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DEFINING EXERGY FROM A THERMAL STANDPOINT; QUANTITY OF 
USEFUL WORK POTENTIAL 
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WHY MAXIMIZE EXERGY IN DATA CENTERS?
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HEATING AND COOLING WITH A GEO-EXCHANGE STORAGE PROCESS
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• Sandia Had a 

steam loop with 

Absorption 

Chillers in the 

~1950 to 1990; 

~350° F
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PRINCETON GEO-EXCHANGE STORAGE PROCESS
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• Central heating steam pipes, operating at 

~450° F, were replaced with a water 

exchange central heating loop operating 

at ~140° F.  

• Hundreds of  heat pipes were drilled to 

depths of  650 ft – 800 ft which was then 

repurposed as a parking lot.  Plans to 

test depths of  up to 3,000 ft are also 

being evaluated relative to 

CAPEX/OPEX viability.

• Heat pumps replaced gas fired steam 

generators.  Heat recovery cooling 

equipment had to be utilized to recover 

waste heat from chillers.

• Their delivered heating COP went from 

~0.75 to 4.
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Princeton University, "Geo-Exchange," Princeton 

University, 2026. [Online]. Available: 

https://sustain.princeton.edu/posts/2024/geo-

exchange. [Accessed 25 7 2026].
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GEO-EXCHANGE WITH DATA CENTERS
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• Parts of  the 

London Tube 

(subway) 

~95° F +

• Re-cool the 

Earth Battery 

in the Winter.

• Or Utilize the 

Earth Battery 

Heat.
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GEO-EXCHANGE WITH DATA CENTERS WATERLESS SOLUTION

7Anthony Menicucci, Ph.D. armenic@sandia.gov, amen@unm.edu, 505-249-2075 

• We must 

use a 

chiller due 

to Air to 

Air loads
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GEO-EXCHANGE WITH DATA CENTERS WATERLESS + MAXIMUM EXERGY
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Johnson Controls International plc, YORK Single 

Effect Double Lift Hot Water Driven Absorption 

Chiller.pdf, YORK, 2026.

• Driving heat source as 

low as 131° F (Data 

Center)

• Cooling Water 

Temperature as hot as 

99° F (Ground)

HOT WATER DRIVEN ABSORPTION CHILLER SPECIFICATIONS



EXTERNAL THERMAL STORAGE 
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• Much Shorter 

Duration 

Than Earth’s 

Long-term 

Storage 

Capacity.
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EXTERNAL THERMAL STORAGE, POLAR NIGHT OY 

11Anthony Menicucci, Ph.D. armenic@sandia.gov, amen@unm.edu, 505-249-2075 

Polar Night Energy Oy, "Sand Battery," Polar Night Energy Oy, 2026. [Online]. Available: 

https://polarnightenergy.com/sand-battery/. [Accessed 16 06 2026].

• Temperatures 

up to 1,100° F

• 200 & 1,000 

MWh

• Lower Exergy 

Lowers 

Capacity
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HEAT REUSE; BLOCK HEATING FOR GROWING APPLICATIONS

12Anthony Menicucci, Ph.D. armenic@sandia.gov, amen@unm.edu, 505-249-2075 

• 30% increase in CO2

Concentration 

Generally Increases 

Plant Growth by 

Approximately 30%.
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DATA CENTER COOLING HEAT REUSE ICE MELT APPLICATIONS
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HEAT REUSE; LAB AND/OR DOMESTIC HOT WATER USAGE
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HEAT REUSE; VACUUM DISTILLATION EVAPORATION
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HEAT REUSE; FORWARD OSMOSIS PROCESS UTILIZING DATA CENTER 
WASTE HEAT
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