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Hydrogen: Production mode and environmental impact 
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◼ Today we have cheap 

H2 from HC and more 

expensive from 

electrolyser (roughly 2 

vs 8 $/kg)

◼ Within the steam 

reforming

◼ 1/3 of the price is the 

gas, 

◼ 1/3 the energy (to 

800°C), 

◼ 1/3 the cleaning

Natural H2 could 

be cheaper and 

cleaner
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A long list of known emanations
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+ along the Mid Oceanic Ridges and in ophiolitic context
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Natural Hydrogen and Mid Oceanic Ridges

➢ Known for long time but not easy to produce
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◼Mid-oceanic ridges

◼East Pacific r.: H2≈60%   (Welhan & Craig., 1979)

◼Rainbow:       H2≈50%   (Charlou et al., 2002)

◼ Logachev: H2≈50% (Douville et al., 2002)

◼ Lost City: H2≈70%   (Kelly et al., 2005)

◼Ashadze : H2≈70% (Charlou et al., 2008)

Each vents: 
flux~ 5-10 x 106 m3 H2/an  
(Charlou et al., 2008) 

Probably thousands of vents
Along  60 000 km 
of mid-oceanic ridges

White smoker

Lost city

Rainbow
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Where this H2 is coming from
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Olivine + Water → Serpentine + Magnetite + Hydrogen

Low pH, High temperature
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A long list of known emanations and the first onshore discoveries
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50 km

Well with H2 shows
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Mali: first production of pure natural H2

7

88
8I Moretti – GERG 20th - DEC 20218

◼ H2 accumulation seal exists: here dolerite

◼ No leakage above the producing structure

◼ 7 years of production: 1300m3/day and no 

pressure drop (4 bars) :

◼ Either the tank is big (and the pipe is small...)

◼ Either it recharges continuously

Mali: what we learn
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H2 sources: mainly H2O – Water rock interaction

◼ Fe oxidation with geothermal hot fluids

◼ Serpentinization

◼ Hydrothermal context but basic

◼ Granite peralkaline

◼ Volcanic

◼ Radiolysis H20 + a, b, g

◼ Open question:  NH3

Modified from Klein et al., 2020 Elements, Vol. 16, pp. 19–24

A permanent flow, as for the geothermy
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Mali: first production of pure natural H2 

Where will be the next ones ?
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Brazil

South Africa

USA
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Fairy circles are very numerous in Australia (red zones)

South of Perth, serpentine area

Moretti, I., et al. 2021. Hydrogen emanations in 

intracratonic areas… https://doi.org/10.3390/ 

geosciences11030145

Yellow stars wells with H2
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South Australia: Yorke peninsula

Original values Yorke Peninsula

Depth (m) 240 240 262 262 262 508

CO2 (%) 0.8 0.2 0.8 0.8 0.6 0

O2 (%) 0 0 3.2 2.4 3 1.2

H2 (%) 74 76 60 64.4 60 84

CH4 (%) 7.5 7.5 5.4 7 5.6 0

N2 (%) by difference 17.7 16.3 30.6 25.4 30.8 14.8

Air corrected values

CO2 (%) 0,8 0,2 1,0 0,9 0,7 0,0

H2 (%) 74,0 76,0 71,3 73,1 70,5 89,3

CH4 (%) 7,5 7,5 6,4 7,9 6,6 0,0

N2 (%) 17,7 16,3 21,3 18,1 22,3 10,7
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Moretti, I., et al. 2021. Hydrogen emanations in 

intracratonic areas… https://doi.org/10.3390/ 

geosciences11030145
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Amadeus basin, Australia: blend HC, He, H2

◼ Mt Kitty 1 gas: 

9% Helium

11.5% Hydrogen

◼ Discovery by 

Santos

Johns, D.; Menpes, A.; Walshe, P.; Bache, F. Exploration of a Sub-Salt Play in the Southern

Amadeus Basin, Central Austra-lia—Searching for Big Gas in Proterozoic Réservoirs; Seapex

Presentation; Seapex: Singapore, 2017.
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Other examples of what is happening worldwide

◼ Mali: Hydroma, 20 new wells, certification of the 

reserves by Chapman (Canada)

◼ USA: NH2E start up drilled a first well in Kansas:

◼ France: 45-8  : Looking for both He and H2

◼ Djibouti: ODDEG is looking for mix production 

Geothermy and H2

◼ Helios and Ascent will be drilling in Spain in 2021

◼ Pristine (USA) will be drilling in south and north 

America in the coming months …

14
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The first H Natural forum took place in June

https://www.hnatsummit.com/
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H-Nat Summit : first opportunity for all stakeholders to introduce or learn about this new 

promising market, showcase their latest H2 discoveries, exploration activities, 

products & services, build partnerships, establish and grow business relationships, raise 

financing, assemble teams…

H-Nat Summit opens up a fresh competitive playing field for conventional energy players. 

Alongside them, new businesses and entrepreneurs from various sectors was also 

showing interest in this promising new market, with start up, research groups, monitoring 

or academic partnerships already in place to ensure they do not miss the H2 opportunity.

This first forum has been an opportunity for all stakeholders to showcase their latest 

products & services, build partnerships, establish and grow business relationships, raise 

financing, assemble teams… 750 attendees

Second edition is expected to take place in June 2022. 

AAPG included the topic in their International meetings of 2022 (ICE- April Cartagena-

Colombia; May Budapest-Hungria)

Side event at the COP 26 organized by the Glasgow Uni
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To conclude… 
Exploration of H2 is starting, it is a very promising way to go real green 
H2… and a new decarbonized resources for couple of countries
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• Prinzhofer, A., I Moretti, J Françolin, C. Pacheco, A. D’Agostino, J. Werly, F. Rupin, 2019, Natural hydrogen continuous emission

from sedimentary basins: The example of a Brazilian H2-emitting structure, International Journal of Hydrogen Energy,

https://doi.org/10.1016/j.ijhydene.2019.01.119

• Lopez-Lazaro C., P. Bachau, I. Moretti, N. Ferrando, 2019, Hydrogen solubility in aqueous NaCl solutions : from molecular

simulation to equation of state. BSGF, doi.ord/10.1051/bsgf/2019008

• Myagkiy, A., F. Brunet, C. Popov, R. Krüger, H. Guimarães, L. Charlet, and I. Moretti, 2019, H2 dynamics in the soil of an H2-

emitting zone (São Francisco Basin, Brazil): Microbial uptake quantification and reactive transport modelling, Applied Geochemistry

112, https://doi.org/10.1016/j.apgeochem.2019.104474

• Moretti, I. 2019, H2: energy vector or source? L’actualité chimique n° 442, July-Aout, p 15-16.

• Myagkiy, A., I. Moretti, F. Brunet, 2020, Space and time distribution of subsurface H2 concentration in so-called “fairy circles”:

Insight from a conceptual 2-D transport model, BSGF, v 191, pp13, https://doi.org/10.1051/bsgf/2020010,.

• Moretti I and F Gonzalez, 2020. Hidrógeno y su proyección como transición energética para Colombia, ACGGP, V 31, p 22-29

• Moretti I., A. Prinzhofer, J. Françolin, C. Pacheco, M. Rosanne, F. Rupin and J. Mertens. 2021. Long term monitoring of natural

hydrogen superficial emissions in a Brazilian cratonic environment. Sporadic large pulses versus daily periodic emissions.

International Journal of Hydrogen Energy, https://doi.org/10.1016/j.ijhydene.2020.11.026

• Moretti, I., E Brouilly, K Loiseau, A Prinzhofer, E Deville 2021. Hydrogen emanations in intracratonic areas: new guide lines for

early exploration basin screening. Geosciences 2021, 11, 145. https://doi.org/10.3390/ geosciences11030145

• Moretti, I. and M Webber, 2021, Natural hydrogen: a geological curiosity or the primary energy source for a low-carbon future?

RENEWABLE MATTER .Frery,E., L. Langhi, M. Maison, I. Moretti, 2021. Natural hydrogen seeps identified in the North Perth

Basin, Western Australia, International Journal of Hydrogen Energy, https://doi.org/10.1016/j.ijhydene.2021.07.023

• Leila M., D Levy, A Battani, L Piccardi, B. Šegvić, L. Badurina, G. Pasquet, V. Combaudon, I Moretti. 2021, Origin of continuous

hydrogen flux in gas manifestations at the Larderello geothermal field, central Italy, Chemical Geology, ,

https://doi.org/10.1016/j.chemgeo.2021.120564

• Combaudon, V., I Moretti, B. Kleine, A Stefánsson. 2021. Natural hydrogen emissions in Iceland and comparison with the Mid-

Atlantic Ridge. Submitted to IJHE

• Lévy D., JP Callot, I Moretti, B Dubreuil, P de Parseval, M Duttine, O. Boudouma, 2021 Successive phases of serpentinization

recorded in the ophiolite of Sivas (Turkey), from oceanic crust accretion to late alteration after obduction. Submitted to BSGF

• Pasquet G., R. Houssein Hassan, O. Sissmann, J. Varet, I. Moretti, 2021.An attempt to study natural H2 resources across an

oceanic ridge penetrating a continent: The Asal–Ghoubbet Rift (Republic of Djibouti). Submitted to JOAST

https://doi.org/10.1016/j.ijhydene.2019.01.119
https://doi.org/10.1051/bsgf/2020010
https://doi.org/10.1016/j.ijhydene.2020.11.026
https://doi.org/10.1016/j.ijhydene.2021.07.023

