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A key driver for [efficiency] improvements was the 

creation of the power usage effectiveness (PUE) metric. “
“

-   Data Center Power and Energy Management: The Past, Present, and Future. 

                                       by Bianchini, Belady, Sivasubramaniam



Power Usage Effectiveness (PUE) =
data center energy usage

IT energy usage

Carbon Usage Effectiveness (CUE) =
data center carbon emissions

IT energy usage

Water Usage Effectiveness (WUE) =
data center water usage

IT energy usage

What about the efficiency of compute? Operational vs. embodied

carbon? PPA vs On-site? Site vs source water usage? Flexibility?



Despite progress, local populations are increasingly 

unhappy about data centers moving in.



Health costs of data centers are significant and local.

• The health cost of training an AI rivals the electricity cost.  Depending 

on the location, health costs of training a model of the scale of Llama 

3.1 are between 30% and 120% of the electricity costs.   

• The health costs of data centers in the US will soon rival those of on-

road emissions of largest states.  The health impact of data centers in 

the US is projected to exceed that of on-road emissions in California 

by 2030.  

• The health costs of data centers vary widely across regions and are 

often felt most by low-income communities.  Some communities 

experience 200x larger health costs than others, and 9 of 10 most 

impacted counties are low-income communities.

*These are from preliminary analyses in collaboration between Caltech and UC Riverside.
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What metric(s) will drive progress in the next decade? 
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