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Agenda

ÅWhere does the power go?

ÅPower distribution optimization

ÅMechanical systems optimization

ÅServer & other optimization

ïCooperative, Expendable, Micro-Slice Servers

ïImproving existing builds

ÅSummary
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Background & biases
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Å15 years in database engine development
ïLead architect on IBM DB2
ïArchitect on SQL Server

ÅPast 5 years in services
ïLed Exchange Hosted Services Team
ïArchitect on the Windows Live Platform
ïArchitect on Amazon Web Services

ÅThis talk focuses on industry best practices
ïNot about Amazon (or past employers) 

specialized data center design techniques
ï2x gain over current averages easily attainable 

without advanced techniques

http://perspectives.mvdirona.com



PUE & DCiE
Å Measure of data center infrastructure efficiency

Å Power Usage Effectiveness
ï PUE = (Total Facility Power)/(IT Equipment Power)

Å Data Center Infrastructure Efficiency
ï DCiE = (IT Equipment Power)/(Total Facility Power) * 100%

ÅLΩƳ ƭƻƻƪƛƴƎ ŦƻǊ ƘŜƭǇ ŘŜŦƛƴƛƴƎ tPUE(pwr to chip rather than server)
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http://www.thegreengrid.org/gg_content/TGG_Data_Center_Power_Efficiency_Metrics_PUE_and_DCiE.pdf

http://www.thegreengrid.org/gg_content/TGG_Data_Center_Power_Efficiency_Metrics_PUE_and_DCiE.pdf


Power & Related Costs Dominate
Å Assumptions:

ï Facility: ~$200M for 15MW facility (15-year amort.)
ï Servers: ~$2k/each, roughly 50,000 (3-year amort.)
ï Average server power draw at 30% utilization: 80%
ï Commercial Power: ~$0.07/kWhr
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Å Observations:
Å $2.3M/month from charges functionally related to power

Å Power related costs trending flat or up while server costs trending down

$2,997,090$1,296,902

$1,042,440

$284,686
Servers

Power & Cooling 
Infrastructure

Power

Other Infrastructure

3yr server & 15 yr infrastructure amortization

Details at: http://perspectives.mvdirona.com/2008/11/28/CostOfPowerInLargeScaleDataCenters.aspx

Monthly Costs
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http://perspectives.mvdirona.com/2008/11/28/CostOfPowerInLargeScaleDataCenters.aspx


Fully Burdened Cost of Power

ÅInfrastructure cost/watt:

Å15 year amortization & 5% money cost

Å=PMT(5%,15,2MM,0)/(15MW) => 
$1.28/W/yr

ÅCost per watt using $0.07 Kw*hr:

Å=-0.07*1.7/1000*0.8*24*365=> 
$0.83/W/yr (@80% power utilization)

ÅAnnually fully burdened cost of power:

Å$1.28 + $0.83 => $2.11/W/yr

2009/3/29

Details at: http://perspectives.mvdirona.com/2008/12/06/AnnualFullyBurdenedCostOfPower.aspx
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http://perspectives.mvdirona.com/2008/12/06/AnnualFullyBurdenedCostOfPower.aspx


Where Does the Power Go?

ÅAssuming a pretty good data center with PUE ~1.7

ïEach watt to server loses ~0.7W to power distribution 
losses & cooling

ïIT load (servers): 1/1.7=> 59%

ÅPower losses are easier to track than cooling:

ïPower transmission & switching losses: 8%

ÅDetailed power distribution losses on next slide

ïCooling losses remainder:100-(59+8) => 33%
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Power Distribution
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94% efficient, ~97% available

~1% loss in switch

gear & conductors

UPS:
Rotary or Battery

Transformers
Transformers Transformers

High Voltage
Utility Distribution
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2.5MW Generator (180 gal/hr)

8% distribution loss
.997^3*.94*.99 = 92.2%


