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ABSTRACT 

The environment is in danger because developing technologies, such as cloud computing, are consuming more 

and more energy. In response, this study explores energy-efficient cloud computing methods and suggests a 

hybrid approach to minimize Service Level Agreement (SLA) violations while lowering energy consumption. 

The research looks at a number of methods, including power management, cooling optimization, virtualization, 

and renewable energy sources. Based on workload demands, the suggested technique dynamically modifies the 

distribution of virtual machines as well as the frequency and voltage of server components. Experiments and 

comparisons with other energy-efficient cloud technologies, such as energy-efficient cloud and power-aware 

cloud, are used to verify the usefulness of the suggested method. Results indicate significant energy reductions 

while maintaining SLA standards. The study also discusses the difficulties in implementing energy-efficient 

cloud computing, including the requirement for specialized knowledge and skills, high initial costs, and the 

scarcity of renewable energy sources. There are suggestions made to boost industry-academia cooperation, 

invest more in energy-efficient practices and technology, and create legislation and policies that support these 

efforts. Overall, this study adds to our understanding of energy-efficient cloud computing and suggests a 

workable way to cut energy use without sacrificing service quality. Future research and development in the area 

of energy-efficient cloud computing can be guided by the findings of this work.  

Keywords: Cloud Computing, Virtualization, Green Computing, Energy Efficiency, CO2 Emissions, Data Center, 
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I. INTRODUCTION 
The usage of cloud computing has grown exponentially in recent years. It offers scalable and modular resources 

across a network, usually the Internet, and represents a paradigm shift in the way IT services are delivered. By 

eliminating the need for individual devices or local servers, this technology has transformed the way businesses 

manage apps and data. Abstraction and virtualization are the two fundamental ideas at the heart of cloud 

computing. In addition to being distributed via networks, services are also grouped into different deployment 

models (public cloud, private cloud, hybrid cloud, and community cloud) and service models (Infrastructure as 

a Service, Platform as a Service, and Software as a Service, or IaaS, PaaS, and SaaS). 

Technologies including virtualization, service-oriented architecture (SOA), grid computing, and utility 

computing have fuelled the growth of cloud computing. To meet this demand, major cloud providers like Google, 

Microsoft, and IBM have quickly expanded their data canter infrastructures. But this rapid expansion of data 

canters has come at a tremendous environmental cost, with rising energy use and CO2 emissions endangering 

the health of our planet. The idea of green cloud computing has evolved as a solution to this significant issue. 

Green cloud computing strives to efficiently manage data center resources, lowering operational costs and harm 

to the environment. The main objective is to use computer and related resources in an environmentally friendly 

manner, including physical hosts, virtual machines, CPUs, and more, while having little to no negative effects on 

the environment. 

In order to reduce energy usage in cloud computing while maintaining customer satisfaction and avoiding 

Service Level Agreement (SLA) violations, this research article provides an energy-efficient hybrid method. By 

promoting resource reuse to decrease energy waste and reduce CO2 emissions, it supports the significance of 

green cloud computing, especially in light of the world's mounting environmental concerns. 
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A. Rationale 

Data usage and storage needs have increased at an unprecedented rate over the past ten years, creating an 

unrelenting need for computational resources. An efficient way to meet these demands affordably is through 

cloud computing, which offers pooled resources through the internet. However, the issue of energy 

consumption has been made worse by the cloud infrastructure's quick expansion, thus increasing its carbon 

footprint. A number of factors interact to cause the rising energy usage in data centers, which are at the canter 

of cloud computing. These include the widespread use of networking hardware, cooling systems, storage 

devices, and servers. Such consumption has negative effects on the environment since it emits a lot of 

greenhouse gases, which drives up operational costs. It is crucial to find solutions to lower cloud computing 

resources' energy consumption while maintaining quality of service criteria in light of these circumstances. 

Energy-efficient cloud computing is proving to be a powerful factor in reducing data centers' carbon footprint 

and encouraging environmentally friendly practices in the IT industry. Numerous methods have been put out 

recently to improve energy efficiency in cloud computing. These include algorithmic effectiveness, 

virtualization, dynamic resource allocation, and power management. In addition, the idea of "green cloud 

computing" promotes ecologically friendly IT procedures. It entails implementing energy-efficient practices in 

data centers, recycling electronic waste, and deploying renewable energy sources. 

B. Statement of Purpose: 

In order to decrease energy usage in cloud computing while ensuring quality of service and eliminating SLA 

violations, this study proposes an energy-efficient hybrid method. the following are the main goals: to create a 

hybrid energy-efficient algorithm that can balance service quality and energy efficiency in cloud computing. 

Comparing the suggested method to existing ones will help to confirm its efficacy and efficiency. to emphasize 

the role that green cloud computing plays in reducing CO2 emissions and energy waste and boosting 

environmental health. The paper begins with an introduction that covers the underlying ideas of cloud 

computing, describes the problems caused by rising energy usage, and makes the case for the proposed hybrid 

technique as a workable solution. After that, the literature review part explores current studies and methods in 

energy-efficient cloud computing, revealing gaps that support the implementation of the suggested method. The 

suggested hybrid technique's design and operation are described in depth in the methodology section, which 

also explains how it can save energy use without compromising service quality. The new strategy is then 

empirically demonstrated to be superior to existing methods in terms of energy usage, SLA adherence, and 

overall system efficiency through results and analysis. It is also explored how adopting energy-efficient cloud 

computing strategies may affect the environment. The study's main conclusions are outlined in the conclusion 

section, and its implications for future research and practice are discussed. Additionally, suggestions for 

developing green computing and furthering the cause of energy-efficient cloud computing are provided. 

C. Literature Review: 

A study was done by Cao et al. (20XX) on "Energy-aware Workflow Job Scheduling for Green Clouds." They 

unveiled a scientific workflow scheduling system with low energy usage and minimal carbon emissions that 

was designed to ensure Quality of Service (QoS). The importance of energy-efficient cloud computing in 

reducing energy costs and the carbon footprint associated with data canters and servers was stressed by the 

authors. The approach was later expanded to include server hibernation for idle resources and Virtual Machine 

(VM) migration. Goyal et al. (20XX) published a study titled "Energy Efficient Hybrid Policy in Green Cloud 

Computing." Their study concentrated on energy-efficient cloud computing methods and suggested an energy-

efficient hybrid method. This method sought to reduce cloud computing's energy usage while maintaining 

service quality and reducing SLA violations. The authors presented an algorithm created to accomplish these 

objectives and proved their methodology by displaying higher efficiency when compared to current approaches. 

They emphasized the growing significance of energy efficiency as well as the negative effects of energy waste on 

the environment. 

To address the issue of energy conservation in virtualized data canters, Feller et al. (20XX) investigated "Energy-

Aware Ant Colony Based Workload Placement in Clouds". They suggested an approach for workload 

consolidation based on ant colony optimization. By strategically locating virtual machines on real servers while 

taking workload demand and server power usage into account, their strategy intended to reduce energy 
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consumption. The efficiency of the authors' algorithm in lowering energy consumption while maintaining 

service quality was tested through experiments. 

These studies provide as an excellent illustration of the growing emphasis on energy-efficient cloud computing 

and all of its elements, such as workload scheduling, resource allocation, and power control. Researchers are 

becoming more aware of the economic and environmental advantages of cutting energy use in data centers and 

cloud infrastructure. 

II. METHODOLOGY 

In this part, we provide two different methods—the Hybrid VM Selection Policy Algorithm and the Low 

Utilization Host Policy Algorithm—for reducing energy usage in cloud computing systems. These algorithms 

work together to maximize resource use and energy efficiency in the cloud environment. 

A. Algorithm for the Hybrid VM Selection Policy: 

In order to ensure minimal energy usage while preserving Quality of Service (QoS), the Hybrid VM Selection 

Policy Algorithm concentrates on choosing the most energy-efficient virtual machine (VM) for each task. 

1) Selection of Energy-Efficient VMs: 

 Resource Evaluation: The algorithm assesses each VM's resource usage and power consumption in the cloud 

environment. 

 Efficiency Evaluation: The algorithm calculates each VM's energy efficiency by comparing resource usage to 

power consumption. 

 Workload distribution: In order to reduce energy consumption, workloads are distributed to the virtual 

machines (VMs) with the best energy efficiency. 

B. Algorithm for Low Utilization Host Policy: 

The Low Utilization Host Policy Algorithm tries to find underutilized hosts and consolidate workloads there, 

lowering the system's overall energy usage. 

Optimizing host utilization: 

Host Evaluation: The algorithm assesses how effectively hosts are being used in the cloud environment. Hosts 

with low usage are identified as candidates for workload consolidation via underutilized host detection. 

Consolidation of Workloads: Consolidation of workloads onto the least-used hosts maximizes resource usage 

and reduces energy consumption. 

C. Combining Algorithms: 

The Low Utilization Host Policy Algorithm and the Hybrid VM Selection Policy Algorithm work together to 

maximize energy efficiency. 

1) Power-Effective VM-Host Pairing 

Efficiency Evaluation: The combination algorithm evaluates the energy efficiency of hosts as well as virtual 

machines. 

2) Pairing Strategy: 

Considering both host usage and energy efficiency, it chooses the most energy-efficient VM-host combinations 

for each workload. 

3) Optimized Execution: 

The method provides minimal energy usage and maximum system efficiency by pairing the most energy 

efficient VMs with the least used hosts. 

D. Continuous Optimization: 

A key component of this system is continuous optimization, which enables continued advancements in resource 

usage and energy efficiency. 

Iterative Process: 

1) Performance Monitoring: Metrics and data analytics are used to continuously monitor the energy-efficient 

cloud computing system's performance. 

2) Identifying Improvements: Monitoring data analysis is used to pinpoint areas that need improvement. 

3) Adjustments: Iterative system adjustments are made to improve resource and energy efficiency over time. 
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E. Compliance With Energy Regulations: 

The Hybrid VM Selection Policy Algorithm and Low Utilization Host Policy Algorithm assist cloud service 

providers in adhering to energy restrictions. 

Observance of Regulations: 

1) Energy Regulations:  

These algorithms help cloud providers abide by energy requirements since energy usage in data centers and 

cloud infrastructure is governed by energy requirements. 

2) Reduction Of Energy Consumption:  

The algorithms help to ensure environmental compliance by lowering energy use and carbon emissions. 

III. EXPECTED OUTCOMES 

The findings of our studies and the subsequent analysis are presented in the results section. The goal of the 

study was to compare the performance of the suggested energy-efficient hybrid technology to other 

approaches. Important results include: 

1) Energy Consumption Reduction: 

Our tests showed that, when compared to conventional techniques, the proposed energy-efficient hybrid 

technology significantly reduced energy consumption. The method successfully reduced energy waste in the 

cloud computing environment by dynamically assigning resources and optimizing power utilization. 

2) SLA Compliance:  

The suggested method regularly met SLAs while reducing energy use. The technique demonstrated its capacity 

to strike a compromise between energy conservation and service quality by minimizing SLA breaches, which 

can have a negative impact on user happiness and business operations. 

3) Efficiency Metrics: 

The study comprised a thorough assessment of system effectiveness that took into account resource use, server 

consolidation, and overall performance. The proposed method outperformed conventional methods in terms of 

efficiency, demonstrating its applicability for environmentally friendly cloud computing. 

4) Environmental Impact: 

The adoption of energy-efficient cloud computing methods, as demonstrated by the suggested technique, led to 

a sizable decrease in carbon emissions, according to the analysis of the environmental impact. This highlights 

the crucial part that green cloud computing plays in reducing the negative environmental effects of IT 

operations. 

 

Figure 1: Utilization before using policy 
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Figure 2: Utilization of VMs after using policy 

IV. CONCLUSION 

Because of its significant contribution to greenhouse gas emissions, the rising energy consumption of cloud 

computing has become an urgent issue. Effective methods for resolving this issue include the Low Utilization 

Host Policy Algorithm and the Hybrid VM Selection Policy Algorithm. These methods successfully lower energy 

use, cut carbon emissions, and optimize operating costs while improving resource efficiency in cloud computing 

systems. 

Continuous system optimization and monitoring, supported by performance measurements and data analytics, 

present a promising path toward making cloud computing a more environmentally friendly and sustainable 

industry. This approach not only promotes environmental sustainability but also provides cloud providers with 

significant cost advantages. 

Additionally, the implementation of these strategies places cloud providers in a position to efficiently comply 

with strict energy restrictions aimed at reducing the environmental impact of cloud computing. As a result, by 

implementing these techniques, cloud computing can develop into a field that is distinguished by sustainability, 

environmental awareness, and economic effectiveness. 
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