








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





https://youtu.be/cGyEUZVGpxw




Efficiency Ratings: EER and COP

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

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

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

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

EER = COP x 3.412





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
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Thermal 
Energy 

Networks will 
be installed by 

ƻǳǊ bŀǘƛƻƴΩǎ 
Skilled Trades
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Merlin Dunt, Mayor  of  West Union from  1998-2011 said, άΦΦΦŀǎ ƭƻƴƎ ŀǎ ǿŜϥǊŜ ǘŜŀǊƛƴƎ ǳǇ 
the streets and sidewalks to put in new water mains, we might as well improve the energy 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΦέ 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




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
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Air Source Heat-tǳƳǇǎ ǘŜƴŘ ǘƻ άǇŜŀƪέ ƛƴ ǘƘŜ 
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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https://www.dropbox.com/s/0crw0eh7ttkond2/Dunsky__HRAI_Benefits%20of%20GSHPs_(2020-10-30)_F.PDF?dl=0


Geothermal Energy Networks 
Χeliminate Outdoor Equipment and related hazards
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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






Diversity of Writings to support Curriculum 
and Thermal Loop Education (STEM)
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Utility Thermal Energy Network 
Simplified Schematic View of Thermal Energy vs. Natural Gas 

for Heating and Cooling Systems
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https://www.halcoenergy.com/geothermal.html


The Logic of 
Direct 
Exchange; 
Heat Transfer
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Aquifer Based Thermal Exchange:
Dynamic Closed Loop & Open Exchange Wells
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https://youtu.be/IsvP2BUCiy4






















Community Thermal Energy Networks
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Absorption Chiller



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




















Building Efficiency System Tool
(BEST) Software Illustrates Combined COP
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Horizontal Design + Skilled Union Labor & Thermal 
Energy Network Curriculum
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Local Construction and Contractors execute these projects













https://bit.ly/GeoDataCentersSaveEnergyWater




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















	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

