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Agenda
ÅWhat makes the Earth viable to help meet our clean 

energy needs?

ÅHow are energy and power related and measured?

ÅHow depth and T impact uses of geothermal energy?
ÅDirect use-- thermal power for heating and cooling
ÅIndirect use-- electrical power

ÅHow can geothermal energy networks and direct use
hugely help our energy needs?
ÅGeothermal heat pumps and thermal energy networks

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

ÅHow hot geothermal fluids can also cool (absorption chillers)
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Overture 

(Background 

Fundamentals)

Part 1: Jayôs look at using 

the Earth as a thermal 

bank (addressing the 

òelephant in the roomò).



Agenda (contôd)

ÅUsing Hotter (>Ḑ120°C) Geothermal Systems 

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

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

ÅWhere are most currently developed geothermal systems found?

ÅWhat makes Nevada prospective for geothermal energy?

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

ÅRecap summaries by Jay and Dave 
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Part 2: Daveôs 

look at higher T 

geothermal 

fluids and power 

generation.

Source: 

Yellowstone 
Naturalist
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ÅEarth is a giant heat engine-- ability to do work

ÅWhat might be examples of this work?

ÅErupting Volcanoes

ÅEarthquakes

Å2011 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!)

ÅPlate Tectonicsïcontinual movement of great chunks 
of Earthôs crust and upper mantle over great distances 
for a long time (heat energy that drives plate tectonics)

ÅThermal energy is vast!

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

What makes the Earth a 
viable source of CLEAN 
energy?

Free flowing well at Beowawe, NV



Distinguishing and Measuring Energy and Power
ÅBasic unit of Energy is Joule ; basic unit of Power is Watt

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

Å1 Watt of Power = 1 Joule per second (P = E/t)

ÅOne kiloWatt (1 kW) = 1000 Joules/second; one MegaWatt (1 MW) = one million joules/s

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

Å1 MWe of power serves ~800 homes on average

ÅEnergy = Power x timeĄ kiloWatt x time (in power industry unit of time is hour)Ą kWh

ÅEnergy generated from power plants measured in MegaWatt -hour (MWh) or GigaWatt -hour (GWh) 

ÅPalo Verde nuclear plant in Arizona (4.0 GW of power x 24 hrs/day = 98 GWh of energy per day)

ÅServes ~70% of AZ energy needs and no GHG emissions

ÅFor geothermal :

ÅElectrical power can be measured by mass flow rate (kg/s) x enthalpy (kJ/kg)Ą kWe (Indirect Use)

ÅThermal power can be measured by mass flow rate (kg/s) x Cp(kJ/kgᴈ) x TᴈĄ kWt (Direct Use)

Boden and Egg 20255



Å Produce electrical power (T > 1ͯ20ᴈ)

Å Deep direct use of geothermal fluid (T > 4ͯ0ᴈ)
Å More energy efficient than power production

Å Heat (cool) buildings and homes

Å Aquaculture (fish hatcheries)

Å Greenhouses and fruit/vegetable drying

Å Shallow direct use--Geothermal Heat Pumps (T 
10Јɀρυᴈ
Å Can be used anywhere

Å Use Earth as a thermal bank

Å Reduce energy costs by as much 40%. Why?
Å More efficient to move energy than produce 

energy

Å Largest application of direct use (71%)
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USES OF GEOTHERMAL ENERGY



Uses of Geothermal Energy with Depth and 
Temperature
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Modified after 
Moore and 
Simmons, 2013

Deep Direct Use 

of Geothermally 

Heated Fluids

Heat Pumps and 

Thermal Energy 

Networks

Part 1:Jayôs Discussion



GEOTHERMAL 101 2025
PART 1: Low Temperature Geothermal 

Exchange Utility Thermal Energy Networks 
and Direct Use

Jay Egg

Boden-Egg 2025
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Learning Objectives:
Thermal Energy Networks for Communities 

Main topics of the presentation.

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

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

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

Å Objective 4: Understand how direct use of hot fluids may be used:
Å as a source of heating for municipalities or for individual properties 

Å as a source to also cool using absorption chillers

Å Objective 5: Internalize our collective capability and responsibility to make these 
changes
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Securing Our Future: Why Early Education is a 
Critical Industry Investment
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Engaging Our Youngest Learners: "A Happy House Storyò
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Building on the Basics
An Introduction to Geothermal Heating and Cooling
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From Concept to Classroom: Making the Science Tangible
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Your Role in Building the Future: A Call to Action
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Uses of Geothermal Energy with Depth and 
Temperature
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Deep Direct Use 
of Geothermally 
Heated Fluid



Deep Geothermal Direct Use ðCommunity Scale

Å Boise, ID district geothermal heating system
Å Largest in U. S.

Å Began in 1890 (not a typo!)

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

Å Fluid T: 72-75ᴈ

Å Paris, France district geothermal system
Å Established in 1969

Å Exploits the Dogger aquifer at 1.5ï2 km depth with 
geothermal fluids at 60ᴈ

Å Serves 2M people in about 250,000 homes using 
50 heating networks, each consisting of a doublet 
production / injection well system
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Peppermill Hotel Geothermal Direct Use

Å Major conversion to direct use in 2007-2009

Å Drilled two new wells, one for production and 
one for injection

Å Production well ~4400 ft deep produces ~1500 
gpm at a T of 170Јï174ᴌ (77Ј-79ᴈ)

Å Injection well ~3900 ft deep accepts 2000 gpm
(pump assisted) located 

Å Heats entire campus

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

Å ROI ~3.5 years!



Hot geothermal fluids can cool too ð
Absorption Chillers
Å Use heat energy (from geothermal fluid) instead of 

electrical/mechanical energy (compression chillers) to transfer 

heat from building to outside;

Å 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;

Å Refrigerant vapor recondenses when mixed with a concentrated 

absorbent residual from the boiling done previously (5);

Å 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). 

Å Minimum geothermal fluid T to drive cycle is about 160°F ( 70ᴈ)
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Geothermal 101 2025

PART 2: Geothermal Systems for 
Power Generation

Dave R. Boden
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Higher T 

Electricity 

Producing 

Systems

Uses of Geothermal Energy with Depth and 
Temperature



What is needed to make a conventional geothermal 
system viable for power development?

Å Five main criteria to make a 
hydrothermal resource 
economically viable:

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

2. A permeable reservoir (>~100mD 
or 
>~10-14 m2)

3. A supply of water 

4. A impermeable cap rock

5. A steady recharge mechanism
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Impermeable cap rock



Types of Geothermal Systems and Related 
Power Plants ðVapor (Steam) Dominated
Å Provide greatest amount of power per mass of 

fluid

Å Because reservoir is already steam, all fluid 

mass goes to turbine

Å In order for fluid to occur as steam, reservoir is 

underpressured compared to surrounding rockð

geologically rare conditions 

Å World class examples are The Geysers, CA and 

Larderello, Italy (the first commercially produced 

geothermal reservoir for power generation in 

1913).
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Types of Geothermal Systems and Related 
Power Plants ðHigh T, Liquid Dominated
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Å T Ó ~180°C

Å Original mainstay of the industry (flash)

Å Fluid exists as a liquid in reservoir

Å Fluid starts to boil as pressure falls when fluid rises up well 
(mixture of steam and liquidð2 phase fluid)

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

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

Å Energy is partitioned between steam and brine unlike vapor-
dominated reservoirs



Types of Geothermal Systems and Related Power 
PlantsðModerate T, liquid dominated
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Å T > ~120º - 180°C

Å Provide an increasing proportion of power for 2 reasons:

Å Lower T systems are more common than high T systems

Å Reservoir stability over time

Å Binary systems:

Å Two fluidsðthe geothermal fluid provides the heat, and a working 
fluid that serves the turbo-generator

Å Geothermal fluid passes through heat exchanger to flash working fluid 
having a low boiling point to generate more steam pressure than 
water 

Å Both geothermal and working fluids form closed loops

Å No GHG emissions

Å Water conservative when combined with air cooled condensers



Other Types of Geothermal Power Plants ï
Synergistic Configurations
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Å Integrated Flash-Binary
Å Brine goes to a bottoming binary plant to produce power prior to 

reinjecting to increase power output

Å Hybrid Binary Geothermal and Solar Facilities
Å Stillwater Triple Hybrid Facility
Å 33 MW capacity geothermal
Å 53 MW solar PV (boosts power output during summer)
Å 17 MWt from concentrated solar provides about a 2 MWe boost to 

plant

Å Combined Heat and Power Facilities
Å Hellisheidi, Iceland has installed capacity of 303 MWe and 400 

MWt
Å Fresh water heated, via steam condensation and heat 

exchangers, to 83-93ᴈ and sent to Reykjavik via a 20-km long 
pipeline at ~2000 kg/s (30,000 gpm).



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

Å 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;
Å 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);

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

Å 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



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

MW produced)

Å 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:
Å Minor or no greenhouse gas emissions 

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

power plant

Å Binary plants have ZERO greenhouse gas emissions

Å Small footprint for power produced 

Å Land available for multiple use
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Small Footprint



Challenges for Geothermal Power Development
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Å 1. Currently developed geothermal systems are location restricted

Å Presently biggest problem for more widespread geothermal application

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

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

Å Potential solutions include: 

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

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

Å Use of downhole heat exchangers and closed loop technologies



Challenges for Geothermal Power Development

Å 2. Higher cost compared to solar PV and wind
Å Reflects higher risk and expense to develop geothermal resources
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~$55/MWh

~$36/MWh

ÅAdvances in drilling technology to 

lower costs via faster drilling times

Modified after 

Bolinger et al., 2023

Å Potential solutions: 

ÅPolicy intervention to promote non-

intermittent renewable energy 

sources
Åe. g., 2021 CPUC Energy Procurement 

Order requires an additional 2000 MW of 

geothermal by 2035

ÅExpand oil and gas exploration 

efficiencies that currently do not require 

EA or EIS under NEPA to also include 

geothermal (CXs being considered)



Challenges for Geothermal Power Development

3. Possible Induced Seismicity
ÅCan occur from both production and injection of fluids (rock 

contraction from withdrawal of fluids and cooling during 

injection)

ÅGenerally small magnitude events, mainly <0 to about 2 (most 

canôt be felt)

ÅLargest at The Geysers about 4.5M; largest on record is 

Pohang event in South Korea at 5.5M

ÅBasel EGS project cancelled due to a swarm of EQs (largest 

being 3.4M related to injection during reservoir stimulation in 

2009

ÅSolution:

Å Inject at lower rates

Å Spread injectate (via drill legs) over a larger volume of rock 

limiting pore water pressure that can cause rock to break
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Note general decrease 

in frequency with time

After: J. Garcia et 

al., 2012



Worldwide Distribution of Power -Producing Geothermal 
Systems
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Note correspondence between distribution of current 

geothermal systems and boundaries to tectonic plates

Total: 16,873 MW 

MWe

(As of January 2025)

Tectonic Plates

1400

1207

1600



What Makes the Great Basin (Nevada) So Prospective 
for Geothermal Energy?
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Å Crust is being stretched and 
thinned
Å Results in high heat flow 

(>~90 mW/m2)

Å Hot rocks of mantle are closer to 
surface

Å As crust is stretched, rocks 
break to make fractures (faults) 
Å Allows for deep circulation of 

fluids and conduits of good 
permeability

Source: USNPS



Geothermal 
Systems in Nevada 
& Great Basin, USA
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2025 Great Basin 

Geothermal Power Plant 

Capacity is ~1400 MWe.

NV = ~950 MWe for 31 

power plants at 19 power 

plant sites.

Image 

modified from 
M. Coolbaugh
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Exciting Emerging Pursuits 
Å Generating Artificial Geothermal Reservoirs (Engineered 

Geothermal Systems or EGS)
Å DOEôs FORGE program

Å FervoEnergyôs Project Cape, UT

Å Developing Hot Sedimentary Aquifers

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

Å Reinvigorating waning conventional geothermal systems

Å Harnessing Superhot/Supercritical Geothermal Reservoirs

Å Advanced Geothermal Technologies
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Exciting 

Emerging 

Pursuits 

(EGS)
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Engineered Geothermal Systems (EGS)
Å Artificially generated convecting hydrothermal system. 
Å Inject water deep underground (3-5 km) into hot, previously impermeable rock

Å Improve permeability via thermal shocking Ą hydroshearing and pumping water under hi-P (2000 
to >8000 psi) Ą hydraulic fracturing.

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

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

(Tester et al., 2006). How so?

Å Hot rock is much more widely distributed than hot rock with circulating water (currently 
developed conventional systems)

Å Much less restricted to specific geological favorable regions, such as along and near plate 
tectonic boundaries

Å Significant reduction in CO2 emissions by displacing fossil-fuel-fired power plants by making 
geothermal power more widespread than currently developed
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