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Learning Objectives for Attendees

1. Understand the context and verbiage of heat pumps in 
clean heating and cooling technology

2. Identify the importance, adaptability, and benefits of 
the technology as vital to infrastructure and building 
construction

3. Understand why the technology is important to health, 
human safety, and imperative industry goals

4. Understand existing barriers to geothermal adoption 
and how to manage them

5. Internalize our collective capability and responsibility to 
make these changes

6. Leave with the intent to properly study, specify, & apply 
heat pump technology & safe building in every 
application going forward
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Thermal Energy Networks are utility-scale infrastructure projects that connect multiple buildings 
into a shared network with sources of thermal energy like geothermal boreholes, surface water, 
and wastewater.

Wastewater Energy Transfer (WET) systems extract and reject 
heat from the sewers.

Heat (Thermal Energy) is conducted in/out of 
the mechanical system of buildings.

Various geothermal exchange 
resources absorb or reject 
thermal energy.
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Recreational facilities such 
as ice rinks and waterparks 
may be connected.

Geothermal exchangers 
under buildings (Piles)…

Surface Water Exchange
(Rivers, Lakes, Etc.)

Office buildings and data centers 
are cooling dominant, meaning, 
they reject heat all year long.

Power generation facilities 
of all types can provide 
waste heat to a “TEN”

GEO-101
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Thermal                  

Storage & Energy 
Exchange facilities
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Both GSHP & ASHP use a refrigerant system
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Cold air goes to the 
heat pump

The heat pump processes 
heat from the ground

Heat is conducted through 
ducts or pipes

The home is warmed the Heat 
pumps

Superheat from the heat pump is 
sent into the DHW (Domestic Hot 
Water) System



How to cool & heat spaces by 
“pumping heat”- exactly like a refrigerator 
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Heat Pump = about 3.0 to 5.0 + COP
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Understanding the refrigeration cycle in a Heat 
Pump
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Animated Heat Pump Cycle 
https://youtu.be/cGyEUZVGpxw 

Air or Ground 
Source

https://youtu.be/cGyEUZVGpxw


Forced Air & Hydronic Distribution
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There are generally two ways to 
get the heating and cooling to the 
areas served

• Forced air: usually through 
ducted systems

• Hydronic distribution: usually 
through water-based heat 
transfer fluids*

*refrigerant-based distribution circuits are also 
used 



Efficiency Ratings: EER and COP

• Energy Efficiency Rating (EER) is 
often used for Cooling Efficiency

• EER is the is the Net Cooling 
Capacity/Applied Energy in watts

• Coefficient of Performance 
(COP) is often used for Heating 
Efficiency

• COP is the BTUs delivered/BTUs 
consumed
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1 watt of electricity = 3.412 BTU

EER = COP x 3.412



1 kW of Electricity = 3412 BTUs/Hr

= 3,412 BTUs/Hr of heat
(Electric Space Heater)

=  17,060 BTUs/Hr of heat*
(Geothermal Heat Pump)
• It takes 20% of the kW to do the same 

heating with a geothermal heat pump 
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*@ 5.0 COP

1 kW in

1 kW in



Both Air Source & Ground Source Heat Pump are All Electric
They use renewable energy (from the air & the earth) to help heat and cool buildings
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Air-Source
Heat Pump

(AHP)

Ground-Source
Heat Pump

GHP

Nothing outside
Remote Outside Condenser

Both use “Renewable Energy”



Like ASHPs GSHPs are also designed to fit 
every type of structure
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Various Types of Geothermal Heat Pumps 
(GHPs) 
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Vertical GHP (water-to-air GHP)
Pool or Dedicated Hot Water GHP; 

(water-to-water GHP)©Egg Geo LLC 2025

Horizontal; GHP (water-to-air GHP)

Modular & 
Stackable GHPs



GHPs to fit every type of building, even roof 
tops
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Replacement Roof Top GHPs All Inside 100% Fresh Air (DOAS)



District Thermal Energy Networks
…making thermal network heat pumps a reality for all

• No more outdoor equipment to replace

• More hurricane and storm resilient (no 
HVAC equipment outside)

• HVAC system longevity (a benefit of 
having equipment inside)

• No combustion boilers, cooling towers or 
furnaces (Decarbonization) 

• Noticeably superior comfort in heating 
and cooling modes

• Remarkable system efficiency at standard 
equipment pricing

• Thermal Energy Network Wells /Piping 
are permanent infrastructure
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Thermal 
Energy 

Networks will 
be installed by 

our Nation’s 
Skilled Trades
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Merlin Dunt, Mayor  of  West Union from  1998-2011 said, “...as long as we're tearing up 
the streets and sidewalks to put in new water mains, we might as well improve the energy 

infrastructure at the same time.” From that came the downtown thermal energy loop.  
Consider the number of infrastructure projects that take place, and this is a great model 

for our nation.

http://www.skrogersfuneralhome.com/obituary/3569382


“Beneficial Electrification” was a real thing in 1958 - Some history, and 
the logic behind it.
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These homes received “Total 
Electric” medallions indicating the 
home was inspected & safe.
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In 1958 the National 
Electric Manufacturers 
Association (NEMA) 
provided medallions for 
homes that were all 
electric. This effort could 
be renewed, and for many 
of the same advantages 
cited as advantages for 
homes built between 1957 
and the mid-1970s.
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Decarbonization = 
Electrification

http://blog.nema.org/2016/03/15/gold-medallion-homes-bespeak-decades-of-energy-efficiency/
https://www.thespruce.com/gold-medallion-home-definition-1821516
https://www.thespruce.com/gold-medallion-home-definition-1821516
https://www.thespruce.com/gold-medallion-home-definition-1821516


Understanding efficiency; the ASHRAE 
Building in Atlanta  
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Thermal Energy Heat Pumps consume less energy than 
air-source heat pumps

 -
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Power Consumption at ASHRAE Bldg, Atlanta



Electrical Load is “leveled out” using WSHPs
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Air Source Heat-Pumps tend to “peak” in the 
winter, as well as the summer

Combination Gas-Heat & Electric-Cooling Peaks in the Summer

Ground Source Heat-Pumps Shave Both 
Summer and Winter Peaks
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Assessment of National Benefits from
Retrofitting Existing Single-Family Homes with

Ground Source Heat Pump Systems
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45.3% Reduction in 
Carbon Emissions

56.1% Reduction in 
Summer 
(& Winter) Peak 
Electrical Demand



The Benefits of Ground Source Heat Pumps for Beneficial Electrification 
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GHPs  $137B More
 

Electricity $137B Less  Reduced Power Infrastructure 
$494 Billion Savings

https://www.dropbox.com/s/0crw0eh7ttkond2/Dunsky__HRAI_Benefits%20of%20GSHPs_(2020-10-30)_F.PDF?dl=0


Geothermal Energy Networks 
…eliminate Outdoor Equipment and related hazards
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Air Source Heat Pumps 
Naturally Lose COP in 

Cold Weather

• The constant speed COPs are the published COPs. However, the units are 
operated in the variable speed mode, but there is no published data on the 
lower COPs. This can be  misleading because only the constant speed COPs are 
published yet the unit is operated at the lower variable speed COP’s. 
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Annual Field Performance of Inverter-Driven 
Heat Pumps in Cold Climates (DOE)
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According to the US DOE report on Cold Climate referenced:
“While the measured COPs of systems in this study are lower than 
those of other studies…  …none of the ASHPs monitored would have 
provided operating cost savings over an efficient natural gas heating 
system.”

Evaluating Cold Climate Heat Pumps: Understanding How and Where Cold Climate 
Heat Pumps Can Displace Less Efficient Heating Sources RI & MA 2017 Report

https://www1.eere.energy.gov/buildings/publications/pdfs/building_america/inverter-driven-heat-pumps-cold.pdf
https://cadmusgroup.com/wp-content/uploads/2018/03/Cadmus-Cold-Climate-Heat-Pumps-IEPEC-2017-DK-JW-AJ-1.pdf
https://cadmusgroup.com/wp-content/uploads/2018/03/Cadmus-Cold-Climate-Heat-Pumps-IEPEC-2017-DK-JW-AJ-1.pdf


Thermal Energy Codes are aligning
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Chapter 7: PP 49-53

2021 Edition

Egg Geo is on the IAPMO USHGC and the UMC 2021 Tech Committee



Diversity of Writings to support Curriculum 
and Thermal Education Trades and Designers
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Diversity of Writings to support Curriculum 
and Thermal Loop Education (STEM)
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Diversity of Writings to support Curriculum 
and Thermal Loop Education (STEM)
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Current Educational Projects…
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Current Educational Projects
for Union Plumbers and Pipefitters
Skilled Trades Cross training
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“Plumbing Clean Heating and Cooling”
40% of the energy we use is for heating, hot water, and air-conditioning

• The key to clean heating and cooling is 
in our plumbing infrastructure.

©Egg Geo LLC 2025 33

“As I was writing this 
column, I got a call from 

John Murphy, 
international 

representative of the 
United Association, 
about the uptake in 

thermal energy 
networks….”



Utility Thermal Energy Network 
Simplified Schematic View of Thermal Energy vs. Natural Gas 

for Heating and Cooling Systems
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A typical vertical installation on a small plot
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Vertical Closed Loops (tight spot)



Residence After Boreholes are Completed
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Net Zero Energy Application



Equipment is All-Inside and out of the 
weather
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• No more outdoor equipment to replace

• More hurricane and storm resilient (no 
HVAC equipment outside)

• HVAC system longevity (a benefit of 
having equipment inside)

• No combustion or electric strip heating

• Noticeably superior comfort and heating 
and cooling modes

• Remarkable system efficiency at standard 
equipment pricing

• Geothermal Wells are permanent 
infrastructure



Variations in Earth Loop Systems 

There are numerous geothermal 
exchange methods.  One of these 
will be right for your project.
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Types of Geothermal: Closed Loop Water, and 
Direct Expansion (DGX)
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Types of Geothermal: Closed Loop Water, and 
Direct Expansion (DGX)
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Low disturbance and impact area for DGX 
systems
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Direct Exchange (DGX) 
also reduces borehole 
size & length

• Refrigerant Piping goes into the 
earth

• Utilizes less borehole per ton than 
water based closed loop

• Require specialized training

• NYSERDA Provides Incentives

• Federal Gov’t provides tax credits

• Excellent for basements and tight 
spaces; Halco Statement
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https://www.halcoenergy.com/geothermal.html


The Logic of 
Direct 
Exchange; 
Heat Transfer
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The Dynamic Closed Loop (DCL) Concept
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Aquifer Based Thermal Exchange:
Dynamic Closed Loop & Open Exchange Wells

©Egg Geo LLC 2025 45



DCL & THERMAL EXCHANGE 
HTTPS://YOUTU.BE/ISVP2BUCIY4 
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https://youtu.be/IsvP2BUCiy4


Cornell’s Ithaca Campus has a Thermal Energy Network
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Cornell’s Roosevelt 
Island is also Thermal 

Loop Campus

©Egg Geo LLC 2025
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Layout Using GIS Data & Local Pricing for 
Labor and Materials
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Creation of Thermal Energy Networks 

Infrastructure Sources + Horizontal Piping Infrastructure = 
Thermal Networks
(Skilled Labor Unions)
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Industry Goals are to convert Aging NG 
Systems to “Thermal Micro Districts”
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Allows Gas Utilities to bill for BTUs and gives them a 
path to become renewable energy companies.
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Replacing Old Gas Pipe with Thermal Energy Pipelines
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Replacing 
Natural Gas 

with Thermal 
Energy 

Networks
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Electrification Promotes Load Sharing / 
Energy Diversification (re-use of BTUs)
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Health and Human Safety are Enhanced by Beneficial 
Electrification. Building Codes Protect the Public (UMC)
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Community Thermal Energy Networks
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Absorption Chiller



Heat Transfer Fluids & Safety For The Environment
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Demonstration Video

https://www.dropbox.com/scl/fi/0081cxn7m91ywq3kdmk09/Kilfrost-Fluid-Demonstrator-Video.mp4?rlkey=7tg1h7312x39ytjbcx98pvuwf&dl=0


“Kilfrost” is now “COREFROST” by CORECHEM

COREFROST is an advanced, non-toxic 
heat transfer fluid designed for superior 
efficiency and safer cooling. Made with 

patented Kilfrost technology, its 
standout feature is its low viscosity, 

which significantly enhances fluid flow 
and heat transfer capabilities, including 

up to 35% energy savings and 66% 
reduced viscosity compared to 

propylene glycol. COREFROST ALV Plus is 
NSF HT1 certified for incidental food 

contact and legacy system compatible. 
COREFROST is available in multiple 

packaging options and meets diverse 
needs while maintaining peak 

performance.

©Egg Geo LLC 2025 59



Educational Modules, Textbooks, and Trades 
Curriculum
Using Case Studies and Real-World Examples
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Infrastructure Studies, Coordination & Validation 
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Energy Exhausted from Commercial Buildings 
is piped to Residential Structures

©Egg Geo LLC 2025 62



©Egg Geo LLC 2025 63



Penn South in Manhattan 
needs Miles of Pipe
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Thermal Energy Networks 
Eliminate Cooling Towers and Boilers
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Preparation of Hands-On Modules; Pipe Details, 
Construction Documents



Perpetual BTUs: How Many Times Can We Re-use the same BTU? 
Follow the Energy…
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Building Efficiency System Tool
(BEST) Software Illustrates Combined COP
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Bin Data 8760 hours
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C. Smith, Sound Geothermal Corporation
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Project 
Construction 

Drawings
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Using BTUs Over & Over Again
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Greenfield and Brownfield Thermal 
Energy Network Curriculum; 
Bridging Silos
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Horizontal Design + Skilled Union Labor & Thermal 
Energy Network Curriculum
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Local Construction and Contractors execute these projects



Types of Thermal Exchange Networks 
Between Buildings and Blocks in 
Communities
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• Utility & Infrastructure Fluid 
Energy Sources

• Raw Water (pre-Drinking 
Water Treatment)

• Wastewater (Dirty)

• Wastewater Effluent 
(Cleaned)

• Irrigation Water (Greywater)

• Dewatering Operations 
(Subways, Subgrade Parking 
Garages, etc.)

• Drinking Water Energy

• Data Centers
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Thermal Energy Network Infrastructure Will Be Installed by Plumbers 
and Pipefitters
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City Layout with Hydronic Software
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Understanding Water and 
Energy Consumption
©Egg Geo LLC 2025

• Cooling tower-coupled 
cooling systems are generally 
favored because they can 
improve the power use 
effectiveness (PUE) of the data 
center. That’s because the 
efficiency of air-cooled 
equipment can be increased 
dramatically by evaporative 
cooling, which drives down the 
effective heat transfer 
temperature from outside dry-
bulb to the more favorable 
wet-bulb temperature. 
Depending on the relative 
humidity, this can improve 
cooling PUE substantially. 
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Cooling Towers and Adiabatic Cooling
• The use of evaporative cooling towers consumes high volumes of fresh water, diminishing the 

water use effectiveness (WUE) to 1.8 liters/kWh. This is responsible for the growing fresh water 
consumption that is stressing the record low reserves of fresh water around the world.
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Data Center Heat “Off-Takers” 
https://bit.ly/GeoDataCentersSaveEnergyWater 

• 120 MW of heat rejection is the 
equivalent of 40,000 tons of 
cooling capacity.  Since the data 
center is located in a remote area, 
what can be done with all that 
heat? That's the brilliant part. They 
are co-developing a project called 
“Wyoming Hyperscale Indoor 
Farms, LLC.”
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https://bit.ly/GeoDataCentersSaveEnergyWater


Data Center 
Variations for 

Thermal Energy 
Network Load 

Shedding
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https://youtu.be/PI_90zD0W7o 

https://www.kensaheatpumps.com/how-to-district-heating-with-ground-source-heat-pumps/ 

Application 
throughout 
North America 
& the World

https://youtu.be/PI_90zD0W7o
https://www.kensaheatpumps.com/how-to-district-heating-with-ground-source-heat-pumps/


Data Center Variations for geothermal and hybrid exchange in 
immersion cooling to eliminate mechanical refrigeration
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https://bit.ly/GeoDataCentersSaveEnergyWater 

https://bit.ly/GeoDataCentersSaveEnergyWater


Thermal influence in aquifers (ATET)
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Thermal Energy Networks - Empire State; 
Developed for NYSERDA
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Union Jobs in Thermal Energy 
Network Infrastructure
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Theron Egg Plumbing, 
Circa 1948
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Thank You

©Egg Geo LLC 2025 88



©Egg Geo LLC 2025 89

Geothermal Heat & Cooling Primer
GEO-101

NY-GEO Presentation May 21-22, 2025



B U I L D I N G  E L E C T R I F I C A T I O N  •  R O O M  M 2 B  •  1 0 : 0 0  -  1 1 : 0 0  A M

Geothermal 101: 
An Introduction to GHP Technology

N Y - G E O  2 0 2 5
APRIL 23-24, 2025 | SARATOGA SPRINGS, NY

Speaker: 

Jay Egg / Egg Geo, LLC


	Slide 1
	Slide 2
	Slide 3: Learning Objectives for Attendees
	Slide 4
	Slide 5: Both GSHP & ASHP use a refrigerant system
	Slide 6: How to cool & heat spaces by  “pumping heat”- exactly like a refrigerator 
	Slide 7: Understanding the refrigeration cycle in a Heat Pump
	Slide 8: Forced Air & Hydronic Distribution
	Slide 9: Efficiency Ratings: EER and COP
	Slide 10: 1 kW of Electricity = 3412 BTUs/Hr
	Slide 11: Both Air Source & Ground Source Heat Pump are All Electric They use renewable energy (from the air & the earth) to help heat and cool buildings
	Slide 12: Like ASHPs GSHPs are also designed to fit every type of structure
	Slide 13: Various Types of Geothermal Heat Pumps (GHPs) 
	Slide 14: GHPs to fit every type of building, even roof tops
	Slide 15: District Thermal Energy Networks …making thermal network heat pumps a reality for all 
	Slide 16: Thermal Energy Networks will be installed by our Nation’s Skilled Trades
	Slide 17: Merlin Dunt, Mayor  of  West Union from  1998-2011 said, “...as long as we're tearing up the streets and sidewalks to put in new water mains, we might as well improve the energy infrastructure at the same time.” From that came the downtown therm
	Slide 18: “Beneficial Electrification” was a real thing in 1958 - Some history, and the logic behind it.
	Slide 19: These homes received “Total Electric” medallions indicating the home was inspected & safe.
	Slide 20: Understanding efficiency; the ASHRAE Building in Atlanta  
	Slide 21: Electrical Load is “leveled out” using WSHPs
	Slide 22: Assessment of National Benefits from Retrofitting Existing Single-Family Homes with Ground Source Heat Pump Systems
	Slide 23: The Benefits of Ground Source Heat Pumps for Beneficial Electrification 
	Slide 24: Geothermal Energy Networks  …eliminate Outdoor Equipment and related hazards
	Slide 25: Air Source Heat Pumps Naturally Lose COP in Cold Weather
	Slide 26: Annual Field Performance of Inverter-Driven Heat Pumps in Cold Climates (DOE)
	Slide 27: Thermal Energy Codes are aligning
	Slide 28: Diversity of Writings to support Curriculum and Thermal Education Trades and Designers
	Slide 29: Diversity of Writings to support Curriculum and Thermal Loop Education (STEM)
	Slide 30: Diversity of Writings to support Curriculum and Thermal Loop Education (STEM)
	Slide 31: Current Educational Projects…
	Slide 32: Current Educational Projects for Union Plumbers and Pipefitters Skilled Trades Cross training
	Slide 33: “Plumbing Clean Heating and Cooling” 40% of the energy we use is for heating, hot water, and air-conditioning
	Slide 34: Utility Thermal Energy Network  Simplified Schematic View of Thermal Energy vs. Natural Gas  for Heating and Cooling Systems
	Slide 35: A typical vertical installation on a small plot
	Slide 36: Residence After Boreholes are Completed
	Slide 37: Equipment is All-Inside and out of the weather
	Slide 38: Variations in Earth Loop Systems  
	Slide 39: Types of Geothermal: Closed Loop Water, and Direct Expansion (DGX)
	Slide 40: Types of Geothermal: Closed Loop Water, and Direct Expansion (DGX)
	Slide 41: Low disturbance and impact area for DGX systems
	Slide 42: Direct Exchange (DGX) also reduces borehole size & length
	Slide 43: The Logic of Direct Exchange; Heat Transfer
	Slide 44: The Dynamic Closed Loop (DCL) Concept
	Slide 45: Aquifer Based Thermal Exchange: Dynamic Closed Loop & Open Exchange Wells 
	Slide 46: DCL & Thermal Exchange https://youtu.be/IsvP2BUCiy4 
	Slide 47: Cornell’s Ithaca Campus has a Thermal Energy Network
	Slide 48: Cornell’s Roosevelt Island is also Thermal Loop Campus
	Slide 49: Layout Using GIS Data & Local Pricing for Labor and Materials
	Slide 50: Creation of Thermal Energy Networks 
	Slide 51: Industry Goals are to convert Aging NG Systems to “Thermal Micro Districts”
	Slide 52: Allows Gas Utilities to bill for BTUs and gives them a path to become renewable energy companies.
	Slide 53: Replacing Old Gas Pipe with Thermal Energy Pipelines
	Slide 54: Replacing Natural Gas with Thermal Energy Networks
	Slide 55: Electrification Promotes Load Sharing / Energy Diversification (re-use of BTUs)
	Slide 56: Health and Human Safety are Enhanced by Beneficial Electrification. Building Codes Protect the Public (UMC)
	Slide 57: Community Thermal Energy Networks
	Slide 58: Heat Transfer Fluids & Safety For The Environment
	Slide 59: “Kilfrost” is now “COREFROST” by CORECHEM
	Slide 60: Educational Modules, Textbooks, and Trades Curriculum Using Case Studies and Real-World Examples
	Slide 61: Infrastructure Studies, Coordination & Validation 
	Slide 62: Energy Exhausted from Commercial Buildings is piped to Residential Structures
	Slide 63
	Slide 64: Penn South in Manhattan needs Miles of Pipe
	Slide 65: Thermal Energy Networks  Eliminate Cooling Towers and Boilers
	Slide 66
	Slide 67: Perpetual BTUs: How Many Times Can We Re-use the same BTU? Follow the Energy…
	Slide 68: Building Efficiency System Tool (BEST) Software Illustrates Combined COP
	Slide 69
	Slide 70
	Slide 71: Project Construction Drawings
	Slide 72: Using BTUs Over & Over Again
	Slide 73: Greenfield and Brownfield Thermal Energy Network Curriculum; Bridging Silos
	Slide 74: Horizontal Design + Skilled Union Labor & Thermal Energy Network Curriculum
	Slide 75: Types of Thermal Exchange Networks  Between Buildings and Blocks in Communities
	Slide 76: Thermal Energy Network Infrastructure Will Be Installed by Plumbers and Pipefitters
	Slide 77: City Layout with Hydronic Software
	Slide 78: Understanding Water and Energy Consumption
	Slide 79: Cooling Towers and Adiabatic Cooling
	Slide 80: Data Center Heat “Off-Takers” https://bit.ly/GeoDataCentersSaveEnergyWater 
	Slide 81: Data Center Variations for  Thermal Energy Network Load Shedding
	Slide 82: Application throughout North America & the World
	Slide 83: Data Center Variations for geothermal and hybrid exchange in immersion cooling to eliminate mechanical refrigeration
	Slide 84: Thermal influence in aquifers (ATET)
	Slide 85: Thermal Energy Networks - Empire State; Developed for NYSERDA
	Slide 86: Union Jobs in Thermal Energy Network Infrastructure
	Slide 87: Theron Egg Plumbing, Circa 1948
	Slide 88: Thank You
	Slide 89
	Slide 90

