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ABSTRACT 

Green computing, or sustainable computing, comprises the development and optimization of computer hardware, systems, 

networks, and software aimed at enhancing efficiency by maximizing energy utilization while minimizing adverse 

environmental impacts. The term "green computing" comprises methodologies and practices designed to reduce 

technology's environmental impact. It also encompasses the reduction of electronic waste disposal. With advancements in 

upcoming technology, too much of devices, mechanisms, and software tools have emerged, prompting extensive research 

focused on optimizing their green computing capabilities. This review examines and synthesizes literature surrounding 

green computing. It provides a detailed explanation about what the top leading tech- companies are doing to achieve 

maximum performance while remaining efficient. Some of the famous industry leaders are NVIDIA, IBM, Apple, Asus, 

Intel, and Samsung. It highlights current research trajectories, assessment methodologies employed, and the architectural 

strategies of various technologies facilitating green computing and sustainable development. The insights offered herein 

will be valuable for organizations, researchers, and institutions engaging in green computing initiatives.  
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1. INTRODUCTION 

The rapid expansion of industries around the world is affecting the ecological cycle in so many ways. Production and 

manufacturing of computers and their various electronic parts are affecting the environment as most of them release 

harmful gases out of which is CO2 (carbon dioxide). CO₂ is the greenhouse gas released by human activities and a major 

contributor to global warming. Certainly, CO2 naturally exists in the atmosphere as a part of the earth, but human activities 

are disrupting the earth's carbon cycle by increasing CO2 emission [1]. Green computing appeared as a response to 

increasing concerns about the environmental impact of information and communication technology (ICT). Green 

computing gained prominence in 1990’s when the Environmental Protection Agency (EPA) introduced the Energy Star 

program. Green computing is also known as green information technology (GIT) which promotes eco-friendly practices in 

the tech industry [2][6]. The rapid change in technology has significantly transformed various aspects of human life, which 

leads to increased dependency on technology for communication, data processing, and many more. However, this 

technological progress has resulted in a sharp rise in energy consumption and electronic waste (e-waste). The field of eco-

friendly computing covers multiple aspects of technological systems, including equipment, programs, networking, and 

server farms. It is necessary to adopt sustainable approaches to reduce the ecological footprint of these systems while 

preserving effectiveness and functionality. 

Green ICT promotes or focuses on designing, manufacturing, using, and disposing of e-waste. It aims to decrease the 

ecological effect of ICT systems by minimising the usage of electronic waste, and energy consumption while advertising 

sustainability. [2] 

Under this, three main categories exist as shown in Fig 1 
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Figure 1: Categories of Green ICT  

Data Centre-Related Sustainability: It pays more attention to making data centers more sustainable and environmentally 

friendly. It includes the following strategies:[2] 

1. Enforcing server power management software. 

2. Conducting IT energy measurements to improve power usage. 

3. Using server virtualization to deduce hardware needs. 

4. Employing localized cooling to improve efficiency. 

5. Outsourcing data center services to facilities for good resource usage. 

6. Switching to solid-state drives (SSD) for low energy consumption. 

Distributed ICT-Related Sustainability: It emphasizes better energy usage in distributed computing and devices. It 

includes the following strategies: [2] 

1. Desktop virtualization to integrate computing resources. 

2. Using thin end-user devices, which consume less power and energy than traditional PCs. 

3. Improving network efficiency to reduce energy waste. 

4. Implementing PC power management to reduce unnecessary energy consumption. 

Other ICT Direct Sustainability: 

It includes broader sustainability efforts that are beyond distributed computing and date centres. Following are the 

strategies: [2] 

1. Cloud computing to optimize resource usage and reduce hardware waste. 

2. IT asset disposal and recycling to manage electronic waste responsibly. 

3. Managed printing services to minimize paper and ink usage. 

4. Reducing paper consumption in business processes. 

5. Application portfolio management to ensure efficient software use. 

6. Designing applications with best practices for resource efficiency. 

7. Teleconferencing and teleworking to reduce travel-related emissions. 

8. Green procurement policies to promote sustainable purchasing of ICT equipment. 

2. LITERATURE REVIEW 

2.1 Challenges in Green Computing  

Establishing sustainable IT infrastructures cost is very high which means it requires a significant amount of investment. 

Also, E-Waste Management facilities are not properly invaded in many countries. Very Limited Awareness among the 

countrymen means that many organizations do not know eco-friendly IT solutions. Also, the scenario of power 

consumption is very high. 
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2.2 State of the art  

The concept of Green computing was publicly launched in 1992 when the U.S. Environmental Protection Agency (EPA) 

launched Energy Star, a program that aimed to identify consumer electronics that met standards in energy efficiency[7]. 

The Green Electronics Council is an organization that provides the Electronic Product Environmental Assessment Tool, a 

registry of systems and their energy levels. The council claims that the use of 1.5 billion eco-friendly products up to its 

recommended date, saved nearly 400 million megawatt-hours of electricity. Research on green computing continues across 

the industry at global level. Recently, a whitepaper is released by Schneider Electric which recommends 23 metrics for 

analysing the ecological level of data centers. Over the years, research in the green computing has expanded in various 

ways for the development of various areas, each with its own set of challenges and opportunities. By analyzing the data on 

publication trends in green computing, it is revealed that approximately 63% of the research is published in journals, while 

the remaining approximately 37% is published in conferences. The preference and increasing rate of journal publications 

over conference studies indicate the growing maturity and stability in the field of Green Computing as a research 

discipline, with IEEE Xplore playing the dominant role, followed by ACM and other conferences (see figure 2) [2]. 

2.3 Critical Discussion  

Traditional IT systems primarily highlight performance, functionality, prioritizing speed, processing power, and efficiency 

to meet the growing demands of users and businesses. These systems often rely on high-performance hardware 

components that consume a substantial amount of electricity to operate efficiently. As a result, they contribute to energy 

consumption and, consequently, higher electricity costs. 

 

Figure 2: Conference publication distribution on green computing studies 

Additionally, traditional IT infrastructure is frequently upgraded or replaced to keep pace with technological 

advancements, leading to the generation of a considerable amount of electronic waste. The disposal waste of outdated or 

malfunctioning hardware components, such as servers, computers, and networking devices, leads to the growing e-waste 

problem, which causes serious environmental concerns due to the hazardous materials found in these electronic devices. 

On the other side, green computing represents an environmentally purposeful approach to information technology that aims 

to minimize its ecological footprint while maintaining or even improving overall efficiency. Green computing systems 

incorporate energy-efficient hardware designed to operate using less electricity, thereby reducing overall power 

consumption. These systems are developed with sustainability in mind, incorporating advanced technologies such as low-

power processors, optimized cooling mechanisms, and power management features to ensure minimal energy waste. By 

implementing eco-friendly practices, green computing helps organizations reduce their carbon footprint and contribute to 

global sustainability efforts.[5-6] 

Another critical distinction between traditional IT systems and green computing lies in their sources of energy. 

Conventional IT infrastructure often depends on non-renewable energy sources, such as coal, oil, and natural gas, which 

contribute to greenhouse gas emissions and environmental degradation. The reliance on fossil fuels to power data centers, 

computer networks, and electronic devices further exacerbates climate change by increasing carbon dioxide emissions. 

Conversely, green computing encourages the use of renewable energy sources, such as solar power, wind energy, and 

hydroelectric power, to operate IT systems sustainably. By transitioning to these cleaner energy alternatives, organizations 

can significantly lower their environmental impact while promoting the widespread adoption of sustainable energy 

solutions. 

https://www.energystar.gov/
https://globalelectronicscouncil.org/
https://globalelectronicscouncil.org/epeat-registry/
https://download.schneider-electric.com/files?p_enDocType=White+Paper&p_Doc_Ref=WP67_SPD_EN
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3. ASPECTS OF ENVIRONMENTALLY CONSCIOUS COMPUTING 

Green Computing encompasses various domains that integrate sustainable practices in technology. The image illustrates 

several key categories, each representing a sector where environmentally friendly computing can be applied (see Figure 3) 

 

Figure 3: Categorization of Green Computing Applications Across Various Sectors 

1. E-Commerce using Green Computing: 

Green E-commerce refers to the implementation of eco-friendly practices in digital marketplaces. Online businesses 

are increasingly adopting sustainable IT practices, such as energy-efficient data centers, carbon footprint reduction in 

logistics, and eco-friendly packaging solutions.[2] 

2. Green IoT (Internet of Things): 

Green IoT focuses on building and usage of IoT systems in an eco-friendly and power-saving way which includes 

usage of low-power devices, adopting energy-saving communication methods, and depending on renewable energy 

sources. As, IoT devices consume a lot of energy, it is necessary to develop eco-friendly strategies to minimize their 

ecological impact. Green IoT is lower in costs and improves system efficiency. IoT devices are designed to optimize 

energy usage in smart homes, industries, and transportation by employing AI-driven energy management and low-

power sensors.[10]  

3. Machine Learning in Green Computing: 

Machine learning algorithms contribute to sustainability by enhancing energy efficiency in computing operations, 

predicting energy consumption trends, and optimizing resource management. 

4. Green Databases: 

This means the management and maintenance of databases using eco-friendly technologies. With the rapid 

advancement of technologies, green databases are gaining importance and being widely implemented. The main goal 

is to reduce the ecological impact of data management while sustaining or enhancing database efficiency and 

accessibility. Energy-efficient data storage and processing techniques, such as cloud-based databases with optimized 

indexing, contribute to reducing the power consumption of large-scale data centers. [2] 

5. Green Cloud Computing: 

The goal of green cloud computing is to reduce the ecological impact of cloud computing by adopting eco-friendly and 

power-saving practices. Some key challenges in cloud computing include high energy consumption, power 

management, greenhouse gas emissions, CO2 reduction, server virtualization, and conserving natural resources. GCC 

addresses these challenges by implementing environmentally conscious and energy-efficient solutions. Cloud service 
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providers implement green policies, including the use of renewable energy sources, server virtualization, and cooling 

system optimizations to minimize environmental impact.[2][3] 

6. Green E-Governance: 

This involves the implementation of eco-friendly practices by government officials. This includes paperless words or 

operations to reduce waste, efficient digital records management, and reduced energy consumption in government 

operations. In this public does not come here and there for their work done as everything is available online. [2] 

7. Green Education: 

The primary goal is to provide eco-friendly management practices in educational institutions while providing students 

with knowledge about ecological challenges and their role in creating an eco-friendly future. It integrates sustainability 

through digital learning, e-books, and energy-efficient computing infrastructure to lower carbon emissions. Also, 

adopting sustainable initiatives in educational systems leads to low cost (cost savings), improved indoor environment, 

and reduced ecological footprints. [2] 

8. Green Agriculture: 

It aims to decrease the environmental consequences of farming activities by using sustainable and ecological 

techniques such as using eco-friendly and power-saving devices, minimizing the use of chemical farming, and 

promoting organic farming techniques. Smart farming techniques leverage IoT, AI, and sensor-based monitoring to 

optimize water usage, reduce chemical waste, and improve crop yields sustainably.[4] 

9. Data Centers, Cooling, and Green Computing : 

Data centers are vital infrastructures having servers and computing equipment that are responsible for processing and 

storing large amounts of digital data. These play very essential role in cloud computing, internet services, and 

enterprise IT operations. However, due to their high power consumption and continuous operation, significant heat is 

generated, requiring advanced cooling mechanisms to prevent overheating and maintain performance. Traditional 

cooling methods such as air conditioning and liquid cooling contribute to substantial energy usage. [5] (see figure 4).In 

the context of Green Computing, energy-efficient cooling solutions have become a key focus area for making data 

centers more sustainable. Companies like Apple, Google, and Microsoft are leading the way in implementing eco-

friendly cooling methods that reduce environmental impact. One such approach is free-air cooling, where outside air is 

used to cool servers when the climate conditions are favorable, as seen in Apple's Reno data center (see Figure 4) 

This technique significantly decreases the need for artificial cooling, thereby cutting down energy consumption and carbon 

emissions. Additionally, liquid cooling systems are being developed to replace traditional air-based cooling, as liquids have 

higher thermal conductivity and require less energy to dissipate heat. Some data centers are also adopting underwater or 

submerged cooling technologies, where servers are placed in special non-conductive cooling fluids to enhance efficiency. 

Moreover, waste heat recovery systems are being integrated into certain facilities to redirect excess heat for other 

productive uses, such as heating office buildings. By optimizing cooling methods, data centers contribute to Green 

Computing by reducing energy wastage, lowering operational costs, and promoting environmental sustainability. As cloud 

computing and digital services expand, implementing sustainable cooling strategies will be essential in ensuring a greener, 

more energy-efficient future for computing technologies. 
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Figure 4: Apple’s reno data center [5] 

4. SUSTAINABILITY GAINS IN MODERN COMPUTING 

The benefits of green computing extend beyond just energy efficiency and renewable energy adoption. This approach also 

plays a vital role in reducing electronic waste by promoting responsible e-waste management, including recycling, 

refurbishing, and repurposing outdated devices instead of discarding them. (see figure 5) By extending the lifespan of IT 

equipment and reducing the need for frequent hardware replacements, green computing helps minimize the accumulation 

of discarded electronic products in landfills, thereby preventing harmful chemicals and toxic materials from seeping into 

the environment. Ultimately, green computing provides a comprehensive solution to the environmental challenges posed 

by conventional IT systems. By reducing power consumption, minimizing electronic waste, and embracing renewable 

energy sources, green computing not only helps organizations achieve sustainability goals but also contributes to a 

healthier planet. Through conscious efforts to implement energy-efficient technologies and eco-friendly IT practices, 

businesses and individuals can actively participate in the global movement toward environmental conservation while 

maintaining the functionality and performance required in modern computing. 
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Figure 5: Benefits of Green Computing  

5. APPLICATIONS OF GREEN COMPUTING [10] 

1. Energy-Efficient Data Centers 

• Reduced hardware usage through the adoption of virtualization techniques. 

• Generating power from renewable energy sources. 

• Using the latest cooling technologies  

2. Cloud Computing and Virtualization 

• Low energy consumption by reducing dependence on physical servers. 

• Using dynamic scaling for better resource allocation. 

• Reducing power usage with Edge Computing 

3. Eco-Friendly Hardware Design 

• Using low-power, high-performance CPUs and GPUs. 

• Designing recyclable computer components. 

• Selecting Energy Star-certified devices. 
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Figure 6: Applications of Green Computing 

4. Green Software Development 

• Better software algorithms lead to less consumption of RAM and CPU. 

• Development of lightweight applications that require minimal processing power. 

• Code reengineering to reduce  

5. Smart Grids and IoT for Energy Conservation 

• Monitoring using Smart meters. 

• IoT-based automated power management systems in industries and homes. 

• Use of AI to predict energy consumption to reduce wastage. 

6. E-waste Management and Recycling 

• Proper disposal and recycling of outdated electronic waste. 
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• Take-back programs by tech companies for disposal. 

• Promotion of refurbished and modular electronics for extended usability. 

7. Sustainable Blockchain and Cryptocurrency Mining 

• Use of Proof-of-Stake (PoS) over Proof-of-Work (PoW) for energy-efficient mining. 

• Implementation of green mining solutions. 

• Development of carbon-neutral blockchain networks. 
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