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Energy Efficient Data Center Strategies
• Thermal (environmental) guidelines
• Air management
• Free cooling
• Liquid-based cooling
• NREL Energy Systems Integration Facility (ESIF) case 

study



Data center equipment’s environmental conditions should fall 
within the ranges established by ASHRAE as published in the  
Thermal Guidelines. 

Environmental Conditions

ASHRAE (2015)

(@ Equipment Intake) Recommended Allowable

Temperature 65°–80°F 59°–90°F (A1)
41°–113°F (A4)

Humidity (RH)
42°F DP–

60% or 59oF DP
20%–80% 
& 63°F DP

Environmental Specifications (°F)



Equipment Environmental Specification 

Air inlet to information technology (IT) equipment 
is the important specification to meet

Outlet temperature is not
important to IT equipment



Psychrometric Comparison of ASHRAE Classes
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Psychrometric Bin Analysis 
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Design Conditions (0.4%):
91.2 db, 60.6 wb

www.nrel.gov/docs/fy17osti/68218.pdf

https://www.nrel.gov/docs/fy17osti/68218.pdf


Estimated Savings
Baseline
System Direct expansion (DX) cooling with no economizer

Load 1 ton of cooling, constant year-round

Efficiency (Coefficient of Performance) 3

Total Energy (kWh/yr) 10,270

Recommended Range Allowable Range

Results Hours Energy (kWh) Hours Energy (kWh)

Zone1:  DX Cooling Only 25 8 2 1

Zone2:  Multistage Indirect Evap. + DX (H80) 26 16 4 3

Zone3:  Multistage Indirect Evap. Only 3 1 0 0

Zone4:  Evap. Cooler Only 867 97 510 57

Zone5:  Evap. Cooler + Economizer 6055 417 1656 99

Zone6:  Economizer Only 994 0 4079 0

Zone7:  100% Outside Air 790 0 2509 0

Total 8,760 538 8,760 160

Estimated % Savings - 95% - 98%



Improve Air Management
• Typically, more air circulated than 

required 
• Air mixing and short-circuiting 

leads to:
• Low supply temperature
• Low Delta T

• Use hot and cold aisles
• Improve isolation of hot and cold 

aisles
• Reduce fan energy
• Improve air-conditioning efficiency
• Increase cooling capacity.

8

Hot aisle/cold aisle configuration 
decreases mixing of intake & 

exhaust air, promoting efficiency. 

Source: www.energy.gov/sites/prod/files/2013/10/f3/eedatacenterbestpractices.pdf

http://www.energy.gov/sites/prod/files/2013/10/f3/eedatacenterbestpractices.pdf


Isolate Cold and Hot Aisles

Source: www.energy.gov/sites/prod/files/2013/10/f3/eedatacenterbestpractices.pdf

70º–80ºF vs. 45º–55ºF

95º–105ºF vs. 60º–70ºF

http://www.energy.gov/sites/prod/files/2013/10/f3/eedatacenterbestpractices.pdf
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• Liquid conduits require 250 to 1,000 times less space than air conduits for 
transporting the same quantity of heat energy

• Liquids require 10 to 20 times less energy to transport energy
• Liquid-to-liquid heat exchangers have closer approach temperatures than 

liquid-to-air (coils), yielding greater efficiency and increased economizer hours
• ASHRAE Technical Committee 9.9 liquid standards provide an excellent guide.

Cooling Efficiency



2015 ASHRAE Liquid Cooling Guidelines

NREL ESIF High Performance Computing (HPC) (Hewlett Packard Enterprise hardware) using 75°F supply, 105°F return–W4
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Showcase Facility
• ESIF 182,000 ft2 research facility
• 10,000 ft2 data center
• 10 MW at full buildout
• LEED Platinum facility, power usage 

effectiveness ≤ 1.06
• NO mechanical cooling (eliminates 

expensive and inefficient chillers)

Data Center Features
• Direct, component-level liquid cooling, 

24°C (75°F) cooling water supply
• 35°–40°C (95°–104°F) return water 

(waste heat), captured and used to heat 
offices and lab space

• Pumps more efficient than fans
• High voltage 480-VAC power distribution 

directly to high power density 60–80-kW 
compute racks

Compared to a Typical Data Center
• Lower CapEx—costs less to build
• Lower OpEx—efficiencies save.

Utilize the bytes and the Btus!
Integrated “Chips to Bricks” 

Approach

NREL ESIF Data Center
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PUE =  “Facility energy” + “IT energy”

“IT energy”

Energy Reuse Effectiveness (ERE) =  
“Facility energy” + “IT energy” – “Reuse energy”

“IT energy”

Power Usage Effectiveness, Energy Reuse Effectiveness 

Industry average ~1.8, EE data center < 1.2 PUE
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Water Usage Effectiveness (WUE) =  
“Annual Site Water Usage”

“IT energy”

the units of WUE are liters/kWh

WUESOURCE =
“Annual Site Water Usage” + “Annual Source Energy Water Usage”

“IT energy”

WUESOURCE =  
“Annual Site Water Usage”

“IT energy”
+  [EWIF × PUE] 

where EWIF is energy water intensity factor

Water Usage Effectiveness

Courtesy Lawrence Berkeley National Laboratory



ESIF Data Center Cooling
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ESIF Data Center Efficiency Dashboard

(Cooling 
Distribution Units)



Data Center Metrics
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PUE = 1.034 

ERE = 0.929 

WUE = 0.7 liters/kWh 

First Year of TSC Operation (9/1/16–8/31/17) 
Hourly average IT Load = 888 kW 

WUESOURCE = 5.4 liters/kWh
WUESOURCE = 4.9 liters/kWh if energy from 720 kW 
photovoltaic (10.5%) is included
using energy water intensity factor (EWIF) of 4.542 liters/kWh for Colorado

Annual Heat Rejection

with only cooling towers, WUE = 1.42 liters/kWh

www.nrel.gov/docs/fy18osti/72196.pdf

Cooling
Towers

47%

Building Heat 11%

Thermosyphon
42%

Cooling
Towers

47%

Building Heat 11%

http://www.nrel.gov/docs/fy18osti/72196.pdf
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• FEMP Energy Efficiency in Data Centers 
www.energy.gov/eere/femp/energy-efficiency-data-centers

• ASHRAE Technical Committee 9.9/Datacom Series
www.ashrae.org/technical-resources/bookstore/datacom-series

• NREL HPC facilities website
www.nrel.gov/computational-science/facilities.html

• Thermosyphon papers (NREL Publications 66690 & 72196)
– www.nrel.gov/docs/fy17osti/66690.pdf
– www.nrel.gov/docs/fy18osti/72196.pdf

Resources

http://www.energy.gov/eere/femp/energy-efficiency-data-centers
http://www.ashrae.org/technical-resources/bookstore/datacom-series
http://www.nrel.gov/computational-science/facilities.html
http://www.nrel.gov/docs/fy17osti/66690.pdf
http://www.nrel.gov/docs/fy18osti/72196.pdf


Thank you
Otto.vangeet@nrel.gov
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