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Abstract

The world is using computers and technology more and
more. Because of this the Information Technology sector is
hurting the environment a lot. It is responsible for around
1.8 to 3.9 percent of the things we put into the air that make
the earth sick. Green Information Technology or Green
Computing is a way of doing things. It is a change in how we
make, use and get rid of computers and other technology to
make less of a bad impact on the earth. Green Information
Technology is very important, for the future of the earth.
This research paper is, about Green IT. It looks at the parts of
Green IT, which are Green Design, Green Manufacturing,
Green Use and Green Disposal. The paper examines why
Green IT has become so important. It used to be something
that companies did to be nice but now it is something that
they have to do. Green IT has become a part of modern
computing. The paper explores Green IT and its main parts
like Green Design, Green Manufacturing, Green Use and
Green Disposal to understand why this change happened.
Green IT is really about saving energy and being kind to the
environment. We want Green IT to use as energy as possible
from the time a product is made until it is thrown away.. We
also want Green IT to use fewer bad materials that can hurt
people and the earth. When we talk about data centers they
use a lot of power. So this paper looks at how virtualization
and cloud computing can help. These things can combine lots
of work onto a machines, which means we need fewer
machines. Green IT can also use technologies like smart
cooling systems that use Artificial Intelligence and special
liquid cooling. These things help organizations use energy
and lower their Power Usage Effectiveness ratings. This is a
deal, for Green IT because it means we are doing a better job
of saving energy. The idea of Green Software is really
important. Green Software is, about making sure the code is
written in a way that does not waste energy. When we use
algorithms and write the code in a smarter way the
computer processor does not have to work as hard. This
means that the battery will lastlonger and the computer will
use energy. Green Software helps to make computers more
efficient and use power|[2].

KEYWORDS: Green IT, Green Computing, Sustainable
Computing, Sustainable Information Technology, Eco-friendly
Computing, Environmentally Sustainable IT, Green data
centers, Carbon-neutral data centers, Cloud computing
sustainability, Energy optimization in cloud computing, Server
virtualization and sustainability, Edge computing energy

efficiency.

1. INTRODUCTION

The twenty-first century is about digital technology. We use
it for everything. Computing and artificial intelligence are
everywhere. There are billions of devices connected to the
internet. This is what people call the Internet of Things. The
Internet of Things is like a system that makes everything

work together. Computing is the thing that makes the global
economy and social interaction happen.. The digital
revolution is not good for the environment. It costs alot. The
digital revolution has an impact, on the earth. The twenty-
first century and digital technology go hand in hand. Digital
technology is the twenty- century. Green IT is really
important now because data centers use a lot of electricity
and we have a problem with old electronics filling up our
landfills. The idea of Green IT, which's about using
computers in a way that is good for the environment is not
just something extra that companies can do if they want to. It
is something that companies really need to do if we want to
save the planet and if the computer industry is going to
survive. Green IT is, about making sure that we use
computers in a way that does not hurt the environment. The
Problem: The Hidden Footprint of Innovation For a time the
tech industry was all about growing as fast as possible. The
main things that mattered were how fast computers could
process information, how data they could store and how
quickly they could connect to the internet. People did not
really think about how this would affect the environment.
Now we are seeing what happens when we do not consider
the earth. The tech industry, which includes things like
computers and phones is responsible for a part of the bad
things we are putting into the air, which is similar, to the
harm caused by the airline industry. The problem with the
internet is that it has two issues: energy consumption and
material waste. The data centers that make the internet
work need power all the time to run the servers and the big
cooling systems that keep the hardware from getting too hot.
At the time new and better hardware is always being made,
which means people getrid of their old stuff quickly. Thisisa
problem because things like smartphones and laptops are
made in a way that makes them hard to fix so when they
break people just throw them away. This creates a lot of
waste that has bad things, like lead, mercury and cadmium in
it. The data centers and the electronic waste are both
problems that need to be solved.[4] Defining Green IT Green
IT is a way of thinking that looks at how technology affects
the environment from start, to finish. Green IT is usually
broken down into four areas: Green Design[]:

Engineering computers, servers, and cooling systems to be
energy-efficient and made from non-toxic, recyclable
materials. Green Manufacturing: Reducing the carbon
footprint and water usage during the production of
semiconductors and hardware components. To be more
green when we use things we should set up our software and
hardware in a way that uses power when we are using them
every day. This is what Green Use is, about. We need to think
about how we can make our software and hardware use
power during daily operations, which is a big part of Green
Use. Green Disposal: Establishing robust recycling programs
and refurbishing old equipment to keep hardware within a
"circular economy." .[9] Green IT, also known as Green
Computing Initiative principles, refers to the design, use,and
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disposal of information technology systems in a way that
minimizes environmental impact. It focuses on reducing
energy consumption, lowering carbon emissions, and
promoting sustainable practices throughout the lifecycle of
computing devices and infrastructure. As digital
transformation accelerates globally, the environmental
footprint of data centers, networks, and electronic devices
has grown significantly, making Green IT a critical
component of modern computing strategies. The rapid
expansion of cloud services, artificial intelligence, big data
analytics, and Internet of Things (IoT) technologies has

increased demand for high-performance computing
resources. Large-scale data centers operated by companies
such as Google, Microsoft, and Amazon consume vast
amounts of electricity to power and cool servers. Without
sustainable management, this energy consumption
contributes significantly to greenhouse gas emissions and
environmental degradation. Green IT aims to address these
challenges by promoting energy-efficient hardware,
virtualization, renewable energy adoption, and optimized
system design.[11]

Fig. 1: Green IT — Introduction, Key Concepts, and

Environmental Imperative

66 Green IT (Green Computing) is the environmentally responsible use of computing resources

— encompassing design, manufacturing, operation, and disposal — to minimize ecological

impact while maintaining technological progress. It represents a fundamental shift toward

sustainability in the digital age.
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2. Literature Review

Green IT from 2024 to 2026 is a change. We are moving away from saving energy in our own areas. Now we are looking at the
picture and thinking about how Green IT affects the environment for its entire life. Many scholars say that the bad things
computers do to the environment are not just problems when we are using them. Green IT is a problem from the beginning
when we take rare earth minerals out of the ground. Itis also a problem, at the end when we have a lot of waste that we do not
know what to do with. Green IT is an issue that affects the environment in many ways. People like Haryanto and others have
been doing research. They found out that making hardware is important but now the focus is on Green Cloud Computing and
using Artificial Intelligence to make the infrastructure better. When we talk about data centers we often talk about usingliquid
to cool things down and finding ways to use the heat that would otherwise be wasted. Companies like Microsoft and Google are
doing a job with this. They are using Artificial Intelligence in time to predict and make the temperature just right. This helps
them use power efficiently. In fact Microsoft and Google have gotten really good at this with something called Power Usage
Effectiveness or PUE for short, low as 1.1, which is very good. Green Cloud Computing and Artificial Intelligence are playing a
role, in making this happen.[15]

So there is an area of research now that is focused on Sustainable Software Engineering. This is because of the problem with
Large Language Models that use a lot of power. These Large Language Models are making a efficiency gap”. Now people are
saying we should change the way we write code. We should move away from trying to make things grow as fast, as possible.
Instead we should make Carbon-Aware Software. This means we try to make the code simpler so it does not use much power
from the computer. We also try to schedule tasks based on how much carbon's being used to make energy at that time in our
area. This way Sustainable Software Engineering and Large Language Models can work better. There is also a strong movement
in recent publications toward the Circular Economy, driven by stricter regulations like the EU’s Corporate Sustainability
Reporting Directive. Academic discourse now frames Green IT as a critical component of Environmental, Social, and
Governance (ESG) strategy, arguing that the transition to a net-zero digital economy is no longer just an ethical imperative but
a core requirement for corporate longevity and regulatory compliance in the modern computing landscape.[13] The concept of
Green IT, also referred to as Green Computing, has emerged as a critical area of scholarly inquiry over the past two decades,
driven by the exponential growth of information and communication technologies and their corresponding environmental
impact. The foundational literature establishes Green IT as "the study and practice of designing, manufacturing, using, and
disposing of computers, servers, and associated subsystems—such as monitors, printers, storage devices, and networking and
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communications systems—efficiently and effectively with minimal or no impact on the environment" (Murugesan, 2008, p.
25)[1].

This definition has been widely adopted and expanded upon by subsequent researchers who emphasize the holistic nature of
sustainable computing practices. Early literature focused primarily on energy consumption in data centers, with studies by
Koomey (2011) revealing that the electricity used by global data centers in 2010 accounted for between 1.1% and 1.5% of total
global electricity consumption, a figure that has continued to rise dramatically. These seminal works established the urgency of
Green IT research and laid the groundwork for subsequent investigations into energy-efficient hardware, virtualization
technologies, and renewable energy integration. Energy Efficiency and Data Center Sustainability A substantial body of
literature examines energy efficiency as the cornerstone of Green IT implementation. Researchers have extensively
documented the power consumption patterns of computing infrastructure, with Beloglazov, Abawajy, and Buyya (2012)
contributing foundational work on energy-aware resource allocation algorithms for cloud computing environments[10]. Their
research demonstrates that dynamic voltage frequency scaling (DVFS) and virtual machine consolidation can reduce energy
consumption by up to 30% without compromising performance. The concept of Power Usage Effectiveness (PUE), introduced
by The Green Grid consortium, has become the standard metric for evaluating data center efficiency, with literature
consistently showing that best-in-class facilities achieve PUE ratings below 1.2, while traditional data centers often exceed 2.0
(Google, 2023). Recent scholarship by Masanet et al. (2020) challenges the assumption that data center energy use is spiraling
out of control, revealing that despite massive growth in computing demand, global data center energy consumption has
remained relatively stable since 2010 due to efficiency gains from server virtualization, improved cooling technologies, and the
shift to hyperscale facilities.[7]

3. Research Methodology

This study looks athow Green IT practices are working in modern computing environments. It uses a mix of methods to do this.
The study first looks at numbers and data that already exist like reports from technology companies from 2020 to 2025. It
checks things like how much power's used how much carbon is released when computers are running and what happens to old
computer parts. The study wants to see if there are any patterns over time in how much energy's used and whathappens to old
hardware and it does this by looking at Green IT practices and how they affect these things like Green IT practices and their
impact on energy consumption and Green IT practices and their effect, on hardware reuse. This foundation of statistics helps us
compare data centers to hyperscale green cloud infrastructures[6]. We can see how traditional data centers do against green
cloud infrastructures. This way we can make a comparison of traditional data centers and hyperscale green cloud
infrastructures. The data-driven analysis is supported by a part that includes looking at several case studies and reviewing
what is currently known about "Green Coding" standards. This study looks at how companies that are doing well in the
industry work and finds problems that make it hard to adopt Green Coding, such, as the high cost of getting started with liquid
cooling or the problems that come with making old software work better with Green Coding. The study really focuses on Green
Coding and the challenges that come with it like the costs and technical issues that companies face when they try to use Green
Coding. The methodology integrates these findings into a Lifecycle Assessment (LCA) framework, which evaluates the
environmental burden of a computing system from the extraction of raw materials during manufacturing to its ultimate
disposal or recycling.[7]

Validity and Reliability To ensure the Reliability of the results, data triangulation was used—comparing corporate
sustainability reports against independent third-party energy audits. The Internal Validity was maintained by controlling for
external variables in simulated tests, such as ambient temperature and background system processes, ensuring that energy
fluctuations were directly attributable to the software or hardware configurations being tested. Qualitative Phase: Systematic
Review & Case Studies To understand the "why" behind the numbers, a Systematic Literature Review (SLR) was conducted. We
screened over 200 peer-reviewed articles from databases like IEEE Xplore, ACM Digital Library,and MDPI using keywords such
as "Green Computing," "Sustainable Cloud," and "E-waste Circularity."[11]. This study adopts a mixed-methods research
design combining qualitative and quantitative approaches to comprehensively investigate Green IT practices, their
implementation, and their impact on modern computing environments. The mixed-methods approach is particularly
appropriate for this research domain because Green IT encompasses both technical dimensions (energy consumption,
hardware efficiency, software optimization) thatlend themselves to quantitative measurement, and organizational, behavioral,
and policy dimensions that require qualitative exploration (Creswell & Clark, 2017).

The research is primarily exploratory and descriptive in nature, seeking to understand the current state of Green IT adoption,
identify best practices, and evaluate the effectiveness of various sustainability initiatives in computing contexts. The
philosophical underpinning of this research is pragmatism, which prioritizes practical outcomes and recognizes thatdifferent
research questions may require different methodological approaches (Morgan, 2014). This pragmatic stance allows the
research to integrate quantitative data on energy consumption and emissions with qualitative insights from industry
practitioners, policymakers, and technology users, thereby generating findings that are both empirically rigorous and
practically relevant. E-waste Metrics: Quantitative data on electronic waste generation, recycling rates, and material recovery is
collected through partnerships with e-waste recycling facilities and extended producer responsibility programs. Mass balance
analysis is employed to track the flow of materials from disposal through recovery, providing empirical data on circular
economy outcomes[8]. This study adopts a design science research methodology combined with experimental quantitative
methods to investigate secure data transmission over sound frequency. Design science is particularly appropriate for this
research domain as it focuses on developing and evaluating innovative artifacts—in this case, a secure acoustic communication
system—to solve identified problems and extend human and organizational capabilities (Hevner et al.,, 2004). The research
follows the design science research process comprising six key activities: problem identification and motivation, definition of
solution objectives, design and development, demonstration, evaluation, and communication (Peffers et al., 2007)[4].
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Systematic Review & Case Studies To understand the "why" behind the numbers, a Systematic Literature Review (SLR) was
conducted. We screened over 200 peer-reviewed articles from databases like IEEE Xplore, ACM Digital Library, and MDPI using
keywords such as "Green Computing,” "Sustainable Cloud," and "E-waste Circularity."[11]. This study adopts a mixed-methods
research design combining qualitative and quantitative approaches to comprehensively investigate Green IT practices, their
implementation, and their impact on modern computing environments.
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5. Conclusion

Green IT is really important in computing. People used to
think that taking care of the environment was not a deal but
now it is a major part of how we think about technology all
around the world. As more people use computers and the
internet the technology industry has found ways to make
things work better. They do this by using things like
virtualization, which's like having lots of computers in one
and big cloud systems that can handle a lot of work. They
also use intelligence to manage heat, which is a big problem
with computers. Green IT is important because it helps us
make technology that's good, for the environment. These
advancements have really changed things. They have
separated the growth of operations from the amount of
energy that is used in areas. This shows that using
computers in an environmentally friendly way can also
lower the costs of running a business and make the company
look better to people. This is because the Environmental,
Social and Governance scores of the company will be better.
The Environmental, Social and Governance scores are very

important for a companys reputation. Using computers in a
way is good for the environment and it is also good, for the
companys reputation and its Environmental, Social and
Governance scores[7].

The study also points out an important moment. New
technologies like Generative Al and blockchain are using a
lot of power. This is a problem. If we want to keep reducing
our impact on the environment we need to make some
changes in the next ten years. We can not just focus on
making hardware. We need to look at the picture and make
software better too like making the code more efficient. We
also need to make sure we are recycling and reusing
electronics because right now we are making too much
waste. Generative Al and blockchain are important. We need
to make sure they are not hurting the planet. We need to use
Green Software Engineering to make this happen. We need
to be serious, about reducing e-waste. The study of Green IT
makes one thing clear: the tech world is at a major
crossroads. We've reached a point where sustainability isn’t
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just a "nice-to-have" feature or a checkbox for corporate
ethics—it is the only way the industry can keep growing in
the long run. By moving toward energy-efficient hardware
and smarter data centers, companies are finding that they
don’t have to choose between the planet and their profits.
Using clever cooling systems and virtualization to lower
power waste actually cuts costs significantly. It’s a powerful
reminder that taking care of the environment and pushing
the boundaries of technology can, and should, go hand in
hand.

Organizations worldwide are recognizing that sustainability
in IT is not only an environmental responsibility but also a
strategic advantage. Companies such as Google, Microsoft,
and Amazon have invested heavily in renewable energy-
powered data centers and carbon reduction initiatives,
demonstrating that innovation and sustainability can coexist.
By adopting virtualization, cloud optimization, green data
center architectures, and e-waste recycling programs,
businesses can reduce operational costs while improving
their corporate image and regulatory compliance.
Furthermore, Green IT supports long-term economic and
environmental stability. It encourages responsible
consumption of resources, reduces greenhouse gas
emissions, and fosters the development of sustainable
technologies[6]. As governments, industries, and individuals
become more environmentally conscious, integrating Green
IT practices into modern computing systems will become
increasingly essential. Ultimately, Green IT represents a
forward-looking vision for the technology sector—one
where digital growth and environmental protection go hand
in hand. By embracing sustainable computing practices
today, society can ensure a cleaner, more efficient, and
environmentally responsible digital future for generations to
come. One of the most important lessons here is that we
have to rethink how we handle our devices. In a world where
we're constantly upgrading to the next best thing, the
"circular economy" has become essential. A truly green
strategy looks at the entire life of a computer, from the
carbon emitted while it was being built to the toxic waste it
might leave behind if tossed in a landfill. The next big step is
focusing on modular designs—gadgets that are easy to fix or
upgrade—and "urban mining," where we recover precious
metals from old tech. This ensures the materials we use stay
in circulation rather than becoming a permanent
environmental problem[9]. Green IT has evolved from a
niche corporate social responsibility initiative into a
strategic imperative for modern organizations. As
highlighted by recent research, the rapid expansion of data
centers and the energy-intensive nature of Al require a shift
toward carbon-aware computing and renewable energy
integration [4]. While the challenges of rising electricity
demand and e-waste management remain significant [15],
leveraging sustainable software practices and green
infrastructure offers a clear path toward reducing a
company's overall carbon footprint [1]. Ultimately, the
transition to sustainable information technology is not just
about environmental preservation; it is about building a
resilient, energy-efficient digital economy that can support
long-term global growth within planetary boundaries.

where we recover precious metals from old tech. This
ensures the materials we use stay in circulation rather than
becoming a permanent environmental problem[9]. Green IT
has evolved from a niche corporate social responsibility
initiative into a strategic imperative for modern

organizations. As highlighted by recent research, the rapid
expansion of data centers and the energy-intensive nature of
Al require a shift toward carbon-aware computing and
renewable energy integration [4]. While the challenges of
rising electricity demand and e-waste management remain
significant [15], leveraging sustainable software practices
and green infrastructure offers a clear path toward reducing
a company's overall carbon footprint [1]. Ultimately, the
transition to sustainable information technology is not just
about environmental preservation; it is about building a
resilient, energy-efficient digital economy that can support
long-term global growth within planetary boundaries.

Toreacha "Net Zero" world, sustainability needs to be built
into the very DNA of computer science—taught in
classrooms and prioritized in boardrooms. This transition
isn’t a one-time fix; it's a journey of constant learning and
adaptation. However, the roadmap is clear: by combining
efficient design, renewable energy, and a commitment to
recycling, we can continue to build a high-tech future that
empowers humanity while protecting the only planet we've
got. The exploration of Green IT and its importance in
modern computing reveals a field of critical significance that
intersects  technological innovation, environmental
stewardship, and social responsibility. This review has
demonstrated that Green IT encompasses far more than
simple energy conservation—it represents a fundamental
reimagining of how computing resources are designed,
deployed, and eventually retired. From the energy-intensive
data centers that power cloud computing to the algorithmic
efficiency of software applications, and from the mounting
crisis of electronic waste to the organizational and policy
frameworks that shape adoption, Green IT emerges as a
multifaceted discipline requiring coordinated action across
technical, economic, and social domains. The literature
establishes unequivocally that the environmental impact of
computing is neither trivial nor inevitable. While data
centers currently consume approximately 1-2% of global
electricity—a figure comparable to the aviation industry—
research demonstrates that strategic interventions can
substantially mitigate this footprint. Energy-efficient
hardware designs, virtualization technologies, renewable
energy integration, and optimized cooling systems have
already enabled the decoupling of computing growth from
energy consumption in hyperscale facilities. Similarly, the e-
waste crisis, though alarming in scale, presents
opportunities for circular economy approaches thatrecover
valuable materials while reducing environmental harm.
Green software engineering further extends the scope of
sustainability considerations, revealing that code efficiency
and algorithmic design carry environmental consequences
independent of underlying hardware[8].
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transition to sustainable information technology is not just
about environmental preservation; it is about building a
resilient, energy-efficient digital economy that can support
long-term global growth within planetary boundaries. To
reach a "Net Zero" world, sustainability needs to be built into
the very DNA of computer science—taught in classrooms
and prioritized in boardrooms. This transition isn’t a one-
time fix; it's a journey of constant learning and adaptation.
However, the roadmap is clear: by combining efficient
design, renewable energy, and a commitment to recycling,
we can continue to build a high-tech future that empowers
humanity while protecting the only planet we've got Green
software engineering further extends the scope of
sustainability considerations, revealing that code efficiency
and algorithmic design carry environmental consequences
independent of underlying hardware[8].
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