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Abstract 

The rapid growth of digital technologies, cloud computing, and artificial intelligence has 

significantly increased the energy consumption and environmental impact of data centres 

worldwide. This paper examines the concept of green computing and the development of 

energy-efficient data centres from a legal and sustainability perspective. It analyses the 

environmental challenges associated with data centres, including carbon emissions, excessive 

electricity use, electronic waste, and resource depletion. The study further explores existing 

legal frameworks, regulatory gaps, corporate environmental responsibilities, and emerging 

policy challenges linked to sustainable IT infrastructure. In addition, the paper highlights 

technological solutions such as virtualization, renewable energy integration, intelligent 

cooling systems, and AI-driven energy management aimed at improving efficiency and 

reducing environmental harm. The research concludes that although significant progress has 

been made in promoting green computing practices, the absence of a unified global regulatory 

framework continues to hinder effective implementation. The paper recommends stronger 

international cooperation, standardized sustainability metrics, and stricter e-waste and 

energy-efficiency regulations to ensure that technological advancement aligns with 

environmental protection and sustainable development goals. [2] [3] [4] 

 

Introduction 

The digital economy relies heavily on data centres, which store, process, and disseminate vast 

amounts of information. However, these facilities consume enormous amounts of electricity 

and contribute to carbon emissions. Green computing has emerged as a response to these 

challenges, promoting environmentally sustainable practices in IT operations. 

This dissertation addresses the intersection of environmental law, technology law, and 

corporate governance in regulating data centre sustainability. 

 

Background of the Study 

Here’s a more natural, human-friendly version of your paragraph: 

1. As digital services continue to grow at an unprecedented pace, data centers have become 

essential to modern life. However, this rapid expansion comes with a downside they 

consume massive amounts of energy and contribute significantly to carbon emissions. 

Green computing aims to address this challenge by promoting environmentally responsible 

IT practices. This includes improving energy efficiency, reducing electronic waste, and 

making greater use of renewable energy sources. 

2. This paper explores the key principles behind green computing and examines practical 

strategies for building more energy-efficient data centers. These strategies include 

techniques like server consolidation, virtualization, advanced cooling systems, and the 

integration of renewable energy. At the same time, it also discusses the major challenges 



faced in adopting these approaches, such as high initial costs, outdated infrastructure, and 

fluctuating workloads. 

3. Finally, the paper looks ahead to emerging solutions that could shape the future of 

sustainable computing. Innovations like AI-driven energy management, liquid cooling 

technologies, and carbon-aware scheduling offer promising ways to reduce the 

environmental impact of data centers while meeting growing digital demands. 

4. If you want, I can make it more formal, simpler, or tailored for a specific audience (like a 

presentation or abstract). 

 

Growth of digital economy 

Data centres play a vital role in powering the digital world, but their environmental footprint 

is both significant and steadily increasing. Behind every cloud service, video stream, or AI 

model lies a network of facilities that consume large amounts of energy, rely on physical 

resources, and generate waste. Understanding their impact helps explain why sustainability 

has become such an important focus in the tech industry. 

 

One of the biggest concerns is energy consumption. Globally, data centres are responsible 

for about 1% to 2% of total electricity use, which is already substantial and growing fast. In 

the United States, for example, their share of electricity consumption rose from 1.9% in 2018 

to 4.4% in 2023, and projections suggest it could climb as high as 12.7% by 2028. A major 

driver of this surge is the rapid expansion of artificial intelligence, which requires enormous 

computing power and, in turn, more energy-hungry infrastructure. 

 

This heavy energy use directly contributes to greenhouse gas emissions. Data centres account 

for roughly 2% of global CO₂ emissions, putting them on par with the aviation industry. The 

issue isn’t just how much energy they use, but where that energy comes from. In many regions, 

electricity is still generated from fossil fuels, meaning every server running in a data centre 

may indirectly contribute to climate change. 

 

Another often overlooked impact is water consumption. Keeping thousands of servers 

running generates intense heat, and cooling systems are essential to prevent overheating. Many 

facilities rely on water-based cooling methods, using large volumes of water for temperature 

regulation and humidity control. In fact, cooling alone can account for more than 40% of a 

data centre’s total energy use, making it both an energy and water-intensive process. 

 

Then there’s the issue of electronic waste, or e-waste. Data centre hardware servers, storage 

devices, networking equipment has a relatively short lifespan due to rapid technological 

advancements. As companies upgrade to stay competitive, older equipment is discarded. In 

2023, the world generated over 53 million metric tons of e-waste, but only about 17% was 

properly recycled. The rest often ends up in landfills, where hazardous materials like lead, 

mercury, and cadmium can leak into the environment, contaminating soil and water. 

 

The environmental impact doesn’t begin or end with usage it spans the entire lifecycle of the 

equipment. This is known as embodied carbon. From mining raw materials and 

manufacturing semiconductors to transporting, installing, and eventually disposing of 

hardware, each stage consumes energy and resources. For instance, producing a single laptop 



can release 300 to 500 kilograms of CO₂, and servers require even more intensive processes 

involving large quantities of water, rare minerals, and chemicals. 

Data centres also generate significant amounts of waste heat. As servers process data, they 

release heat that must be managed to maintain performance. In most cases, this heat is simply 

expelled into the surrounding environment, effectively wasting energy. While some innovative 

facilities are beginning to capture and reuse this heat for example, to warm nearby buildings 

this practice is not yet widespread. 

 

Finally, there are broader environmental concerns related to land use and material toxicity. 

Building large-scale data centres requires substantial physical space, which can disrupt local 

ecosystems. Additionally, the materials used in electronic components can pose long-term 

environmental risks if not handled and disposed of properly. 

 

Rise of data centres globally and in India 

The global data centre market is growing at a remarkable pace, reflecting just how dependent 

the world has become on digital services. In 2022 alone, spending in this sector reached around 

$216 billion, and that number continues to climb. This surge isn’t happening in isolation it’s 

being driven by the rapid rise of technologies like artificial intelligence (AI), cloud 

computing, streaming platforms, and the ever-expanding network of connected devices 

through the Internet of Things (IoT). Every time data is stored, processed, or transferred, it 

relies on these facilities working behind the scenes. 

 

1 Global Growth and Rising Energy Demand 

As data centres expand, so does their appetite for energy. At present, they account for roughly 

1% to 2% of global electricity consumption. While that might sound modest, it represents a 

massive and continuously increasing load on power systems worldwide. 

In the United States, the growth is especially striking. Data centres used about 1.9% of the 

country’s electricity in 2018, but that figure rose to 4.4% by 2023. Looking ahead, 

projections suggest this could reach as high as 12.7% by 2028. A significant portion of this 

increase is tied to the explosive growth of AI workloads, which require far more computational 

power than traditional applications. 

A similar trend is unfolding in China, where data centres are expected to consume over 400 

billion kilowatt-hours of electricity by 2030, accounting for about 3.7% of the nation’s 

total energy use. These numbers highlight a broader global pattern: as digital infrastructure 

grows, so does its energy footprint. 

This rapid expansion has made sustainability a top priority. Rising energy costs, stricter 

regulations, and increasing pressure from investors and customers are pushing organisations 

to rethink how their data centres operate. It’s estimated that by 2027, around 75% of 

organisations will have adopted some form of sustainability programme for their data centres. 

At the same time, the broader green computing industry has grown into a market worth over 

$500 billion, showing just how central efficiency and environmental responsibility have 

become. 

 

2 Growth in India and South Asia 

In India and the wider South Asian region, the data centre landscape is evolving quickly, 

even if detailed statistics on the exact number of facilities are still emerging. What’s clear is 



that demand for digital infrastructure is rising sharply, driven by increasing internet usage, 

digital services, and government-led initiatives around digitisation. 

Looking at the region, Bangladesh offers a glimpse into this growth. Its National Data Centre 

has scaled up to operate more than 100,000 servers, reflecting the kind of large-scale 

infrastructure investments being made across South Asia. 

In India, however, this growth comes with significant environmental challenges. One of the 

most pressing issues is electronic waste management. Formal recycling rates remain below 

15%, meaning a large portion of discarded IT equipment is not processed safely. This is 

particularly concerning given the rapid turnover of hardware in data centres. 

At the same time, the carbon footprint of India’s IT sector is expected to double by 2025, 

adding urgency to the need for sustainable practices. In response, organisations across the 

region are beginning to adopt greener strategies. These include energy-aware management 

systems, improved cooling technologies, and the use of simulation tools such as Green Cloud 

frameworks to optimise performance while reducing environmental impact. 

 

Environmental concerns 

Data centres and the wider IT sector are often seen as part of a “clean” and invisible digital 

world—but in reality, they come with a very real environmental footprint. As our reliance on 

cloud services, streaming, and especially artificial intelligence continues to grow, so does the 

strain these systems place on energy, natural resources, and ecosystems. In fact, if the Internet 

were treated like a country, its emissions would rank among the largest in the world. 

 

Energy Consumption and Carbon Emissions 

The most immediate and visible impact of data centres is their massive appetite for electricity. 

These facilities run 24/7, powering servers, storage systems, and networking equipment while 

also keeping everything cool enough to function properly. 

Globally, data centres consume about 1% to 1.5% of all electricity, and that figure is climbing 

quickly. In the United States, for example, their share of electricity use has more than doubled 

from 1.9% in 2018 to 4.4% in 2023 and could reach 12.7% by 2028. A major reason behind 

this surge is the rise of AI, which demands far more computational power than traditional 

applications. Training and running large models requires vast clusters of high-performance 

hardware, all drawing significant energy. 

This energy demand translates directly into greenhouse gas emissions, especially in regions 

where electricity still comes from fossil fuels. Data centres are responsible for around 2% of 

global CO₂ emissions, putting them on par with the aviation industry. 

 

It’s also important to understand that emissions come from two main sources: 

• Operational emissions, which are produced during the day-to-day running of data 

centres mainly from electricity use and cooling systems. 

• Embodied emissions, which are less visible but just as important. These occur during 

the manufacturing of servers, the construction of facilities, and the eventual disposal of 

equipment. 

Together, these make the true carbon footprint of digital infrastructure much larger than it 

might first appear. 

 

 

 



Electronic Waste (E-Waste) and Toxicity 

Another growing concern is electronic waste, driven by the rapid pace of technological change. 

Devices and hardware are frequently replaced to keep up with performance demands, often 

long before they physically wear out. For example, smartphones are typically replaced every 

2.5 years, and data centre equipment follows similarly short upgrade cycles. 

In 2023, the world generated over 53 million metric tons of e-waste, yet only 17% was 

formally recycled. The rest is often dumped or informally processed, especially in developing 

regions. 

This creates serious environmental and health risks. Electronic components contain hazardous 

materials like lead, mercury, and cadmium, which can leach into soil and water if not handled 

properly. Over time, this contamination can affect agriculture, drinking water, and entire 

ecosystems. 

Countries such as India and Nigeria face particular challenges, with formal recycling systems 

handling less than 15% of e-waste. Much of the remaining waste is processed in unsafe 

conditions, exposing workers and communities to toxic substances. 

 

Resource Depletion and Embodied Carbon 

The environmental impact of data centres doesn’t begin when they are switched on it starts 

much earlier, during the production of the equipment itself. 

Manufacturing IT hardware is resource-intensive. Producing a single laptop, for instance, can 

generate between 300 and 500 kilograms of CO₂. Servers, which are far more complex, have 

an even larger footprint. 

These processes require enormous amounts of water, energy, rare earth minerals, and 

chemicals. Mining for these materials can lead to deforestation, habitat destruction, and 

pollution. Semiconductor fabrication the process of making computer chips—is particularly 

demanding, consuming ultra-pure water and highly specialized chemicals. 

By as early as 2015, humanity’s total resource consumption had already exceeded what the 

Earth could sustainably regenerate each year by 50%, highlighting the pressure placed on 

natural systems. 

 

Water Use and Land Occupation 

Running a data centre isn’t just about electricity it also requires careful environmental control. 

Servers generate heat, and without effective cooling, they can fail quickly. 

Many facilities rely on water-based cooling systems, which use large volumes of water to 

regulate temperature and humidity. This becomes a serious issue in regions already facing 

water scarcity, where competition for water resources is high. 

In addition, the physical expansion of data centres requires large areas of land. Building these 

facilities involves significant construction activity, which can disrupt local ecosystems, 

contribute to habitat loss, and generate construction waste. As demand grows, more land is 

being dedicated to digital infrastructure, raising questions about long-term sustainability. 

 

Meaning and Scope of Green Computing 

Green computing sometimes called sustainable computing is all about using technology in a 

way that’s smarter, more efficient, and less harmful to the environment. Instead of simply 

focusing on performance and speed, it encourages organizations to think about how their 

computers, servers, and IT systems consume energy, use resources, and eventually get 

discarded. 



At its core, green computing means choosing energy-efficient hardware, reducing unnecessary 

resource use, and handling electronic waste responsibly. This can include everything from 

using low-power processors and efficient servers to extending the life of equipment and 

recycling old devices properly. The idea is simple: get the most value out of technology while 

creating the least environmental impact. 

 

Why Green Computing Matters to Organizations 

For many companies, green computing isn’t just a technical choice it’s part of a broader 

commitment to responsible business practices. It often falls under environmental, social, and 

governance (ESG) initiatives, where organizations aim to operate in a way that’s ethical, 

sustainable, and transparent. 

 

There are a few key reasons why businesses are investing in green computing: 

• Cost savings: Energy-efficient systems consume less power, which can significantly 

reduce electricity bills especially in large IT environments like data centres. 

• Regulatory pressure: Governments around the world are introducing stricter rules 

around energy use, emissions, and waste management. 

• Environmental responsibility: With growing awareness of climate change, companies 

are under increasing pressure from customers, investors, and employees to reduce their 

environmental footprint. 

In many ways, green computing has become essential for long-term business sustainability, 

helping organizations stay competitive while also doing the right thing. 

 

What Goes Into a Green Computing Strategy 

Most green computing efforts start in areas that consume the most energy especially data 

centres, server rooms, and storage facilities. These environments run continuously and require 

not just power for computing, but also additional energy for cooling. 

One of the simplest and most effective steps is upgrading outdated equipment. Older systems 

tend to use more electricity and generate more heat, which then increases cooling 

requirements. Modern hardware, on the other hand, is designed to be far more energy-efficient. 

Another common approach is improving how equipment is arranged and cooled. For example, 

hot aisle and cold aisle layouts organize servers based on how they release heat. This makes 

cooling systems more effective and reduces the overall energy needed for air conditioning and 

ventilation. 

 

Practical Steps Organizations Take 

A green computing strategy usually combines multiple small improvements that together 

make a big difference. Some of the most common practices include: 

Using smart monitoring and automation 

Organizations are increasingly turning to technologies like IoT sensors and AI-based tools to 

monitor how energy is used in real time. These systems can analyze patterns and 

automatically adjust cooling, power distribution, and workload management to improve 

efficiency without human intervention. 

 

 

 



Turning off unused equipment 

It sounds simple, but powering down servers, computers, and peripherals when they’re not in 

use can save a significant amount of energy. Devices like printers or backup systems, which 

aren’t needed constantly, should only run when required. 

 

Scheduling workloads efficiently 

Instead of keeping systems running all the time, tasks can be grouped into specific time 

periods. This allows hardware to remain off or in low-power mode when not actively needed. 

 

Choosing energy-efficient devices 

Not all hardware is equal when it comes to power consumption. Laptops, for example, 

generally use much less energy than desktop computers. Similarly, modern flat-panel 

displays consume less power and produce less heat than older screen technologies. 

 

Enabling automatic power management 

Most modern systems include built-in features that reduce energy use, such as putting 

monitors and hard drives to sleep after a period of inactivity. Making sure these settings are 

enabled is an easy way to cut down unnecessary consumption. 

 

Rethinking cooling requirements 

Newer IT equipment is designed to operate safely at higher temperatures than older systems. 

This means data centres don’t always need to be kept as cold as they once were, reducing the 

energy spent on cooling. 

 

Managing Waste and Resources 

Green computing also addresses what happens at the end of a device’s life. Electronic waste 

(e-waste) is a growing global issue, and improper disposal can release harmful substances into 

the environment. 

 

Organizations are encouraged to: 

• Reuse or refurbish equipment whenever possible 

• Recycle devices through certified programs 

• Follow proper regulations for safe disposal 

This not only reduces environmental harm but can also recover valuable materials from old 

devices. 

 

Exploring Cleaner Energy and Cooling Options 

Another important part of green computing is reducing reliance on traditional energy sources. 

Many organizations are now exploring renewable energy options such as wind, solar, or 

hydroelectric power to run their IT infrastructure. 

At the same time, new cooling methods like geothermal cooling or liquid cooling systems—

are being tested and adopted to improve efficiency and reduce water and energy use. 

 

The Role of Remote Work 

Interestingly, changes in how people work have also contributed to greener computing 

practices. The shift toward remote and hybrid work, especially after the COVID-19 pandemic, 

has reduced the number of employees in office spaces. This means fewer computers running 



on-site, lower energy demand, and less commuting leading to an overall reduction in resource 

consumption. 

Green computing didn’t appear overnight it has developed gradually over the past few decades 

as technology advanced and awareness about environmental issues grew. What started as 

simple efforts to save energy in individual devices has now turned into a broad, system-wide 

approach to making IT more sustainable. 

 

How Green Computing Has Evolved 

In the early 1990s, the idea of energy-efficient computing first began to take shape. Programs 

like Energy Star, launched in 1992, encouraged manufacturers to design computers and 

monitors that used less power. Around the same time, certifications such as TCO Certification 

focused on reducing emissions and improving user safety and ergonomics. Back then, the 

focus was mostly on individual devices features like sleep mode and low-power components. 

By the mid-2000s, things started to change. The rapid growth of the internet led to the rise of 

large server farms and data centres, and suddenly energy consumption became a much bigger 

issue. Companies began to realize that it wasn’t just about making a single computer efficient 

it was about managing entire facilities filled with thousands of machines. Rising electricity 

costs and increasing environmental concerns pushed the industry to rethink how data centres 

were designed, powered, and cooled. 

In the 2010s, the shift toward cloud computing and virtualization marked a major turning point. 

Instead of running one application per physical server, virtualization made it possible to run 

multiple workloads on a single machine. This significantly improved resource utilization, 

reduced the number of physical servers needed, and lowered overall energy consumption. 

Cloud providers also started building large-scale, optimized data centres that were far more 

efficient than traditional setups. 

 

How Data Centres Have Changed 

Data centres themselves have gone through a major transformation. In the past, they were 

known for being extremely energy-intensive, with inefficient cooling systems and 

underutilized hardware. 

Today, there’s a clear shift toward efficiency and sustainability. Modern facilities use smarter 

designs and technologies such as: 

• Liquid cooling, which removes heat more efficiently than traditional air cooling 

• In-row cooling, which targets heat directly at the source 

• Air-side economization, which uses outside air for cooling when conditions allow 

These innovations help reduce both energy use and operating costs. 

Another important change is the move toward sustainable infrastructure. Many organizations 

are now powering their data centres with renewable energy to reduce their dependence on 

fossil fuels. This not only lowers emissions but also helps stabilize long-term energy costs. 

 

What’s Driving This Shift 

Several factors have pushed green computing from a niche idea into a mainstream 

priority: 

• Economic benefits: Energy-efficient systems cost less to run, which is especially 

important for large-scale operations like data centres. 

• Corporate responsibility: Companies are under increasing pressure to operate 

sustainably and demonstrate environmental accountability. 



• Environmental concerns: As the digital economy grows, so does its carbon footprint, 

making it essential to find ways to reduce its impact. 

 

Research Problem 

Lack of specific legal framework 

One of the biggest challenges slowing down the widespread adoption of green computing 

isn’t a lack of technology it’s the absence of clear, consistent rules. Right now, there’s no 

single global framework that defines how organizations should measure, report, or improve 

sustainability in IT. Instead, what exists is a patchwork of guidelines, regional policies, and 

voluntary standards that don’t always align with each other. 

This lack of clarity creates confusion, makes comparisons difficult, and in some cases 

allows companies to appear more environmentally responsible than they actually are. 

 

1. No Common Way to Measure Sustainability 

A major issue is the lack of standardized metrics. Organizations today rely on different 

ways to measure efficiency, such as Power Usage Effectiveness (PUE), Carbon Usage 

Effectiveness (CUE), and Water Usage Effectiveness (WUE). While these metrics are 

useful, they are not always applied consistently. [5] 

Different companies and even different countries may calculate things in slightly different 

ways. This is especially true for Scope 3 emissions, which include indirect emissions across 

the supply chain. Because these are harder to track, reporting methods vary widely. 

 

The result is a confusing landscape where: 

• It’s difficult to fairly compare one data centre or company with another 

• Reports may not reflect the full environmental impact 

• Companies can highlight only the metrics that make them look good 

This opens the door to greenwashing, where sustainability claims are exaggerated or 

selectively presented. 

There are also frameworks like the EU Code of Conduct on Data Centre Energy Efficiency, 

but these are largely voluntary. They provide guidance and best practices rather than strict 

rules, meaning companies can choose how closely they follow them. 

 

2. Weak and Uneven E-Waste Regulations 

Another major gap lies in how electronic waste is handled globally. Despite the growing 

volume of discarded devices, less than 30% of countries have formal e-waste legislation in 

place. Even where laws do exist, enforcement is often weak. In countries like India and 

Nigeria, for example, formal recycling systems handle less than 15% of e-waste. The rest 

is often processed informally or dumped, leading to serious environmental and health risks. 

 

This problem is made worse by: 

• Limited infrastructure for proper recycling 

• Lack of incentives for companies to recover and reuse materials 

• Weak monitoring and enforcement mechanisms 

As data centres continue to upgrade hardware frequently, the absence of strong e-waste 

policies becomes an even bigger concern. 

 

 



3. Regulations Struggling to Keep Up with AI 

The rapid rise of artificial intelligence has added a new layer of complexity. AI systems 

require massive computational power, which means more energy use but regulations 

haven’t fully caught up. 

Existing frameworks like the Greenhouse Gas Protocol provide general guidance on 

measuring emissions, but they don’t yet offer detailed methods tailored specifically to AI 

systems or digital infrastructure. 

There’s also a major issue with transparency. A large number of AI models released in 

recent years don’t disclose how much energy they use or how much carbon they produce. 

In fact, more than 80% of commercial AI models lack this kind of information. 

 

Without mandatory reporting requirements: 

• It’s hard to understand the true environmental cost of AI 

• Policymakers lack the data needed to create effective regulations 

• Companies are not held accountable for their impact 

At the same time, technology is evolving so quickly that existing measurement methods 

struggle to keep up. What works today may already be outdated tomorrow. 

 

4. Fragmented Policies Across Regions 

Another challenge is the lack of coordination between countries. Different regions have 

different priorities, regulations, and levels of development, which leads to policy 

fragmentation. 

In many developing countries, the focus is still on expanding access to the internet and 

digital services. While this is essential, it often means that sustainability takes a back seat. 

As a result, green computing standards may be limited or not enforced at all. 

On the other hand, more developed regions may have stricter rules but these don’t always 

apply globally.  

 

This creates an uneven playing field where: 

• Some companies operate under strict environmental requirements 

• Others face little to no regulation 

• Global companies must navigate multiple, sometimes conflicting rules 

There are also challenges when it comes to adopting new technologies. Innovative ideas 

like high-altitude data platforms or underwater data centres sound promising, but they face 

complex regulatory hurdles related to safety, design, and environmental impact. Without 

clear guidelines, deploying such solutions becomes difficult. 

 

The Need for a Unified Approach 

All of these issues point to the same underlying problem: the lack of a coordinated global 

framework for green computing. 

 

To move forward, there’s a growing need for: 

• Standardized metrics that are applied consistently worldwide 

• Stronger e-waste regulations with proper enforcement 

• Clear reporting requirements, especially for energy-intensive technologies like AI 

• International cooperation to align policies and expectations 



Creating a more unified system wouldn’t just make compliance easier it would also build 

trust, improve transparency, and help ensure that sustainability efforts are genuine and 

effective. In short, the technology to make computing greener already exists in many cases. 

What’s missing is a clear, consistent set of rules to guide how it should be used. 

 

3.2 Increasing carbon footprint of tech sector 

For a long time, the information technology (IT) sector was seen as a “clean” industry 

something intangible, with little visible impact compared to factories or transportation. But 

that perception has changed. As our reliance on digital services has exploded, so has the 

environmental cost behind them. Today, the scale is so large that if the Internet were treated 

like a country, it would rank among the world’s biggest polluters, highlighting just how 

significant its footprint has become. 

 

A Growing Environmental Footprint 

At the heart of this impact are data centres, the backbone of everything from cloud storage to 

video streaming and AI systems. These facilities alone consume about 1% of the world’s 

electricity and contribute roughly 2% of global CO₂ emissions a figure comparable to the entire 

aviation industry. What’s more concerning is how quickly this is growing. The IT sector’s 

overall carbon footprint is expected to double by 2025, driven by increasing demand for digital 

services. In the United States, for example, data centre electricity use has already risen from 

1.9% of national consumption in 2018 to 4.4% in 2023, and it could reach as high as 12.7% 

by 2028. A major force behind this surge is artificial intelligence. Modern AI systems, 

especially large language models, require massive computing power. While training these 

models is energy-intensive, the real long-term impact comes from their everyday use. The 

inference phase when people interact with AI can account for over 90% of total computing 

demand, making it a continuous and growing source of energy consumption. 

 

Looking Beyond Daily Operations 

The environmental impact of IT doesn’t just come from running systems it spans the entire 

lifecycle of the technology we use. 

Embodied carbon refers to emissions produced before a device is even turned on. This includes 

extracting raw materials, manufacturing components, assembling devices, and building 

infrastructure. For instance, producing a single laptop can release between 300 and 500 

kilograms of CO₂. The process of manufacturing semiconductors—the tiny chips inside every 

device is particularly resource-intensive, requiring large amounts of water, energy, and 

specialized chemicals. 

On the other hand, operational carbon comes from the day-to-day running of systems. This 

includes the electricity used to power servers and the energy required to keep them cool. While 

improvements in efficiency have reduced the energy used per device, the overall demand for 

digital services has grown so rapidly that these gains are often canceled out. 

 

Why Reducing the Impact Is So difficult 

Even with growing awareness and the rise of green computing initiatives, cutting down the IT 

sector’s environmental footprint isn’t straightforward. Several underlying challenges make 

progress difficult. 



One major issue is lack of transparency. A large percentage of AI systems developed in recent 

years do not publicly disclose how much energy they use or how much carbon they emit. 

Without this information, it’s hard to measure impact or hold companies accountable. 

There’s also a problem with inconsistent standards. Different organizations use different 

methods to measure sustainability, making it difficult to compare performance. This lack of 

standardization can sometimes lead to greenwashing, where companies highlight selective 

data to appear more environmentally friendly than they actually are. 

Another challenge is something known as Jevons’ Paradox. In simple terms, when technology 

becomes more efficient, it often becomes cheaper and more accessible. This increased 

accessibility leads to higher demand, which can end up increasing overall energy use rather 

than reducing it. For example, as cloud services become more efficient, more people and 

businesses use them offsetting the energy savings. 

Finally, there are regional differences to consider. In many developing countries, the priority 

is still expanding access to digital infrastructure and connectivity. While this is essential for 

growth and development, it often means that sustainability and proper e-waste management 

receive less attention. As a result, environmental impacts can be more severe in these regions. 

 

4. Objectives of the Study 

Efforts to make data centres and the broader IT sector more sustainable are guided by a range 

of practical goals. These goals come from research studies, industry guidelines, and real-world 

operational needs. While they may differ in focus, they all point toward the same outcome: 

reducing environmental impact while maintaining performance and keeping costs under 

control. 

 

Core Research and Operational Goals 

One of the main priorities is finding smarter ways to manage energy use without compromising 

performance. This includes developing systems that can automatically adjust how workloads 

are distributed across servers. Instead of running everything at full capacity all the time, tasks 

can be shifted or scheduled in ways that reduce unnecessary power consumption. Alongside 

this, improving cooling systems and integrating renewable energy sources are key areas of 

focus, since both play a major role in overall energy use. 

Another important goal is creating clear and reliable ways to measure efficiency. Metrics like 

Power Usage Effectiveness (PUE), Carbon Usage Effectiveness (CUE), and Water Usage 

Effectiveness (WUE) are widely used to understand how efficiently a data centre operates. The 

challenge is not just using these metrics, but standardizing them so that organizations around 

the world can compare performance in a meaningful way and identify areas for improvement. 

On the technical side, there’s also a strong focus on improving how hardware uses power in 

real time. Techniques such as Dynamic Voltage and Frequency Scaling (DVFS) allow systems 

to adjust their power usage based on current demand. For example, when a server isn’t heavily 

loaded, it can run at a lower speed and consume less energy. This not only reduces electricity 

use but can also extend the lifespan of equipment. 

More recently, researchers have been paying close attention to the environmental impact of 

artificial intelligence, especially large-scale models. A key objective is to better understand the 

difference between the energy used during training (when the model is built) and inference 

(when it’s used in everyday applications). Since inference happens continuously and at scale, 

it often becomes the larger contributor over time. There’s a growing need for better ways to 

measure and track this impact, including how user behavior influences energy demand. 



New Approaches to Infrastructure and Design 

Beyond improving existing systems, there’s also interest in exploring entirely new ways of 

building and running data centres. 

Some research looks at alternative architectures, such as high-altitude platforms essentially 

“floating” or airborne data centres. The idea is to take advantage of naturally cooler 

environments at high altitudes to reduce the need for energy-intensive cooling systems. While 

still experimental, these concepts show how far innovation in this space is reaching. 

Another major focus is applying circular economy principles to IT infrastructure. Instead of 

the traditional “use and discard” approach, organizations are finding ways to extend the life of 

their equipment. This includes repairing, refurbishing, and reusing components wherever 

possible, as well as recycling materials at the end of their lifecycle. Large companies have 

already started adopting these practices to reduce both costs and environmental impact. 

There’s also ongoing work to standardize best practices across the industry. Initiatives like the 

EU Code of Conduct on Data Centre Energy Efficiency provide guidelines that help operators 

identify practical steps to improve efficiency. While these are often voluntary, they offer a 

shared framework that makes it easier for organizations to align their efforts. 

 

Environmental and Economic Objectives 

At a broader level, many of these efforts are tied to the goal of reducing the carbon footprint 

of the digital economy. Some researchers are even exploring whether IT systems could one 

day move beyond being carbon-neutral to becoming a net carbon sink, where they offset more 

emissions than they produce. Achieving this would require major advances in renewable 

energy use, efficiency, and system design. 

Another important goal is energy security. For governments and large organizations, managing 

energy use efficiently isn’t just about cost it’s also about reducing dependence on limited or 

unstable energy sources. More efficient data centres can help ensure a more stable and resilient 

energy system overall. 

At the same time, there’s a strong emphasis on proving that sustainability makes financial 

sense. Many studies show that investing in energy-efficient technologies can lead to significant 

cost savings over time. Lower electricity bills, reduced cooling needs, and longer-lasting 

equipment all contribute to this. In many cases, the initial investment in green technologies 

can be recovered within three to five years, making it a practical as well as an environmental 

decision. 
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