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Data center 

Google's data center in Mayes County, Oklahoma 
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Data centers are power-hungry 

3 

91 billion kWh 

U.S. data centers in 2013 

Source: Natural Resources Defense Council 

Power the entire state of Washington 



Data centers are also thirsty 
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Water evaporation in Google’ OR data center 



Data centers are also thirsty 
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How thirsty are data centers? 
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http://www.att.com/ 

1 billion gal. per year for data center cooling 

    30,000+ 



Water is scarce 

• Drought is hitting many U.S. states 
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http://droughtmonitor.unl.edu/ 



Water is scarce 

• Drought is hitting many U.S. states 
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http://droughtmonitor.unl.edu/ 
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How to make data centers water sustainable? 



Look at energy sustainability first 
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Harvest nature and (possibly) 
go without utility power! 



Can data centers operate without utility water? 

• Rainfall comes from nature, just like solar and wind 

– No utility water usage! 

• But, very challenging 

– Highly unpredictable and limited 
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Let’s see if rainfall is enough for water self-sufficiency… 



Cooling systems for large data centers 

• “cooling tower” v.s. “outside air” 
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Water evaporation carries heat 
(air is used inside data center) 

Cold air directly enters data center 
to remove heat 

> 2 L/kWh  < 0.5 L/kWh 



Water usage for fresh air cooling 
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Based on ASHRAE recommended operating condition 
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Water usage for fresh air cooling 
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Based on ASHRAE recommended operating condition 



Operation of fresh air cooling 

 

16 



Case study 

• Six U.S. locations 
– Prinevile (OR), Forest City (NC), Los Angeles (CA), Ashburn 

(VA), Chicago (IL), and New York (NY) 

• 10MW peak IT power (idle server power 60%) 

• 1 million water storage tank 
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Percentage of operation modes 

 

 

 

 

 

 

• Depending on climate conditions, fresh air cooling 
may frequently require water for humidity and 
temperature control 

18 



Water efficiency and rainfall 

 

 

 

 

 

• Water efficiency and rainfall don’t always match 

– Geographic load balancing could help mitigate this 
problem 
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Minimum rainfall harvesting area 

 

 

 

 

 

 

 

• Not all locations are feasible for water self-sufficiency 
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Impact of water tank size 

 

 

 

 

 

 

 

 

• For a 10MW data center, 1 million gallons are a 
reasonable size for water self-sufficiency 
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Summary of findings 

 
 
 
 
 

• For water self-sufficiency 
– “Too cold air” isn’t necessarily good 
– Better power proportionality 
– Bigger water tanks 
– Geographic load balancing 
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Messages 

• Data centers can be very thirsty 

• Fresh air cooling is not water-free 

• Water self-sufficiency using rainfall is possible for 
data centers 

– But, of course, still a long way to go… 
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