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Pace of Innovation 
ÅDatacenter pace of innovation increasing 
ïMore innovation in last 5 years than previous 15 

ïDriven by cloud services & extraordinary-scale 
internet applications like search 

ïCost of infrastructure dominates service cost 

ïNot just a cost center 

ÅHigh focus on infrastructure innovation 
ïDriving down cost 

ïIncreasing aggregate reliability 

ïReducing resource consumption footprint 
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Perspective on Scaling 

Each day Amazon Web Services adds enough 
ƴŜǿ ŎŀǇŀŎƛǘȅ ǘƻ ǎǳǇǇƻǊǘ ŀƭƭ ƻŦ !ƳŀȊƻƴΦŎƻƳΩǎ 
Ǝƭƻōŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƘǊƻǳƎƘ ǘƘŜ ŎƻƳǇŀƴȅΩǎ 
first 5 years, when it was a $2.76B annual 

revenue enterprise 
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Where Does the Money Go? 
Å Assumptions: 

ï Facility: ~$88M for 8MW critical power 

ï Servers: 46,000 @ $1.45k each 

ï Commercial Power: ~$0.07/kWhr 

ï Power Usage Effectiveness: 1.45 
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Å Observations: 
Å 31%  costs functionally related to power (trending up while server costs down) 
Å Networking high at 8% of overall costs & 19% of total server cost (often more) 

2011/10/27 

From: http://perspectives.mvdirona.com/2010/09/18/OverallDataCenterCosts.aspx 

57% 

8% 

18% 

13% 

4% Servers

Networking
Equipment

Power Distribution
& Cooling

Power

Other Infrastructure

Monthly Costs 

3yr server & 10 yr infrastructure amortization 



Agenda 

ÅQuickening Pace Infrastructure Innovation 
ïInfluence of Cloud computing 

ÅPower Distribution 

ÅCooling & Building Designs 

ÅNetworking & Server Innovation 

6 2011/10/24 http://perspectives.mvdirona.com 



Power Distribution 
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Note: Two more levels of power conversion at server 



Removing Power Conversions 

ÅRemove final conversion prior to server 

ï480VAC line-to-neutral yields 277VAC 

ï400VAC line-to-neutral yields 230VAC 

ïBoth good but later supports standard PSUs 

ÅAnother option is HVDC distribution 

ï400DC an interesting option 

ïImproved efficiency but higher capital cost 
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Power Distribution Efficiency Summary 

Å2 more power conversions at servers 
5. Power Supply: often under 80% at typical load 

6. On board voltage regulators (VRMs or VRDs) 

ÅRules to minimize power distribution losses: 
ï Oversell power (more load than provisioned power) 

ï Avoid conversions (fewer & better) 

ï Increase efficiency of conversions 

ï High voltage as close to load as possible 

ï Size voltage regulators to load & use efficient parts 

ï High voltage direct current a small potential gain  
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Mechanical Systems 
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Hot Aisle Containment 
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Facebook Open Compute 
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ASHRAE 2008 Recommendations 
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ASHRAE 2008 Allowable Class 1 

59F-90F 

ASHRAE 2008 Recommended Class 1 

64-81F 


