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Abstract 
When it comes to cloud computing, energy efficiency has been one of the primary concerns. 
inside the scope of this study is an analysis of how effectively and economically resources are 
distributed inside the cloud. There have been various different approximations suggested due 
to the fact that cloud resource allocation is an NP-hard problem. The distribution of resources 
is another area that might benefit from approximate solutions; hence, such methods can be 
valuable for future work. In this study, we focus on efficient energy-aware cloud computing 
(EEAC) methodologies for system and device detection and classification, optimization 
approaches, and energy/power management strategies. Processing units and hybrid systems are 
examples of the different sorts of devices, whereas networks, clusters, and clouds are instances 
of the different kinds of system types. The objective is to perform calculations such as the 
execution time and the energy use while maintaining as low a level of power and energy 
consumption as possible. We explore power and energy management solutions and application 
programming interfaces (APIs), as well as approaches and scenarios for predicting or 
modelling power or energy consumption in existing EEAC systems. This paper provides a 
survey of approaches and techniques for energy efficiency in cloud computing. 
Keywords: Cloud computing, energy efficient, power consumption, energy usage, energy 
aware cloud. 
 
1. Introduction 
The use of IT resource administration tools (such as routers, computer systems, and simulated 
machines) that are efficient in terms of energy consumption is required for cloud computing. 
In the body of research that has been done on the topic, a variety of approaches to 
accomplishing the goal of improving energy utilization in cloud computing have been 
projected. On the other hand, cloud technology is frequently viewed as an extremely potential 
approach to finding solutions to the current energy issue [1]. This is supported by a number of 
studies, one of which [2] asserts that migrating to the cloud would result in an 87 percent 
reduction in the amount of energy that is consumed. When it comes to researching potential 
solutions to the issue of rising power consumption, one of the most challenging areas to look 
at is effective energy management. Computing facilities have been the subject of a great 
amount of study because to the enormous amounts of power that they consume, in addition to 
the relatively significant expenditures and carbon footprints that they leave [3]. We encourage 
any activities and ideas that will drastically cut the amount of energy that is consumed by data 
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centers while simultaneously contributing to a higher level of environmental sustainability [4]. 
However, if you only concentrate on lowering energy usage, you won't accomplish very much 
since you can end up putting other goals, like quality of service and scalability, at risk. As a 
consequence of this, dealing with the tradeoffs that arise from many objectives is another 
significant difficulty. Despite these challenges, the technology of virtualization has long been 
regarded as a potent tool for increasing the energy efficiency of cloud data centers while 
simultaneously meeting other aims. Dealing with virtualization in a way that is effective and 
efficient has been the subject of several proposed solutions [4]. Examples of energy-aware 
technologies include virtual machine consolidation [5], energy-efficient task scheduling [6], 
and energy-aware workload aggregation [7]. 
  
2. Cloud Computing 
Services utilizing Infrastructure such as (IaaS), Service for different Platform such as (PaaS), 
and Service for Software in cloud such as (SaaS) are some of the computing services supplied 
by cloud computing to cloud consumers. The IaaS layer is in charge of administering physical 
computers and pooling virtual processing and storage resources. Operation systems and 
development tools make up the PaaS layer. The SaaS layer, on the other 
Table1. Taxonomy of data categorization methods those are conscious of energy usage 

Literature Criterion for 
Data 

Zones Environment Effectiveness in 
energy 

Publication 

Sustainable Data’s Cold zone   and   hot Hadoop cluster Average 26% 2010 
HDFS: The goal spatial zone at yahoo energy reduction  

is to have a temporal     

memory- popularity     

heterogeneous      

Hadoop cluster      

that is efficient      

with energy. [7]      

Green cloud   - Data’s Similar data   access Simulated Data 43.06% energy 2012 
depending access pattern aggregation center consumption  

centers of   data pattern stored  conserved  

necessitate a      

method of      

acquiring data      

that is dynamic.      

[8]      

An energy- Data’s ColdZone, Hot zone CloudSim Over 35% 2014 
efficient method repetition and simulator energy  

that is based on and activity ReduplicationZone  consumption  

the classification factor   saved  

of data is      

utilized for      

cloud computing      

architecture. [9]      

Methods that Network Consolidation of CloudSim Average 12% 2018 
Take into traffic virtual machines Simulator energy saved  

Account Energy  based on   workload  and 22%   SLA  

Efficiency and  status  violation  

SLA Violation    reduced  

in Cloud      

Computing [10]      
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hand, houses the real cloud service. In addition, the IaaS can be subdivided into three tiers. To 
begin, there is a stratum of physical resources, which consists of a standard cloud centre that 
incorporates both IT and non-IT apparatus (e.g. discs, network equipment, and servers, also for 
cooling, lightening, and air conditioner). Second, there is the virtualized layer, which is made 
up of many virtual storage and management of resources made possible by virtualization 
technology. Finally, there's the management tool layer, which includes features like virtual 
resource management, accounting, and monitoring. Furthermore, some academics bifurcate 
services of cloud categories into: one as Service based on hardware (HaaS) and another Service 
using data (DaaS) [11]. Ecofriendly environments help in reduction of amount of energy and 
systems resources [12] 
 
2.1 Virtualization 
Cloud computing isolates technology and services, allowing multiple cloud apps to share 
servers almost anywhere in the world. This is doable as long as the technology is virtualized. 
Virtualizing a programme for the cloud includes bundling the app's assets with everything that 
they want to execute, including a database, middleware, and operating system. This conscience 
virtualized program component can then be accessed from any location on the planet. 
Virtualization can also be used to construct sandboxes. Sandboxes are a type of container that 
allows applications to run safely, ensuring a greater level of security and stability. It is indeed 
typically used to "run experimental code or applications from unscrupulous third-party 
sources." 

 
Fig 1. Research on cloud computing that is gentle on the environment is categorized. 
 
2.2 Load Balancing 
The success of cloud-based systems depends on load balancing. It's in charge of equitably 
spreading work tasks among computers and other devices, allowing resources to be used more 
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economically while also enhancing availability and reliability. A load balancer can handle 
different amounts of demand automatically by attempting to change its deployment decisions 
based on when a query is received. In digitalization, where the notion of load balancing is 
controlled by an application, a load balancing solution is widely utilized. As in fig 1. 
 
2.3 Efficient Energy aware Strategies for cutback 
Making the switch for host and adaptive voltage and frequency scaling (DVFS) are the two key 
energy- saving methods employed in Cloud-related research. Energy consumption is lowered 
by turning off idle hosts, and the system replies to queries with the available hosts. Mao et al 
[13] The technique of turning hosts on and off was researched and expanded upon by Mao and 
Humphrey [14], who explored the impact on timelines and cost. The prominence of efficiency 
gains obtained by shutting down nodes may be attributed to the fact that an inactive host uses 
approximately 70% of its peak output. [15-16]. 
 
When hosts are re-enabled, there is a limited period of high point energy use and possibly 
technical difficulties. DVFS saves energy by lowering host frequency while keeping them 
interested. A stringent DVFS approach decreases processor frequency to the point that time 
restrictions are barely satisfied, potentially resulting in system timeline breaches. However, 
server changing and frequency modifications have been demonstrated to be successful [17] and 
are extensively employed. 
 
3. Energy sensitive Architectural and General Cloud literature 
The investigators chose a lot of surveys that were conducted on this subject, particularly those 
that were indicated in [18]. In the following, we shall discuss each one of them in further depth. 
Power management is one of the most essential components of an energy-efficient and 
workable system. The selected papers presented findings from study on the subject. To get 
things started, Beloglazov et al. [19] presented a number of different classifications for 
regulating the capacity of cloud computing. Management of both stable and variable power is 
becoming an increasingly important factor in the categorization of computer systems. Two of 
the categories that make up the hardware taxonomy are referred to as Dynamic Performance 
Scaling and Dynamic Component Deactivation. At the level of the operating system, the 
taxonomy is broken down into a number of dimensions (such as application updates, target 
management systems, and power action plans), and at the level of the data center, the workload 
is broken down into a similar number of dimensions. 
 
In addition, Raj and Shriram [20] highlighted the importance of the cooperation among the IT 
and non-IT aspects of the system. A characterization of power management solutions has been 
looked at from a variety of different angles, such as the application, the cluster topology, the 
hardware resources, and a few more infra layers. 
 
The appropriate moment is now In accordance with Jing et al. [4] who decided on IT elements 
of cloud (such as connection of   system,   Cpu   Unit,   nodes   system,   Storage,)   and   non-
IT   gear (Electrical equipment's, and thermal cooling system), the cloud consists of both types 
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of equipment. After considering all of these characteristics, we were then able to classify the 
many options that were available. Strategies for managing information technology equipment 
include relocating virtual machines, adjusting the voltage, and scheduling algorithms [21]. In 
the meanwhile, options that do not include information technology equipment include efficient 
thermal management on two levels: the framework and the facility. At the facility level of the 
data center, the primary focus is on managing the flow of cooling air across the facility. The 
augmentation of workload server distribution is handled by the framework, which helps reduce 
the amount of cooling that is required. 
 
[22] Madni et al. released a research in which they carried out a systematic review with a focus 
on the platform layer of the cloud, which encompasses energy considerations. This review was 
published as part of the study. This review classifies and examines previously published works, 
and it also reports on resource elements and traits that have been the subject of inquiry. The 
categorization is based on two primary dimensions: the competitive approach (AI, dynamic, 
and predictive) and the parametric distribution of resources (QoS load balancing, throughput, 
and energy-awareness). 
 
Both [22] and [23] investigated resource allocation with an eye toward energy efficiency, while 
[24] studied VM placement strategies with an eye toward energy effectiveness. A condensed 
description of each work of art has just been presented. Existing energy-efficient resource 
provisioning solutions are discussed in detail by Hameed et al. [23]; these tactics are based on 
both hardware and software. They categorized the currently available methods into four distinct 
levels and discussed the advantages and disadvantages of each strategy. The sustainability with 
regard to the stages of the energy source, the optimization method, the allocation methodology, 
the collaboration, and the accumulation process. 
Attaoui and Sabir [24] also looked at Vm assignment algorithms, but their primary focus was 
on multi- objective improvement, which included reducing energy consumption as one of the 
objectives. They discussed cutting-edge work from a variety of perspectives, including power, 
budget, traffic patterns, material, and quality of service (QoS). In addition to this, they covered 
previously suggested algorithms, such as algorithms for contextual, structured, and informed 
guesses. According to the inferences drawn from the review, the choice of heuristic and/or 
meta-heuristic optimization strategy is significant, notwithstanding the possibility that it would 
provide solutions of high prominence. 
 
The energy-consciousness of buildings was investigated in the paper [25]. This can be summed 
up in the following way: Hammadi and Mhamdi [25] investigated the development of data 
center network design as well as the efficiency of energy use. The data center network 
topologies that were already in existence were separated into two primary groups: digital data 
centers and optical data centers. There are two different topologies in the digital data center. 
The first type of data center is a switch-centric data center, which is also known as the 
conventional data center. The server-centric architecture is the second design, and it is 
constructed using electronically switched networks that use packet switching. In the 
meanwhile, the optical data center makes use of a wide array of active and passive optical 
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devices to enable its switching, routing, and connecting operations. . If cloud providers want 
to keep their offerings up, they'll need to lower the amount of energy their platforms consume 
without compromising on performance [26] 
 
4. Recommendations 
In order to promote energy-conscious cloud exploration, there is a pressing need for several 
aspects of research to be carried out, each of which is essential. As a consequence of this, the 
following possibilities have been suggested: 
The importance of alternative fuels and intelligent systems is emphasized throughout the study. 
Recent polls do not take any attempts into consideration that include machine learning or 
alternative fuels. 
 
Another piece of research puts an emphasis on utilizing deep learning to provide energy-aware 
forecasts. It is essential to make predictions in order to provide proactive solutions for energy-
conscious cloud computing. 
 
5. Conclusion 
The energy-aware platform is an exciting area of study that holds great potential for achieving 
the objective of environmentally responsible cloud computing. As a result of this, our work 
contributes to the evaluation of previously conducted relevant surveys and ideas for new 
techniques that improve energy efficiency. On the basis of our findings, we decided to define 
two primary categories for the classification of ongoing surveys: (i) comprehensive research 
on clouds' effects on energy use and (ii) studies on how to make buildings more energy-
efficient. 
 
In addition, we have suggested a wide variety of possible directions for future energy-conscious 
cloud evaluations. These recommendations were developed by taking into account both the 
previously established survey categories and the outcomes of recent research. To get things 
rolling, we propose conducting a survey with the topics of artificial intelligence and alternative 
sources of power. The second part of this paper is a survey review that we have prepared on 
the topic of machine learning for energy- aware projection. 
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