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SESSIO N  305 

LEAR N IN G O B JECTIVES

1.Describe the fundamentals of ground source heat pump HVAC systems and the ability to 
configure them into district/community systems.

2. Define the characteristics that make a building or neighborhood a promising fit for GSHP 
implementation, and those posing significant challenges in consideration of traditional 
geothermal vs. geothermal networks.

3. Identify upcoming federal, state, and local incentives and financing options to lower the up-
front cost challenges.

4. Describe how these technologies can contribute to an equitable transition for Low to Middle 
Income housing.



Scary Statistics
Time we spend indoors
Deaths caused by chronic 
disease, up from 13% in 1800
Of the 82,000 chemicals in use 
lacking available health data

90%
75%

85%     

Today’s kids are the first generation 
expected to have shorter life 

expectancy than their parents
Source: Fitwel Ambassadors Training Video 2017





What determines health outcomes?

Genetics/biology

Lifestyle/behavior

Medical care

Physical & social environment

>5%
≈20%
≈20%
≈55%

It’s not your genetic code…
it’s your zip code!
Source: https://www.cdc.gov/nchhstp/socialdeterminants/faq.html



Reasons for Hope:
We know more 
now than we have 
ever known!



R EN EW AB LE H EATIN G &  
CO O LIN G

GEO TH ER M AL

Our geothermal solutions eliminate the use of fossil 
fuels to heat and cool buildings, reducing carbon 
emissions and lowering operating costs



The ability to "pre-heat" or "pre-cool" the 
system from the earth's 55 degree ambient 
temperature dramatically reduces system 
demand compared to conditioning peak 
outside air temperatures.

Geothermal solutions provide efficiencies 
more than 400%, while traditional fossil 
fuel systems are limited to 78-90%. 

1 unit of electricity

4 units of "free" energy from the earth

5 units of 
heating or 
cooling 
delivered into 
the building

25° F
outs ide

a ir

85° F
outs ide

a ir

B ASICS O F M O DER N  CLO SED-LO O P 

GEO TH ER M AL SYSTEM S



Building System (HVAC):
Water Source Heat Pumps, Interior Piping, Circulating 
Pumps, DHW Heating Equipment, etc.

Ground Connection (GLHE): Ground heat exchanger 
(sub-surface lateral piping, and the manifold / header)

GEOTHERMAL SYSTEM DESIGN ELEMENTS



GSH P CO N N ECTIO N

IN TER N AL H VAC SYSTEM

There are several options for how to 
retrofit GSHPs in buildings. There are 
pros and cons to any option.

NYC DDC. (2012-2013). Geothermal Heat Pump Manual. https://www.nyc.gov/assets/ddc/downloads/Sustainable/GeothermalHeatPumpManual.pdf



• Water-to-water and water-to-air heat pumps 
leverage the ambient temperature loop to 
provide the most efficient heating and 
cooling

• Buildings with synchronous opposing loads 
can benefit from each other’s energy use 
when connected to an ambient temperature 
network

• Ambient temperature loops can also source 
energy from closed-loop geothermal, waste-
water heat recovery, combine sewer
overflow (CSO), and surface water

B ASICS O F M O DER N  CLO SED-LO O P 

W ATER  SOU R CE H EAT 
PU M PS &  AM B IEN T 
TEM PER ATU R E N ETW OR K S



CO N VEN TIO N AL V. SPECIALIZED DR ILLIN G R IG SIZE
GEO TH ER M AL APPLICATIO N S AN D IN N O VATIO N



CO N STR AIN ED DR ILLIN G AR EA
DESIGN  CH ALLEN GES

This area has many obstacles 
that would prevent 
conventional geothermal 
drilling methods from being 
installed because conventional 
geothermal installations 
typically need 20ft spacing 
between drilled boreholes. 
Obstacles include:

• Trees
• Narrow Street
• Underground utilities
• Sensitive research buildings nearby



TECH N O LO GICAL IN N O VATIO N

IN CLIN ED B O R EH O LES

Advanced drilling technology is capable 
of drilling at straight inclined angles.

These inclined boreholes can be drilled 
in a small surface area and extend to 
contact an overall greater thermal mass.

Boreholes can extend from the drilling 
area to the building or property 
footprint boundaries.



CU R R EN T FEDER AL IN CEN TIVES
IN STALLATIO N  CO ST CO N SIDER ATIO N S

IN FLATIO N  R EDU CTIO N  ACT (H .R . 5376)

The Inflation Reduction Act of 2022, the $369 billion climate 
legislation that was signed into law by President Biden, has an 
extremely robust set of financial incentives that will now benefit 
geothermal heating and cooling projects in the built environment. 

These provisions are going to make installing and incorporating 
geothermal systems into your buildings extremely financially 
attractive. 

• Up to 40% tax credit for the cost of both the ground loop, heat 
pumps and related HVAC equipment

• Tax credits can easily be converted into cash



Efficient Equitable Electrification of Heat

Putnam 
Foundation

Winslow 
Foundation



HEET Methods



Gas Infrastructure Work
Next 5 years



4

Fleeing Customers, Increasing Gas Bills



• Infrastructure in the street
• “Shallow” boreholes
• Ambient temperature 
• Single pipe
• No glycol
• Sized for stochastic load
• Active thermal management 

Networked Geothermal
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Customers Stays with Same Utility, Energy Bill Stays Low
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Outcomes
Merrimack Valley Gas Disaster 2018

➢ Safer
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MA Energy Bill Projection 
(gas vs. networked geothermal)

(Applied Economics Clinic Brief)
➢ Safer
➢ Lower customer 

bills

Inflection Point; When Heating with Gas Costs More; Applied Economic Clinic Jan 2021

Outcomes

https://static1.squarespace.com/static/5936d98f6a4963bcd1ed94d3/t/5fff6f26240e712d080225f5/1610575655937/Inflection+Point_White+Paper_AEC_13Jan2021.pdf
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➢ Safer
➢ Lower customer 

bills
➢ Lower electric 

peaks

Outcomes

Jan Apr July
Oct Dec

Summer Peak

Buonocore, J., Salimifard, P., Magavi, Z., Allen, J., "The Falcon Curve: Implications of Seasonal Building Energy Use 
and Seasonal Energy Storage for Healthy Decarbonization" DOI: 10.21203/rs.3.rs-1054606/v1

Current US Seasonal Electric Peaks 
(for buildings)

http://t.researchsquare.com/track/click/31114617/doi.org?p=eyJzIjoiQVpTajVYMnlqQXFBd1pXSGMyR3FXdFlKMmFNIiwidiI6MSwicCI6IntcInVcIjozMTExNDYxNyxcInZcIjoxLFwidXJsXCI6XCJodHRwczpcXFwvXFxcL2RvaS5vcmdcXFwvMTAuMjEyMDNcXFwvcnMuMy5ycy0xMDU0NjA2XFxcL3YxXCIsXCJpZFwiOlwiNmRiNzc4ZTgwZDg4NDRhOGE5MzBhYmEyODE3ZDA2MDZcIixcInVybF9pZHNcIjpbXCI4MzFiZTVlOTc3ZGVkYWZlODhlNzgzMDIxMjExZjJkY2RhOGNlZmRhXCJdfSJ9
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Outcomes

Buonocore, J., Salimifard, P., Magavi, Z., Allen, J., "The Falcon Curve: Implications of Seasonal Building Energy Use 
and Seasonal Energy Storage for Healthy Decarbonization" DOI: 10.21203/rs.3.rs-1054606/v1

Electric baseboard
(~COP 1)

Air Source Heat Pump 
(~COP 2)

NetGeo
(~COP 6)

NetGeo flattens future peak 
Ground Source Heat Pump 

(~COP 4)

Jan Apr July
Oct Dec

Future US Seasonal Electric Peaks
(as we electrify)

➢ Safer
➢ Lower customer 

bills
➢ Lower electric 

peaks

http://t.researchsquare.com/track/click/31114617/doi.org?p=eyJzIjoiQVpTajVYMnlqQXFBd1pXSGMyR3FXdFlKMmFNIiwidiI6MSwicCI6IntcInVcIjozMTExNDYxNyxcInZcIjoxLFwidXJsXCI6XCJodHRwczpcXFwvXFxcL2RvaS5vcmdcXFwvMTAuMjEyMDNcXFwvcnMuMy5ycy0xMDU0NjA2XFxcL3YxXCIsXCJpZFwiOlwiNmRiNzc4ZTgwZDg4NDRhOGE5MzBhYmEyODE3ZDA2MDZcIixcInVybF9pZHNcIjpbXCI4MzFiZTVlOTc3ZGVkYWZlODhlNzgzMDIxMjExZjJkY2RhOGNlZmRhXCJdfSJ9
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Water Pipes

Gas Pipes

Outcomes

➢ Safer
➢ Lower customer 

bills
➢ Lower electric 

peaks
➢ Equitable
➢ Workforce can 

transition
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60% less

Gas Heating 

NetGeo
2050

GeoMicroDistrict Feasibility Study, Buro Happold Engineering, 2019

Outcomes

NetGeo
Now

➢ Safer
➢ Lower customer 

bills
➢ Lower electric 

peaks
➢ Equitable
➢ Workforce can 

transition
➢ Lower emissions

https://heet.org/wp-content/uploads/2019/11/HEET-BH-GeoMicroDistrict-Final-Report-v2.pdf


13

Eversource & National Grid Installations

Eversource 

• 1 installation approved
• Site selected in Framingham
• Fire station, school, a few businesses, and homes including low-income
• Test boreholes completed, install complete summer 2023

National Grid 
• 4 installations approved
• First site selected in Lowell
• 100% electrification 
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Progress by State

• DC - $4M installation
• Maryland  - Proposed legislation & feasibility study
• Minnesota - Natural Gas Innovation law 
• New York - >40 studies, 1 approved installations, Utility Thermal Energy 

Network & Jobs law
• Philadelphia - $500k to feasibility study
• Oregon - feasibility study
• Vermont - Installations requested
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National Gas Utility Coalition
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National Advocate Coalition



Future Renewable Sites?

HEET licenses all materials for open sharing and 
adapting under Creative Commons CC BY-AS 4.0

http://creativecommons.org/licenses/by-sa/4.0/
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