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PUE – simple and effective 
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PUEs: Reported and Calculated  
 

PUE 

EPA Energy Star Average 1.91 

Intel Jones Farm, Hillsboro 1.41 

ORNL CSB 1.25 

T-Systems & Intel DC2020 Test Lab, Munich 1.24 

Google 1.16 

Leibniz Supercomputing Centre (LRZ) 1.15 

National Center for Atmospheric Research (NCAR) 1.10 

Yahoo, Lockport 1.08 

Facebook, Prineville 1.07 

National Renewable Energy Laboratory (NREL) 1.06 
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PUEs: Reported and Calculated  
 

It’s all about the “1”. 
 

1.06?  Should we…. 

Focus on driving the 0.06 down? 

Or work on the 1.0?  
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“I am re-using waste heat from my 
data center on another part of my 
site and my PUE is 0.8!” 
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“I am reusing waste heat from my data center  
on another part of my site and my PUE is 0.8!” 

• While re-using excess energy from the data center can 
be a good thing to do, it should not be rolled into PUE.  
The definition of PUE does not allow this.  
 

• There is a new  metric to do this; ERE 
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Energy Reuse Effectiveness 

A new energy efficiency metric 

Similar to PUE but accounts for 

reuse energy 

PUE and ERE can both provide 

insight 

• Different perspectives on 

efficiency vs reuse 
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ERE Definition 

IT

Reused-IT+Lighting+Power+Cooling
 =ERE

IT

IT+Lighting+Power+Cooling
 =PUE

Energy IT

Energy Total
 =PUE

Energy IT

Energy Reused -Energy  Total
 =ERE
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ERE Alternate Development 

PUE  ERF)1(
IT

Reused-IT+Light+Pwr+Cool
 =ERE 

Energy Total

Energy Reuse
 =ERF

Define energy reuse factor 
(ERF) as: Then: 

PUE  ERF)-(1 =ERE 

And finally: 

ERF and PUE are mathematically related, but differ and 
need to defined and reported clearly.  
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Utility

Cooling

UPS PDU

IT

Rejected
Energy

(a)

(b)
(c) (d)

(f)

(e)

Reused
Energy

(g)

ERE – adds energy reuse to the PUE concept 
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Comparison with PUE 

One view of PUE is that is the “tax” or burden in energy costs you must pay above 

the IT load to run the Data Center; ERE allows the same vision 

PUE = 1.0 means 100% of the energy you bring in to the data center goes to the IT 

ERE = 1.0 means you only need to bring into the site an amount equal to 100% of 

the IT energy to support the Data Center   

We need both!  

Case 1     Case 2 

PUE = 2.0    PUE = 1.2 

ERF= 0.55    ERF=0.25 

ERE = 0.9    ERE=0.9 

Case 1 focus on PUE, Case 2 focus on ERF 
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Towards the Net-Zero Data 
Center: Development and 
Application of an Energy 
Reuse Metric 
 
 
Technical Paper presented last 
June: ASHRAE Summer Meeting, 
Montreal 
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PUE & ERE resorted…. 
 

PUE Energy Reuse 

EPA Energy Star Average 1.91 

Intel Jones Farm, Hillsboro 1.41 

T-Systems & Intel DC2020 Test Lab, Munich 1.24 

Google 1.16 

National Center for Atmospheric Research (NCAR) 1.10 

Yahoo, Lockport 1.08 

Facebook, Prineville 1.07 

Leibniz Supercomputing Centre (LRZ) 1.15        ERE <1.0 

National Renewable Energy Laboratory (NREL) 1.06        ERE <1.0 
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New developments – include the IT energy 
overhead in a PUE like metric 
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IT PUE – the same construct 

ITPUE = 𝐶𝑜𝑜𝑙𝑖𝑛𝑔+𝑃𝑤𝑟 𝐷𝑖𝑠𝑡+𝑀𝑖𝑠𝑐+𝐼𝑇 

𝐼𝑇
= 

𝑓+𝑔

𝑖
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Combined TotalPUE 

𝑇𝑈𝐸 = 𝐷𝐶𝑃𝑈𝐸 × 𝐼𝑇𝑃𝑈𝐸 =  
𝑎+𝑏

𝑑
×
𝑓+𝑔

𝑖
= 

𝑎+𝑏

𝑖
    

Small EEHPC sub-team exploring this space….. 
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A gap….   A way to measure, compare, and contrast 
HPC machines and data centers 

• Green 500 is a start 

– Limited to Linpack 

– Essentially Top500/~Energy 

– Does NOT include the data center 

– Power/Energy measurement could be better defined 

– Workload to specific 

• EEHPC WG has a sub-team focused here 

Birds of Feather:  "Setting Trends for Energy Efficiency"   
Tuesday, 12:15-1:15PM  TC 101 

An alternate step towards Data Center (not just 
infrastructure) efficiency….. 



Data collected recently at a Fortune 100 company;  courtesy of John Kuzma and William Carter, Intel  

4% 

3% 

93% 

60% 

5% 

35% 32% 

4% 

64% 

Age Distribution  
of Servers 

2007 & Earlier  

2008, 2009  

2010 - Current 

Energy Consumption 
of Servers 

Performance Capability  
of Servers 

A Real Problem 

Old Servers consume 60% of Energy but deliver only 4% of 
Performance Capability. 



Data Center 

Spotlighting the Elephant 

Energy in Information 
Out 

Inefficient servers are the Elephant in your data center 

• The biggest energy users in an efficient data center 
are the servers. 

• Are your servers efficient?  

• How do you know? 



SUE Definition  

• Define metric like PUE for “Server Utilization 
Effectiveness” 

• Server Utilization Effectiveness 
 
 
 
𝑆𝑈𝐸 ≡  

𝐼𝑑𝑒𝑎𝑙 𝑆𝑒𝑟𝑣𝑒𝑟 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒

𝐴𝑐𝑡𝑢𝑎𝑙 𝑆𝑒𝑟𝑣𝑒𝑟 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒
 

• Consistent with PUE 
– 1.0 is ideal 

– Bigger numbers are worse 

– Simple Implementation 

– Simple Interpretation 



Calculating SUE, keeping it simple 

• Implementation Complexity is a showstopper. 

• Efficiency advances of “Moore’s Law” well 
accepted in the Industry 

• “Server Performance Doubles approximately 
every two years.” 

𝑆𝑈𝐸 =  
𝐼𝑑𝑒𝑎𝑙 𝑆𝑒𝑟𝑣𝑒𝑟 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒

𝐴𝑐𝑡𝑢𝑎𝑙 𝑆𝑒𝑟𝑣𝑒𝑟 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒
≅

𝑁𝑆𝑒𝑟𝑣𝑒𝑟𝑠
 0.707𝐴𝑔𝑒𝑆𝑒𝑟𝑣𝑒𝑟𝑠

 



SUE Maturity Options 

Maturity 
Level 

0 1 2 4 

Performance 
Measure 

0.707Age Benchmark Data Productivity Proxy Actual Workload 

Investment A few hours Days. Weeks.  Months to years 

Requires Server Inventory Correlation of 
Server config to 
performance data 

Specialized 
Software 

Software 
development 

Scope Simplified 
assessment to find 
big problems 

More accurate 
assessment 
depending on 
configuration and 
benchmarks chosen 

Very accurate 
assessment.  

Most accurate 
assessment. 

Improved Accuracy, Increased Effort 

𝑆𝑈𝐸 ≡  
𝐼𝑑𝑒𝑎𝑙 𝑆𝑒𝑟𝑣𝑒𝑟 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒

𝐴𝑐𝑡𝑢𝑎𝑙 𝑆𝑒𝑟𝑣𝑒𝑟 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒
 



Example: Calculating SUE 
Age 0.707Age Number of 

Servers 
Performance 

Weighted 

0 1.0 100 100 

1 .71 50 35 

2 .50 100 50 

3 .35 50 18 

4 .25 100 25 

5 .17 100 17 

500 245 

SUE  500/245  2.0 

2X servers needed for workload 



All this leads to a proposed new metric 

DCUE = PUE X SUE / Utilization   

• Includes data center infrastructure efficiency with PUE 

• SUE defines efficiency of the IT equipment 

• Utilization gives some indication of how efficiently it is run 
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Two new metrics for Data Center 

sustainability 

Published by The Green Grid, with 

Intel leadership 

Development of the Metrics will 

give better focus on Data Center 

sustainability 

 

Water and Carbon 
– increasing focus on sustainability 
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New Metrics…  all in the PUE family 

𝑃𝑈𝐸 =
𝑇𝑜𝑡𝑎𝑙 𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝐸𝑛𝑒𝑟𝑔𝑦 

𝐼𝑇 𝐸𝑛𝑒𝑟𝑔𝑦
 

𝐶𝑈𝐸 =
𝑇𝑜𝑡𝑎𝑙 𝐶𝑂 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑐𝑎𝑢𝑠𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑇𝑜𝑡𝑎𝑙 𝐷𝑎𝑡𝑎 𝐶𝑒𝑛𝑡𝑒𝑟 𝐸𝑛𝑒𝑟𝑔𝑦

𝐼𝑇 𝐸𝑛𝑒𝑟𝑔𝑦
 

𝑊𝑈𝐸 =
𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑖𝑡𝑒 𝑊𝑎𝑡𝑒𝑟 𝑈𝑠𝑎𝑔𝑒

𝐼𝑇 𝐸𝑛𝑒𝑟𝑔𝑦
 

𝑊𝑈𝐸𝑠𝑜𝑢𝑟𝑐𝑒 =
𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑜𝑢𝑟𝑐𝑒 𝐸𝑛𝑒𝑟𝑔𝑦 𝑊𝑎𝑡𝑒𝑟 𝑈𝑠𝑎𝑔𝑒 + 𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑖𝑡𝑒 𝑊𝑎𝑡𝑒𝑟 𝑈𝑠𝑎𝑔𝑒

𝐼𝑇 𝐸𝑛𝑒𝑟𝑔𝑦
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Thank You!        Questions? 




