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Abstract

Energy consumption, the associated green houssiengishas now caught the attention of main-
stream organizations. Soon organizations will lsired by legislation in many modern econo-
mies to report their contribution to green houséseions through their energy consumption. Of-
fice computing is a significant contributor to gneuse emissions through electricity energy
consumption. Until recently little thought has begmen to making office computing more en-
ergy efficient. Organizations and individuals hdveeome complacent in using computers, turn-
ing them on first thing in the morning and leavihgm on all day. The time it takes to load up
modern operating systems has reinforced this gieffi behaviour. In this paper we outline the
energy inefficiencies of office computing and autlirecent advances in energy efficient tech-
nologies. We focus on two emerging technologiesirspower blocks and splash top which have
potential to drastically cut the energy consumptiboffice computing. We believe that our ini-
tial evaluation of these energy efficient techn@eghows tremendous promise for reducing the
energy consumption and greenhouse emissions oéafimputing. In future work we plan to
conduct live experiments in modern office completesvaluate the actual energy savings and
the fit of these technologies with current workagtices.

Keywords: Green IT, carbon footprint, greenhouse emissiome;,gy/power consumption, smart
power blocks, instant-on systems.

Introduction

Irrespective of whether you are a believer or s&athat greenhouse emissions contribute to
global warming and climate change, the FederalrAliesh government has enacted the regu-
lation of energy consumption and greenhouse emis4ig organizations to reduce greenhouse
emissions. As a consequence, the national greemlaomasenergy reporting scheme (Greenhouse
and Energy Reporting Taskforce, 2008) and emisdiainng scheme (Wong, 2008) are being
put in place and legislation and compli-
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New Zealand, 2007). Ultimately the costs assocmtiddgreenhouse emissions, reporting and
trading will be passed on to the consumer and gépeablic. This situation presents both chal-
lenges and opportunities for businesses. The IftomTechnology (IT) industry has a critical
role to play in ensuring a reduction in energy comgtion of corporate and particularly office
computing where thousands of PCs and laptops gleyéel currently without much thought
given to energy consumption and recycling or diapos

P Cs contribute 40 percent to total IT greenhouseegaissions attributed through power con-
sumption. Furthermore the power consumption ofessrin data centers has been estimated to be
in the order of 23 percent of total power consuampéind contribution to total IT greenhouse
emissions (Campbell, 2008; Faulkner, 2008). Ther#xf the problem is much greater than
merely inefficient energy usage and power consumpfRecycling laws for the management of
hard IT assets exist in only a few countries ingigdAustralia (Fujitsu Australia and New Zea-
land, 2007).

In this research we focus on the power consumpfiiaffice computing (PCs and Laptops). This
is currently the major contributor to total IT eggiconsumption and greenhouse emissions and
an area where significant improvements in the gnefficiency of PCs can reduce total power
consumption and greenhouse emissions drasticalgaiticular, we focus on how two specific
energy efficient technologies, (1) smart power kdoand (2) instant-on systems, can significantly
reduce power consumption and contribution to greasd emissions of office computing. In this
research we investigate the following researchtiunss

Research question 1. Why is office computing so energy inefficient?

Research question 2. How can the current energy inefficiency office gonmg be im-
proved to reduce power consumption and reduce goeiea gas emissions?

In terms of a methodological approach, this is aesework in progress and as such this paper is
a critical analysis of existing knowledge concegrtine technology and behavioural issues which
are impacting on current energy inefficiency oficdfcomputing. There is a dearth of empirical
studies in this area of research and the work wichbeen done is dated very quickly in an area
where the technology is advancing very rapidlysHas provided a strong motivation for this
research. Future work will involve the collectiongoiantitative empirical data in a series of ex-
periments in the use of office computing with tla af determining how effective energy effi-
cient technologies and changing behaviors aredacieg power consumption.

In this paper first we provide an overview of theant legislation aimed at reducing greenhouse
emissions the carbon footprint of businesses wikidhiving the greening of IT. Then we discuss
the current situation in office computing highligig that power consumption of PCs and Lap-
tops is a major contribution to the total powersonption of IT in an organization. Next we
provide an overview of the current technologies éxst to reduce the power consumption of
office computing and introduce two promising eneefficient technologies for significantly re-
ducing power consumption of office computing — shpakver blocks and instant-on systems.
Then we provide a critical evaluation of smart poWlecks and instant-on systems in terms of to
the extent these technologies can reduce poweum®n in office computing and to deter-
mine the fit of these technologies with current kvaractices. Finally we present our conclusions
about these technologies and their potential toifggntly reduce power consumption in office
computing and make some suggestions for future wadtks area.
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Recent Climate Change Legislation
Driving Greening of IT

Climate change has caught the attention of govemtsvand business as there is compelling evi-
dence that greenhouse emissions are resultingliablvarming and changes in traditional
weather patterns (Faulkner, 2008). Indeed landimi@kentations and reports by Al Gore and Sir
Nicholas Stern have galvanized world opinion thiatate change is a result of greenhouse emis-
sions and that these have an economic and sosia{@ore, 2006; Stern, 200Glimate change
as a result of rising greenhouse emissions wikhggnificant economic and social implications
on a global scale and as such has forced goveranact rapidly. In response governments
have enacted legislation on a global scale reguiiganizations to be accountable for their en-
ergy consumption and greenhouse emissions andrciotiprint (for want of a better term) on
the environment. In Australia two specific scherage become or will become legislation by
end of 2009 (Wong, 2008): (1) the National Greesbaand Energy Reporting Scheme (Green-
house and Energy Reporting Taskforce, 2008) anth€2Emissions Trading Scheme. As a con-
sequence organizations directly or indirectly wikd to proactively reduce their energy con-
sumption and greenhouse emissions. Furthermoreatiieyeed to provide hard evidence
through reporting mechanisms that they are metdimgpts set by the government for reductions
in greenhouse emissions. Organizations in indsstwieich are heavy emitters will be able to off-
set their greenhouse emissions through an emisisidng scheme. This recent legislation on
energy consumption and greenhouse emissions arghiegireduction in greenhouse emissions
are key drivers for Green IT. Currently Informat@ommunications Technology (ICT) accounts
for about 2% of total greenhouse emissions worldvaidd this will increase substantially over
the next 10-15 years as the adoption of ICT inas&sponentially in developing countries (The
Climate Group, 2008). However the rapid growtthia tontribution of ICT to greenhouse emis-
sions worldwide is offset by significant opportuest for ICT to dramatically improve the energy
efficiency and consumption of power resulting mgndficant reductions in greenhouse emissions
both within ICT and through its application at agamizational and individual level. ICT can
enable greenhouse emissions reductions througitgglardized reporting on energy consump-
tion and greenhouse emissions across industryrse(2p monitoring of energy use, (3) account-
ability of energy consumption and greenhouse eomissi(4) enabling energy efficient innova-
tions, (5) enabling rethinking and transformatibércarrent practices which are energy inefficient
at the organizational and individual level throagltomation, behavioural change and developing
alternatives to high carbon activities (The Clim&m®up, 2008).

Green IT and Current Energy Inefficient Practicesi  n Office
Computing

Green IT refers to the environmentally sound uskafofmation Technology (Murugesan, 2008;
Wikipedia, 2008c). It includes the full lifecycld I products, starting from design, manufactur-
ing, usage, as well as recycling or disposal (ertalcradle) in the total cost of ownership of IT
(Campbell, 2008; Murugesan, 2008). It focuses atagwable, economic and socially responsible
use of computers, servers, monitors, storage degind networking, in an efficiently and effec-
tively manner with no or minimal impact on the eowment. Office computing is defined as the
use of desktop computers, laptops and tabletsesgrstorage devices and networks, and periph-
eral devices such as printers and scanners foeafiated work activities. For this paper we first
highlight energy inefficient practices in officemputing even though specific office computing
equipment may actually only be utilized for a mipart of that time.
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Office Computing — Inefficient Use of Energy -
Significant Contributors to Power Consumption and

Greenhouse Emissions

Corporate office buildings worldwide are signifita@ontributors to power consumption as it is
common practice to keep office equipment runnimg lafter daily work concluded (Bray, 2006).
Office equipment by de facto is continuously povae?d hours per day seven days a week, un-
less it is manually switched off, or power managetnsavitches office equipment into low power
usage mode. Kawamoto (2004) determined in a Jag@aaesple that the average power-on time
for office computing equipment is 6.9 hours foramal working day, while the actual in-use
average is only 3.0 hours. This means there israrage idling time of 3.9 hours each business
day, where office equipment is not being used blliissusing power. This may not be represen-
tative across other countries, as there may be sarisgions. However we believe the sample
would be a conservative indication of the extennefficient power usage for office computing
equipment in developed countries. Furthermorer &ftars and weekends make up about 75% of
the total hours in a week where office computingigment is idle but often left running continu-
ously in full power mode (Bray, 2006). This is vamgfficient but common business practice.

Estimated Number of Computers in Use — Australian C  ontext

In 2006 approximately 24 million computers weredusehomes, small business, corporate and
government sectors and the number of computerg paithased between 2004 and 2006 in-
creased by 20% per year. In 2006 computers withddatRay Tube (CRT) monitors still domi-
nated in corporate offices (Table 1). This trenliilvei reversed over the next 5-10 years as desk-
top computers are refreshed and replaced with vaditss and laptops and already this trend is
emerging. In 2008 world wide production figuresidgaded a 40 percent in increase in laptop pro-
duction and 1.5 percent reduction on desktop coengaroduction (Wilkins, 2006). Table 1 also
emphasizes the extent to which office computingenily dominates computing equipment us-
age.

Table 1. Energy consumption
(source: adopted from Equipment Energy Efficieri€g)(Team, 2007)

2006 GWh Office % Home% | Tota %
PC with CRT monitor 567 69% 31% 100%
PC with LCD monitor 79( 91% 9% 100%
Notebook 334 93% 7% 100%

Power Usage of CRT and LCD Monitors

With the introduction of voluntary Energy Star ngs (Wikipedia, 2008a) in the IT sector the
efficiency of computer equipment improved dramdkicia response. Some of the savings were
achieved through better quality CRT monitors bet biygest savings were accomplished by re-
placing CRT monitors with LCD monitors. This reedltin a dramatic drop in power consump-
tion (Bray, 2006) as shown in Table 2. Irrespeabi/power management, active 17 inch Liquid
Crystal Display (LCD) monitors used 35 Watts whiltinch CRT monitors consumed between
66-90 Watts. However, when CRT and LCD monitorsenrettow power management, they all
used about same amount of power within the rantedss 0 and 15 Watts. Additional power
savings will be achieved as more energy efficigdDLmonitors become available in the market
(Bray, 2006).
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Table 2. Energy requirements of monitors
(source: adapted from Bray, 2006)

Description Power draw (watts)

Active L ow power Off
CRT 85 5 0.5
CRT with power management 66 15 -
CRT without power management 67 - -
CRT 17" 80 0-15 0
CRT 17" 90 10 0
LCD 17" 35 0-15 0

The other noticeable difference in the usage of @RILCD monitors observed was that the
number of LCD monitors physically turned off by @rgon was almost half that for CRT moni-
tors (Industry Week/IW, 2008; Robertson et al.,0®Roberson et al. (2002) reasoned that the
change of behaviour is due to the change in usg@escéations in regards to what computer
equipment delivers in terms of automated energyagament. Prior to power management moni-
tors would visually indicate their state by remagnalight. With the new monitors, which tend to
be LCD, the power management was assumed to bengyevken users saw a black screen, re-
gardless of the state indicated by the light onfttwet panel (Roberson et al., 2002).

It seems that while IT vendors have implementedremmentally friendly functionalities in of-
fice computing equipment that this change has eehtaccompanied with the appropriate user
education and training to enable them to correnéiyiage their office equipment in the most en-
ergy efficient manner. For example, users were awat new LCD monitors had power man-
agement and assumed that it would happen autorhgtighile IT staff may not have set up the
power management configurations assuming that wseulsl switch the monitors off. A study in
2002 found that 75% of monitors that were left saraight, did not have their power manage-
ment configured to switch into low power usage whenin active use (Roberson et al., 2002).

Power Usage of Desktop and Laptops

More recently Webber et al. (2006) found that oarage 36% of desktops were manually turned
off, but this practice varied greatly from 5% t&&1h organizations. They reasoned that this
may be due to varying user behaviour, and thatitrgimay play a major role in inefficient pow-
er management in office computing. Furthermorey 68t of desktops left on with power man-
agement enabled in the OS switched into lower pawage. However, 53% of desktops success-
fully initiated power management in monitors. Thosenitors that were not connected to a PC
but reliant on a computer signal to apply power ag@ment were found to be still running on
normal power consumption Investigation of laptopsnibt provide a strong picture. Over time
desktops are being replaced with laptops, resuttiregnging user behaviour. The new trend of
taking work laptops home shifts the responsibdityower usage from the office to the home of
the end user and thereby disguising the actual poaresumption by the organization for laptops.
Due to this mobility, the results regarding powensumption of laptops was inconclusive (Web-
ber et al., 2006). To achieve a realistic figuregp@iver consumption for laptops as part of the of-
fice computing equipment mix, research would haveet done on user behaviour and the actual
hours that work laptops are used at home. An additiquestion is if users would act differently
at home than at work in regards to their compusaiga.

In addition, past research provided informatior ihdoo varied in sample size, region, and user
behaviour, to provide a clear picture on the povesisumption of office computers (desktop,
laptop) (Webber et al., 2006).
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Energy Star Enabled Monitors

As part of being able to display the US governmsetativironmental Protection Agency (EPA)
Energy Star logo the Energy Star partners arenejto improve the education of the users and
employees in managing the consumption of enerdidoynonitors. The MOU (Memorandum of
Understanding) by the Energy Star list a numbeesponsibilities that the provider needs to
meet in when displaying the energy start. The moktble is the customer education, employee
education and information sharing (ENERGY STAR, 299

If a monitor is Energy Star compliant, the compuwten initiate low power mode by sending a
signal to the monitor. This can be achieved thindihg control panel of the computers operating
system. This allows the user to configure the toopiower management to apply the appropri-
ate configuration for the monitor to switch intevipower mode (Terra Novum, 2009).

Energy Efficient Technologies to
Reduce Power Consumption

The Impact of Cooling Equipment

About 45% of senior business executives partigigainn a survey identified power consumption
reduction and datacentre cooling as a current gnéétive (Turner, McKnight, Prigmore, &
Duplessie, 2008). Boudreau, Chen, & Huber (2008hd that up to 40% of energy consumption
is used to run the systems and cooling costs ésystems (air conditioning). Industry Week/IW
(2008) is reporting that manufacturers are workiwgards designs of equipment that require less
cooling. Other reports on power reduction are aratvgays accompanied by reduction in cool-
ing as well (Di Maio, 2007). Close to half of theeegy entering Australia's largest high density
data centre in Kenmore is used for cooling (Se2p68).

IBM too has been supporting the environment bydaimember of the Energy Star as well as
founding member of the Green Grid, a global comsor{The Green Grid, 2008). The Green
Grid has board directors from AMD, APC, Dell, HBM, Intel, Microsoft, Rackable Systems,
Sun Microsystems, VM Ware that are aiming to adeagwcergy efficiencies in data centers to
improve performance and reduce the power consumgiibkipedia, 2008b).

A Gartner report by Di Maio (2007) provides a éétoehavioural changes in the user, such as
using and enforcing power management, training,st&f. but interestingly also to "Ditch the
active screen savers" (Di Maio, 2007, p. 9). Thesn option to have a blank screen as an active
screen saver, which does not put the monitor ow@t power, but gives the end user the false
impression the monitor is turned off.

Carroll's (2007) analysis for Verdiem Corporatiajch sells software to manage power con-
sumption of desktop computers, provides informadiorhow existing statistics (CPU power
states and utilization) can be used to build a itodereate a virtual wattmeter. This virtual
wattmeter provides visual information to the computse of the social good done, for example
by saving the monitor screen through the use eescsavers. The power consumption for well
managed computers has been found to be 50% loarithat of unmanaged ones.

Standards for Rating the Relative Energy Efficiency of ICT -
Energy Star Rating

The Energy Star Rating is an international standegdted by the EPA in 1992 to reduce energy
consumption (ENERGY STAR). As the adoption of Exergy Star Rating standard was volun-
tary, the ICT industry started in 1995 to labeld#ueiipment with ratings. Compliance to the

800



Lane, Howard, & Howard

standards has meant that not only the electricadgithemselves had to be energy efficient but
the industry process that produced them had toowepas well. Currently the Star Rating is in

the 5.0 version with parts of version 4.0 alreadgffect since July 2007. This is the first major
revision of the specifications since version 3.2000 (Ames, 2006). The major impact was that
the standardization to meet the Energy Star ratiagslead to a faster development of the Stand-
by mode for computers. The Energy Star logo istiqamminently displayed in the top right cor-
ner of the screen, when the computer is starte&wgn though this concept has been accepted in
most industrial countries, there are still soméedéfnces in how the ratings are measured. As a
result some equipment may meet the standards roilngry of origin but may fail the needs of
the importer consumer markets.

In addition, there is an issue regarding computait from components whereby the rating
maybe completely misleading to the buyer. Austrajovernment is against a mandatory label-
ing for laptops, monitors and PC's as they arsnohally purchased in a show room type envi-
ronment and custom build system could be misreptedédy the label (Foo, 2008).

The IT industry has continued to adopt the Enettgy fting in an attempt to improve the per-
formance of the equipment to be more energy eficid\s a result of the Energy Star rating
standards, new and different types of technologiee developed to manage the energy con-
sumption, such as the power block, software andwene add on components.

While the Energy Star compliant systems were desliga meet the minimum requirements,
manufacturers have been busy providing solutionshwgo beyond the specifications, to drive
specialization in areas such as data centers wprefficiencies in specific configurations.

Advanced Configuration and Power Interface on Main boards

The industry developed the power block to implente@tAdvanced Configuration and Power
Interface (ACPI) on the computer main boards andr&mower blocks for specialized comput-
ing systems (ACPI, 2006). These power blocks plea mechanism to control the consumption
of power during computers idle time (Di Pietro, 800

ACPI is an open industry specification co-developet996 by a number of large computer
hardware and software manufacturers (HP, Intelrddioft, Phoenix and Toshiba) (ACPI, 2006)
to provide an interface access to the computer b@and from the Operating System and BIOS
(Basic Input Output System) to manage the poweswoption of the components on the com-
puter main board. ACPI| compliant computer main degurovide mechanisms whereby a com-
puter and its peripherals may be either put irgeslor hibernation mode to conserve power. The
standard allows for the development of the Powemddement technologies to be independent of
the type of Operating System but still work togett@@urrently the fourth version of the ACPI
standard is being reviewed by the adopter comp#émigbe new generation of computer equip-
ment (ACPI, 2006).

Instantly Available Technology

The real first implementation of the advanced céipab of the ACPI board was the implementa-
tion of Intel's Suspend to Ram (STR) technology patar main boards in 1996. STR technolo-
gies enabled ACPI computer main board to suspéaat@lities and only provide power to pe-
ripherals which are required for the current modeperation (EDGE Publishing, 1999).

Standby Mode/Sleep Mode

Standby or sleep mode in equipment is half funa@mode where the equipment is ready to
take user commands which will result in shiftingeif to the full on mode. Modern computers
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turn off the power to the screen and power dowrHihed Drives to conserve energy after a pe-
riod of idle time. In home and office appliances 8tandby mode generally consumes about 75%
less power than in the on mode. For ICT equipmeci &s computers and peripherals this can
account for large portions of time as most equigngenot in use during the night hours.

Equipment is sometimes requested to be left imthmode by administrators in order to perform
management tasks. Activities such as updating trer&ing System or applying new security
upgrades and patches is usually done when it atilhffect the normal day to day activity. In-
stead of applying the changes to individual comyt®mote management tools allow for the
process to be controlled remotely across the nétawaal then push the changes on all systems at
once (Webber et al., 2006). Even though it is @mdtby mode, with reduced power consumption,
the systems still generate heat that is normatiecbby the office's air conditioning system.

Hibernation Mode

Hibernation mode is different from standby modéhat the computer is made to completely shut
down while still preserving the machine state thgtrime it is brought up. Operating Systems
have to provide support for hibernation as the exust of the whole memory is saved to a persis-
tent store and power to the peripherals is shund®hen the computer is restarted instead of
going through the normal start up of the Operadipgtem the previous state is loaded from the
persisted file on the hard drive. This puts ther isek at the same state they were with all the
applications opened and information displayed a&g when they hibernated. Also because the
Operating System does not go through the normaddésy of hardware and load sequence the
system may be up in considerably faster time. Adgraal connections such as network and pe-
ripheral connections would probably need to bestal#ished due to possible time delay between
the original connection and being brought backp@rational mode.

Smart Power Blocks

The Adaptec Intelligent Power Management catersdistom configuration of storage systems
within data centers which are capable of reducowygr consumption of storage devices by 70%
(Stirling, 2008) without affecting the service spee usability. The advancements have been
spared due to the recognition that data centesuooma lot of power while idly waiting for ac-
tivity. These systems may also be implemented witfient systems but may not show the same
gain in savings.

Third Party Vendor Energy Efficient Technologies

Third party vendors have developed other softwacerardware add-on components to provide
added control to the built in power sawing systelixdernal devices are offered by third party
suppliers that enable the user to suspend andlimirigthe system at a touch of the button.

The success of using these technologies depertizamging the client behaviour. Changing the
behaviour and usage patterns of the equipmentpatentially has one of the easiest and most
efficient mechanisms for power savings. Knowing tha system will spring back to life at the
touch of the button and being cognizant of the pawsage while from the desk has a great poten-
tial. As Bray (2006) pointed out most office congrstare running for 6.9 hours during the day,
but are only being actively used for work for 3duts. The other time is spent idle while the user
deals with other issues. Almost 50% of the timandythe day the computer is switched on only
so it can be ready when the user is ready to psdofgmation.
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Remote Management Controls

Controlling the office equipment after hours renyoie another possibility. In organizations
computers may be requested to run after closesiidss, so that the support staff is able to up-
date the software and apply any upgrades or patitheg) this non usage (Lieberman Software
Corporation, 2006). With the built in Wake on LAN/L) capabilities computers may be
brought up from sleep mode by sending appropriatenaunication packets to the system. With
hardware and software solutions we may be ablerntmiely bring the system to active state, ap-
ply the work needed, and put the computers baokriimum power usage from remote console.
This may also be useful to automatically shut doffice computers after the office has closed
down. With computers not working the air conditemuipment can also be put in low mode.

Instant-on Operating System (IOS)

As Webber et al. (2006) pointed out, user behawosuspected to be one of the critical factors.
Every user has different preferences in regartisstgpower management setting on their com-
puter. Organizations also need to consider eductigir staff (Di Maio, 2007; Picklum, Nord-
man, & Kresch, 1999) in making the best use ofpthwer management features. The same ap-
plies for manually turning devices off.

Due to complexity of modern environments it caretakong time for an Operating System to
start up, as Operating Systems services, and gefpveeckages are all started at same time. Even
if the functionality is not required at time of g start, the user still has to wait until it s a
loaded into memory and made functional. Similéné shut-down process can be quite slow and
time consuming. For some organizations, due tatimeber of other systems that the computer
might have to communicate with, the shutdown caoadg take quite a long time. Over time,
these delays affect user behaviour, and may resctimputers left running over night, as it takes
too long to shut down and start again in the ma@y (#icklum, Nordman, & Kresch, 1999). This
means that for two thirds of a day, electricitys®ed when no functional work is performed. Con-
sidering the implications of the power consumptimat could be saved, industries are consider-
ing alternatives, such as instant-on operatingesyst The instant-on operating system is meant to
be available to the user seconds after the compatebeen switched on.

Web 2.0 Systems and Thin Clients — a Driver for the  Use of IOS

Redeployment means we can extend the life of teeesyby being reused in lower requirements
tasks as the system ages. If we look at the liiespa laptop we can divide its use in a number
of life spans. The original purpose the systempuaishased for would usually require consider-
able memory and storage capacity. Once the sysasmimoved beyond being useful for its origi-
nal purpose, it may be redeployed for its secdadstiage as a thin client. With lot of organiza-
tions moving their applications to Web Based protom this new life the laptop may never need
to boot in full Operating System but use the InsanSystems (IOS) and the web browser. There
have also been experiments whereby the I0S ardalboled a virtualized layer thereby provid-
ing a cheap way to access terminal emulation. s§fia solution is an instant-on operating sys-
tem that is either "preinstalled on the hard dowén the on-board Flash memory of new PCs and
motherboards by their manufacturers" (Splashtop8p0

Currently a number of manufacturers providing Instan Operating systems as a product are
limited but growing (Splashtop, 2008). Differentméacturers, for example Lenovo, are brand-
ing its offering in the new S10 notebooks as QuiekIDavies, 2008). Dell, one of the world's
largest suppliers of computer equipment, is ruméoethve a model ready for its new Latitude
range of notebooks.
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Microsoft Showing Interest in I0S

Microsoft is showing interest in IOS systems ana ihe early stages of propositioning user in-
put. This brings an interesting possibility of & down version of the Windows operating system
on the main board. How this would work and how matthe actual environment would they be
able to implement within the restricted space ashéntion the possible limitations that closed
source software might impose makes the future taioefor Windows version. Question of roy-
alties that the motherboard manufacturers may dpgiresl to pay to Microsoft may make the
whole project unworkable as the current I0S systmadased on Open Source Linux software.
Still in a concept stage Microsoft announced od@ieDctober 2008 that its new Windows 7 is
targeting a 15 second boot up time competing wgtl second instant-on functionality (Oiaga,
2008).

Critical Evaluation of the Current and

Emerging Energy Efficient Technologies

The Energy Star rating provides a solid platformdomparing and gauging the green credentials
of organizations and equipment. However, in thevbFld this is not always an easy task. If
equipment is made to be a single item then thegatorks very well. 1T equipment has many
interchangeable components which can obfuscateating. For example, a laptop may have a
very good rating but it may be coupled with a l@ating LCD screen or an internal component.
This is not unusual in organizations where equigmeay be upgraded at different cycles.

The Energy Star rating is only one part of the aomgion equation. Having high rating compo-
nent built into the computer equipment but not baitilized only improves the energy use a
small amount. Having appropriately educated usgarding energy consumption, IT people
and policies that configure the equipment to bentbst effective and usable is also needed. If
the configurations and policies are inconsisteti Wwow staff needs to use the equipment they
may sabotage the good intentions for the purposeasiing their job workable.

With the pervasive nature of computing and netwaykin businesses environments extra steps
may need to be taken to best utiize the equipmeditprovide energy savings. Having network-
ing equipment which provides mechanisms to remat@fch on, update, shutdowns systems
and being able to accurately measure the staengbanents on the network and within the
equipment can provide much finer level of control.

Web based technologies have changed the expestatichhow we interact with a business
process. Modern rich web applications can prosid®st the same level of experience and ease
of use as a client based application. This enaldde use a network design in which inexpensive
and varied thin clients are used mainly for pressot logic while all processing is done on spe-
cialized and purpose built energy efficient servdfsve are moving in this direction a client
computer running a full operating system certaselgms extravagant. The Instant on systems
may have a role to play in revolutionizing how weww personal computers in work and domestic
environment.

While all the changes are small and incrementabstigey are changes that should have been tak-
en on board by the industry a long time ago. Mgtim the technology design or implementation
is revolutionary. To a great extent the changes baen brought on by legislation and consumer
demand, sadly mainly from the home sector. Induwtould have moved sooner and faster in-
stead of watting for the need to change. We gkekthat green devices are going to be more
expensive and are generaly willing to pay theagtsst. However if you measure the savings
that may be accumulated over the life of the egeigirthe extra initial cost becomes inconse-
guential.
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Conclusions and Implications

In this paper we have provided an overview of #eent climate change legislation aimed spe-
cifically at reducing greenhouse emissions, whaca key driver for the green use of IT. In terms
of total greenhouse emissions, IT contributes al émasignificant and growing percentage. We
have provided a number of insights into why offi@enputing has historically been so energy
inefficient from the perspectives of the limitasoof the technology (hardware, software), the
management and use of the technology includindattieof training and education of end users
to ensure more energy efficient work practices.NAee reviewed a number of emerging tech-
nologies which in varying degrees provide partef $olution for improving the energy effi-
ciency of office computing. However much of thee@sh which has been done so far is too gen-
eral and is quickly outdated in such a fast mofimigl as IT making it difficult for organizations

to benchmark their energy efficiency performancéroihile there is large amount of informa-
tion available to estimate the overall impending@ousage by Green IT, more detailed informa-
tion is required on the cradle to cradle estimafidre impact of user training and awareness has
not been taken into consideration to determingotssible savings. More work is required to un-
derstand the problem in a socio-technical conteetmovide more reliable information on the
energy consumption of office computing so orgatierstcan make more informed decisions and
benchmark the energy efficiency performance oteftiomputing.
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