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Agenda

« What makes the Earth viable to help meet our clean
energy needs?

« How are energy and power related and measured? Overture

« How depth and T impact uses of geothermal energy? (Background
: : : Fundamentals)
* Direct use-- thermal power for heating and cooling
 Indirect use-- electrical power

« How can geothermal energy networks and direct use N
hugely help our energy needs?

* Geothermal heat pumps and thermal energy networks

Part 1: Jay’s look at using
the Earth as a thermal

* Deep direct use of hot geothermal fluids for space heating bank (addressing the
(Boise, ID; Paris, France; Peppermill Hotel) ”elephant in the room”).

* How hot geothermal fluids can also cool (absorption chillers)

2 Boden and Egg 2025
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Agenda (cont’d)

« Using Hotter (>~120°C) Geothermal Systems

What criteria are needed to make a geothermal fluids viable
for making electrical power?

What are some key attributes and challenges of producing
electricity from geothermal energy?

Where are most currently developed geothermal systems found?
What makes Nevada prospective for geothermal energy?

What are some exciting new technologies for expanding use of
geothermal energy?

« Recap summaries by Jay and Dave

Boden and Egg 2025
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Part 2: Dave’s Source:

Yellowstone
look at higher T Naturalist
geothermal
fluids and power
generation.
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« Earth is a giant heat engine-- ability to do work

« What might be examples of this work?

* Erupting Volcanoes
« Earthquakes

GEOTHERMAL RISING CONFERENCE

OCTOBER 26-29, 2025 | RENO, NV

What makes the Earth a
viable source of CLEAN
energy?

F—'—' Bh |

« 2011 9.0 M Tohoku EQ heaved ~1500 km of ocean floor
50 m (released enough energy in a few seconds to power
Los Angeles for an entire year or could satisfy the energy

consumption of the U. S. for about 2 months!)

» Plate Tectonics— continual movement of great chunks
of Earth’s crust and upper mantle over great distances
for a long time (heat energy that drives plate tectonics)

 Thermal energy is vast!

« Tapping <1/1000" of one percent of thermal energy of upper
crust would equal the US energy consumption in a given year Bl

4 Boden and Egg 2025
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Distinguishing and Measuring Energy and Power

« Basic unit of Energy is Joule; basic unit of Power is Watt

Energy is a quantity (ability to do work) and Power is a rate of energy delivery, both electrical (e) and
thermal (t)

1 Watt of Power = 1 Joule per second (P = E/t)
* One kiloWatt (1 kW) = 1000 Joules/second; one MegaWatt (1 MW) = one million joules/s

« MW is typically used in rating delivery of energy output of power plants or rate of energy output for
geothermal wells

« 1 MWe of power serves ~800 homes on average

Energy = Power x time—> kiloWatt x time (in power industry unit of time is hour)-> kWh
» Energy generated from power plants measured in MegaWatt-hour (MWh) or GigaWatt-hour (GWh)
« Palo Verde nuclear plant in Arizona (4.0 GW of power x 24 hrs/day = 98 GWh of energy per day)
« Serves ~70% of AZ energy needs and no GHG emissions

For geothermal.:
 Electrical power can be measured by mass flow rate (kg/s) x enthalpy (kJ/kg)—=> kWe (Indirect Use)
« Thermal power can be measured by mass flow rate (kg/s) x Cp(kd/kg°C) x T°C-> kWt (Direct Use)

5 Boden and Egg 2025
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USES OF GEOTHERMAL ENERGY Souce: Cetharmal St
. Produce electrical power (T >~120°C) C__ D 308 B Geothermal
- Deep direct use of geothermal fluid (T >~40°C) o AVl e SR
- More energy efficient than power production g B I =

- Heat (cool) buildings and homes
« Aquaculture (fish hatcheries)
- Greenhouses and fruit/vegetable drying

- Shallow direct use--Geothermal Heat Pumps (T

10°- 15°C)
« Can be used anywhere Q
« Use Earth as a thermal bank

- Reduce energy costs by as much 40%. Why?

* More efficient to move energy than produce
energy

- Largest application of direct use (71%) ——ne TN
6 Boden and Egg 2025
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Uses of Geothermal Energy with Depth and

Part 1:Jay’s Discussion
Temperature (°C)

Temperature

350

Heat Pumps and
Thermal Energy
Networks

BINARY
PLANTS

Depth (km)

Deep Direct Use

of Geothermally | Modiied fte
= Moore an

Heated F|UIdS 1 Simmons, 2013
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Geothermal 101; Thermal Energy Networks
for Communities
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Learning Objectives:
Thermal Energy Networks for Communities

Main topics of the presentation.

10

Objective 1: Understand the context and verbiage of heat pumps in clean
heating and cooling technology

Objective 2: Identify the importance, adaptability, and benefits of the
technology as vital to infrastructure and building construction

Objective 3: Understand existing barriers to geothermal energy network
adoption and how to manage them

Objective 4: Understand how direct use of hot fluids may be used:
as a source of heating for municipalities or for individual properties
as a source to also cool using absorption chillers

Ohbjective 5: Internalize our collective capability and responsibility to make these
changes

Boden and Egg 2025
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Heat Pumps: How to cool & heat spaces by
“pumping heat”- exactly like a refrigerator

Electric
Furnace

P

ALL-ELECTRIC HEAT PUMP SYSTEM: “COOLING MODE"

Lo oS
- -
(f“n - £
P ",

Heat Pump = about 3.0 to 5.0 + COP

o7 i
Heatinto {
room
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Efficiency Ratings: EER and COP

* Energy Efficiency Rating (EER) is  * Coefficient of Performance

often used for Cooling Efficiency (COP) is often used for Heating
* EER is the is the Net Cooling Efficiency
Capacity/Applied Energy in watts * COP is the BTUs delivered/BTUs
consumed ~

EER=COP x 3.412

1 watt of electricity = 3.412 BTU/HR

12 Boden and Egg 2025



= 3,412 BTUs/Hr of heat
(Electric Space Heater)

17,060 BTUs/Hr of heat*
(Geothermal Heat Pump)

y « It takes 20% of the kW to do the same
heating with a geothermal heat pump

{\é,\ee%; K »Sv'l1 dgg

13 Boden and Egg 2025



GEOTHERMAL RISING CONFERENCE
OCTOBER 26-29, 2025 | RENO, NV

Securlng Our Future: Why Early Education is a
Critical Industry Investment

‘"’”’ > ﬁ»" Why s thegelheml hous e st st o e
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Ggeotherma\

A Happy House Story

15 Boden and Egg 2025




GEOTHERMAL RISING CONFERENCE
OCTOBER 26-29, 2025 | RENO, NV

16 Boden and Egg 2025



GEOTHERMAL RISING CONFERENCE
OCTOBER 26-29, 2025 | RENO, NV

/—\‘)

A Freezer (5° F) A Stopwatch A Bucket of Ice
(32° F)

\\\\\\
< \\

2 Bottles of Water A Thermometer
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District Geothermal Energy Networks
...make geothermal heat pumps a reality for all

* No more outdoor equipment to replace

* More hurricane and storm resilient (no
HVAC equipment outside)

* HVAC system longevity (a benefit of
having equipment inside)

* No combustion boilers, cooling towers or
furnaces (Decarbonization)

* Noticeably superior comfort in heating
and cooling modes

* Remarkable system efficiency at standard
equipment pricing

* Geothermal Wells /Piping are permanent
infrastructure

19 Boden and Egg 2025



GRC 4 GEOTHERMAL RISING CONFERENCE
OCTOBER 26-29, 2025 | RENO, NV

Convert Natural Gas to Geothermal Energy Networks

&
Thermal Ener Heat Pump Heating 95_
(Earth Exchang:) B Ppipeinthe Ground ) (Compression) = & D
. 300%+ Efficiency Cooling 3

Y

Energy Input Infrastructure Utilization Technology Functional Output

<

)

Furnace/Boiler e

('\ézt:srj::ezs) ) pipeinthe Ground W) (Combustion) = He(?:l)ng n-‘_)

I
~95% Efficiency ¥ o
"
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TENs share energy between structures using
pipes between buildings and their Geothermal Heat Pumps

(il
BE
BE

BEE
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Geothermal Energy Networks will be installed by
our Nation’s piping trade unions s smeuusesmsrc e

22 Boden and Egg 2025
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Understanding efficiency; the ASHRAE
Ground-coupled HPs consume less energy than air- B U I | d I N g I N Atl d nta

source HPs, but can be more expensive (Earth Coupling)

\
—~ 1
e Geo (WSHP) vs. Air Source ASHRAE |
60,000.0

100,000.0 2010 System Power (kWh)
£0,000.0 15t Floor ASHP
2"4 Floor GSHP
40,000.0
20,000.0 '
' Ja

an Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

yuow/Yymy uondwnsuo?) waisAs

GEO" Hourly

Power Consumption at ASHRAE Bldg, Atlanta
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Geothermal Energy Networks
...eliminate Outdoor Equipment and related hazards
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Various Types of Geothermal Heat Pumps
(GHPs)

P L .

- L ’_1 |
Vertical GHP (water-to-air GHP) l I

Modular &
Stackable GHPs

Pool or Dedicat Hot Water GHP;
(water-to-water GHP),

25 Boden and Egg 2025
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Op Ed and Article in Standard & Poors
https://bit.ly/SandP ThermalEnergyNetworks

Efforts to develop centralized

Op-Ed | We must work together to move EA&PkGlﬁb?lu' community geothermal heat pumps
towards an equitable transition away from 27" €ESNCE expand

-
fossil fuels T Dt o ol soliaing dosgn pepnat o & mmty st g yetom O
latest pilot progect et to scale o5 -0bd protrermal Peating and cookng
" g . fl i

Community heat
pump system

Ood

I, | oo @ m
g

0308 | R M
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Energy Exhausted from Commercial Bwldmgs
IS piped to Residential Structures &
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Thermal Energy Networks
Eliminate Cooling Towers and Boilers

. s by -
- = ! ! ! -ﬂ é
- — — > ’ - _—
3 3 3 =3 3 3 3

Boiler
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Heat Pumps, Networks, and Water
Energy

i
COLORADO MESA

U NIYEREITY

30 Boden and Egg 2025
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CoLorADO MEsA  Vision for Expansion

SGT proposed a modular “Central Loop”
approach that could grow with the campus.

Backbone is an 18" HDPE single
pipe system

Distributed mechanical
rooms provide redundant

pumping.

HDPE pipeline connects
buildings and borefields

31 Boden and Egg 2025
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MESA STATE COLLEGE to Colorado Mesa University:
A Community loop evolves...2006

A central loop
project was begun.

Step 1 - 1500 tons
450,000 ft2.

32 Boden and Egg 2025
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95F to 85F

Py T Bellei SH G well T o0

Central Loop On

Stage 1 - building T'_j

moves energy

internally using ‘

building pumps.
Central Loop 50F to 85F [ |

Stage 2 — building(s)

| move energy to or from
the central loop.
:I Least Energy Path™ Stage 4 — Central

Loop calls Boiler or
Stage 3 — Central tl H Fluid Cooler (hot or
Loop calls Borefield Moimam ot s [ cold).
{hot or cold) - <40F or >90F
<50F or >85F _— e, I
—agp—_ N

33 Boden and Egg 2025



34

Services

Energy

Management
Centre

Clean Heat Harvesting
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W Cotege 18
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Teckamaugs Grop
Fon Payre Fommanor
Soxkmood Formae

Thermal
Energy Storage

Energy Transfer Station

Insulated and Shallow-buried Water Pipes
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Thermal Network Integration for City Centers

NAME THE BEND AND COLLEGE MLl et e % .
LOCATION. CATTAROOGA TN bk . TRANSPORTATION LOOP | | 27478 TONS | REVISED 41323
) e L J A 4
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Uses of Geothermal Energy with Depth and
Te m pe rat u re 0 /5(_\1'80\ Te1r:0perature2gc> 250 300 350

Deep Direct Use
of Geothermally
Heated Fluid

BINARY
| PLANTS _,
FLASH PLANTS
& STEAM TURBINES

2

Depth (km)

Modified after Moore
and Simmons, 2013
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L

Deep Geothermal Direct Use—Community Scale

- Boise, ID district geothermal heating system

- Paris, France district geothermal system

37

Largestin U. S.
Began in 1890 (not a typo!) Direct Use
System now heats about 7.5M ft2 in about 100
buildings

Fluid T: 72-75°C

Established in 1969 et YoRaail
Exploits the Dogger aquifer at 1.5-2 km depth with s E-_ Lok OB 08 DeeBSé’\_‘. J

geothermal fluids at 60°C Injection o | Direct
Serves 2M people in about 250,000 homes using - o —

50 heating networks, each consisting of a doublet Beckers et al., 2021

production / injection well system
Boden and Egg 2025
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k. PUTER :
Peppermill Hotel Geothermal Direct Use
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- Major conversion to direct use in 2007-2009

. Drilled two new wells, one for production and e ==
one for injection R I
« Production well ~4400 ft deep produces ~1500 O T
gpm ata T of 170°-174°F (77°-79°C) 156 oF 1Z3XE
* Injection well ~3900 ft deep accepts 2000 gpm whagi B
(pump assisted) located v e e B
- Heats entire campus K ) Geothermialteating § .

- Reduced NG consumption by ~85% saving
~$2.25M/yr in 2010

- ROI ~3.5 years!

Modified aftér image courtesy of Peppermill

38 Boden and Egg 2025
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Hot geothermal fluids can cool too—
Absorption Chillers

* Use heat energy (from geothermal fluid) instead of
electrical/mechanical energy (compression chillers) to transfer
heat from building to outside;

* Hot geothermal fluid used to boil (separate) refrigerant from
absorbent (1 and 2), refrigerant vapor then condensed (3) and
evaporated at low pressure (4) which absorbs heat to cool

environment;

* Refrigerant vapor recondenses when mixed with a concentrated
absorbent residual from the boiling done previously (5);

* Absorbent-refrigerant mixture then pumped (only electrical
energy used) through heat exchanger to be reheated and boiled

from hot geothermal fluid to repeat the cycle (6).

* Minimum geothermal fluid T to drive cycle is about 160°F ( 70°C)

39
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—
2 Refrigerant vapor , N =P 3
Condenser— ‘“
Separator — """";% : Q'Q" Orifice >
AR :
Evaporator— Sl Cold fluid
( Chilled water—t= )
Lift pxpe — / for cooling
B q
Q 0 99
Hot — Absorber
<4~ Cooling water
geotherméT" s
i 6
| | Vapor refrigerant
- Liquid refrigerant - Chilied water

:] Concentrated lithium bromide solution - Cooling water
- Dilute kthium bromide/refrigerant solution - Thermal energy

Modified After Hoffschmidt et al., 2022
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Potential
Absorption Chiller
Hydronic District
Layout for — :
a District S+ =

HE 3
o | y 4 ‘
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TRANSFER 1 l I 4
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Engineering Master-Planned Thermal Energy Networks
(TENs) to Cut Pollution from Buildings and Create Jobs

Thermal Energy Networks ([TENs)

Apartment
Buildings

Surface Water
= Office Energy Transfer Energy Exchange

Thermal - Residentaial &

Energy Multi-Family
Storage ,
ter Hydronlc
Energy‘ - Infrastruture
Transfer » , " Exchange Structural
: Energy Piles

: - & b
Deep Direct > © 2023 EggGeo, LLC {Y\ g g

Use (DDU) \
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ART 2: Geothermal Systems for
| Power Generation

Dave R. Boden
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Higher T
Electricity
Producing
Systems

gm, GRC~
es of Geothermal Energy with Depth and
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Depth (km)

Temperature (°

)0 50 100 150 200 250 i e
= % Vapqr
1PUMPS DISSST ~ Domihated
BINARY | SN
PLANTS  Liquid Dominated:,
- FLASH PLANTS |
e & STEAM TURBINES
UC/'ng

Modified after Moore
and Simmons, 2013
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What is needed to make a conventional geothermal

system viable for power development?
Geothermal Reservoir

. Five main criteria to make a :
hydrothermal resource ..\ . O

economically viable:

1. Large heat source (T of fluid
>~120°C)

2. A permeable reservoir (>~100mD
2104 m?)

3. A supply of water

4. A impermeable cap rock

» 5. A steady recharge mechanism

GRC — GEOTHERMAL RISING CONFERENCE
OCTOBER 26-29, 2025 | RENO, NV

Boden, 2022

Maoma
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Types of Geothermal Systems and Related
Power Plants—Vapor (Steam) Dominated

Provide greatest amount of power per mass of
fluid

Because reservoir is already steam, all fluid
mass goes to turbine

[

Condenser

In order for fluid to occur as steam, reservoir is 8 Wehess o e _welhead
underpressured compared to surrounding rock—
geologically rare conditions t B IS
World class examples are The Geysers, CA and o P :
Larderello, ltaly (the first commercially produced P LS * >

geothermal reservoir for power generation in ol 24 2003

1913).

45 Boden and Egg 2025
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Types of Geothermal Systems and Related
Power Plants—High T, Liquid Dominated

T2~180°C
Original mainstay of the industry (flash) E

| — =

Genarator
—
=% Turhine ===

W

|
Condersar

Fluid exists as a liquid in reservoir

|

Woallhead Ground surface  Wellhaad %"

separator

Fluid starts to boil as pressure falls when fluid rises up well E
(mixture of steam and liquid—2 phase fluid)

—

LY LA

From wellhead, 2-phase fluid goes to separator where steam TN
rises to top and liquid (brine) goes to bottom — E

@ injection

Subsu

Only steam goes to turbine, and brine is re-injected -.-3 E_. “«  »

Energy is partitioned between steam and brine unlike vapor-

dominated reservoirs
Boden and Egg 2025
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Types of Geothermal Systems and Related Power
Plants—Moderate T, liquid dominated
- T>~120°-180°C

« Provide an increasing proportion of power for 2 reasons: jﬂE Canavator
- Lower T systems are more common than high T systems === p—
- Reservoir stability over time —
- Binary systems:
« Two fluids—the geothermal fluid provides the heat, and a working BAY SNSRI S
fluid that serves the turbo-generator | I E
- Geothermal fluid passes through heat exchanger to flash working fluid ET;‘:E;HMW #ZE
having a low boiling point to generate more steam pressure than [ 'sobutane fquic VE
water N P . E*
- Both geothermal and working fluids form closed loops -] B

« No GHG emissions
« \Water conservative when combined with air cooled condensers

47 Boden and Egg 2025
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Other Types of Geothermal Power Plants—

Synergistic Configurations

- Integrated Flash-Binary

- Brine goes to a bottoming binary plant to produce power prior to 0]
reinjecting to increase power output -

- Hybrid Binary Geothermal and Solar Facilities 2 20
« Stillwater Triple Hybrid Facility -
* 33 MW capacity geothermal

« 53 MW solar PV (boosts power output during summer)
17 MWt from concentrated solar provides about a 2 MWe boost to

-

After DiMarzio et al., 2015

plant o E—
- Combined Heat and Power Facilities baHows
. I\H/ﬁ/{}i(sheidi, Iceland has installed capacity of 303 MWe and 400 e Goo W m S DV

Combined [MW]

« Fresh water heated, via steam condensation and heat
exchangers, to 83-93°C and sent to Reykjavik via a 20-km long
pipeline at ~2000 kg/s (30,000 gpm).

48 Boden and Egg 2025
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Geothermal Energy Attributes

1. Base load power (available 24-7 unlike wind and solar);
« 90%+ capacity factors (ratio of energy produced over a given time; only nuclear is comparable)

- Solar and wind capacity factors typically 25-35%; coal- and natural-gas-fired power plants
about 50-70%

2. Sits on top of energy source;

« No fuel price exposure; price certainty; insulated from price volatility;
3. Proven resource, mature technology (dating back to 1913 in Italy and 1958 in NZ);
4. Can provide dispatchable power (load following);

- E.g., Puna geothermal power plant, HI can ramp up or down from 22 MW to 38 MW at

1-2 MW/min

- During off peak periods when intermittent renewable sources are abundant, geothermal can
use its base load electricity to make green H, for pump hydrostorage, or charge batteries

43 Boden and Egg 2025
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Geothermal Enerqy Attributes

5. Economic impact on construction/operation: number of jobs per MW;
CalEnergy Salton Sea: ~390 MW, ~240 employees (about 1 employee for every ~1.6
MW produced)

Comparably sized natural gas plant: 15 employees; commercial solar/wind plant: 10-
15 employees (1 employee for every 25-34 MW produced)

6. Minimal environmental impacts:
Minor or no greenhouse gas emissions

Conventional geothermal flash plant releases only 2% GHG emitted by NG-fired
power plant

Binary plants have ZERO greenhouse gas emissions
Small footprint for power produced
Land available for multiple use
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Small Footprint

* At McGinness Hills, NV about 1 acre is required for
every MW

* Solar PV requires about
10 acres/MW?* (varies depending on latitude,
efficiency of installed panels, time of year, and
setbacks and zoning restrictions)

*Does not include storage facilities

for round-the-clock power Modified after image courtesy of
availability as with geothermal. If P. Thomsen, Ormat Technologies
so, then then solar footprint

increases to about 15-20 acres/MW
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Challenges for Geothermal Power Development

1. Currently developed geothermal systems are location restricted
Presently biggest problem for more widespread geothermal application

Require a special orchestration of geologic processes not widely met:

Conditions most commonly satisfied near boundaries of tectonic plates or
widely scattered geologic hot spots, like Hawaii or Yellowstone

Potential solutions include:

Develop more widespread hot dry rock by creating artificial reservoirs
(EGS)

Enhanced drilling technologies, artificially generated fracture
permeability via improved hydroshearing and hydrofracking techniques

Use of downhole heat exchangers and closed loop technologies
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Challenges for Geothermal Power Development

. 2. Higher cost compared to solar PV and wind
- Reflects higher risk and expense to develop geothermal resources

Levelized PPA Price (2021 $/MWh) e Potential solutions:
140 . . .
Historical | Projected  Policy intervention to promote non-
120 Based on empirical analysis, PV+S (100%) is |nterm|ttent renewa ble energy
set at a $10/MWh premium over PV+S (50%)
00~ sources

80 * e.g., 2021 CPUC Energy Procurement
Geothermal ' iti
. eotherma ~$55/MWh Order requires an additional 2000 MW of
PVAS (100%, -hour) " ""rrrrrrrrreesessirr. geothermal by 2035
40 — —  ~$36/MWh * Expand oil and gas exploration
efficiencies that currently do not require

PV+S (50%, 4-hour) — 5 S
EA or EIS under NEPA to also include

o PVASI(B0%, Ahour) e s
0 geothermal (CXs being considered)
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

-----
------------------
.......
L

Modified after « Advances in drilling technology to

Bolinger et al., 2023 lower costs via faster drilling times
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Challenges for Geothermal Power Development

3. Possible Induced Seismicity

« Can occur from both production and injection of fluids (rock e e B Dy Demonstration
contraction from withdrawal of fluids and cooling during 50 [1000 gallons/minute|
injection) + 2 Note general decrease

[
1
40 I d : :
35 ! ,;» in frequency with time
1
i
|
1

* Generally small magnitude events, mainly <0 to about 2 (most
can’t be felt)

« Largest at The Geysers about 4.5M; largest on record is
Pohang event in South Korea at 5.5M

30
2B
20
15

1 [400 gallons/minute
I
f

10

Number of Seismic Events

» Basel EGS project cancelled due to a swarm of EQs (largest lya4a5 4 I 5
being 3.4M related to injection during reservoir stimulation in o - l ! ! = ' . !
2009 25222222227
e Solution:
* Inject at lower rates After: J. Garcia et

* Spread injectate (via drill legs) over a larger volume of rock al., 2012

limiting pore water pressure that can cause rock to break
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(Geothermal system development worldwide
(ConventionalSystems)

Great Basin

/

@) 29
38 /’ 960 4
622

San Andreas
2,400

763

Installed Capacity (MWe) in Bluchl

|“After Duffield
|and Salss’ 2| |3 L

otal: 16,873 MW (As of January 2025)
Little recent volcanism in the Great Basin makes our
geothermal systems somewhat unique

Note correspondence between distribution of current
geothermal systems and boundaries to tectonic plates
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What Makes the Great Basin (Nevada) So Prospective

for Geothermal Energy?

- Crust is being stretched and
thinned

- Results in high heat flow
(>~90 mW/m?)

« Hot rocks of mantle are closer to
surface

- As crust is stretched, rocks
break to make fractures (faults)

- Allows for deep circulation of
fluids and conduits of good
permeability

56

200°C
150°C

100°C

% S (\\ /f/ Source: USNPS

Boden and Egg 2025‘"



GEOTHERMAL RISING CONFERENCE
OCTOBER 26-29, 2025 | RENO, NV

Geothermal T e
Systems in Nevada I 1] o
& Great Basin, USA = &3 g
2025 Great Basin ‘

Geothermal Power Plant
Capacity is ~1400 MWe.

* Power Plat:l; | joo

* Active Projects
NV = ~950 MWe for 31 coms i
power plants at 19 power

odified fro 2 Rhyolites < 1.5 Ma -

plant sites. oAt

sl Boundary of Great Basin
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Excmng Emerging Pursuits

. Generating Artificial Geothermal Reservoirs (Engineered
Geothermal Systems or EGS)
- DOE’s FORGE program
- Fervo Energy’s Project Cape, UT

. Developing Hot Sedimentary Aquifers

. Repurposing oil/gas wells for coproduction or depleted wells for
geothermal

- Reinvigorating waning conventional geothermal systems
. Harnessing Superhot/Supercritical Geothermal Reservoirs

. Advanced Geothermal Technologies
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Exciting
Emerging
Pursuits
(EGS)

59
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Engineered Geothermal Systems (EGS)

- Artificially generated convecting hydrothermal system.
 Inject water deep underground (3-5 km) into hot, previously impermeable rock
- Improve permeability via thermal shocking - hydroshearing and pumping water under hi-P (2000
to >8000 psi) = hydraulic fracturing.

- Fracture permeability achieved in stages via zonal isolation (using bridges and plugs) to maximize
size of engineered reservoir of newly formed permeable fractures

- Upside:

Have the potential to increase current geothermal power output by 1 to 2 orders of magnitude

(Tester et al., 2006). How so?
Hot rock is much more widely distributed than hot rock with circulating water (currently
developed conventional systems)
Much less restricted to specific geological favorable regions, such as along and near plate
tectonic boundaries

Significant reduction in CO, emissions by displacing fossil-fuel-fired power plants by making

geothermal power more W|despread than currentlg developed
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EGS (DOE-Supported FORGE Venture)

Image from:
.  Located in southwest Utah UTAH https://utahforge.com/
_ o Crater 7 laboratory/geoscience/
- Nearby operating geothermal 0
power plants are: On
- Thermo (14.5 MW-binary)
- Roosevelt or Blundell (34 MW-
integrated flash-binary) Ng e 2
- Cove Fort (25 MW-hybrid binary- /F

hydroelectric) Utah Sy W .

- Goal to develop a productive geothermal £\ o8 T Josepn 7
reservoir in largely impermeable granitic % RigyY Co?eFF' 2%
rock il B 7 = 4

ﬁavero / o ) ‘Zn
sThermo ) ', 26 /

61 Boden and Egg 2025



= b

v 30

EGS (DOE-Supported FORGE Project)
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Injection well shown in blue; production well shown in red.
Physical separation of two wells in reservoir ~150 m.

Each well drilled over a period of 2.5-3 months with TD in each
well of about 11k feet (~8000 ft deep with about 3000 feet lateral
legs

Bottom hole T about 230°C, reservoir T 175° to 225°C

Injection well stimulated in 3 stages in 2023 and connection to
production well demonstrated, but required hi injection pressure

Both wells further stimulated in spring 2024; a nearly month-long
circulation test yielded improved results:

« 8+ bpmyvs. <<1 bpm in 2023

*  90% of injected fluid returned at 188°C

* Induced seismicity minimal (<1.9 M)
Boden and Egg 2025

Utah FORGE

Solar Farm

L

15000

Image courtesy of
C. Jones and J.
Moore, FORGE

| Roosevelt Hot Springs
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Fervo Energy: Project Cape EGS project, UT

« Located about a mile west of the FORGE

project i | R
- As of February 2025, 1 vertical monitoring : =
well and 18 wells drilled from 3 drill pads (8k-9k e sseaminzie OH?'UH?GL
vertical feet with 4.5k to 5k foot-long horizontal 'SrsG;:\ T
laterals). ‘_ §/:~« . ;{
- 3 wells stimulated (2 injection, one N :
production) involving 80 stages of plug-and- et : g
perforate e s iy
- 30-day long production test had a peak outputof | S/ '\N/'gglzig :{t;r 2025%1 g
12 MW and sustained 8-10 MW ata T of 195°C  [== | B, T s
and mass flow rates of 90-100 kg/s (~1500 gpm) | : ~+| T 8%
« Very high power density calculated of 8-9 — o] = ‘ B = / '-a:\ e

MW/km?3; (Norbeck et al., 2024)
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Fervo’s Project Cape, UT
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E
g EERVO FORGE e BLUNDELL —
P Fnsco : ' ' P P : © 1235
Depth . - P Delano 82:33 I —,——«é
: LicidErisinild ek 2P ; ! :
T » 2P, §-32 78A32 et
i Acord-1 v - 34,47 1-08 {B; e 5 = T I W D s ) L
I—— F—1 - 4’
1000
A ——— In
2000 ' & st v : JJ_/';-%""" :
i ofl (7 44 S| | I _-I_
1_0.0'.9_21215_-—.——————“‘ : —,—":’
5000 —f g i g TR0
= oF i N [ S p—— p
s000— 125625 =+
7000_&;&1 ,__.’__ {7y L TN s "
AZ5°C4TFR. | —— fom =1
9000 : 1t
200°C 392°F | b i ==
10000 S s @ i
11000—R26°C 437Ff - [] Basin Fill Sediments
12000l Wl ca
'C 482°F) D Volcanics &Volcaniclastic
13000 . Granitic Basement
14000

No vertical exaggeration

As at FORGE, Fervo’s wells targeted the
granitic basement. Figures after Norbeck et al., 2025
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Project Cape, UT
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Fervo’'s plans to have 100 MW
%giéable by 2026, and 400 MW by

Ambitious timeline due to significant
advances in drilling rates, with 14k ft
wells drilled in ~20 days

30

0.00

- PDC bits o el 1- ot
.  Mud coolers e s e
- Applying lessons learned from j oo - Cae
previous drilling results : oo s
Google signed a 115 MW PPA with oo I
Fervo to deliver power for its data _— Project Red, NV

centers A\
14000.00 Prolec Cape, ut After El-Sadi et al., 2024
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Hot
Sedimentary
Aquifers
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generation temperatures of >~150°C.

Hot Sedimentary Aquifers [ , _mf, R

- Require permeable sedimentary NP A i a7 17 CathonatelAfvial S/
layers at depths of 3-5 km in regions AL R T8 5 P I S Sl 7‘“ A
of elevated heat flow (orange areas Samkecw"‘f/ﬁ i
>90 mW/m?) to achieve power of bl 2

- Potential aquifer basins include:
- Elko and Steptoe, NV

- Black Rock Desert and Pavant
Butte, UT

- Because of large surface areas and
rock volumes involved, potential
exists to produce 100s of MWs

67 Boden and Egg 2025



elevation m

-1000
-2000

"R Y
Hot Sedimentary Aquifers

2000
1000 —

S GEOTHERMAL RISING CONFERENCE

, OCTOBER 26-29, 2025 | RENO, NV

Schematic Cross Section

springs , 5 springs
Qal .................................... __——/ '.. :: =:
’ EGS / Ti Hot sedimentary aquifers PC
\ Fault-related hydrothermal systems ———-/ ';\tﬁifl 3;”(7)';770”8

5 10 km
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Note the large surface area of hot sedimentary aquifers
compared to fault-related geothermal systems developed
by current geothermal power facilities in Nevada

Boden-Egg 2025
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Superhot/
Supercritical
Geothermal
Systems
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Superhot/SupercrltlcaI Geothermal Systems (SGS)

Being explored by Iceland Deep Drilling Project (IDDP); Supercritical A
Geothermal Project in Japan; Geothermal: The Next Generation in |
| Critical point =

New Zealand, and NREL’s DEEPEN Initiative in the U.S.

 What is supercritical water?
* Fluid with properties intermediate between liquid and gas Water
(density of liquid but mobility of gas) Ice

* No surface tension at these conditions resulting in high buoyancy to
viscous forces and high mass transfer—>less permeability needed

compared to subcritical conditions 0.06
* Well tapping supercritical reservoir would have 5x —10x power output of / Sonm

218

—

Triple point

Pressure (atm)

a conventional well

* 5to 10 times fewer wells
needed, saving ~$25M-$50M

 H.R. Bill 8665—Supercritical geothermal research and development
act (Passed out of committee in Dec. 2024; yet to be voted on) Temperature (1C)
* (a) DOE to establish a program to research, develop, and demonstrate

SGS; (b) USGS to regularly assess geothermal resources; and (c) DOE
to collaborate with other agencies on geothermal activities

g%t 160 374
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Superhot Geothermal Systems

- IDDP-1 Well, Iceland

- Dirilled into rhyolitic magma at a depth of about 2
km before reaching supercritical pressure
conditions

- Flow tested well for about 2 years before
eventual wellhead valve failure and shut in:

* Produced 450°C superheated steam at 50 kg/s
and wellhead P of 40 bars

- Hottest geothermal well on planet while active - — {,’"ﬁ:;‘; ";\\“‘“
» Steam enthalpy ~3300 kJ/kg capable of 36 MW d - :
» Superheated steam inert in wellbore but became -

acidic and corrosive as steam began to condense
at wellhead (100 mg/kg of HCI)

IDDP-1: Magma enhanced geothermal well at Krafla,
* Heat flow across conductive boundary layer Iceland (Aug. 2012). Photo credit: K. Einarsson in
above 2rhyolltlc magma measured at 23,000 Fridleifsson et al. 2015
mW/m
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- Coproduction

- Reconfigure wells to coproduce
hydrocarbons and geothermally
heated water

- Heated water applied for direct
use to heat and cool buildings

- Depleted (Abandoned) oil/gas
wells

- Depending on T, residual water
in reservoir can be used for:
« Direct use, if hot enough
(>~40°C)
« A geothermal heat pump
(geoexchange system)

72
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Other emergin pursuits— Repurposing oil/gas wells

WELLS OF
OPPORTUNITY

Retrofitting Abandoned
Oil Wells for Clean Energy

lon B8R, ACERR,  FEED, .
UNPRODUCTIVEOIL WELL ~ = =

BEFORE

¥ WELLS OF
 OPPORTUNITY

Retrofitting Abandoned EX

Oil Wells for Clean Energy r --.I

Graphic modified from NREL publication . . [T} mes CLL8
~ SCHOOL

Full Steam Ahead:

https://www.nrel.qov/news/features/20
23/full-steam-ahead-unearthing-the-

power-of-geothermal.html

Boden and Egg 2025
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‘Other Emerglng Pursuits-- Resuscitating Anemic
Conventional Geothermal Systems

- Zanskar's Lightning Dock Power Plant

» Made use of Al-supported stochastic resource ) «—— Pump installed approx. here
modelling to simulate drilling scenarios incorporating '
existing data 1 Non PDC wells

* Using PDC drilling bits, drilled an 8600 ft deep well
in 32 days to tap hotter region of a fault-controlled
reservoir

» Steered upper portion of well within 1° of vertical
using mud motors and directional drilling equipment

* Allowed installing a 14-inch diameter line-shaft pump |10 20 30 40
at greater depth resultlng_ln the most productive 0 w Modified after
pumped geothermal well in U. S. Days Edwards et. al.,

* This one well restored power output from 5 MW to 2025

plant’'s nameplate capacity of 15 MW
73 Boden and Egg 2025
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Advanced GEOthermal SySte mS XGS Energy GreenFire Resources

- Two different configurations being explored:

* 1. Modify existing nonproductive wells
(Downhole heat exchanger—GreenFire and
XGS Energy)

e 2. Drill deep well with multiple laterals at depth to
extract heat (Eavor closed-loop configuration)

Pump ,

Down Bore
Heat Exchanger
(DBHX)

- Downhole Heat Exchangers

* Well pipe surrounded by Thermal Enhancement
Material to facilitate conduction in liquid-
dominated reservoirs (XGS Energy)

» GreenFire’s technology mainly used in steam- 4
and 2-phase geothermal reservoirs S

s
[Elier =

Feed zones —— -<—— Feed zones

Geothermal
fluids from
the feed
zones transfer
heat to the

' DBHX and

/] condenseon
{7 the outside of
the DBHX.

Condensed geothermal
fluids descend to the bottom
of the DBHX and recirculate
back to the reservoir.

* Steam condenses on outside of borehole
transferring additional latent heat to injected
fluid from that provided by conduction alone

Steam GreenLoop and 2-Phase GreenLoop Designs
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- Deep Lateral Wells Configuration (Eavor Technology) Advanced Geothermal—

 Afluid with a low boiling point is injected into a series of piping
laterals at depth where it picks up heat to return to the surface to Closed Loor
fuel a power plant and then reinjected £14

- Potential Advantages:

« Can be applied anywhere (scalable) First.cbmmércial

* No need to find zones of natural permeability deployment in Gerestreid, -

* No need to artificially induce permeability via Germany as a planned
rock fracturing (EGS)—reduced induced seismicity combined heat and power

« Avoids potential problems of producing from geothermal fluids facility. Operation is 3-4 km
(scaling and corrosion of equipment) scheduled to begin in

 No added or make-up water needed 2025.

- Potential Challenges:

 Potential cooling of working fluid with time (working fluid heated
by conduction (slow heat transfer) compared to convection)

* Initial high cost due to technologically advanced drilling

technology (deep lateral well configuration and casing)
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Learning Objectives:
Thermal Energy Networks for Communities

Main topics of the presentation.

76

Objective 1: Understand the context and verbiage of heat pumps in clean
heating and cooling technology

Objective 2: Identify the importance, adaptability, and benefits of the
technology as vital to infrastructure and building construction

Objective 3: Understand existing barriers to geothermal energy network
adoption and how to manage them

Objective 4: Understand how direct use of hot fluids may be used:
as a source of heating for municipalities or for individual properties
as a source to also cool using absorption chillers

Ohbjective 5: Internalize our collective capability and responsibility to make these
changes

Boden and Egg 2025
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Dave’s RECAP

- What makes the Earth viable to help meet our clean energy needs?
- How are energy and power related and measured?

- How does depth and T impact uses of geothermal energy?
- Indirect Use - electrical power
- Sometimes both direct and indirect for combined heat and power plants

- What criteria are needed to make a geothermal fluids viable for power
development?

- What are some key attributes and challenges of geothermal power development?
- Where are most developed geothermal systems found (conventional systems)?

- Why is Nevada prospective for developing geothermal energy?

- What are some exciting new technologies for expanding geothermal energy?
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THANK YOU!

Dave Boden
dboden@tmcc.edu

Jay Egg
jegg@egggen.com

Mgeothermal
‘ prOSpect c‘hll,;.; ‘

Image credit:
GeoGlobal
Energy Corp.
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