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Executive Summary

By 2050, the technical potentiali for geothermal heating and cooling 
ii) across residential and 

payments by tens of billions of dollars nationally due to grid system cost savings, with average annual savings 
in the hundreds of dollars for homeowners and renters (

(see 

 

geothermal heating and cooling that employs heat pumps, rather than direct heat, and the potential to 
broaden consumer adoption, accelerate installation rates, and substantially improve market depth in the 

that help avoid distribution and bulk system upgrades, with savings that accrue to both utilities and 

i	 Refers to economic potential as defined in the NREL dGeo model—positive payback within 30 years compared to heating/cooling systems in existing building stock (see 
Figure 24). 

ii	 A refrigeration ton is equivalent to 12,000 Btu per hour (3,517 watts) of cooling or heating capacity, roughly capable of servicing about 700 square feet. Here and 
throughout, this report assumes a typical home size of 1,750 square feet.
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1.0%

Total U.S. homes in dataset = 123.5 million

C Heating and cooling installation overview (% of homes by primary heating system type)

Homes with Geothermal Heat Pump
(1.3 million)

Homes with Air-Source Heat Pump
(15.9 million)Homes with no heat pump

(106.3 million)

86.1% 13.0%

A B

Percentages may not add to 100% due to rounding.

Executive Summary (ES) Figure 1: Overview of heat pump technologies and current market share. A) Air-source heat pump 
overview and explanation of functioning principles for spring/summer cooling mode, B) Geothermal (ground-source) heat 
pump overview and explanation of functioning principles for spring/summer cooling mode, C) Market share of geothermal 
heat pumps, air-source heat pumps, and all other heating and cooling technologies. 

(

leverage combinations of other heat sources such as waste heat from sewer water, data centers, industrial 
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ES Figure 2: Thermal Energy Networks (TENs) principles

(

TENs principles:
	Î Couple heating and cooling 

allowing for systems to use 
one another as a sink or 
source for heat

	Î
use for heating and cooling 
distribution within each 
building and connected to 
the shared loop

	Î
cooling potential that would 
otherwise be wasted

	Î
be used as a versatile source 
or sink of heat, and borehole 
storage can be used to store 

between seasons
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ES Figure 3: Geothermal heating and cooling value chain

(
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ACRONYMS AND KEY TERMS

ACRONYMS AND KEY TERMS
§179D

Deduction
§25C

§25D

§48

AHJ

ASHP

ASHRAE

BDC Building Decarb Coalition

BIL

BLS

BTO

BTU

C448

CAGR

CAPEX

ccASHP

COP

DACs Disadvantaged Communities

DOE

DPA

EEHIC
see §25C

EERE

EIA

EPA

ES

FERC

FOAK

GHG

GHP

GTO

GW 9

GWP

HFCs

HVAC

IGSHPA

IRA

IRA

IRC

IRS

ITC

kW 3

kWth

LIHTC

LPO

MW 6

NBER

NERC
Corporation

NOAK

NREL

OCED
OEWS

ORNL

PBP Payback Period

PNNL

RCEC

RECS

RT

SOI

TEN

Tons

TRL

TW 12

UNGC

UTEN

Conversions:
1 RT = 1 ton = 3.517 kWth = 12,000 BTU/hr



Chapter 1: Introduction and Objectives

ĥ

	ĥ

	ĥ

grid is entering a new era of potentially unprecedented growth, and peak power demand may 

	ĥ

	ĥ

Motivation

Liftoff report motivation and objectives

For this reason, the ability of this industry to reach commercial scale is of strategic 

This report aims to achieve the following goals: 1) to identify the current role of geothermal technology in the 

private sector stakeholders were engaged for interviews in addition to the technical analysis performed 



https://www.energy.gov/eere/articles/decarbonizing-us-economy-2050
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Refrigerants and 
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Electricity 
Generation 

(52%)

Upstream gas 

(5%)

Embodied life 
cycle 
(14%)

Energy 
Efficiency medium high low

Efficient 
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resource 
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Low GWP 
refrigerants Low

Low embodied 
carbon 
construction

medium

High Low

Figure 3: Buildings emissions reduction potential by source for five primary solution types. Values indicated in parentheses 
(%) indicate percentage of building emissions.

Decarbonizing the U.S. Economy by 2050 (energy.gov) energy.gov/eere/
articles/decarbonizing-us-economy-2050 and Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2022 – 
Main Text (epa.gov)

Power sector load growth

(see Figure 4

electricity demand driven by new manufacturing plants and data centers (particularly to support high 

14 

15,16

https://www.energy.gov/eere/articles/decarbonizing-us-economy-2050
https://www.energy.gov/eere/articles/decarbonizing-us-economy-2050
https://www.energy.gov/eere/articles/decarbonizing-us-economy-2050
https://www.epa.gov/system/files/documents/2024-04/us-ghg-inventory-2024-main-text_04-18-2024.pdf
https://www.epa.gov/system/files/documents/2024-04/us-ghg-inventory-2024-main-text_04-18-2024.pdf
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NERC (Dec 2023) NREL (100% Clean by 2035, Low & 
High Demand Growth, Jan 2024)

Figure 4: Historical and forecasted annual electricity demand (TWh)

https://www.nerc.com/pa/RAPA/ESD/Pages/
default.aspx 100% Clean Electricity by 2035 Study | Energy 
Analysis | NREL

(see Figure 
5

17 

Figure 5: Historical and forecasted seasonal peak demand

https://www.nerc.com/pa/RAPA/ESD/Pages/default.aspx

 

https://www.nerc.com/pa/RAPA/ESD/Pages/default.aspx
https://www.nerc.com/pa/RAPA/ESD/Pages/default.aspx
https://www.nrel.gov/analysis/100-percent-clean-electricity-by-2035-study.html
https://www.nrel.gov/analysis/100-percent-clean-electricity-by-2035-study.html
https://www.nerc.com/pa/RAPA/ESD/Pages/default.aspx
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19 

Introduction to Geothermal Heating and Cooling 

Geothermal Heating and Cooling Technology Overview and Scope of this Report

transport heat to the surface and distribute to single buildings or networked systems, such as in the city of 
20

geothermal resources in conjunction with heat pumps, which is a universal solution applicable in all geologies 

heat sink during 
summer when surface temperatures are hotter and provides additional heat as a heat source during winter 

(see Figure 6

(see Figure 7 Figure 
6

Figure 7
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Figure 7: Geothermal heat pump (GHP) principles

 GeoVision (2019). G  

and are 
22

23

iii	 Thermal Energy Networks can refer to a broad category that include multiple generations of district heating and cooling. In this report, the term refers to “fifth-generation” 
district heating only.

Heat pump principles:

	Î Pull heat from a source 
and deliver it using a 

generating heat like a 
furnace or heater

	Î
depending on direction 
of use 

Geothermal heat pump 
principles:

	Î Employ buried pipes 
to use the ground as a 
source or sink for heat

	Î
temperatures remove 
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Geothermal Heating and Cooling Value Proposition

(Figure 11

Highest efficiency 
electrification

Long lifespan

Large grid benefits 
and savings

Local quality 
employment

Broad geographic 
availability

High resiliency

Project-level 
financing

Gas utility 
advantages

Environmental justice 
and equity benefits

Figure 11: Geothermal heating and cooling value proposition

®

Figure 37

Figure 12: Heat pump winter heating efficiency by geography, expressed as simulated Coefficient of Performance (COP) 
from ResStock model runs. ENERGY STAR and Geothermal Heat Pump models represent single-speed compressor packages 
that were chosen as typical examples of models available on the market. The Cold Climate Air Source Heat Pump model 
represents a variable speed compressor heat pump that maximizes performance and energy efficiency. Future work on the 
BuildStock package will include similar variable speed models for Geothermal Heat Pumps.

End-Use Savings Shapes 
Upgrade Package Documentation: Comprehensive Geothermal Heat Pump Package: Central Hydronic Water-to-Water GHP 
+ Packaged Water-to-Air GHP + Console Water-to-Air GHP. 

https://www.nrel.gov/docs/fy24osti/89133.pdf

iv	 A measure of efficiency, equivalent to ratio of useful heating or cooling provided to work (energy) required.

https://www.nrel.gov/docs/fy24osti/89133.pdf
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Figure 13: Total emissions reduction from heat pump installation in residential buildings comparing potential swap outs of 
current heating and cooling systems in the residential building stock with various models of air-source and geothermal heat 
pumps. 

Sources: ResStock’s 2024 Release 2” 27 

(Figure 14

heat pump to install will vary by circumstance and depend on a variety of factors, including geography, price 
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Figure 14: Peak intensity (W/ft2) by season in commercial building stock and selected climate zones (see Figure 37 in 
Appendix A: Climate Zone Map for climate zone designations)

Heat Pump RTU | 
ComStock (nrel.github.io) Sources: Prapost et al. (2024) 29 30

 (see 
deployment 31

Broad geographic availability, long lifespan, local high-quality employment,  
and high resiliency

all states (Figure 12

These long lifetimes are 

33

https://nrel.github.io/ComStock.github.io/docs/upgrade_measures/hvac_hp_rtu.html
https://nrel.github.io/ComStock.github.io/docs/upgrade_measures/hvac_hp_rtu.html
https://nrel.github.io/ComStock.github.io/docs/upgrade_measures/hvac_hp_rtu.html
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independence and resiliency49

College campus systems
All other systems

Figure 16: College Campus, TENs Projects, and Large Single-Building Systems collected from public datasets.

 
Geothermal Heat Pump Case Studies | Department of Energy  

Going Underground on Campus - EcoLeaders | National 
Wildlife Federation (nwf.org)  

50

51 The high cost of these 
pilots (Figure 21

 

Current Cost of GHPs and TENs

Figure 17
 

https://www.energy.gov/eere/geothermal/geothermal-heat-pump-case-studies?utm_medium=email&utm_source=govdelivery
https://www.nwf.org/EcoLeaders/Campus-Ecology-Resource-Center/Reports/Going-Underground-on-Campus
https://www.nwf.org/EcoLeaders/Campus-Ecology-Resource-Center/Reports/Going-Underground-on-Campus
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52

53

 !

Figure 17: Median national cost estimate for single-building geothermal heat pumps ($/ton). 
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facility could take a percentage credit (generally 30 percent of the total system cost for geothermal heating 

neighborhoods, the most likely business model involves the utilities owning and operating the ambient 

Table 1: Tax credits relevant to GHPs

Tax Credit Description Adders
Relevant 
Stakeholder Notes

Residential 
Clean Energy 
Credit (Section 
25D)54

Provides homeowners 
with a tax credit for 
installing a GHP. This 
credit covers a percentage 
of the entire installation 
cost in a given year, which 
can include necessary 
enabling upgrades such as 
the addition of ductwork 
and panel upgrades.

	Î 30% when your GHP is placed in service after Dec. 
31, 2021 and before Jan. 1, 2033. 

	Î 26% when your GHP is placed in service after Dec. 
31, 2032 and before Jan. 1, 2034. 

	Î 22% when your GHP is placed in service after Dec. 
31, 2033 and before Jan. 1, 2035.

Homeowners This 30% credit is not available for 
other HVAC installations, such as 
ASHPs (ASHPs are eligible for the 
energy efficiency credit, which 
is capped at $200055). Must be 
ENERGY STAR-certified, though 
this is essentially universally true 
for GHPs available in the U.S. 
consumer market.

Investment 
Tax Credit (ITC, 
Section 48)56,57

Provides a tax credit for 
investment in renewable 
energy projects. Fuel 
cell, solar, geothermal, 
small wind, energy 
storage, biogas, microgrid 
controllers, and combined 
heat and power properties. 
This 30% credit applies 
to the total system cost, 
including equipment, 
installation and necessary 
upgrades.

	Î 6% of qualified investment (basis of energy 
property). For geothermal heat property, the base 
investment tax credit is 6% for the first 10 years, 
scaling down to 5.2% in 2033 and 4.4% in 2034.

	Î Multiplied 5x for projects meeting prevailing 
wage and registered apprenticeship 
requirements.

	Î An additional (up to) 10% is available for projects 
meeting certain domestic content requirements 
for steel, iron and manufactured components.

	Î Another (up to) 10% bonus is available for projects 
located in energy communities.

Developers, 
utilities, anyone 
involved with 
building and 
operating 
commercial 
geothermal 
equipment.

Generally cited as 30%, under 
the assumption that a given 
project meets the prevailing 
wage and apprenticeship 
requirements. In discussions with 
stakeholders, it was generally 
agreed that the additional 10% 
credit for domestic content is 
not a given for geothermal heat 
pump installations but should 
be feasible when purchasing 
domestically manufactured heat 
pumps.
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Tax Credit Description Adders
Relevant 
Stakeholder Notes

Energy Efficient 
Commercial 
Buildings 
Deduction 
(179D)58

Provides a deduction for 
energy improvements 
made on new and 
refurbished property 
based on meeting certain 
standards.59 The deduction 
is provided per square 
foot and can be made on 
the cost of lighting, HVAC, 
and building envelope 
improvements. Energy 
savings are measured 
against the ASHRAE 
standards from four years 
before the property is put 
into service.

	Î Base rate of $0.50 per square foot for a building 
with 25% energy savings.

	Î An additional $0.02 per square foot for each 
percentage point of energy savings above 25%.

	Î Up to a maximum of $1.00 per square foot for a 
building with 50% energy savings.

	Î 5x if local prevailing wages are paid and 
apprenticeship requirements are met.

Building 
developers/
owners

The 179D deduction can be 
claimed in combination with Sec. 
48 ITC for commercial properties 
that meet the requirements of 
both credits.

Low-Income 
Housing Tax 
Credit (LIHTC), 
Section 4260

Allows housing developers 
to receive a tax credit 
based on the percentage 
of a property that is 
reserved for rent-restricted 
low-income housing.

	Î 4% of the property’s production or renovation 
cost can be taken annually for ten years; this is 
multiplied by the percentage of housing reserved 
for low-income residents.

	Î Credit boosted to 9% in competitively awarded 
areas.

	Î Subject to recovery if terms of the credit are not 
met. Credits are often traded on a marketplace by 
housing developers to monetize the value of the 
decade-long credit immediately.

Building 
developers and 
commercial 
owners

IRA updates allow this credit to be 
combined with the ITC credit, with 
both credits using the original 
cost of renovation or construction. 
This is a change, as previously the 
ITC deduction would reduce the 
value of the property eligible for 
LIHTC.

16,000

15,120 16,000
5,600 6,480

Capex Tax Credits Total Equivalent HVAC3

21,600

Internal Components1 Borehole Field2 30% ITC

Figure 18: Economics of hypothetical large new mixed-use building in the Northeast ($/ton). Case Study - IRA Tax credits can 
offset the borehole field cost to make geothermal heat pumps for large buildings the lowest upfront cost.
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for large buildings as shown in 

in 

6,000

-2,420

2,320

2,000

5,610

14,000

Capex

18,810

Monetized 
Tax Credits

Total Cost Next Most 
Efficient Option3

22,000

-24,420

Economics of hypothetical affordable housing retrofits in Northeast ($/ton)

Retrofit & Weatherization4 Heat Pumps5 Borehole Field6 ITC7 LIHTC Credit8

9,600

8,322 8,1842,000
8,664

11,200
5,814

Capex Monetized 
Tax Credits

Total Cost Next Most 
Efficient Option3

22,800

-14,478

Figure 19: Economics of hypothetical affordable housing retrofits in Northeast ($/ton). Case Study – Effects of hypothetical 
housing retrofits in Northeast ($/ton). Tax credits can make geothermal heat pumps for affordable housing the lowest-first-
cost option.
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Northeast1 South2 Midwest3 West4

Heat pump(s), labor, and installation Weatherization Borehole field Indirect and administrative Utility Incentives ITC

Figure 20: Regional cost estimates for residential geothermal heat pump retrofits ($/ton).

61
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Figure 23

62 Drillers are already in high enough demand that a mobile workforce 

63 Figure 23 do not encompass 
64

shift related to mass retirement of members of the Baby Boomer generation and an emerging dominance of 
65 

Drillers Pipelayers/Loopers GHP Installers Electricians

Occupation 
Description

Responsible for construction 
of ground loop heat 
exchanges and protection of 
surrounding groundwater 
resources from 
contamination

Responsible for connection 
between ground heat 
exchanger and mechanical 
equipment through assembly 
of high-density polyethylene 
pipes

Responsible for installation 
and service of ground source 
heat pump HVAC systems 
inside building

Responsible for necessary 
updates and additions to 
electrical systems inside 
buildings to accommodate 
new systems

Required 
training 2 years with apprenticeship 

(1-2 years) programs; high 
capital cost to purchase rigs

General construction degree 
(at least 2 years) and then 
specific training (1 year)

2 years community college, Vocational school and 
apprenticeship (5-6 years to 
journeyman)

Retraining Time
N/A, highly generalizable <1 week for existing gas 

workers
1-2 months if already journey
worker

N/A, highly generalizable

Skill 
transferability

Drillers for water wells, 
shallow oil and gas wells, 
and environmental wells

Easy transfer with minimal 
training between gas and 
water pipes because of high 
density polyethylene pipes

Easy transfer for HVAC and 
journey workers 

Universal

High Low

Figure 22: All sectors of the GHP workforce have high transferability; drillers have greatest training duration and their 
equipment has the highest capital cost.

impacted by general labor supply issues amongst skilled trades, are only marginally impacted by increased 

(Figure 23
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Relevant workforce in 2023

Variability in drilling workforce

Figure 23: Snapshot of the small existing workforce in geothermal heat pump-related occupations, with bottlenecking in 
an even smaller drilling workforce that is in high demand and under constant flux. Source: Occupational Employment and 
Wage Statistics (OEWS) from the Bureau of Labor Statistics. Notes: Detailed occupational employment shown as number 
of workers in survey year. BLS estimates do not include self-employed workers. For details on BLS’s calculation methods see 
“Base-year employment” under Calculation : Handbook of Methods: U.S. Bureau of Labor Statistics (bls.gov). 

in geothermal heating and cooling, particularly in scenarios where jobs and work could be guaranteed for 

https://www.bls.gov/opub/hom/emp/calculation.htm




Chapter 3: Pathway to Commercial Liftoff and Scale

Figure 40
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Figure 24: Residential and commercial total installation potential (million homes equivalent). 
67

market adoption correlation for installed potential described in Liu et al (2019)

By 
2035, the economic potential by percentage of building stock is over 27 percent for residential buildings 
and over 20 percent for commercial buildings in the majority of states and is over 50 percent for residential 
and commercial buildings in 5 states (Figure 25
is over 12 percent for residential buildings and over 5 percent for commercial buildings in the majority 
of states, and over 20 percent for residential buildings in 5 states and over 20 percent for commercial 
buildings in 10 states (Figure 26
over 3 percent for residential buildings and over 1 percent for commercial buildings in the majority of 
states, and over 5 percent for residential buildings and over 2 percent for commercial buildings in 10 states 
(Figure 27
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Residential Commercial

4%

69%

Series1

3%

77%

Series1

Figure 25: 2035 residential and commercial economic potential (% building stock by state)

Figure 24

Residential Commercial

0%

28%

Series1

2%

32%

Series1

Figure 26: 2035 residential and commercial market potential (% building stock by state)

Figure 24

Residential Commercial

0%

10%

Series1

0%

4%

Series1

Figure 27: 2035 residential and commercial expected installation (% building stock by state)

Figure 24
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Pathway to Liftoff and commercial scale 

± (see ) This 

and focusing on increasing the growth of installed systems in new builds, which have lower barriers for 

69

closer to 10 percent70

Figure 28: Industry growth trajectory to Liftoff (2035) and commercial scale (2050). See Figure 41 for breakdown between 
new builds and retrofits. 

Figure 24

Figure 41

(Figure 29
managers, homeowners, commercial landlords, and developers (for a review of the geothermal heating 
and cooling value chain and the ecosystem interactions necessary, see Figure 10

71 72

pilots, building systems in new neighborhood developments as an alternative to other networked heating 
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(Figure 29) To do so will 

HVAC technicians, heat pump installers, and electricians

Policy/regulationHeat pump manufacturers 

Drillers and pipelayers

Engineering firms and designers

Developers and gen. contractors

Utilities

Campus managers Homeowners Commercial Landlords Gas and electric ratepayers

Scale retrofits

7M homes equivalent ($100 - $150B investment)

Scale new builds

• Scale new builds to full market potential, continue growth in retrofits
• Achieve network system cost reductions to reach unit cost parity with

single building systems

• Scale retrofits to full market potential, continue growth in new builds
• Mobilize ecosystem of consumers, service providers, and financing

to deploy individual buildings and networked systems at large scale
Today 2035 2050

36 M homes equivalent ($500 - 700B investment)

Profitable new construction; planned replacements

Complete pilot 
projects

Expanded pilots; new 
neighborhood developments; 
profitable campus systems 

Individual Buildings

Thermal Energy Networks

Profitable retrofits; profitable new construction; planned 
replacements

New neighborhood developments; gas pipeline 
replacement; profitable campus systems; profitable 
retrofits

Liftoff

Pursue near-term opportunities Expand and industrialize repeatable 
development process

Figure 29: Pathway to Liftoff and commercial scale for Geothermal Heating and Cooling. For stakeholder roles, see 
Figure 10. 

(Figure 30
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Refine planning and investment case 
approaches

Develop ratemaking or other frameworks to 
incorporate benefits

Develop and standardize market-ready products and processes

Scale and train workforce

Standardize regulations nationallyClarify regulations

5. Realize Network Effects

Expand Market SizeIncrease Value Proposition
Stakeholders

HVAC technicians, heat pump installers, and electricians

Policy/regulationHeat pump manufacturers 

Drillers and pipelayers

Engineering firms and designers

Developers and gen. contractors

Utilities

Figure 30: Imperatives for geothermal heating and cooling Liftoff

1.  The workforce involved in building geothermal heating and cooling

2. The workforce described in

3.

4. regulations that geothermal

5.
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Implications of achieving Liftoff 
(Figure 31
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Figure 31: 2022-2035 Geothermal Heat Pump (GHP) growth potential
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Figure 32: Reduction potential of Summer (left) and Winter (right) peak demand (GW) between 2022 and 2035 under a 
highly-electrified future scenario.

which is important because many summer peaking 

savings of roughly 2 percent (Figure 33
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	ĥ

	ĥ

technical standards is key to consolidating lessons from early demonstrations (pilot projects) 

	ĥ

management of future demand and peak reduction supports and helps compensates consumers 

	ĥ

technologies 

	ĥ

Liu (2010) 74

remain, in addition to a new workforce barrier that has emerged in recent years as generational changes in 

1.

2.

3.

4.

5.
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Table 2: Deliberate action from the private and public sector help meet imperatives to 
unlock scale

Imperative Potential Solutions

Scale and train workforce
	Î Funding for training programs and apprenticeships in drilling and HVAC installation
	Î Develop and enhance regional train-to-hire pathways

Develop and standardize market-ready 
products and protocols

	Î Demonstrations in a variety of environments, including urban and suburban communities, 
potentially incentivized by state-level utility pilot mandates

	Î Provide information on best practices and industry standards (e.g., C448), enabled by technical 
assistance (e.g. pilots & demonstration projects), capital, and loan guarantees from federal and 
state agencies

Develop ratemaking or other frameworks to 
incorporate benefits and refine planning

	Î Evaluate GHP benefits to grid, including system-wide/peak load savings and resilience, and advance 
rate structure modifications & utility program incentives to compensate ratepayers for adopting 
GHPs

	Î Cost sharing between electric and gas utilities on service upgrades and avoided costs 

Clarify and standardize regulations
	Î Integrated system planning requirements for utilities 
	Î Updated best practices for local and state regulation, including streamlined permitting and 
guidelines for drilling deeper boreholes (e.g., C448)

Realize network effects
	Î Uniform or standardized TENs business models developed from pilot program learnings 
	Î Integration of efforts to enable prompt installation (by reducing GHP time-to-delivery to near parity 
with alternative heating & cooling technologies) and drive GHP adoption momentum

Challenge 1: Scale and Train Workforce

75 Conversely, 

variable water well drilling workforce (Figure 23

ĥ

ĥ

ĥ There may be a shortage of training programs and educational 

ĥ

and educational institutions may be lacking, hindering the development and implementation of 

ĥ
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ĥ There is a need for more awareness and education about 

 Cost, and particularly the cost of drilling, is a key barrier for geothermal heating and cooling 

Entity Type Examples
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Figure 35: Groups to be brought together to form regional train-to-hire partnerships and GHP workforce pipelines.
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, which aims to 

groups listed in Figure 35

Challenge 2: Develop and standardize market-ready products and protocols

Demonstration Projects Across Different Use Cases and Locations are Key
(Figure 37) and 

federal programs have already begun to make deep investments into these demonstrations, with diversity of 

which supported the design activities of 11 domestic projects which seek to supply at least 25 percent of 
76

https://www.herox.com/GHPPATHS
https://www.herox.com/GHPPATHS
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1.

2.

3.

4.

5.

6.

7.

8.

9.

10.	

11.

12.	 Geothermal Heat Pump Case Studies | Department of Energy

13.	

14.	

15.	 Better Buildings Solution Center | Better Buildings Initiative
(energy.gov)

16.	

17.

18.	

19.

20.	

Economic and Engineering Lessons from Installations
Decisionmakers, developers, customers, and municipalities are faced with a myriad of potential solutions for 

, which provides a starter kit design 
guide and decision tree for building owners and operators to determine the best heat pump technology for 

heat pumps, and other emerging technologies” and provides technical guidelines for residential and 

https://www.energy.gov/eere/geothermal/geothermal-heat-pump-case-studies?utm_medium=email&utm_source=govdelivery
https://betterbuildingssolutioncenter.energy.gov/
https://betterbuildingssolutioncenter.energy.gov/
https://www.nrel.gov/docs/fy24osti/87812.pdf
https://www.nrel.gov/docs/fy24osti/87812.pdf
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and ratepayer representatives may help deliver public policy mandates and uniform standards across regions 

77 The 2022 edition was the 

align regulation and planning with established policy, and establish regulated utility 
TEN business models

 

 

 

 

https://gdr.openei.org/
https://gdr.openei.org/


https://www.heet.org/the-gas-leaks-map
https://www.heet.org/2021-2022-leak-survey-of-philadelphia-map
https://www.heet.org/2021-leak-survey-of-washington-dc-map




Chapter 4: Commercialization and Potential Solutions

(Decarbonizing the U.S. Economy by 2050: A Blueprint for the Buildings Sector
 102

northeastern states (Figure 14

Utility-owned TEN Business Model Innovation

Figure 14

103 The project converts customers reliant on natural gas, electric resistance heating, and heating oil to 
104 From conception to 

rate case approval, this process took several years and, according to stakeholders, was likely accelerated by 



https://www.osti.gov/biblio/2373192
https://www.osti.gov/biblio/2373192
https://www.dsireusa.org/
https://www.dsireusa.org/


Chapter 4: Commercialization and Potential Solutions

Challenge 5: Realize network effects and achieve self-sustaining 10 percent CAGR

future where a consumer deciding on a heating and cooling solution for a new building or neighborhood, 

Barriers to liftoff Potential solutions

Workforce size and 
readiness are consistent 
areas of concern for GHP 
manufacturers, installers, 
and developers

	Î National and regional initiatives for developing workforce training & hiring pipelines in partnership with trade 
organizations, certification bodies, vocational schools, manufacturers, drilling / civil contractors, installers, 
utilities, and industry associations.

	Î States, utilities, or other entities could create incentives around clean energy jobs specifically including 
geothermal heat pump certification & apprenticeships.

Financing and upfront 
capital outlays render 
GHPs unattractive relative 
to other heating & cooling 
alternatives

	Î Business models incorporating third-party ownership of certain elements of GHP systems are important for 
various private-sector entities, including utilities seeking to build thermal energy networks. 

	Î Declining interest rates improve economics of longer-payback GHPs vs lower upfront capital cost alternatives.
	Î Capital available for retrofits remains limited for many institutions or companies absent external or internal 
decarbonization mandates or announced goals.

	Î Lowest upfront cost option vs. lowest lifecycle cost option – for-profit property owners typically prioritize lowest 
upfront capital costs over lower lifecycle costs that require a longer payback period.

	Î Self-financed entities with very long institutional lifetimes (e.g., colleges, churches, government facilities) have 
been increasingly enthusiastic about GHPs and TENs systems.

	Î Lifecycle costs are not well-constrained given uncertainty in future fuel or electricity costs.
	Î Better quantification of capital expenditure for GHPs compared to the cost of replacing end-of-life gas 
infrastructure to help demonstrate additional value beyond utility bill savings.

	Î Market participants have suggested, but not yet implemented, innovative carbon pricing mechanisms in a 
way that allows for electric utilities to credit customers or GHP owners for avoided costs for peaker plant and 
transmission buildouts, then include sophisticated rate payments / credits for carbon savings to customers.

	Î Use DOE LPO’s loan guarantees to reduce risks to uptake. 
	Î Investigate means to reduce LPO loan application paperwork and compliance burden on smaller entities.

https://buildingdecarb.org/zeb-ordinances
https://buildingdecarb.org/zeb-ordinances


Chapter 4: Commercialization and Potential Solutions

Barriers to liftoff Potential solutions

No tried-and-true 
mechanism to equitably 
distribute the burdens 
of mass implementation 
of energy-efficient heat 
pumps on remaining gas 
utility customers

	Î Utility rate structure and incentive modifications to tap into rate base financing for mass GHP deployment.
	Î State and local decarbonization mandates for utility thermal energy network (UTENs) pilots focusing on energy 
justice communities.

	Î DOE’s Loan Programs Office (LPO) as financing partner for gas or integrated utilities seeking to build GHPs 
instead of new gas distribution lines.

Consumer Knowledge / 
Skepticism, Timelines

	Î Improve time-to-delivery and drive prompt installation by ensuring a sustainable water well drilling workforce is 
staffed and ready to drill vertical boreholes within ~2 weeks of purchase.

	Î Improve permitting timelines by increasing confidence with AHJ’s across the United States – by way of 
community demonstration projects.

	Î Improve awareness of available federal tax incentives (e.g., 25D, 175D, LIHTC) to individual homeowners; develop 
federal agency-branded informational materials to improve source credibility.

	Î Federal and state technical and financial assistance for pilots and demonstration projects to de-risk FOAK 
and NOAK technologies and increase familiarity with such GHP and TENs systems amongst industry, utilities, 
consumers, and ratepayers.

Some consumers and 
developers perceive 
payback periods for GHPs 
as undesirably long

	Î Even with creative financing measures and long term bill savings, customers may not be quite ready to install 
GHPs when capital costs for ASHPs are significantly lower. 

	Î Costs for installing ground heat exchangers must be brought down via technological innovation and workforce 
scaling, particularly in the area of borehole drilling.

	Î Development of low-footprint borehole drilling technologies may substantially reduce cost-per-foot to drill and 
install vertical heat exchangers.

	Î Incorporating the value of heating & cooling technologies in real estate property valuation by standardizing the 
treatment of GHP, ASHP, and other heating & cooling technologies’ impacts on bill payments and asset value to 
assist in incorporating the value of ground heat exchangers / borefields in real estate property valuation. 

	Î Develop and standardize energy savings performance contracting methods for securitizing the savings streams 
of GHP systems. Develop methods to calculate value premiums associated with reducing energy price volatility.

	Î Focus deployment efforts on long-standing institutions and buildings with expected service life >50 years. 
Examples include government buildings & facilities, key data centers, corporate campuses, university campuses, 
hospitals, museums, churches, national park facilities, and large industrial facilities.

	Î Develop utility incentive programs to capture benefits accrued to utilities and pass them along to GHP customers 
(see Figure 34).



Chapter 5: Metrics and Milestones

	ĥ GHP System efficiencies (kw/ton heating and cooling, COP)

	ĥ Overall TEN efficiency (kW / ton heating and cooling) 

	ĥ Waste heat capture (GJ)

	ĥ Peak summer and winter power demand (GW)

	ĥ Investment ($)

	ĥ Utility investments ($) 

	ĥ Installation incentives used ($)

	ĥ Installations (# of systems)

	ĥ Boreholes installed (ft, m)
Total borehole depth installed indicates the activity of the drilling industry, its scale, and ultimately 

	ĥ Borehole cost ($/ft)
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Appendix A: Climate Zone Map
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Table 3: Summary of key metrics from maximum geothermal heat pump deployment in 

(46.3 million tons deployed) 101 million tons deployed)

reduction (0.97 kW / ton) (1.2 kW / ton)

reduction (3.6 kW / ton) (4.2 kW / ton)

Cumulative system cost 
savings ($1,620 / ton) ($5,340 / ton)

payment savings ($389 / ton) ($762 / ton)

reduction (7.88 MW / ton) (9.28 MW / ton)

Capacity reduction (2.41 kW / ton) (4.06 kW / ton)

Transmission buildout 
avoided (0.17 MW-mi / ton) (0.65 MW-mi / ton)

Transmission cost 
savings ($140 / ton) ($733 / ton)
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Appendix C: Geothermal Heating and Cooling Industrial Growth Trajectory 
and Liftoff Details
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Figure 38: Annual estimated installations vs. retirements of GHP units (commercial + residential, in equivalent # of 
households) since 1948, showing lower bound, best estimate, and upper bound scenarios as depicted in Figure 15. 
Installations are derived from deployment data available in literature and assumptions where data are missing (e.g., 1990s 
and prior). Retirements were calculated from survival curve assumptions fitted to available data on similar types of HVAC 
equipment. The difference between annual installations and retirements represents cumulative net additions to GHP stock. 

Figure 39
the observed lags to consumer utility bill escalation during annual renewals of rate plans, as well as time 
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Figure 39
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25D tax credits for Qualified Geothermal 
Heat Pump Property 

Expiry December 31, 2016; 
reinstatement in February 2018 

retroactive to January 1, 2017

Staged down from 30% to 26% as 
of January 1, 2022;
restored to 30% for 2022 by the 
IRA, passed August 2022, and 
extended to 2031

Figure 39: Annual percentage change in installations of GHPs in Best Estimate case compared against percentage changes in 
oil price (top) and natural gas price (bottom). Energy prices shown are 2-year moving average of annualized changes. Data 
from FRED for data series WTI Crude Oil (DCOILWTICO) and Henry Hub Natural Gas (MHHNGSP), taken as average price 
over each calendar year. 
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Errata

The following corrections have been made to the version initially published online on Jan. 10, 2025: 

Figure 20 was missing unit labels. Values are in units of ($/ton).

Figure 21 was missing unit labels. Values are in units of ($/ton).

Figure 24 was missing the left y-axis label 

Acknowledgements should have included "Energy Information Administration: Greg Lawson", 
and should not have printed a "Dr." before Jason Frost.

These errors have been corrected in the current version.
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