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Putting In Perspective

100wW @

1000 W 1kW = Domestic kettle

1 kilowstt kW) = 1000 W

1000000 W 1MW = Diesel locomotive [/ wind turbine.

1wm-1ooom1

1000000000 W 1GW = Hoover dam

1 gigawatt (GW)~ 1000 MW E

1000000000000 W 1TW = World power consumption, 18390

1 torawatt {TW)= 1000 GW

= You, sitting there, reading.

Source: Saul Griffith
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Global Consumption
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18 TW today!
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Global Consumption { dzy Q3

e Incident Rays
2. I 162,000 TW

We have plenty
of power!

18 TW today!

Expected to increase >40%
by 2035

| ,/M Source: Saul Griffith
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However there i1s another dimension!
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However there Is another dimension!

Historic Atmospheric CO2 concentration

CO‘2 concentration (ppm)
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Temperature Changes around the world
in the last quarter of the 20th century

Trends in °C per decade

LR (I R X NN ]

LN NN ‘00090000000 s -0900
FE R B e Srov00O000000 oo e e v
TR R oooooooooo co e I XX RN}
L I R . 08 ssee
DR Y SRR Y ) . PSP O0ORNNRN.
SRR PAE NS Grvn & ey O™ Y K L SRR . . Gsso0crnrne
......... R PN HHAR - . .. LN N N BN N
oooooooooooo .- . -» .. L I I B
...... e @ * +« s B s @Meww -9 - C B
...... 'Y R} [ e+ .
® *» *» @0 - ¢ o ¢ & . = -
TN ] RN E RN R RINE R LR ] -
'EENEE EE EEE - « e | ‘e 0 e .. LN
2000000« ¢ . . D I
00000 ODOGESS -0 - S . . - - . . e s 20 * 00 DOPS - ~tee . X
I E XN R RN Y T J [ AN N N IR T . D B R ) R -
sscc000 . AERC R .. PP OGP DO+ 000+ 000 0c0s0 e . .}
.o ' L R LR 1L LK V.. .
- e . . o - S

@ L & K . . . < e @ @

1 -08 -06 -04 -0.2 0 +0.2 +04 +06 +0.8 +1



Temperature Changes around the world
in the last quarter of the 20th century

Trends in °C per decade
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| t 0s already hap

Congress Passed Public Law 43 Outcome: EPA Energy Star Program

Dec 2006 Anergy Star for Serverday 2009 release
EPA to study and promote IT Efficiency  AEnergy Star for DGgan 2010 release
EPA provided response August 2007

http://www.energystar.gov/index.cfm?c=prod_development.server_efficiency

http://www.energystar.gov/ia/partners/prod_development/downloads/EPA_Datacenter_Report_Congress_Finall.pdf

_ ENERGYSTAR il  Data Collection and A
Data Center Rating Goals s Rating Development Process —

. o : June 1, 2008
Build on existing ENERGY STAR platform with - Participant Expression of Interest forms due

methodology similar to existing ratings (1-100 scale) — Data center operators begin collecting data

Usable for both stand-alone data centers and data July 2008: Participants submit first month of data (as soon
centers housed within office or other buildings as itis collected)

Assess performance at building level to explain how a Quarterly 2008 - 2009
building performs, not why it performs a certain way ~ Interim data submitted
- EPA holds update web conferences

Provide users with additional resources to help eix
determine next steps after receiving an energy June 1, 2009: Submit final data
performance rating + January 2010: EPA launches rating in Portfolio Manager

Offer the ENERGY STAR label to data centers with a | (subjectiochange)
rating of 75 or higher
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| t 0s already hap

Congress Passed Public Law 43 Outcome: EPA Energy Star Program

Dec 2006 Anergy Star for Serverday 2009 release
EPA to study and promote IT Efficiency  AEnergy Star for DGgan 2010 release
EPA provided response August 2007

http://www.energystar.gov/index.cfm?c=prod_development.server_efficiency

http://WWW.energystar.gov/ia/partners/prod_deveIopment/downlmdsl{'““ ™ .( "//./f' _.pdf
- merging in = _

~ ENERGYSTAR ™ other countries ~_.aCollection and '
Data Center Rating Goale—— 55 \ye|| such as; ——*elopment Process T

» AECCoC .y

BUIld on eXIStIng ENERGY STAR pla U ‘ A Y Q é. l. o\ 'xpfgssion of Interest forms due
methodology similar to existing ratings (1700 S#8Te Stz Biter operators begin collecting data

Usable for both stand-alone data centers and data + July 2008: Participants submit first month of data (as soon
centers housed within office or other buildings as itis collected)

Assess performance at building level to explain how a * Quarterly 2008 - 2009
building performs, not why it performs a certain way ~ Interim data submitted

Provide users with additional resources to help — EPAholds update web conferences

determine next steps after receiving an energy * June 1,2009: Submitfinal data
performance rating + January 2010: EPA launches rating in Portfolio Manager

Offer the ENERGY STAR label to data centers with a | (subjectiochange)
rating of 75 or higher =
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Why the Regulators Care?

Figure ES-1: Total electricity use for servers in the U.S. and the world in 2000 and
2005, including the associated cooling and auxiliary equipment

140

0.8% of estimated 2005 world

Sources: 1DC data for installed base. =
electricity sales, $7.2B/year ™

shipments, and most popular models,
and manufacturer data on power use

for individual server models. Total - TCd ay
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The EPA Report Shows that with Efficiency
Improvements DC power footprint will go down

This assumes demand doesn't change

140
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| t 0s Actually an Econom
Technol ogy Problem Call

As the cost for Computation goes down, the demand goes up!

Future energy

A Historical trends
use projections =

scenario

pnergy use

Inc'reasing
Efficiency

Current efficiency

Jevons’ , )
trends scenario

Paradox

Improved operation
scenario

Best practice
scenario

>
Quantity State of the art
scenario

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Source: C. Belady, Mission Critical Magazine
http://www. m|SS|oncr|t|caImagazme com/CDA/Articles/Features/BNP_GUB2806_A_10000000000000340120
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Costs I n todayos dat

DC Costs have Most construction costs
eclipsed Cost of IT scale with Power.

The Institute reduces the cost model to just two
clements.  (sournce:TThe/Wptime Institeite)
m The “kW” component by desired level of functionality:
Tier I: $10.000/kW of usable UPS output
Tier IT: $11.000/kKW of usable UPS output

Annual Amortized Costs in the
Data Center for a 1U Server

Server Cost - = = = EnergyCost
Infrastructure Cost = Annual I&E Tier I11: $20.000/kW of usable UPS output
Tier IV: $22.000/kW of usable UPS output

® The “computer room™ component. In all cases.

$220/1t* ($2.400/m?) of computer room floor must

be added to the KW cost shown above.

» Land
1990 1995 2000 2005 2010 2015 2020 = Core / Shell
Year = Mech /Elec

= Arch

3 year server life
10 year infrastructure life
.St R&X / ®&X 4L y uKS 51 Gt

a2NB GKIFy L¢
Magazine (Feb 2007)
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Generation 2/3 0 Data Centers
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Generation 2/3 0 Data Centers

Eachddata center. spproximately
10times
the sizecof:aoccerfield
With each-at:about 40MW
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Generation 3 - Chicago Data Center

$500M+ investment 1.5 millic

3000 construction related jobs ¥

707,000 sq.d
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Generation 3 - Chicago Data Center

1.5 million me

15times
the size ch soccer fleld
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Challenges in the future

Keeping costs down

Increased Global Demand will drive up energy prices
and cause shortages.

Electric Grid is already strained

Grid capacity is growing 1%/yr C DC power growing 15%/yr
Rising costs due to Climate change, carbon taxation, etc.
Hard to find large blocks of power
Power Availability may not be there when you need it.

Renewable power is not persistentd need backup
(costly)
Storing power Is expensive and not sustainable at scale
Batteries have not seen breakthrough
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We need to be Proactive!
The DC industry has been anything but that!

For Cloud Computing to succeed we need to change:
A Know where you are - Monitoring and measurement
A Simplify

A Scale

A Commoditize
A Integrate

© Microsoft 2010 All Rights Reserved C. Belady



Monitoring and Measurement




Industry Current State of Affairs

Figure ES-1: Total electricity use for servers in the U.S. and the world in 2000 and
2005, including the associated cooling and auxiliary equipment

140

01.8% of estimated 2005 world

clectnicnty sales, $7.28/'year

Data Center power Footprint
Doubling every 5 years (EPA
Study 2007)
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~ Today
Globally |
1.6t102.0% .
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17 % Data Centers track total

Carbon Footprint (DCUG 2009)

Cooling and auxiliary
L'\]l“[‘ﬂl\'ﬂf

\
High-end servers

Mid-range servers

Total clectricity use (billion kWh/year)

Volume servers

15% Data Centers Measure overall e
. Electricity Lighting, etc.
Eff|C|ency (DCUG 2008) Transformer/ 3% Utility Load

UPS PUE =---m-meeeomemes s
© IT Load

Average Data Center Efficiency has A"Voeme—

a PUE = 2.0 (LBNL & EYP) T Equipment
Cooling~
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Tools for changing business needs
= o oo W Scryis used for:

Carbon Emission Center Center

Emission Factor Outside Dewpoint Nracking Power

Foot Print (kgCO,/kWH)  Temp (F) (F) i - :

(metric tCO,g0) Arracking Server Utilization
S— - ' Arracking Carbon

Arracking Data Center Utilizatior

ABilling and cost allocation

Power Data |
Usage | Center | S s Ee Ful a8
Effectiveness L Efficiency |

(%)

Cost \
Allocation
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Simplification
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http://www.rice.edu/vpit/innovation/presspix/rice_data_center06052007x300.jpg

Simplification Data Center of the Future?

http://blogs.msdn.com/b/the_power_of_software/
archive/2008/09/19/intensecomputingor-in-
tents-computing.aspx

¢2RI& QA 5/ Just Right Tent City
| [ |
Ag ost/ Low Efficiency ow Cost/ Hig |C|e}ey
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Driving to a simplified data center

From Science Project To Reality
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How a Simple Low Cost Data Center
Works

Video can be viewed at:
http://www.microsoft.com/showcase/en/us/details/84f447493434467-80129¢c70ef77981c
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Scale
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a A O N2DatgehtéEGbiution

Datacenter Quincy and Chicago and Generation 4 =
ColLocation San Antonio Dublin Modular Generation
Generatln 1 Generation 2 ,Generatlon 3 Datacenter

Microsoft
Research
XCG

Servel F Scalability
and
Sustainabili

Deployment
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Examples of Container Computing
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http://www.greentelecomlive.com/wp-content/uploads/2008/06/ibm_container.jpg

