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Abstract 

This paper proposes a machine learning-based algorithm and enhanced green network 

model for energy-efficient computing in data centers. The model aims to reduce the energy 

consumption of data centers while maintaining optimal performance. The proposed model 

collects data about the usage patterns and power consumption of the data center and 

preprocesses it for feature engineering. Feature engineering is performed to select the most 

relevant features for the model. A machine learning model is trained using the preprocessed 

data to predict power consumption and adjust system settings accordingly. The model is 

evaluated using a separate set of data to test its accuracy and reliability. Once the model is 

trained and evaluated, it is deployed in the data center for power management decisions. The 

performance of the model is continuously monitored to ensure that it is still accurate and 

reliable. The proposed model has the potential to significantly reduce energy consumption in 

data centers, which can have a positive impact on the environment and reduce operating costs. 

The results of the study demonstrate the feasibility and effectiveness of using machine learning 

for energy-efficient computing in data centers. 

Keywords: AI, Cloud Computing, Data center, Green Computing, Grid Computing, Machine Learning. 

1. Introduction 

Green computing refers to the design, development, and use of computer resources in 

an environmentally sustainable manner. This involves reducing the carbon footprint of 
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computing, optimizing the use of resources such as energy and materials, and disposing of 

electronic waste in an environmentally responsible way. 

Green computing initiatives include the design of energy-efficient computer systems 

and data centers, the use of renewable energy sources to power these systems, the development 

of virtualization and cloud computing technologies to reduce the number of physical systems 

required, and the implementation of sustainable practices in the manufacture and disposal of 

computer hardware. The goal of green computing is to minimize the environmental impact of 

computing while continuing to meet the growing demands for computing resources. This is 

becoming increasingly important as the use of technology continues to grow, and as we become 

more aware of the environmental impact of our actions [1][2]. 

Green computing also involves the reduction of electronic waste by extending the life of 

computer systems and components through repair and reuse, as well as the implementation of 

responsible recycling programs. Another aspect of green computing is the optimization of data 

center operations, such as the use of virtualization technologies to reduce the number of physical 

systems required, and the implementation of energy-efficient cooling and ventilation systems[4]. 

In addition to the environmental benefits, green computing can also have economic 

benefits. For example, reducing energy consumption can result in lower energy bills, and the 

reuse and recycling of electronic components can reduce the costs associated with purchasing 

new equipment. 

Moreover, green computing can also improve the overall performance of computer 

systems by reducing heat buildup, which can cause system failures and crashes. This can also 

increase the life span of computer systems and components, as well as reduce the need for 

frequent replacements. 

Green computing is an important aspect of modern computing that seeks to minimize 

the environmental impact of computing while maximizing performance, efficiency, and 

sustainability. By implementing green computing practices, individuals, organizations, and 

governments can play a role in reducing their environmental footprint while contributing to the 

long-term sustainability of our planet[7]. 

1.1 Aims of Green Computing 

The aims of Green Computing are:  

Energy Efficiency: 

To reduce the energy consumption of computer systems and reduce the carbon footprint 

associated with their use [5]. 

Resource Conservation: 

To reduce the use of non-renewable natural resources and minimize waste during the 

production, use, and disposal of computer systems. 

Pollution Prevention: 

To minimize the release of harmful pollutants into the environment associated with 

computer systems. 

Economic Benefits: 

To reduce the costs associated with the production, use, and disposal of computer 

systems and to promote more sustainable business practices. 
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Improved User Experience: 

To provide users with computer systems that are easier to use, more reliable, and 

provide better performance while being environmentally friendly. 

Ethical Considerations: 

To consider the impact of computer systems on society and the environment and to 

promote ethical practices in the development and use of technology. 

1.2 Green Computing Examples 

Few important examples of green computing are:  

Energy-efficient hardware design:  

The use of low-power hardware components and designs that minimize energy 

consumption. 

Virtualization: 

This involves the use of virtual machines and cloud computing to optimize the 

utilization of hardware resources. 

Power management: 

This involves the use of power management techniques to minimize energy 

consumption during idle times. 

Recycling and Reuse of Hardware: 

The reuse of existing hardware components instead of buying new ones can reduce the 

impact on the environment. 

Energy-efficient data centres: 

The use of energy-efficient cooling systems and power distribution systems to reduce 

energy consumption in data centres. 

Telecommuting: 

The use of remote work and teleconferencing to reduce commuting and associated 

energy consumption. 

E-waste management: 

The proper disposal of electronic waste to reduce the environmental impact of toxic 

materials. 

Energy-efficient software design: 

The use of software design techniques that reduce energy consumption, such as 

optimizing code for energy efficiency and reducing resource usage. 

Green procurement:  

The procurement of environmentally-friendly products and services. 

Carbon footprint reduction:  

The reduction of carbon emissions through energy-efficient practices. 
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2. Background 

A literature review on green computing typically covers research and studies focused 

on reducing the environmental impact of computing technology. This includes topics such as 

energy-efficient hardware design, data centre optimization, and the development of sustainable 

computing practices. 

In recent years, the increase in computing power and data storage has led to a significant 

increase in energy consumption and carbon emissions. Green computing aims to address these 

environmental challenges by exploring ways to reduce the energy consumption and carbon 

footprint of computing systems. 

Some key findings from the literature review on green computing include: 

Energy-efficient hardware design: 

Research has focused on developing new hardware technologies that consume less 

energy, such as low-power processors, solid-state drives, and efficient power supplies. 

Data centre optimization: 

The optimization of data centres has been a major area of focus, with studies exploring 

ways to reduce energy consumption through improved cooling systems, virtualization, and 

server consolidation. 

Sustainable computing practices: 

The development of sustainable computing practices, such as cloud computing, virtual 

desktop infrastructure, and software-defined networking, has also been studied in the context 

of green computing. These technologies allow organizations to reduce their energy 

consumption and carbon footprint while still providing high-quality computing services to their 

users. 

(Bhatia S.S. and Sood S K, 2011) provides a comprehensive survey of various energy-

efficient techniques used in data centers. One of the special outcomes of the study is the 

identification and classification of various energy-saving techniques and technologies, 
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including server consolidation, power management, virtualization, and renewable energy 

sources. The study also evaluates the energy-saving potential of each technique and provides 

recommendations for their implementation in data centers [3]. 

The paper "Green Computing: An Overview of Energy-Efficient Computing" by 

(Tripathy S. K., 2012) provides an overview of energy-efficient computing and its importance 

in reducing the environmental impact of computing technology through energy-efficient 

hardware design, software-level optimization, and data center optimization [16]. 

Research article "Green Computing: An Energy Efficient Approach to Sustainable 

Computing" (Murthy A. G. B. V. S. and Kumar K. S., 2012) emphasizes the importance of 

adopting energy-efficient computing practices to reduce the environmental impact of 

computing technology. The authors stress the need for organizations to focus on reducing 

energy consumption in computing systems through the use of energy-efficient hardware design 

and software-level optimization. The conclusion highlights the significance of green 

computing in promoting sustainability and reducing the environmental impact of computing 

technology [13]. 

(Bhadoria S. K. and Singh B.K., 2013) highlights the significance of green computing 

in addressing the environmental and economic impacts of computing technology in his review 

paper Green Computing and its Challenges. The authors focus on the significance of green 

computing in promoting sustainability and reducing the environmental impact of computing 

technology. The authors also highlight the importance of reducing energy consumption through 

energy-efficient hardware design and software-level optimization, and address the challenges 

of green computing[4]. 

(Lu L. and Lu Y. H., 2013) discuss the key trends in green computing, including energy-

efficient hardware, software optimization, and cloud computing. They also examine the 

challenges facing the implementation of green computing, such as the lack of standardization 

and the difficulty in accurately measuring energy efficiency. They provide insights into the 

future directions of green computing, including the need for interdisciplinary collaboration and 

the importance of considering the social and economic impacts of green computing [10].  

(Singh S. K., 2013) examines the challenges and trends in the implementation of green 

computing, such as energy-efficient hardware and software optimization. They also discuss the 

future directions of green computing, including the potential of cloud computing and 

virtualization to reduce energy consumption. The authors emphasize the importance of 

interdisciplinary collaboration in addressing the challenges and realizing the potential benefits 

of green computing. Additionally, they highlight the need for standardization in the field to 

ensure consistent and accurate measurement of energy efficiency [14]. 

(Tripathy S. K., 2014) discusses the importance of reducing energy consumption in 

computing, including both hardware and software optimization. The author highlights the 

challenges facing the implementation of green computing, such as the lack of standardization 

in energy measurement and the difficulty in accurately assessing energy efficiency. He has also 

emphasized the need for interdisciplinary collaboration to address these challenges and to 

continue the development of energy-efficient computing [16].  

(Gaur A. K. 2014) examines different applications of green computing, such as data 

centers, cloud computing, and mobile devices. The author highlights the challenges facing the 

implementation of green computing, such as the lack of standardization in energy measurement 
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and the difficulty in accurately assessing energy efficiency. The author concludes by 

emphasizing the need for interdisciplinary collaboration and the development of new 

technologies to address these challenges and continue the advancement of green computing. 

Overall, this paper provides a comprehensive overview of the technologies and applications of 

green computing[7]. 

(Kumar K. S. and Murthy A. G. B. V. S., 2014) focus on the challenges facing the 

implementation of green computing, including the lack of standardization in energy 

measurement and the difficulty in accurately assessing energy efficiency. They also highlight 

the potential benefits of green computing, such as reducing greenhouse gas emissions and 

reducing the carbon footprint of computing. They are emphasizing the need for 

interdisciplinary collaboration and the development of new technologies to address the 

challenges of green computing and to ensure its continued growth and environmental impact 

reduction [8].  

(Yao L., and et.al, 2014) discuss the importance of reducing energy consumption in 

computing, including hardware and software optimization, to mitigate its impact on the 

environment. They examine the challenges facing the implementation of green computing, 

including the lack of standardization in energy measurement and the difficulty in accurately 

assessing energy efficiency. The authors examine the various approaches to green computing, 

including energy-efficient hardware design, software optimization, and the use of renewable 

energy sources. The authors conclude by emphasizing the need for interdisciplinary 

collaboration and the development of new technologies to address the challenges of green 

computing and to ensure its continued growth and environmental impact reduction [18].  

(Fan S., et.al, 2016) present a holistic approach to green computing, emphasizing the 

importance of considering both technical and non-technical aspects. They also examine non-

technical aspects of green computing, such as organizational policies and cultural attitudes 

towards sustainability. They highlight the challenges facing the implementation of green 

computing, including the lack of standardization in energy measurement and the difficulty in 

accurately assessing energy efficiency. They are emphasizing the need for interdisciplinary 

collaboration and the development of new technologies to address the challenges of green 

computing and to ensure its continued growth and environmental impact reduction [6].  

(Liu X., et.al, 2015) provides challenges facing the implementation of green computing 

in big data, including the difficulty in accurately assessing energy efficiency, the lack of 

standardization in energy measurement, and the need for interdisciplinary collaboration. The 

authors are emphasizing the need for further research and development in the area of green 

computing in big data to ensure its continued growth and environmental impact reduction [15].  

(Kim K. S. and Lee H. J. , 2016) highlight the key trends and challenges in green 

computing, including the need for energy-efficient hardware and software, the use of renewable 

energy sources, and the development of sustainable data centres. They discuss the various 

applications of green computing in various industries, including cloud computing, mobile 

computing, and the Internet of Things. They focus the need for continued research and 

development in the field of green computing to promote sustainable development and reduce 

the environmental impact of computing[16].  

(Al-Awadi A., etal, 2017) discuss the importance of effective management in 

implementing green computing practices, including the development of policies, planning and 

strategy development, and monitoring and evaluation. The authors are emphasizing the need 
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for continued research and development in the field of green computing to promote sustainable 

development and reduce the environmental impact of the computing industry [1].  

(Liu Y. etal, 2018) focus the energy consumption and environmental impact of IoT 

devices and provide a comprehensive overview of various approaches and technologies used 

for energy-efficient computing in the IoT. The authors also present the challenges in designing 

and implementing green computing solutions for IoT and discuss the future direction for 

research in this area[18]. 

(Al-Saleh & etal, 2019) examine various energy-efficient techniques used in green 

computing, such as virtualization, cloud computing, and power management. They discuss the 

challenges faced by green computing and the future directions for research in this field. The 

authors focus on energy-efficient techniques play a crucial role in reducing energy 

consumption and improving the sustainability of computing systems, and that further research 

is needed to address the challenges faced by green computing [2]. 

(Zhang J. & et.al, 2020) focus on areas such as power management, energy-efficient 

algorithms, and energy-aware scheduling. They also discuss the current challenges and future 

directions for green computing research[19]. 

(Zhang X., et.al, 2020) presents a comprehensive review of energy-efficient algorithms and 

techniques in green computing. The authors discuss the importance of green computing in reducing 

energy consumption and reducing the carbon footprint of computing systems. They survey various 

energy-efficient algorithms and techniques, including hardware and software optimization, cloud 

computing, and data centers. The authors also present the challenges and limitations of current 

energy-efficient techniques and provide future directions for green computing research [20]. 

(Song Y., et.al, 2021) discuss the need for green computing in light of the increasing 

energy consumption of computing systems and the associated environmental impacts. They 

then provide various energy-efficient technologies, such as virtualization, cloud computing, 

and energy-aware scheduling algorithms. The authors examine the challenges faced by green 

computing, such as energy management and monitoring, and conclude by outlining future 

directions for the field [15]. 

(Chen L., et.al, 2021) discusses the various energy-efficient approaches used in the 

industry and their applications. The authors review the latest advancements in green computing 

and their impact on energy consumption. They also highlight the challenges and future 

directions for further development in the field [5]. 

3. Analysis of Various existing models of Green Computing 

There are various models for green computing, including: 

(i) Energy-efficient algorithms and techniques 

(ii) Virtualization and consolidation of servers 

(iii) Energy-efficient hardware and devices 

(iv) Power management techniques 

(v) Green data centres 

(vi)  Green network model 

(vii) Predictive maintenance 

(viii) Waste reduction and recycling 

(ix)  Cloud computing 

(x)  Smart grid technology. 
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3.1 Energy-efficient algorithms and techniques 

Energy-efficient algorithms and techniques play an important role in green computing. 

They are designed to reduce energy consumption and increase energy efficiency while 

providing equivalent or better performance than traditional computing methods. Some of the 

widely used energy-efficient algorithms and techniques include: (Zhang X., et al) 2020) 

Dynamic Voltage and Frequency Scaling (DVFS) 

This technique adjusts the voltage and frequency of computer systems to reduce energy 

consumption while performing tasks. 

Power Management 

This technique involves managing power consumption by controlling the processing 

rate, switching off unnecessary hardware components, and using sleep modes. 

Task Scheduling 

Energy-efficient task scheduling algorithms are designed to allocate tasks to the most 

energy-efficient processing units, based on their current energy consumption and performance. 

Data Centre Consolidation 

This technique involves consolidating multiple data centres into a single, energy-

efficient data centre to reduce energy consumption. 

Cloud Computing 

This technique involves the use of cloud-based services to reduce the energy 

consumption of computer systems by offloading computationally intensive tasks to the cloud. 

Green Routing 

This technique involves routing data traffic through the most energy-efficient path, in 

order to reduce energy consumption. 

Virtualization 

This technique involves creating multiple virtual machines on a single physical 

machine, in order to reduce energy consumption by sharing resources. 

The disadvantages of these energy-efficient algorithms and techniques include: 

Complexity 

Energy-efficient algorithms and techniques can be complex and difficult to implement, 

requiring specialized knowledge and resources. 

Performance Overhead 

Energy-efficient algorithms and techniques can cause a performance overhead, which 

can reduce the speed and responsiveness of computer systems. 

Interoperability Issues 

Energy-efficient algorithms and techniques can be incompatible with existing hardware 

and software systems, leading to interoperability issues. 

Implementation Costs 

Implementing energy-efficient algorithms and techniques can be expensive, requiring 

significant investment in hardware, software, and personnel. 
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Maintenance Costs 

Maintaining energy-efficient algorithms and techniques can be expensive, requiring 

ongoing investment in hardware and software upgrades and maintenance. 

Scalability 

Energy-efficient algorithms and techniques can be difficult to scale, leading to 

limitations in their ability to meet growing computational needs. 

Trade-Offs 

Energy-efficient algorithms and techniques often require trade-offs between energy 

efficiency and performance, which can make them less suitable for certain application. 

3.2 Virtualization and consolidation of servers  

Virtualization and consolidation of servers are techniques that are used to reduce the 

energy consumption in data centres and cloud computing environments. (Song Y., et al, 2021) 

Virtualization 

It allows multiple virtual machines to run on a single physical server, which helps to 

reduce the number of physical servers required. The virtual machines share resources such as 

CPU, memory, and storage, leading to more efficient resource utilization. 

Consolidation of servers 

It involves combining multiple physical servers into one or a few large servers. This 

reduces the total number of servers in the data centre, resulting in lower energy consumption 

and reduced costs. 

Drawbacks: 

Complexity 

Virtualization and consolidation can lead to increased complexity and management 

overhead, especially in large-scale deployments. 

Performance degradation 

Virtualization can lead to a decrease in performance, especially when multiple virtual 

machines are running on the same physical server. 

Security concerns 

Virtualization can pose security risks as virtual machines share the same physical 

resources, making it easier for malicious actors to attack the underlying infrastructure. 

Licensing costs 

Consolidation may require new licenses for virtualization software, which can add to 

the overall costs of the solution. 

Lack of compatibility 

Not all applications are compatible with virtualization, which can limit its use. 

Management overhead 

The management of virtualized environments requires specialized knowledge and 

resources, which can be an issue for smaller organizations. 

3.3 Energy-efficient hardware and devices 

Energy-efficient hardware and devices refer to computing equipment that has been 

designed to reduce energy consumption while providing similar performance to traditional 

computing devices[9].  
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Drawbacks: 

High cost: 

Energy-efficient hardware and devices tend to be more expensive than traditional 

computing devices. 

Reduced performance 

In some cases, the lower power consumption of energy-efficient devices may result in 

reduced performance compared to traditional devices. 

Lack of compatibility 

Some energy-efficient devices may not be compatible with older equipment or 

software, making it difficult to integrate them into existing systems. 

Limited availability 

Energy-efficient hardware and devices may not be widely available in all regions, 

making it difficult for some users to access these devices. 

Technical challenges 

Energy-efficient hardware and devices may require special technical knowledge or 

skills to install and configure, which may be challenging for some users. 

3.4 Power management techniques 

Power management techniques aim to reduce the energy consumption of computing 

devices, including desktops, laptops, servers, and data centers. These techniques focus on 

reducing energy consumption while maintaining or improving performance. Some of the most 

common power management techniques include power capping, power gating, dynamic 

voltage and frequency scaling, and idle state management. By reducing energy consumption, 

these techniques contribute to the overall goal of green computing, which is to reduce the 

environmental impact of the IT industry [7]. 

There are several drawbacks of power management techniques in green computing: 

Complexity 

Implementing power management techniques can be complex and requires specialized 

skills. 

Cost:  

Implementing and maintaining power management techniques can be expensive. 

Interference with normal functioning 

Power management techniques can sometimes interfere with normal functioning of 

devices and systems, leading to reduced performance and user satisfaction. 

Lack of standardization 

There is a lack of standardization in the field of power management techniques, leading 

to difficulties in compatibility and integration. 

Power quality issues 

Power management techniques can sometimes lead to power quality issues, such as 

voltage sags, power outages, and brownouts, which can affect system performance and 

reliability. 
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Resistance to change 

Many organizations and individuals may resist change, especially when it comes to 

implementing new power management techniques, which can slow down the adoption of green 

computing practices. 

3.5 Green Data Centers 

Green data centers are facilities designed to minimize their impact on the environment 

through the use of energy-efficient technology, efficient cooling systems, and environmentally 

friendly building materials. The goal of green data centers is to reduce energy consumption and 

carbon emissions while ensuring high levels of availability, performance, and security [3].  

 

This is achieved through the use of virtualization, consolidation of servers, efficient 

power management techniques, and the deployment of renewable energy sources. 

Additionally, green data centers are often designed to optimize cooling systems, with 

techniques such as using outside air for cooling and using hot aisle/cold aisle containment to 

reduce energy consumption [11]. 

Drawbacks: 

High Cost: 

Implementing green data centres requires a significant investment in infrastructure and 

technology, which can be a major disadvantage for organizations. 

Complexity 

The deployment of green data centres involves a number of complex processes and 

systems that can be difficult to manage and maintain. 

Technical Challenges: 

Green data centres may face a number of technical challenges, such as data centre 

cooling, power management, and energy-efficient hardware, which can be difficult to 

overcome. 
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Resistance to Change: 

Some organizations may be resistant to change, and may not be willing to adopt the 

new technologies and processes required to implement green data centres. 

Scalability Issues:  

Green data centres may not be able to easily scale to accommodate changing business 

needs, which can limit their ability to support organizations as they grow. 

3.6 Green Network Model:  

Green Network Model aims to reduce the energy consumption in the communication 

network. It involves designing and implementing energy-efficient protocols and algorithms for 

communication devices and networks. 

Drawbacks: 

• Complex implementation due to the heterogeneity of devices and networks. 

• Lack of standardization in energy-efficient protocols and algorithms. 

• Energy-saving techniques might affect the quality of communication. 

Predictive Maintenance 

Predictive maintenance is a technique that uses machine learning algorithms to predict 

the failure of equipment and schedule maintenance before the failure occurs. It helps to reduce 

energy consumption by avoiding unexpected failures and reducing the need for standby 

equipment. 

Drawbacks: 

• High cost of implementation due to the need for specialized equipment and personnel. 

• Dependence on accurate data and algorithms, which can be challenging to obtain. 

• Potential for false predictions, leading to unnecessary maintenance and increased costs. 

Waste Reduction and Recycling: 

Waste reduction and recycling aim to reduce the amount of waste generated in the 

manufacturing and disposal of electronic devices. It involves designing products that are 

more durable and easily recyclable, and implementing programs to collect and recycle 

waste. 

Drawbacks: 

• Difficulties in tracking and managing waste, especially in developing countries. 

• Inadequate infrastructure and regulations for waste management and disposal. 

• Challenges in designing products that are both durable and recyclable. 

Cloud Computing: 

Cloud computing involves delivering computing resources, such as storage and 

processing, as a service over the internet, allowing users to access and use the resources on 

demand. It helps to reduce energy consumption by pooling resources and making more efficient 

use of hardware. 

Drawbacks: 

• Security concerns, especially for sensitive data and applications. 

• Dependence on a stable and reliable internet connection. 

• Potential for vendor lock-in and increased costs. 



  
 

Res Militaris, vol.12, n°4, Summer-Autumn 2022 2685 
 

Smart Grid Technology: 

Smart grid technology involves the use of digital technology to improve the efficiency, 

reliability, and security of the electrical power grid. It helps to reduce energy consumption by 

enabling real-time monitoring and control of the grid, and integrating renewable energy 

sources. 

Drawbacks: 

• High cost of implementation and upgrading existing infrastructure. 

• Interoperability challenges between different parts of the grid and devices. 

• Potential for security threats and cyberattacks on the grid. 

Existing Green Network Model 

Enhanced Green Network Model is an essential component for Green Computing, as it 

is designed to reduce the carbon footprint of a network and improve its energy efficiency. This 

model aims to reduce the energy consumption of a network by optimizing its resources, such 

as servers, switches, and storage devices. It does this by using techniques such as virtualization, 

load balancing, and network design optimization. The model also takes into consideration the 

impact of data center facilities, such as air conditioning and power consumption, and 

incorporates measures to reduce these impacts. The ultimate goal of the Green Network Model 

is to minimize the environmental impact of a network while ensuring its efficiency, 

performance, and reliability.  

The Green Network Model has several drawbacks that hinder its efficient 

implementation: 

Complexity: 

The model can be complex to implement and maintain, requiring specialized 

knowledge and skills. 

Limited scope:  

The model focuses primarily on energy efficiency in network operations and may not 

fully address other environmental issues such as waste reduction and material sourcing. 

Implementation challenges: 

The green network model may be difficult to implement in practice due to the lack of 

standardization and compatibility issues with existing infrastructure. 

High costs: 

The initial costs of adopting a green network model can be high, including the cost of 

new hardware and software, as well as training and support. 

Resistance to change: 

There may be resistance from stakeholders, including network operators and users, to 

adopting new and unfamiliar technologies. 

Maintenance and upgrades: 

The green network model require continuous monitoring, maintenance, and upgrades 

to ensure its efficiency and effectiveness. 



  
 

Res Militaris, vol.12, n°4, Summer-Autumn 2022 2686 
 

Overall, while the green network model is a promising approach to addressing the 

energy efficiency of network operations, its practical implementation requires careful 

consideration of its limitations and potential challenges. 

Existing Green Network Model can be improved by introducing Machine Learning and 

Artificial Intelligence which is being proposed in this paper. We have given this new model 

ML and AI enabled Green Network Model. One possible improvement is to incorporate 

machine learning and artificial intelligence techniques to optimize energy usage in real-time 

based on changing network conditions. This can provide more dynamic and efficient energy 

management, compared to the static nature of the green network model. Additionally, the new 

model can consider factors such as network traffic patterns, user behaviour, and device 

specifications to further improve energy efficiency. Another improvement could be to integrate 

the new model with Internet of Things (IoT) technologies to enhance monitoring and control 

of energy usage at various levels of the network. 

Machine Learning and Artificial Intelligence (AI) can help Green Network model.  

We are proposing 15 ways in which machine learning and AI can help to improve the 

Green Network model: 

Energy consumption optimization:  

AI algorithms can be used to optimize energy consumption in networks by dynamically 

adjusting network resource utilization based on actual demand. 

Predictive maintenance: 

Machine learning algorithms can be used to predict network component failures, 

reducing downtime and energy consumption. 

Traffic optimization: 

AI algorithms can be used to optimize network traffic by predicting demand and 

dynamically adjusting network resource allocation to reduce energy consumption. 

Load balancing: 

AI algorithms can be used to balance network loads, reducing energy consumption and 

improving network performance. 

Power management: 

AI algorithms can be used to manage network power consumption, reducing energy 

consumption and improving network performance. 

Virtual network functions: 

Machine learning algorithms can be used to optimize virtual network functions, 

reducing energy consumption and improving network performance. 

Network resource allocation: 

AI algorithms can be used to dynamically allocate network resources based on demand, 

reducing energy consumption and improving network performance. 

Network topology optimization: 

AI algorithms can be used to optimize network topology, reducing energy consumption 

and improving network performance. 
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Network security 

AI algorithms can be used to enhance network security, reducing energy consumption 

and improving network performance. 

Quality of Service optimization: 

AI algorithms can be used to optimize Quality of Service, reducing energy consumption 

and improving network performance. 

Energy-efficient routing: 

AI algorithms can be used to implement energy-efficient routing, reducing energy 

consumption and improving network performance. 

Energy-efficient transmission: 

AI algorithms can be used to implement energy-efficient transmission, reducing energy 

consumption and improving network performance. 

Network virtualization: 

AI algorithms can be used to virtualize networks, reducing energy consumption and 

improving network performance. 

Data centre management: 

AI algorithms can be used to manage data centres, reducing energy consumption and 

improving network performance. 

Cloud computing: 

AI algorithms can be used to optimize cloud computing, reducing energy consumption 

and improving network performance. 

Enhanced Green Network Model  

In this research paper we have proposed that Machine Learning and Artificial 

Intelligence (AI) as an emerging technology that can play a significant role in promoting green 

computing in various ways: 
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Energy-Efficient Resource Allocation: 

AI algorithms can optimize resource allocation, reduce energy consumption, and 

improve energy efficiency in data centres and other IT environments. 

Proposed Algorithm: 

Here's a step-by-step approach for using Deep Q-Network (DQN) for energy-efficient 

resource allocation: 

Define the state space:  

The state space is the set of all possible configurations of the system that the agent can 

observe. For energy-efficient resource allocation, the state space could include information 

about the current resource usage, task characteristics, and environmental factors, such as power 

limits, latency requirements, or temperature. 

Define the action space: 

The action space is the set of all possible actions that the agent can take. For energy-

efficient resource allocation, the action space could include the possible resource allocation 

decisions, such as how much CPU, memory, or bandwidth to allocate to each task. 

Define the reward function: 

The reward function specifies the goal of the agent and provides feedback on how well 

it is doing. For energy-efficient resource allocation, the reward function could be based on 

energy consumption or some other performance metric, such as the completion time or quality 

of service. The goal is to maximize the reward signal while satisfying the constraints. 

Initialize the deep Q-network: 

The deep Q-network is a neural network that takes the state as input and outputs the Q-

values for each action. The network should be initialized with random weights. 

Initialize the replay buffer: 

The replay buffer is a data structure that stores the agent's experiences, which consist 

of a tuple (state, action, reward, next state, done). The replay buffer is used for experience 

replay, which helps to stabilize the learning process and reduce the correlation between 

consecutive samples. 

Loop through episodes: 

An episode is a sequence of timesteps that begins with the initial state and ends when 

the agent reaches a terminal state or a maximum number of timesteps. In each episode, the 

agent interacts with the environment, selects actions using an epsilon-greedy policy, observes 

the reward and next state, and stores the experience in the replay buffer. 

Train the network: 

After each timestep, a batch of experiences is sampled from the replay buffer and used to 

update the weights of the Q-network. The update is done using a variant of Q-learning that minimizes 

the mean squared error between the predicted Q-values and the target Q-values, which are calculated 

using the Bellman equation. The network weights are updated using gradient descent. 

Update the target network: 

The target network is a copy of the Q-network that is used to generate the target Q-

values. The weights of the target network are updated periodically using the weights of the Q-

network, which helps to stabilize the learning process. 
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Test the policy: 

After training, the learned policy can be used to make real-time decisions about 

resource allocation. The policy is simply the function that maps the current state to the optimal 

action, which is determined by the Q-values. 

Overall, the DQN algorithm for energy-efficient resource allocation involves training a 

deep neural network to estimate the optimal action-value function, which is then used to make 

real-time decisions about resource allocation. The use of experience replay and a target network 

helps to stabilize the learning process and reduce the correlation between consecutive samples. 

Smart Energy Management: 

AI algorithms can be used to monitor energy usage and identify ways to reduce energy 

waste. 

Proposed Algorithm: 

Here's a step-by-step approach for using a proposed machine learning algorithm for 

Smart Energy Management: 

Define the problem: 

The first step in any machine learning project is to clearly define the problem that you 

want to solve. In Smart Energy Management, the problem might be to optimize energy usage 

in a building, or to predict energy consumption in a city. 

Collect data: 

The next step is to collect data that is relevant to the problem. This might include historical 

energy usage data, weather data, building occupancy data, or other relevant data sources. 

Pre-process the data: 

Once you have collected the data, you will need to pre-process it to make it suitable for 

use in a machine learning model. This might include cleaning the data, filling in missing values, 

scaling the data, or transforming it in other ways. 

Select a model: 

The next step is to select a machine learning model that is appropriate for the problem 

at hand. This might be a regression model, a classification model, or a clustering model, 

depending on the specific problem and the nature of the data. 

Train the model: 

After selecting a model, you will need to train it on the data that you have collected. 

This involves fitting the model to the data and optimizing the model parameters to minimize 

the error between the predicted values and the actual values. 

Test the model: 

Once the model has been trained, it is important to test it on a separate set of data to 

evaluate its performance. This can help to identify any issues with overfitting or other problems 

with the model. 

Deploy the model: 

Once the model has been trained and tested, it can be deployed to make predictions on 

new data. This might involve integrating the model into a Smart Energy Management system, 

or using it to generate energy usage predictions for a specific building or location. 
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Monitor and refine the model: 

Even after a model has been deployed, it is important to monitor its performance and 

refine it as needed. This might involve updating the model parameters, retraining the model on 

new data, or making other changes to improve its performance. 

Overall, the process for using a machine learning algorithm for Smart Energy 

Management involves collecting and pre-processing data, selecting and training a machine 

learning model, testing and deploying the model, and then monitoring and refining the model 

as needed. The specific steps involved will depend on the nature of the problem and the data 

that is available. 

Power Management in Devices: 

AI algorithms can be used to manage power consumption in devices such as 

smartphones and laptops, extending battery life and reducing energy waste. 

Proposed Algorithm: 

There are many different machine learning algorithms that can be used for power 

management in devices, and the specific steps involved will depend on the particular algorithm 

and problem at hand. However, here is a general overview of the steps involved in a typical 

machine learning algorithm for power management in devices: 

Data collection: 

The first step is to collect data about the device's usage patterns, battery level, power 

settings, and other relevant factors. This data can be collected through sensors or software 

instrumentation. 

Data pre-processing: 

The data collected is often noisy and may contain missing values. Therefore, pre-

processing is performed to clean and transform the data into a format suitable for analysis. This 

step may involve techniques such as data cleaning, data normalization, and feature extraction. 

Feature engineering: 

Feature engineering is the process of selecting the most relevant features from the 

dataset to build a model. This step may involve selecting features that are highly correlated 

with power consumption or battery life. 

Model training: 

A machine learning model is trained using the pre-processed data and the selected 

features. The model is designed to learn patterns and relationships between the features and the 

target variable, which is often the power consumption or battery life. 

Model evaluation: 

The trained model is evaluated using a separate set of data not used in the training 

process to test its accuracy and reliability. This step is important to ensure that the model is not 

over fitting or under fitting. 

Model deployment: 

Once the model is trained and evaluated, it is deployed in the device to make power 

management decisions. The model can predict power consumption or battery life based on the 

input features and adjust power settings accordingly. 
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Model monitoring: 

The performance of the model is continuously monitored to ensure that it is still 

accurate and reliable. If the model's performance deteriorates over time, it may be necessary to 

retrain the model or adjust the input features. 

These steps are a general guide for a typical machine learning algorithm for power 

management in devices. The specific implementation may vary depending on the application, 

data availability, and other factors. 

Predictive Maintenance: 

AI algorithms can be used to predict equipment failures, reducing downtime and 

improving energy efficiency. 

Proposed Algorithm 

Predictive maintenance is a popular application of machine learning that involves 

predicting when equipment is likely to fail or require maintenance. Here are the general steps 

involved in a typical predictive maintenance algorithm: 

Data collection: 

The first step is to collect data from sensors or other sources that can indicate when 

equipment is likely to fail or require maintenance. This data may include sensor readings, 

maintenance logs, repair records, and other relevant data. 

Data pre-processing: 

The collected data is often noisy and may contain missing values. Therefore, pre-

processing is performed to clean and transform the data into a format suitable for analysis. 

This step may involve techniques such as data cleaning, data normalization, and feature 

extraction. 

Feature engineering: 

Feature engineering is the process of selecting the most relevant features from the 

dataset to build a model. This step may involve selecting features that are highly correlated 

with equipment failure or maintenance needs. 

Model training: 

A machine learning model is trained using the pre-processed data and the selected 

features. The model is designed to learn patterns and relationships between the features 

and the target variable, which is often the time to failure or maintenance needs.  

Model evaluation: 

The trained model is evaluated using a separate set of data not used in the training 

process to test its accuracy and reliability. This step is important to ensure that the model 

is not overfitting or underfitting. 

Model deployment: 

Once the model is trained and evaluated, it is deployed in the equipment to make 

predictions. The model can predict when the equipment is likely to fail or require 

maintenance based on the input features. 
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Alert generation: 

If the model predicts that maintenance is required, an alert is generated to inform 

maintenance personnel. This alert may include information such as the type of maintenance 

required and the estimated time until failure. 

Maintenance scheduling: 

Based on the alerts generated by the model, maintenance personnel can schedule 

maintenance at a time that minimizes downtime and cost. 

Model monitoring: 

The performance of the model is continuously monitored to ensure that it is still 

accurate and reliable. If the model's performance deteriorates over time, it may be necessary to 

retrain the model or adjust the input features. 

These steps are a general guide for a typical predictive maintenance algorithm. The 

specific implementation may vary depending on the application, data availability, and other 

factors. 

Energy-Efficient Computing:  

AI algorithms can be used to optimize the allocation of resources in high-performance 

computing environments, reducing energy waste and improving energy efficiency. 

Energy-efficient computing involves designing and implementing computer systems 

that use minimal energy while maintaining optimal performance. Here are the general steps 

involved in a typical machine learning algorithm for energy-efficient computing: 

Data collection: 

The first step is to collect data about the computer system's usage patterns, power 

consumption, and other relevant factors. This data can be collected through sensors or software 

instrumentation. 

Data pre-processing: 

The data collected is often noisy and may contain missing values. Therefore, pre -

processing is performed to clean and transform the data into a format suitable for analysis. 

This step may involve techniques such as data cleaning, data normalization, and feature 

extraction. 

Feature engineering: 

Feature engineering is the process of selecting the most relevant features from the 

dataset to build a model. This step may involve selecting features that are highly correlated 

with power consumption or performance. 

Model training: 

A machine learning model is trained using the pre-processed data and the selected 

features. The model is designed to learn patterns and relationships between the features and the 

target variable, which is often the power consumption or performance. 

Model evaluation: 

The trained model is evaluated using a separate set of data not used in the training 

process to test its accuracy and reliability. This step is important to ensure that the model is not 

over fitting or under fitting. 
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Model deployment: 

Once the model is trained and evaluated, it is deployed in the computer system to make 

power management decisions. The model can predict power consumption or performance 

based on the input features and adjust system settings accordingly. 

Model monitoring: 

The performance of the model is continuously monitored to ensure that it is still 

accurate and reliable. If the model's performance deteriorates over time, it may be necessary to 

retrain the model or adjust the input features. 

These steps are a general guide for a typical machine learning algorithm for energy-

efficient computing. The specific implementation may vary depending on the application, data 

availability, and other factors. Additionally, a variety of techniques can be employed to 

optimize energy usage, such as dynamic voltage and frequency scaling (DVFS), task 

scheduling, and workload partitioning. The machine learning model can be used in conjunction 

with these techniques to further improve energy efficiency. 

Overall, AI can play a key role in promoting green computing by enabling organizations 

to reduce their carbon footprint and improve energy efficiency, thereby helping to combat 

climate change. 

Verification and Validation 

To prove mathematically how an efficient green computing model can be achieved 

using the given factors, we need to define appropriate performance metrics and analyse their 

impact on the overall energy efficiency of the computing system. 

Here are some possible ways to mathematically prove the effectiveness of the given 

factors in achieving an energy-efficient green computing model: 

Energy consumption: 

This metric measures the total amount of energy consumed by the computing system. 

By optimizing each factor such as energy-efficient resource allocation, smart energy 

management, power management in devices, and energy-efficient computing, we can reduce 

the total energy consumption of the system. This can be expressed mathematically as: 

Total energy consumption = Energy consumption due to resource allocation + Energy 

consumption due to smart energy management + Energy consumption due to power 

management in devices + Energy consumption due to energy-efficient computing 

By minimizing the energy consumption for each factor, we can achieve an overall 

reduction in total energy consumption. 

(ii) Performance: 

This metric measures the performance of the computing system in terms of its 

throughput, latency, or response time. By optimizing each factor such as energy-efficient 

resource allocation, smart energy management, power management in devices, and energy-

efficient computing, we can improve the system's performance. This can be expressed 

mathematically as: 
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System performance = Performance due to resource allocation + Performance due to 

smart energy management + Performance due to power management in devices + Performance 

due to energy-efficient computing 

By maximizing the performance for each factor, we can achieve an overall 

improvement in system performance. 

(iii) Cost savings:  

This metric measures the cost savings achieved by the proposed model. By optimizing 

each factor such as energy-efficient resource allocation, smart energy management, power 

management in devices, and energy-efficient computing, we can reduce the overall cost of 

running the system. This can be expressed mathematically as: 

Cost savings = Cost savings due to resource allocation + Cost savings due to smart 

energy management + Cost savings due to power management in devices + Cost savings due 

to energy-efficient computing 

By maximizing the cost savings for each factor, we can achieve an overall reduction in 

the cost of running the system. 

(iv) Carbon footprint:  

This metric measures the environmental impact of the computing system. By 

optimizing each factor such as energy-efficient resource allocation, smart energy management, 

power management in devices, and energy-efficient computing, we can reduce the carbon 

footprint of the system. This can be expressed mathematically as: 

Carbon footprint = Carbon footprint due to resource allocation + Carbon footprint due 

to smart energy management + Carbon footprint due to power management in devices + Carbon 

footprint due to energy-efficient computing 

By minimizing the carbon footprint for each factor, we can achieve an overall reduction 

in the environmental impact of the system. 

By mathematically analysing the impact of each factor on the performance metrics, we 

can prove how an efficient green computing model can be achieved by optimizing the given 

factors. The effectiveness of the proposed model can be verified by comparing it with existing 

systems or baseline models using the same performance metrics. 

Conclusion and future trend 

Machine learning-based green computing model for datacenters can also be used in 

various applications, including cloud computing, and IoT networks. This model can predict 

energy consumption, identify energy-efficient configurations, and optimize system 

performance based on real-time data. 

Proposed “Enhanced green computing model” is very efficient for datacenters, 

However, it is important to note that building a successful machine learning-based green 

computing model requires careful consideration of data quality and validation techniques. It is 

essential to ensure that the model is not overfitting, and its predictions are accurate and reliable. 
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In future, the demand for sustainable computing solutions continues to grow, we can 

expect to see more organizations in different computing areas will need these types of models 

and incorporating them into their operations. 
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