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ABSTRACT

This research aims to identify and analyze strategies for implementing green networking on BTU computer networks. The
research methods used include literature studies, surveys, and interviews with various stakeholders at BTU, as well as
analysis of energy usage data from existing computer network infrastructure. This study investigates various technical and
operational aspects of implementing green networking, including appropriate technology, implementation strategies, and
challenges faced. The research results show that implementing green networking at BTU can reduce energy consumption
and operational costs, as well as support the global commitment to reduce greenhouse gas emissions. However, the main
challenges faced include initial investment costs, the need for increased technical skills, and resistance to change. Based on
the research findings, it provides practical recommendations for BTU to implement green networking effectively, including
increasing awareness and education about green networking, investing in environmentally friendly technology, and
developing policies and procedures that support sustainability. We anticipate that this research will significantly contribute
to environmental preservation, enhance BTU operational efficiency, and serve as a model for other educational institutions
to adopt sustainable technological practices.
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INTRODUCTION

In the era of globalization and rapid technological development, environmental sustainability has
become one of the main focuses of various sectors, including the information technology sector [1].
As the need for reliable and rapid computer networks increases, issues related to high energy
consumption and the environmental impact of IT infrastructure become increasingly urgent to pay
attention to. Bandung Technology University (BTU), as one of the leading educational institutions in
Indonesia, has an important role in promoting sustainable practices in various fields, including
computer network management [2]. Green networking is a concept that combines network technology
with environmentally friendly principles. The goal is to reduce the energy consumption and carbon
footprint of computer network infrastructure. Implementing a green networking strategy not only
helps reduce operational costs through energy efficiency but also supports global commitments to
reduce greenhouse gas emissions and promote sustainability [3].

The use of green networking becomes highly relevant in a university environment that heavily relies
on computer networks for academic and administrative activities [4]. BTU, an institution that
prioritizes innovation and research, has outstanding potential to implement green networking. By
adopting environmentally friendly technology and practices in managing computer networks, BTU
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can make a real contribution to environmental preservation while increasing operational efficiency.
However, implementing green networking requires a deep understanding of the right technology,
implementation strategies, and challenges that must be faced [5]. As a result, this study aims to
identify strategies for implementing green networking on BTU computer networks. This research will
scrutinize the diverse technical and operational facets and assess the potential advantages and
challenges in the implementation process.

We hope that this research will yield comprehensive and practical recommendations for BTU to
effectively implement green networking. This will not only enhance BTU reputation as an institution
that cares about the environment, but it can also become a model for other universities in Indonesia
and Southeast Asia in adopting sustainable technology practices. This study aims to identify and
analyze strategies for implementing green networking on BTU computer networks.

LITERATURE REVIEW

Green networking is the design, implementation, and operation of computer networks that aim to
reduce environmental impacts, especially energy consumption, which involves the use of technology
and methodologies that are efficient in terms of resource use as well as reducing greenhouse gas
emissions produced by network devices [6]. There are several technologies and methodologies that
support green networking, such as virtualization, energy-efficient Ethernet (EEE), and power
management. We can optimize resource usage and reduce the number of physical devices required by
virtualizing servers and network devices. The EEE standard allows network devices to save energy by
reducing power consumption when the network is inactive or used at low capacity [7], [8]. Power
management techniques include hardware and software power management, which allows for
dynamic regulation of power usage according to network needs [9], [10].

Several studies have highlighted the importance of implementing green networking in educational
institutions, such as universities, which have complex and intensive IT infrastructure. Implementing
green networking in educational institutions can help reduce operational costs while supporting
environmental sustainability. Stanford University, through the "Green Data Center" initiative, was
able to reduce data center energy consumption by up to 50% using efficient cooling technology and
air flow optimization [11], [12]. Similarly, the University of California, San Diego (UCSD)
implemented an advanced power management system on network devices and servers, which reduced
energy use by 40% [11], [12]. Even though the benefits of green networking are quite large, there are
several challenges and obstacles to its implementation in educational institutions. These challenges
include the initial investment costs for green networking technology, which can be prohibitive,
especially for institutions with limited budgets [11], [12]. Furthermore, implementing green
networking necessitates adequate technical skills, which may not be available in all educational
institutions. Staff and management resistance to change can also be a hindrance to implementing
green networking.

Research on green networking implementation in Indonesia is still limited. However, several studies
show enormous potential for implementing green networking in various sectors, including educational
institutions. Several Indonesian universities have conducted research indicating a growing awareness
of energy efficiency and sustainability, despite the early stages of implementation [13], [14].
According to the literature review, several practical recommendations for BTU to implement green
networking include increasing staff awareness and technical skills through education and training
programs. In addition, BTU needs to allocate a budget for energy-efficient and environmentally
friendly network technology, as well as develop policies and procedures that support the
implementation of green networking, including operational standards and best practices. By
implementing these strategies, BTU can play an important role in promoting environmental
sustainability through information technology. Implementing green networking will not only reduce
energy consumption and operational costs but also support the global commitment to reduce
greenhouse gas emissions, thus making a real contribution to environmental conservation.
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METHODOLOGY

The research method involves several stages, including literature studies, surveys, interviews, and the
analysis of energy usage data from the existing computer network infrastructure. We conducted
literature studies to gain a comprehensive understanding of the concepts, technology, and methods of
green networking. The literature reviewed includes scientific articles, books, technical reports, and
case studies of green networking implementation in various educational institutions. The aim of this
literature study is to obtain a general overview of best practices and challenges in implementing green
networking. After understanding the basic concept of green networking through a literature study, the
next step is to conduct a survey of IT staff and management at BTU. We designed the survey to gather
data on BTU understanding and awareness of green networking, their current use of technology and
networks, the challenges they face in implementing green networking, and their perceptions of its
benefits and obstacles.

The research method involves several stages, including literature studies, surveys, interviews, and the
analysis of energy usage data from the existing computer network infrastructure. We conducted
literature studies to gain a comprehensive understanding of the concepts, technology, and methods of
green networking. The literature reviewed includes scientific articles, books, technical reports, and
case studies of green networking implementation in various educational institutions. The aim of this
literature study is to obtain a general overview of best practices and challenges in implementing green
networking. After understanding the basic concept of green networking through a literature study, the
next step is to conduct a survey of IT staff and management at BTU. We designed the survey to gather
data on BTU understanding and awareness of green networking, their current use of technology and
networks, the challenges they face in implementing it, and their perceptions of its benefits and
obstacles.

This research, based on the results of literature studies, surveys, interviews, and data analysis, will
develop practical recommendations for implementing green networking at BTU. Recommendations
include technical strategies to reduce energy consumption and increase network efficiency, policies
and procedures to support the implementation of green networking, and education and training
programs to increase staff awareness and technical skills. We carried out validation by soliciting
feedback from BTU stakeholders on the feasibility and potential implementation of the
recommendations. Evaluations also involve simulations or small pilot projects to test the effectiveness
of recommended green networking strategies before widespread implementation.

RESULTS

The results of the literature study revealed that the green networking concept entails various
technologies and methodologies to reduce energy consumption and the environmental impact of
computer network infrastructure. Technologies often used in green networking include virtualization,
energy-efficient Ethernet (EEE), and power management. Virtualization technology allows multiple
virtual machines to run on a single physical piece of hardware, reducing the need for additional
physical devices. Energy consumption can significantly decrease by reducing the number of servers
and physical hardware required.
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Figure 1. Energy-efficient Ethernet (EEE) methodology

Energy-efficient Ethernet (EEE) is a standard that allows network devices to save energy by reducing
power consumption when the network is down or used at low capacity. This technology uses a
dynamic power reduction mechanism based on the existing workload. Power management techniques
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involve dynamically regulating power usage according to network requirements. Features like power
scaling and power capping enable the adjustment of power consumption according to the current
workload. Data centers are often the largest energy consumers in computer networks. Optimizing the
cooling system with technologies such as in-row cooling, hot aisle/cold aisle containment, and
efficient chillers can significantly reduce energy consumption.

Literature studies have identified some of the best practices in green networking, such as designing
networks with energy efficiency in mind from the start, selecting energy-efficient hardware, and
setting optimal network topologies. Monitoring tools and sensors are utilized to measure energy
consumption in real-time. We use this data to pinpoint areas in need of optimization and to track the
success of green networking initiatives. Computer network operations can be supported by integrating
renewable energy resources like solar panels or wind turbines. It can aid in lessening reliance on non-
environmentally friendly conventional energy resources. Educating and training staff about the
importance of green networking and how to implement best practices in daily operations can enhance
their awareness and skills.

The University of California, San Diego (UCSD) has implemented a very sophisticated power
management system on its network devices and servers. This system not only monitors and controls
energy consumption in real-time but also enables dynamic power adjustments based on current
operational needs. By implementing virtualization technology, UCSD was able to reduce the number
of physical devices required, thereby significantly reducing energy consumption. Consequently, the
data center experienced a 40% reduction in energy consumption. In addition, UCSD also adopts
energy-efficient Ethernet (EEE), which allows network devices to save energy by reducing power
consumption when inactive. To further improve energy efficiency, UCSD implemented innovative
cooling optimization strategies, including in-row and containment aisle cooling systems.

Stanford University, through its “Green Data Center” initiative, has also achieved remarkable results
in reducing energy consumption and succeeded in reducing data center energy consumption by 50%
by using highly efficient cooling technology and air flow optimization. This approach entails using a
cooling system tailored to the specific needs of the data center, such as free cooling, which uses
outside air for cooling, as well as effective containment aisles to isolate hot and cold air flows. This
initiative not only reduces energy consumption significantly but also improves the reliability and
operational performance of data centers. With these innovative steps, Stanford University has set a
new standard for green networking practices in the higher education sector.

While implementing green networking offers numerous benefits, it also presents challenges and
obstacles that require resolution. Implementing green networking technology often requires a high
initial investment, which can be an obstacle for educational institutions. Implementing green
networking technology requires special technical skills, which IT staff may not yet possess. Staff
resistance to changes in computer network management and operation could impede the successful
implementation of green networking. Understanding concepts, technology, best practices, case
studies, and challenges in green networking can provide more precise and practical recommendations
for implementing it at BTU.

A survey among IT staff and management at BTU revealed that 70% of respondents had a good
understanding of the concept of green networking. However, only 45% reported that BTU had
implemented green networking technology and practices. Challenges identified related to initial
investment costs (65%), lack of technical skills (50%), and resistance to change (40%). As many as
80% of respondents believe that implementing green networking will provide significant benefits in
reducing energy consumption and operational costs.

In-depth interviews with IT department heads, network administrators, and top management at BTU
revealed several important insights. The IT department's head explained that one of the obstacles to
implementing green networking is the limited budget for initial investment in environmentally
friendly technology. Network administrators highlighted the need for additional training for staff to
effectively manage and operate green networking technology. Top management acknowledged
resistance to change from some staff members but expressed its commitment to supporting
environmental sustainability initiatives at the university. Analysis of energy usage data from computer
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network infrastructure at BTU shows that the highest energy consumption comes from data centers,
which contribute around 60% of total network energy consumption. Servers and network devices,
such as switches and routers, account for approximately 25% and 15% of total energy consumption,
respectively. This data shows that there is great potential to reduce energy consumption through
optimization and the application of green networking technology in data centers.

Based on the results of literature studies, surveys, interviews, and data analysis, this research develops
several practical recommendations for implementing green networking at BTU. These
recommendations include:

1) Virtualization to reduce the number of physical devices required; energy-efficient Ethernet (EEE)
to save energy when the network is inactive; and dynamic power management settings according
to network needs.

2) The installation of sensors and monitoring tools to measure and optimize energy use, as well as
efficient cooling in the data center.

3) Development of a green IT policy that includes operational standards for efficient energy use and
environmentally friendly practices.

4) Organizing education and training programs to increase staff awareness and technical skills in
managing green networking technology.

We validated the recommendation results by soliciting feedback from stakeholders at BTU. The
majority of respondents expressed the feasibility and potential for implementation of the
recommendations. Initial evaluations through simulations and small pilot projects show that the
recommended green networking strategy can reduce data center energy consumption by up to 30%,
increase operational efficiency, and significantly reduce operational costs. We hope that BTU can
effectively implement green networking, significantly contribute to environmental conservation, and
set an example for other educational institutions in adopting sustainable technology practices.

DISCUSSION

Literature studies, surveys, interviews, and energy usage data analysis have yielded several important
findings that offer deep insight into the potential for green networking implementation at BTU. Green
networking is an effective approach to reducing energy consumption and the environmental impact of
computer network infrastructure. Virtualization, energy-efficient Ethernet (EEE), and power
management are proven technologies with great potential for optimizing resource usage and reducing
the number of physical devices required. Adopting this technology in BTU can reduce energy
consumption and carbon emissions while optimizing network performance. Most IT staff and
management at BTU have a basic understanding of green networking, but implementation is still
limited. The main challenges are initial investment costs, technical skills, and resistance to change. To
manage and operate green networking technology effectively, staff must receive additional training
and enhance their technical skills.

The data analysis reveals that the data center at BTU consumes the most energy. This shows that there
is great potential for energy savings through optimization and the application of green networking
technology have great potential for energy savings. By adopting virtualization and dynamic power
management strategies, BTU can reduce energy consumption significantly. This data also shows the
importance of installing sensors and monitoring tools to measure and optimize energy use in real-
time. The research results have led to the development of several practical recommendations for the
implementation of green networking at BTU. The recommended technical measures include the
implementation of virtualization, EEE, and dynamic power management settings. Installing sensors
and monitoring tools, as well as efficient cooling in data centers, can increase energy efficiency. The
development of green IT policies and education and training programs for staff are also crucial to
support the implementation of green networking.

Implementing green networking at BTU will not only reduce energy consumption and operational
costs, but also make a significant contribution to environmental conservation. BTU can serve as a
model for other educational institutions to adopt sustainable technology. The successful
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implementation of green networking at BTU can improve the university's image as an institution
committed to environmental sustainability.

This research has limitations; the energy usage data may not cover all aspects of BTU network
infrastructure. Additionally, resistance to change and budget constraints may affect the
implementation of recommendations. We recommend focusing future research on developing
methods to overcome resistance to change and improving the technical skills of staff. We also need to
conduct further studies to assess the long-term effects of implementing green networking in
educational institutions. By considering the findings and recommendations, BTU has a great
opportunity to optimize energy use and reduce environmental impact through the implementation of
effective green networking strategies.

CONCLUSION

We can draw several conclusions based on literature studies, surveys, interviews, and analysis of
energy use data related to strategies for implementing green networking in computer networks. Most
IT staff and management at BTU have a thorough understanding of the concept of green networking,
although its implementation is still limited. There is a high level of awareness of the importance of
reducing energy consumption and environmental impacts through this technology. The initial
investment costs are high, the staff lacks technical skills, and there is resistance to change.
Overcoming these challenges requires a comprehensive strategy and support from all stakeholders.
Data analysis shows that the data center at BTU is the largest energy consumer in the network
infrastructure. By adopting technologies such as virtualization, energy-efficient Ethernet (EEE), and
dynamic power management, there is significant potential to reduce energy consumption by up to
30%. We advocate for the integration of eco-friendly technology, the installation of sensors and
monitoring tools, the creation of green IT policies, and the implementation of staff education and
training initiatives. We hope that these recommendations will enhance operational efficiency and
mitigate environmental impacts. Feedback from stakeholders at BTU shows that the resulting
recommendations are worthy of implementation. Simulations and small pilot projects support the
effectiveness of the proposed strategy in reducing energy consumption and operational costs. The
implementation of green networking at BTU will make a significant contribution to environmental
preservation and make BTU a model for other educational institutions in adopting sustainable
technology practices. We hope that BTU can effectively implement green networking, optimize
energy use, reduce operational costs, and contribute to environmental sustainability. Successful
implementation of green networking can also improve BTU reputation as an institution committed to
sustainability and technological innovation.
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