Data Centers and




Background

* GW Technology can greatly 2’ o,
reduce water consumption
* US hosts 45% of world’s data
centers
700+ data centers inthe DMV
* Key considerations
(1) Costs of land, construction, and operations
(2) Availability of a stable power & water supply
(3) Access to high-capacity fiber-optic networks
(4) Proximity to end users or major data markets
(5) Permitted cooling capacity
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Cooling Technologies: Tradeoffs

* Water-based evaporative cooling uses less electricity but
more water

* Air-based cooling uses less water but generally requires
more power

* Balancing energy efficiency and water conservation is a
major challenge

* Groundwater-based convective and conductive cooling
minimizes consumptive use of water



Data Center Cooling

* Can we think of aquifers as ‘infrastructure’?
* Groundwater technology offers thermal recycling
* Heat exchange to cool data centers has significant water
and power demand
* Groundwater closed- loop systems using water or coolant
recycling greatly minimize water consumption
* Closed-loop cooling circulates cooled water or
coolant
* Hybrid Systems combine cooling methods



PUMP AND INJECT GEOTHERMAL COOLING SYSTEM

A * Comprised of pump and injection
wells

* Relies on convective heat

Water Table {§ | exchange for thermal mgt

* Consistent GW water

v temperatures supports cooling

efficiency
Convec. Pump B cool * Designed to return circulated
tive Heat Water groundwater to the aquifer
Exchange/ \ Vi \Return

* Minimal Net consumptive use
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Data
Center

~—

Conduc-
tive Heat
Exchange

CLOSED-LOOP GEOTHERMAL COOLING

* Well-established standards &
credentials for designers & installers

* Relies on conductive heat exchange with
subsurface geology

* Low-maintenance & no subterranean
moving parts

* Uses food grade coolant + water

* Vertical & horizontal systems

* Thermal mgt can recover heat for use

* Minimal water loss or consumption
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Data
Center

Groundwater

Circulation
Cools Heated
Q Fluid of
— Heat Exchange
Element

Submersible Heat
Exchange Element
in Well

Submersible Closed-Loop Heat Exchanger

Aquifer-based convective system
Installed in well

Uses flow of groundwater for
conductive heat transfer to
geologic matrix

Combining aspects of the other
systems, fewer boreholes are
needed

Smaller footprint enables existing
structures to incorporate its
benefits without extensive
remodeling



Other Considerations

Aquifer Thermal Energy Storage (ATES)
* Open or Closed-Loop thermal transfer for storage in aquifer media and later use
* Offers opportunity for Co-Location of commercial/industrial processes needing heat

Borehole Thermal Energy Storage (BTES)

* Utilizes deep bedrock Closed-Loop thermal transfer for heat storage in the aquifer
and deep rock for later use

* Also offers Co-location opportunities

Examples

ATES

* Heights Community (St. Paul MN) — Municipal heating and cooling district

 East Lake Street Project (Minneapolis MN) — Local energy source

BTES

* Miami University (Ohio) - 1,210 deep bedrock closed-loop wells for heating and cooling, 41% electrical savings
 Whisper Valley (Ausitn TX) — Deep heat exchange for residential community

* Framingham Municipal Loop (MA) - Deep geothermal energy network replaced gas network

 Epic Systems (Verona WI) — Deep geothermal wells below healthcare campus for heating and cooling



Example: BTES at Miami University (Ohio)

North Geothermal Western 690
Plant at Billings Hall Geothermal Field

|
|

EST. 2014

Plus 41% in Electricity Savings



Geothermal Heat Exchange - Key Factors

A range of thermal management options to evaluate

**Factors include, but not limited to:
* Hydrogeological considerations — do you have water for heat exchange?
* Heat exchange with geologic matrix —to water and soil/sediment/rock
* Key Assets available
»Trained GW heat-exchange experience
»Early engagement of experts provides greatest advantage
* Setback from other infrastructure — depends on application

**Closed-Loop - Additional Factors
* No Water withdrawal/appropriation
* No cone of depression
* No impacts to other wells
* Review of coolant - food-grade fluid
* Heat transfer- 100% conductive

* Bottom line — Minimal water consumption



Contact

Chuck Job
Regulatory Affairs Manager
National Ground Water Association
(800) 551-7379 Ext 1561
cjob@ngwa.org
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