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Geothermal Leadership

30+ Years of Geothermal Experience

6,750 Miles Geothermal 
Piping Designed/Installed

200,000 Tons

Decarbonized HVAC

First Geothermal 
U.S. Hospital1st



τ A G E N D A

What we'll cover today

01 Why Geo-Exchange for Cincinnati

Green Cincinnati Plan, energy burden, and available incentives.

02 What is geo-exchange?

Technology primer, system types, efficiency fundamentals.

03 /ƛƴŎƛƴƴŀǘƛΩǎ DŜƻƭƻƎȅ

Geologic & hydrogeologic assessment.

04 Building Level Opportunities 

Applications and potential savings

05 District System Opportunities

Peer Cities: What Framingham, Rochester, and Denver can teach us.

Study Findings in Cincinnati

06 Potential Next Steps

What a phase-two study or pilot project could look like.
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S E C T I O N  O N E

Why Geo-Exchange in Cincinnati



Three converging forces

01

2023 Green Cincinnati Plan

The Green Cincinnati Plan Targets:

50% emissions reduction by 2030 and full carbon 

neutrality by 2050. 

02
Energy Burden

LIDAC census tracts across the city carry a 

disproportionate energy cost burden. In OTR, 34% of 

residents live in poverty and 75% are renters.

03

Federal Incentives through 2032

The Inflation Reduction Act moved geo-exchange from "nice 

to have" to economically competitive τeven for tax-

exempt owners.
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C I T Y W I D E  E M I S S I O N S

~ %

0 1  G R E E N  C I N C I N N A T I  P L A N



/ƛƴŎƛƴƴŀǘƛΩǎ ōǳƛƭŘƛƴƎ ǎǘƻŎƪ ƛǎ ƳŀƪƛƴƎ нлрл ŘŜŎƛǎƛƻƴǎ ǘƻŘŀȅΦ

2023

Green Cincinnati Plan updated

2026

Feasibility studies, pilots, and first tax-

credit-driven retrofits begin.

2030

50% emissions reduction target.  

Less than four years from today.

2050

Full carbon neutrality. 

Large building HVAC equipment turns over roughly once every 20-25 years. Decarbonization opportunities must align with 

building capital cycles being planned today.

C I N C I N N A T I  G E O-E X C H A N G E  F E A S I B I L I T Y  S T U D Y

TYPICAL HVAC INFRASTRUCTURE LIFE (20-25yrs)

GCP ALIGNED REPLACEMENT WINDOW

0 1  G R E E N  C I N C I N N A T I  P L A N

NEXT REPLACEMENT WINDOW



Energy Burden and LIDAC Communities
LIDACτLow-Income and Disadvantaged 

Communities τ is a federal designation 

that flags census tracts for targeted 

federal funding. Cincinnati has many.

LIDAC TRACTS, CITY OF CINCINNATI
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TOP TEN NEIGHBORHOODS FOR ENERGY BURDEN IN CINCINNATI
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Energy Burden and LIDAC Communities

What's Happening?

Å Duke Energy Ohio Price to Compare 
increased from approximately 8.02 
cents per kWh to 10.445 cents per 
kWh in June 2025

Å On average, energy bills across 
Ohio's major cities increased from 
an average of $107 per month in 
July 2015 to $139 in July 2025.

Å Roughly 30% increase in 1 year.

Why?

Å In PJM's recent capacity auction, 
wholesale electricity costs increased 
by 833%

Å Cost of fuel and maintenance at 
power plants

Å Expanding demand from large 
electricity users (data centers)

Å Inflation increases



How the credit builds.

30% +10% +10ς20

TOTAL POSSIBLE60ς70%

Most stackable projects realize 40ς50% after credit eligibility screens. Every project stacks differently. Reverts to 6% base credit if applicable prevailing wage 

ŀƴŘ ŀǇǇǊŜƴǘƛŎŜǎƘƛǇ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀǊŜƴΩǘ ƳŜǘ 

C I N C I N N A T I  G E O-E X C H A N G E  F E A S I B I L I T Y  S T U D Y

+10%

TOTAL COST



Driving Question

Is geo-exchange district heating and cooling a viable solution for the 

/ƛǘȅΩǎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ƎƻŀƭǎΣ ŀƴŘ Ƙƻǿ Ŏŀƴ ƛǘ ǎǳǇǇƻǊǘ 

reducing energy costs while equitably benefitting the community?
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S E C T I O N  T W O

What is geo-exchange?



Geo-exchange, in one sentence.

Highly efficient heating and cooling systems that use 

buried pipes to transfer heat between a building and the 

constant temperature of the shallow earth 

IT  IS

High efficiency electric 
heating & cooling

IT  IS NOT

Geothermal power for 
generating electricity
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Multiple ways to exchange heat with the ground.

CLOSED-LOOP

Sealed pipes, no groundwater

Water-antifreeze mix circulates through vertical U-

bends (typically 300+ ft deep) or horizontal 

trenches.

Works in virtually any geology

OPEN-LOOP

Groundwater pumped & returned

Water is extracted from an aquifer, exchanges heat 

through a non-contact exchanger, and is reinjected 

nearby.

Smallest footprint, highest capacity. 

1,000+ GPM possible per well

IN-WELL

Heat exchanger inside the well

A specialized exchanger sits in a groundwater well; 

no water reaches the surface.

Small footprint

Simpler permit than open-loop



Multiple ways to exchange heat with the ground.



Ground Source Heat Pumps move heat, they don't make it.

Coefficient of performance (COP): units of heat delivered per unit of energy in.

Gas furnace ~0.85

Electric resistance 1.0

Air-source heat pump 2.5ς3.0

Ground-source heat pump 4.0ς5.0

COP ranges shown are typical; actual performance depends on equipment, loop design, building load profile, and weather. Values from ASHRAE, ACEEE, and DOE benchmarks.
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W H E R E  I T  W O R K S

Best fit: where two or three of these overlap.

01 Planned New Construction or Renovation (Infrastructure renewal)

Mechanical systems are already being modified; drilling can be coordinated with site work.

02

03 Tax-credit-eligible owners

ITC direct pay unlocks the technology for schools, cities, nonprofits, and hospitals.

04 Balanced Heating and Cooling (more efficient)

A balanced combination of both heating and cooling load on the same loop cuts total 

ground-side capacity.

High or volatile fuel/energy prices

The hedge value of going all-electric rises with gas-price volatility.

C I N C I N N A T I  G E O-E X C H A N G E  F E A S I B I L I T Y  S T U D Y

05 Decarbonization Goal

High efficiency and all-electric system reduces GHG emissions 



S E C T I O N  T H R E E

/ƛƴŎƛƴƴŀǘƛΩǎ DŜƻƭƻƎȅ



Geology/Hydrogeology

ORDOVICIAN BEDROCK

Alternating limestone, shale, and siltstone. Deposited in a shallow tropical sea 

~450 million years ago . What closed-loop bores drill into across most of 

Cincinnati.

G L A C I A LO U T W A S H

Sand-and-gravel sediments deposited by Pleistocene 

meltwater into the Ohio River Valley and its tributaries. 

The aquifer.

G E O S Y N T E C  C O N S U L T A N T S



Two distinct geologic units.

ORDOVICIANBEDROCK

Alternating limestone, shale, and siltstone. Deposited in a 

shallow tropical sea ~450 million years ago . What closed-loop 

bores drill into across most of Cincinnati.

GLACIAL OUTWASH

Sand-and-gravel sediments deposited by Pleistocene 

meltwater into the Ohio River Valley and its tributaries. 

The aquifer.

G E O S Y N T E C  C O N S U L T A N T S

Closed-Loop Design Opem-Loop Design

Ordovician Bedrock
limestone | shale | siltstone

Glacial Outwash Aquifer
sand | gravel 



D O C U M E N T E D  W E L L  Y I E L D ,  M I L L  C R E E K  C O R R I D O R

GPM



Where open-loop and in-well systems work.

High-conductivity sand-and-gravel sediments map along four 

along four distinct corridors in Cincinnati. Each carries wells 

wells with documented yields over 1,000 GPM.

Oakley / Madisonville

Additional high-yield pocket

FIGS 5ς7 ·  PRIMARY AQUIFER YIELD

GIS MAP PLACEHOLDER

Primary aquifer, aquifer yield, and hydraulic conductivity τ Appendix B, Figures 

5ς7

G E O S Y N T E C  C O N S U L T A N T S

Well Yield

1,000+ gpm

0-10gpm

Ohio River North Bank & Mill Creek valley

CBD/Queensgate, Running north through city limits, SW of Reading

East End

East bank of Ohio River



Closed-loop works almost everywhere τ footprint is the 
constraint.

Ordovician bedrock drills readily across the city. The real constraint in dense 

dense urban cores is available land above ground.

1 ,000-TO N EXAMP LE

~500
bores @ 300 ft

~175k
sq ft footprint

Triangular packing, 20-ft spacing. Typically fits beneath parking, plazas, or integrates with new 

construction.

0 4  ·  S U B S U R F A C E  A S S E S S M E N T G E O S Y N T E C  C O N S U L T A N T S

~$6M





Ohio's permitting path is straightforward.

SYSTEM TYPE STATE PERMITS REVIEW TIME FEE

Closed-loop Local building permit only. Well logs to ODNR-DGS after install. OUPS utility locate 

locate required.

Local timeline Local only

Open-loop >100,000 gpd ODNR-DWR Water Withdrawal Registration; Ohio EPA UIC registration for return well(s).~14 days + ~few weeks Free

In-well heat exchanger No published guidance; treat as closed-loop equivalent τno withdrawal or injection. Local timeline Local only

Consumptive use permit >2 MGD ODNR-DWR. Typicallynot required for geo-exchange (non-contact, non-evaporative). τ τ

Setbacks: !ƭƭ ǿŜƭƭǎ ŀƴŘ ǘǊŜƴŎƘŜǎ җрл Ŧǘ ŦǊƻƳ ǳƴŘŜǊƎǊƻǳƴŘ ǎǘƻǊŀƎŜ ǘŀƴƪǎΣ ǎŜǇǘƛŎ ǎȅǎǘŜƳǎΣ ŀƴŘ ǇƻǘŜƴǘƛŀƭ Ǉƻƭƭǳǘƛƻƴ ǎƻǳǊŎŜǎΦ

0 4  ·  S U B S U R F A C E  A S S E S S M E N T G E O S Y N T E C  C O N S U L T A N T S



T H E  B O T T O M  L I N E

Cincinnati's geology and hydrogeology is 
favorable for geo-exchange ςboth open and 
closed-loop systems

B E D R O C K A Q U I F E R R E G U L A T I O N



S E C T I O N  F O U R

Building Level Opportunities



P o t e n t i a l  S a v i n g s

%

reduction in HVAC energy consumption compared to benchmarked buildings*

C IN C IN N AT I  GE O-E X C H A NG E  F E A S IB IL IT Y  S T U DY

B u i l d i n g  T y p o l o g i e s  S t u d i e d

· Commercial Office

· Multifamily

· K-12

· Higher Education

· Healthcare

· Single Family

* B a s e d  o n  2 0 1 8  C B E C S  d a t a



Applicable Across Many Project Typologies

C IN C IN N AT I  GE O-E X C H A NG E  F E A S IB IL IT Y  S T U DY

Catawba College Westfield Hospital Fleet Elementary School Louisville International

Lubber Run Community Center Pepper Construction Headquarters Norton Brownsboro Healthcare 

Campus

Cincinnati District 3 Police 

Headquarters



Follow the Energy
Geo-exchange can directly impact over 50% of building energy use

C IN C IN N AT I  GE O-E X C H A NG E  F E A S IB IL IT Y  S T U DY

HVAC æ45%

Kitchen æ25%

Lighting 

æ15%

ITæ5%

Plug Loads 

æ10%

Data: EIA, 2018 CBECS Table E1 τMajor fuels consumption by end use, all buildings

Energy Consumption 
by End Use

1 GSHP IMPACTED 

ENERGY USE



K-12 Schools
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Energy Use Intensity

0 20 40 60 80 100 120

Geo-
Exchange

Other



Elementary Renovation
Code Minimum

$12.9 M



Elementary Renovation
Code Minimum

$12.9 M

$10.1 M

GSHP



Code Minimum GSHP GSHP w/ ITC

$12.9 M

$10.1 M

$8.6 M

Elementary Renovation



Office Buildings

C I N C I N N A T I  G E O-E X C H A N G E  F E A S I B I L I T Y  S T U D Y

HVAC ς53%

Plug Loads ς32%

Lighting ς12%

DHW ς3%

Typical Office 
Energy Use



Office Buildings

C I N C I N N A T I  G E O-E X C H A N G E  F E A S I B I L I T Y  S T U D Y

EUI BEFORE PV
30 EUI

65 ð80% REDUCTION

BASELINE
85 EUI

OFFICE BUILDING (CBECS 2003)

FINAL EUI
NET POSITIVE 

100% ON-SITE PV



Residential

C I N C I N N A T I  G E O-E X C H A N G E  F E A S I B I L I T Y  S T U D Y

Metric Tons CO2 per Year Initial Year Operating Costs



Leverage the ITC for Infrastructure Renewal

C I N C I N N A T I  G E O-E X C H A N G E  F E A S I B I L I T Y  S T U D Y

ITC offers a once in a generation opportunity 

to holistically address infrastructure renewal 

and deferred maintenance

Occupant 
Satisfaction

Safety

Efficiency

Operating 
Costs

Equipment 
Downtime

Consequences of Deferred Maintenance



ÅIn order to keep in budget:
Rules of Thumb = Bad;  Right Sizing = Good

ÅBalance Building Loads ςEfficiency First

ÅWork with local drillers and understand local 
geology

ÅCoordinate around utilities and site elements 
below grade

ÅStartup is Key

GSHP Design Considerations



S E C T I O N  F I V E

District System Opportunities



What is a District Thermal Energy Network (TEN)?

C IN C IN N AT I  GE O-E X C H A NG E  F E A S IB IL IT Y  S T U DY

Instead of each building drilling its own bore field, a shared ambient-

temperature loop in serves many buildings. Connecting looks like 

connecting to water or sewer.

F O U R  A D V A N T A G E S

Load diversity

Office + residential + etc offers 

balanced loads profiles and reduces 

total capacity requirements

Building-Level Flexibility

District geo-exchange systems support a 

wide range of building-side equipment, 

giving owners the flexibility to choose how 

each building connects to the loop.

Efficiency of Scale

Total infrastructure requirement is 

reduced compared to individual 

building systems. 

Utility business model

Building owners pay for thermal energy, 

not capital.



Peer City Review
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Denver, CO

C I N C I N N A T I  G E O-E X C H A N G E  F E A S I B I L I T Y  S T U D Y

New Incentive for 
Decarbonized Thermal 
Networks: Additional 
target incentives for 
buildings that connect 
to non-emitting 
thermal energy 
networks (e.g. district 
geothermal systems 
and other types).

Energize Denver BPS

An ambient loop thermal energy 
network feasibility study examining 
the conversion of 14 City-owned 
ōǳƛƭŘƛƴƎǎ ŦǊƻƳ ·ŎŜƭ 9ƴŜǊƎȅΩǎ ŜȄƛǎǘƛƴƎ 
district steam and chilled water 
systems to a shared ambient 
temperature loop.

COST SAVINGS

Achieves full decarbonization at 25-
30% of the cost of individual building 
electrification

ENERGY REDUCTION

56-63%Estimated energy savings 
(vs. prior system)

Why it matters for Cincinnati: A district system 
reduces the cost burden of decarbonization for 
individual building owners. In the case of a future 
building performance ordinance, connection to a 
district ambient loop as a compliance path could be a 
viable means of incentivizing GSHP adoption. 



Denver, CO
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Rochester, MN
Phase 1 retrofitted City Hall to operate entirely on 
geothermal energy using two in-well heat exchanger 
wells accessing the Jordan Aquifer. 

Phase 2 connects the Mayo Civic Center, Rochester 
Art Center, Rochester Civic Theatre, and Rochester 
Public Library to a shared thermal energy network 
ό¢9bύΣ ŎǊŜŀǘƛƴƎ aƛƴƴŜǎƻǘŀΩǎ ŦƛǊǎǘ ƻǇŜǊŀǘƛƻƴŀƭ Ƴǳƭǘƛ-
building TEN.

C I N C I N N A T I  G E O-E X C H A N G E  F E A S I B I L I T Y  S T U D Y

Why it matters for Cincinnati: Aquifer-coupled wells at a city-

owned facility is a potential means to demonstrate viability for future 

owned 

district systems in the City. Using a City owned property as a pilot 

project could spur future development and expansion. 

ENERGY COST SAVINGS

~ $900,000 (total network annually)

ENERGY REDUCTION

75% (vs. prior system)



Rochester, MN
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Framingham, MA
36 buildings connected to a one-mile ambient 
temperature loop fed by 88 boreholes drilled to 
depths of 600-700 feet across three bore field sites.

CIN CIN N AT I  GEO-E X C HANGE  F E AS IB IL IT Y  S T U DY

Why it matters for Cincinnati: Theproject includes Framingham Housing Authority 

properties, affordable housing units that would not have been able to finance individual 

GSHP installations, demonstrating that utility-ownership can address the equity barrier that 

limits GSHP adoption in low-income and LIDAC communities.

ENERGY COST SAVINGS

20% monthly

ENERGY REDUCTION

60% (vs. prior system)



District Thermal-Energy-Network in Cincinnati

DISTRICT 1 D1

Downtown

Office, hotel, government, retail. Cooling-

dominant, high load density.

dominant, 

DISTRICT 2 D2

Over-the-Rhine

Historic masonry, LIDAC tracts, active 

redevelopment

C IN C IN N AT I  GE O-E X C H A NG E  F E A S IB IL IT Y  S T U DY

A third district covering the Uptown/UC Medical Corridor was also 
evaluated. It was initially considered promising given its 
concentration of major institutional facilities, including the 
University of Cincinnati, UC Medical Center, Cincinnati Children's 
Hospital, the VA Medical Center and others, but was ultimately 
excluded due to insufficient data on building energy consumption.

NOTE


