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PUE

_ Total Data Center Annual Energy
- Total IT Annual Energy

 |ntroduced in 2006 by Malone and Belady

« Developed and agreed to by EU Code of Conduct, DOE, EPA,
Green Grid, ASHRAE, etc...

« Has led Energy Efficiency drive in Data Centers
 PUE Average in 2007 ~ 2.5
« BestinClass 2013:
NREL=1.06, LRZ=1.15, NCAR~1.Z

ORNL=1.25, TUDresden< 1.3



PUE Definition

~ Total Energy  Cooling + PowerDistribution + Misc+IT  a+b
~ IT Energy IT - d




but PUE isn't perfect, consider.....
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Three variations...
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Can we define a “server-PUE™? Maybe ITUE?

_ Total Energy _ Pwr + Cooling + Misc + IT _ Infrastructure Burden + IT

=17 Energy IT IT
| DataCemter  Sever
Power dist losses UPS, line losses, PDUs PSU, VRs, board losses
Cooling losses Chiller, CRAC, Pumps, Fans Fans, Pumps
Misc losses Security, Lighting, Building Indicators, Platform Control
Control
T Servers, Storage, Network Processor, Memory, Disk

Infrastructure Burden + Compute  Pwr + Cooling + Misc + Compute
Compute B Compute

ITUE =

Total Energy into the IT Equipment
Total Energy into the Compute Components

ITUE =
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The next step...

PUE and ITUE are both:

« dimensionless ratios

« Represent the burden or “tax” of infrastructure
« “1" is ideal, values larger than 1 are worse

« \alues less than 1 are not allowed

« So why not:

TUE = PUE x ITUE



TUE

. Total Energy a+b TUE — Total Energy g
~ IT Energy  d ~ Compute Energy i

a+b
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TUE = ITUE X PUE =




Does it work?
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Next Steps

New sites to work on TUE?
Features in new hardware?

Future Work



Case Studies

ORNL
LLNL
LRZ

Japan's AIST (Advanced Industrial Science & Technology).



Thank You. Questions?







