hermal 101 : Clean Energy
A Air Conditioning to Space
Heating to Electrical Power

\5- . A
ave'R: Boden Jay Egg
' 5Sor Emeritus Egg Geo, LLC
e Mdws. Comm. College St. Petersburg, FL 33716

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



| Bk e

: DA
a2 ,&* b GRC =  GEOTHERMAL RISING CONFERENCE
LT 52 OCTOBER 26-29, 2025 | RENO, NV

L e el
Agenda

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

A How are energy and power related and measured?

A How depth and T impact uses of geothermal energy?
A Direct use- thermal power for heating and cooling
A Indirect use- electrical power

A How can geothermal energy networks and direct use-
hugely help our energy needs?

A Geothermal heat pumps and thermal energy networks

A Deep direct use of hot geothermal fluids for space heating
(Boise, ID; Paris, France; Peppermill Hotel)

A How hot geothermal fluids can also cool (absorption chillers)
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Agenda (cont o0od)
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A Using Hotter (B120°C) Geothermal Systems

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

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

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

S—

nd

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

A Recap summaries by Jay and Dave
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A Earth is a giant heat engine-- ability to do work

A What might be examples of this work?

A Erupting Volcanoes

A Earthquakes
A 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!)

A Plate Tectonicsi continual movement of great chunks
of Earthds crust and upper
for a long time (heat energy that drives plate tectonics)

A Thermal energy is vast!

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

4 Boden and Egg 2025
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What makes the Earth a
viable source of CLEAN
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Distinguishing and Measuring Energy and Power

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

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

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

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

A 1 MWe of power serves ~800 homes on average

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

A For geothermal :
A Electrical power can be measured by mass flow rate (kg/s) x enthalpy (kJ/kg)A kWe (Indirect Use)
A Thermal power can be measured by mass flow rate (kg/s) x Cp(kJ/kg3 ) x T3 A kWit (Direct Use)
5 Boden and Egg 2025
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USES OF GEOTHERMAL ENERGY Soure: Gethermol o
A Produce electrical power (T > 1203 ) C_ D 308 B Geothermal
A Deep direct use of geothermal fluid (T > 403 ) o AVl b sy

A More energy efficient than power production Usesofgethrnal ey
A Heat (cool) buildings and homes —

A Aquaculture (fish hatcheries)
A Greenhouses and fruit/vegetable drying

A Shallow direct use--Geothermal Heat Pumps (T
10Jzp L 3

A Can be used anywhere Q
A Use Earth as a thermal bank

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

A More efficient to move energy than produce
energy

A Largest application of direct use (71%) < s A S ——

**Cool water is added as needed 1o make the temperature just right for the fish.

Boden and Egg 2025
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Uses of Geothermal Energy with Depth and
Temperature Part . Jayaos Te%')eritu‘?et(’oé)s I on

350

Heat Pumps and
Thermal Energy
Networks

BINARY
PLANTS

Depth (km)

Deep Direct Use \

of Geothermally Modified after
. Moore and

Heated Fluids 1 Simmons, 2013
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31 1:Low Temperature Geothermal
& Utility Thermal Energy Networks
s and Direct Use

’" A\ Jay Egg

h
.

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

Boden-Egg 2025



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

Geothermal 101; Thermal Energy Networks
for Communities

Office
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' v
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Learning Objectives:
Thermal Energy Networks for Communities

Main topics of the presentation.

A Objective 1Understand the context and verbiage leéat pumpsin clean
heating and cooling technology

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

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

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

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

10 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
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Securing Our Future: Why Early Education is a
Critical Industry Investment

2 Wiy i hegeohermal house h hapiesthouse o testre
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Engaging Our Youngest Learne
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A Happy House Story
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A Freezer (5° F) A Stopwatch A Bucket of Ice
(32° F)

\\\\\\
< \\

2 Bottles of Water A Thermometer

17 Boden and Egg 2025



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

18 Boden and Egg 2025



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

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
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Convert Natural Gas to Geothermal Energy Networks

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

o

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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R
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Thermal Energy Networks
Eliminate Cooling Towers and Boilers

Boiler

29 Boden and Egg 2025
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Heat Pumps, Networks, and Water
Energy

i
COLORADO MESA

U NIYEREITY
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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
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Energy

Management
Centre

Clean Heat Harvesting
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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 ML
LOCATION OmA TTANOOGA ™
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Uses of Geothermal Energy with Depth and

Temperature p N

Temperature (°C)

150 200 250 300 350

Deep Direct Use -
of Geothermally ..
Heated Fluid

Depth (km)

3

BINARY [
PLANTS
FLASH PLANTS

& STEAM TURBINES

Modified after Moore
and Simmons, 2013
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v "3, wa
Deep Geothermal Direct Use 0 Community Scale

A Boise, ID district geothermal heating system
A Largestin U. S.

A Began in 1890 (not a typo!) Piact ke

A System now heats about 7.5M ft2 in about 100
buildings

A Fluid T: 72-753

A Paris, France district geothermal system Gl o
A Established in 1969 { eI TR T
A Exploits the Dogger aquifer at 1.51 2 km depth with g R Deefrs;‘f "‘

geothermal fluids at 603 Injection o Direct
A Serves 2M people in about 250,000 homes using - Figure source:

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

production / injection well system

37 Boden and Egg 2025
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A Major conversion to direct use in 2007-2009

A Drilled two new wells, one for production and e = ——
one for injection RN . T
A Production well ~4400 ft deep produces ~1500 Rem et S g
gopmata T of 1704 174¢ (773793 ) 156 OF 173°9F
A Injection well ~3900 ft deep accepts 2000 gpm G || A R s
(pump assisted) located N ‘——“1500&—"—* S

A Heats entire campus kI GeothermialHeating
A Reduced NG consumption by ~85% saving o R e
~$2.25M/yr in 2010

A ROI ~3.5 years!

Modified aftér image courtesy of Peppermill

38 Boden and Egg 2025
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Hot geothermal fluids can cooltoo 0
Absorption Chillers

—>

A Use heat energy (from geothermal fluid) instead of 2 Refrigerantvapor (RS 3
electrical/mechanical energy (compression chillers) to transfer Condenser— :
heat from building to outside; Separator — [T o’ Orifice —=

: . . St Evaporator—| ¢ &30, :

A Hot geothermal fluid used to boil (separate) refrigerant from (. Chiled vater— - Cold fluid
absorbent (1 and 2), refrigerant vapor then condensed (3) and Lift pxpe — = / for cooling
evaporated at low pressure (4) which absorbs heat to cool oo T H -»> 4
environment; Hot — Absorber

) _ _ _T_’ <4~ Cooling water

A Refrigerant vapor recondenses when mixed with a concentrated ge?therma =
absorbent residual from the boiling done previously (5); id Generator  Heat 06xchanger 5

A Absorbent-refrigerant mixture then pumped (only electrical [727] Vapor retrigerant
energy used ) through heat exchanger to be reheated and boiled EUM'O’"W"* =C""Cd Water

H Concentrated Iithium bromide solution Cooling water
from hot geothermal fluid to repeat the cycle (6). B e i rominietmmnt sitin: T ooy
A Minimum geothermal fluid T to drive cycle is about 160°F ( 703 ) Modified After Hoffschmidt et al., 2022

39 Boden and Egg 2025
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Potential
Absorption Chiller
Hydronic District
Layout for — :
a District S+ =

HE 3
o | y 4 ‘
28°C| 35 | L71.108°C
mAML 12.2°C ISISOURCE 3
67°C ! 8370/5800880 W b soce 1
= iE 2 31527.7 WM E
TRANSFER 1 l I 4
S626960 W
897 9 MWYHABSORPTION CHILLER
TRANSFER 2 i 3
5626960 W —r
A
5625 KW S
1600 TONS
ol i
4
b ' 8 B == = -l 7S ! e 5
B
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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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' - Power Generation
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£ 7 t 4
Temperature 0w m e m
- > Vapor
PUMPs DISSST ~ Domihated
_ ;) BINARY | SN
H Ig h er T PLANTS Uo Dominat’e%@
o =2 - FLASH ‘PLN»\ITS ;
E |eCtr|C|ty s \ tr,-%pro & STEAM TURBINES
. “% g dUC/'ng ; .
Producing -
Systems ‘]
| Modified after Moore
and Simmons, 2013
p
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What is needed to make a conventional geothermal
system viable for power development?

A Five main criteria to make a ” i Ty .
N Injection Wells | e Production Wells 5
hydrothermal resource ol . of O , %

economically viable:

1. Large heat source (T of fluid
>~1203 )

2. A permeable reservoir (>~100mD
or

3. A supply of water

4. A impermeable cap rock

5. A steady recharge mechanism

Boden, 2022

Maoma
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Types of Geothermal Systems and Related
Power Plants 0 Vapor (Steam) Dominated

A Provide greatest amount of power per mass of
fluid

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

[

Condenser

A In order for fluid to occur as steam, reservoir is R ge———
underpressured compared to surrounding rockod
geologically rare conditions t B IS

A World class examples are The Geysers, CA and 2

W
1‘1\
4
v

Larderello, Italy (the first commercially produced
geothermal reservoir for power generation in o Sase, 2003
1913).
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Types of Geothermal Systems and Related
Power Plants 0 High T, Liquid Dominated
T O =180

Original mainstay of the industry (flash)

| — =

Genarator
—

=% Turhine ===

W

|
Condersar

Fluid exists as a liquid in reservoir

F—-,

Fluid starts to boil as pressure falls when fluid rises up well E __ )
(mixture of steam and liquidd 2 phase fluid) I Wellhead _ Ground surisce _Wellhesd S __

o Io Do I

separator

To

EXPLAMATION

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

ace injection

Subsu

A Only steam goes to turbine, and brine is re-injected

A Energy is partitioned between steam and brine unlike vapor-

dominated reservoirs
46 Boden and Egg 2025
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Types of Geothermal Systems and Related Power
Plants 0 Moderate T, liguid dominated
A T>~120°- 180°C P e

A Provide an increasing proportion of power for 2 reasons: g S jﬂE Carorator
A Lower T systems are more common than high T systems ‘ | === p—
A Reservoir stability over time e e
A Binary systems:
A Two fluidsd the geothermal fluid provides the heat, and a working BAY SNSRI S
fluid that serves the turbo-generator E EXPLANATION £
A Geothermal fluid passes through heat exchanger to flash working fluid E};‘:ﬁ“mw £
having a low boiling point to generate more steam pressure than [ scbutane fquic 4?;
water N P . E*
A Both geothermal and working fluids form closed loops -] B

A No GHG emissions -
A Water conservative when combined with air cooled condensers

47 Boden and Egg 2025
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Other Types of Geothermal Power Plants 1

Synergistic Configurations
A Integrated Flash-Binary

-

After DiMarzio et al., 2015

A Brine goes to a bottoming binary plant to produce power prior to 07
reinjecting to increase power output s

A Hybrid Binary Geothermal and Solar Facilities 2 0
A Stillwater Triple Hybrid Facility -

A 33 MW capacity geothermal
A 53 MW solar PV (boosts power output during summer)
A 17 MWt from concentrated solar provides about a 2 MWe boost to

plant o E—
A Combined Heat and Power Facilities baHows
A I\H/I?/{}![Sheldl, Iceland has installed capacity of 303 MWe and 400 e Goo W m S DV

Combined [MW]

A Fresh water heated, via steam condensation and heat
exchangers, to 83-933 and sent to Reykjavik via a 20-km long
pipeline at ~2000 kg/s (30,000 gpm).
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Geothermal Energy Attributes

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

A E.g., Puna geothermal power plant, HI can ramp up or down from 22 MW to 38 MW at
1-2 MW/min

A 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

49 Boden and Egg 2025
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Geothermal Enerqy Attributes

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

A 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:
A Minor or no greenhouse gas emissions

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

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

50 Boden and Egg 2025
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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

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

A Require a special orchestration of geologic processes not widely met:

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

A Potential solutions include:

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

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

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

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

Levelized PPA Price (2021 $/MWh) A Potential solutions:
140 5 . c
Historical | Projected A POIle Intervention to promOte non-
120 Based on empirical analysis, PV+S (100%) is Intel’mltter]t I’enewab|e energy
set at a $10/MWh premium over PV+S (50%)
100 . sources

80 A e. g., 2021 CPUC Energy Procurement
Geoth I I iti
. eotherma _$55/MWh Order requires an additional 2000 MW of
PVAS (100%, 4-hour) " +-rrrrrrrrecccecrere geothermal by 2035 |
40 — —  ~$36/MWh A Expand oil and gas exploration

PV4+S (50%, 4-hour) — = = = —aae ., efficiencies that currently do not require
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 A Advances in drilling technology to

e lower costs via faster drilling times
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Challenges for Geothermal Power Development

3. Possible Induced Seismicity

A 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
35 :
|

|

|

|

1

A Generally small magnitude events, mainly <0 to about 2 (most ;21N frequency with time

canoét be felt)
A 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

A Basel EGS project cancelled due to a swarm of EQs (largest 13445 4 I 5
being 3.4M related to injection during reservoir stimulation in Junnlndl
2009 25222222227
A Solution:
A Inject at lower rates After: J. Garcia et

A 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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Worldwide Distriution of Power -Producing Geothermal

(Geothermal system development worldwide
(ConventionalSystems)

180°

T

ktid

i\

M T |§ T T T
S Y o
Great Basin 763 T :
/ 1400 EURASIAN | 2 o
@) 29 L2 N4 N
Bo /’ 060 4 .
622

San Andreas
2,400

| 1207 .
Installed Capacity (MWe) in Blue

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

| After Duffield Wﬁ W
Note correspondence between distribution of current .and Sass, 203 A S S S

geothermal systems and boundaries to tectonic plates Tectonic Plates
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What I\/Iakes the Great Basin (Nevada) So Prospectlve
for Geothermal Energy? |

A Crust is being stretched and
thinned

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

A Hot rocks of mantle are closer to

200°C

150°C

100°C

surface ’
A As crust is stretched, rocks Ear ) i
break to make fractures (faults) O YE TN
A Allows for deep circulation of ) '/‘;,’ Ik
fluids and conduits of good Ly 0y source:uswes
permeability Qs 7
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Geothermal T e
Systems in Nevada L 1) 2y
& Great Basin, USA = &3 g0 N
2025 Great Basin k

Geothermal Power Plant
Capacity is ~1400 MWe.

DA ¥ ,o
* Power Plants ”
0O
* Active Projects
— Geothermal Systems
—~
NV = ~950 MWe for 31 @ > 150deg. ¢
@ 100 -160 deg. C

power plants at 19 power

odified 1rc B Rhyolites < 1.5 Ma

plant sites. oA

sl Boundary of Great Basin
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Exciting Emerging Pursuits

A Generating Artificial Geothermal Reservoirs (Engineered
Geothermal Systems or EGS)
A DOEOs FORGE program
A FervoEner gyos Project Cape, UT

A Developing Hot Sedimentary Aquifers

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

A Reinvigorating waning conventional geothermal systems
A Harnessing Superhot/Supercritical Geothermal Reservoirs
A Advanced Geothermal Technologies
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EXxciting
Emerging
Pursuits
(EGS)

59

Depth (km)

Temperature (°C)
50 100 150 200 250 300 350

| Moadified after Moore
and Simmons, 2013

Vapor

Dominated

BINARY < %
&
’L

PLANTS
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Englneered Geothermal Systems (EGS)

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

to >8000 psi) A hydraulic fracturing.
A Fracture permeability achieved in stages via zonal isolation (using bridges and plugs) to maximize
size of engineered reservoir of newly formed permeable fractures

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

(Tester et al., 2006). How so0?
A Hot rock is much more widely distributed than hot rock with circulating water (currently
developed conventional systems)
A Much less restricted to specific geological favorable regions, such as along and near plate
tectonic boundaries
A 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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