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Abstract: Energy-efficient computing and strategies for environmentally sustainable computing have
become indispensable in the contemporary world, given the escalating demand for computing power and
the growing emphasis on ecological conservation. This summary delves into diverse facets of energy-
efficient computing and green computing methodologies, elucidating their significance, hurdles, and
potential remedies. The primary objective of energy-efficient computing is to curtail the energy
consumption of computing systems while either maintaining or enhancing their performance. This proves
pivotal in alleviating the ecological ramifications of computing, especially as data centers and similar
facilities consume substantial amounts of energy. Green computing techniques encompass a broad
spectrum of practices geared towards diminishing the environmental footprint of computing. These
encompass the utilization of renewable energy sources, the crafting of energy-efficient hardware, the
optimization of software algorithms, and the cultivation of energy consciousness among users. Despite the
advantages associated with energy-efficient computing and green computing methodologies, various
challenges necessitate attention. These encompass the delicate balance between energy efficiency and
performance, the intricacies involved in designing energy-efficient systems, and the absence of
standardized metrics for gauging and comparing energy efficiency. Exploration in this domain propels
technological progress, resulting in the creation of more effective hardware, software, and systems. These
advancements not only positively impact the environment but also propel the overall evolution of
computing technology. The Information and Communication Technology (ICT) sector substantially adds
to worldwide carbon emissions. Energy-efficient computing and environmentally conscious computing
approaches can play a crucial role in mitigating this impact, decreasing energy usage, and advocating for
the adoption of renewable energy sources. The aim of this research is to investigate the complexities
associated with multiple attribute decision-making when confronted with intuitionist fuzzy information. In
this context, the weights of attributes are not entirely known, and the attribute values are expressed using
intuitionist fuzzy numbers. To ascertain the attribute weights, an optimization model is formulated based
on the foundational principles of traditional grey relational analysis (GRA). The proposed approach
entails computing the grey relation degree between each alternative and the positive-ideal solution as well
as the negative-ideal solution. This degree is subsequently utilized to establish a relative relational degree,
facilitating the simultaneous ranking of all alternatives concerning both the positive-ideal solution (PIS)
and negative-ideal solution (NIS). From the result Efficient Algorithms is ranked at first position and
Green Data Centers is ranked at fifth position.

Keywords: Energy-efficient computing, energy-efficient hybrid, Internet of Things (1oT), virtual machine.

1. INTRODUCTION

The emphasis on energy-efficient computing, especially within the realm of green cloud computing, revolves
around mitigating the environmental effects of data centers and IT infrastructure. This strategy seeks to decrease
energy consumption, carbon emissions, and overall resource utilization while preserving or enhancing
performance and reliability. Green cloud computing encompasses the incorporation of renewable energy sources
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like solar or wind power to fuel data centers, coupled with the implementation of energy-efficient hardware and
software designs. Embracing green computing practices allows organizations not only to diminish their carbon
footprint but also to cut operational expenses and play a role in fostering a more sustainable future. Obstacles
within the realm of green computing, specifically pertaining to energy-saving techniques, encompass the
intricacies associated with integrating energy-efficient technologies into existing infrastructure, the substantial
initial expenses linked to upgrading hardware and software, and the absence of standardized criteria for gauging
energy conservation. Additionally, there might be resistance to change among stakeholders accustomed to
conventional computing practices. Striking a balance between performance and energy efficiency poses another
challenge, as optimizing one aspect could potentially have adverse effects on the other. Moreover, ensuring the
consistent availability of renewable energy sources to power data centers proves challenging, given the
intermittency and cost considerations of such sources. Tackling these challenges necessitates a comprehensive
approach that takes into account technological, economic, and organizational factors. Incorporating energy-
efficient green computing practices in cloud computing entails leveraging virtualization to enhance server
utilization, embracing energy-efficient hardware, deploying dynamic workload management, and harnessing
renewable energy sources. Furthermore, optimizing data center design and cooling systems for energy efficiency
can play a crucial role in significantly diminishing both energy consumption and environmental impact.
Energy-efficient migration techniques for cloud environments involve transferring workloads to servers that can
handle them more efficiently, consolidating underutilized servers, and dynamically adjusting resource allocation
based on demand. These techniques reduce overall energy consumption and contribute to the goal of achieving
green computing in cloud environments.[4] A hybrid framework for green cloud computing, emphasizing energy
efficiency, integrates renewable energy sources with energy-efficient hardware and software designs. By
leveraging both public and private cloud resources, the framework strategically places workloads to minimize
energy consumption while upholding performance standards. This approach effectively mitigates the
environmental footprint of cloud computing, ensuring a balance between cost-effectiveness and reliability.[5].

Towards green computing for the Internet of Things (loT), an energy-oriented path and message scheduling
approach focuses on optimizing the routing of messages to minimize energy consumption. By intelligently
scheduling message transmissions, 10T devices can conserve energy, extend battery life, and reduce environmental
impact, contributing to the overall goal of green computing. [6] Promoting energy efficiency in cloud computing
is a vital aspect of green computing, encompassing the adoption of energy-efficient hardware, dynamic resource
allocation, and virtualization methods. Through the optimization of resource utilization and the reduction of
energy consumption, cloud service providers can diminish their environmental footprint and operational expenses,
fostering a more sustainable IT infrastructure.[7] The utilization of the flower pollination algorithm in cloud data
centers for energy-efficient virtual machine allocation presents a noteworthy approach in the realm of green
computing. Emulating the pollination process, this technique optimizes the assignment of virtual machines to
servers, leading to decreased energy consumption and enhanced overall efficiency. This method represents a
noteworthy stride in developing more sustainable and eco-friendly cloud computing environments.[8] In green
computing for X-loT applications, strategies focusing on energy-efficient sensor and VM selection aim to
diminish energy consumption while upholding the necessary quality of service. Through the intelligent choice of
sensors and virtual machines, considering workload attributes and energy efficiency metrics, these approaches
play a pivotal role in mitigating the environmental consequences of X-loT systems and advocating for
sustainability.[9] Efficient resource scheduling based on energy considerations stands as a crucial facet of green
computing, emphasizing the optimization of resource allocation in data centers to curtail energy consumption.
This approach incorporates energy efficiency metrics, including server load and power usage, into the scheduling
process, thereby contributing to a reduction in the environmental footprint of data centers and fostering
sustainability in IT operations.[10] Enhancing energy efficiency in virtual infrastructure and green cloud
computing entails optimizing the utilization of virtualization technologies to minimize energy consumption. This
is achieved by consolidating workloads onto a smaller number of physical servers and dynamically adjusting
resource allocation in response to demand. Such an approach not only decreases power usage but also fosters
environmentally sustainable practices in cloud computing. [11] Creating an eco-friendly Finite State Machine
(FSM) on ultra-scale architecture requires the implementation of energy-efficient tactics aimed at lowering power
consumption. This involves optimizing the FSM design to minimize switching activities, employing low-power
modes during idle periods, and integrating dynamic voltage and frequency scaling techniques. By embracing these
environmentally conscious computing strategies, the FSM can operate with increased efficiency, resulting in
decreased energy consumption and a diminished environmental impact. [12] The energy-efficient mobile cloud
computing model with dynamic cloudlet utilization centers on enhancing energy optimization within mobile cloud
environments. It entails the dynamic assignment of tasks to cloudlets, considering their energy efficiency and
workload attributes. Rather than sending tasks to remote data centers, this model prioritizes nearby cloudlets,
resulting in decreased energy consumption and heightened system efficiency. Through this strategy, it promotes
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green computing by mitigating the environmental effects of mobile cloud computing, all while sustaining
performance levels and user experience. [13].

2. MATERIALS AND METHOD

Alternative parameters: Virtualization, Dynamic Scaling, Renewable Energy, Green Data Centers, Efficient
Algorithms.

Evaluation parameters: Energy Savings, Performance Improvement, Ease of Implementation, Environmental
Impact.

Virtualization: Virtualization involves generating a virtual, as opposed to tangible, replica of elements like an
operating system, server, storage device, or network resources. This process enables the concurrent operation of
multiple virtual instances of these resources on a singular physical machine, leading to enhanced resource
utilization, increased flexibility, and simplified IT infrastructure management. In the realm of energy-efficient and
green computing, virtualization is employed to consolidate workloads, diminish the requirement for physical
servers, and enhance overall energy efficiency within data centers.

Dynamic Scaling: Dynamic scaling, also referred to as autoscaling, denotes the capability of a system or
application to autonomously adjust its resources in accordance with fluctuations in workload demands. In the
realm of cloud computing, dynamic scaling enables the automatic allocation or deallocation of resources, such as
virtual machines, storage, or network bandwidth, in response to variations in demand. For instance, during peak
traffic or increased usage, additional resources can be provisioned automatically to sustain performance, while
during periods of low demand, surplus resources can be released to cut costs and enhance efficiency. Dynamic
scaling stands out as a pivotal feature in energy-efficient computing, facilitating the more judicious utilization of
resources based on actual demand and thereby reducing energy wastage.

Renewable Energy: Renewable energy pertains to energy derived from perpetually replenished natural
resources, including sunlight, wind, rain, tides, and geothermal heat. In contrast to finite fossil fuels, which
contribute to environmental pollution, renewable energy sources are sustainable and exhibit lower environmental
impacts. In the realm of green computing, these sustainable energy sources are harnessed to power data centers
and IT infrastructure. This not only lessens dependence on non-renewable energy but also plays a role in
alleviating the environmental repercussions associated with computing operations.

Green Data Centers: Green data centers are facilities created, constructed, and managed with a primary
emphasis on minimizing environmental effects and optimizing energy efficiency. These centers integrate a range
of technologies and methodologies aimed at curbing energy consumption. This includes the utilization of energy-
efficient servers and IT equipment, the fine-tuning of cooling systems, and the integration of renewable energy
sources. In addition to energy considerations, green data centers prioritize sustainability by minimizing waste,
recycling materials, and adopting environmentally friendly practices in their operations. The overarching objective
of green data centers is to diminish the carbon footprint and overall environmental impact associated with data
center operations.

Efficient Algorithms: Efficient algorithms are those specifically crafted to minimize the utilization of resources,
such as time, space, or energy, while successfully accomplishing the intended computational task. In the realm of
energy-efficient and green computing, these algorithms play a pivotal role in optimizing resource utilization
within IT systems. Their design focuses on executing tasks with minimal energy consumption, thereby
diminishing the environmental impact associated with computing operations. The adoption of efficient algorithms
can enhance the overall performance and energy efficiency of computing systems, establishing them as a crucial
element in the implementation of green computing strategies.

Energy Savings: Energy savings denote the decrease in energy consumption resulting from the implementation
of energy-efficient practices, technologies, or strategies. Within the realm of green computing, organizations can
achieve energy savings through diverse approaches, including the use of energy-efficient hardware, software
optimization, virtualization adoption, and the implementation of power management techniques. The reduction in

Copyright@ REST Publisher 39



Sreenath Devineni et.al / Computer Science, Engineering and Technology, 1(4), December 2023, 37-45

energy consumption not only leads to cost savings on electricity bills but also contributes to diminished carbon
footprints, fostering a more sustainable environment.

Performance Improvement: Performance enhancement involves boosting the speed, efficiency, or overall
effectiveness of a system, application, or process. In the sphere of green computing, achieving performance
improvement entails optimizing algorithms, utilizing swifter hardware, refining software design, and integrating
parallel processing techniques. This pursuit not only enables organizations to attain their computing objectives
more effectively and efficiently but also holds the potential to reduce energy consumption and minimize
environmental impact.

Ease of Implementation: Ease of implementation pertains to the simplicity with which a technology, solution,
or strategy can be adopted and integrated into an existing system or environment. In the context of green
computing, ease of implementation is associated with how straightforward it is to introduce energy-efficient
practices or technologies. Influencing factors include resource availability, compatibility with the current
infrastructure, deployment simplicity, and the requisite level of expertise. Solutions characterized by ease of
implementation are more likely to be embraced, facilitating organizations in swiftly realizing the advantages of
green computing.

Environmental Impact: Environmental impact encompasses the consequences of human activities, such as the
functioning of IT systems, on the natural environment. In the realm of green computing, this impact involves
considerations like carbon emissions, resource depletion, pollution, and waste generation. The objective of green
computing is to diminish the environmental impact associated with computing operations by curtailing energy
consumption, incorporating renewable energy sources, minimizing waste, and embracing sustainable practices.
Through these efforts, organizations can contribute to fostering a healthier and more sustainable planet.

Method: The grey system concept methodology proves highly efficient in systematically evaluating systems
characterized by uncertain information. Under this concept, a "black system" encompasses all unclear or
ambiguous information, while a "white system™ comprises publicly known information. Within this framework,
a "grey system" contains the least discernible details. Key components of the grey systems approach include Grey
Relational Analysis (GRA), grey decision making, grey programming, and grey control. GRA, specifically, plays
a vital role in addressing challenges characterized by intricate relationships between variables. Consequently,
Grey Relational Analysis (GRA) is extensively used to address uncertainty arising from incomplete or fragmented
data. It stands out as one of the most frequently employed methods for exploring diverse connections among
discrete datasets and drawing conclusions in situations involving numerous variables. GRA's primary advantages
include its computational simplicity, direct reliance on raw data, and effectiveness in facilitating robust corporate
decision-making. Deng's (1982) grey systems approach is widely embraced across various domains, proving
valuable in handling imprecise, limited, and unclear information. GRA, as an integral part of the grey systems
approach, is applied to tackle challenges associated with intricate interactions among multiple factors.

Grey Relational Analysis (GRA) simplifies the complexities inherent in Multiple Attribute Decision Making
(MADM) by consolidating all similarity measures for each option into a unified value. This simplification
transforms the initial intricate problem into a single-attribute judgment problem, allowing for straightforward
analysis of multiple solutions with diverse characteristics [20]. The process begins by establishing a comparison
sequence through the conversion of each option's performance into the initial step of GRA, known as the "grey
relational generating" phase. These sequences lay the groundwork for creating a "standard sequence (ideal target
sequence)." Following this, the computation of the "grey relational correlation between all similarity variants and
the benchmark pattern” takes place [21]. The "grey relational coefficients" are then employed to calculate "the
grey relational grade" for every comparative and benchmark pattern. The optimal selection is identified among all
transformed comparable sequences as the one exhibiting "the highest grey relational grade compared to the
reference sequence itself." [22].
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3. RESULTS AND DICUSSION

TABLE 1. Energy-efficient computing and green computing techniques

Energy | Performance | Ease of Environmental

Savings | Improvement | Implementation | Impact
Virtualization 30 10 20 100.00
Dynamic Scaling 25 15 15 150.00
Renewable Energy 100 7.00 25.00 200.00
Green Data Centers 40 5 30.00 250.00
Efficient Algorithms 20 20 10.00 300.00

Table 1 shows Energy-efficient computing and green computing techniques Alternatives parameters:
Virtualization, Dynamic Scaling, Renewable Energy, Green Data Centers, and Efficient Algorithms Evaluation
parameters: Energy Savings, Performance Improvement, Ease of Implementation, Environmental Impact

Energy Savings

W Performance
Improvement

M Ease of Implementation

B Environmental Impact

FIGURE 1. Energy-efficient computing and green computing techniques

Figure 1 illustrate the graphical representation of the Energy-efficient computing and green computing techniques

TABLE 2. Normalized data

Normalized Data

Energy

Savings Performance Improvement | Ease of Implementation | Environmental Impact
0.1250 0.3333 0.5000 1.0000
0.0625 0.6667 0.7500 0.7500
1.0000 0.1333 0.2500 0.5000
0.2500 0.0000 0.0000 0.2500
0.0000 1.0000 1.0000 0.0000

Table 2 shows explanation of normalized data. Energy Savings for Virtualization is 0.125, which means it is
12.5% of the maximum value. Performance Improvement for Efficient Algorithms is 1.000, indicating it is the
maximum value. Ease of Implementation for Dynamic Scaling is 0.750, meaning it is 75% of the maximum value.
Normalization helps to compare different metrics on a consistent scale, allowing for easier analysis and
comparison.
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Normalized Data

B Environmental Impact B Ease of Implementation

H Performance Improvement ® Energy Savings

Efficient Algorithms
Green Data Centers

Renewable Energy

Dynamic Scaling

Virtualization

FIGURE 2. Normalized data

Figure 1 illustrate the graphical representation of Normalized data

TABLE 3. Grey relation coefficient

Grey relation coefficient
Energy
Savings Performance Improvement | Ease of Implementation | Environmental Impact
0.3636 0.4286 0.5000 1.0000
0.3478 0.6000 0.6667 0.6667
1.0000 0.3659 0.4000 0.5000
0.4000 0.3333 0.3333 0.4000
0.3333 1.0000 1.0000 0.3333

Table 3 shows grey relation coefficient. The grey relation coefficient is calculated as the absolute difference
between the reference value and the value of each alternative, divided by the sum of all such differences for that
alternative. This calculation is done for each alternative and for each criterion. The grey relation coefficient helps
to identify which alternative is most similar or closely related to the reference series, providing insights into the
relative performance or impact of each alternative.

Grey relation coefficient

Environmental Impact

e=fe=Ease of
Implementation

== Performance
Improvement

Energy Savings

FIGURE 3. Grey relation coefficient

Figure 3 illustrate the graphical representation of Grey relation coefficient.
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TABLE4.GRG
GRG
Virtualization 0.5731
Dynamic Scaling 0.5703

Renewable Energy 0.5665
Green Data Centers 0.3667
Efficient Algorithms 0.6667

In the above table 4 shows GRG Efficient Algorithms has high and Green Data Centers has low Virtualization
has 0.5731, Dynamic Scaling has 0.5703 and Renewable Energy 0.5665

FIGURE 4.GRG

Figure 4 illustrate the graphical representation of GRG.

TABLE 5. Rank

Rank
Virtualization 2
Dynamic Scaling 3
Renewable Energy 4
Green Data Centers 5
Efficient Algorithms 1

In this Table 5 Efficient Algorithms is ranked at first position and Green Data Centers is ranked at fifth position.

1

Virtualization Dynamic Renewable Green Data Efficient
Scaling Energy Centers Algorithms

FIGURE 5.Rank
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In this Table 5 Efficient Algorithms is ranked at first position and Green Data Centers is ranked at fifth position
and Virtualization is in 2 Rank, Dynamic scaling is in 3 Rank, Renewable Energy is in 4 Rank.

4. CONCLUSION

In the contemporary world, the adoption of energy-efficient computing and green computing techniques is
imperative to alleviate the environmental impact of computing technologies. These methods are designed to curtail
the energy consumption of computing systems, resulting in diminished carbon emissions and lowered energy
expenses. Through the implementation of strategies such as algorithm optimization, enhanced hardware
efficiency, and the incorporation of renewable energy sources, organizations can significantly diminish their
carbon footprint, contributing to a more sustainable future. Moreover, green computing techniques advocate for
the use of environmentally friendly materials in computing hardware, further mitigating the overall environmental
impact. In essence, the widespread adoption of energy-efficient and green computing practices is essential for
addressing the environmental ramifications of computing technologies and fostering a sustainable and eco-
friendly digital infrastructure.
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