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ABSTRACT

Cloud computing is a revolution nowadays, which changes the ways in which the IT-based services are being delivered to end users.
It is growing or we can also say grown-up technology that offers many benefits whether in terms of economy or in terms of cost-
effective resource utilization. Cloud services are being offered via data centres situated at various locations and these data centres
make use of virtualization that leads to various benefits to end users. All the Giants in the field of cloud computing like Google,
Amazon, and Microsoftrely totally on the data centres to fulfil the dynamic demand raised by the services. However, all the benefits
of cloud-based services lead to various energy-related issues. Energy efficiency is very important from the future perspective of infor-
mation communication technology (ICT). So nowadays lots of efforts are being made towards minimizing the power consumption of
data centres. In thepresent paper, all the issues related to energy efficiency discussed and investigated. The main aim of the current
paper is to study the various energy efficient techniques for the data centres and compare these approaches, to do so data has been

used from various research articles, papers, and internet.
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Cloud computing can be considered as a model that
deliver services and resources dynamically over the
internet as per the requirement of end users. It provides
the option to the end user to transfer their work and
services into the cloud and use these services around the
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globe whenever required with the help of internet con-
nectivity. By this, way end user able to use the quality
of service in a reliable and efficient manner (Tianfield
et al., 2018)

With the invention of cloud-basedservices, remote
collaboration becomes very easy and a large number
of users can work in a collaborative manner (Damien
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et al, 2011). The end user can use applications as well
as storage through cloud-based services, as the cloud-
based services delivered as platform-based services,
Infrastructure based service and software-based ser-
vices. These models known as service delivery models.
All these delivery models deployed as a public cloud,
private cloud or as a hybrid cloud (YT et al, 2018).

Cloud computing makes use of virtualization for
using the software and hardware in an efficient way.
The idea behind it is to deliver the services to the end
users based on their demand and the user just need to
pay according to the usage. Resources are available in
the large amount and all these resources are available
to use by the users (Yadav et al, 2019). These are some
basic characteristics of cloud-based services. The evolu-
tion of cloud computing revolutionizes the owner based
approach to the subscription-based approach, by deliv-
ering the services on demand and in scalable fashion
(Kotas et al, 2018).

Nowadays there are many cloud service providers,
which provides cloud resources. These resources may be
hardware based or software based resources, and these
resources are used by the variety of users on pay as you
use basis (Yadav et al 2019).

All the giants of cloud-based service providers (Ama-
zon, Google, Microsoft, Sun, IBM etc) expanding their
work by building their data centers across the globe(Mell
et al, 2011). All data centers are used to host the cloud-
based applications, which can be categorized accord-
ing to the requirements; some of them can be viewed
as business applications, gaming services, scientific
data processing, and multimedia information delivery
(Qureshi et al, 2018).

In addition, to run these data centers enormous
amount of energy or power is needed (Clark et al, 2005).
The power needed for network devices, monitors, cooling
fans, monitors, air conditioners etc. This power demand
is increasing day by day as in 2012 power consumption
of data centers across the globe is 65% greater than its
previous year. Moreover, nowadays it’s more than 100%
(Andy et al, 2008).

In spite of the fact that cloud-based services gives
financial benefits as discussed above, there are some
concerns as well. These concerns are due to large power
consumption and emission of carbon, and that has
become a serious concern. Data centers used to store a
large amount of data in the cloud and to do so heavy
amount of energy is used in form of heat. Moreover,
nowadays a serious concern around the globe is global
warming, so we can say cloud-based services may be
view as one of the source that leads to global warming
because there are many gases (carbon dioxide, carbon
monoxide etc)released while using cloud-computing
services (Markandey et al, 2018).

consumption of 1.2 MV, which used for around 1200
houses power consumption (Toress et al, 2018). If energy
and power consumption of data center reduced, it will
not only benefit the global warming vice but also as
economy wise and that would be a great contribution
to environmental sustainability. As per the estimation
of Amazon.com and their data centers, the total cost of
operations of servers is around 53% of total budget and
cost related to energy comes out to be 42% of total cost
as shown in Table 1.1 and chart. This energy consump-
tion cost includes power required to working of systems
as well as total cooling infrastructure (Hamilton et al,
2009).

As energy plays an important role in global warming-
related issues, if energy consumption gets reduced by
data centers it will be best for the climate-related issues.
Therefore, energy minimization will lead to improve-
ment in productivity and reliability of the system. And
energy minimization not only reduces the cost but it
will also be useful in protecting the environment. So
the reduction of energy consumption of the cloud data
center and cloud computing systems is a challenge and
it is growing rapidly with time. To counter this situation

‘ Table 1.1. Energy distribution in the data center

| Factor Total Power Consumption %

‘ Servers 53%

| Power and cooling systems | 23%
‘ Power 19%

| Others 5%

So energy consumption is one of the major areas of
concern in service distribution of cloud computing. The
energy and power requirement of data centres is very
high, as data centres use this for the computation and
cooling. Due to this energy, cost becomes very high and
there is large emission of carbon. The energy consump-
tion of data centers situated worldwide calculated as 1.4
% of total EEC (electrical energy consumption) and it is
growing every year at a rate of 12%.A datacentre situ-
ated in Barcelona pays around £1 million for the power
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effective measure must be taken so that environment-
related issues could be addressed well within time. In
this paper energy, related issues discussed so that data
center based cloud computing results become environ-
ment-friendly. Remaining paper is organized as in sec-
tion 2 differences between cloud infrastructure and a
data center pointed out; in section, 3 energy consump-
tion issues of data centers are discussed. In section 4
points regarding sustainable energy pointed out, section
5 constitute the information about the factors that lead
towards energy consumption, section 6 contains the
approaches used by various researchers for energy effi-
ciency in data centers. Finally, the paper concludes in
section 7 with the conclusion.

Data CentreVs Cloud Infrastructure

The data center is a facility that has a collection of
servers, routers, switches, and other computing-related
devices. In addition to this data center also have differ-
ent components that are required to run a data center
and these components comprise of backup systems,
power supply systems, security-related devices etc. data
center is a solution where there is a large collection of
software and hardware resources. These resources are
placed at a certain location and are intact of each other.
In today’s IT enterprise world, term data center ignites
the business applications (Cisco Web, 2018).

Another side cloud is a virtual established infrastruc-
ture, which is available and provides services locally or
remotely with the help of network connections. Within
the range of cloud, computing environment users can
access the variety of resources with ease. The difference
between two summarized in table 2.1 given below

‘ Table 2.1. Data Centre Vs Cloud Infrastructure
Cloud based Infrastrucrre

‘ On Premise Data Center

Cost is high and less
scalability

Not costly , used needs to pay
according to usage

Less flexible Largely flexible and

customizable

Not remote access of data Data can be access from any

location

Implementation takes lots Can be implemented in less
of time time

‘ No automatic updates Updates on regular basis

Manage and maintain by the
provider

Need specialized members
for maintenance

Therefore, if we look towards the differences, we can
say the data center is a broader term when we compare
it with the cloud (Quora Web, 2018). However, both of
these are closely associated with one another.
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Energy consumption issues in Data Centres and Cloud
Infrastructures

As we already discussed that a data center is a broader
termthan cloud computing that has a large collection of
servers, power-related devices for an example, NSA data
center situated in the USA consume more than 70 MW
electricity. If we discuss in detail we can say, nowadays
with the increased demand for cloud-based applications
by the organizations, many data centers come into exist-
ence. In general, a data center with an area of 50000
square feet needs 5 MW electricity. This much electricity
is enough for 5000 households per year. All the cool-
ing equipment’s required for the datacentre needs to run
round the clock (Slashdot web, 2018).

Therefore, energy and cost minimization is the new
requirement for the researchers to develop new technol-
ogy or algorithms (Ghamkhari et al, 2013).

Data centers and the Challenge in Sustainable Energy

As discussed in the previous section that cloud comput-
ing provides demand based solution to end user for their
problems and to ensure the reliability and availability
of these solutions Cloud Data Centre (CDC) should be
functional 24/7. All the activities performed during the
various operations generate a large amount of data and
that data is stored and processed at the data centers (Dou
et al, 2017).

However, the methods of processing, storing and creat-
ing the data lead towards energy costs, carbon emissions
and issues that disturbs the environment. As data centres
consumes numerous amount of power, we are facing the
problems and challenges of the sustainable energy econ-
omy. With the increase in the demand or cloud-based ser-
vices, the demand of data centers also got increased. In
addition, the demand is increasing day by day in many
folds. If demands kept increasing like this, data centers are
expected to require 8000 TeraWatt hours (TWh) of energy
by 2030 as shown in figure 4.1 (Buyya et al, 2018).

At present, all the data center service providers are
looking towards the ways by which carbon footprints of

Time

FIGURE 4.1. Energy Consumption in the data
center
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their infrastructure get reduced. All the giants of cloud
data center service providers are looking towards using
renewable energy sources such that their data centers pro-
vide the services with minimal emission of carbon foot-
prints and greenhouse gas emissions (Li et al, 2018).

Considering all this in consideration maintaining a
mechanism to provide cooling is required. However, by
developing such solutions cost will also increase. One
solution to solve thisIssue is to use the waste heat energy
and make free the cooling units. To do so waste heat
locations needs to be find out. For enabling the sustain-
ability in cloud, data centres positions is very critical.
Data centres needs to be based on:

e Approachability of available green resources
e Chances for waste heat recovery and
e Positioning of free cooling systems

Thus, all these issues are required to be address for
enablement of energy-efficient cloud-based systems.

Energy consumption factors in Data Centre

If we know exactly how the servers of data centres con-
sume the energy than we can take the corrective meas-
ures to control it. Servers consume lots of energy in the
cloud computing environment and this consumption is
dynamic which keeps changing according to server uti-
lization. The consumption also depends upon the type of
application or computation is running on the server, like
data retrieval applications take less time as compared
to data processing applications. All the electrical equip-
ment’s, networking equipment’s also contributed to the
energy consumption.

In addition to all these server idle time, energy con-
sumption also contributes to energy consumption but it
is very less.

Power supply for UPSs supplied through power condi-
tioning systems. All the UPSs require continuous charg-
ing so that that power can supplied to required equip-

| Table 6.1. Energy saving approaches in cloud computing

| Authors

Technique Used

Aim

Approach Applied

(Stillwell et al, 2009)

Virtual Machine consolidation
and resource throttling

Lower energy under some
performance constraints

Use of Heuristic
algorithms

(Kusic et al, 2009)

Virtual Machine consolidation
and Server power switching

Low power under some
performance constraints

Use of Resource
provisioning framework

‘ (Kim et al, 2009)

Leveraging heterogeneity, DVFS

Minimum energy under
performance constraints

Lowest-DVS, Advanced-
DVS, Adaptive-DVS

(Li et al 2013)

load balancing of actual
resources present across virtual
Machines and load migration
across virtual machines

Balanced resource utilization
and power saving

An algorithm on Cloud
Sim toolkit

(Ghribi et al, 2013)

Resource Migration and virtual
machine scheduling

Energy saving based upon the
load on the system

The algorithm on Java
simulator

(People et al, 2013)

Workload Scheduling

Power saving and better server
utilization

Java-based tool

(Murtazaev et al, 2011)

Applies Virtual
consolidation method

By lowering the number
of active server ‘s energy
consumption also reduced.

New simulation tool

(Lago et al, 2011)

Virtual Machine Scheduling and
Migration

Virtual Machines in non
federated homogeneous and
heterogeneous data centers,
also, improve power
consumption in loads

The algorithm on Cloud
Sim toolkit

(Belonglazov et al, 2010)

Effective dynamic relocation of
virtual machines, DVFS

Minimize power consumption,
satisfy performance
requirements

Cloud Sim toolkit

(Buyya et al, 2010)

Resource allocation and
scheduling adaptive utilization

Qos, Minimize energy
consumption, Green resource
allocator

Cloud Sim toolkit

(Buyya et al 2018)

Thermal-aware Scheduling,
Capacity Planning, Renewable
Energy, Waste Heat Utilization,
energy-aware resource
management

technique

a decrease in carbon footprints
of cloud data centers,

energy efficiency of power
infrastructure and cooling
devices by integrating them

Conceptual model

488

THE ISSUES OF ENERGY EFFICIENCY IN CLOUD COMPUTING BASED DATA CENTERS

Bioscience BioTECHNOLOGY RESEARCH COMMUNICATIONS




ment’s. All these UPSsdisseminate electricity at very
high voltage to the power distribution units. Another
major source of energy usage in the data center is cool-
ing systems. All the cooling systems used to maintain
the necessary temperature and humidity. Cooling in the
data center is started with CRAH (Computer room air
handler).CRAH is used to transfer heat generated by
servers to an icy water cooling loop. Moreover, this pro-
cess requires a large amount of energy. So the efforts
must be made towards minimizing all these factors (Fan
et al, 2007) (Uchechukwu et al, 2012)

Therefore, if we want to categories the power con-
sumption, it is broadly of 2 types, one is power con-
sumption during idle time and other is power consump-
tion during the processing.

Pt=Pi + Pp

Where Pt=Total power consumption,
Pi=Power consumed in idle time and
Pp=Power consumed during processing

Energy Saving approaches in cloud computing

The performance and energy usage of systems depends
upon various parameters. Some basic approaches that
used to save energy could be the turn on and off the
server as per the requirements, putting servers in sleep
mode during idle time, Use of DVFS (Dynamic Volt-
age/Frequency Scaling) and intelligent use of virtual
machines or Docker containers for better resource utili-
zation. Many researchers putting efforts for reduction of
energy consumption in cloud-based data centers. Some
of the approaches are as follows in table 6.1

CONCLUSION

Nowadays cloud computing is a driving force which
defines the new way in the IT industry and almost every
organization is moving towards it due to its benefits.
With the increase in demand cloud systems posses large
IT resources, and to run all these resources lots of power
and energy is required.

Due to this, it becomes an issue for ecological and eco-
nomic reasons. In the current paper,the need for energy
conservation in cloud computing is investigated and we
have identified the issues regarding the cloud comput-
ing environment that are related to the data centers. The
solution regarding the reduction of energy and power
for cloud computing also investigated in the paper. It
has been observed that there are some components in
the architecture of cloud computing that leads to energy
saving. When we talk about the hardware, CPU can lead
towards more energy saving than other components like
hardware (server and nodes) and memory. In addition
to these several solutions regarding the problem also
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studied, that provides better management of power con-
sumption in cloud computing. All the approaches gen-
erally consider few factors like Server scheduling, QoS
(Quality of service), network topology, workload sched-
uling, virtual machine migration, waste heat utilization,
load balancing etc. As a future work, all the solutions
provided by the researchers can be compared and a new
algorithm can be developed that provide the maximum
energy efficiency and minimization in CO , emission,
without reduction the QoS in cloud computing.
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