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Abstract 
 

The rapid development of information technology has increased the use of server infrastructure in various organizations and data centers, 

resulting in higher energy consumption and operational costs. Green computing is considered an effective approach to improve energy 

efficiency while reducing environmental impacts. This study aims to analyze green computing implementation strategies for improving 

energy efficiency in server infrastructure. The research used a descriptive qualitative method through literature studies and comparative 

analysis of energy management strategies in data centers. The strategies analyzed include server virtualization, server consolidation, 

energy-efficient hardware, and cooling system optimization. The results indicate that the implementation of green computing can 

significantly reduce energy consumption compared to conventional server systems. In addition, the implementation improves operational 

efficiency, reduces electricity usage, and supports environmentally sustainable data center management. Therefore, green computing can 

be considered an effective solution for developing efficient and environmentally friendly server infrastructure. 
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1. Introduction 

The development of digital technology in recent years has increased the use of server infrastructure in various organizations and data 

centers [1], including corporations, educational institutions, and both public and private data centers. Server infrastructure plays a critical 

role in supporting various digital services such as data storage, application management, web-based services, and cloud computing. As the 

use of digital services increases, electrical energy consumption in data centers has also increased significantly [1]. According to Buyya et 

al. [1], the increasing use of cloud computing causes data centers to consume large amounts of energy, thereby increasing operational costs 

and carbon emissions. 

 

Servers typically operate 24/7 to ensure service availability for users. This leads to very high electrical energy consumption in server 

infrastructure. Beloglazov et al. [2] explain that increasing energy consumption in modern data centers is one of the main challenges in 

managing cloud computing systems. High energy consumption not only increases organizational operational costs but also contributes to 

increased carbon emissions, impacting the environment. 

 

In addition to core server equipment, data centers also require various supporting systems such as networking devices, data storage systems, 

and air conditioning systems to maintain stable hardware temperatures. The cooling system is a component that consumes significant 

amounts of energy in data center operations [3]. If energy management is not optimal, energy use in data centers will be inefficient and 

potentially wasteful of electrical resources. 

 

This problem has led to the emergence of various approaches to improve energy efficiency in information technology infrastructure. One 

concept widely used to address this issue is green computing. Green computing is an approach to utilizing information technology that 

focuses on energy efficiency, reducing environmental impact, and optimizing the use of computing resources. 

Green computing can be implemented through various strategies, such as optimizing hardware usage, efficient software management, 

implementing server virtualization technology, consolidating computing resources, and more effective cooling system management. By 

implementing these strategies, organizations can reduce the number of physical servers used, improve computing resource utilization, and 

reduce the energy consumption required to run information technology systems. 
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Table 1: Research Related to Green Computing 

Researchers Energy 

Consumption 

System Efficiency 

Buyya et al. [1] Data center resource 

management 

Reducing cloud computing 

energy consumption 

Beloglazov et al. 

[2] 

Taxonomy energy 

efficient data center 

Cloud computing energy 

efficiency strategies 

Wang et al. [3] GreenDCN 

framework 

Data center network energy 

efficiency 

Uddin & Rahman 

[4] 

Server consolidation Reducing the number of 

physical servers 

Devineni & 

Gorantla [5] 

Green computing 

techniques 

Hardware optimization 

 

Based on this background, this study aims to analyze various green computing implementation strategies that can be applied to server 

infrastructure to improve energy efficiency in data centers. This analysis is expected to provide an understanding of effective approaches 

to managing server infrastructure more efficiently while supporting the implementation of more sustainable and environmentally friendly 

information technology. 

Green cloud computing is one approach developed to reduce the environmental impact of high energy consumption in data centers through 

the use of energy-efficient technologies and optimization of computing resources [6]. 

2. Research Methodology 

2.1. Green Computing 

Green computing is a concept for using information technology that aims to increase energy efficiency and reduce negative environmental 

impacts. This concept includes the use of energy-efficient hardware, optimized computing resource utilization, server virtualization, and 

efficient cooling system management. 

The implementation of green computing focuses not only on reducing energy consumption but also on reducing carbon emissions, 

streamlining operational costs, and managing sustainable information technology infrastructure. 

2.2. Server Virtualization 

Server virtualization is a technology that allows multiple operating systems to run on a single physical server through the use of virtual 

machines. Uddin and Rahman [4] explain that server virtualization and server consolidation can increase server utilization by up to 50%, 

significantly reducing data center energy consumption. This technology aims to improve server resource utilization, thereby reducing the 

number of physical servers used. 

By implementing virtualization, organizations can reduce electricity consumption, reduce data center cooling requirements, and improve 

server infrastructure management efficiency. 

2.3. Research methods 

This research uses a qualitative descriptive method with a literature review and comparative analysis approach. Data was obtained through 

scientific journals, research articles, and various references related to green computing, energy efficiency, and data center management. 

The research stages include: 

1. Identification of energy consumption issues in server infrastructure. 

2. Analysis of factors influencing energy use. 

3. Analysis of green computing implementation strategies. 

4. Evaluation of energy efficiency after implementing green computing strategies. 

2.4. Energy Efficiency Measurement 

Energy efficiency in data centers can be measured using the Power Usage Effectiveness (PUE) method. PUE is used to measure the level 

of energy efficiency in a data center. 

The PUE formula is as follows: 

 

(1) 

 

Description: 

1. Total Facility Energy is the total energy used by all data center facilities. 

2. IT Equipment Energy is the energy used by information technology devices. 

The lower the PUE value, the more efficient the data center's energy use. 
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3. Results and Discussion 

The analysis conducted in this study focused on evaluating green computing implementation strategies to improve energy efficiency in 

server infrastructure. The analysis included the use of server virtualization, server consolidation, energy-efficient hardware, and 

optimization of data center cooling systems. 

3.1. Server Infrastructure Energy Consumption Analysis 

Server infrastructure is a key component in providing information technology services such as data storage, application management, and 

network services. Servers typically operate 24/7, requiring significant energy consumption [1]. The increasing use of internet-based services 

and cloud computing has led to a continuous increase in the number of servers used by organizations [1]. 

In addition to primary servers, data centers also require various supporting devices such as networking devices, data storage systems, and 

air conditioning systems, which contribute to increased energy consumption in data centers [3]. This high energy consumption can lead to 

increased operational costs and carbon emissions for the environment. 

Several key factors influencing energy consumption in server infrastructure are shown in the following table. 

 
Table 2: Factors Causing High Server Energy Consumption 

Factor Impact 

Large number of physical servers Electricity consumption increases 

The cooling system is not optimal High energy usage 

Low server utilization Waste of resources 

Old hardware Not energy efficient 

Undistributed workload System performance is not optimal 

 

Based on the table above, it can be seen that excessive use of physical servers and inefficient cooling systems are the main factors 

contributing to high energy consumption in data centers. Therefore, a more efficient energy management strategy is needed through the 

implementation of green computing concepts. 

3.2. Server Virtualization Implementation 

Server virtualization is a key strategy in implementing green computing. This technology allows multiple operating systems to run on a 

single physical server, optimizing resource utilization. 

Implementing virtualization can reduce the number of physical servers used in a data center. This reduction in server numbers directly 

reduces energy consumption and cooling requirements. 

Furthermore, virtualization provides flexibility in managing server workloads because resources can be dynamically distributed according 

to system needs. 

 

 
Fig. 1: Server Virtualization Architecture 

Source: Author’s design based on the server virtualization concept [4] 

 

Server virtualization allows organizations to run multiple services on a single piece of hardware, resulting in more efficient energy use 

compared to conventional server systems. In addition to reducing electricity usage, virtualization also helps organizations reduce data 

center operating costs. 

3.3. Energy Efficiency Calculation Simulation 

To determine the impact of server virtualization on energy efficiency, a simulation was conducted to calculate energy consumption for a 

conventional server system and a virtualization-based server system. 

Assume a data center uses 10 physical servers, each consuming 250 watts. The total energy consumption for the conventional server system 

is: 

Total Energy=10×250=2500 Watts 

After implementing server virtualization, the number of physical servers can be reduced to four with the same power consumption. 

Therefore, the total energy used becomes: 
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Virtualization Energy = 4 x 250 = 1000 Watts 

The percentage energy savings can be calculated using the following formula: 

Simulation results show that implementing server virtualization can reduce energy consumption by up to 60% compared to conventional 

server systems. The reduction in the number of physical servers also reduces the cooling requirements of the data center, resulting in more 

efficient electricity use. 

3.4. Energy Efficiency Comparison 

Energy efficiency comparisons are conducted to understand the extent to which the application of green computing concepts can improve 

energy efficiency compared to conventional server systems: 

 
Table 3: Server Infrastructure Comparison 

Server Infrastructure Energy Consumption System Efficiency Operating costs 

Conventional Server High Medium High 

Server with Virtualization Medium High Medium 

Server with Green Computing Low High Low 

 

Based on the table above, it can be seen that implementing a green computing strategy provides significant energy efficiency improvements 

compared to conventional server infrastructure. Conventional server systems tend to consume more energy because many physical servers 

operate at low utilization levels. 

In contrast, systems that implement virtualization and server consolidation can improve computing resource utilization while reducing 

electricity consumption. Furthermore, the use of energy-efficient hardware and modern cooling systems also helps improve data center 

operational efficiency. 

3.5. Use of Energy-Efficient Hardware 

The use of energy-efficient hardware is an important strategy in implementing green computing [5]. Modern hardware is designed with 

power-saving technology that allows for more efficient energy use without compromising system performance. 

One example of energy-efficient hardware is the use of Solid State Drives (SSDs), which have lower energy consumption than Hard Disk 

Drives (HDDs). Furthermore, modern processors are equipped with automatic frequency regulation technology that allows energy usage 

to adapt to the system's workload. 

By using energy-efficient hardware, organizations can reduce electricity consumption while improving server system performance. 

3.6. Optimization of Cooling System 

The cooling system is one of the components with the highest energy consumption in a data center [3]. Therefore, optimizing cooling is a 

crucial step in improving energy efficiency. Wang et al. [3] explain that in addition to servers, network devices and cooling systems are 

also key components contributing to high energy consumption in modern data centers. 

Cooling optimization strategies can be implemented through: 

1. Arranging server rack layout. 

2. Using liquid cooling technology. 

3. Managing air circulation. 

4. Automatic temperature monitoring. 

Implementing an efficient cooling system can significantly reduce electrical energy consumption while maintaining stable data center 

hardware temperatures. 

3.7. Impact of Green Computing Implementation 

The implementation of green computing concepts offers various benefits from both operational and environmental perspectives. 

Operationally, the use of energy-efficient technologies can help organizations reduce electricity costs and increase the efficiency of 

computing resource use [7]. 

Furthermore, reduced energy consumption also helps lower carbon emissions from power plants, thus supporting environmental 

conservation efforts. Therefore, implementing green computing can be a strategic solution for creating more efficient, energy-efficient, and 

environmentally friendly data centers.. 

4. Conclusion 

Based on research findings on the implementation of green computing in server infrastructure, the following conclusions can be drawn: 

1. Server infrastructure has relatively high energy consumption due to continuous 24-hour operation. 

2. The implementation of green computing can improve energy efficiency through server virtualization, server consolidation, the use of 

energy-efficient hardware, and optimization of cooling systems. 

3. Virtualization technology allows for a reduction in the number of physical servers, thereby significantly reducing energy consumption 

and cooling requirements. 

4. The use of energy-efficient hardware and modern cooling systems can improve data center operational efficiency. 

5. Overall, the implementation of green computing can be an effective solution for creating an efficient, energy-efficient, and 

environmentally friendly server infrastructure. 
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5. Suggestion 

Suggestions for further research are as follows: 

1. Future research should conduct direct testing in real data centers to obtain more accurate results. 

2. Green computing implementation can be developed using real-time energy monitoring technology to improve energy consumption 

management in data centers. 

3. Future research can focus on implementing virtualization technology and cooling optimization to improve data center energy efficiency. 

4. Organizations are advised to begin implementing green computing concepts to reduce energy consumption and data center operational 

costs. 
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