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Big picture similarities, differences, and opportunities 
• Similarities

• Extracting energy from the Earth’s crust (oil & gas = chemical; geothermal = heat)
• Energy extracted using wells generally several 100s to many 1000s of meters deep

• Differences
• Fluid volumes: geothermal fluid volumes much larger per unit of energy recovered
• Scale: oil & gas supplies much of the energy mankind uses; geothermal trivial amount
• Maturity: oil & gas major source of energy since late 1800s; geothermal yet to liftoff

• Opportunities (for geothermal companies)
• Peer to peer relationships: compete for acreage, cooperate technically thereafter
• Differentiation of roles: operators, technology startups, service companies 
• Technical breadth: geothermal operators as technology integrators, not specialists
• Super hot rocks: a big lever to increase power output and/or reduce fluid volumes
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Sources of power generated in the U.S.
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Source:  U.S. Energy Information Administration 3

Scale: Oil & gas largest energy source, geothermal volumes negligeable
Sources of energy

(2024) 

Source: Energy Institute; EJ = Exajoule

Biomass and 
geothermal ≈ 3 EJ

Oil and gas= 348 EJ
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U.S. geothermal power production
(GWe of output on averaged annualized basis) 
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1900 2024

U.S. hydrocarbon production
(Million barrels of oil equivalent per day) 

Sources:  U.S. EIA and Energy Institute websites

Unconventional
reservoir revolution

(2005)

Maturity: Oil & gas liftoff early in 1900s, geothermal yet to occur

Peak conventional 
production

(1971)

Sources:  U.S. EIA’s website
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The greatest impediments to achieving 
liftoff have been subsurface related.

Oil and gas technologies can help. 
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U.S. hydrocarbon production
(Million barrels of oil equivalent per day) 

Lessons from O&G on how to scale a formerly technically challenged resource

Source:  Energy Institute and U.S. Energy Information Administration (EIA)

Unconventional 
reservoir liftoff

Hydrocarbons

"locked in rocks"

100,000’s of BBOE

Difficult to extract and/or

poor-quality hydrocarbons

10,000’s of BBOE

Easily extractable,

high-quality hydrocarbons

1,000’s of BBOE

Above Ground Challenges

EasierHarder

Already produced oil & gas

and proven reserves:

≈ 5,400 BBOE

Methane Hydrates; Oil Shale; 

Other Immature Source Rocks

Extra Heavy Oil;

Oil Sands; Sour Gas;

Unconventional Reservoirs

(e.g., Physical environment; infrastructure availability; supply 

chain; political & regulatory support; proximity to market)

Conventional

Our planet’s hydrocarbon endowment
(Hydrocarbon resource pyramid) 

Diagram from  numerous sources, most especially Energy Institute (2025), U.S. Energy Information Administration (2025), and Pratt (1952)



6

The unconventional reservoir journey – a story best told in three parts

GOVERNMENT WORKS WITH 
INDUSTRY TO CREATE 

KNOWLEDGE

INDUSTRY TAKES THE LEAD; 
HOLDS NEW KNOWLEDGE 

EXTREMELY TIGHT

NEAR-DEATH EXPERIENCE 
LEADS TO OPEN-SOURCE 

KNOWLEDGE SHARING

1976 - 2001 2002-2014 2015-present

Capital allocated to:
Achieve breakthrough(s)

Capital allocated to:
Build acreage positions

and grow production

Capital allocated to:
Maximize profitability
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Government and industry cooperate to advance technical capabilities

GOVERNMENT WORKS WITH 
INDUSTRY TO CREATE 

KNOWLEDGE

1976 - 2001

• U.S. government funded over $200 million of R&D

• Participating companies contributed funding and expertise

• Hundreds of projects executed, including many field tests  
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Barnett Shale breakthrough kicks off scramble to secure acreage

GOVERNMENT WORKS WITH 
INDUSTRY TO CREATE 

KNOWLEDGE

INDUSTRY TAKES THE LEAD; 
HOLDS NEW KNOWLEDGE 

EXTREMELY TIGHT

1976 - 2001 2002-2014 • Funding from operators’ cash 
flows & balance sheets, VC, PE

• Race to capture best acreage
• Gas output grows rapidly from 

2005 onwards
• Oil output rapid growth starting 

in earnest in 2011
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Source:  U.S. EIA Short Term Energy Outlook, December 2025

Competing for acreage: The bulk of unconventional production comes from six plays 
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Oil well

Condensate well

Gas well

Dry hole

Competing for acreage: Bulk of unconventional production comes from six plays 
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U.S. oil and gas wells drilled during the 20th century 
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Production in the best plays comes predominantly from "sweet spots"

Permian Basin Eagle Ford Bakken

Maps from ConocoPhillips Eagle Ford Investor Field Tour presentation, April 2018

#1: ACQUIRING THE BEST ACREAGE IS THE ULTIMATE MOAT IN A RESOURCE EXTRACTION INDUSTRY
11
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OPEC organizes an oil price collapse to reverse U.S. production growth

From The Economist

GOVERNMENT WORKS WITH 
INDUSTRY TO CREATE 

KNOWLEDGE

INDUSTRY TAKES THE LEAD; 
HOLDS NEW KNOWLEDGE 

EXTREMELY TIGHT

NEAR-DEATH EXPERIENCE 
LEADS TO OPEN-SOURCE 

KNOWLEDGE SHARING

1976 - 2001 2002-2014 2015-present

WTI oil price = $105 per barrel on July 1, 2014

WTI oil price = $53 per barrel on January 2, 2015

WTI oil price = $26 per barrel on January 20, 2016

WTI = West Texas Intermediate (which is a heavily traded variety of crude oil)
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Near death experience leads to increased innovation and knowledge sharing 

Jan-15

Average WTI price 2015-21 = $53
Average U.S. drilling rig count = 750

Average WTI price 2011-14 = $108
Average U.S. drilling rig count ≈ 1,850

15 MMBOE
per day

25 MMBOE
per day

37 MMBOE
per day

OPEC
engineered

oil price
collapse

All knowledge held extremely tight >> Open-source knowledge sharing & innovation

Data from U.S. Energy Information Administration (Permian new oil production), Baker Hughes (rig count), and Energy Institute (total U.S. oil output); MMBOE = Million barrels of oil equivalent. WTI = West Texas Intermediate (a commonly traded variety of oil).



The sharing of knowledge and technology development costs took many forms
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Sharing knowledge Sharing technology development costs
Permian Basin hydraulic fracturing test sites (HFTS) 

Technology leaders promoting collaboration (e.g., URTeC EAB)

URTeC EAB = Unconventional resources technology conference executive advisory board

2026 Hydraulic fracturing technology conference (HFTC)
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Industry rapidly developed and evolved technologies that improved profitability
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Hydraulic fracturing technique Proppant
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Casing deformation during fracturing

Permian Basin – HFTS 1

Source:  GTI Energy Hydraulic Fracturing Test Site 1 (HFTS 1) final report

Industry "solved" unexpected and underappreciated challenges by working together 

Excessive produced water

6.2 MM
barrels 
per day

20 MM 
barrels 
per day

2025 Permian Basin

Oil Water

Oil production data from U.S. EIA; Water data from James Ritchie, ExxonMobil

Parent-child production degradation

Permian Basin – HFTS 2

Source:  GTI Energy Hydraulic Fracturing Test Site 2 (HFTS 2) final report 16

Parent wellsChild well
being stimulated



Lesson learned: Sharing of development knowledge should have started much sooner

GOVERNMENT WORKS WITH 
INDUSTRY TO CREATE 

KNOWLEDGE

OPERATORS COMPETE TO 
SECURE BEST ACREAGE

OPERATORS SHARE DEVELOPMENT RELATED TECHNICAL 
KNOWLEDGE AND TECHNOLOGY DEVELOPMENT COSTS

1976 - 2001 2002 - 2026

Modified after drawing from The Economist

#2: BEYOND ACREAGE ACQUISITION, OPERATORS SHOULD NOT BUILD MOATS – BUILD BRIDGES INSTEAD 
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Geothermal

Natural gas Coal Nuclear Wind

Solar

Hydro



Differentiation of roles: Geothermal is like O&G 50 to 75 years ago 
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#3: DIFFERENTIATION OF ROLES MAXIMIZES INDUSTRY EFFICIENCY AND EFFECTIVENESS 18

Conoco / ConocoPhillips example

1900 1925 1950 1975 2000 2025

Developer owned technologies

Service company owned technologies

Stopped using 
in-house 

geoscience 
workstations

Shut down 
last company 
seismic crew

Sold last 
company 

owned 
drilling rig

High performance 
computing 

shifted entirely 
to clouds 

Vibroseis

Offshore rigs

Field mapping

Production facilitiesDrill rigs

Pipeline construction High performance computingNumerical simulationSeismic acquisition

Sold 
proprietary 
numerical 
simulator



#4: OPERATORS MAXIMIZE SHAREHOLDER VALUE BY BEING TECHNOLOGY INTEGRATORS 19

Oil & gas operators are technology integrators, Geothermal operators technology specialists 
ConocoPhillips oil & gas operator example

Hydrothermal EGS PGS Closed Loop SGS

Light oil Oil sands Natural gas Unconventional
reservoirs

Liquified 
natural gas

Coalbed 
methane

Geothermal operators

Not a complete list of companies operating in each category. EGS = Enhanced geothermal system. PGS = Pressure geothermal system. SGS = Sedimentary geothermal system.



#5: CONCENTRATE ON THE TECHNICAL ELEMENT THAT CAN DELIVER GREATEST IMPACT 20

Longer laterals is key value driver for unconventionals, > temperature for geothermal
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Geothermal: Power plant inlet temperature
(kW power per kg/sec production vs. inlet temperature) 

Doubling temperature yields
≈ six-fold increase in power
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Jan-07 Jan-16 Jan-25

Average 
lateral length

(feet; right axis)

New well gas 
production per
rig per month

(MMCFPD; left axis)

Unconventional O&G: Horizonal lateral length
(Marcellus Shale example) 

Lateral length data from Doak et al. (2019); New gas well production data from EIA website. MMCFGPD = million cubic feet gas per day. From MIT (2006), DiPippo (2008), and NREL. Data gathered and made available by Terra Rogers at CATF.



Lessons from oil & gas on how to profitably scale production  

1. Acquiring the best acreage is the ultimate moat in a resource 
extraction industry

2. Beyond acreage acquisition, operators should not build moats – 
build bridges instead

3. Differentiation of roles maximizes efficiency and effectiveness

4. Operators maximize value by being technology integrators

5. Concentrate on the technical element that has greatest impact
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Reaching critical mass: Output from numerous
operators in one area enables infrastructure buildout
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Entities acting as connectors between oil and gas operators and technology startups 
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