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WHAT, WHERE & WHY GEOLOGIC 

HYDROGEN?
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What’s happening beneath our feet?
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Sources

E. Hand, Science 379, 630–636, (https://doi.org/10.1126/science.adh1477) (Feb. 2023).



Schematic representation of generation mechanisms
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1) Radiolysis
3) ”Deep Earth” 
sources

2) Mineral Oxidation
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Focusing on subsurface iron oxidation

Fe (II) + H2O   

Fe (III) oxides and H2

5% of Earth’s Crust is Fe (II)

Within drilling range

The chemical potential of that 5% is  
100’s of trillions tons of H2



What is the current evidence for Geo-Hydrogen?

5Role of ARPA-E in Unlocking Geological Hydrogen April 30, 2024
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Picture of the continuously burning gas 
seep at Chimaera, Turkey (7.5–11.3% H2

What is the current evidence for Geo-Hydrogen?

6Role of ARPA-E in Unlocking Geological Hydrogen April 30, 2024



Natural Hydrogen Field in Mali
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30 to 131 Meters

From the surface



Global Activities

8Role of ARPA-E in Unlocking Geological Hydrogen April 30, 2024

Blay-Roger et al. 2024

▸Governmental efforts

– France

– Spain

– Columbia

– Australia

– …

▸Commercial efforts

– Multiple companies actively 

drilling 

– Significant amount of private 

capital ready to be deployed



First Unicorn out of the Gate
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First Unicorn out of the Gate

10Role of ARPA-E in Unlocking Geological Hydrogen April 30, 2024



Where might we find in the US?
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Geoff Ellis - USGS



What is the pathway to practical impact?  How will barriers to 
commercialization be overcome?
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Geologic hydrogen resources may be close to demand sectors, including:

Example Geologic Hydrogen Prospect Map

Petroleum Processing

Ammonia

Iron & Steel

Shipping

Sources

G. Ellis, 2022, (Geologic Hydrogen Presentation). (By courtesy)



GEOLOGIC HYDROGEN PROGRAM

@ ARPA-E 
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Role of ARPA-E on development of Geo-Hydrogen

‣ Unleash American ingenuity to assess the challenges and opportunities of Geo-

H2 as a new primary source of energy.

‣ Rapidly answer the question “Is there a there there?”.

‣ Create the environment that enables the fast deployment of the technology; 

address risks and develop mitigation strategies early on.  

‣ Establish US global leadership in the development GeoH2
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Current state of the technology
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Despite all recent activity, GeoH2 technologies are high risk and TRL is low

Establish exploration and 

characterization 

methodology, technology

Develop know-how to 

stimulate H2 evolution

Engineering for 

subsurface H2 

development



Why is now the right time? ARPA-E Approach
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Opportunistic Exploitation

Geophysical Exploration

Hydraulic Stimulation

Targeted Exploration

Stimulation

Subsurface Engineering

250 Years for Oil and Gas

20 Years for Geological Hydrogen

Sources

D. Yergin, The prize: The epic quest for oil, money & power (Simon and Schuster, 2011).



Program Aspirations
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Target

Cost @ wellhead <$1/kg H2

Wellhead purity >20% (volumetric) H2

GHGe footprint <0.45 kg CO2e/kg H2

Target deposit potential >10 million tonnes of H2

Potential 

production/deposit

>1 million M3/day 

(82 tonnes/day or 30,000 

tonnes/year)
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Comparison to the current state of the art?
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CH4

H2O

CO2

H2

Steam methane 
reforming (SMR)

CH4

H2O

H2

CO2

SMR with CCS

H2O

H2

Water electrolysis
(Renewable grid scenario)

H2O H2

Geologic Hydrogen

Generate H2 from the earth

<$1
<0.45 kg

$5.45

1.8 kg$1.65
2.7 kg

$1.15

10 kg

Cost ($/kg H2) Emissions (kg CO2/kg H2)

*Ranges correspond to min-max estimates

Geologic H2 Goal

Sources
International Energy Agency, 2022, (Global average levelised cost of hydrogen production by energy source and technology, 2019 and 2050).
Hydrogen Council, 2021, (Hydrogen Decarbonization Pathways | Hydrogen Council).

https://www.iea.org/data-and-statistics/charts/global-average-levelised-cost-of-hydrogen-production-by-energy-source-and-technology-2019-and-2050
https://hydrogencouncil.com/en/hydrogen-decarbonization-pathways/
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What is the current state of the art?
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CH4

H2O

CO2

H2

Steam methane 
reforming (SMR)

CH4

H2O

H2

CO2

SMR with CCS

H2O

H2

Water electrolysis
(Renewable grid scenario)

H2O H2

Geologic Hydrogen

Generate H2 from the earth

<$1
<0.45 kg

$5.45

1.8 kg$1.65
2.7 kg

$1.15

10 kg

Cost ($/kg H2) Emissions (kg CO2/kg H2)

*Ranges correspond to min-max estimates

Geologic H2 Goal

Geologic H2

No critical minerals

No added CO2 sequestration

Primary energy

Blue H2

Requires Gtpa of CO2 sequestration

Potential for CO2 and CH4 releases

Green H2

Requires 10s Mt of critical minerals

Significant wind and solar needed

Both are energy carriers

Sources
International Energy Agency, 2022, (Global average levelised cost of hydrogen production by energy source and technology, 2019 and 2050).
Hydrogen Council, 2021, (Hydrogen Decarbonization Pathways | Hydrogen Council).

https://www.iea.org/data-and-statistics/charts/global-average-levelised-cost-of-hydrogen-production-by-energy-source-and-technology-2019-and-2050
https://hydrogencouncil.com/en/hydrogen-decarbonization-pathways/


Physical Stimulation

Catalysis

Bio-stimulation

Production of Geologic Hydrogen Through 
Stimulated Mineralogical Processes



Extraction/Transport

Containment

Monitoring/Modelling

Subsurface Engineering for Hydrogen Reservoir Management



ARPA-E Program Awardees: $24 M

Production of Geologic Hydrogen through 
Stimulated Mineralogical Processes

Subsurface Engineering for Reservoir 

Management
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Methodology for Life-Cycle Analysis for 
Geological Hydrogen (GREET)



GEOLOGIC HYDROGEN PROGRAM

QUESTIONS TO BE ADDRESSED
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Chemical challenges

‣ Can the oxidation of Fe(II) to Fe(III) be catalyzed in situ?

‣ How important is the equilibrium, can it be shifted?

‣ What is the impact of mineralogy?

– Impact of trace elements?

– Microstructure?

‣ Are there other H2 forming reactions to be developed?
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Fe (II) + H2O           Fe (III) oxides and H2



Physical challenges

‣ How to increase/maintain surface area?

‣ Volume expansion from the reaction

– Olivine to serpentine: 30%

– Wuestite/Fayalite/Siderite: ?

– Ferro magnesite: ?

– Inducing seismicity?

‣ Can we separate H2 from water in situ?

– Engineer voids to collect?

25
Sources

Quidnet Energy, (Quidnet Energy - Technology).

https://www.quidnetenergy.com/solution/?section=technologySection


Natural accumulation challenges

‣ What happens when we begin to pull out H2?

‣ How fast does it replenish?

– How pure is the gas source?

– Will concentration increase with withdrawal?

‣ Can we force it out with a sweeping gas?

‣ Can we drill down to the natural source in the 

basement?
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THE 
FUTURE
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Can we unlock it?
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