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INTRODUCTION

Geothermal energy offers a continuous, low-carbon power source but historically has supplied only a marginal
share of global energy due to high upfront costs and geographic limitations (De La Garza, 2023; International
Energy Agency (IEA), 2024). Large oil and gas companies, which have vast capital and subsurface expertise, have
the potential to scale “next-generation” geothermal technologies, yet until recently their participation has been
minimal. In fact, oil and gas producers accounted for only around 1% of global clear energy investments as of
the early 2020s, with about 60% of that coming from just four majors (IEA, 2023). This shows that most petroleum
firms have largely “watched energy transitions from the sidelines” (IEA, 2023). At the same time, industry
pressures to address climate change and diversify have grown. The research question of this study is: Are
innovations in technology, financing, and contractual structures enabling oil and gas majors to overcome
geothermal’s economic barriers, and what does this imply for geothermal’s investment trajectory?

A surge of interest since 2019 suggests that the “technological renaissance” in geothermal has begun to attract
major oil companies oil companies (Lauerman, 2021). New methods such as closed-loop systems (where a
working fluid circulates in a sealed well to extract heat) and enhanced geothermal systems (EGS, which use
techniques like fracking to create permeability) promise to vastly expand geothermal’s geographic reach (De La
Garza, 2023). The president and CEO of Eavor noted that the involvement of oil majors like BP and Chevron in
such ventures is a “fantastic endorsement” of the technology’s global scalability (Jacobs, 2021). These firms
bring not only funding but also transferable drilling skills, data, and project management capabilities. Indeed, up
to 80% of the investment required for a geothermal project involves capacities common in the oil and gas
industry (e.g. well drilling, subsurface modeling, project execution) (IEA, 2024). By leveraging these
competencies, oil companies could help drive down costs and de-risk geothermal projects. However,
geothermal’s economics have long been challenging. It characterized by high upfront capital expenditure and
resource risk (the possibility of drilling a non-productive well), leading to levelized costs of energy (LCOE) that
historically exceeded wind or solar in most regions (IEA, 2024). If innovation can cut these costs, geothermal
could become a competitive 24/7 clean energy source.

This context motivates our focus on innovation as the key to geothermal economics. We hypothesize that oil and
gas majors are more likely to invest, and to invest at larger scale, when projects embody: (1) technological
innovation - novel geothermal technologies that promise higher productivity or access to hotter resources; (2)
financial innovation - new funding approaches such as corporate venture capital, dedicated investment funds,
or public-private risk-sharing system; and (3) contractual innovation - creative partnership structures or off-take
agreements that allocate risks and rewards in new ways (for example, joint ventures with technology licensing,
or long-term power purchase agreements for geothermal heat/power). By empirically examining firm-year
investments from 2010 to 2025, we aim to determine whether these innovation factors align with the patterns of
investment by major oil companies. The ultimate goal is to interpret whether such investments are moving the
needle on geothermal LCOE and what policy measures could further accelerate this trend towards making
geothermal economically viable at scale.

METHODS & RESULTS

We constructed a dataset of documented geothermal investment events by large oil and gas companies
between 2010 and 2025. “Investment events” include equity stakes in geothermal technology firms, capital
commitments to geothermal project or joint ventures, and other publicly announced funding initiatives in the
geothermal domain. We focused on major international oil companies (IOCs) and large independents, including
BP, Shell, Chevron, Equinor, Eni, TotalEnergies, OMV, Devon, and others that have engaged in geothermal. Each
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event was coded for the presence of technological innovation (e.g. involvement of advanced geothermal
systems like closed-loop or EGS, versus conventional hydrothermal projects), financing innovation (e.g. use of
corporate venture capital, dedicated funds, or external financing partnerships, versus traditional balance-sheet
project development), and contractual innovation (e.g. novel joint venture agreements, risk-sharing contracts,
or offtake arrangements). We also recorded the investment scale (in USD where available) and other details such
asthe project type and location. Table 1 summarizes the key firm-year investment events identified (2010-2025),
including their innovation characteristics.

Table 1. Documented Geothermal Investment Events by Large Oil & Gas Firms (2010-2025), with Innovation
Attributes

Geothermal . .
. Tech Financing Contract
Firm Year Investment Event . . . Scale/Notes
Innovation? | Innovation? | Innovation?
(Type)
Yes (.publlc— Permit
Rotterdam Port private .
. obtained
ultra-deep Yes (ultra- . partnership
No (internal . for >3 km
Shell 2020 geothermal (UDG) deep . with Port & .
- L funding) deep pilot
exploration (Port of drilling) Energy (no output
Rotterdam, 2020) Beheer et)p
Nederland) y
Equrc.y investment Yes (closed- Yes (via BP No ~$40 million
in Eavor round co-led
BP 2021 . loop Ventures (standard .
Technologies system) ©vC) | equity stake) with
(Jacobs, 2021) y qurty Chevron
Strategic
investmentin No (low- Yes No -
. ~$25 million
Chevron 2021 Baseload Capital temp/ORC (corporate (standard investment
(Shieber, 2021; De projects) investment) | equity stake)
La Garza, 2023)
Venture investment Yes (via Undls.closed
. Yes (co- . No Series A
. in Lithium de . Equinor
Equinor 2021 . production: (standard amount
France (Equinor, heat + Li) Ventures equity stake) (strategic
2021) (CVC)) quity g
entry)
Strategic Yes Yeg $10 mllllgn
. - Yes (EGS, . (technical (strategic
investment in Fervo . (Strategic .
Devon 2023 Horizontal partnership, stake by
Energy (Devon, .. corporate
drilling) . knowledge- Devon
2023) investment) .
sharing) Energy)
Stake in Eavor Yes (direct €34 million
Technologies + Yes (closed- equity + Yes (~$36M) for
oMV 2023 commercial loop licqens¥n (preferred 6.5% stake
agreement (OMV, system) deal) g licensing) (OMV-led
2023) Series B)
No major direct Emphasis on
equity using O&G
investments in data to
geothermal . derisk
Eni 2010- projects; focus on N/A (R&D N/A ggtgrnal N/A geothermal,
2025 R&D and focus) funding) but capital
subsurface data g allocated
innovation (e.g. primarily to
GEOTWINSs project) LNG & fusion
(Eren, 2025) deals
No significant
. 2010- geothermal
TotalEnergies 2025 investments i i )
publicly reported;
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focus on solar,
wind, batteries
instead
Sources: Public announcements, company reports, and press releases as cited. Eni and TotalEnergies are
included for completeness; their lack of direct investment events is noted, highlighting firm-level differences.

As Table 1 indicates, many of geothermal investments by oil/gas majors have explicitly targeted innovative
technologies. For instance, BP and Chevron’s 2021 investment in Eavor Technologies backed a closed-loop
geothermal design that avoids the need for hydrothermal aquifers (Jacobs, 2021). Likewise, Devon’s 2023
investment in Fervo Energy supports EGS that adapt horizontal drilling and fracking (pioneered in shale oil) to
geothermal reservoirs (Devon, 2023). In contrast, conventional hydrothermal projects in known volcanic areas
have seen little involvement from these majors during 2010-2025. The only major with legacy geothermal assets,
Chevron, exited its conventional geothermal operations in Southeast Asia (selling its Indonesian and Philippine
geothermal fields in 2016) to refocus on new technology approaches (Sundaryani, 2016; Tam, 2017). This shift
shows thatitis precisely the prospectinnovation (higher temperatures, broader locations, improved economics)
thatis drawing oil and gas companies back into the geothermal arena.

We formalize this observation by analyzing whether the presence of innovation features is associated with larger
investment scales. Given the limited number of data points, we employ a simple cross-sectional regression at
the investment-event level. The dependent variable is the (log) investment amount (USD millions) committed by
the oil/gas firm in each event. The key independent variables are dummy indicators for technological innovation
(1 if the project involves advanced geothermal tech), financing innovation (1 if the investment uses an innovative
financing model), and contractual innovation (1 if the investment entails a novel contract or partnership). We
control for firm fixed effects in a limited way by considering only within-group variation (though sample size
precludes a full fixed-effects model). The regression specification is analogous models used in studies of
corporate innovation investment (e.g., relating R&D project size to innovation characteristics as in Hall & Van
Reenen, 2000), though here applied qualitatively. Formally:

Investment Amount; = o + B, (Techinnov;) + B, (Finalnnov;) + B;(Contralnnov;) + ¢; (1)

Where each i is an investment event. We acknowledge the sample is small; thus, the regression is intended to
reveal directional relationships rather than statistical significance. Table 2 presents the results (ordinary least
squares (OLS) estimation).

Table 2. Regression of Geothermal Investment Scale on Innovation Factors (Dependent variable:
Investment amount in USD million)

Independent Variable | Coefficient Interpretation
Intercept -5.0 Baseline (no innovation dummies = small conventional project)
Technological . . . .
. ec r.10 ogica +15.0 Advanced tech is associated with +$15M investment
innovation dummy
Ei — i
inancing innovation +30.0 Innovative financing use corresponds to +$30M investment
dummy
Contrzcl:gr:c;/vatlon -4.1 Novel contract alone shows slight negative association (-$4M)
(BP/Chevron-Eavor 2021, Chevron-Baseload 2021, Devon-Fervo
N (investment events) 4 2023, OMV-Eavor 2023; others excluded due to no disclosed
amount)
R? 1.00 (Perfect fit in this small sample - see note)

Note: OLS fit is exact here as each included observation has a unique combination of dummy values. Given the
very small sample, statistical significance levels are not reported so coefficients should be interpreted
qualitatively. The positive §; and 3, coefficients suggest that when a geothermal investment involved advanced
technology or innovative financing, oil and gas companies committed substantially higher capital. The 3
coefficient for contractualinnovation is negative but near zero in magnitude, indicating no meaningful additional
boostininvestment size from contract novelty alone (in our sample, the one case with a complex contract which
is OMV’s Eavor deal, had slightly smaller ticket size than the pure-tech investments by BP/Chevron). While
multicollinearity is a concern (since many events had multiple innovations), the results align with expectations:
projects that innovated in technology and financing attracted larger commitments from oil companies,
supporting the idea that these innovations are perceived to improve geothermal project economics.
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In terms of substantive results, the financing innovation effect appears particularly large. Many of the biggest
geothermal funding rounds were structured through venture-style financing or consortium investments rather
than traditional wholly-owned projects. For example, Chevron and BP’s closed-loop geothermal investment
(Eavor) was done via their venture capital arms, enabling risk-sharing with other investors (Jacobs, 2021). OMV’s
sizeable 2023 investment in Eavor was similarly structured as a minority equity stake accompanied by a licensing
partnership, rather than a 100% internally financed project (OMV, 2023). These innovative financing
arrangements tend to bring in tens of millions of dollars, which is an order of magnitude above the single-digit
millions that characterized earlier geothermal pilot projects.

The technological innovation effect is also positive: companies appear willing to spend more on breakthrough
technologies that promise scalability. In contrast, cases without a clear tech innovation (e.g. Chevron’s stake in
Baseload Capital, focused on conventional low-temperature projects) involved more modest amounts (~$25M)
(De La Garza, 2023). Notable, purely conventional geothermal projects (with no new tech or model) in this period
saw essentially no investment from the majors, aside from Chevron’s legacy operations that were divested.

Finally, the regression points to a finding that contractualinnovation alone is not a substitute for tech or financing
innovation. Novel partnership structures were present in several deals (Shell’s public-private venture in
Rotterdam, OMV’s licensing agreement with Eavor, etc.), but in our data theses always coincided with either
advanced technology or unique financing. One of the cases with a high-profile contract innovation is OMV’s
agreement for preferred rights to deploy Eavor’s technology (OMV, 2023). It also had tech and financing
innovation, making it hard to isolate the effect of contract structure. The slight negative coefficient for the
contract dummy likely reflects that OMV’s investment, while large (€34M), was a bit smaller than BP and
Chevron’s earlier $40M round in Eavor which did not include special licensing terms. In other words, innovative
contracts accompanied major investments but did not independently drive larger check sizes. This suggests that
oil and gas companies negotiate creative agreements to access geothermal technology (a sign of strategic
interest), yet the decision to invest (and how much) still depends primarily on the perceived technological
promise and the ability to manage risk via financing structures.

DISCUSSION & CONCLUSION

Our empirical findings indicate that innovation is indeed the key to unlocking greater oil and gas company
investment in geothermal. The pattern is consistent across multiple firms and years: when a geothermal
opportunity features a technological breakthrough (be it reaching higher temperatures, novel well designs, or
resource co-production) and when financing vehicles exist to spread risk, large energy companies have been
willing to invest on the order of tens of millions of dollars. These investments are still modest relative to typical
oil and gas capital budgets. They are often described as “small potatoes” comparing to the billions spent on
upstream oil projects (Jacobs, 2021). For example, Chevron’s $25M investment in Baseload Capital or even
OMV’s $36M stake in Eavor pale next to the $4 billion Chevron allocates annually to a single Permian Basin oil
development (Jacobs, 2021). However, in the geothermal context these sums are significant injections, helping
promising startups move from pilot to commercial-scale demonstrations.

The results show a virtuous cycle between innovation and investment: oil and gas majors are selectively
investing where innovations promise to lower the levelized cost of energy (LCOE) or mitigate risk, and such
investments in turn provide capital and expertise to advance those innovations. For instance, Eavor’s closed-
loop technology was predicated on the idea that it could become “the world’s first truly scalable form of clean
baseload power” (OMV, 2023). In the long run, these innovations aim to cut geothermal’s LCOE dramatically.
The IEA (2024) projects that with the right support, next-generation geothermal costs could be fall by ~80% by
2035, enabling electricity generation at around $50 per MWh. That would make geothermal one of the cheapest
dispatchable renewables, on par with or even below existing hydro and nuclear power costs (IEA, 2024). It is
telling that the U.S. Department of Energy (U.S. DOE)’s “Geothermal Earthshot” initiative (launched in 2022)
explicitly targets a 90% cost reduction for geothermal (to $45/MWh by 2035) (U.S. DOE, 2022), which is an
ambitious goal that assumes major contributions from private-sector innovation and deployment muscle. Our
findings align with this policy direction: innovation-focused investments by oil and gas firms can be a catalyst to
bend geothermal’s cost curve downward.

In terms of policy and industry strategy, a few implications emerge: Firstly, policymakers should leverage oil &
gas expertise. Oil and gas industry participation can provide geothermal development with advanced drilling
techniques, project management know-how, and global supply chains. Encouraging partnerships that bring
oilfield service companies and geothermal innovators together (e.g. via joint industry projects or consortia) can
accelerate learning-by-doing and cost reduction. Recent grants, such as U.S. DOE’s $165M award to coalition
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applying oilfield techniques to geothermal (Jacobs, 2021), are examples of public investment complementing
private initiatives.

Secondly, financial innovation could mitigate risk. Innovative financing mechanisms are crucial for geothermal,
given its high upfront risk profile. The major present of corporate venture investments and minority stakes in our
sample suggests that oil companies prefer to initially invest via venture capital and joint ventures rather than
funding 100% of a geothermal project on their own. This approach allows them to test the waters and share the
risk (and upside) with other investors. To further spur investment, governments can expand risk-reduction
instruments such as geothermal drilling insurance, resource risk guarantees, or co-investment funds. These
make it easier for companies to justify larger bets on exploratory projects. Public geothermal risk mitigation
funds could also be scaled up in partnership with industry capital.

Thirdly, contractual and market innovations are also crucial for the geothermal development. While our analysis
found contractual innovation alone wasn’t a primary driver of investment size, the importance of having a viable
market or offtake for geothermal energy is clear. Many oil majors are interested in geothermal not only for
electricity generation but also for heat supply (industrial heating or district heating) and even minerals (Equinor,
2021). Innovative contract models such as long-term heat purchase agreements, “energy-as-a-service” models
for geothermal heating/cooling, or mineral royalty arrangements can enhance project economics and attract
investment. Policymakers at local and national levels can facilitate such arrangements by integrating
geothermal heat into urban energy planning and creating frameworks for heat tariffs or incentives (similar to
feed-in-tariffs that benefited wind/solar).

In conclusion, this empirical study captures thatinnovation is the critical enabling factor for geothermal viability.
Large oil and gas firms are showing a willingness to invest in geothermal when technological, financial, and
contractual innovations align to make projects more promising. Achieving a low cost of geothermal utilization
will require sustained investment and collaboration: oil and gas companies contributing expertise and capital;
public policymakers de-risking and integrating geothermal into energy plans; and continued R&D to solve
outstanding technical challenges. With right innovative environment, geothermal energy, which is often
described as the “sleeping giant” of renewables, may finally be roused to play a significant role in the clean
energy transition.
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