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Geothermal Opportunity
2 0of 23

Geothermal energy technologies span heating & cooling and power
generation, with conventional approaches most widely deployed

Key pathways for harnessing geothermal energy for heating & cooling and power generation
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https://link.springer.com/chapter/10.1007/978-1-4471-4273-7_2
https://igshpa.org/wp-content/uploads/LIFTOFF_DOE_Geothermal_HC.pdf
https://www.iea.org/reports/the-future-of-geothermal-energy
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Global energy demand expected to grow ~10-20% by 2050, largely
driven by emerging economies, electrification, and data centers

India, ASEAN*, Africa, and the Middle East will

be responsible for ~65-95% demand growth

New data centers and electrification of industry
and buildings will drive ~5-10% demand growth
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Sources: Global Energy Perspective (McKinsey, 2024).
Credit: Zacharia Thurston, Pia Doris Morrow, Isabel Hoyos, and Gernot Wagner. Share with attribution: Wagner et al. “Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10

March 2026).
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Observations

By 2050, global energy demand is
expected to grow 11 to 8%, with
66 to 95% of that growth
concentrated in emerging
economies such as ASEAN, India,
and the Middle East — regions
that currently rely heavily on fossil
fuels for baseload power.

New demand will likely stem from
the electrification of industry
and buildings, accounting for
over half of demand. Data
centers (2,500 to 4,500 TWh, or
5 to 9% of demand), green
hydrogen (179 Mtpa, driving
~20% annual power demand
growth), and EVs (~10% annual
growth, with BEVs dominating
car sales) will add to this surge.
To meet such demand,
economies will need reliable,
non-intermittent baseload
solutions for their energy grids.
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https://www.mckinsey.com/industries/energy-and-materials/our-insights/global-energy-perspective
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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With vast untapped thermal resources and emerging technological
advancements, geothermal power is primed for a breakout decade

Potential of proven oil & gas reserves vs. Historical installed geothermal capacity Projected global geothermal under
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In 2025, 32 countries had geothermal power,

for a total of ~16 GW global capacity, from

3,700 production wells with an average 3 MWh
pacity per well.

*One barrel of oil/gas is roughly equivalent to 1.7 MWh. There are about 1.5 trillion proven reserves of oil/gas x 1.7 MWh = 2.55 trillion MWh of potential fossil energy remaining (50-year supply
remaining).

Sources: World Energy Outlook 2024 (IEA, 2024); Tapping the Earth’s Natural Heat (USGS, 1994); Q_u_and_Qas_Res_QnLe_s (Penn State Unlver3|ty n.d.); Total Geothermal Capacity (Our World in Data,

2024); Evolution of Worldwide Geothermal Power 2020-2023 (Geothermal Energy, 2024) Pa = ing (DOE, 2024). 4;Columbia Business School

Credit: Zacharia Thurston, Pia Doris Morrow, Isabel Hoyos, and Gernot \Wagner. : Wagner etal Power and Electr|C|ty Columb|a Business School Climate Knowledge Initiative (10 . e 4
March 2026). Climate Knowledge Initiative



https://iea.blob.core.windows.net/assets/5e9122fc-9d5b-4f18-8438-dac8b39b702a/WorldEnergyOutlook2024.pdf
https://www.usgs.gov/publications/tapping-earths-natural-heat
https://www.e-education.psu.edu/earth104/node/1298
https://ourworldindata.org/grapher/installed-geothermal-capacity
https://geothermal-energy-journal.springeropen.com/articles/10.1186/s40517-024-00290-w
https://geothermal-energy-journal.springeropen.com/articles/10.1186/s40517-024-00290-w
https://geothermal-energy-journal.springeropen.com/articles/10.1186/s40517-024-00290-w
https://igshpa.org/wp-content/uploads/LIFTOFF_DOE_Geothermal_HC.pdf
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Next-generation drilling unlocks globalized clean energy access,
with notable overlap in emerging economies by 2050

Global EGS hotspots concentrated in emerging

economies

Potential for next-gen geothermal power capacity by
region, GW (IEA projections)
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Global next-gen geothermal projections vary. Project InnerSpace’s projections likely
reflect greater accuracy of global geothermal potential, driven by superior subsurface
data collection. IEA estimates are deliberately conservative, focusing on what is
deployable under today’s policy, cost, and financing conditions.

Sources: Superhot rock and the future of geothermal (Clean Air Taskforce, 2025), The future of geothermal (IEA, 2025); East Africa’s Geothermal Energy (Africa Oil & Gas Report, 2025); Project

InnerSpace Analysis (Project InnerSpace, 2025).
Credit: Zacharia Thurston, Pia Doris Morrow, Isabel Hoyos, and Gernot Wagner. Share with attribution: Wagner et al. “Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10 Climate Knowledge Initiative

March 2026).

900
800
700
600
500
400
300
200
100

M china

Bl United States 830
M india

B sSoutheast Asia

M Europe 664

B Rest of the world

405

162

0.1625 8

2025 2030 2035 2040 2045 2050

% Columbia Business School


https://www.catf.us/2025/03/introduction-next-clean-energy-frontier-superhot-rock-future-geothermal/
https://iea.blob.core.windows.net/assets/cbe6ad3a-eb3e-463f-8b2a-5d1fa4ce39bf/TheFutureofGeothermal.pdf
https://africaoilgasreport.com/2025/05/energy-transition/east-africas-geothermal-energy-politics-of-illusions-opportunities-and-optimism/#:~:text=Even%20Rystad%20Energy%20anticipates%20that,1%20GW%2C%20located%20in%20Kenya.
https://projectinnerspace.org/news/Powering-the-AI-Revolution-Press-Release.pdf
https://projectinnerspace.org/news/Powering-the-AI-Revolution-Press-Release.pdf
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Geothermal power offers clean baseload capacity to replace
retiring coal plants and prevent overreliance on peaker plants
Loss of baseload power leads to overreliance on peaker Heavy dependence on intermittent renewables without
plants and can drive up costs for consumers baseload capacity threatens grid reliability
Hourly net load (year average) in California Global final energy consumption for Continued Momentum scenario, by fuel, millions of terajoules
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Baseload power is the minimum amount of electricity the electrical grid needs at any
given time. Runs continuously ata steady output. Fossil energy will plateau despite energy Grids that are overreliant on wind and solar (intermittent
demand increasing. energy) without baseload capacity risk rolling blackouts
. 'Y The most common sources of baseload during periods of low renewable generation.
w & a — power, chosen for their low LCOE. Gas o ’

Coal N.gas Nuclear can be used but has higher OpEx.

Sources: Cumulative Investment for Next-Generation Geothermal 2025-2050 (IEA, 2024); The Duck Pond (Power-Eng.com, 2016); Baseload Power (Energy Education); 2025 Global Energy Perspective
(McKinsey, 2025).

Credit: Zacharia Thurston, Pia Doris Morrow, Isabel Hoyos, and Gernot Wagner. Share with attribution: Wagner et al. “Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10
March 2026).
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https://www.iea.org/data-and-statistics/charts/cumulative-investment-for-next-generation-geothermal-2025-2050
https://www.iea.org/data-and-statistics/charts/cumulative-investment-for-next-generation-geothermal-2025-2050
https://www.iea.org/data-and-statistics/charts/cumulative-investment-for-next-generation-geothermal-2025-2050
https://www.iea.org/data-and-statistics/charts/cumulative-investment-for-next-generation-geothermal-2025-2050
https://www.iea.org/data-and-statistics/charts/cumulative-investment-for-next-generation-geothermal-2025-2050
https://www.power-eng.com/renewables/the-duck-pond/
https://energyeducation.ca/encyclopedia/Baseload_power
https://www.mckinsey.com/industries/energy-and-materials/our-insights/global-energy-perspective
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Key barriers limiting geothermal deployment include exploration
risks, drilling technology limits, and heat flow variability

Barriers to geothermal achieving global, dispatchable, and cost-competitive clean
power

Barrier Description Impact on Deployment Emerging Solutions

| Exploration Risk & Cost High _u_pfront cost for resource identification; Major cost bottleneck: limits financing AI/geophysnca}I mod ellng,_remote sensing,
I drilling success uncertain cheaper slim-hole drilling
| c , . , o I - -
k) - I onventional rigs struggle with deep/hard Limits depth/temperature access — limits Advanced drilling (plasma, millimeter wave,
| = ] 1 i) 57 (Tt rock, high heat, and corrosive fluids energy yield laser), O&G transfer tech
| ©
I & Reservoir Stimulation & Creating or maintaining fluid pathways in hot Determines long-term productivity; EGS sites Hydraulic shearing, closed-loop systems,
| g Permeability dry rock is challenging often fail after testing supercritical fluid modeling
I Materla_ls 22 G ET S degradatpn MIETERD Cemel i Raises O&M costs and reduces lifetime of wells  High-temp alloys, ceramics, coatings
I Resistance (heat, pressure, minerals)

Efficiency drops at lower temperatures; limited Supercritical CO, cycles, binary cycle

Power Conversion Efficiency Restricts viable sites; reduces energy output

by thermodynamic cycles optimization
Monitoring & Reservoir Hard to track subsurface dynamics and avoid Safety/regulatory constraints; performance loss  Fiber-optic sensing, real-time data analytics,
Management induced seismicity over time seismic monitoring

Geothermal sites often remote; grid connection Colocation with industrial heat users, modular

Slows scalability and investment interest

Transmission & Integration

costs high systems
Public & Regulatory Challenges = Concerns about seismicity, permitting delays Adds time and uncertainty to projects Streamlined EGS permitting frameworks
Sources: al Shot Analysi e Geothemal Te gie ice (NREL, 2023); Wha e allenges i ping anced erma e bservati . .
64 EGS Sites (Wordgeothermal.org, 2021). % Columbia Business School
Credit: Zacharia Thurston, Pia Doris Morrow, Isabel Hoyos, and Gernot Wagner. Share with attribution: Wagner et al. “Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10 Climate Knowledge Initiative

March 2026).


https://docs.nrel.gov/docs/fy23osti/84822.pdf?
https://www.worldgeothermal.org/pdf/IGAstandard/WGC/2020/31027.pdf?
https://www.worldgeothermal.org/pdf/IGAstandard/WGC/2020/31027.pdf?
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Conventional geothermal energy can utilize all three power plant
design methods, each suited to different temperature ranges

Hydrothermal
(conventional)
|

[ Single flash ] [ Double flash ]

Global capacity, %

23% 42% 19% 14%

Advantages/ © Proven and mature technology © Most common technology [+ Lower temperature requirement
disadvantages © Lower plant complexity © High efficiency © Closed secondary loop

© Rare resource availability © High temperature requirement © Lower efficiency

© Resource depletion risk © Mineral scaling and corrosion © Higher CapEx and OpEx

© Potential emissions © Water management challenges © Secondary fluid risks
Temperature range, °C 180+ 150-200 180-220 85-170
Efficiency, % 20-30 25-35 30-40 10-20
LCOE, $US/MWh
(Conservative estimate, 2030) TBU ~56 ~84

Sources: Technology Baseline (NREL, 2025); Ex i Revi i ems (Renewable and Sustainable Energy Reviews, 2025). . .
Credit: Sevgi Helin Tilkicioglu, Isabel Hoyos, and Qﬂnﬂﬂ@gﬂg{.&hﬁmﬁhﬁﬂnb_ui&n Wagner etal Geothermal Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10 Columbia Business School

March 2026). Climate Knowledge Initiative



https://atb.nrel.gov/electricity/2024/geothermal
https://doi.org/10.1016/j.rser.2024.115185
https://doi.org/10.1016/j.rser.2024.115185
https://doi.org/10.1016/j.rser.2024.115185
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Next-generation technologies enable energy extraction from hot
dry rock with little to no natural fluid

Definition

Advantages/
disadvantages

Next-gen technologies

EGS creates or improves permeability in
hot dry rock to circulate injected fluid
between wells.

[+ Higher thermal efficiency compared to AGS
[+ Potentially higher scale

© Seismicity risks

© Reservoir uncertainty

© Water losses

Sources: The Future of Geothermal Energy (IEA, 2024); Superhot Rock Energy (CATF, 2022).

Credit: Sevgi Helin Tilkicioglu, Isabel Hoyos, and Gernot Wagner. Share with attribution: Wagner et al. “Geothermal Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10

March 2026).

Closed-loop geothermal circulates a
working fluid in sealed pipes to
conductively draw heat from hot rock, with
no groundwater contact and no reliance
on rock permeability.

Geographic flexibility

No brine requirement
No seismic risk

Lower thermal efficiency

OCO000

Higher CapEx requirements compared
to EGS

Frontier technologies

Superhot rock geothermal taps ultradeep
formations where water becomes a
supercritical fluid, enabling vastly higher
heat and power output than EGS or AGS
systems.

©
©

Much higher energy

Long development time and highest
cost requirement

Extreme drilling challenges and
equipment limitations

% Columbia Business School
Climate Knowledge Initiative


https://www.iea.org/reports/the-future-of-geothermal-energy
https://cdn.catf.us/wp-content/uploads/2022/10/21171446/superhot-rock-energy-report.pdf
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Drilling currently drives ~54% of next-gen geothermal LCOE; investments
to reduce that share target heat resistance, permeability, and drill-bit life

Emerging technologies aimed at lowering next-generation geothermal

drilling costs

Breakdown of projected LCOE components of
next-generation geothermal in a low-cost case
(US$/MWh)

Millimeter-Wave Drilling Repetitive Pulsed Electric Drill (RePED) 111 B Drilling costs

High-powered millimeter-wave beams from a gyrotron
vaporize rock and drill ultradeep boreholes, bypassing
the wear and tear of traditional drilling methods.

A full-scale demonstration drilled 10 feet
\V deep using 100 kW of millimeter-wave
power; Quaise also plans to deploy a
QUAISE 1 mW gyrotron within two years to reach
commercially viable depths.

Directional Steel-Shot Drilling

Steel-shot particles are released under high pressure to
erode rock formations and reduce resistance to further
rotary drilling.

Drilling solutions startup Canopus is
C
mus collaborating with TNO and European

partners to test the drill system in the
Netherlands, funded by a Dutch subsidy
scheme.

ENERGY

Sources: Ihe_ﬂnum&mﬁmmtmaﬁw(lEA 2024); Q_Igb_aJﬁﬁmnaLmaLMaLKei_andlegh.nQLog;LAs&e&mﬁmaRENA 2023); Quai

Cleantech, 2025); New High-Rate

Credit: Una Oljaca, Pia Doris Morrow, Isabel Hoyos, andG_em_o_UALagnﬂ S.h_amﬂllh_allub_ullgn Wagner et al. “Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10 March

2026).

. . - h
High-voltage electric pulses fracture rock, avoiding Drilling, loop supplies, B Other
mechanical contact. Reduces wear on equipment and and installation also
is designed to work with existing drilling infrastructure. comprise 55-65% of
conventional
. . geothermal (GHP)
Tetra Innovation Institute and NREL costs in the U.S.

with potential drilling cost reductions of
75% and applications in industries
beyond geothermal.

“ partnered to advance the technology, (2025).

High-Pressure Water Jet-Assisted Drilling

High-pressure water jets cut rock into shapes that can
be broken apart more easily by fluid-powered
percussive hammers.

ORCHYD ORCHYD combines high-pressure water
: jets with fluid-driven percussion drilling,
aiming to cut drilling costs by 65%. The
project received Horizon 2020 funding
from the EU in 2021.

2035 2050

(NREL, 2020); DEPLOI (TNO, 2024) Qagtm:z(zom) ) - ) 4__ Columbia Business School
Climate Knowledge Initiative


https://www.iea.org/reports/the-future-of-geothermal-energy
https://www.irena.org/Publications/2023/Feb/Global-geothermal-market-and-technology-assessment
https://www.azocleantech.com/news.aspx?newsID=35771
https://www.nrel.gov/news/detail/program/2020/new-high-rate-drilling-system-could-revolutionize-high-temperature-power-electronics-for-geothermal-industry-and-beyond
https://www.nrel.gov/news/detail/program/2020/new-high-rate-drilling-system-could-revolutionize-high-temperature-power-electronics-for-geothermal-industry-and-beyond
https://www.nrel.gov/news/detail/program/2020/new-high-rate-drilling-system-could-revolutionize-high-temperature-power-electronics-for-geothermal-industry-and-beyond
https://www.nrel.gov/news/detail/program/2020/new-high-rate-drilling-system-could-revolutionize-high-temperature-power-electronics-for-geothermal-industry-and-beyond
https://www.nrel.gov/news/detail/program/2020/new-high-rate-drilling-system-could-revolutionize-high-temperature-power-electronics-for-geothermal-industry-and-beyond
https://www.tno.nl/en/sustainable/subsurface/geo-energy/deploi-geothermal-drillling-steel-shot/
https://www.orchyd.eu/project/
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Four key policy priorities can help scale geothermal power
deployment and drive down costs

Observations

Global Gllobal collaboration on geothermal energy — pa_rticularly hegting and cooling — lags . Sironger implementation of
. behind other renewables, slowing innovation and increasing risk. Stronger, more large- policy goals could boost new
Collaboration scale collaboration is a priority. geothermal heat
developments 50% by 2030 in
the APS compared with the
Stated Policies scenario.

Geothermal expansion will require a skilled workforce in engineering, geology, and 0 SIRIgRalisy SN T IEp e
next-generation geothermal

drilling sectors. Transitioning the oil and gas workforce will streamline geothermal cost reductions of up to 80%
workforce development. by 2035.

* Inthe APS, expanding policy
support and cost reductions
would scale GHP consumption

Workforce
Development

Poor funding infrastructure for geothermal exploration and drilling drives up investment to almost 3,000 PJ — 50%
Research & costs and slows technological progress. Strong funding mechanisms will be necessary higher than in the Stated
Development to speed geothermal deployment. FOLF7EENEID (SN ek
and Europe together account for
80% of this growth).
* Almost two-thirds of
geothermal power capacity
Geothermal projects have higher predevelopment risks compared with other renewable additions between 2024 and
Risk Mitigation energy technologies due to complex geological and subsurface conditions. Mitigating 2030 are expected to be policy-
risk is critical in lowering project costs. driven — primarily tax credits,

fixed tariffs, and premiums.

Sources: . .
Credit: Una Oljaca, Pia Doris Morrow, and Gernot Wagner. Share with attribution: Wagner et al. “Geothermal Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10 March % Columbia Business School

2026). Climate Knowledge Initiative

(IEA, 2024); Global Geothermal Market and Technology Assessment (IRENA, 2023).



https://www.iea.org/reports/the-future-of-geothermal-energy
https://www.irena.org/Publications/2023/Feb/Global-geothermal-market-and-technology-assessment
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Global leaders in deployment are developing policies not only for

geothermal power but heating and cooling as well

Countries with geothermal policies in place, 2024 (risk mitigation and/or remuneration)

ST i e
o .

Countries With Geothermal
Policies in Place

B Both Power and H&C
Power Only

Sources: Geothemmal Energy Database (IGA, 2024); The Future of Geothermal Energy (IEA, 2024); Global Geothermal Market and Technology Assessment (IRENA, 2023).
Credit: Una Oljaca, Pia Doris Morrow, and Gernot Wagner. Share with attribution: Wagner et al. “Geothermal Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10 March
2026).

Observations

Over half of all countries with
geothermal policies in place (16 of 31)
focus exclusively on power
generation.

Regional policy schemes in Latin
America and East Africa are not
included in this map.

Only eight countries (all in Europe)
have adopted geothermal roadmaps
for their heating & cooling sectors.
>100 countries have policies in place
for solar PV and onshore wind — over
3x as many as for geothermal energy.
Europe is a regional hub for
geothermal heating & cooling policies,
while China leads on the country
level.

Geothermal energy is a priority
mitigation option in only 9% of NDCs’
submitted data.

While the risk mitigation-to-
remuneration policy ratio is ~1:2 for
solar and wind energy, the ratio for
geothermal energy is ~1:1 due to high
early-stage risk.

% Columbia Business School
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https://worldgeothermal.org/geothermal-data/geothermal-energy-database
https://www.iea.org/reports/the-future-of-geothermal-energy
https://www.irena.org/Publications/2023/Feb/Global-geothermal-market-and-technology-assessment
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Global collaboration favors geothermal power production, leaving
room for growth in heating and cooling expansion

Scale Power Generation Heating & Cooling Drivers of variable global
collaboration on geothermal
power versus heat

The Global Geothermal Development g‘gg;ﬁ: dwﬁ)rtl)ngfgkr:;e% rnot PADE
ABTE ST, Bmgies) 197 (52 0 geotherma?heatir?g igthas provided 1 Power proiects tend to be
Global 2013 to scale geothermal power, has . ot o : proj
. one-off investments in district heating in | dh bi
supported 13 countries and brought . . L arger ana nave bigger
CQNAD X . countries including Tiirkiye and El
LOivi/s i three projects online. Salvador returns compared to more
' localized heating projects.
2. There is a differential
s Ny The GRMF finances geothermal power Geothermica’s €32.5 million global emphasis on
e, LN projects in East Africa, expanding to Joint Call 2021 aims to accelerate electricity access
Regional . . in_clude heating_ in 2022; 26 power and 5 SEOTHERMICA geothermal heating and cooling projects compared to heating
% £ direct-use projects have received by 2030 through large-scale,
Y. funding. commercially viable projects. access.
3. The development of EGS
s has spurred greater
g | Z The German Agency for International collaboration on
Japan’s _Interna_tlona_l Qooperatlon s, Coop_eratlon and tr_le Central geothermal power
o N Agency invests in building geothermal American Integration System have e
Bilateral b4 ) power capacity in Latin America and . cooperated on geothermal heating and g :
jICA Africa, including over 400 MW of i \:. E;, cooling in 4. Scalability of power
geothermal power plants in Kenya. ' s El Salvador, including a pilot projects attracts greater
~ ‘ geothermal-powered coffee dryer. private investment
Sources: Global Geothermal Market and Technology Assessment (IRENA, 2023); GRME (2025); Promoting Development in Kenya: Six Years of Partnerships (JICA, 2025); Thir ri ffun
projects (Geothemica, 2021); Global Geothermal Development Plan (ESMAP, GGDP, n.d.); The Global hemal Development Plan: Mitigatin ream nd Risk (World Bank Group, 2020).
Credit: Una Oljaca, Pia Doris Morrow, and Gernot Wagner. Share with aftribution: Wagner et al. “Geothermal Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10 March % Columbia Business School

2026).
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https://www.irena.org/Publications/2023/Feb/Global-geothermal-market-and-technology-assessment
https://grmf-eastafrica.org/
https://www.jica.go.jp/english/overseas/kenya/others/__icsFiles/afieldfile/2025/01/30/brochure_01.pdf
https://www.geothermica.eu/project/joint-call-2021
https://www.geothermica.eu/project/joint-call-2021
https://www.esmap.org/GGDP
https://www.worldbank.org/en/results/2020/11/10/the-global-geothermal-development-plan-mitigating-upstream-cost-and-risk?utm_source=chatgpt.com
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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U.S. ranks No. 3 in superhot rock potential, has 12% of total global
geothermal potential, and is set to scale with policy support

U.S. 2021 energy demand vs. 1% geothermal power

U.S. geothermal power policy timeline potential, GWh
| Geothermal Steam Act P , o STs ke
wm N Landmark law grants federal authority over geothermal leasing on : Z 10-12.5 km
public lands (via BLM and U.S. Forest Service), enabling competitive : 12.5+km
6) leasing with royalties and rentals as part of a broader energy policy to A R S T Y 2 o
address rising demand and foreign oil dependence.
Energy Policy Act |
2005« Energy Policy Act: Is overhauled, streamlining leasing and permitting |
and adjusting royalty structures. !
Obama Era i 35,711,192
200816 . DOE’s Geothermal Tech program advances EGS demonstrations. | ,
<l> i , Equivalent to
Trump 1.0: i ' Majority of U.S. 21B
\ 1 opulation :
201721 * Rollbacks in environmental policies broadly ease permitting; L gdensiy | . barrels of ol
A renewable incentives are de-emphasized. Loees e | Excess of
31,336,521
Biden: Bipartisan Infrastructure Law (2021) + IRA(2022) e : GWh
Modem EGS technology could »
2021-24 ¢ Provides broad support of renewable energy development, support access ~3,400 GWs of non- Aswgrﬁvc
(') for DOE funding for EGS; geothermal included in net-zero planning. superhot rock powerin Q4 %60x over
Trump 2.0: OBBA, Global Tariffs, Domestic Tech Giant Incentives 2025.
* [RAincentives repealed but geothermal spared — tax credits phase 4,374,671
20EL2 down after 2033. Global tariffs and U.S. support for tech reshoring -
boost emerging EGS startups (Fervo, Sage) supplying data centers
with baseload power. 2021 energy demand (CATF) 1% of superhot rock potential

Sources: Super hot Rock and the future of geothermal (CATF, 2025); Cumulative CO2 Emissions 2023 (Our World in Data, 2024); The U.S. Archipelago (Vivid Maps, 2020); U.S. Electricity Generation

Mix (IEA, 2024), Project Inne e Analysis Show eothermal Can Cost-Effective aleto P Al Data B (Project InnerSpace, 2025). . .

Credit: Zacharia Thurston, Isabel Hoyos, and Gernot Wagner. Share with atiribution: Wagner et al. “Geothermal Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10 March COIl-Imbla BUSIHESS SChOOI
2026). Climate Knowledge Initiative



https://www.catf.us/2025/03/introduction-next-clean-energy-frontier-superhot-rock-future-geothermal/
https://ourworldindata.org/grapher/cumulative-co-emissions?tab=discrete-bar&time=latest
https://vividmaps.com/us-block-level-population-density/
https://www.iea.org/countries/united-states
https://www.iea.org/countries/united-states
https://projectinnerspace.org/news/Powering-the-AI-Revolution-Press-Release.pdf
https://projectinnerspace.org/news/Powering-the-AI-Revolution-Press-Release.pdf
https://projectinnerspace.org/news/Powering-the-AI-Revolution-Press-Release.pdf
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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OBBBA keeps IRA 45Y and 48E incentives for geothermal power
until 2035; foreign entity of concern (FEOC) rules apply after 2026

Inflation Reduction Act (IRA) One Big Beautiful Bill Act (OBBBA)

* 45V - clean hydrogen: Credit available through 2032 for facilities that
start construction. Producer can claim up to $3.0/kg until 10 years after the
facility is placed into service. Under OBBBA, the credit is available only if
construction starts by December 31, 2027.

* Wind and solar: 48E ITC of 6%, incrementable up to 30% and 45Y PTC
of ¢0.3/kWh incremental up to ¢1.5/kWh. Facilities must be constructed
by July 2026 or placed in service by December 31, 2027.

i
* 48E/45Y — geothermal: Preserved in full; sourcing rules apply after 2028. Phaseout set to begin in 2033, through 2035.

B Preserved | Early expiration

All projects onward will be affected by stricter
FEOC restrictions.

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Geothermal Power Under Trump Administration

Executive Order: Declaring a National Energy Emergency

+ Cites geothermal heat under the definitions for the terms energy or energy resource, 30 U.S.C. 1606 (a)(3).

Executive Order: Protecting American Energy from State Overreach

+ States intention to remove illegitimate impediments for the discovery and production of gecthermal power.

Secretarial Order: Unleash Golden Era of American Energy Dominance The GTO’s programs are building toward their
« States intention to focus time, resources, and technologies of the DOE’s R&D toward the development of geothermal. strategic goal of supplying 60 GW of EGS and
DOE Office of Hydrocarbons and Geothermal

» Supports the development of EGS and superhot technologies through financing and R&D efforts.

hydrothermal resources deployment by 2050.

Sources: Evaluating the OBBBA’s Energy Provisions (American Action Forum, 2025); Declaring a National Energy Emergency (White House, 2025);
(White House, 2025); Unleash Golden Era of American Energy Dominance (U.S. DOE, 2025), MuJ_tJ_Y_e_a.LEmgLam_Ela.n(DOE GTO, 2022); Geothemmal Technologies Office (DOE, 2025). . .
Credit: Ariela Farchi, Brenda Rain, Clara Zibell, Quint Houwink, and Gernot Wagner. Share with attribution: Wagner et al. “Geothermal Power and Electricity,” Columbia Business School Climate % Columbla BUSII‘IESS SChOOl

Knowledge Initiative (10 March 2026). C|imate KnOW|edge Initiative


https://www.americanactionforum.org/insight/evaluating-the-obbbas-energy-provisions/
https://www.whitehouse.gov/presidential-actions/2025/01/declaring-a-national-energy-emergency/
https://www.whitehouse.gov/presidential-actions/2025/04/protecting-american-energy-from-state-overreach/
https://www.energy.gov/articles/secretary-wright-acts-unleash-golden-era-american-energy-dominance
https://www.energy.gov/eere/geothermal/articles/geothermal-technologies-office-multi-year-program-plan-fy-2022-2026
https://www.energy.gov/eere/geothermal/articles/geothermal-technologies-office-multi-year-program-plan-fy-2022-2026
https://www.energy.gov/eere/geothermal/articles/geothermal-technologies-office-multi-year-program-plan-fy-2022-2026
https://www.energy.gov/eere/geothermal/geothermal-technologies-office
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Conventional geothermal construction costs projected to continue
to decline, driven by tech improvements and efficiency gains

Cost of construction for both flash and binary geothermal are expected to decline from

. . Observations
2022 to 2050 under conservative to advanced scenarios Binary geothermal sees cost reductions
through both subsurface and surface
. improvements.
Estimated construction costs, US$/kW = Flash {advanced) — Binary (advanced) « Conservative: Learning is incremental with
= Flash (moderate) == Binary (moderate) limited drilling gains.
10.000 = Flash (conservative) == Binary (conservative) * Moderate: Introduces faster drilling, reduced
’ material use, and moderate plant scaling (to
9.500 40 MW), supported by a 13% learning rate.
) Advanced: Accelerates progress with major
9.000 drilling breakthroughs, larger plants, and
) advanced surface system efficiency,
resulting in up to 30% learning-driven CapEx
8,500 8’?.’39 reduction. As a result, binary systems
become increasingly viable across a wider
8,000 range of geographies.
Flash geothermal sees cost reductions driven
7’500 7,??25 by drilling efficiency and plant scale.
» Conservative: Only modest gains are
7,000 expected, with minor improvements in
drilling speed and bit durability.
6,500 6.288 * Moderate: Assumes faster drilling, fewer
6,01 5 casing stages, and streamlined permitting,
6,000 5,735 leading to more meaningful CapEx savings.
5,500 ' Advanced: Transformational gains, such as
, 4x faster drilling, monobore well designs,
4.871 and deployment of 100 MW plants unlock
b significant cost reductions by cutting
0 - timelines, material use, and per-MW
T

development cost.

2025 2030 2035 2040 2045 2050

Sources: Annual Technology Baseline (NREL, 2024). . .
Credit: Faradisa Anintya, Isabel Hoyos, and Gernot Wagner. Share with attribution: Wagner et al. “Geothermal Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10 March % Columbia Business School

2026). Climate Knowledge Initiative


https://atb.nrel.gov/electricity/2024/geothermal
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Next-gen tech is riskier and more equity-heavy, while proven
technologies attract more debt through traditional project finance

Frontier tech, higher risk Proven tech, lower risk

Fervo, U.S. Rift Valley, Kenya Sarulla, Indonesia

Next-gen geothermal (EGS, advanced Conventional geothermal (mixture of flash  Conventional geothermal (flash steam)
Technology . ) : .

drilling, and fiber optics) and binary)

Moderate technology risk: While EGS Low technology risk: Uses proven Low technology risk: Uses proven
Risk profile has been de-risked by field pilots like conventional technology. conventional technology.

Project Red (TRL 9in 2024), scaling

commercial deployment still carries High resource risk: In early phases, Low resource risk: Located in a well-

subsurface and reservoir uncertainty. especially in unexplored or underexplored characterized field with extensive drilling

zones, but borne by the public sector and historical data.

Medium resource risk: EGS creates its through Kenya'’s state-owned GDC, which

own reservoir, which avoids natural validates the resource before handing it off

resource uncertainty but introduces to private IPPs.

engineered subsurface complexity.

Long-term PPAs with utilities or corporate,  Utility offtake with donor-backed pricing. IPP model with 30-year PPA under feed-in
Revenue model pilot to commercial-scale model. tariff, backed by political risk guarantees.

More equity: Early-stage EGS projects More debt: GDC-led exploration allows More debt: Classic project finance with
Financing instrument are equity-heavy, backed by VC/PE donor-backed debt instruments (e.g., concessional and commercial debt (ADB,
and stakeholder (e.g., Breakthrough Energy, Capricomn). AfDB, AFD, World Bank); equity JBIC, CTF); equity from Medco, Itochu,

Transitioning toward project finance as  participation from KenGen and private IPP.  Kyushu Electric, INPEX.
risk perception declines.

Sources: Sarulla Case Study (World Bank, 2018); Renewable Energy Auctions in Kenya (IRENA, 2021); Geothermal Handbook (ESMAP, 2012); Cape Station Project Financing (TechCrunch, 2025). . .
Credit: Faradisa Anintya, Heather Hartel, Isabel Hoyos, and Gernot Wagner. Share with attribution: Wagner et al. “Geothermal Power and Electricity,” Columbia Business School Climate Knowledge 47— Columbia Business School

Initiative (10 March 2026). Climate Knowledge Initiative


https://thedocs.worldbank.org/en/doc/877101532398187778-0090022018/render/072018CIFSeminarHiroakiKanazawa.pdf
https://www.irena.org/publications/2021/Oct/Renewable-Energy-Auctions-Kenya
https://www.esmap.org/sites/esmap.org/files/DocumentLibrary/FINAL_Geothermal%20Handbook_TR002-12_Reduced.pdf
https://techcrunch.com/2025/06/11/fervo-energy-lands-206m-in-financing-to-build-massive-geothermal-power-plant/
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Oil & gas expertise transfer can significantly reduce subsurface
drilling costs, the largest component of geothermal construction

Next-gen geothermal construction costs are projected
to drop ~60-80% by 2050 ...

... driven by oil & gas expertise transfer; in the U.S.,

this can reduce costs by up to 80% of current baseline

Next-gen geothermal construction costs, US¥kW

14,000
13,000
12,000
11,000
10,000
9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

0
2025

7,500

== Medium-Cost Case
= Low-Cost Case

\5’700

4,000

Nﬂo

2035

2050

Sources: The Future of Geothermal Energy (IEA, 2024).

Credit: Faradisa Anintya, Isabel Hoyos, and Gernot Wagner. Share with aftribution: Wagner et al. “Geothermal Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10 March

2026).

Breakdown of geothermal construction potential cost reduction, %

14,000 US$/KW

30%

Improvement
of site
targeting
would
reduce

100% s
failures.

Research and spillover

from oil & gas would

enhance drilling speed,

reliability, and

equipment use.

Reduction potential
comes from modular,
standardized plant
design.

Baseline Evaluation Research Spillover Economies Surface Reduced

Cost &
Planning

of Scale Facilities

Observations

Next-gen geothermal faces high
upfront costs, with subsurface
drilling accounting for 60 to
80% of total expenses.

Oil & gas expertise in drilling,
supply chains, and modular plant
design is key to reducing
costs, driven by improved site
planning, technology spillovers,
economies of scale, and surface
facility optimization, all areas
where O&G capabilities directly
apply.

In a low-cost scenario, effective
0O&G knowledge transfer could
cut costs by up to 80%; the
medium-cost case assumes
more gradual progress and
implementation barriers.

% Columbia Business School
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https://www.iea.org/reports/the-future-of-geothermal-energy
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Geothermal LCOE is on track to compete with hydro, nuclear, and
solar PV + storage, through O&G transfer and policy-led de-risking

Estimated LCOE (levelized cost of energy) under NREL Advanced scenario, US$/MWh

110

100

90

80

70

60

Hydropower

52 Geothermal - Conventional Flash

50

5- /—Nuclear - Large Scale

Advanced projections e T 4
40 suggest next-gen EGSmay e
achieve lower costs than
30 conventional geothermal and
be competitive with nuclear
20 and PV + storage as early
as 2029.

10

0

“42  Geothermal - Deep EGS Flash
\—Solar - Utility PV + Storage

Sources: Annua

ation (Open Energy Data Initiative, 2024).

Credit: Faradisa Anintya, IsabeIHoyos and Gﬁmﬂﬂagmﬁh@mﬁh_aﬁnmﬂm Wagner et al. “Geothermal Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10 March

2026).

2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050

Observations

* Next-gen geothermal costs could
drop significantly, enabling
power generation at
~US$40/MWh. Both
conventional and next-gen
geothermal LCOE are on par
with nuclear and PV + storage.

* Oil & gas expertise in advanced
drilling, subsurface exploration,
and modular plant design is
accelerating cost declines. Solar
PV, batteries, and EVs saw
similar cost declines through
industry spillover and rapid
deployment.

* Policy support and de-risking
tools (e.g., GRIF, insurance,
grants) reduce eary-stage risk,
improve bankability, and crowd
in private capital through
blended finance and PPPs.

% Columbia Business School
Climate Knowledge Initiative


https://data.openei.org/submissions/6006
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Geothermal offers reliable, low-footprint baseload energy, though

costs and longer timelines may constrain scale-up

More desirable

Solar

Geothermal Hydro Nuclear Wind

More challenging

Limited scalability due to

size (smaller hydro projects
more feasible vs. larger dams)

Limited scalability due to
high investments and long

construction times (SMR
easier to scale as modular

Resource availability & Scalable in select
scalability locations, high upfront
costs, deep drilling needed

alternative)
Costs (LCOE) $66-$109/MWh $47/MWh Is141-5228mwh (new | 537-586Mwh (onshore),
plants) $70-$157/MWh (offshore)
Capacity factor I 70-90% Variable (global avg. is I ~90% 38-47% for onshore,
around 44%) 41-50% for offshore
Reliability IReIiabIe baseload Baseload resource only [ Reliable baseload Intermittent, variable
resources with reservoir storage resources output
Setup time Moderate timeline, I Long timeline, often 5-10 I Longest timeline, often Relatively quick to
1

0+ years due to regulatory ® deploy, often within 1-2
& construction complexities years

Established but
challenges in cost
reduction & public accept.

|2.4

typically 3-5 years years or more

Mature, limited room for

Mature, ongoing
I improvement

innovations improving
efficiency & reducing costs

|72.1

Established but room for
significant advancements
(e.g., EGS)

Land-use footprint |7.5
efficiency (km2Twh/year)

Technology readiness

I 54.0

Highly scalable anywhere
due to modular deployment

Highly scalable
anywhere, due to modular
deployment

|$38-$78/MWh (utility scale)

|25-33% for standalone

systems

Intermittent, energy
storage required

Relatively quick to
deploy, often within 1-2
years

Mature, ongoing
innovations improving
efficiency & reducing costs

|36.9

Despite its higher LCOE and longer development timeline — especially compared to wind and solar — geothermal remains a highly competitive energy source in regions with

significant geological activity, offering high reliability and efficient land use.

Sources: LCOE report (Lazard, 2025); U.S. Energy Information Administration Annual Energy Outlook (DOE, 2022); Geothermal Basics (DOE, 2025); Bevond Levelized Cost (SLB, 2025).
Credit: Faradisa Anintya, Isabel Hoyos, and Gernot Wagner. Share with aftribution: Wagner et al. “Geothermal Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10 March
2026).
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https://www.lazard.com/media/eijnqja3/lazards-lcoeplus-june-2025.pdf
https://www.eia.gov/outlooks/aeo/pdf/electricity_generation.pdf
https://www.energy.gov/eere/geothermal/geothermal-basics
https://www.slb.com/resource-library/insights-articles/beyond-lcoe-what's-the-true-value-of-geothermal-energy
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki

Deployment: Data centers
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Increasing U.S. energy demand, largely driven by data centers,
requires increased baseload supply of power

Projected growth in power demand from _
Observations

U.S. data centers Incremental firm capacity by 2030
» Data centers could add more than
70 1 .. 15 35 to 65 GW of firm power
Historic Demand (GW) demand by 2030 in the U.S.,
— LBL High Demand 2030 (GW) equivalent to a large fraction of
60 +— LBL Low Demand 2030 (GW) /~ High case: today’s existing nuclear fleet.
+65 GW Behind the Nuclear restarts and SMRs
B provide only ~4 GW incremental

50 - Grid upside capacity, which is meaningful but
insufficient against projected
demand growth.

40 A Grid-connected geothermal adds

Nuclear restarts 6 to 8 GW, but that is also
+ early SMRs insufficient against projected
30 1 Low case: demand.
+35GW Behind-the-meter geothermal

20 - (~15 GW) could directly supply data
centers, bypassing grid constraints
and permitting bottlenecks.

10 New Available GW Innovation in drilling and permitting
will determine whether geothermal
can scale fast enough to
complement nuclear in delivering

0 . . . . . . . ! Nuclear Geothermal Next-Gen Sero-carbon baseload.
2014 2016 2018 2020 2022 2024 2026 2028 2030 Geothermal
Sources and (Rhodium Group, 2025); U.S. Data Center Energy Usage Report (Lawrence Berkeley Lab, 2024 );

ing (DOE 2024) (IEA 2024); Holtec Palisades Nuclear Plant Restart (U.S. Department of Energy Loan

programs Office, 2023)Mmm§gﬂmn§2m@ammmmmmumeﬁmmm (Utility Dive, 2024); World Energy Outlook (IEA, 2024). 4_- Columbia Business School
Credit: Heather Hartel, Isabel Hoyos, and Gernot Wagner. Share with attribution: Wagner et al. “Geothermal Power and Electricity,” Columbia Business School Climate Knowledge Initiative (10 March Climate Knowledge Initiative

2026).


https://rhg.com/wp-content/uploads/2025/03/The-Potential-for-Geothermal-Energy-to-Meet-Growing-Data-Center-Electricity-Demand.pdf
https://escholarship.org/uc/item/32d6m0d1
https://igshpa.org/wp-content/uploads/LIFTOFF_DOE_Geothermal_HC.pdf
https://www.iea.org/reports/the-future-of-geothermal-energy
https://www.energy.gov/lpo/holtec-palisades
https://www.utilitydive.com/news/constellation-three-mile-island-nuclear-power-plant-microsoft-data-center-ppa/727652/
https://www.utilitydive.com/news/constellation-three-mile-island-nuclear-power-plant-microsoft-data-center-ppa/727652/
https://www.utilitydive.com/news/constellation-three-mile-island-nuclear-power-plant-microsoft-data-center-ppa/727652/
https://www.iea.org/reports/world-energy-outlook-2024
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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Leveraging oil & gas capabilities can drive down geothermal
power costs and accelerate deployment

Problem

Resource
Identification

Q

Skilled Workforce
Needs

s
0000 =
Drilling Costs

.

e
0000

Co-production and
Well Repurposing

@000

Sources: The Future of Geothermal Energy (IEA, 2024); Gl

Current Challenge

Accurate geothermal resource
identification and modeling
require multi-parameter surface
data (seismic, geology, heat flow,
permeability).

Skilled workforce shortages in
reservoir engineering and well
completion delay project scaling.

Subsurface drilling represents
60 to 80% of total next-
generation geothermal CapEx.

High initial exploration,
drilling, and completion costs
can be a limiting factor in
geothermal projects.

hermal Mark

risk conventional geothermal? (Latitude Media, 2025).
Credit: Pia Doris Morrow, Faradisa Anintya, Una Oljaca, and Gernot \Wagner. Share with atfribution: Wagner et al. “Geothermal Power and Electricity,” Columbia Business School Climate Knowledge

Initiative (10 March 2026).

nd Technol

Oil & Gas Synergy

Oil & gas surface imaging and
drilling data reduce exploration
risk and improve reservoir
targeting.

Oil & gas professionals have
skills that can apply to
geothermal exploration,
development, and operation.

Hydrocarbon well technology
(e.g., horizontal drilling, multi-
stage stimulation) can be
directly transferred to EGS.

Co-production or heat
extraction from abandoned
wells can de-risk geothermal
projects.

ment (IRENA, 2023); Barriers to Next-Gen Geothermal (IFP, 2023);

OOOOOQ Level of shared competencies QOO @®@®

Limitations

Legacy O&G datasets often lack
thermal gradient resolution or
long-term heat recharge data.

Current policy frameworks
provide limited financial
incentives for geothermal
workforce transfer.

Geothermal wells require
sustained reinjection and
higher temperature tolerance
than oil & gas operations.

Wells require a large heat
gradient and flow rate, flexible
permitting, and proximity to
demand.

n Zanskar Al

Case Example

Hungary and The Netherlands:
Open oil & gas subsurface
databases reduce geothermal
exploration costs and uncertainty.

DOE Geothermal from O&G
Initiative: Demonstrates
feasibility of cross-sector
workforce and skill transfer.

Fervo Energy’s Project Red:
Achieved record flow rates by
adapting shale fracking and fiber-
optic monitoring.

Zanskar Project (U.S.): Al-
driven reservoir modeling
revitalized legacy wells, cutting
exploration risk by >50%.
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https://www.iea.org/reports/the-future-of-geothermal-energy
https://www.irena.org/Publications/2023/Feb/Global-geothermal-market-and-technology-assessment
https://ifp.org/hot-rocks-part-three-barriers-to-next-gen-geothermal/
https://ifp.org/hot-rocks-part-three-barriers-to-next-gen-geothermal/
https://ifp.org/hot-rocks-part-three-barriers-to-next-gen-geothermal/
https://www.latitudemedia.com/news/can-zanskar-use-ai-to-de-risk-conventional-geothermal/#:~:text=Last%20year%2C%20the%20Lightning%20Dock,grid%20%E2%80%94%20and%20tripled%20its%20production.
https://www.latitudemedia.com/news/can-zanskar-use-ai-to-de-risk-conventional-geothermal/#:~:text=Last%20year%2C%20the%20Lightning%20Dock,grid%20%E2%80%94%20and%20tripled%20its%20production.
https://www.latitudemedia.com/news/can-zanskar-use-ai-to-de-risk-conventional-geothermal/#:~:text=Last%20year%2C%20the%20Lightning%20Dock,grid%20%E2%80%94%20and%20tripled%20its%20production.
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Geothermal faces structural barriers across permitting, transmission, and
interconnection, but new pathways are beginning to unlock deployment

Structural barriers facing geothermal Emerging pathways that can improve geothermal deployment
Complex, multilayer permitting slows development, with Behind-the-meter deployment offers a near-term

01. dual federal-state reviews and sensitive-resource checks 01. geothermal pathway, allowing industrial loads and data
extending timelines far more than for wind and solar. centers to bypass interconnection entirely.

High upfront exploration costs increase financial risk, with BLM emergency permitting creates faster federal

02. $5-$10M for site characterization and up to $450M for full 02. approval routes, with 14-day reviews for select
next-gen resource confirmation before PPAs are secured. geothermal activities.

PPA uncertainty constrains bankability, since geothermal Streamlined permitting practices, including tiering,

03. requires large sunk costs before revenue agreements are 03. MOUSs, and integrated reviews, can materially reduce
locked in. delays without weakening environmental rigor.
Transmission distance and interconnection costs erode Next-generation geothermal (EGS, closed-loop) expands

04. project economics, as remote resources face expensive 04. the viable subsurface resource base, reducing
upgrades and long 1Q delays. dependence on rare hydrothermal conditions.

The interconnection queue structurally disadvantages long- Federal tax credits, DOE’s Enhanced Geothermal Shot, plus

05. lead clean firm resources, with 95% of queued capacity 05. a goal to reduce EGS costs 90% by 2035 improve project
coming from solar, wind, and storage. economics, supporting early commercial deployment.

Sources: Emergency Permitting for Geothermal (Bureau of Land Management 2025) i i (McKinsey, 2025); How the Interconnection
Backlog Is Slowing Energy Growth (Uchicago, e e Ge Project De , ; itizens for Responsible Ener olutions,
Credit: Shubhangi Prasad, and Qer(nUQj; r\]/Vaggng zoszﬁ)are W|1h a];];rlbung Wagner etal Geothermal Power and EIedr|0|ty(N§oElbmf)?§?é)u5n&:g_!eséufﬁo(§ tCllmatfe KI:owTedgeb:n |t||Eat|v3}(/1?) II\/I;rch 2522?) % Columbia Business School
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