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Geothermal Leadership

30+ Years of Geothermal Experience
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What we'll cover today

01 04

Why GeeExchange for Cincinnati Building Level Opportunities

- : : : : Applications and potential savings
Green Cincinnati Plan, energy burden, and available incentives. PP P g

02 05

Technology primer, system types, efficiency fundamentals. Peer Cities: What Framingham, Rochester, and Denver can teach us.

What is geeexchange? District System Opportunities

Study Findings in Cincinnati

03 I AYOAYy Yyl (AQa DS2ft238 06

Geologic & hydrogeologic assessment.

Potential Next Steps

What a phasdéwo study or pilot project could look like.

CINCINNATI GEBXCHANGE FEASIBILITY STUDY



SECTION ONE

Why GeeExchange In Cincinnati

As multiple challenges converge — Geo-exchange may be able to help address them all
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Three converging forces

01 03

2023 Green Cincinnati Plan Energy Burden Federal Incentives through 2032

The Green Cincinnati Plan Targets: LIDAC census tracts across the city carry a The Inflation Reduction Act moved gerchange from "nice
50% emissions reduction by 203dfull carbon disproportionate energy cost burden. In OBR% of to have" toeconomically competitiver even for tax
neutrality by 2050 residents live in povertyand 75% are renters. exempt owners.

CINCINNATI GEBXCHANGE FEASIBILITY STUDY



01 GREEN CINCINNATI PLAN

o

of Cincinnati's greenhouse-gas emissions come from buildings — most of it from
combustion heating.

CITYWIDE EMISSIONS

Source: Green Cincinnati Plan, 2023

CINCINNATI GEO-EXCHANGE FEASIBILITY STUDY
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GCP ALIGNED REPLACEMENT WINDOW NEXT REPLACEMENT WINDOW
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2023 2026 2030 2050
Green Cincinnati Plan updated Feasibility studies, pilots, and first tax 50% emissions reductiotarget. Full carbon neutrality.
creditdriven retrofits begin. Less than four years from today.

Large building HVAC equipment turns over roughly once eve®p2@ars. Decarbonization opportunities must align with

building capital cycles being planned today.
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Burden and LIDAC Communities

Energy
2 7 # LIDAQG Lowlncome and Disadvantaged
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Energy Burden and LIDAC Communities

Energy Burden
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TOP TEN NEIGHBORHOODS FOR ENERGY BURDEN IN CINCINNATI
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Energy Burden and LIDAC Communities

What's Happening? Why?

A Duke Energy Ohio Price to Compare A In PIM's recent capacity auction,
Increased from approximatey.02 wholesale electricity costs increased
cents per kWh to 10.445 cents per by 833%
kWh in June 2025 A Cost of fuel and maintenance at

A On average, energy bills across power plants
Ohio's major cities increased from A Expanding demand from large
an average 0$107 per month in electricity users (data centers)

July 2015 to $139 in July 2025. R Inflation increases

A Roughly 30% increase in 1 year.

%
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How the credit builds.

+ DOMESTIC + ENERGY + LOW-INCOME
CONTENT COMMUNITY

+10% +10% +10;20

Lhsieicls Szl e LIDAC tracts & affordable housing.

components.

TOTAL POSSIBLEGQC70% TOTAL COST

Most stackable projects realiZd¢50%after credit eligibility screens. Every project stacks differently. Reverts to 6% base credit if applicable prevailing wage
YR | LILINBYGAOSAKALI NBIljdzZANBYSYy(da NByQu YSi
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Driving Question

IS geeexchange district heating and cooling a viable solution for the
| AGéQa adzaiadlAylroAtAldeé YR RSOI ND:
reducing energy costs while equitably benefitting the community?



SECTION TWO

What Is geeexchange?

Ground source heat pumps, loop configurations, and district systems



Geoexchange, In one sentence.

Highlyefficient heating and cooling systenthat use
buried pipes to transfer heat between a building and the
constant temperature of the shallow earth

IT IS IT IS NOT
High efficiency electric Geothermal power for
heating & cooling generating electricity

city of
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Ground Source Heat Pump System

HEAT PUMP

10-15 ft. STABLE GROUND TEMPERATURE
deep 52-56°F year-round

GEOTHERMAL WELLFIELD

CINCINNATI GEBXCHANGE FEASIBILITY STUDY



Multiple ways to exchange heat with the ground.

CLOSEDLOOP OPENLOOP IN-WELL

AQUIFER
T l s
Sealed pipes, no groundwater Groundwater pumped & returned Heat exchanger inside the well
Waterantifreeze mix circulates through vertical U Water is extracted from an aquifer, exchanges heat A specialized exchanger sits in a groundwater well;
bends (typically 300+ ft deep) or horizontal through a noncontact exchanger, and is reinjected no water reaches the surface.
trenches. nearby.
Works in virtually any geology Smallest footprint, highest capacity. Small footprint

1,000+ GPM possible per well Simpler permit than opeffoop



le ways to exchange heat with the ground
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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 - 2.5c3.0
Groundsource heat pump _ 4.0¢5.0

COP ranges shown are typical; actual performance depends on equipment, loop design, building load profile, and weathiesn"WASEIRAE, ACEEE, and DOE benchmarks.

CINCINNATI GEEXCHANGE FEASIBILITY STUDY



WHERE IT WORKS

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 High or volatile fuel/energy prices
The hedge value of going-alectric rises with gaprice volatility.

03 Taxcredit-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 loadhe same loop cuts total
groundside capacity.

05 Decarbonization Goal
High efficiency and adllectric system reduces GHG emissions
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Cincinnati's geology, its aquifers, and why the subsurface matters in a geo-exchange project.



Geology/Hydrogeology

ORDOVICIAN BEDROCK

Alternating limestone, shale, and siltstone. Deposited in a shallow tropical se
~450 million years agoWhat closedoop bores drill into across most of

Cincinnati.

GLACIAIOUTWASH

Sandand-gravel sediments deposited by Pleistocene
meltwater into the Ohio River Valley and its tributaries.

The aquifer.

coeVior gy

Cincinnati-Northern

tsville ¥

‘Fort Wright

¥ Rd

Reading

Hydraulic Conductivity (ft/d)
Test Rate (gpm)

Heating/Cooling Well Location

——n
1 ] Cincinnati City Boundary
‘--

Note:

Well logs with test rate under 50
gallons per minute excluded from

figure.

Hydraulic Conductivity

Ground Source Heat Pump Feasibility
City of Cincinnati

D R A F T Cincinnati, Ohio
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consultants

GEOSYNTEC CONSULTANTS
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Two distinct geologic units.

GLACIAL OUTWASH

Sandand-gravel sediments deposited by Pleistocene
meltwater into the Ohio River Valley and its tributaries.
The aquifer.

ORDOVICIABEDROCK

Alternating limestone, shale, and siltstone. Deposited in a
shallow tropical sea450 million years agoWhat closedoop
bores drill into across most of Cincinnati.

ClosedLoop Design OpemLoop Design

Glacial Outwash Aquifer
sand | gravel

Ordovician Bedrock
limestone | shale | siltstone

GEOSYNTEC CONSULTANTS



DOCUMENTED WELL YIELD, MILL CREEK CORRIDOR

1,000...

Sustained by a single City of Cincinnati well with just two feet of drawdown.
Capacity at this site is likely several thousand GPM.

Source: ODNR Well Log No. 2078836



Where openloop and inwell systems work.

High-conductivity saneand-gravel sediments map along four
along four distinct corridors in Cincinnati. Each carries wells

wells with documented yieldsver1,000 GPM.

Ohio River North Bank & Mill Creek valley

CBDQueensgateRunning north through city limits, SW of Reading

East End
East bank of Ohio River

Oakley / Madisonville
Additional highyield pocket

FIGS §7 - PRIMARY AQUIFER YIELD
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Closedloop works almost everywhera footprint Is the
constraint.

Ordovician bedrock drills readily across the city. The real constraint in dense
dense urban cores is available land above ground.

1,0000-TON EXAMPLE

~500 ~175k ~$6M C e e e

bores @ 300 ft sq ft footprint e o o o o o o o o

Triangular packing, 2fd spacing. Typically fits beneath parking, plazas, or integrates with new ¢ & ¢ & ¢ o ¢ o o
construction. e o o o o o o o

~420 ft / ~175,000 sq ft

04 - SUBSURFACE ASSESSMENT






Ohio's permitting path Is straightforward.

SYSTEM TYPE STATE PERMITS REVIEW TIME FEE

Closedloop Local building permit only. Well logs to ODNRS after install. OUPS utility locate Local timeline Local only
locate required.

Openloop >100,000 gpd ODNRDWR Water Withdrawal Registration; Ohio EPA UIC registration for return well(sy14 days + ~few weeks Free
In-well heat exchanger No published guidance; treat as closedp equivalentt no withdrawal or injection. Local timeline Local only
Consumptive use permit2 MGD ODNRDWR Typicallynot requiredfor geacexchange (noftontact, nonevaporative). T T

~
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THE BOTTOM LINE

Cincinnati's geology and hydrogeology Is
favorable for geeexchangec both open and
closedloop systems

BEDROCK AQUIFER REGULATION

Competent Ordovician formations support closed- High-yield alluvium underlies the downtown core — Ohio's permitting framework is light-touch; no
loop bores citywide. rare at this density. structural barriers.
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Building Level Opportunities
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Potential Savings

Building Typologies Studied

Healthcare

: Commercial Office
: Multifamily
- 0,
O k2

Higher Education

Single Family

reduction in HVAC energy consumption compared to benchmarked buildings

*Based on 2018 CBECS data

CINCINNATI GEBXCHANGE FEASIBILITY STUDY
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Applicable Across Many Project Typologies

Louisville International

Lubber Run Community Center Pepper Construction Headquarters Norton Brownsboro Healthcare Cincinnati District 3 Police
Campus Headquarters

CINCINNATI GEBXCHANGE FEASIBILITY STUDY
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Follow the Energy

Geaoexchange can directly impact over 50% of building energy use

Energy Consumptio

by End Use GSHP IMPACTED

ENERGY USE

x>

Data: EIA, 2018 CBECS Table Blajor fuels consumption by end use, all buildings CINCINNATI GEBXCHANGE FEASIBILITY STUDY
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K-12 Schools

109 Bowling Green High School project

99

79

o]
[+4]

gO‘I

“The first digging on site was for
geothermal wells. Those wells,
paid for by the Inflation
Reduction Act, will reduce energy
consumption at the new school

Geo ® Other to ha!f of the typical K-12 school

Exchange building. That will add up to a
savings of $25 million over 50
years.”

m|‘
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© g
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53

tl‘

36

-  Ted Haselman,
Superintendent

o
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o

60 80 100 120

Energy Use Intensity

CINCINNATI GEEXCHANGE FEASIBILITY STUDY
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Elementary Renovation

=== Code Minimum
514 000,000

$12,000,000

$10,000,000 o
$8,000,000 %
$6,000000 P
$4,000000
$2,000,000

$0
Year O Year | Yeaor?2 Year3d Yeord Year5 Year6 Year7 Year8 YearD Yearl0 YearN Yearl2 Yearld Yearld Yeoarls Yearls Yearl7 YearlB Yeorl8 Yeor 20 Year 21 Year 22 Year 23 Yeor 24 Year 256
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Elementary Renovation

=== Code Minimum === GSHP

$14 000,000
$12 000,000
$10,000.000

$8,000,000 +*

~6 Year Payback

$6,000,000

re
lllmi"".

--"-
- b
B u B

$4,000,000

$2,000000

$0
Year O Year 1 Yeard Yeard Yeaord Yearb Yearf6 Yeoar7 Year8 Yeor® Yearl) Yearll Yearl2 Yeorld Yearld Yearlh Yeorle Yeorl/ Yeorl8 Yeorl® Yeor 20 Year 21 Yeor 22 Year 23 Yeor 24 Year 25
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Elementary Renovation

=== Code Minimum === GSHP = GSHP W/ ITC

$14 000,000
$12.9M
ttc"“‘
.
$12 000000 ‘.‘I‘.‘1‘
_‘.“"1‘.‘I
.
S $10.1 M
K
L 4
$10 000 000 .’
'3
X
»Y% 7
o*°
&2 000000 "
.us®
R e
PR T A
1 Year Payback - -w"""-h‘ $8 6 M
¥
o ¥ .
$5,000.000 - -1‘_‘.-11-- |
ol
L k. -
T L
= -I.n.ll"'""-'
$4,000,000 =
$2 000,000
30

Year O Year | Yeard Yeard Yeord Yearb YeorE Yeor/ Year8 Year® Yearl) Yearll Yeorl? Yearld Yearld Yearlh Yeorls Yearl/ Yearl8 Yeorl® Yeor 20 Yeaor 2l Yeor 22 Year 23 Yeor 24 Year 25
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Office Buildings

Plug Loadg 32%

HVAC; 53%

N

Typical Office
Energy Use

SN~
DHWC¢ 3%
m Heating m Cooling m Ventilation DHW
Interior Lighting = Receptacles m Refrigeration Other

CINCINNATI GEBXCHANGE FEASIBILITY STUDY



Office Buildings

ZEROTOOL

BASELINE
85 EUI
OFFICE BUILDING (CBECS 2003)

EUI BEFORE PV
30 EUI
65 0 80% REDUCTION

city of
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FINAL EUI
NET POSITIVE
100% ONSITEPV

-20

CINCINNATI GEEXCHANGE FEASIBILITY STUDY
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Residential

Metric Tons CO2 per Year Initial Year Operating Costs

Metric Tons CO2 per year Initial Year Operating Costs

Il Geothermal Heat Pump [J] Air-Source Heat Pump [JJ] Natural Gas Furnace Propane Furnace B Geothermal Heat Pump [ Air-Source Heat Pump ] Natural Gas Furnace Propane Furnace

Jid ads

Comed lllinois Xcel Minnesota UPPCO Michigan ComeEd lllinois Xcel Minnesota UPPCO Michigan

Source; RMI - Get the data
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Leverage the ITC for Infrastructure Renewal

Consequences of Deferrérintenance ITC offers a once in a generation opportunity
Equipment to holistically address infrastructure renewal
Downtime

and deferred maintenance

Occupant
Satisfaction

CINCINNATI GEEXCHANGE FEASIBILITY STUDY



GSHP Design Considerations

A In order to keep in budget:
Rules of Thumb Ead, Right Sizing Eood

A Balance Building Load<fficiency First

A Work with local drillers and understand local
geology

A Coordinate around utilities and site elements
below grade

A Startup is Key
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District System Opportunities

Peer Cities. District Considerations.
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What Is a District Thermal Energy Network (TEN)?

Instead of each building drilling its own bore field, a shared ambient
temperature loop in serves many buildings. Connecting looks like

District Geo-Exchange System

connecting to water or sewetr. OFFICE

(Weekday peak)

FOUR ADVANTAGES (Evening 'Q%T!ﬂnd PROPERTIES
pea
CENTRAL RESTAURANT
. ] o o UTILITY PLANT (Variable schedule)
Load diversity BuildingLevel Flexibility
Office + residential etc offers District geeexchange systems support a I |
balanced loads profiles and reduces wide range of buildingide equipment, I .I :[ I ¥ I L ,_I
total capacity requirements giving owners the flexibility to choose how l S l
€ € € € € € € € € € € € € € €

each building connects to the loop.

GEOTHERMAL
o - ] WELLFIELD
Efficiency of Scale Utility business model
Total infrastructure requirement is Building owners pay for thermal energy,
reduced compared to individual not capital.

building systems.
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Peer City Review

Denver, CO
( Policy Model )

Building performance standards can
turn energy efficiency from a voluntary
goal into a financial obligation — and
make district geothermal a compliance

pathway. O
= Framingham, MA
Rochester, MN Utility-owned

- Municipality-led |

Municipal Model

Cities can start with their own buildings, S S ® :

using public anchor loads to minimize [Clncmnatl, OH]
the risk of investment before expanding DE_“VEI'._ co

to adjacent private and institutional [ Policy-driven }

buildings.

Framingham, MA
(' Utility Model )

Regulated utilities can own and operate
geothermal networks, recovering costs
through thermal service charges —
making adoption possible for residents
with no upfront cost.

CINCINNATI GEEXCHANGE FEASIBILITY STUDY
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Denver, CO

An ambient loop thermal energy

network feasibility study examining

the conversion of 14 Ciywned

odzAif RAy3a FTNRBY - OSt 9
district steam and chilled water

systems to a shared ambient

temperature loop.

COST SAVINGS

Achieves full decarbonization2f- W Colfax Ave W Colfax Ave
30%of the cost of individual building
electrification LB O

ENERGY REDUCTION mhAvo

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

A Interceptor
Why it matters for CincinnatiA district system AN Denver Multisource
reduces the cost burden of decarbonization for District Thermal
individual building owners. In the case of a future Energy Hub
building performance ordinance, connection to a

district ambient loop as a compliance path could be a
viable means of incentivizing GSHP adoption.

<% Potential Geothermal Field
. Public District Building for
Demonstration Project

- Private District Building for
Demonstration Project

w== Chilled Water Supply

w== Chilled Water Return

Future Wastewater
Interceptor/ Housing Line

M New Underground Piping

Energize Denver BPS

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).

CINCINNATI GEEBXCHANGE FEASIBILITY STUDY
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Denver, CO

Water Source
Heat Pumps

Chilled Water (T )
42°F

Chilled
Water
40°F

L/

— Chilled Water
42°F

S N

1‘

Pump

Pump

Exchanger New District Multisource
Ambient System e | A1

)

(....
EENE

Air Handling
Unit

Dedicated
Outdoor Air p
System g

Air Handling
Unit
Variable Air Variable Air

—
Volume + Volume
—

(
A

1

System System
y 50°F to Y
85°F

|

I
L/

Dedicated
Outdoor Air

System

|
L/ AL

N

Steam
212°F

__ Pump Heating Hot Water
Pump Heating Hot Water ] 135°F
190°F

Figure 20. Revised water source heat pump piping schematic at Elections Building

190°F condensate
down the drain

Figure 19. Existing steam and CHW piping schematic at Elections Building

CINCINNATI GEBXCHANGE FEASIBILITY STUDY



Rochester, MN

Phase 1 retrofitted City Hall to operate entirely on
geothermal energy using two-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
¢9buvI ONBIFIOGAYT aAyysSazil Qa
building TEN.

ENERGY COST SAVINGS
~ $900,000 (total network annually)

ENERGY REDUCTION
75%(vs. prior system)

Why it matters for CincinnatiAquifer-coupled wells at a chgwned
owned facility is a potential means to demonstrate viability for future
district systems in the City. Using a City owned property as a pilot

project could spur future development and expansion

FANAIJ

lroadway
esidence
d Suites by
idgestreet

Ist Street
Parking Ramp

el Indigo

43 Plaza

Fontaine
Towers

Paladar

hY puz
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Riverwalk
Apartments

eV

Mayo Fark

Art Center

sap

Rochester

CINCINNATI GEEXCHANGE FEASIBILITY STUDY
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ochester, MN

PUBLIC LIBRARY
MECHAMNICAL ROOM
MAYD CIVIC CENTER
MECHAMNICAL ROOM HEAT PUMP
h-—__———_
-______________—__ S CHILLED WAT ER
CHILLEDWATER FUFPLY/RETURN
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B 1
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Framingham, MA

36 buildings connected to a omaile ambient
temperature loop fed by 88 boreholes drilled to
depths of 606700 feet across three bore field sites.

ENERGY COST SAVINGS
20%monthly

ENERGY REDUCTION
609%(Vvs. prior system)

Why it matters for CincinnatiTheproject includes Framingham Housing Authority
properties, affordable housing units that would not have been able to finance individual
GSHP installations, demonstrating that utikynership can address the equity barrier that

limits GSHP adoption in lamcome and LIDAC communities.
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Geothermal Pilot Project

FPS (Framingham Public Schools)
Welcome Center

Normandy Rd

Concord St

Framingham

Housing M9 Framingham

Authority ~ De ;E:rtfnent
Hampden Rd .

Hampshire Rd

Rose Kennedy Lane

Corner
Cabinet
Gulf Gas
Station

Hartford St

Berkshire Rd

i Lindbergh Rd

u:/

i —

Prindiville Ave Concord St

N\

Dennison Ave

Burdette Ave

ssmsw RoOuUte 9 Borefield [l Participants “ Residential
drilling pilot

sites customers*

*Representation of 24 residential systems (20 single-family households,
2 two-family households).
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District ThermalEnergyNetwork in Cincinnati

DISTRICT 1 Dl DISTRICT 2 D2

Downtown Overthe-Rhine
Office, hotel, government, retail. CoolHalpminant, Historic masonry, LIDAC tracts, active
dominant, high load density. redevelopment

NOTE

A third district covering the Uptown/UC Medical Corridor was also
evaluated. It was initially considered promising given its
concentration of major institutiondcilities,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.

|| DISTRICT1 P
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