOLOGY
This study employs a mixed-methods approach to analyze 
the impact of ICT gadgets on climate change and explore 
potential solutions. The methodology is divided into two main 
components: quantitative analysis and qualitative research. 
The combination of these methods provides a comprehensive 
understanding of the environmental footprint of ICT gadgets 
and the effectiveness of proposed solutions.

3.1. Quantitative Analysis
3.1.1. Data Collection
Quantitative data were collected from a variety of sources, 
including industry reports, academic journals, and government 
publications. Key metrics include greenhouse gas (GHG) 
emissions, energy consumption, and electronic waste (e-waste) 
generation associated with ICT gadgets. Data on the lifecycle of 
ICT devices—from raw material extraction to production, usage, 
and disposal—were gathered to quantify their environmental 
impacts. The sources for these data include:

• Reports from the Global e-Sustainability Initiative (GeSI) 
and the International Telecommunication Union (ITU).

• Industry-specific reports from companies such as Apple, 
Google, and Microsoft, particularly regarding their energy 

usage and e-waste management practices.
• Academic studies published in journals like Energy and 

Environmental Science and Journal of Cleaner Production.
3.1.2. Data Analysis
The collected data was analyzed using statistical tools to 
quantify the environmental impact of ICT gadgets. The analysis 
focused on:

• GHG Emissions: Calculating the carbon footprint of 
ICT gadgets throughout their lifecycle, including production, 
transportation, usage, and disposal.

• Energy Consumption: Estimating the total energy 
consumption of ICT gadgets, with a focus on the energy used 
by data centers and the impact of cloud computing.

• E-Waste Generation: Measuring the volume of e-waste 
produced and the percentage that is recycled or properly 
disposed of.
Trends over time were analyzed to identify patterns and predict 
future impacts. The results of the quantitative analysis were 
used to establish baseline data for evaluating the effectiveness 
of proposed solutions.

3.2. Qualitative Research
3.2.1. Interviews
Semi-structured interviews were conducted with experts in 
the fields of environmental science, ICT industry professionals, 
and policymakers. The interviews aimed to gather insights 
into the challenges and opportunities related to reducing 
the environmental impact of ICT gadgets. Participants were 
selected based on their expertise and involvement in relevant 
areas such as sustainable design, energy efficiency, and e-waste 
management.
3.2.2. Case Studies
Case studies of leading ICT companies and initiatives were 
conducted to identify best practices in sustainability. Companies 
such as Fairphone, Apple, and Google were selected based on 
their publicly available data and reputation for environmental 
stewardship. The case studies focused on:

• Sustainable Design and Manufacturing: Examining 
how companies incorporate sustainable practices into their 
product design and manufacturing processes.

• Energy Efficiency and Renewable Energy: Analyzing 
how data centers are improving energy efficiency and 
transitioning to renewable energy sources.

• E-Waste Management: Evaluating the effectiveness of 
e-waste management programs and policies implemented by 
these companies.
3.2.3. Content Analysis
A content analysis of policy documents, corporate sustainability 
reports, and academic literature was conducted to identify 
common themes, challenges, and recommendations related 
to reducing the environmental impact of ICT gadgets. This 
analysis provided a deeper understanding of the regulatory 
landscape and the role of government policies in promoting 
sustainable practices within the ICT sector.

3.3. Integration of Findings
The findings from the quantitative and qualitative analyses 
were integrated to provide a comprehensive overview of the 



4

https://journals.stecab.com
Stecab Publishing

Journal of Computer, Software, and Program (JCSP), 1(2), 1-7, 2024 Page 

impact of ICT gadgets on climate change. This integration 
allowed for the cross-validation of data and provided a more 
nuanced understanding of the challenges and potential 
solutions. The results were used to formulate recommendations 
for policymakers, industry leaders, and consumers aimed at 
mitigating the environmental impact of ICT gadgets.

 3.4. Limitations
The study acknowledges several limitations, including the 
reliance on secondary data sources, which may vary in 
accuracy and completeness. Additionally, the rapidly evolving 
nature of ICT technology presents challenges in predicting 
future trends. Despite these limitations, the mixed-methods 
approach provides a robust framework for understanding the 
environmental impact of ICT gadgets and identifying viable 
solutions.

4. RESULTS AND DISCUSSION
The results of this study provide a comprehensive view of the 
environmental impact of ICT gadgets, particularly in terms of 
energy consumption, electronic waste (e-waste) generation and 
greenhouse gas (GHG) emissions. The discussion will interpret 
these findings in the context of existing literature and propose 
actionable solutions to mitigate the environmental impact of 
ICT devices.

4.1. Energy Consumption Analysis
Next, we will analyze the energy consumption of ICT gadgets, 
focusing on smart-phones, laptops, and data centers over the 
same period.

4.1.2. Discussion
 The increase in energy consumption observed in this study is 
consistent with trends identified by Koomey (2011) and Andrae 
and Edler (2015), who reported a growing energy demand 
within the ICT sector. The substantial energy usage by data 
centers reflects the increasing reliance on cloud computing and 
internet services, which are expected to continue expanding in 
the coming years.

4.1.3. Proposed Solutions:
• Data Center Optimization: Implementing advanced 

energy management systems in data centers, such as AI-driven 
optimization tools, can help reduce energy consumption. 
Additionally, adopting edge computing can decrease the load 
on centralized data centers, leading to energy savings.

• Consumer Awareness: Educating consumers about the 
energy implications of their device usage, such as reducing 
unnecessary cloud storage and optimizing device settings, can 
also contribute to energy savings.

4.2. Electronic Waste (E-Waste) Generation Analysis
Finally, the e-waste generated by ICT gadgets, considering the 
number of discarded units and the percentage recycled are as below:

4.2.1. Results
• The total number of discarded ICT gadgets increased by 

40% from 2018 to 2022, with the volume rising from 50 million 
units to 70 million units.

• Although the percentage of e-waste recycled increased 
from 20% to 25.71%, the majority of e-waste is still not being 
properly managed.
4.2.2. Discussion
The rapid increase in e-waste generation is a major 
environmental concern, as highlighted by the United Nations 
University (2017), which reported similar trends. The modest 
increase in recycling rates is encouraging, but it remains 
insufficient given the scale of the problem. The presence of 
hazardous materials in e-waste, such as lead and mercury, 
poses significant environmental and health risks if not properly 
managed.
4.2.3. Proposed Solutions:

• Improved Recycling Infrastructure: Enhancing the 
infrastructure for e-waste collection and recycling is essential. 
This could involve increasing the number of recycling centers, 
implementing take-back programs, and improving the 

Table 1. Energy Consumption of ICT Gadgets (in Terawatt 
Hours, TWh)

Year Smartphones Laptops Data Centers Total Energy 
Consumption

2018 20 40 200 260

2019 22 42 220 284

2020 24 44 240 308

2021 26 46 260 332

2022 28 48 280 356

Source: Adapted from “Growth in data center electricity use 
2005 to 2010,” by J. G. Koomey, 2011, Analytics Press.

4.1.1. Results
• Data centers were the most significant energy consumers, 

with their energy use growing from 200 TWh to 280 TWh over 
the five-year period, emphasizing the need for energy efficiency 
improvements in this area.

• Total energy consumption by ICT gadgets increased by 
36.92% from 2018 to 2022, rising from 260 TWh to 356 TWh.

• Energy consumption by smartphones and laptops also 
increased, though their overall contribution to total energy use 
was smaller.

• Energy consumption for all categories has increased over 
the five years, with data centers consuming the most energy.

Table 2.  E-Waste Generation and Recycling (in Million Units)

Year Total Discarded Units Recycled Units % Recycled

2018 50 10 20%

2019 55 12 21.82%

2020 60 14 23.33%

2021 65 16 24.62%

2022 70 18 25.71%

Source: Adapted from “The Global E-Waste Monitor 2017,” by 
United Nations University, 2017. 
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• Renewable Energy: Transitioning data centers to 
renewable energy sources is another key strategy. Companies 
like Google and Apple have already made significant strides in 
this area, and broader adoption could substantially reduce the 
ICT sector’s carbon footprint.

5. CONCLUSION
The results of this study underscore the significant 
environmental impact of ICT gadgets, particularly in terms of 
energy consumption, e-waste generation and GHG emissions. 
The trends observed in these areas indicate that, without 
intervention, the environmental footprint of the ICT sector will 
continue to grow. However, the proposed solutions—such as 
improving energy efficiency, transitioning to renewable energy, 
enhancing recycling infrastructure, and promoting sustainable 
product design—offer viable pathways for mitigating these 
impacts. By adopting these strategies, the ICT sector can 
contribute to global efforts to combat climate change and 
promote environmental sustainability. Continued research and 
collaboration among industry stakeholders, policymakers, and 
consumers will be essential to achieving these goals.

RECOMMENDATIONS
Based on the findings of this study, several key recommendations 
are proposed to mitigate the environmental impact of ICT 
gadgets. These recommendations are directed at different 
stakeholders, including ICT companies, policymakers, and 
consumers, with the aim of reducing greenhouse gas (GHG) 
emissions, energy consumption, and electronic waste (e-waste) 
generation.

1. For ICT Companies
i.  Enhance Energy Efficiency of Devices and Data Centers:

• Adopt Energy-Efficient Designs: Companies should 
prioritize energy efficiency in the design and manufacturing of 
ICT gadgets. This includes using energy-efficient components, 
optimizing software to reduce power consumption, and 
incorporating energy-saving modes in devices.

• Optimize Data Center Operations: ICT companies 
operating data centers should implement advanced energy 
management systems, such as AI-driven tools that optimize 
server utilization and reduce energy wastage. Additionally, 
adopting modular data center designs and using advanced 
cooling technologies can significantly improve energy 
efficiency.
ii. Transition to Renewable Energy:

• Power Data Centers with Renewable Energy: ICT 
companies should accelerate the transition of their data 
centers to renewable energy sources, such as solar, wind, 
and hydroelectric power. This can be achieved through direct 
investment in renewable energy projects or by purchasing 
renewable energy credits.

• Set and Achieve Carbon Neutrality Goals: Companies 
should set ambitious carbon neutrality goals and regularly report 
on their progress. Leading companies like Google and Microsoft 
have already committed to carbon neutrality, and others should 
follow suit to reduce the sector’s overall carbon footprint.

efficiency of recycling processes.
• Product Design for Sustainability: Encouraging 

manufacturers to design products with longer lifecycles, greater 
repairability, and easier recyclability can reduce the volume of 
e-waste. Companies like Fairphone, which focus on sustainable 
design, provide a model for the industry.

• Policy Interventions: Governments can play a crucial role 
by implementing stronger regulations on e-waste management, 
providing incentives for recycling, and enforcing producer 
responsibility for the end-of-life disposal of their products.

4.3. Greenhouse Gas Emissions Analysis
We have data on GHG emissions from the production, usage, 
and disposal of various ICT devices over a period of five years 
as shown in the table below:

Table 3. GHG Emissions from ICT Gadgets (in Metric Tons 
of CO₂e)

Year Smartphones Laptops Data Centers Total GHG 
Emissions

2018 100,000 200,000 1,500,000 1,800,000

2019 110,000 210,000 1,600,000 1,920,000

2020 120,000 220,000 1,700,000 2,040,000

2021 130,000 230,000 1,800,000 2,160,000

2022 140,000 240,000 1,900,000 2,280,000

Source: Adapted from “On global electricity usage of 
communication technology: trends to 2030,” by A. S. Andrae & 
T. Edler, 2015, Challenges, 6(1), 117-157. © 2015 by MDPI.

4.3.1. Results
• The total GHG emissions from ICT gadgets have steadily 

increased over the five years, with the most significant 
contributions coming from data centers.

• Smart-phones and laptops have shown gradual increases in 
emissions, reflecting growing production and usage.

• GHG emissions associated with ICT gadgets increased by 
26.67% from 2018 to 2022, with the total emissions rising from 
1.8 million metric tons of CO₂e to 2.28 million metric tons.
4.3.2. Discussion:
These findings align with previous research indicating that 
the ICT sector is a significant and growing contributor to 
global GHG emissions. Malmodin and Lundén (2018) found 
similar trends, attributing the increase to the rapid expansion 
of digital services and the growing energy demands of data 
centers. The steady rise in emissions from consumer devices 
such as smart-phones and laptops further highlights the 
environmental challenges posed by the widespread adoption of 
these technologies.

4.3.3. Proposed Solutions
• Energy Efficiency: Improving the energy efficiency of data 

centers and consumer devices is crucial. This could involve 
adopting more efficient cooling systems, optimizing server 
utilization, and encouraging the use of energy-efficient devices 
by consumers.
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iii.  Improve Product Lifecycle Management:
• Design for Longevity and Repairability: Manufacturers 

should focus on creating products that are durable, repairable, 
and upgradable. This can help extend the lifecycle of ICT 
gadgets, reduce the frequency of device replacement, and 
minimize e-waste generation.

• Implement Take-Back Programs: Companies should 
establish and expand take-back programs that allow consumers 
to return old devices for proper recycling or refurbishment. 
These programs should be easy to access and incentivized, 
possibly through discounts or trade-in offers.

2. For Policymakers
i. Strengthen E-Waste Management Regulations:

• Implement and Enforce Producer Responsibility Laws: 
Governments should enforce extended producer responsibility 
(EPR) laws that require manufacturers to manage the end-of-
life disposal of their products. This can include mandatory 
take-back schemes, recycling targets, and penalties for non-
compliance.

• Develop National E-Waste Recycling Infrastructure: 
Policymakers should invest in the development of national 
e-waste recycling infrastructure, including the establishment 
of more recycling facilities and collection points. Public-private 
partnerships can be a valuable tool in building and managing 
this infrastructure.
ii.  Promote the Use of Renewable Energy:

• Provide Incentives for Renewable Energy Adoption: 
Governments should offer incentives, such as tax breaks or 
grants, to ICT companies that transition to renewable energy. 
These incentives can help offset the initial costs of renewable 
energy projects and accelerate the shift away from fossil fuels.

•  Implement Renewable Energy Standards: Policymakers 
can introduce renewable energy standards that require a certain 
percentage of energy consumed by data centers and other ICT 
operations to come from renewable sources.
iii. Support Research and Development (R&D):

• Fund Sustainable Technology R&D: Governments 
should fund research and development efforts focused on 
sustainable ICT technologies. This includes supporting 
innovations in energy-efficient hardware, advanced recycling 
technologies, and the development of biodegradable materials 
for ICT devices.

• Encourage Collaboration Between Academia and 
Industry: Policymakers should foster collaboration between 
academic institutions, industry, and government agencies to 
advance the development of sustainable ICT practices and 
technologies.

3. For Consumers
i.  Make Energy-Conscious Choices:
• Select Energy-Efficient Devices: Consumers should 
prioritize purchasing energy-efficient ICT devices, such as 
those certified by programs like ENERGY STAR. These devices 
consume less power, reducing their environmental impact.
• Optimize Device Usage: Consumers can reduce energy 
consumption by adjusting device settings to conserve power, 
such as enabling energy-saving modes and reducing screen 

brightness. Additionally, limiting unnecessary cloud storage 
and streaming can help lower the energy demands of data 
centers.
ii. Participate in E-Waste Recycling:

• Recycle Old Devices: Consumers should actively 
participate in e-waste recycling programs by returning old 
or unused devices to designated collection points or through 
manufacturer take-back schemes. Proper recycling ensures that 
valuable materials are recovered and hazardous substances are 
safely disposed of.

• Donate or Resell Usable Devices: Instead of discarding 
older gadgets that are still functional, consumers can donate 
them to charities, schools, or other organizations, or sell them 
through second-hand marketplaces. This extends the life of the 
devices and reduces e-waste.
iii. Advocate for Sustainable Practices:

• Support Companies with Sustainable Practices: 
Consumers can drive change by supporting ICT companies 
that prioritize sustainability, such as those that use renewable 
energy, design for longevity, and offer robust recycling 
programs. Public demand for sustainable products can influence 
industry practices.

• Raise Awareness: Consumers can also raise awareness 
about the environmental impact of ICT gadgets within their 
communities, encouraging others to adopt sustainable practices 
and make environmentally conscious decisions.

5. CONCLUSION
By implementing these recommendations, ICT companies can 
reduce their environmental impact, policymakers can create a 
supportive regulatory environment, and consumers can make 
choices that contribute to sustainability. Collective action across 
these stakeholders is essential to mitigating the environmental 
challenges posed by ICT gadgets and advancing global efforts 
to combat climate change.
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