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Pace of Innovation

A Datacenter pace of innovation increasing
I More innovation in last 5 years than previous 15

I Driven by cloudervices & extraordinargcale
Internet applications like search

I Cost of Infrastructure dominates service cost

I Not just a cost center COUSIQ
A High focus on infrastructure innovation
i Driving down cost &@%ggg YAHOO’

I Increasing aggregate reliability Microsoft
I Reducing resource consumption footprint o
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Perspective on Scaling

Each day Amazon Web Sarwces adds eno
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first 5'years, when it wasa $2.76B annuz
revenue enterprise
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Where Does the Money Go?

A Assumptions:
i Facility: ~$88M for 8MW critical power
i Servers: 46,000 @ $1.45k each
I Commercial Power: ~$0.07/kWhr
I Power Usage Effectiveness: 1.45

Monthly Costs

m Servers

m Networking
Equipment
Power Distribution
& Cooling

m Power

18%

m Other Infrastructure

3yr server & 10 yr infrastructure amortization
A Observations:
A 31% costs functionally related to power (trending up while server costs down)

A Networking high at 8% of overall costs & 19% of total server(ofisn more ‘
From: http://perspectives.mvdirona.com/2010/09/18/OverallDataCenterCosts.aspx amazon
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- Power Distribution

ity Distribution ~119% lost in distribution
,\ .997*.94* 98*.98*.99 = 89%
Le [2FR O0ASNISNARZ

Generators

UPS & Gen
often on 480V
gl BRI ~1% lossn switch
7 //" "‘\\ \\ gear & conductors

/
o/ Transformers f

0.3% loss 6% loss 2% loss 2% loss

99.7% efficient 94% efficient, ~97% available 98% efficient 98% efficienttifgh]azon
Note: Two more levels of power conversion at server “* webservices”
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Removing Power Conversions

I 480VAdine-to-neutralyields 277VAC
I 400VAQine-to-neutralyields 230VAC
I Bothgoodbut later supportsstandardPS

A Another option is HVDC distribution . ™3
I 400DC an interesting option e
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Power Distribution Efficiency Summary

A 2 more power conversiorst servers

I Oversell power (moréadthan provisioned power)
I Avoid conversionfewer & better)

I Increase efficiency of conversions

I High voltage as clode load as possible
I Size voltage regulators to load & use efficipatts
I High voltage direct current a small potential gain
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Mechanical Systems
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Cooling
Tower
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Heat

20% of total power

Server fans 6 to 9W each

2011/10/24

http://perspectives.mvdirona.com

Primary
Exchanger Pump A
(Water-Side Economizer)
A/C A/C
Condenser Evaporator
A/IC
Compressor
Diluted Hot/Cold Mix
Al Overall Computgr N
I . Room Air
- Mechanical Losses Hand| >
‘f —2204 andler
et Air Impeller
. g
> Trrramazon
% webservices”
11



Hot Aisle Containment
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ASHRAE 2008 Recommendations

ASHRAE 2008 Recommended Class+
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