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 Green computing involves the exploration and implementation of strategies for 

designing and producing computing devices and software with a minimized 

environmental footprint. The adverse effects on the planet, stemming from the 

energy consumption and Carbon Dioxide (CO2) emissions associated with non-

green computing practices, could have irreversible consequences. Global 

warming, characterized by the gradual and persistent rise in the Earth's average 

temperature due to CO2 emissions and other contributing factors, underscores 

the urgency of adopting eco-friendly computing approaches. Potential avenues 

to enhance the environmental friendliness of computer systems encompass 

carbon-free computing, solar computing, quiet computing, and the utilization of 

optimized programming languages. To embrace green computing, it is essential 

to formulate a sustainable plan, engage in recycling initiatives, make 

environmentally responsible purchasing choices, curtail paper consumption, and 

practice energy conservation. By adhering to these principles and incorporating 

green computing methodologies, there exists a prospect of mitigating the 

environmental impact of computing activities and fostering sustainable 

development. 

Advancements in the field of green computing have given rise to fresh avenues 

for research. Notably, there has been a significant surge in the resources required 

for IT and computing systems. Addressing these escalating needs has led to a 

predominant emphasis on expanding infrastructure to meet demands, often 

overlooking potential environmental repercussions. This paper delves into 

various green computing methods, drawing comparisons to underscore the 

significance of sustainable development. 
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I. INTRODUCTION 

 

Green computing, also known as green information 

technology (IT) sustainability, involves the 

examination and application of environmentally 

conscious principles within the realm of computing 

and IT. Biswajit Saha     characterizes green computing 

as the adoption of practices and processes that consider 

the eco-friendly design, manufacturing, and usage of 

computing resources, all while ensuring optimal 

computing performance and responsible disposal 

methods to minimize environmental impact. A 

prominent initiative in this domain is Energy Star, 

established by the US Environmental Protection 

Agency (EPA) with the primary objective of 

conserving energy . Energy Star has been implemented 

across various electronic devices, particularly those 

with substantial energy consumption, such as printers, 

televisions, and refrigerators. The incorporation of 

sleep and standby modes in computers is also 

attributable to Energy Star. 

 

Nevertheless, in recent years, there has been a 

substantial surge in the resources required for IT and 

computing systems. Addressing these escalating needs 

has prompted the industry to prioritize extensive 

infrastructure development capable of meeting the 

surging demands. Unfortunately, this shift in focus has 

led to other critical aspects, including energy 

consumption and disposal considerations, being 

relegated to secondary importance. 

Green computing shares similarities with non-green 

methods but is accompanied by certain constraints. 

Notably, the key features under scrutiny include speed 

and energy consumption, often interconnected. These 

attributes are subject to change with technological 

advancements, relying heavily on hardware 

configurations when introducing new programming 

languages. The swiftest language may not necessarily 

boast energy efficiency, and conversely, the most 

energy-efficient language may experience a 

compromise in speed due to power limitations. 

Various forms of green computing exist, one of which 

involves product design encompassing both software 

and hardware elements. The software's performance is 

influenced by the program's scale, impacting overall 

power consumption and other variables. On the 

hardware side, power consumption tends to follow a 

fairly linear pattern with extension. Another facet of 

green computing involves the responsible disposal of 

electronics as e-waste, a category often associated with 

hazards and environmental harm. 

While there are various advantages associated with 

adopting green computing, such as cost reduction, the 

environmental impacts of not embracing eco-friendly 

practices are more pronounced. The persistent use of 

non-green techniques within the computing industry 

contributes to escalating environmental consequences. 

Over the past few decades, significant alterations in 

temperature and weather patterns have been 

attributed to the surge in greenhouse gases resulting 

from extensive deforestation, fossil fuel combustion, 

and rapid industrialization . This has led to climate 

change, alterations in weather patterns, and increased 

carbon dioxide (CO2) emissions, which, in turn, give 

rise to weather-related problems and respiratory issues . 

The imperative for green computing is evident and 

essential in curbing the harmful environmental effects 

arising from current industry practices. To achieve this 

goal, various aspects including the design, usage, 

manufacturing, and disposal of computing devices 

must undergo a shift towards greater environmental 

friendliness. 

For a considerable period, it has been established that 

the emission of certain gases into the atmosphere, with 

carbon dioxide (CO2) being the most widely 

recognized greenhouse gas, can induce a greenhouse 

effect. This, in turn, results in a rise in the Earth's 

annual mean temperature . Over time, this 

temperature elevation has the potential to influence or 

alter the major ocean's Thermohaline Circulation 

(THC) currents, subsequently causing significant shifts 

in weather patterns, including droughts, storms, and 

other catastrophic events. 
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A less widely recognized aspect is the substantial 

contribution of current global computing practices to 

the release of greenhouse gases into the atmosphere. As 

indicated by Saha et al. each personal computer is 

responsible for emitting approximately a ton, or 2000 

lbs, of carbon dioxide (CO2) annually. Moreover, the 

production of computing devices involves the 

extraction of valuable minerals like cobalt from the 

Earth. Typically, these large mining operations 

generate a significant amount of CO2, and the workers 

employed by these mining companies often face 

substandard working conditions. 

The third primary facet involves the incorporation of 

green computing and its implications. The integration 

of green computing aims to diminish the 

environmental footprint of computing devices and can 

manifest in various forms. 

 

I. Types of Gren Computing 

In contemplating the concept of green computing in its 

entirety, it's crucial to acknowledge that it can 

manifest in diverse ways. As outlined by Biswajit Saha, 

the various types or forms of green computing include 

green design, green disposal, green use, and green 

manufacturing.These categories can be further 

subdivided into more specific subtopics, which will be 

examined and elaborated upon in greater detail in 

subsequent sections. 

 

A. Green Design 

Green design pertains to the concept of crafting 

computing devices in a manner that considers the 

entire life cycle of a product, encompassing more than 

just its performance. Such products may include, but 

are not restricted to, servers, printers, personal 

computers, and projectors. 

Repeatedly running a program on a server with a slight 

inefficiency can accumulate energy impact over time. 

On the contrary, a program with a significant 

inefficiency that runs only once will not exert a 

substantial energy influence. The realm of software-

based green computing involves various factors and 

dimensional returns, which we will explore. Another 

category is hardware-based green computing, which is 

generally preferable, provided that the cost per 

performance remains within the customer's budget. It's 

worth noting that power consumption primarily stems 

from hardware. 

 

B. Green Disposal 

Green disposal pertains to the reuse, refurbishing, and 

recycling of computing devices, a topic we will delve 

into later sections. When computing devices are 

inadequately disposed of, specific elements 

constituting the device may frequently infiltrate and 

pollute the water table. Therefore, it is imperative to 

recycle these elements from the devices and preserve 

them for future use to ensure environmental 

conservation. 

⚫ Reuse: An aging computer can continue to be 

utilized as long as it aligns with the user's needs. 

However, if outdated models no longer fulfill 

these requirements, it is advisable to donate them 

to individuals or organizations that can still find 

value in the device or its components. Numerous 

charities and non-profit organizations gladly 

accept donations of old equipment to repurpose 

and make the most of its utility. 

⚫ Refurbish : Extending the lifespan of a product is 

achievable by refurbishing and replacing IT 

hardware components. The restoration of older 

equipment not only preserves its functionality but 

also allows for upgrades to enhance its 

serviceability. This inclination is often driven by 

the cost-effectiveness of refurbished equipment, 

rigorously tested to ensure full functionality, in 

contrast to used equipment that might be 

nonfunctional or underperform compared to new 

or refurbished counterparts. 

⚫ Recycle: Recycling stands as one of the intricate 

approaches to environmental preservation, aiming 

to curtail the consumption of natural resources 

and minimize waste. The core principle of 

recycling revolves around maximizing material 
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reuse while minimizing the associated processing 

costs. E-waste emanating from computers and 

related equipment often harbors hazardous 

substances like mercury, cadmium, lead, arsenic, 

and potentially chromium. Improper disposal of 

computers can result in the release of these 

chemicals, contaminating the nearby 

environment and emitting noxious gases into the 

atmosphere. With advancements, modern e-waste 

processing not only mitigates harmful materials 

but also extracts valuable resources such as gold 

and copper, transforming them into secondary 

raw materials. 

 

C. Green use 

Implementing practices throughout the day 

concerning interactions with computing devices can 

effectively diminish their environmental impacts. Such 

measures encompass utilizing power-saving features, 

enabling automatic sleep modes, powering down 

devices entirely at the conclusion of each day, and 

adopting additional eco-friendly strategies. 

⚫ PC Power Management Techniques: This 

comprises a series of procedures and mechanisms 

designed to regulate the power consumption of 

personal computer hardware, primarily involving 

the shutdown of power or transitioning the system 

into a lower-power mode when active. In the 

realm of computing, such power management 

revolves around the Advanced Configuration and 

Power Interface (ACPI), an open industry 

standard facilitating direct control and oversight 

of energy savings by the operating system, 

involving actions like turning off the monitor or 

entering standby mode. This approach aids in 

mitigating heat production and reducing overall 

energy consumption. 

⚫ Virtualization : Virtualization eradicates the 

necessity for a dedicated server to execute 

applications. Simultaneously, it allows the 

operation of multiple operating systems on a single 

hardware platform, optimizing system 

performance to its maximum potential. 

 

D. Green Manufacturing 

Green manufacturing, also known as eco-friendly 

production, centers around minimizing the generation 

of environmentally harmful waste in the 

manufacturing phase of computing devices. It 

encompasses both the concept of creating 

environmentally friendly devices and the practice of 

making the manufacturing process itself more 

environmentally sustainable. 

⚫ Eco-friendly design : Crafting computing 

resources that comply with the rigorous standards 

of Energy Star involves ensuring compatibility 

with specific power supply and power 

management criteria. Devices certified with 

Energy Star can be configured to enter a low-

power state when inactive, contributing to energy 

conservation, cooler operation, and extended 

longevity. 

⚫ Use of Bio-Products : Biodegradable and 

renewable materials typically demand less energy 

for production compared to conventional toxic 

materials. The computer manufacturing industry 

relies on various plastic types, posing a significant 

challenge for recycling efforts. Additionally, 

computers harbor hazardous chemicals such as 

lead, mercury, and chromium, posing 

environmental contamination risks. To address 

these concerns, a shift from power-intensive 

materials to efficient and recyclable alternatives is 

a viable solution. 

 

II. Importance of Green Computing 

The IT industry exerts various impacts on the world, 

particularly in environmental aspects. The electricity 

generated by thermal power plants releases significant 

amounts of CO2 and other detrimental particles into 

the atmosphere. In the United States alone, the 

collective annual carbon emissions reach 

approximately 80 metric megatons of CO2, a level 



Volume 9, Issue 6, November-December-2023 | http://ijsrcseit.com 

Mrs. Pranita Manjare Int. J. Sci. Res. Comput. Sci. Eng. Inf. Technol., November-December-2023, 9 (6) : 344-350 

 

 

 

 
348 

comparable to the carbon footprints of the Netherlands 

and Argentina. Additionally, the manufacturing and 

disposal of computers contribute to CO2 emissions and 

environmental challenges, involving the consumption 

of electricity, raw materials, and the generation of 

harmful chemicals. Improper disposal methods, such as 

landfills for personal computers (PCs), lead to water 

contamination and the production of hazardous waste, 

directly and indirectly contributing to an increase in 

CO2 emissions. 

Non-green computing practices contribute to 

environmental issues beyond just CO2 emissions. Over 

the years, there has been a concerning rise in 

greenhouse gas emissions. These factors collectively 

contribute to shifts in the world's climate and weather 

patterns, resulting in weather disasters such as 

droughts, significant increases in sea levels, melting of 

Arctic glaciers, occurrences of acid rain, smog, and an 

uptick in respiratory diseases. 

Green computing not only plays a crucial role in 

preventing environmental issues but also offers various 

additional benefits. Adhering to government 

environmental policies enables organizations to save 

on taxes and enjoy reduced energy costs. In Minnesota 

alone, there are currently 168 ongoing green financial 

incentives and programs, promising potential benefits 

for businesses or households following program 

guidelines. Moreover, embracing green computing 

provides companies with a competitive edge, 

considering the increasing importance customers place 

on environmental records and initiatives. According to 

an Accenture survey, 83% of respondents believe it is 

important for companies to design products for reuse 

or recycling. For instance, Adidas' collaboration with 

Parley for Oceans to create shoes from ocean-retrieved 

plastic resulted in immediate sell-outs, generating 

around one billion dollars. Consumers now expect 

companies to disclose their carbon footprint and 

environmental credentials to make informed decisions. 

Green computing, aiming for economic feasibility and 

improved system performance while upholding social 

and ethical responsibilities, positively impacts various 

aspects of life by reducing energy demands, CO2 

emissions, waste, and costs. 

 

II. IMPLEMENTATION 

 

This section will explore various approaches to 

incorporate green computing and green cloud 

computing. Individuals and organizations have 

numerous options for integrating green computing 

practices into their daily lives and work environments. 

The implementation of green computing can be 

broadly categorized into two main groups: hardware 

and software. On the hardware side, the focus is on 

both efficiency and scale, while on the software side, 

the emphasis is placed on enhancing efficiency and 

scalability. 

A. Software :  

The efficiency of a program can significantly impact 

the environment, as software indirectly influences the 

actions performed by hardware, which requires energy. 

It is crucial to optimize programs to utilize hardware 

effectively and vice versa. In the context of green 

computing with software, minimizing the clock cycles 

of the central processing unit (CPU) is essential. 

Various techniques, such as memorization, can be 

employed to reduce clock cycles. Take, for instance, 

the classic recursive Fibonacci program, where 

Fibonacci numbers are the sum of the two preceding 

ones. Without memorization, this recursive program 

would involve numerous duplicate calls. For instance, 

calculating the fifth Fibonacci number would require 

computing the third Fibonacci number twice and the 

second Fibonacci number three times. With 

memorization, each number needs to be called only 

once, albeit at the cost of increased memory usage. 

However, storing an array proves to be less energy-

expensive than repeatedly recalculating numbers. 

The remaining aspect of software pertains to scale. 

Crafting elegant and flawless solutions demands time 

and energy. When a program is used only once, 

achieving perfect efficiency may not be essential. The 

additional energy expended in creating an efficient 
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program might outweigh the potential savings. 

However, when a program is executed millions of 

times, even a slight performance enhancement can 

have a substantial impact. 

Ensuring the efficiency of software for cloud 

computing is crucial, given that the code is designed for 

repeated execution, often on the scale of millions. 

Cloud computing predominantly involves web servers 

and data storage. A significant portion of data is stored 

using Redundant Array of Independent Disks (RAID), 

a method that distributes and stores data across 

multiple drives, either through software or hardware 

implementation. Among the common RAID storage 

systems in the cloud is RAID 5, which incorporates 

parity data to allow for the loss of drives without data 

loss. Moreover, RAID 5 offers hot swap capabilities, 

enabling the replacement of drives without server 

shutdown. RAID also enhances read and write speeds, 

particularly on hard disks, by concurrently writing on 

all drives. Additionally, RAID may contribute to power 

efficiency by mitigating storage-related bottlenecks, 

even though some power is still consumed by 

components running without active computation. 

 

B. Hardware :  

The efficiency of hardware plays a pivotal role. If a 

program runs 10 times slower but operates on 

hardware that is 100 times more efficient, the overall 

environmental impact of the program is reduced. The 

energy lost from the hardware manifests as heat, and 

the efficiency of hardware is influenced by factors such 

as the electrical resistance of silicon. The distance 

between components also affects hardware efficiency. 

Even if two instructions require the same number of 

clock cycles, one might consume a fraction of a 

milliwatt more. While this might not be a concern for 

programmers, chip designers should be mindful of the 

instructions used most frequently and ensure they have 

shorter paths to reduce electrical resistance. 

Consideration of scale is also crucial. Computers, 

especially in server rooms, generate substantial heat, 

emphasizing the importance of effective heat 

dissipation due to a positive feedback loop. As heat 

increases, so does resistance, and increased resistance 

leads to faster heat accumulation. This creates a 

positive feedback loop, making it more challenging to 

cool the CPU as it gets hotter. Opting for more efficient 

hardware designs facilitates easier cooling, minimizing 

this feedback loop. Moreover, there is an economic 

incentive to choose more efficient processors, as 

reduced energy consumption translates to lower 

expenses for the company in terms of power 

consumption. 

Cloud hardware, specifically cloud servers, are tasked 

with numerous operations involving various clients. 

The use of efficient, modern hardware is advantageous, 

as it consumes less power, reducing the cost of each 

operation and minimizing its environmental impact. 

Selling the previous generation of hardware also yields 

benefits. Some companies acquire second-hand 

hardware, allowing them to dispose of less efficient 

equipment. This practice helps limit electronic waste, 

decrease emissions, and saves the company money by 

enabling them to recoup funds from selling old 

components and spend less on energy. The 

implementation of RAID also contributes to power 

efficiency, simplifying the upgrading of drives with 

minimal effort. 

 

III. CONCLUSION 

 

As emphasized throughout this paper, the adoption of 

green computing practices is imperative to safeguard 

the environment. Each computer currently contributes 

significantly to carbon dioxide emissions, releasing a 

ton annually, along with other harmful chemicals and 

runoff resulting from the manufacturing and improper 

disposal processes. There is a critical need to redirect 

focus away from the continuous expansion of 

production and infrastructure development. Instead, 

emphasis should be placed on the responsible design, 

manufacturing, use, and disposal of computing devices. 

The implementation of green computing techniques 

throughout the entire life cycle of a computer is more 
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crucial than ever. However, to achieve a healthier and 

more environmentally friendly outcome, collaborative 

efforts from all stakeholders are essential in 

incorporating and implementing these green 

computing practices. 
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