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-------------------------------------------------------------------ABSTRACT------------------------------------------------------------- 

Cloud computing is one of the most recent developing engineering and is consistently utilized as a part of different 

IT firms so as to make benefits like expense sparing so that it is more economical then there comes green cloud 

computing into the picture. In this manner, Green Cloud Computing is one the most basic necessities for the IT 

sector. It is an innovation that is rising as data correspondence engineering. This paper surveys the endless and 

reckless efforts made by the various specialists to make Cloud Computing more energy preserving, to break down 

its energy utilization focused around sorts of services in order to diminish the carbon impression rate by colossal  

methodologies furthermore edify  virtualization idea alongside  different  diverse methodologies which utilize 

virtual machines scheduling and migration .The summary of the proposed work by various  authors that we have 

reviewed is also presented in the paper. 
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I.  INTRODUCTION 

Cloud computing is one the latest innovations that are 

climbing with a pace in today's reality. It is the technology 
that guarantees the conveyance of computing as an utility 
[1]. It furnishes the client with the services like 
programming, getting to information, software, accessing 
data, storage services and computation through the Internet. 
 
In such a model, clients access services focused around 
their prerequisites without considering that where the 
services are facilitated. It is alluded to as utility processing, 
and now known as Cloud Computing. It facilitates the 
clients to pay as per the utilization of assets that is pay-as-
you-go model. 
 
The promising new need or requests of clients for the 
computations services support up the utility service 
suppliers like Yahoo, Google, Microsoft and so on are 
building extensive data centers in infertile desert area 
encompassing the Columbia River, USA to endeavor 
shoddy and solid hydroelectric force [2]. For getting such 
data centers energetically, huge measure of power is 
needed.Energy is required for every last movement or 
peripherals included in it like for correspondence between 
procedures, for comforts, screens, system peripherals, 
cooling fans of processors, light and cooling system and 
hence, as an aftereffect of which the energy utilization of 
information technology(IT) industry is climbing. 
 

As mentioned in [3], the total power consumption by the 
data centers in 2012 was around 38 Giga Watt (GW) and 
this is around 63% more than the power consumption of 
2011. This total power could have been enough for 
fulfilling the energy requirements of all residential 
households of United Kingdom. 
 
The earth is at the danger because of huge amount of 
carbon emanations from IT businesses and IT division. 
Accordingly, there is a need to deploy more environmental 
computing   known as "Green Cloud Computing". Green 
Computing is likewise referred to as the naturally 
economical processing. It tries to amplify the utilization of 
power utilization and energy proficiency and to minimize 
the expense and Co2 discharge [4]. The main aim of green 
computing is to investigate new processing model and 
applications with the less cost and less intake of  power and 
additionally support the sustainable improvement of the 
general public as well as the economy and so[5] [6]. 
 
The remaining paper is organized as follows.  
 
Section II explains the need of green computing in clouds. 
Section III enlightens the various approaches to make cloud 
computing more green.Section IV presents a few 
approaches proposed for improving energy efficiency in 
clouds Section V presents the concept of virtualization and 
approaches that are proposed for improving energy 
efficiency using virtualization. Section VI concludes the 
paper. 
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II.  NEED OF GREEN COMPUTING IN CLOUDS 

Countless applications are facilitated by the data centers 
that work under cloud computing. These exercises may 
range from the ones that run for a couple of seconds to 
those that run for more times like simulations or large data 
set processing on shared hardware platforms. The need to 
manage various applications in a data centers poses a 
challenge of on-demand asset provisioning and allocation 
in response of time-fluctuating workloads.  
 
The data centers assets are statically dispensed to 
applications, taking into account peak load qualities, with a 
specific end goal to keep up isolation and give execution 
assurance. As of recently, superior has just been the 
principle concern in the sending of data centers and this 
interest has been fulfilled without considering the energy 
utilization. 
 
Data centers are extravagant to keep up, as well as not all 
that agreeable to the earth also. High energy costs and 
enormous carbon footprints are brought about because of 
huge measure of power expected to power and cool large 
number of servers facilitated in these data centers. Cloud 
service providers need to consider this and receive 
measures to guarantee that their net revenue is not 
diminished because of high energy costs.  
 
Reducing the energy consumption of data centers is not 
only challenging but a complex issue as well as computing 
applications and data are growing with such a speed that 
larger servers and disks are needed to process them fast 
enough within the required time period. Green Cloud 
computing is not only focusing to achieve efficient 
processing and utilization of computing infrastructure, but 
also reduce the energy consumption. This is essential for 
ensuring that the future growth of Cloud computing is 
sustainable. 
 
Otherwise, Cloud computing with increased communication 
between front-end client devices and back-end data centers 
will cause an enormous rise of energy usage. To address 
this problem, data center resources need to be managed in 
an energy-efficient manner to drive Green Cloud 
computing. 
 
III Making Cloud Computing More Green 

There are fundamentally three conceivable methodologies 
that have been attempted to guarantee distributed 
computing to be more ecological agreeable. These 
methodologies have been done or say went for under test 
conditions. The commonsense applications of these 
routines are still under study and he taking after are the 
strategies :- 
 
•  Dynamic Voltage frequency scaling technique 

(DVFS):-  
There is a working clock that is associated with every 
electronic fittings. The working repeat of this is adjusted in 
such a way, to the point that the supply of voltage is 
steered. In this way, this procedure is fittings subordinate 

and can't be controlled according to the different needs.In 
this framework the energy saving is low as appeared 
differently in relation to distinctive methodologies. In this 
way, the power cost brought about degree is furthermore 
low. 
 
•  Resource allocation or virtual machine migration 

techniques:-  

In cloud computing all the physical machine has different 
virtual machines which gives a stage to the applications. 
These virtual machines can be traded to differing hosts 
depending on the changed needs and the openness of 
benefits. The VM development philosophy focuses on 
moving Vms in such a way, to the point that the power 
augmentation is least. The most power successful centers 
are dead situated and the Vms are traded to them.[7]. 
 
• Algorithmic approaches:- 

It has been experimentally determined that an ideal server 
consumes about 70% of the power utilised by a fully 
utilised server 
 

IV. Energy Conservation Approaches 
Usage of energy and framework execution is subject to 
different elements. There are some basic strategies that give 
energy administration to servers in Cloud environment, i.e. 
turning on and off servers, putting the servers to rest or 
sleep. Different methods for energy conservation 
incorporate utilization of Dynamic Voltage/Frequency 
Scaling (DVFS) [8] and utilization of virtualization 
strategies for better resource usage. Different researchers 
have attempted to bring out different techniques to decrease 
the energy utilization in clouds and data centers. In light of 
today's necessities for green computing, we attempt to 
present most recent research endeavors that endeavors to 
manage this situation. 
 
Calculating the total energy consumed by taking a 

single task as a unit 

In [9], the authors displayed a energy utilization show that 
was connected with analysis tool and exact energy 
examination methodologies to figure downright energy 
utilization in Clouds focused around different runtime 
undertakings. A solitary task was considered as an unit and 
the energy given out by the undertaking under distinctive 
designs was measured. The analysis tool had taken the 
energy utilization model as input and portrayed energy 
devoured by each one undertaking focused around the 
diverse parameters like size of information transmitted and 
framework setup size of the information to be handled 
number of processes. It additionally served to distinguish 
the relationship between energy utilization and the tasks 
that are running  in cloud environment, and also framework 
arrangement and execution. The explanatory results related 
framework execution and energy expended which can be 
imperative for creating energy proficient systems. 
 

Scheduling of workloads 
An alternate methodology displayed in [10] is to schedule 
workload all through the servers chose as a capacity of 
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their expense to work, to enhance productivity. The 
fundamental point was to accomplish the greatest use in a 
economic way. The methodology utilized queuing theory 
principles as well as the relationship between packet arrival 
rate, service rate and response time. The relations between 
the power cost and the server usage was discovered to be 
exponential that was further utilized for the choice of the 
server to attain most extreme proficiency. It was additionally 
recommended that ideal proficiency can be accomplished by 
keeping up server setup as for the obliged usage for taking 
care of the prescribed workload. 
 

Efficient server allocation 
The authors in [11] designed an algorithm for managing the 
network resources efficiently and effectively by allocating 
the load as a function of application traffic volume. 
Proficiency was accomplished by minimizing the packet 
loss and the productive usage of the residual server 
capacity regarding traffic pattern designs. It was proposed 
that by selection of the servers which can process the 
workloads at speed that matches the arrival rate of the 
packet, we are able to achieve optimization. Optimal 
performance is not achievable at the speed lesser or more 
than the point shown in the figure 1.  
 

 

Figure. 1 Server Selection Strategy as Function  

of Speed 

 

V.  VIRTUALIZATION AND LIVE MIGRATION 

One of the methods that are broadly utilized as a part of 
cloud environment is virtualization. Virtualization helps in 
diminishing the equipment and working cost by basically 
running numerous working frameworks parallel on a 
solitary framework. Live migration alludes to moving the 
virtual machines starting with one physical server then onto 
the next straightforwardly. The migration of virtual 
machines is found to be a very needful technique for 
making the systems more energy efficient. The major 
technique being used in virtual machine migration is Pre-
Copy. It has 3 phases: 
i)  Pre-Copy Phase 
ii)  Pre-Copy Termination Phase 
iii)  Stop-and-Copy Phase 
Migration is done in several rounds as shown in following 
Figure.2 [12]. 
 

 
Figure. 2 Live Migration algorithm performs memory 

transfer page wise in several rounds [12]. 

 

Allocation of VMs using DVFS and Active Cooling 

The algorithm proposed in [13] aimed at reducing the 
energy utilization by efficiently scheduling virtual 
machines in the system. The principle parameters that had 
been centered were DVFS and dynamic cooling. Alternate 
peculiarities like shutdown of underutilized machines and 
movements of workloads from the machines that are 
working underneath a particular edge were additionally 
utilized. The calculation was equipped for performing the 
scheduling of Vms in non united, homogeneous and 
heterogeneous data centers. The algorithm had the capacity 
enhance power utilization in mists altogether when utilized 
as a part of heterogeneous datacenters. 
 

Automatic Migration using preprocessed data 
An alternate vitality mindful provisioning methodology is 
proposed in [14] which considered energy efficiency as a 
key element. For automatic relocation of Vms, the authors 
had proposed another model with a part called trigger 
engine which uses preprocessed information for automatic 
live migration of virtual  machines. The entire design of the 
model can be unmistakably seen in the figure3 The key 
parameter utilized is use variable for a VM which was 
derived from no. of customers, memory utilized and server 
use. 

 

Figure. 3 Architectural Diagram for Green Cloud 

Computing [14] 
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Combination of allocation and migration of VMs 
The methodology exhibited in [15] additionally centered 
around VM scheduling to get a energy efficient framework. 
Authors had proposed a mix of two algorithms: allocation 
algorithm used for allocating the jobs and a migration 
algorithm for ideal movement of Vms considering least 
relocations and least energy utilization. The target of 
allocation is to accomplish least power utilization and it 
utilized bin packing problem methodology and it was 
contrasted and best fit algorithm. The authors had 
recommended that by utilizing this methodology of 
consolidating these algorithms, a lot of vitality can be 
spared contingent on framework loads. 
 
The model of system using this approach is presented in 
Figure. 4. 

 

Figure. 4 The System Model [15] 
 
VM allocation and consolidation using Ant Colony 

Optimization (ACO) 
The methodology proposed in [16] utilized ACO (Ant 
Colony Optimization) system for workload (i.e. Vms) 
merging. The issue was taken as an instance of 
Multidimensional Bin Packing Problem (MDBP) and the 
algorithm was contrasted and the normally utilized greedy 
algorithm FFD for bin packing problem and found to 
accomplish better energy saving relatively. It was 
demonstrated that it had the capacity work in a completely 
appropriated environment and obliged lesser machines. It 
attained better server usage and energy sparing. 
 
Another approach that uses Ant Colony Optimization 
(ACO) for energy conservation and allocation of VMs in 
clouds was brought forward in [17]. It utilized an unified 
system for giving data focused around expected conduct of 
every client i.e. dynamic client solicitations were 
considered. It utilized ACO to minimize energy utilization 
by permitting least number of servers in ON state. 
 

VM allocation focusing on energy and carbon efficiency 
VM allocation and migration can enhance the energy 
effectiveness of the cloud frameworks yet in the event that 
the methods are not utilized legitimately, it can prompt 

high energy utilization and therefore high carbon dioxide 
discharge. The authors in [18], had proposed a VM position 
algorithmic methodology for lessening the force utilization 
and carbon dioxide outflow. This methodology considered 
server farms that are circulated and have diverse carbon 
foot shaped impression rates and vitality sources. The 
principle parameters that had been considered are 
distinctive sorts of VM appeals, data centers energy use 
adequacy (PUE), and physical server's relative power 
utilization. The methodology was contrasted and different 
calculations and was discovered to have the capacity to 
decrease a lot of carbon footprints furthermore power 
utilization. The system architecture using this approach is 
presented in Figure. 5. 
 

 

Figure. 5 Energy and Carbon-Efficient (ECE)  

Cloud Architecture[22] 

 

Cost of VM migration 
The energy proficient methodologies for green computing 
examined in [15-19] concentrate on virtual machines 
distribution and movements. At the same time movement 
and planning of virtual machines additionally acquire some 
expense which can't be dismissed. An attempt was made by 
authors in [20] to classify the migration cost and the 
parameters affecting these focused around the past work 
done in this field. The authors had categorized the 
migration costs as in the Figure. 6 
 

 
Figure. 6 Categorization of Migration Cost [20] 
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The parameters involved on which the migration cost 
depends are presented in the Figure. 7 
 

 

Figure. 7 Categorization of Parameters of Migration 

Costs [20] 

 

Power and energy consumption in VM migration 

The authors in [21] concentrated on the power and energy 
utilization in the migration process for different sorts of 
workloads by doing experimental study in which it was 
observed that relocation can result in an increment in power 
utilization by pretty nearly 10%. Likewise in a few 
applications the power utilization can be lessened by 
lessening the duration of relocation(migration). Different 
sorts of workloads which are suitable for migration and 
approaches to effectively move them were likewise talked 
about. 

 
VI. CONCLUSION 

A compelling and effective utilization of processing 
resources in cloud can help in attaining Green Cloud 
Computing. In this paper, we have talked about different 
methodologies proposed in past exploration lives up to 
expectations in this field. A few methodologies utilized 
server profiling, workload designation and planning 
without utilization of virtualization while other made 
utilization of virtualization system. Virtualization can help 
in better use of assets in Clouds. VM scheduling and 
migration is imperative yet the expense and power 
utilization of migration procedures ought to additionally be 
considered in evaluation of the systems performance.. 
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