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Abstract

This paper explored the critical role of green computing and machine learning in mitigating the
environmental impact of the rapidly expanding digital world. The digital revolution brings
convenience and innovation, this rapid growth of the digital world has led to a substantial increase in
energy demand, resulting in higher carbon emissions and a larger ecological footprint. Green
computing also known as green IT, environmentally sustainable computing, or ICT sustainability
offers a sustainable solution by promoting efficiency and reducing carbon emissions. Machine
learning, a key driver of the green computing revolution, enables innovative solutions for optimizing
resource usage, reducing energy consumption, and minimizing environmental impact. This paper
explores the role of machine learning in green computing, highlighting methods like deep learning,
and reinforcement learning which enhance thermal management and cooling systems. Green
computing practices not only reduce environmental impact but also offer cost savings, reduce waste
and pollution, and improve efficiency. The importance of responsible electronic waste management is
also emphasized. Developed countries should prioritize recycling and refrain from exporting degrading
electronics to underdeveloped nations, ensuring a sustainable future by adopting sustainable practices
and leveraging machine learning innovations, which can promote a healthier atmosphere and ensure an
environmentally friendly digital future.
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Introduction

Nigeria, like many other countries, is experiencing rapid growth in digital transformation,
leading to an increase in energy consumption and environmental impact from computing
systems. Green computing, also known as sustainable computing, offers a solution to mitigate
these environmental effects. The primary goal of green computing is to minimize the
environmental footprint of computing systems, including energy consumption, greenhouse gas
emissions, e-waste generation, and resource depletion, while also promoting sustainable
development and economic growth. The fast growth of computing in everyday life in
developed and underdeveloped countries gave rise to more original equipment manufacturing
(OEM) companies to develop cheap technologies that can fit the purchasing power of users,
these items include cheap phones (iPhone and smartphones), telecommunication equipment,
computers, and other accessories built for emerging markets to help strengthen digital
inclusion vision (Patil & Goti, 2013). Green computing applies to almost all industries like
healthcare, education, entertainment, and tourism and the amount of resources deployed for
Green computing can be beneficial for lowering E-waste so that computing can be
environmentally friendly and self-sufficing (Ahmad et al., 2023).
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Green computing also known as green IT, environmentally sustainable computing, or ICT
sustainability is the study and practice of minimizing the environmental impact of information
and communication technology (ICT) throughout its life cycle. Green computing is crucial for
assuaging the environmental impact of the ever-growing IT sector, It contributes to reducing
greenhouse gas emissions, conserving resources, and promoting sustainable practices within
the technology domain. Research in green computing paves the way for the development of
innovative technologies and solutions that minimize the environmental footprint of our
reliance on computing power (Kawahara & Mizuno, 2013). However, there is need to educate
and promote sustainable environmental computing that will limit the impact of global
warming which is caused by environmental degradation. Green computing practices are
targeted to reduce the environmental impact of computing by reducing carbon emissions and
promoting energy efficiency (Patil & Goti, 2013).

The purpose of machine learning is to learn from data, it is used to teach machines how to
handle and get more insight efficiently from historical data to enhance decision-making (Qu et
al., 2019). Machine Learning offers powerful techniques to enhance the efficiency and
sustainability of computing. Machine Learning Algorithms can assist in optimizing resource
allocation such as CPU and memory to help minimize energy consumption (Anley &
Awgichew, 2021). Supervised learning methods like decision trees and support vector
machines can model the relationships between resource utilization and energy consumption by
predicting resource requirements and adjusting allocation, thereby reducing energy waste.
This work focuses on some of the important concepts of green computing and machine
learning methods that emphasize and promote green computing.

Key Concepts in Green Computing

e Energy Efficiency: A key principle of green computing is to reduce the energy
consumption of IT infrastructure. In cloud computing environments, research looks at
methods for optimizing hardware and software, designing data centers, and allocating
resources efficiently.

e Sustainable Materials: Developing and using environmentally friendly materials in
hardware manufacture is a rising field of study. This involves investigating
biodegradable or recyclable materials and reducing the usage of harmful compounds
which is a key Idea in Green Computing.

e Life Cycle Assessment: LCA is a strategy for evaluating the environmental effect of a
product or service across its entire lifecycle, from raw material extraction to disposal.
Green computing research uses Life Cycle Assessment (LCA) to find areas for
improvement across the ICT lifecycle.

eeeeee

ower and
mizing Revenue

Power Cost a

Ca |I on Emis: in I
-.llllll

Green Computmg (Vlkram 2015)

117



International Journal of Tourism and Technology (IJTT) Volume 2, Issue 1, Dec, 2024

Related Works
In this section, a survey of some related works on Machine learning methods in green
computing is carried out under the following subsections.

i Machine Learning Approach for Green Usage
Anley & Awgichew (2021), carried out an experiment using five machine learning algorithms
and they obtained 98.85% accuracy with logistic regression, 98.8% with K- nearest Neighbour
(KNN), 99.39% with classification and regression tree (CART), 86.8% with Naive Bayes
(NB) and 99.4% with Support Vector Machine (SVM). SVM classified the power state of the
computers correctly. The authors used access log files and a joule meter power reader to build
the model and Python jupyter notebook software was used for the data analysis model,
establishment, and experiment. The limitation was that the datasets used were of poor quality
having a very shallow dimensionality.

ii. Deep learning Algorithms for Green Computing
Choudhury et al. (2024) in their work employed advanced techniques like convolutional and
recurrent neural networks to enhance architectural efficiency, stating that the integration of
machine learning and deep learning techniques gives accurate temperature forecasting and
alternative cooling strategies in a bit to reduce energy consumption and enhance
environmental sustainability.

iii. Green computing in the Internet of Things (IoT)
Kenton (2022) defines the Internet of Things (IoT) as a collection of network-enabled devices,
excluding traditional computers like laptops and servers. Network connections can include
Wi-Fi, Bluetooth, and near-field communication (NFC). The IoT includes devicessuch as
"smart" appliances like refrigerators and thermostats; home security systems; computer
peripherals like webcams and printers; and wearable technology, such as Apple Watches.

Patil et al. (2022) stated in their work on the need for moving towards green IoT where
machines, sensors, communications, clouds, and the internet operate in synergy towards the
goal of increasing energy efficiency and reducing carbon emissions through cloud computing
services, the authors recommended that biodegradable hardware components should be used
in data centers to reduce energy consumption across computing infrastructures.

iv. Green computing in communication networks
Patil & Goti (2013) examined an up-to-date survey on green computing over communication
networks (wired and wireless), they introduced technologies like elastic tree consisting of
three logical modules- optimizer, routing, and power control. The authors also introduced
Google-green-computing technology, the Google App tends to help reduce up to 100kg of
CO,.

12 Reinforcement Learning for Green Economy
Lin et al. (2016) proposed a reinforcement learning-based power management framework for
data centers, the goal of the reinforcement learning agent was to reduce the server pool
consumption of energy with consideration of average job response time. To validate the
effectiveness of the proposed reinforcement learning-based data center, a power management
framework, and real Google cluster data traces were employed.
Applications of Machine Learning in Green Computing
Machine learning (ML) plays a crucial role in green computing, enabling efficient and
sustainable computing systems. ML algorithms optimize resource allocation in data centers
and cloud computing, reducing energy consumption and waste through energy-efficient
resource allocation(Patil et al., 2022). Predictive maintenance is also made possible, where
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ML predicts equipment failures, enabling proactive maintenance and reducing e-waste
generation. Additionally, ML optimizes energy output from solar and wind sources, ensuring
efficient energy harvesting and management. Smart grids and energy management systems
also leverage ML to manage energy distribution and consumption, reducing waste and
optimizing energy use. Furthermore, ML optimizes cooling systems in data centers, reducing
energy consumption and environmental impact. It also predicts and prevents e-waste
generation(Ahmad et al., 2023), promoting sustainable electronics design and reuse.
Moreover, ML optimizes software development, reducing energy consumption and
environmental impact through green software engineering. By minimizing carbon footprint
and designing sustainable data centers, ML contributes to a more sustainable future (Atadoga
et al., 2024). Finally, environmental monitoring is made possible through ML, enabling
proactive measures to reduce environmental impact. By applying machine learning to green
computing, we can create more sustainable, efficient, and environmentally friendly computing
systems.

Conclusion

Through leveraging machine learning (ML), academics and businesses can create novel
approaches that advance environmental sustainability in a range of fields.Much potential
exists for optimizing environmental outcomes in the field of machine learning (ML). Utilizing
machine learning algorithms to improve resource management, advance climate action, and
promote sustainable practices is the subject of new research in the field of green computing.

Recommendation

Adopt Energy-Efficient Technologies: Data centers and cloud computing providers should
prioritize energy-efficient technologies, such as servers with low power consumption, to
reduce energy waste and carbon emissions.

Develop Eco-Friendly Hardware: Manufacturers should design and produce sustainable
hardware with recyclable materials, minimizing e-waste generation and promoting a circular
economy.

Optimize Resource Allocation: Cloud providers and data centers should utilize machine
learning algorithms to optimize resource allocation, reducing energy consumption and waste.
Establish Responsible E-Waste Management: Developed countries must prioritize responsible
electronic waste management, recycling, and refurbishing, rather than exporting degrading
electronics to underdeveloped nations.

Encourage Sustainable Software Development: Developers should design software with
energy efficiency and sustainability in mind, leveraging cloud-native architectures and green
software engineering practices.

Support Renewable Energy Integration. Individuals, governments and industries should invest
in renewable energy sources, like solar and wind power order to reduce dependence on fossil
fuels

Foster Collaboration and Knowledge Sharing: Industry leaders, researchers, and
policymakers must collaborate to share best practices, research, and innovations in green
computing, driving the transition to a sustainable digital future.

Also Responsible end-of-life management: Ensuring responsible disposal, recycling, and reuse
of computing systems and electronics at the end of their life cycle.
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