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U.S. Hydrocarbon Production The U.S. is the World’s Largest O&G Producer:
(Million Barrels Oil Equivalent per day) Oil — Condensate — NGLs — Natural Gas

> 22% of total global production
Approaching OPEC’s level of output
=20 MMBOEPD > Saudi Arabia’s output
=15 MMBOEPD > Russia’s output

America’s Unconventional Revolution has:
* Enhanced U.S. energy security

/ _ * Invigorated economic growth
Onset of use of Hydraulically

fractured Horizontal Wells to * Shrunk America’s trade deficit
Develop Unconventional Reservoirs

(circa 2005) * Reduced GHG emissions

0 | Hydraulically fractured horizontal wells are
1900 1940 what enabled these results to be achieved

Sources: U.S. EIA, Energy Insights, and BP websites




Generating Electricity at Scale from Geothermal Resources

Production Well

Injection Well

Power Plant

Production Well

Key Subsurface Components

- Hot Rocks (>350° F)

- Large Fracture Surface Area”

- High Fluid Flow Rate




Geothermal Resources
Represent a Nearly Inexhaustible Supply of Energy
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But U.S. Electricity Output
from Geothermal is Negligible

2022: 1.8 Gigawatts
0.4% of U.S. Total
Electrical Output
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Hydrothermal Systems Enhanced Geothermal Systems (EGS)

Vertical Wells Horizontal Wells

Hot
Produced “Cold” Injected Fluids

Fluids
Extensive Network of t

Open, Conductive, _
Hot-Fluid-Filled Extensive Network

Fractures of Closed, Dry,
Non-Conductive
Fractures
(simplified depiction)

(simplified depiction)
: Open Hole
Completions
_ _ Comp

A
-

Conductive
Conductive Hydraulic Fractures

Hydraulic Fracture \ (simplified depiction)

(simplified depiction)

N~ -
-

Cross section views; not to scale

EXCEEDINGLY RARE EXCEEDINGLY DISAPPOINTING THE RIGHT TOOL FOR THE JOB
Example: The Geysers, California Example: Most EGS projects 1970-2023 Examples: Fervo and Utah FORGE 5




EGS with Vertical Wells

“Hot” Produced
Fluids

“Cold” Injected
Fluids

Cross section views; simplified depiction of hydraulic fractures; diagrams are not to scale

1 )

Time Z

EGS with Horizontal Wells




Fervo Blue Mountain Nevada
Demonstration Project

34-22 Production Well
34A-22 Injection Well

73-22 Observation Well

Diagram taken from 2023 paper by Jack Norbeck and Tim Latimer

Fervo & Utah FORGE Accomplishments to Date’
* Ability to drill horizontally in hot, hard rocks
* Drilling time: from = 150 days to < 25 days?
* Viability of plug & perf completions at > 400° F

* Establishment of connectivity between
horizontal injectors and producers

e Record setting EGS production rates

* Consistent placement of injected fluid across
> 3,000’ of horizontal section

 Numerous sources suggest thermal longevity
greater than a decade in duration is achievable

Yncludes results from both Fervo’s Blue Mountain Nevada demonstration project and their Cape Project commercial development in SW Utah
2For a 10,000’ MD well drilled predominantly through hot, hard, abrasive basement rocks




O&G Industry Technologies will be Critical for the Success of EGS

RGE PROJECT
m:l"i:l.o 16 (78132




U.S. Electricity Output from Geothermal U.S. Oil & Natural Gas Production

(Gigawatts) (Million Barrels of Qil Equivalent per Day)
35 5
125 =
High
(LCOE <
S45 MWh)
Mid
(LCOE =~
S60 MWh) /
. ' Onset of use of Hydraulically
2022: 1.8 GW, Low Fractured Horizontal Wells to
0.4% of U.S. Total (LCOE = Develop Unconventional Reservoirs
Electrical Output 570 MWh) (circa 2005)
O [ I [ 0 | | |
1990 2020 2050 1900 1940 1980 2020

Sources: U.S. EIA for 1990 to 2022; Author projections from 2023 to 2050; Total U.S. Consumption 2022 = 482 GW; 2050 DOE Estimate = 630 GW Sources: U.S. EIA, Energy Insights, and BP websites



The Need for Abundant, Affordable, Clean Firm Electricity is Skyrocketing

Microsoft will be carbon negative by 2030 Operating on 24/7 Carbon-Free

I Go g|€ Energy by 2030.

With new geothermal project, it’s full steam
ahead for 24/7 carbon-free energy

Amazon to reach net-zero emissions by 2040

Microsoft and Open Al to commission 5100 billion
“Stargate” artificial intelligence supercomputer by 2028

< NVIDIA.
The Dawn of a New
Industrial Revolution




Key Take-Away Messages

* The use of hydraulically fractured horizontal wells has more
than doubled U.S. hydrocarbon output since 2005

* This has produced enormous benefits for the U.S. O&G
industry, America, and humankind

* The same skills, equipment, and people who achieved this
result will be needed to optimize EGS development

* By delivering dramatic improvements in EGS performance,
the O&G industry will once again positively impact our
nation’s and our planet’s future
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Selected Key References

Horizontal EGS Demonstration Project Results

Jack Norbeck & Tim Latimer, 2023, Commercial-Scale Demonstration of a First-of-a-Kind Enhanced Geothermal System
(LINK)

Mark McClure, 2023, Fervo Energy’s ‘Project Red’ Results are a Historical Breakthrough for Geothermal — What Comes
Next (LINK)

Kareem EI-Sadi, Brittany Gierke, Elliot Howard, Christian Gradl, 2024, Review Of Drilling Performance In A Horizontal EGS
Development (LINK)

Joe Moore, 2024, Current Activities at Utah FORGE (LINK)
Duane Winkler and Leroy Swearingen, 2021, Summary of Drilling Activities: Well 16A(78)-32, Utah Forge website (LINK)
Fred Dupriest and Sam Noynaert, 2022, Drilling Practices and Workflows for Geothermal Operations (LINK)

Fully Coupled Hydraulic Fracturing and Reservoir Simulation Key Insights

* Mark McClure, 2023, Thermoelastic fracturing and buoyancy-driven convection — Surprising sources of longevity for EGS
circulation (LINK)

* Mark McClure, 2023, Technical barriers for deep closed-loop geothermal (LINK)

U.S. Department of Energy Geothermal Publications
* Geothermal Technologies Office, 2024, Next-Generation Geothermal Power Liftoff Full Report, (LINK)

* Geothermal Technologies Office, 2024, Next-Generation Geothermal Power Liftoff Summary, (LINK)
* Lawrence Berkeley National Laboratory, 2023, Characterizing the Geothermal Lithium Resource at the Salton Sea, (LINK)
* Geothermal Technologies Office, 2023, U.S. DOE Enhanced Geothermal Shot, (LINK)



https://eartharxiv.org/repository/view/5704/
https://www.resfrac.com/blog/recent-recorded-talks-on-egs-and-dfit
https://pangea.stanford.edu/ERE/db/GeoConf/papers/SGW/2024/Elsadi.pdf
https://utahforge.com/2024/05/09/dr-joseph-moore-webinar-overview-of-latest-activities-at-the-utah-forge-site-egi-spring-series/
https://gdr.openei.org/submissions/1296
https://onepetro.org/SPEDC/proceedings-abstract/22DC/2-22DC/D021S015R001/482128
https://www.resfrac.com/blog/thermoelastic-fracturing-and-buoyancy-driven-convection-surprising-sources-of-longevity-for-egs-circulation
https://www.resfrac.com/blog/technical-barriers-for-deep-closed-loop-geothermal
https://liftoff.energy.gov/wp-content/uploads/2024/03/LIFTOFF_DOE_NextGen_Geothermal_v14.pdf
https://liftoff.energy.gov/next-generation-geothermal-power/
https://escholarship.org/uc/item/4x8868mf
https://www.energy.gov/eere/geothermal/enhanced-geothermal-shot

Selected Key References

Demand for Clean Firm Electricity and High-Tech Companies’ Net Zero Goals
Scientific American, 2023, The Al Boom Could Use a Shocking Amount of Electricity (LINK)
Sam Altman, 2024, Age of Al will require an ‘energy breakthrough’ (LINK)
Microsoft, 2020, Microsoft will be carbon negative by 2030 (LINK)
Google, 2024, Google Commitment to net-zero carbon (LINK)
Google, 2024, A new initiative with Microsoft and Nucor to accelerate advanced clean electricity technologies (LINK)
Google and Fervo Energy, 2023, A first-of-its-kind geothermal project is now operational (LINK)
Meta, 2024, Climate: We commit to reaching net zero emissions across our value chain in 2030 (LINK)
Amazon, 2024, Amazon’s Climate Pledge — Net zero by 2040 (LINK)
Nvidia, 2024, NVIDIA Corporate Responsibility Report - Fiscal Year 2023 (LINK)

Insights from Oil & Gas Horizontal Well Hydraulic Fracturing Characterization Projects

Kevin T. Raterman et al., 2017, Sampling a Stimulated Rock Volume: An Eagle Ford Example, URTeC paper 2670034 (LINK)

Kevin T. Raterman, Yongshe Liu, and Logan Warren, 2019, Analysis of a Drained Rock Volume: An Eagle Ford Example, URTeC
paper 2019-263-MS, (LINK)

Caner Karacaer et al., 2021, Multi-well Modeling in the Eagle Ford: An Investigation of Redevelopment, Infill and Refrac
Opportunities, URTeC paper 2021-5066-MS (LINK)
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https://www.scientificamerican.com/article/the-ai-boom-could-use-a-shocking-amount-of-electricity/
https://www.popsci.com/technology/sam-altman-age-of-ai-will-require-an-energy-breakthrough/
https://blogs.microsoft.com/blog/2020/01/16/microsoft-will-be-carbon-negative-by-2030/
Net-zero%20carbon
https://blog.google/outreach-initiatives/sustainability/google-microsoft-nucor-clean-energy-initiative/
https://blog.google/outreach-initiatives/sustainability/google-fervo-geothermal-energy-partnership/
https://sustainability.fb.com/climate/
https://www.aboutamazon.com/planet/climate-pledge
https://images.nvidia.com/aem-dam/Solutions/documents/FY2023-NVIDIA-Corporate-Responsibility-Report-1.pdf
https://onepetro.org/URTECONF/proceedings-abstract/17URTC/All-17URTC/URTEC-2670034-MS/156753
https://onepetro.org/search-results?page=1&q=Analysis%20of%20a%20Drained%20Rock%20Volume%3A%20An%20Eagle%20Ford%20Example
https://onepetro.org/URTECONF/proceedings-abstract/21URTC/1-21URTC/D011S015R001/465277
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