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ABSTRACT 

 

This paper presents a comprehensive survey on 

green computing in cloud environments, 

elucidating the significance of environmentally 

sustainable computing practices. Green computing 

is a growing concern and priority in today's data-

driven world, where the rapid increase in demand 

for computational resources results in a substantial 

rise in energy consumption and associated 

environmental impact. The study investigates the 

various strategies, models, and techniques 

employed in green computing across cloud 

infrastructures and identifies the challenges that 

lie ahead. Key aspects of green computing are 

explored, including energy-efficient data centers, 

resource allocation optimization, virtualization, 

and renewable energy utilization in cloud 

environments. The survey also highlights the 

efforts of different service providers to integrate 

sustainable practices into their architectural 

frameworks. The paper discusses the adoption of 

performance metrics to quantify energy efficiency, 

carbon emissions, and other sustainability factors 

to aid decision-making and resource allocation. 

The role of government policies and international 

standards in promoting green computing is 

addressed, emphasizing the necessity of a 

synergistic approach among stakeholders to 

achieve energy conservation and reduce 

environmental impact. Ultimately, this survey aims 

to provide readers with a deep understanding of 

green computing in cloud environments, as well as 

insight into future research directions and 

opportunities for improvement in this critical field. 

 

Keywords: Green Computing, Cloud 

Environment, Optimization, Virtualization, 

Energy Efficiency. 

 

INTRODUCTION 

 

In the era of rapid technological development, energy 

efficiency and ecological sustainability have become 

chief concerns in the global landscape. The ever-

expanding demand for computing resources, coupled 

with increasing environmental consciousness, 

necessitates the adoption of sustainable practices in 

the computing sector [1]. Green computing, an 

innovative approach that seeks to minimize the 

negative environmental impact of computing 

technology, is an essential paradigm in today's world. 

Its primary objective is to optimize computing 

practices, reducing energy consumption, carbon 

footprint, and e-waste generation to promote the 

growth of an environmentally responsible information 

technology (IT) industry [2,3]. 

 

In recent years, cloud computing has emerged as a 

dominant force in the computing industry, offering 

businesses and individuals on-demand access to a 

diverse array of tools and resources [4]. With the 

integration of cloud-based services, organizations can 

streamline operations, mitigate computing challenges, 

and significantly reduce costs. While cloud computing 

has been heralded for its flexibility, scalability, and 

resource sharing potential, its environmental impact 

remains a topic of discussion [5,6] 

 

The objective of this comprehensive survey is to 

extensively explore green computing related advances 

and their implementation in cloud environments [7]. 

Featuring a collection of research findings, case 

studies, and industry insights from across the globe, 

this survey delves into various aspects of green 

computing, including: 

 

1. The concept, principles, and objectives of 

green computing in the broader context of 

sustainable development. 

2. The current trends and challenges in green 

computing and their implications for cloud-

based systems. 

3. An evaluation of energy-efficient techniques, 

tools, and strategies employed to optimize 

computing resources and minimize energy 

usage within cloud environments. 

4. The role of data centers in green computing, 

exploring innovative efforts to optimize data 

storage, and processing with a focus on 

energy efficiency and environmental 

responsibility. 

5. The integration of renewable energy sources 

to mitigate the carbon footprint of cloud 

computing services [8-10]. 

 

The survey intends to provide readers with a 

comprehensive understanding of the evolution of 

green computing and inspire further research, 

development, and implementation of sustainable 

technologies in cloud computing ecosystems [11]. By 

embracing green computing practices in cloud 

environments, the IT sector can significantly 

contribute towards global environmental conservation 
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and inspire the adoption of sustainable practices 

across industries [12]. 

 

The concept, principles, and objectives of green 

computing in the broader context of sustainable 

development. 

Green computing, also referred to as eco-friendly 

computing or sustainable IT, is a critical aspect of the 

broader objective of sustainable development [13]. 

The primary aim of green computing is to design, 

manufacture, utilize, and dispose of electronics and 

computer systems with minimal ecological impact. It 

encompasses various strategies, techniques, devices, 

and practices that enable responsible and efficient 

usage of computing resources, contributing 

substantially to the creation of sustainable, 

environmentally friendly technologies [14-17]. 

 

The principles of green computing can be summarized 

into four key categories: 

 

1. Energy Efficiency: Improving hardware and 

software systems by optimizing design, 

performance, and energy consumption. This 

may involve the incorporation of energy-

saving technologies or the design of power-

efficient devices to minimize energy usage 

during operation. 

2. Waste Reduction: Minimizing electronic 

waste (e-waste) production through 

recycling, reusing, and repurposing 

electronics. It also involves developing 

environmentally friendly manufacturing 

processes, extending product lifecycles, and 

encouraging responsible disposal of IT 

equipment. 

3. Sustainable Computing Infrastructure: 
Implementing eco-friendly practices in the 

construction and management of IT facilities, 

such as data centers. This includes the 

optimization of space, cooling systems, and 

energy management to minimize the 

environmental impact of such installations. 

4. Environmental Awareness and Regulatory 

Compliance: Ensuring adherence to 

environmental policies, guidelines, and 

standards by organizations, businesses, and 

governments. Encouraging customers, 

manufacturers, and policy makers to adopt 

green computing practices to mitigate their 

carbon footprint and ecological impact [18-

20]. 

 

The primary objectives of green computing 

include: 

1. Reducing energy consumption in computing 

devices and systems to achieve energy 

efficiency, minimize operational costs, and 

contribute to broader sustainable 

development goals [21]. 

2. Developing environmentally responsible 

manufacturing processes and strategies that 

consider the entire product lifecycle, from 

material sourcing and production to waste 

management and recycling. 

3. Encouraging the adoption of green 

computing principles within organizations 

and communities by raising ecological 

awareness around the consequences of 

resource over-consumption, waste 

generation, and e-waste disposal. 

4. Fostering innovation in the IT and 

electronics sectors, creating solutions that 

address the pressing challenges of resource 

depletion, environmental degradation, and 

climate change [22-25]. 

 

By integrating green computing principles in cloud 

environments, IT professionals and industry 

stakeholders can drive the advancement of sustainable 

computing technologies, significantly contributing to 

the broad goal of environmental conservation and 

global sustainable development [26-28]. 

 

The Current Trends and Challenges in Green 

Computing and their implications for Cloud-based 

Systems. 

Green computing has witnessed increasing adoption 

in recent years as businesses and organizations 

recognize its potential benefits and long-term 

implications for sustainable development. However, 

despite the advances in eco-friendly IT practices, 

several key trends and challenges remain. This section 

will provide an overview of the current trends and 

challenges in green computing and will discuss their 

implications for cloud-based systems [29,30]. 

 

1. Virtualization: One significant trend in green 

computing is the growing utilization of 

virtualization technologies. In cloud 

environments, virtualization allows for the 

consolidation of computing resources, 

leading to improved energy efficiency and 

reduced hardware requirements. However, 

virtual environments may also face 

performance and management challenges, as 

well as potential security risks. 

2. Energy-aware Scheduling and Resource 

Management: Cloud-based systems can 

improve their green computing efforts by 

adopting intelligent algorithms and 

techniques that optimize resource allocation 

and task scheduling. Such approaches can 

balance the performance goals with energy 

efficiency, reducing overall energy costs and 

carbon emissions. These strategies may 

involve complex algorithms and require 

sophisticated management tools, posing 

challenges for implementation [31,32]. 

3. Carbon Footprinting: Businesses and 

organizations are increasingly aware of the 
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need to assess their carbon footprint as they 

strive for environmentally sustainable 

operations. Measuring, monitoring, and 

managing the energy consumption and CO2 

emissions of cloud-service providers will be 

crucial in driving green initiatives. However, 

gathering accurate and comprehensive data 

remains a challenge, as well as developing 

reliable benchmarking standards [33]. 

4. Edge Computing: The advent of edge 

computing, an approach that facilitates data 

processing closer to the source, reduces data 

center communications, and, in turn, 

minimizes energy consumption. However, 

implementing edge computing in cloud-

based systems presents challenges related to 

infrastructure integration, data management, 

and security. 

5. Efficient Data Center Design: As cloud 

computing relies on massive data centers to 

deliver services, the emphasis on designing 

efficient and sustainable data centers is 

significant. Developing technologies such as 

effective cooling systems, waste heat 

recovery, and renewable energy integration 

are paramount. However, these initiatives 

come with considerable financial 

investments and technical challenges [34-

37]. 

6. Regulatory Compliance and Developing 

Standards: The growing importance of green 

computing has led to increased regulatory 

pressures and the development of emerging 

standards. Organizations need to comply 

with these regulations and demonstrate their 

commitment to sustainability. This 

compliance can lead to increased cost and 

complexity as organizations attempt to meet 

various regulatory requirements and adapt 

their operations accordingly [38]. 

7. Adoption and Integration Issues: Although 

there is increased awareness regarding green 

computing, many organizations still grapple 

with the challenges of adopting and 

integrating these practices in their existing 

systems. This resistance can stem from 

financial constraints, lack of expertise, and 

resistance to change in corporate culture 

[39,40]. 

 

The current trends and challenges in green computing 

have wide-ranging implications for cloud-based 

systems. Addressing these challenges will require 

innovative solutions, collaboration, and consistent 

efforts from all stakeholders to ensure a sustainable 

future for the IT industry. 

 

An Evaluation of Energy-Efficient Techniques, 

Tools, and Strategies employed to Optimize 

Computing Resources and Minimize Energy Usage 

within Cloud Environments. 

Energy efficiency has become an increasingly 

important concern in the world of cloud computing, as 

both the number and size of data centers grow. This 

increasing demand for computing resources has led to 

significant energy consumption, contributing to higher 

operational costs and environmental pollution. Thus, 

the development and implementation of energy-

efficient techniques, tools, and strategies are 

necessary for optimizing computing resources and 

minimizing energy usage within cloud environments 

[41]. Below is an evaluation of some of these 

techniques, tools, and strategies: 

 

1. Virtualization: Virtualization technology 

enables multiple virtual machines (VMs) to 

run on a single physical server, allowing for 

better consolidation of computing resources. 

By harnessing unused capacity, virtualization 

reduces the number of physical servers 

needed, consequently reducing energy 

consumption. 

2. Server Consolidation: This strategy aims at 

minimizing the number of active servers in a 

data center, migrating workload from 

underutilized servers to others and allowing 

idle servers to be turned off, minimizing 

overall energy usage. 

3. Dynamic Voltage and Frequency Scaling 

(DVFS): This technique adjusts the voltage 

and the operational frequency of a processor, 

depending on the workload requirements. It 

reduces energy consumption effectively by 

allowing the processor to match its 

performance to the workload's needs. 

4. Cool Energy-Efficient Data Centers: Data 

center design and management play a crucial 

role in energy efficiency. Innovative 

strategies such as free-air cooling, using 

outside air for cooling purposes, and 

effective utilization of waste heat can 

significantly lower energy consumption. 

5. Resource Management: Proper management 

of computing resources can lead to better 

energy efficiency. Techniques such as load 

balancing, workload distribution, and 

resource scheduling ensure that resources are 

used optimally, reducing power consumption 

[42]. 

6. Energy-Efficient Networking Devices: 
Networking devices account for a significant 

portion of a data center's energy 

consumption. By employing energy-efficient 

switches, routers, and other networking 

equipment, data centers can reduce energy 

usage. 

7. Green Cloud Computing: The integration of 

renewable energy sources like solar panels 

and wind turbines into data centers can 

significantly reduce the reliance on fossil 

fuels and decrease the overall carbon 

footprint. 
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8. Monitoring and Benchmarking Tools: Tools 

that monitor and measure energy usage of 

cloud infrastructure, application 

performance, and hardware utilization help 

identify inefficiencies and provide insights 

into areas that can be optimized to reduce 

energy consumption [43,44]. 

 

Optimizing cloud computing resources and 

minimizing energy usage requires the utilization of 

several energy-efficient techniques, tools, and 

strategies. Continued research and innovation in these 

areas can lead to even greater improvements in energy 

efficiency and resource optimization in the future. 

The Role of Data Centers in Green Computing, 

Exploring Innovative Efforts to Optimize Data 

Storage, and Processing with a Focus on Energy 

Efficiency and Environmental Responsibility. 

Data centers play a pivotal role in green computing as 

they house the servers, storage systems, and 

networking equipment that make cloud computing 

possible. These centers consume a considerable 

amount of energy to power and cool their systems. 

Consequently, increasing the environmental 

responsibility and energy efficiency of data centers 

can lead to significant reductions in energy 

consumption, operational costs, and greenhouse gas 

emissions [44,45]. Innovative efforts in optimizing 

data storage and processing with a focus on energy 

efficiency and environmental responsibility include: 

 

1. Optimized Hardware and Server Design: 
Modern data centers are increasingly 

utilizing energy-efficient hardware 

components and optimizing server designs 

for better airflow and reduced power 

requirements. This approach lowers power 

consumption by the servers and reduces heat 

generation, thereby increasing energy 

efficiency. 

2. Advanced Cooling Systems: Innovative 

cooling solutions such as free-air cooling, 

liquid cooling, and evaporative cooling can 

significantly reduce the energy required for 

cooling data centers. These methods 

minimize the need for energy-consuming 

conventional air-conditioning systems and 

cut down on the overall energy usage 

[46,47]. 

3. Renewable Energy Integration: Many data 

centers are integrating renewable energy 

sources like solar panels, wind turbines, and 

hydropower into their power supply. This not 

only reduces the reliance on traditional fossil 

fuels but also significantly lowers the overall 

carbon footprint. 

4. Waste Heat Recovery: Data centers generate 

a lot of excess heat, which can be harnessed 

and utilized for various purposes such as 

heating nearby buildings or generating 

power. Waste heat recovery not only 

conserves energy resources but also reduces 

the environmental impact of data centers. 

5. Virtualization and Containerization: These 

techniques improve the utilization of existing 

resources, allowing multiple applications to 

run on a single physical server. This reduces 

the overall number of physical servers 

needed, resulting in lower energy 

consumption and a smaller environmental 

footprint. 

6. Efficient Data Storage Technologies: 
Implementing energy-efficient storage 

solutions such as solid-state drives (SSDs) 

and data deduplication can lead to lower 

energy usage as well as reduced operational 

costs. These technologies also promote 

environmentally responsible disposal and 

recycling of electronic waste. 

7. Smart Grid Connectivity: Connecting data 

centers to smart grids allows them to respond 

to real-time changes in the energy market, 

enabling them to switch to cleaner energy 

sources during periods of lower demand or 

when renewable energy generation is 

abundant. 

8. Adaptive Power Management: Data center 

infrastructure management (DCIM) software 

can monitor and optimize power usage by 

performing real-time adjustments, matching 

power consumption to the actual workload 

needs. This results in optimized energy use 

and reduced overall power demand [47,48]. 

 

By exploring and adopting these innovative efforts, 

data centers can significantly contribute to green 

computing, optimizing data storage and processing, 

and fostering energy efficiency and environmental 

responsibility on a global scale. 

 

The Integration of Renewable Energy Sources to 

mitigate the Carbon Footprint of Cloud 

Computing Services. 

The integration of renewable energy sources is a key 

approach to mitigating the carbon footprint of cloud 

computing services. By shifting away from non-

renewable energy sources, such as coal, oil, and gas, 

data centers can significantly reduce their greenhouse 

gas emissions and overall environmental impact. Here 

are some popular renewable energy sources and 

techniques used in cloud computing: 

 

1. Solar Power: Data centers can install 

photovoltaic (PV) panels on their rooftops, 

parking areas, or nearby land to generate 

electricity directly from sunlight. This clean 

energy source can reduce reliance on the 

conventional power grid and contribute to 

lower carbon emissions. 

2. Wind Energy: Strategically-placed wind 

turbines allow data centers to harness wind 

power, generating electricity for use in 



International Journal of New Media Studies (IJNMS), ISSN: 2394-4331 

Volume 5 Issue 2, July-December, 2018, Impact Factor: 6.253 

 

35 

 

operations. By using wind energy, data 

centers can minimize their dependency on 

non-renewable resources and reduce their 

carbon footprint. 

3. Hydropower: Data centers situated near 

rivers or reservoirs can utilize hydropower 

systems as sustainable, renewable energy 

sources. Harnessing the kinetic energy of 

flowing water contributes to a lower 

environmental impact and offsets the energy 

consumption of cloud computing services. 

4. Geothermal Energy: In some locations, 

geothermal energy can be a viable option for 

data centers, tapping into the Earth's heat 

below the surface to generate electricity. This 

renewable source not only reduces carbon 

emissions but also typically offers a stable, 

continuous power supply. 

5. Biomass Energy: Data centers can also 

employ biomass as a renewable energy 

source, converting organic waste materials 

into electricity through combustion, 

gasification, or anaerobic digestion. By 

utilizing biomass energy, data centers not 

only reduce their reliance on fossil fuels but 

also help in waste management. 

6. Power Purchase Agreements (PPAs): Cloud 

service providers like Google, Amazon, and 

Microsoft can enter into long-term power 

purchase agreements with renewable energy 

sources, guaranteeing a steady supply of 

clean energy for their operations. These 

PPAs enable providers to lock in lower 

energy prices and ensure a consistent 

reduction in the carbon footprint of their data 

centers. 

7. Green Certificates: Cloud providers can 

purchase Renewable Energy Certificates 

(RECs) or Guarantees of Origin (GoOs) to 

offset their energy consumption. These 

certificates represent the environmental 

attributes of energy generated from 

renewable sources. By investing in these 

certificates, providers can support renewable 

energy projects while minimizing their 

environmental impact. 

8. Collaboration with Governments and 

Utilities: Cloud companies can work closely 

with local governments and utilities to 

promote the development and integration of 

renewable energy sources into their 

operations, paving the way for a more 

sustainable cloud computing industry 

[47,48]. 

 

Integrating renewable energy sources into cloud 

computing services is a vital strategy for reducing 

their carbon footprint. By actively adopting these 

measures, cloud service providers can demonstrate 

their commitment to environmental responsibility and 

position themselves as leaders in green computing. 

 

Challenges and Future Research Directions 

The advancements in green computing, especially in 

cloud environments, have opened doors to various 

potential research directions. A comprehensive survey 

on this area can delve into the following aspects: 

 

1. Energy-efficient data centers: Conduct 

research on designing and implementing 

energy-efficient data centers, which reduce 

power consumption and carbon footprints. 

Study innovative cooling systems, resource 

management, and workload allocation 

techniques that enable sustainability. 

2. Virtualization for energy conservation: 
Investigate the role of virtualization in 

reducing the energy consumption of 

resources in cloud infrastructure. Examine 

server consolidation techniques, dynamic 

VM migration, and their impacts on 

performance and power efficiency. 

3. Renewable energy sources: Explore how 

cloud providers can integrate renewable 

energy sources like solar, wind, or hydro into 

their infrastructures to power their data 

centers sustainably. 

4. Energy-aware scheduling and resource 

allocation: Investigate the development of 

smart algorithms to optimize the allocation 

of tasks, CPU, storage, and memory 

resources, ensuring the lowest energy 

consumption without compromising user 

experience. 

5. Enhanced performance measurement: 
Study novel metrics and benchmarks that 

reflect energy consumption, carbon 

emissions, and performance to evaluate and 

compare different green cloud solutions. 

6. Green service level agreements (SLAs): 
Research how to incorporate energy 

efficiency and environmental parameters in 

SLAs to drive market demand toward green 

cloud providers. 

7. Waste minimization and recycling: Explore 

the effective management of electronic waste 

(e-waste) and the recycling of IT 

components/modules from decommissioned 

data centers or end-of-life network devices. 

8. AI-driven green computing: Investigate how 

machine learning, deep learning, and other 

artificial intelligence techniques can be 

leveraged to optimize energy usage, monitor 

consumption patterns, and actuate energy-

saving actions in real time in cloud 

environments. 

9. Edge and fog computing: Study the role of 

edge and fog computing in supporting 

distributed green computing strategies, 

which can help offload processing tasks and 

save energy by reducing data transmission 

over the network. 
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10. Green awareness and education: Promote 

the importance of sustainability and educate 

stakeholders, IT professionals, and the 

general public about green computing 

practices, regulations, and future 

developments [49,50]. 

 

By undertaking a comprehensive survey in these areas 

and more, researchers can contribute to the 

advancement of green computing, helping pave the 

way for a more sustainable future in cloud 

environments. 

 

CONCLUSION 

 

In conclusion, Green Computing has emerged as a 

crucial approach for addressing environmental 

concerns in the IT industry. This comprehensive 

survey has discussed the numerous advancements in 

cloud environments that have significantly 

contributed to achieving sustainability goals. From 

efficient energy management and optimal resource 

utilization to the implementation of virtualization 

techniques and innovative cooling strategies, Green 

Computing has transformed the conventional IT 

landscape. 

As we proceed into an increasingly digital and 

resource-intensive world, the need for solutions that 

minimize resource usage and environmental impact 

grows more urgent. The ongoing innovations in Green 

Computing not only illustrate the potential for 

creating a more sustainable future but also underscore 

the importance of continued research and 

collaboration among industry players, academia, and 

policymakers. By embracing such advancements in 

cloud environments, we can help ensure that the IT 

industry remains a driving force for sustainable 

development and environmental responsibility. 
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