[ 4
AX]JCSE International Journal of Computer Sciences and Engineering [pen Access
Research Paper Vol.-7, Issue-1, Jan 2019 E-ISSN: 2347-2693

A Smart Green Data Center of Energy Conservation in Cloud and Mobile
Cloud Computing

M. R. Sudha'”, C. P. Sumathi?

'Department of Computer Applications, Faculty of Science and Humanities, SRM Institute of Science and Technology,
Kattankulathur, Chennai 603203, Tamil Nadu, India
Department of Computer Science, Shrimathi Devkunvar Nanalal Bhatt VVaishnav College for Women, Vaishnava College
Road, Chromepet, Chennai 600044, Tamil Nadu, India

“Corresponding Author: sudha.mr@Kktr.srmuniv.ac.in

Auvailable online at: www.ijcseonline.org

Accepted: 16/Jan/2019, Published: 31/Jan/2019

Abstract — This paper focused to green system of the small data centers with sustainable energy power generation. The
estimation must start with a baseline view of power consumption in every part of the data center. The primary vital issues of
data centers are increasingly under intervention of their energy consumption and operations. This paper takes first step toward
exploring green data centers powered by renewable energy system that include base load power supply, intermittent power
supply and backup energy storage systems. The required energy assists in an embryonic attitude of data centers being saved
energy with a "greener" consequence. Data centers are the factories of the digital world and the cloud is coming back to earth
that ethereal place where data is being stored. The convention of renewable energy resources has been the vital role in our
future development of modern technology and cloud computing is the fastest evolving paradigm of the modern age of
computers. This requires more and more remote host machines such as servers. Naturally, data centers are required large
amounts of energy to power the growing demand. Now, data centers are turning to energy-efficient data facilities to cut costs
and green power for their operations. This paper presents small-scale routing algorithm used energy consumption by instead of
using conventional energy, thus increasing the effective performance up gradation of the virtual data center. We bring new
thought in energy saving of the data centers. This presents the technological way of power consumption in the records of data
center.
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l. INTRODUCTION 77% of the traffic exist in the data center by 2020. Center to

the center will characterize 9% of traffic with Fig. 1. The

A small-scale, cloud computing data center, still, could  output of consumer workload is on the rise from 21% in
advantage of modern technological inventions to alternately 2015 to 28% by 2020 data run to end users getting 14% by
dependent on solar energy. Cloud computing has developed  2020. Cloud computing explained as an orderly devised tool
as new energy utilized technology and virtualization model wherein the users can use the computing requests as and
for the computing world. It provides an appropriate service  when they need, and they are made available in the cloud
based on the request of demand in resource pooling and through a browser [2]. Cloud Computing is an enabling
measured service in a highly customizable practice with  ynijversal, accessible, on-demand network passage to shared

least effort [1]. However, there is a growing concern 0 devices like network, servers, applications, and services that
optimize the output of the cloud infrastructure and to make it vastly released with minimal management effort.

more mobile to ease the burden on aging computer
infrastructure. The Computer infrastructure is becoming
outdated and is causing significant problems in the overall
energy grid, and non-renewable energy is the energy which
is currently used to power most of the world's electricity,
only recently due to global warming and other problems
such as economics, the need for renewable energy is
necessary more than ever. The below Fig. 1 Cisco provides
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Source: Cisco Global Cloud Index, 2015-2020.
Figure 1. The output of consumer workload is on the rise
from 21% in 2015 to 28% by 2020

In general, less energy consumption is obtained all the way
through the high energy efficiency and diminishes wastage
from conventional energy sources. Its significant reward
consists of minimal cost with the storage of energy and the
protection of global warming. The Mobile cloud architecture
consists of infrastructures, communication network and
mobile users. The researchers must forfeit proper interest in
reducing and saving energy in MCC. The huge-scale of data
computing in mobile cloud is the primary usage of today’s
mobile users.

There are many final ones of cloud computing is simple and
most used one is the transfer of data from one mobile to
another. It is pretty evident in everyday life as it frequently
used in mobile devices and internet-based applications such
as Google.

As seen in the above Fig. 2, there are computer
infrastructures present, such as storage, a control node, and a
client computer, these electronic devices use a significant
amount of energy, all of which are running and consuming a
bulky amount of energy. The green energy technology is one
of the efficient techniques of fabricates electricity using
renewable sources. Concurrently, power generations are
dynamic green energy system. Mobile Cloud data centers
consume a significant amount of energy which concerns
both power cost and global warming. It reports that Google
devour over 1120 GWh with 67 million dollars per year, and
Microsoft consumes 600 GWh with 36 million dollars yearly
[3]. In the United States, producing 100MWh energy was
emitted 50 tons of carbon dioxide [4]. Based on this report,
the massive amount of efforts was devoted to green data
centers. The cost per kW produced by the PV solar panel is
estimated as USD 0.055 / kW and it measure the current
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value of the solar photovoltaic energy [2] in roadmap
technology.

Consequently, emerald green energy will be proficient
power alternative for the next generation of green mobile
cloud computing. Piro et al. [5] estimated that the CO,
release hoard and the cost of power. It proves that a
powerful system of mobile cloud data centre with emerald
green energy .This produces a sustainable and realistic
solution. Further Hassan et al. [6] was classified the
scenarios of the system and the objectives on utilization of
renewable resources in the field of mobile cloud computing.
This paper depicts route of renewable energy sources usage
with a distributed network in mobile cloud platform. The
small data centers are located with the power generation
plant. It was compiled in the escalation of the green
renewable energy in the small-scale data center.
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Figure 2. A simple diagram as to how cloud computing
works

This paper mainly contributes the following: Section 2
represents the background of mobile cloud computing.
Section 3 describes the energy consumption of cloud data
centers. Section 4 explains the methodology of mobile cloud
data center with a Solar PV generation model and small
scale routing algorithm. Section 5 covers the results and
discussions. Finally, the conclusions are specified in Section
6.
1. BACKGROUND

Cloud computing works under the three tiers as follows,
IAAS, PAAS and SAAS

With laaS, the users can perform the required software on
the basis of a third party.

laaS constructs the entire system, from the server to
storehouse via data communication network [7].
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PaaS maintains and constructs the various distributed
services across the Web. PaaS provides facilities to deploy,
test, host and manage applications. The observable
immensity layer is Software-as-a-service (SaaS) to end
users. SaaS is the one of the competent of entry services via
a Web browser. The above three tiers are fundamental to the
overall functionality of cloud computing. It needs the more
efficient cloud infrastructure and so reducing the overall
stress of the energy consumption. This energy demands can
be made by implementing storage energy techniques which
utilizes an alternative energy such as renewable energy.
Green computing gives a device of renewable solar energy
resources with carbon footprint [8, 9]. Power generation
from coal, gas, and oil results to produced the required
amount of carbon dioxide emissions. The invention of green
energy is achieved from the various renewable resources
such as solar, wind and biomass with almost zero carbon
dioxide emissions [10]. The renewable energy is supplied by
power generation load balancing systems of Cloud Data
Centers [11]. Further, power grid strategy depicts onsite
renewable energy resources. These resources are essential
for 100% availability of cloud services [12]. Plentiful
renewable energy resources are often situated away from
commercial CDC sites. As a result, transportable mobile
data cloud centers designs must be appropriate to discover
CDC links in the vicinity of renewable energy resources
[13].

I11. ENERGY CONSUMPTION ANALYSIS

The current overall power consumption of computer
infrastructure remains unknown, but we can estimate the
usage. The analysis is that more than 10% of the world's
energy use consumed by the IT world, which excludes
machines that run computer code. We need considerably
analyzing the overall functioning of the solar energy based
cloud data centre infrastructure of equipment to reduce the
carbon footprint it leaves behind and to improve the
performance of the outcome. On average, most of our power
consumed it made by fossil fuels such as oil and coal based
power plant. We need to reduce this to avoid a serious
problem such as global warming, which its effects are
slowly hurting the earth and its surrounding areas. Hence,
the major ways to convert solar energy used in the data
centers, the overall IT world and can reduce the global
warming.

Mass computer infrastructure requires a large load of
current. The power equation is as follows;
Power = Work / Time

Where the work is many processes a computer does and time
is how long it takes to process the code/functioning. To
calculate an amount of power needed to computer
peripheral. The amount of power is directly proportional to
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the work in the computer system does and in the case of
cloud computing, it uses a significant amount of energy to
keep the work in the computer stable condition and improve
the output of the different services the mobile cloud
computing initiatives use.
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Figure 3. Sustainable green energy cloud data centre

The above Fig.3 the sustainable green cloud data centers
with the utilisation of renewable resources. The survey on
cloud data centre enclosed all the critical sustainability
factors and green energy in the cloud. The Renewable
systems can schedule the workload by dynamic load
balancing technique. It coordinates the various task of the
system and consistent in nature [10]. This approach is a
transit of the renewable green CDCs. The generation of
power production is based on scheduling. It implements
scaling and transformations of power which satisfies
renewable power with CDC workload. This scheduling
technique is based on energy locality in CDC. So, the
current technology adapts to this type of renewable power in
CDCs. The three approaches to achieve renewable green
CDCs are as mentioned below,

1. The data centre is situated with green power generation
plant 2. Onsite renewable energy based electricity generation
3. Purchase of renewable power agreements from power
generators [14, 15]. All of the above approaches are aimed
to minimize power. Yanwei Zhang et al. [16] proposed a
system requires with the renewable power cloud data
centers. It is derived on the basis of dynamic time ratio of
energy costs and geographical locations. Also this was
determined the costs per kWh solar and wind energy in
different geographic locations of Data centre .In this paper,
we focused on the association of small-scale algorithm of
renewable solar energy resources utilization and energy
conservation of data centre. The result shows that control
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programming based virtual machine arrangement algorithm
can efficiently diminish energy consumption about memory
[17].

IV. METHODOLOGY

A. Cloud computing data centers using a solar PV
generation model

This focused on a solar panel of small-scale cloud data
centre. The several recent expertises follow the low power
consumption processor mechanisms of energy aware mobile
cloud computing with DC power. At this point, solar power
generation model of mobile cloud data center is shown in
Fig 4.

T a-DOWEr pr
T ow PO 2 oces-s‘or,p

Figure 4. Cloud computing data centers using solar power

The above enclose involve the nearer user’s site, mobile
cloud Data centre, high data security and low cost of energy
.This directs to save an environment. The current trend is
focused on data server with power generation .This can
reduce power of the overall functioning of the non-
renewable system. The methodology is quite very simple
and improves the overall cloud data storage power. It
transforms the existing grid into renewable energy; this will
decrease the carbon footprint not present by burning fossil
fuels. The method here is to optimize the output of the
computing related to cloud and to maximize the energy used
by improving the way the power used. The power can be
generated using renewable energy resources. Large
computer rooms also need cooler temperatures compared to
the surrounding environment as this is vital for the
processing speed and the output generated. The solar
photovoltaic (PV) generation system consists of the
characteristic equations of current-voltage system which in
turn associated with the solar cell parameters and ecological
conditions, as adopted in the Differential algorithm [18]. The
solar power output is calculated at the maximal power point
(mpp) that extort from the PV panel. Alternatively, the
scheduling system predicts the power generation by a
function in reverse to cloud coverage. That is, Ep(t) = B(t)(1
— Cloud Cover), where Ep(t) is the calculated solar power at
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time t, B(t) is the solar power generation and Cloud Cover is
the approximate fraction of cloud coverage range (varies up
to sunny days (within 0~1)). Specifically, the single phase
diode equation is used to simulate the available electrical
power produced from a single PV panel. Specifically, the
characteristic equation of current-voltage of a PV panel is

i= Iph_IO-(eVJri'Rs/ns‘Vth_]-)_V'i'i-Rs/Rsh (1)

where Iph is the generated photo voltaic current, lo is the
shady dispersion current concern ambient endure pattern.
The single phase diode model describes both the sequence
and parallel (shunt) conflict of the PV panel which is
denoted by Rs and Rsh, respectively. V th is the thermal
voltage, i.e., Vth = k T/q, where k is Boltzmann’s
constant, g is the indict of the electron and T is the ambient
temperature. ns is the count of total number of the solar cells
in the PV panel associated within a series,(e.g., hs = 72 in
BP-MSX 120 panels). The active control locations of varied
data centers which has the meteorological data from the
Measurement and Instrumentation Data Center (MIDC) [19]
of the National Renewable Energy Laboratory. In addition,
today’s mobile cloud data centers hold an unproductive
power renovation. Power is scattered by AC (alternative
current).The numerous transformation between AC and
direct current (DC), resulting in energy loss (up to 30
percent). In upcoming days, technology turns into the
imminent DC-Solar Photovoltaic based power distribution
systems which can be improved by effective utilization of
renewable energy and minimizes power consumption of
system. The formulated power consumption is obtained by
using mobile offloading as indicated below:

P, X (CIM) — P; X (CIS) - P, X (D/B) @)

Where, C is the total count number of executable
instructions, M is the speediness of mobile device
(instructions/second), S is the hustle of the cloud data server
(instructions/second), Pc is the consumption of power (in
watts), Pi is the inactive status of power controller, Ptr is
the power transmission (watts), D is the number of
exchanged data(Bytes), and B is the bandwidth of network
connectivity .The above formula contains various constants
like Pc, Pi and Ptr., also the formula generate a positive
number denoting for the minimal power consumption.
Technique of Offloading can be used for saving energy in
the case of the essential cloud data. Here, there is no need to
transfer data from mobile devices to the cloud wireless
network. DC power strength takes part in a vital role of
efficient solar energy data centers .This is happened because
of the most alternative energy source (like solar cell and fuel
cell) produce DC current. The cloud data centers operates
on DC current which reduces general system power supply
stipulate by 25 to 28 percent [20].During summer period
,high amount of solar energy is generated . The energy
receptive cloud computing system minimizes number of
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sources and runs only essential services. This exists to be
promoted to the direction of cloud verified energy
equipment. Fig. 5 shows the interface between the energy-
storage control system and the mobile cloud environment for
recognizing and controlling the minimal usage of power.
The outcome of the above is the less power consumption
rates .The Virtualization technologies consent data center to
be combined with different servers where each of the
workloads are assigned onto a single server. This is further
economically managed by separate server and reduces the
overall power requirement [21].

]

Energy management control
and interface

Energy-aware
cloud computing infrastructure

CPU Network

Operating system and virtualization infrastructure

Low-power computing platforms

Figure 5. Cloud computing and energy management system
uses the lower power

The below table 1 explains and helps answer a few
methodological questions:

Table 1. Methodological Motivations

Questions: Motivation:
Why is | Energy efficiency is important to
energy improve overall understanding of
efficiency the way energy consumed and to
important? preserve the way energy used.
Renewable Renewable energy is more viable
or non- | and reliable even though it is
renewable costly.  Non-renewable  energy
energy? resources release harmful gases
into the environment which is not
excellent.
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How is cloud | It is beneficial as computing with

computing clouds has surfaced as a valuable

valuable in | standard for controlling the energy

energy consumption and in distributing

efficiency? with the increasing demand for
power. There are many different
techniques which focus on high
power consumption in the overall
cloud sector.

Methods to | Implement the  concept  of

Apply? renewable energy schemes in both
the large and small data centers
which can assist restrain of energy
requirement.

IT industry | The IT industry’s roll is simple,

roles? they can create more evolved
techniques to help reduce the
overall energy consumed by their
big data equipment and to improve
on their energy efficiency
technologies.

The role of | Cloud computing helps play an

cloud excellent part in the world of

computing? technology. We can implement
larger drives to improve the way
energy is harnessed and consumed.

The change of energy is vital for the saving of energy, here
are a few energy saving techniques that can use:

Challenges of installation of solar panel for huge data
centers

1. Improve the surrounding areas, by developing more
evolved data centers. It means improving the output and
energy consumed.

2. Implementing greener energy solutions such as solar and
wind technology to generate the energy needed to keep
large computer systems operational.

3. To maximize the output and improve the computers
processing output.

A. How much power generated by solar panel?

4. Implementing cruel laws and regulations are on IT
companies to apply green energy to help decrease the
load on the already overloaded electricity grid.

B. How much power consumption by CDC?
C. Does A=B?
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B. Implementation of small scale routing algorithm

This algorithm minimizes energy consumption by instead of
using conventional energy, thus increasing the effective
performance up gradation. The Pseudo code has the
following steps as given below,

1. Create the network connectivity from Cloud
Providers to Data Centers

2. Initialize the source of Solar Energy and Power
reading info
A = Calculated Solar energy (1359.77 kWh
generated by 1 m? solar panel)
B = Power consumption rate of small scale (CDC
1360 kwh)
C=YesA &

3. Send the request from cloud provider to data center

4. By applying the sampling data technique ,it returns
to the cloud provider

5. Get the Power screen Log information for a
particular time

6. Set the range of solar power generation equal to 1
CDC

7. Based on the routing and estimate the solar power
consumption

8. Get the optimal Green Power path

9. Get the measured route table

10. Power on/off
11. Return the path way

Table 2 shows the data of power consumption by means of
iteration 1 at a small scale cloud data center. Cloud providers
carry out this task by executing iteration 1 &evaluate the
result of idle state and active state of power consumption.
Here, the power consumption is measured; all the interfaces
powered by the effective utilization of energy source.
Consequently the power consumption of a crossing point can
be recognized. This Virtualization cloud data centers are
well suitable in two areas. First it associates with several
workloads onto a small number of servers, lifting operation
levels and increases efficiency. Second, the cloud data center
make scheduling decision for allocating resources & run
task. It is a vast extent and more active because cloud
technologies promote dominant device portion within a
single server [22].

Table 2. Iteration 1 information

Vol.7(1), Jan 2019, E-ISSN: 2347-2693

Rs. 3.5 /kWh
0.010 kg/kWh

Solar power price
CO2 emission rate

Small scale data center

IP access controller Virtual Machine
Controller Port 8086

Power consumption 1359.77 kWh
Energy Source ID
Solar power generation 1360 kWh

© 2019, 1JCSE All Rights Reserved

V. RESULTS AND DISCUSSIONS

A. Small scale routing algorithm
Small Scale Routing (M, r, bw).

Input:

M (V, E, L) Cloud data center network Structure and
link;

r: Flow Request

bw: band width for the flow

Output:

P: Path for flow

PathX: Get_all_path(M,r)

PathY: Get_available_path(PathX; bw)
if PathY is empty then return Zero

else

for pathy in PathX

[0

M’=Add_network _utilization(M, pathy, bw)
Pow[i]=Get_pow(M’)

9. I<I+1

10. end for

11. index«—Get Index (min(pow))

12. return PathX[index]

13. end if

N~ wWNE

Determine the routing path for each & every step flow of
execution. It is necessary to spawn a subset of the network
structure in All Pairs of paths. This algorithm is an easy and
simple solution for power consumption (See Algorithml).
For each flow, the algorithm determines that all possible
paths (lines 1-2); also it traverses all pairs of paths and
makes decision to choose an optimal feasible routing path
with the least usage of total network power consumption
(lines5-13). The evaluation of power consumption method is
mainly depends on the power models derived from measured
data (line 9).

The foundation requires the locality planning and data
center design. It does not require an external cooling system.
During that work progress, if any conflicts rose, then the
complete data centre is to be replaced. Thus, the renewable
power plant is executed under the exact location of the data
center. It will reduce the considerable negligible losses in the
system. This is happened in the conventional way of
renewable power resources. Whereas, the green data centre
is described with the routing path algorithm for the
minimum cost, energy consumption and an adverse effect of
an environmental impact. Hence, data centre with renewable
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power resources that take less execution time. The Small
capacity of mini data centers can be connected with the
power grid which enhances higher efficiency. Small battery
storage, high power turbines were used to stable
transmission and also drawn out the execution.

Despite, low efficiency of this renewable energy conversion
in the solar panels are required large footprints. It conserves
renewable energy in medium to large size of data centers.
Still, the small data centre provides for the much more
extensive usage of renewable energy. Green mobile data
centre is mandatory because of the Earth's population
approximately as 7 billion. There are 1 billion people
without electricity, mobile phones, and almost 4.7 billion
people without computers and the Internet [23, 24]. Today’s
mobilization World with energy consumption is known to be
major enablers for a higher quality of life and so need for the
generation of electricity overgrowing. This innovative
concept is designed in the way that it facilitates broad access
to data information. Mobile green computing is proceeding
in economic growth by decreasing its costs and winning
energy precincts.

The outcomes are analyzed and evaluated by the criteria of
power consumption in mobile cloud environments. This is
done by examining the impact of solar photovoltaic system
configurations. This Solar DC power supply in the data
center overcomes all the issues of an inefficient transformers
Also it results in less cost and minimum number of data
center footprint [25]. The green solar power system
estimated the entire data center cost. It shows that, 42% of
the power by the air conditioning systems [26]. The first
section mentioned about the application of solar power in the
system. Free Launch [27] is a mobile cloud data centre
architectural design with the viability of green cloud data
center elements. The free launch is based on three starts up
of sustainability: (a) use of onsite solar power within remote
cluster of Corporate Data Centre, (b) high speed network
connectivity between two CDC centers, and (c) Virtual
Machine system based on workload progress. This study was
explained that the importance of virtualization concepts,
mobile cloud data centre structure and solar technologies for
sustainable CDCs. This assures that the developing demands
of mobile cloud computing [28]. It needs the system of
energy features which has received less attention [29]; as
that can be munificent with the challenges in the working
environment [30]. The requisite of energy efficiency at
different bands of the cloud environment is recognized
significantly, as demonstrated by Djemame et al, [31]. It
analyzes on energy efficiency at all bands of the mobile
cloud data center and the entire cloud. This cloud computing
services are based on the provision of the system through
relocation of data centers [32].
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The major discussion needs to address concerning the
integration of solar power to cloud data centre. We have
explained the energy consumption in cloud infrastructure.

It shows the less energy usage and increased efficiency in
the utilization of computing devices and execution time. It
was achieved by high solar energy and less power
consumption. Today’s Mobile environment focused to
concentrate on proper mobile resource management. The
shortest path routing algorithm was applied in all mobile
cloud platforms It produces high throughput during data
transmission. It is not power-aware, but it could be with less
execution time. Emblematic examples entail the
environment. It looks over email and matching it through
Wi-Fi network during night times. The various ad-hoc
methods are available to decrease power consumption by
these applications. But, this is inefficient to keep adequate
energy on mobile devices. Mobile clouds services are
carrying out computing infrastructures, networks, and
mobile devices. MCC data centre is composed of data centre
networks and its components. Energy consumed by mobile
network is the same as for both download types of data and
information. The requirement of mobile data center
consumes large amount of energy based on the user’s
demands. The cloud merchants need to secure the retrieval
of data when there is a data loss. Also, they have to get the
data in the cloud cannot be hacked by any offensive users
[33].

V1. CONCLUSION

We have explained in this paper about the solar energy
usage and the total power consumption in mobile cloud
environments. The green data center model present an
entirely new move towards mobile cloud data centre
network execution with green renewable energy power
plant. In this concept, we described an energy consumption
and mobile offloading storage. Moreover, we present
universal power generation models of idle and active server
of networks. We also discuss the evaluation and assortment
of small-scale routing algorithm. This is an initial prototype
of energy consumption model. This prototype version
explains that the computation of the energy, cost and
sustainability under cloud service providers. The small-scale
routing algorithm determines that the minimum shortest path
of optimal energy. This research is essential for developing
potential energy focused on minimization of power
consumption under cloud environments. The future work,
we will explore for numerous mobile cloud environments
and propose green energy power concept with less emission
of the carbon dioxide in mobile cloud environment. The
solar-powered cloud data centre network can be the next
generation of escalation in  our global mobile
communications world.
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