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Abstract: The most concerning problem on a global scale is the rise in energy usage. Massive data centers have been built as a
result of the expansion and development of sophisticated data-intensive applications, which has raised the demand for energy. As
a result, concerns related to energy efficiency are receiving more and more attention in corporate practice, theory development,
and research related to cloud computing. The survey shows the research trends based on regions, journals, conferences, etc., in the
domain of energy efficiency in cloud computing. The study includes Challenges or Issues, Existing Methods, Decisive Review
Findings and Future Aspects/ Limitations. It is concluded with some of the critical findings that could be potential future
directions.
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1. INRODUCTION

The information and communication technology (ICT) sector's energy consumption has recently grown to be a significant issue for
the computing sector. Energy demands have increased dramatically as a result of technological advancements, as well as the
proliferation of applications and services in the digital world. The trend of building large computer facilities has a negative impact
on the amount of energy needed to provide dependable services and manage the complexity and increased scale of technological
advancements made up to this point. As a result, there is currently a serious energy crisis. The methods used to implement the
virtualized cloud environment with regard to energy efficiency have not been thoroughly researched. However, since virtualization
is a fundamental component of cloud computing, it cannot be completely disregarded.

2. RESEARCH METHODOLOGY

The section on research methodologies presents the article's research objective. It provides a thorough explanation of the review
technique and illustrates the motivations behind the study's conduct. There are two review plan have been conducted in this study.

2.1: Research questions
The various study questions are listed in Table | together with the corresponding motivation.

2.2: Comprehensive Review

The comprehensive review includes Challenges or Issues, Existing Methods, Decisive Review Findings and Future Aspects/
Limitations.
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Table I: Study questions with corresponding motivation

Question

Motivation

Why is energy efficiency is important?

It helps to understand the implications of rising energy consumption
throughout the world and also to locate the loopholes responsible for it.

What is the role of Information & Technology
in energy efficiency?

Various estimates on rising energy wastage and Green House Gas
emissions have been mentioned. These estimates clearly indicate the
role played by ICT in raising energy wastage.

How is cloud computing beneficial in energy

efficiency?

Computing with clouds has surfaced as a useful paradigm for handling
the energy crisis. Although setting up of numerous data centers
augments the energy problem, many different techniques implemented
in cloud computing help to lessen rising energy consumption.

4. What are the existing strategies for realizing | Many techniques to curb energy efficiency via cloud computing have
energy efficiency in cloud computing? been discussed with a thorough review, categorization, and comparison
of the existing techniques. This review article is useful for future
researchers to clearly understand the current status, need, and future
requirements of energy efficiency.
Table 1I: Comprehensive Review
Ref | Journals/ Challenges or Existing Methods Decisive Review Future Aspects/
Conference Issues Findings Limitations
[1] | IEEE Transactions A stochastic | Lyapunov optimization | The theoretical | The real-time traffic
on Vehicular optimization technique, analysis is | applications on
Technology, 2016 problem that, | Leveraging the Lagrange | strengthened by | realistic networks,
subject to  the | dual decomposition | simulation findings such as wvoice and
necessary EE | technique mobile video
restriction and
transmit power
consumption
[2] | IEEE Access, 2016 The main problem | Propose Directional | Delivers superior | It will expand to
with wireless | Transmission based | results, including | operate in dynamic
sensor networks is | energy aware Routing | lower bit error rates, | situations
that they have | Protocol is a directional | delays, energy use, and
packet  overhead, | transmission-based throughput
which increases | energy conscious routing
energy technology
consumption  and
lowers quality of
service in sensor
networks
[3] | IEEE Transactions | Critical problems, | Computationally Reduces . scheduling | The suboptimal
on Mobile | such as  lossy | efficient suboptimal | complexity and | technique can reduce
Computing, 2016 airborne  channels | algorithm increases network | energy consumption
and restricted lifetime while ensuring
unmanned  aerial success
vehicle battery
capacity, have a
negative impact on
network lifetime
and success rate
[4] | IEEE Transactions | The issue of | Dual speed curve | Subsections and speed | The dual optimization
on Intelligent | operating high- | optimization technique is | limits are | speed curve method
Transportation speed trains while | used simultaneously used to | and traction, a new
Systems 2016 paying close employ the | energy-saving
attention to combination strategy is developed
reducing energy use optimization
approaches with
genetic process
[5] | IEEE Transactions | Accuracy issues of | Two types of loops: | The first technique | The numerical
on Magnetics,2016 electromagnetic parallel and serial. The | identifies inactive | outcomes
design parallel-loop  approach | constraints. Which. demonstrate how
employs two separate | The second method is | much more accurate
optimization loops for probabilistic | and  effective the
constraints newly designed
serial-loop

technology is than the
original
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[6] | IEEE Transactions | Dynamic  voltage | Energy-Efficient Fault- | The energy | The development of
on Sustainable | and frequency | tolerant scheduling | consumption lowered | Energy-Efficient
Computing,2018 ascending method that was | by the proposed an | Fault-tolerance

technique might | implemented after an | energy-efficient fault- | scheduling taking
cause a substantial | energy-efficient  fault- | tolerant scheduling | reliability aim and
increase in transient | tolerant scheduling | with a reliability goal | temporal restriction
processor failures algorithm is larger than those cut

by existing techniques

[7] | IEEE Transactions | Hadoop ecosystems | An Energy Efficient-Ant | Seeks to decrease the | To further increase
on Parallel and | are becoming more | Base Routing Algorithm, | total amount of energy | Hadoop's energy
Distributed Systems, | and more crucial | Dynamic Voltage and | used by a | efficiency, we will
2018 for those  who | Frequency Scaling with | heterogeneous Hadoop | investigate

perform large-scale | E-Ant cluster without | integrating E-Ant

data analysis, but reducing task | with resource

they also use a lot performance provisioning and

of energy consolidation
methods

[8] | IEEE Transactions | The methods | Mesh Adaptive Direct | First, the proposed | Studying combined
on Wireless | (energy-efficient Search algorithm, sine | optimization issues are | uplink and downlink
Communications, resource allocation | cosine algorithm | converted into | transmission  while
2018 for each fairness | approach and  dual | monotonic taking into account

technique and | method optimization problems | both transmitter and
successive with canonical form, | receiver energy usage
interference and then the best | isanother area
cancellation solution  for  each

ordering) now in problem is found

use to  tackle

convex issues could

not be immediately

applied to the

suggested

optimization

problems

[9] | IEEE Transactions | Essential network | Used the techniques of | The issue is translated | The established
on Mobile | topologies is | cell size user migration, | into a Mixed Integer | framework sets the
Computing,2017 important to note | Zooming, and sleep | Linear Programming | financial groundwork

that the | mode problem  equivalent; | for cutting-edge
heterogeneous the prior is resolved | green wireless
environment's using a bisection | networks looking to
potential for procedure, whereas the | increase productivity
maximizing profits concluding is dealt | and profitability

has not  been with by a ready-made

investigated software solution

[10] | IEEE Transactions | The network | Described a number of | The results of the | It will be important to
on Cloud Computing, | infrastructure of | cutting-edge, locally and | simulation show that | create energy-saving
2017 service  providers | globally optimized | the suggested methods | methods

must be expanded | reconfiguration can save a significant
to satisfy the rising | techniques that save | amount of energy in
traffic needs energy physical links
[11] | IEEE Access, 2018 The intermittent | Binary particle swarm | The suggested plan | Both the service
and time-varying | optimization, genetic | prevents voltage | company and the
nature of | algorithm, wind driven | increase issues in | group of consumers
Renewable energy | optimization. locations with | can  benefit  from
sources makes their significant renewable | suggested scheduling
energy-efficient energy penetration approach  for the
integration a energy-efficient
difficult challenge
[12] | IEEE Access, 2018 To optimize home | For the suggested hybrid | That aids in balancing | To  improve the
energy management | technique, they have put | the load during OFF- | system's
system that makes | forth a fitness criterion | peak and ON-peak | performance, connect
use of the demand | that aids in balancing the | hours. between the price of
side  management | load during OFF-peak PAR, electricity and
load shifting | and ON-peak hours. waiting time.
method

[13] | IEEE Access, 2018 Large data centres | POWER BASED | Offer  energy-saving | We hope to enhance

need a lot of
energy, which
increases

operational  costs

TECHNIQUE(Asymmet
ric Class Projection ),
POWER BASED
TECHNIQUE

remedies that lessen
the effects of the
aforementioned
problems

the performance of
the suggested
strategies
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and CO2 emissions | (Rapid Control
Prototyping)

[14] | IEEE Transactions | dynamic power | The energy-efficient | The suggested strategy | Enhanceable the
on Sustainable | management  and | scheduling problem can | can save up to 30% | refinement algorithm
Computing,2021 dynamic  voltage | be  expressed using | more energy than other | and  research  the

frequency scaling | mixed integer linear | ways already in use energy-efficient
algorithms were | programming mapping approach
primarily  created

for inter-task

scheduling, without

enough

investigation

[15] | IEEE Computer | The application | Collaborative  Filtering | CF-Tune  uses  a | Suggested framework
Architecture Letters | level and affects | Auto-Tuning collaborating filtering | delivers high
2018 both  performance technique to configure | accuracy

and energy the application tunning

consumption due to parameters quickly

architectural and accurately

complexity

[16] | IEEE Access, 2019 Rising load demand | They recommended | It attempts to manage | Multi-objective

in residential areas | binary  multi-objective | the trade-off between | Cuckoo Search

and the | bird swarm optimization | competing goals, | Algorithm is

unpredictable and a combination of | including electricity | imprisoned in global

electrical load | bird swarm and cuckoo | bill, appliance wait | optima. The

profile search methods time, and load shifting | suggested strategies
can also work toward
local and global
optimum states

[17] | IEEE Access, 2019 Sensing coverage in | A common method is | The purpose of this | The sojourn location

Wireless  Sensor | used for improving the | article is to optimize | has a greater

Networks is | network's energy | the MS's sojourn site | influence on  the

regarded as one of | efficiency is the use of | in a heterogeneous | network's energy

the most crucial | Mobile Sinks home network, which | efficiency than

metrics enhances the network's | improving the MS's
performance and | sojourn length and
coverage time velocity

[18] | IEEE Transactions | Heterogeneous A suboptimal approach | Results from | It is anticipated that
on Vehicular | networks has | was put out to | simulations resource  allocation
Technology,2019 become an | alternatively maximize | demonstrate that the | plan will be an

unavoidable trend | the system's energy | suggested algorithms | efficient ~way to

to improve the 5G | efficiency can - achieve  high | increase the non-

system throughput system energy | orthogonal multiple

and spectrum efficiency access Heterogeneous

efficiency networks energy
efficiency

[19] | IEEE Sensors | The goal of | The clustering technique | The shortest path is | A greater information
Journal, 2019 designing an | is used to optimize the | used to route the data | quality is possible

energy-efficient energy from cluster head | with a low number of
routing system for nodes to the sink. The | nodes and  high
wireless sensor sensor node position | residual energy
networks is to optimization is carried

support out utilizing  the

applications  like exhaustive search

military method

surveillance  and

structural health

monitoring

[20] | IEEE Systems | The heating, | Multi objective optimum | Regulating  heating, | This article's potential

Journal, 2019 ventilation, and air | scheduling framework ventilation, and air | scope  might be

conditioning loads conditioning expanded to include
in metropolitan equipment based on | our ongoing work to
structures are Johnson's simple | optimize the power
mostly to blame for circuit finding | consumption set-
the rapid increase in approach point
global energy
consumption

[21] | IEEE Latin America | The Particle Swarm | Binary particle swarm | The continuous space | Florena Island s

Transactions, 2020

Optimization

technique, cannot

optimization algorithm
and the original PSO are

is mapped into a
discrete space using an

required to have a
Hybrid Power
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be directly applied
to real-world issues
like the sizing of
hybrid energy
generating systems

combined

S-type transfer
function

Generator System

[22] | IEEE Access, 2020 The rapid growth | load balancing technique | Implementation of the | User association
presents a load balancing | algorithm for multi-
significant obstacle technique to improved | tier networks using
to the creation of resource block | the coordinated
cellular networks consumption multipoint technique

[23] | IEEE Transactions | There will soon be | 1)creating a consolidated | A first fit decreasing | Develop the

on Industrial | a tsunami of Big | Software-Defined Data | algorithm-based suggested work on a
Informatics, 2020 Data due to the | Center-based model to | suboptimal strategy is | real-time testbed
quickly  changing | jointly  optimize the | presented
industry standards | process  of  virtual
and revolutionary | machine for decreased
developments in the | energy consumption.2)
Internet of Things | defining a multiobjective
arena optimization problem to
determine  the  best
distribution of resources.
3) creating an effective
method based on
heurism
[24] | IEEE Transactions | It's anticipated that | Successive Interface | Energy efficiency | Account the joint task
on Vehicular | next-generation Cancellation techniques | optimization issue | offloading and
Technology, Nov. | wireless looked into the | content caching in the
2020 communications relationship  between | suggested framework
will offer the caching probability
dependable, high- and the delivery of
speed connectivity energy-efficient
content
[25] | IEEE Journal on | To  fulfill ~ the | To maximize the EE of a | Designed a distributed | By utilizing improved
Selected Areas in | demand for ultra- | THz- Multi-antenna | alternating  direction | K-means machine
Communications, high capacity in the | techniques, convergence | method of multipliers | learning  algorithm,
2020 future, terahertz | scheme, alternating | algorithm quick  convergence
(THz) band | direction method of method  for  user
communication has | multipliers algorithm clustering
been  extensively
explored
[26] | IEEE  Transactions | Due to their | 1) Optimizing  the | The output powers of | These techniques
on Industry | effective receding horizon. Renewable energy | computes the answers
Applications, 2021 administration and | 2) Fuel Cell: A hybrid | resource and the loads | in a  reasonable
control of | prediction technique are forecasted using | amount of time for
distributed energy the Kalman filter real-time operation
resources,  virtual
power plants have
emerged as a major
force in the
decentralized
energy sector

[27] | IEEE Access, 2021 Edge Clouds face | The Dynamic Energy | The initial deployment | It will address
substantial  issues | Cost and Carbon | of applications on | DECA's inability to
because to their | Emission-Effective Edge Clouds and | effectively  support
carbon emission | Application Placement | subsequent placement | more interactive
and high energy | Method for Edge Clouds | optimization contexts
costs is presented

[28] | IEEE Access, 2021 Energy storage | Model predictive control | When the suggested | It will create a single
systems have the | and adaptive droop | Model Predictive | controller that can
ability to | control are two control | Controller is compared | control the State of
significantly reduce | techniques to the proportional- | Charge  of  both
the rate of integral and fuzzy | Energy Storage
expansion of logic proportional- | System and electric

intermittent
renewable energy
sources and sustain
the frequency of
microgrids

integral controllers

vehicle
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[29] | IEEE Transactions | Huge Internet of | Brand-new Machine | Experimental findings | To investigate
on Industrial | Things and big data | Learning-driven mobility | are retrieved with great | cognitive approaches
Informatics,2021 analytics, have | management approach. | energy efficiency, | and intelligent edge

attracted a lot of | A brand-new | higher  Quality of | computing for the

attention  recently | architecture comes next | Experiences and | transmission of video
from academia and Quality of Services content over 6G
the commercial network

world

[30] | IEEE Access, 2021 Hybrid Electric | Analysis of the energy | The experimental | More  investigation

Vehicle types vary | storage systems, as well | setup, improved | can be done to

due to the variety of | as procurable | driving cycles, and | maintain optimal

energy storage | optimization mathematical models | performance, it is

technologies  used of each control | important to

and the different strategy are  also | emphasis the

control techniques analyzed improvement of

used driving cycles in
HEV operations

[31] | IEEE Transactions | Transport massive | The suggested strategy | To  minimize  the | Fault-tolerance,
on Sustainable | data loads from | uses split-and-merge | chosen objective | switch migration
Computing, 2022 various services | clustering to lower the | function, they combine | fallback strategies

and applications to | number of controllers a split and merge | measures to make

end user method with a | split or merge
modified incremental | decisions research
k-mean clustering | areas that might be
approach further studied

[32] | IEEE Transactions | One of the main | Energy  Aware-Virtual | EA-VNM-G decreases | Energy-aware Virtual
on Cloud Computing, | challenges in | Network Migration and | the high time | Networking
2022 network Group based enhanced | complexity problem of | embedding approach

virtualization is to | virtual network | EA-VNM would be intriguing

embed a series of | migration algorithm are to use it in a real-
virtual networks | two energy conscious world setting, such as
with  node and | virtual network the PlanetLab
connection migration algorithms

limitations onto the

physical network

[33] | IEEE Internet of | Software-defined Reinforcement learning | The author of this'| We intend to improve
Things Journal, 2022 | networking is a useful method for | essay optimized | the aforementioned

Wireless sensor | choosing the optimal | Software Defined | criteria putting out

networks, SDN | routing path Wireless Sensor | some fresh ideas and

controller and few Networks through RL | putting the large-
different algorithms scale network into
to determine the practice

routing path, but

none of them are

powerful enough to

produce the

optimum  routing

path

[34] | IEEE Transactions | Tensor computation | First suggestest | The suggested TTD | We intend to expand
on Computer-Aided | has emerged in | algorithm-hardware co- | Engine is at least 14.9 | TTD Engine in two
Design of Integrated | recent years as a | design. and 4.1 times quicker | directions:

Circuits and Systems, | viable technique for | The second thing they do | than its CPU and GPU | 1) Cross-

2022 tackling issues in | is offer a case study that | counterparts approximation is used
big data analysis, | illustrates the value of by advanced TT
machine learning, | processing data Decomposition  for
medical image low-rank matrix
processing, and factorization.

EDA 2) Using the newly
announced TTformat
data processing
pattern

[35] | IEEE Transactions | Major networks and | Algorithm for Harris | The suggested Harris | Concentrate on
on Automation | microgrids hawks optimization Hawks Optimization - | expanding the
Science and | connected to the based approach is | resolution of
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Engineering,2022 main grid face the evaluated against the | reconfiguration
difficult task of performance of the | problems
improving the particle swarm
sustainability — and optimization algorithm
efficiency of and Cuckoo search
distribution algorithm
networks

3. CONCLUSION

In today’s scenario advancement of Information and Communication Technology industry consumes huge amount of energy. The
continuously growing popularity of cloud computing technologies is responsible to rise in energy consumption. The methods of
energy efficiency are comprehensively reviewed in this assessment. This survey emphasizes the energy optimizations in cloud
computing. In this research survey examine how various energy-efficiency methods affect performance and quality of services. It is
possible to create an ideal strategy that handles energy performance and efficiency as a whole while providing advantages for the
economy. Energy consumption by networking components and input-output devices must be taken into account while developing
ways to reduce energy waste. Performance is improved by significantly balancing workloads among several machines at runtime in
the virtualized cloud environment using dynamic Virtual Machine migrations in addition to the use of multicore CPUs. It takes an
effective strategy to evenly distribute the workload across all devices in a network.

4. FUTURE RESEARCH DIRECTIONS

Numerous scheduling and resource utilization techniques for energy consumption in cloud computing have been developed in the
last few decades, but still, it is a challenging task. Some of the critical issue is found as future research directions.

e Fault-tolerance and switch migration fallback strategies.

e Dynamic and heterogeneous environments in Cloud environment.

e Reducing the energy consumption of task requests in Cloud of Things (CoT).

e Needs to apply Machine Learning algorithm to optimize System cost in over-provisioning networks during peak demand
times

e Energy savings can be done through optimizing live virtual machines migrations.
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