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Where does electricity come from ?

Source: World Nuclear Association

43 billion kWh of electricity generated 
in NZ in 2006



Australian electricity sources are very different

In 2006 power stations produced 255 billion kilowatt hours (TWh) of electricity, 65% 
more than the 1990 level and growing at 3.3% pa. 

18 TWh is used by power stations, leaving 237 TWh net production.  17 TWh is lost or 
used in transmission and 9-10 more in energy sector consumption, leaving 210 TWh
for final consumption (or 187 TWh apart from aluminium exports)

Much of the energy exported is used for generating electricity overseas; three times 
as much black coal is exported as is used

25% of electricity produced is lost in 
generation and transmission

90% energy sources are fossil fuels

Source: World Nuclear Association



Power: Energy used per unit of time

Because the Data Centre is always on it consumes a lot of energy

Conventional research uses energy too! 

http://lhc-machine-outreach.web.cern.ch/lhc-machine-outreach/faq/lhc-energy-consumption.htm

Power Energy   Energy 

(Watts) (Wh p.a.) (J p.a.)

Hubble telescope 2.8K 24.5M 88.3G

Space shuttle launch 33T

1920P Altix 330K 2.9G 10.4T

Synchrotron 12M 105G 380T

CERN LHC 120M 1T 3.8P

http://lhc-machine-outreach.web.cern.ch/lhc-machine-outreach/faq/lhc-energy-consumption.htm
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Source: Lawrence Berkeley National Laboratory, http://hightech.lbl.gov/benchmarking-dc.html

Average of 12 Data Centres in NY&CA: Co-Location, Hosting, Government, 
Financial Institution, Telecom, Scientific Computing, Data Storage

Where does energy go?

http://hightech.lbl.gov/benchmarking-dc.html


There s a Real Problem

Energy consumption for US data centers and servers will nearly 
double by 2011 requiring an additional 10 power plants (EPA 
Study)

Power consumption in data centers doubled from 2001 to 2005 
(Lawrence Berkeley / Stanford study)

Half the data centers will not have sufficient power for expansion by 
2008 (Garner survey 06)

In the highest level of redundancy and reliability data centers, for 
every kilowatt used for processing, $22,000 is spent on power and 
cooling infrastructure (Uptime Institute)

Through 2009, energy costs will emerge as the second highest 
operating cost in 70% of data centers worldwide (Gartner survey 
06)



Concerns No Longer Focused on Servers

Servers currently account for about 60% of data 
center power storage will soon take that place 
(Glass House 07)

eWeek.com

Average number of storage terabytes maintained by Fortune 
1000 organizations in 2004: 138

Average number of storage terabytes maintained by Fortune 
1000 organizations in October 2006: 600



Disk drive power dissipation

SATA drives use 8 10W
SCSI drive use 12 20W
SAS drives use ~1W more than SCSI
FC drives use ~2W more than SCSI
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Disk drive startup power consumption

SATA similar to SCSI

Drives use ~1.5x (scsi) 2x (SATA) peak power to spin up

Source: StorageReview.com
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Energy required for 20TB of disk

Power based on 80% seeks 20% idle 

1TB drives use ~10x less power per TB than 146GB SCSI drives

1TB drives use ~2x less power per TB than 400GB SCSI drives

SCSI/SAS/FC has 2x IOPs and less latency

New drives from Seagate and Western Digital use 50% less power

4.51,2741410.9SATA72001500Seagate Barracuda PR

4.31,199206.8SATA54001000WD GP WD10EACS

82,2692012.9SATA72001000Hitachi 7K1000

112,9272712.5SATA7200750Seagate Barracuda ES

184,8835011.1SAS10000400Seagate Cheetah  NS

339,2576715.8SCSI10000300Hitachi 10K300

8322,93613719.1SCSI15000146Seagate Cheetah 15K.4

7019,3572748.1SAS1500073Seagate Savvio 15K.1
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Tape drives

Sources: Manufacturers data sheets; Clipper Group

SAIT / LTO4 
800GB
45 / 120MB/s native
19sec load time
57sec file access time
30W (active)
5W (idle)

T10000B 
Capacity cart Sport cart

1000GB 75GB
120MB/s native
16sec load time
48sec data access 12sec
63W (N/A)

No electricity to store data

Very high data transfer rates per device sequential access

Tape Libraries 10TB - 8PB+

30 year media life

TS1130
1000GB 
160MB/s native 
13sec load time
49sec data access
46W (active)
17W (idle) 



Optical Storage

Sources: http://blogs.zdnet.com/storage/?p=313
http://www.incom.eu/jvc_mc-blx.html?L=1, http://www.kintronics.com/jukebox.html

Holographic (3D) 
300GB
20MB/s data transfer
5 sec load time
50 year archive life
Blue laser 
10,000,000 reads
WORM
80W 

Blu-Ray / DVD 
BD-R, BD-RE, DVD-R, DVD-RW

50GB / 5GB per disc
9MB/s data transfer
4.5sec media access time
Blue laser 
Re-write 10,000 times
140W (jukebox)
20W (drive)

Like tape, optical media requires no electricity to store data

Data transfer rates are low compared to tape and disk

Largest jukebox capacity 30TB

Ultra Dense Optical (UDO) 
60GB (UDO2)
12MB/s data transfer
6.5sec media access time
50 year archive life
Blue laser 
WORM
310W (19TB jbox)
20W (drive)

http://blogs.zdnet.com/storage/?p=313
http://www.incom.eu/jvc_mc-blx.html?L=1
http://www.kintronics.com/jukebox.html


Case Studies, tiered storage

Small Medium Large

50TB 250TB 1PB


