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Abstract—During recent years, attention in ‘Green Computing
has moved research into energy-saving techniques hfime
computers to enterprise systems' Client and Semeaehines. Saving
energy or reduction of carbon footprints is onetlué aspects of
Green Computing. The research in the directioBrelen Computing
is more than just saving energy and reducing cafboinprints. This
study provides a brief account of Green Computifige emphasis of
this study is on current trends in Green Computaigillenges in the
field of Green Computing and the future trends ocf€h Computing.

)

In recent years focus of enterprises and techndiogg has
been shifted towards Green Computing rapidly.Green
Computing discusses the options to support crigoahputing
needs in sustainable manner by reducing strainesources
and environment. One of the main objectives of eGre
Computing is about improving computing performararel
reducing the energy consumption & carbon footprinihis
paper is organized as follows: next, section 2en@si current
trends in the field of Green Computing; sectioniB @xplore

Keywords—Energy consumption, e-waste recycling, Greefne challenges of Green Computing; section 4 vidbdss the

Computing, Green IT

|. INTRODUCTION

HE term ‘Green Computing’ is the study and practides t

covers the computing lifecycle from cradle to graite
start from design to manufacturing to use of eqeiptmand
then safely disposing-off computers,
networking and communications equipments efficierghd
effectively with negligible or no impact on the @@nment
[1]. First and most conclusive research on conmmgushows

related desyice

future trends towards Green Computing; and findlg study
summarized the issues related to Green Computind
concludes.

an

Il. CURRENTTRENDS

Current trends of Green Computing are towards ieffic
utilization of resources. Energy is consideredttas main
resource and the carbon footprints are considdredntajor
threads to environment. Therefore, the emphadis isduce
the energy utilization & carbon footprints and ease the

that Carbon Dioxide €O2) and other emissions are Causm%erformance of Computing. There are several avéase

global climate and environmental damage. Presgraor
beloved planet is a main and legitimate goal bexi#tugms to
preserve life. It has given extreme attentiondsearchers and
professionals to minimize e-waste and use of na&itto
materials in preparation of e-equipments. Eneffigiency is
increasingly important for future ICT (Informatiomnd
Communication Technologies) as the cost, and ailifiaof
energy is rising day by day. The increased usag€™D with
increasing energy costs and the need to reducetyrase gas
emissions demand for energy-efficient technologibst
decrease the overall energy consumption of comipatat
storage and communications.
conclusive research shows that CO2 and other emissire

researchers are putting lots of efforts to achielesired
results:

A. Energy Consumption

Organizations are realizing that the source anduaof
their energy consumption significantly contribute®
Greenhouse Gas (GhG) emissions. In responsestdiriding,
organizations are currently using the following &iipn:

Reduced energy consumption =
Reduced greenhouse gas emissions =
Reduced operational costs for the data center

The very first and tmos

It means adopting fewer and more energy efficigatesns

causing global climate and environment a huge damagvhile refactoring application environments to makatimal

Therefore it is the top most priority and challerige Green
Computing technologist to preserve our beloved gilanOn
the other hand a study by “The Climate Group” &ditSmart
2020 (http://mww.theclimategroup.org/programs/igbedicts
that, greenhouse gas emissions from the Interleistry will

raise to approximately 1.3 Giga-tons of CO2, aneé th

combined impact of smart grid; smart logistics; gma
buildings; and videoconferencing could reduce -eioriss by
approximately 7.8 tons.
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use of physical resources is the best architectoradiel.
According to Environmental Protection Agency inward 30%

to 40% of personal computers are kept 'ON' aftBceohours

and during the weekend and even around 90% of those
computers are idle.

B. E-Waste Recycling

Based on the Gartner estimations over 133,000 R€s a
discarded by U.S. homes and businesses every ahyeas
than 10 percent of all electronics are currentlgycted.
Majority of countries around the world require efeaic
companies to finance and manage recycling progfantheir
products especially under-developed Countries. efsre
Computing must take the product life cycle into sideration;
from production to operation to recycling. E-Wastea
manageable piece of the waste stream and recyeligste is
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easy to adopt. Recycling computing equipment saghead
and mercury enables to replace equipment that wiber
would have been manufactured. The reuse of sucipregnts
allows saving energy and reducing impact on enwviremt,
which can be due to electronic wastes [2].

C.Data Center Consolidation & Optimization
Currently much of the emphasis of Green Computieg &
on Data Centers, as the Data Centers are knowrth&or
energy hunger and wasteful energy consumptions.itet/n
State Department of Energy (DoE) reported in itsdgtin
2006 that United States data centers consumed bf5éd
electricity and their demand is increasing by 1286 year and
cost $7.4 billion per year by 2011. According toEs current
report in July 2011 Data Centers are consuming 8%l &JS
electricity and this consumption will double by B0[B]. With
the purpose of reducing energy consumption in Qaaters it
is worthwhile to concentrate on following [4]:
Information Systems efficient and
information systems for business needs are a key
building Green Data Centers. As per gree

E.IT Products and eco-labeling

Another approach to promote Green Computing an@ sav
environment is to introduce policies all around Werld, so
that, companies design products to receive theladsd-[7].
There are several organizations in the world wrsdpport
“eco-label” IT products. These organizations pdevi
certificates to IT products based on factors inicigddesign
for recycling, recycling system, noise energy comstion etc.

[8].

According to researchers in the past the focus wmas
computing efficiency and cost associated to IT popgints and
infrastructure services were considered low codtarailable.
Now infrastructure is becoming the bottleneck in
environments and the reason for this shift is dugrbwing
computing needs, energy cost and global warminiis 3hift
is a great challenge for IT industry. Thereforavmesearchers

CHALLENGES

IT

right selyre focusing on the cooling system, power and detter

dBace. At one extreme it is the processing powat is
fhportant to business and on the other extreme té drive,

computing best practices efficient servers, storaggajienge of environment friendly system, and istiacture

devices, networking equipments and power supp

Wmitations [9]. Green Computing challenges ar¢ owly for

selection play a key role in design of informationy equipments users but also for the IT equipmafeadors.

systems.

Several major vendors have made considerable megrehis

+ Cooling Systems — it is suggested by the reseachgjrea, for example, Hewlett-Packard recently undeildat it
that at the initial stage of design process foradaig|is “the greenest computer ever'—the HP rp5708kie
center cooling systems, it is significant to coesid pc. The HP rp5700 exceeds U.S. Energy Star 4riatds,
both current and future requirements and design th@q has an expected life of at least five yeard, 30% of its
cooling system in such a way so it is expandable @gaterials are recyclable [3]. Dell is speedingitsgprograms

needs for cooling dictates.

to reduce hazardous substances in its computedsitamew

* Standardized environment for equipment is must fqhel| OptiPlex desktops are 50% more energy-efficitran

Data Center Air Management and Cooling System.

similar systems manufactured in 2005, credit gaesnbre

+ Consider initial and future loads, when designing &nergy-efficient processors, new power manageneaitifes,

selecting data center electrical system equipment.

D.Virtualization

One of the main trends of Green Computing is viitation
of computer resources. Abstraction of computeousses,
such as the running two or more logical computetesys on
one set of physical hardware is called virtualmati
Virtualization is a trend of Green computing it e
virtualization software as well as management saiéwfor
virtualized environments [5]. One of the best wagsgo
towards green and save enough space, enough respara
the environment is by streamlining efficiency with
virtualization. This form of Green Computing wikad to
Server consolidation and enhance computer secuiély
Virtualization runs fewer systems at higher levetd
utilization. Virtualization allows full utilizatio of computer
resources and benefits in:
Reduction of total amount of hardware;

energy; and
Reduction in total space, air and rent
ultimately reduces the cost

and other related factors [3]. IBM is working @tlnology to
develop cheaper and more efficient solar cells piasy other
solutions from IBM to support sustainable IT. Addiog to
researchers of Green Computing following are feanpnent
challenges that Green computing is facing today [9]
Equipment power density / Power and cooling
capacities;

Increase in energy requirements for Data Centers
and growing energy cost;

Control on increasing requirements of heat
removing equipment, which increases because of
increase in total power consumption by IT
equipments;

Equipment Life cycle management — Cradle to
Grave; and

Disposal of Electronic Wastes

IV. FUTURE TRENDS

Power off Idle Virtual Server to save resources and

As discussed earlier the reason for shift is bexzafigrowth

requiremen‘rn computing needs, energy cost and global warraimdy this

shift is great challenge for IT industry. The figwf Green
Computing is going to be based on efficiency, mattian
reduction in consumption [10].
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The primarily focus of Green IT is in the organieats self
interest in energy cost reduction, at Data Centard at
desktops, and the result of which is the correspond
reduction in carbon generation. The secondarys§afuGreen
IT needs to focus beyond energy use in the DataeCemd
the focus should be on innovation and improvingratient
with overall corporate social responsibility effart This

E. Leveraging Unused Computer Resource

One of the exiting areas where Green Computinggcaw
is the share and use efficiently the unused ressuon idle
computers.
modern machines to create an environmentally peofic
substitute to traditional desktop computing is cefective
option. This makes it possible to reduce CO2 domssby up

secondary focus will demand the development of Bred¢o 15 tons per year per system and reduce electwaste by

Computing strategies. The idea of sustainabilitgrasses the
subject of business value creation while ensurhmeg tong-

term environmental resources are not impacted.reTaee few
efforts, which all enterprises are supposed to take of [2]:

A. Certifications

There are several organizations providing certifisato
green technology. Vendors are based on their jptaglality,
material, life of the product and recycling capgies$. In
future such certifications together with recommeimies and
government regulations will put more pressure ondees to
use green technology and reduce impact on environme

B. Cloud Computing
Cloud Computing has recently received significaterdgion
[11], as a promising approach for delivering Infatian and

up to 80% [14].

F.Data Compression

In enterprise, huge amount of data that is stasesbmeway
or other duplicated information. Information Systéeckups
are true example of such duplicated data. Intsllig
compression techniques can be used to compresiatheand
eliminate duplicates help in cutting the data gslera
requirements.

G.Applications

Green Computing is a diverse field and due toétsire and
priority from all fields of life Green Computing ba
applications in every sector of computing as thel goto save
the environment and ultimately the life. The catrenain
applications of Green Computing are covering follayv

Communication Technology services by improving th&0omputing sectors [15]:

utilization of Data Center resources. In principtdoud
computing is energy-efficient technology for ICT 21
provided that it's potential for significant energgvings that
have so far focused on only hardware aspects, eafully
explored with respect to system operation and nding
aspects also. Cloud Computing results in bettsouee
utilization, which is good for the sustainabilityorement for
green technology.

C.Product Longevity
As per Gartner and Fujitsu reports on productdifele it is
obvious that the product durability and/or longg\dte one of

the best approaches towards achieving Green Congput

objectives [13]. Long life of product will allow ome

utilization of products and it will put a controhannecessary
manufacturing of products. It is obvious that goweent

regulations will push the products vendors to makere

efforts to increase the product life.

D.Power Management Tools

Power management is proving to be one of the mo

valuable and clear-cut techniques in near futur@dorease
energy consumption. IT departments with focus awing

energy can decrease use with a centralized poweageaent
tool. Compiling data from Energy Star case studims7

deployments of 11,000 - 499,000 machines, it wasdothat

sleep scheduling was able to save between $10d 5% per
computer per year. These deployments used a catigyin
Windows built-in sleep function, group policies,ffdient

software systems, such as PC Power-down, EZ GP@]iTi
systems, BigFix etc. [10].

« Equipment design;

* Equipment recycling;

« Data Center optimization and consolidation;
¢ Virtualization;

» Paper free environment;

« Application Architecture; and

* Power Management

V.CONCLUSION

Technology is not a passive observer, but it isaative
contributor in achieving the goals of Green Compumti IT
Ijndustry is putting efforts in all its sectors tohéeve Green
computing. Equipment recycling, reduction of papeage,
virtualization, cloud computing, power managemeateen
manufacturing are the key initiatives
computing. Current challenges to achieve Green ptiimg
are enormous and the impact is on computing peenoe
Efforts of Governments and Non-Government Orgaionat
(NGOs) are also appreciate-able. Government régotaare

shing Vendors to act green; behave green; donprge
Seen; think green; use green and no doubt to sednergy
consumptions as well. All these efforts are stilllimited
areas and currently efforts are mainly to reducergn
consumption, e-Waste but the future of Green Coimgutill
be depending on efficiency and Green products.ureuwork
in Green Computing discipline will also rely oneasch work
in academics since this is an emerging disciplimg there is
much more need to be done. There is need for nesearch
in this discipline especially within academic secto

Leveraging the unused computing power o

towards Green
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