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The natural H, exploration started.
Where ? By who ? Targeting which H, system ?

May - 2026 - Société Philomathique
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Chance, pioneer works and research

H, reserve discovery in Mali...
looking for water

H, emanation in Russia, soil gas

sampling, first description of fairy circles
Larin, Zgonnik, Prinzhofer, Deville

H, emanation in Philippines
Deville & Prinzhofer

H, emanation in Brazil... first

monitoring of a fairy circle
Moretti, Prinzhofer

‘ Mali: L’hydrogéne de Bourakebougou
fascine la communauté scientifique et
fait la Une de La Tribune
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From research to industry: everything changed since 2019

H-NAT 2024 =™
smpall

Y WY

Well Hoarty NE3 in Geneva, Nebraska (HyTerra)
Production test stopped because of a broken pump.
T e

| Moretti 2026

T
AcADEMIE o IVERSITE
OES TECHNOLOGIES R

What is happening worldwide

B The H, E&P started

B The most active countries are
South Australia, US and France
but it is mainly due to the law

: H2 E&P statut
that recognizes H2 as aresource

B production
M data recollection
B exploration

B Many other countries have H,
potential to explore
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Startups with investors... but noy only

Ex in USA, Koloma
Well funded by Breakthrough Energy (=Bill Gates foundation)

Confidential for long time and in the first page of the news paper
since last July 2023.

==

Bill Gates investit discréetement le

naturel
ooo

marché colossal de I'hydrogéne

O 1 |
- d i

WE ARE EXPLORING THE
CLEAN AND PRIMARY

OF »

NHE — Geneva project, Nebraska

Nemaha project

Koloma cofounder and CTO Tom Darrah, left, COO Carrie Hudak, cofounder and
CEO Pete Johnson, and cofounder and chief business officer Paul Harraka at the
company’s Denver office.

2023: 70 10%%
2024: 240 10%%

More than 50 companies are now
drilling or looking for acreage

2025: Koloma Announces International Expansion into Australia

February 18, 2025 — Koloma Inc., announced a USD $23.8 million raise to launch Koloma Australia Pty Ltd, marking the first of what the company

projects to be many international exploration efforts and partnerships outside of the US.

| Moretti 2026
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H, sources: mainly H,O

B Fe oxidation with geothermal hot fluids
B Serpentinization

B Hydrothermal context but basic
B Granite peralkaline

| Volcanic

B Radiolysis

B Mechanoradical

H Open questioni:l\zlgl;,\l

B Late maturation of Organic matter
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4 types of generating rocks

| B b

Lévy et al., 2023, Natural H2 exploration: tools and workflows to characterize a play, STET, doi.org/10.2516/stet/2023021

| Moretti 2026
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H2_GR1
B Ophiolite context

B The gas is often a mixture H,, CH,, N,

B Serpentinisation at low temperature: High pH and
carbonatation

B Capture of atmospheric CO,

| Moretti 2026
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Vaguand et al., 2018.
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Indonesia, 2024, courtesy of
Indra Sanjaya.
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B Oceanic lithospheres are not homogeneous
B The serpentinization process is heterogenous

B Tools are still missing to evaluate bulk remaining H,
potential

Using only density is not a good
proxy for serpentinisation rate
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The outcrop is just ~ 1km long but
the serpentinisation ranges from
3% to 62%

Magnetite,
~0.1%

BP0R42028,

Pyrenees : Geological context : Mantle

wedge
hyperextension (~110Ma)

followed by collision (~83Ma)

AQUITAINE BASIN

LToUlouse

| FRANCE /

! suaywen [

N
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/ Majorfauls & Thrustfaulls .~ Buriedfaulls ® Saltdiapirs  «* Salt-cored anticlines -~ International border

Wy Helios Aragon Permit Yy SauveTerre Permit @ Peridotitic bodies

(Loiseau et al. 2024 Modified from Canérot 2005)
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-125 100
Bouguer Anomaly (mgal)

Chevrot et al. 2022

-75 -850 -25 0 25

» 40 mantle bodies (green circles)

+ H, exploration permits near Frontal
Thrusts Helios Aragon (in Spain),
SauveTerre (TBH2), Grand Rieu
(45-8/Engie)...

Y W
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In the Pyrenees

B Presence of mantle rocks at shallow depth < 10 km

B Most of these hot spots are located along the North
Pyrenean Frontal Thrust and other related faults rooted
in the mantle body

1'0W
T

“& H: (ppmy) |

43°30N

Depth (km)

CO: (vol%)

South West: 4 permits in the Pyrenees+ 1 near Bordeaux

i mm,.,qmm. B Source: Mantle wedge and H2 flow from this ongoing
W 7| serpentinization area
§ B Potential seal: Triassic salt
¥ " ® Companies: 3 startups (TBH2, 45-8 and Mantle 8) and
one huge international energy supplier (Engie)
Aquitaine
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0 50 100 150 200
» Distance (km)
aoN ¥ Electrical resistivity
M cocene Wl Juwrassic  [Wl Basement - Seismic cluster |
Cretaccous [l Triassic [l Mantle Fault
Lefeuvre et al., 2021 Native H2 exploration in the western
. Pyrenean foothills doi: 10.1029/2021GC009917. 11
| Moretti 2026
ACADEMIE IVERSITE
OES TECHNOLOGIES R

Y U

Entre Béarn et Soule, un projet inédit a
la recherche d'hydrogéne natif

TBH2 un permis if de
mines sur un territoire de 43 communes au caeur du
département, afin d'y trouver, et d'exploiter le cas échéant, de
I'hydrogéne et de I'hélium & I'état naturel dans le sous-sol.

Grand Rieu, 2" block
45-8 5 storengy
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H, sources: mainly H,O
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B Late maturation of Organic matter

ACADEMIE
DES TECHNOLOGIES

Mali: The pioneers

I T

B Production since 12 years

M Various reservoirs (4, karst and sandstones, up to 12% of
porosity)

B Various seals (Dolerite but also shale)

B Presence of BIF in this Neoproterozoic series

cores
pictures

50
Nosaneranin
R0 720m,
a0 M|
sz 0m
[——

100
m

Maiga O., et al.. (2023) Characterization of the spontaneously recharging natural
hydrogen reservoirs of Bourakebougou in Mali, Sci. Rep. 13, 1, 11876.
https://doi.org/10.1038/s41598-023-38977-y

| Moretti 2026
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Australian Cratons & Banded Iron Formation

Terrains

BF majours (Mt)
® 50350
@ 50-450 Capricern
@ 450-650 Gragen

. 630 -B50
@ ss0-s0 West

@ Craton

4 Mines defer
Dépressions crcUlaires - Marsti [2021)
A Serpentine Area

A, Pingrup Area

M Esperance Area

A, Yorke Peninsula 7
A Kangaroa Island ] %

| S |
S500km

U Geymond, 2021
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Fe content, Fe2+ / Fe3+ Work done in collaboration

with the CSIRO, Perth

. Hématite et 3+ 2+ 3+
(ou) magnétite Fez 03, Fe Fez 04

I Stice et (ou)
carbonate de fer avec . A rita - 2+
magnétite desemnée > EX: Sidérite: Fe"CO03

B Rich cores are altered (Fe3+)

B But many BIF still contain Fe2+ m
R—
Iron Speciation—Massbauer Spectroscopy (' ICP-OES
_— i
iemaiteGoite®Forivydie  Siagneite Siicun N
Fert Fert Fet P R, =3 =3 FetiFem Fewi
D k) ND. 13 19 33 ND. 5 oM S —

~ oethite (+-FeOOH) + lepidocrocite (y-FeOOH). N.D; Not Detected

Geymond, U. et al.. 2022. Can weathering of Banded Iron Formations generate
natural hydrogen? Evidences from Australia, Brazil and South Africa. Minerals, 12,
163. https://doi.org/10.3390/min12020163

| Moretti 2026
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BIFs age and abundance

Itabira Group BIF, Quadrilatero
Carajas Formation,  Ferrifero, Minas Gerais, Brazil
Brazil

Hamersley
Group, W.A.

Canadian greenstone belts;
Yilgarn Block, W.A.

Naova Lima
Group BIF, Brazil
Zimbabwe; S. Africa;
Ukraine; Venezuela; Brazil;
Western Australia
Isua, West
Greenland

Transvaal Supergroup, S. Africa
Lake Superioir Region, USA
Krivoy Rog series, Ukraine

178 majeures:
@ 35156 09056
() Exploitations de far majeures®
[ Emenations ¢'K2 majeures en
domaine intracratonique

Labrador Trough, Rapitan Group, Canada;
Canada Urucum Region, Brazil;

Frere Formation IFs,  pamara Supergroup, Namibia
Nabberu Basin

Western Australia,

Abundance of BIF relative to
Hamersley Group BIF as maximum

A
45 a0~—___ 30 25 20 J 1.0 \I/fJ,s 0

Oxygenation of te open sea Snowball Earth:

Ramanaidou (2014)
| Moretti 2026 A_Au
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Brazil, Mina Gerais

U

B H, emanations have been measured in various places (Geo4U in collaboration with ENGIE)
B Statistic on the geometry of the fairy circles has been carried out in 3 zones including Sao Romao

TOCANTINS

Goiania

K MINAS GERAIS
| Légende :
! ¥ Hydrogéne confimé

| £ Ronds déformes sdon un axe
Grandes traces blandhes ESPIRITO
}E Station permanente SANTO

L

100 200km

—
Moretti, ., et al. 2021. Hydrogen emanations in intracratonic areas: new guide lines for early exploration basin screening. . Geosciences,

https://doi.org/10.3390/ geosciences11030145
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San Francisco Basin

Araguai Foreland
Bmb Brasilia Foreland F-T-belt Undeformed domain F-T-belt

Jl?w ENE WNW
- e i

Allochthonous
Macalibas and
Paranoa-Espinhago Il
sequences (?)

kol . : ! P i I G Bambui Phanerozoic
. basement sequence (?) . . . ;

% Normal 7 Thrust Y Inverted
Upper Cretaceous
Il Upper Cretac AR fault fault

©

BIF banded Iron Formation
Quadrilatere de fer

e

] B 330
| Moretti 2026
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S&o Francisco Basin: many indices and many H, generating rocks
B Old well with H,, up to 40%
B Many SCD’s
| Bif (archean and neoproterozoic)

B |ntrusion (ultramafic, kimberlites...) linked with strong magnetic anomalies

#PTRA-

@ Well with H2 and hydrocarbon
g H @ Well with hydrocarbon
Macaios || A Confirmed H2 emissions
. © Orywell
- Circular Depressions
. "’s':' Bl uiramafic rocks and BIF

I TTG rocks Archean and Proterozoic

Avenite B sittstone B Colarenite  $ Metaconglomerate ~—— Faults and lineaments

W shale B Mudstone 5 Dolomite B8 Conglomerate

I
48.00

10
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H,_GR1: H, from serpentinization of mantellic and oceanic rock
H, GR2: H, and Iron rich sedimentary rocks and intrusive

H,_GR3: H, from radiolysis

— m——

| Moretti 2026
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ACADEMIE IVERSITE
CARNO lJ o #au o7 oes
A OES TECHNOLOGIES = ‘ T B

Prospective Provinces : He & H,

Petermann unconformity

Mt Kitty 1 - gas: 9% Helium 11.5% H,

Discovery done by Santos, 3 new wells will
be drilled in 2023

B Others companies are targeting these blends
m USA: Desert Mountain PR

i R
| :
Australia: Santos Johns, D.; Menpes, A.; Walshe, Exploration of a Sub-Salt Play in the Southern

H Europe: 45-8 Amadeus Basin, Central Austra-lia—Searching for Big Gas in Proterozeic RéservoirsgSeapex
| Moretti 2026 Presentation; Seapex: Singapore, 2017. 22
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H, sources: mainly H,O, but not only

7N
B Fe oxidation with geothermal hot fluids 2Fe0k 120} Fes05 +Fy

7N
3 FeySi0; H2 H,00= Fe,0, +35i0; + 2H,
\~_,\--\
N
2 FeSpyrrnorice) hﬂz 0} =FeSsy, ., +FeO + Hy

B Serpentinization

B Hydrothermal context but basic

e
3 [NazFef* Fe*Sig0;, (OH) ] arsveasontee) “\2 Hzf‘,'
-

® Granite peralkaline = 0 [NaFe™ S50, ] pagirine) + 6 5103 + 2 [Fes0yuagniries) +5 Hs

. . e~
| Volcanic (" 1,5 W2 1,0Y= 50, + 31,
\~_’l \N_’I
. . 75N
B Radiolysis (HOM o, B,y
~—
. 75N
B Mechanoradical (HO+ ...
~—

-
K oY

B Open question{NH,!

B Late maturation of Organic matter

Modified from Klein et al., 2020 Elements, Vol. 16, pp. 19-24
I Moretti 2026 23

scuntre 2 CarnoT sl e
OES TECHNOLOGIES 5 ‘ SIESR R

H, GR1: H, from serpentinization of mantellic and oceanic rock
H, GR2: H, and Iron rich sedimentary rocks and intrusive
H,_ GR3: H, from radiolysis

H, GR4: Late maturation of Organic matter

Parana
H, GR4?

| Moretti 2026

12



30/05/2026

ACADEMIE
DES TECHNOLOGIES

Hongkong

RS i
Towngas

ANNIVERSARY

Gas supply mains consisting of 24-km of pipelines
were connected to 500 street lamps and selected

buildings.

City lighting set up in
1862-1864 in this
British colony

Chemical Composition
Carbon Dioxide
Carbon Monoxide
Methane
Hydrogen

Nitrogen and Oxygen

Town Gas Characteristics

16.3% - 19.9%

1.0% - 3.1%

28.2% - 30.7%

46.3% - 51.8%

0% - 3.3%

Physical Properties

Calorific Value 17.27 MJ/m3
Specific Gravity 052

‘Wobbe Index 24

Weaver Flame Speed 35

H https://www.towngas.com/en/About-Us/Hong-Kong-Gas-Business/Gas-Production

| Moretti 2026
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CHa
CO:

0:

H:

co

H:S
Balance

| Moretti 2026

H2 and coal: the coal slag heap emits H2

[Componte O duen

0.2 %
7.8%
12,3%
23353
52 ppm
520
79,8 %

Vi f D Lé
ideo curtesy o e‘ ‘ . 26

U
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g ' * T,
N i T & Various authars ¥-|0-2668x
v 20 ®  This Study >
. v=0.248x
" - ® Cooper Basin o
815 . *
;: 1o Hydrogen - Eval = Lietal 2015 . y=01924x
3 o4 E °
E 2 g0 . .
£
4 5 ® .
T -
N
(1] 10 20 30 a0 50 60 70 80 %0
. TOC %
Moretti et al., 2024 For immature samples :

Huge estimated Ressource :

H, yield = % of the TOC in %

Geoscience Australia, Fm Tachawara : 850 tcf (2.12 Gt)
GFZ & China University of Mining and Technology Songlio Basin, China : 1819 tcf (4.6 Gt)

=> Global resources (based on the shale estimation already done for the shale gas) : 32 000 tcf
i.e. 6.4 10 t (about 8500 yr of the current world H, consumption)

Horsfield et al., 2022, Molecular hydrogen from organic sources in the deep Songliao Basin, P.R. China
Mahlstedt et al; 2022, Molecular hydrogen from organic sources in geological systems, https://doi.org/10.1016/j.jngse.2022.104704

Moretti |, et al., 2024 The H, potential of the Colombian coals in natural conditions. IJHE, https://doi.org/10.1016/j.ijhydene.2024.06.225

T
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" AFRICAT
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FIGURE 3: NATURAL HYDROGEN EXPLORATION -
STATUS IN -AFRICA BY MID-2025. RED: -
PRODUCTION; ORANGE: EXPLORATION: -
GRFEFN: RESEARCH]

e - One-country-is-producing-Hz:-Mali-q

e - In-four-countries:the-exploration:-is:
H2 E&P statut

active:-Morocco, Djibouti,-South-Africa,
Soudan.

B production
M dafarecollection
[ exploration

e - Data-have-been-published-about-the-
Namibian-and-East-African-Rift-potential

14
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J G- W st
» Asia and Oceania|
il
O B  FIG6:ACTIVITY N ASIA-AND-

OCEANIA BY -MID 20251

e - Exploration-is-active:in-

Australia-and-Philippinest]
H2 E&P statut

W production
B datia recollection
M exploration

e - Data-has-been-published-in-
Indonesia-and-in-China

e - In-Kazakhstan-the-gover-
¢ nment-founded-large-projects-to-

evaluate-the-country-potential

) e - Lliterature:shows-thatthe:
' topic-is-becoming-hot-in-Indiaq]

™T
mINSTITUT = ¢

SESTEE CARNOT -'-'Lr]!'{F.'E?J i
HNOLOGIES ‘ o R

Resources / Reserves G Ellis, USGS, HNAT-2024

Global geologic hydrogen resource model

» Box model for global hydrogen resources \'\ *
» Inputs constrained by known hydrogen behavior (e.g., SN

estimated annual production, etc.) and analogues

(e.g., petroleum, helium, etc.) si \\ ! ottt /

» Assume steady state today

» In-place hydrogen amounts may range from
thousands to billions of Mt with median prediction of
~5 million of Mt

» Most hydrogen is likely inaccessible - too deep, too
far offshore, too small accumulations

» A few percent recovery would still supply all projected * g
H, demand (>400 Mt/yr) for 100’s of years

WWW.HNATWORLDSUMMITCOM | in

USGS estimation: between 1000 y 10° Mt of H,, P50: 5 108 Mt
Reserves for more than100 yr even with a low recovery factor and a strong increase of consumption x 4

o 30V 1 2029 oD o6 A -
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What is happening worldwide

1ST NATURAL HYDROGEN
WORLDWIDE SUMMIT

HNAT 2001 Yo

June 2-3, 2021 | Digital Event
1" Natural Hydrogen
Worldwide Summit

Conference & Exhibition WHAT IS HAPPENING IN MIDDLE EAST?

09:00-10:00
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

Chairman
Isabelle Morett]

Etat des connais: es scientifiques,

juridiques et d’acceptabilité sociale

inventaire mondial, zones d’intéréts
sur le territoire frangais

Second edition took place in June 2022, 3" in Perth Nov 2023
4nd in Paris 25-26™" Nov 2024, we are currently organizing the 6t
one.

H-Nat Summit 2026:
The Year Natural
Hydrogen Scales Up

AAPG included the topic in their International meetings of 2022
(ICE- April Cartagena-Colombia; May Budapest-Hungria),

special AAPG about natural H2 in south America in December
2022; now all the AAPG or EAGE global event includes natural H2
in the program.

www.hnatworldsummit.com

Side event at the COP 26 organized by the Glasgow Uni 4589  Omuwse  Mimd  Scos @ n D
Eliis — %) renexd  AGEO)
AlE: creation of a Task dedicated to natural H, (confirmed in 2 . -
march 2024, n°49) P 1V v—— i
e = o= e — €5
Earth2: Initiative to federate the European ecosystem of H, in
subsurface m smerr Sese o 0
| Moretti 2026 ‘ ‘ ‘ 31
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2024: Involvement of the NOC

U

Natural Hydrogen in the northern Semail Ophiolite: A case study in the
Emirate of Ras Al Khaimah, UAE

Gabriel Pasquet ™ ©, Keanu Loiseau ", Mohamed Diatta ", Giacomo Firpo ", Paul Swire "©,

B In south America: Ecopetrol, Petrobras Andrew Amey ", Thibaut Burckhart", Isabelle Moretti *

* Laboratoire des Fluides complexes et de leurs Riservoirs (LFCR), UMR 5150, IPRA, Université de Pau et des Pays de I'Adour, Avenue de I'Université, 64000 Pau, France
® RAK Gas, Ras Al Khaimah, United Arab Emirares

| |n the Middle East: Adhnoc, RakGas, SaudiAramco

First downhole sampling of a
natural hydrogen reservoir in
Colombia

M |n Asia: Sinopec, Petronas

Natural H; Transfer in Soil: Insights
Measurements at Varying Depths

Subsurface hydrogen generation: Natural sources
conversion technologies

Cesar Patino ', Dora Piedrahita *, Elkin Colorado #, Katherine Ari

Cesar Patifio’, Dariusz Strapo¢?*, Oscar Torres®, Oliver Mullins®,
Ulises Bustos®, Oscar Bermudez®, Albeiro Lopez®, Maria Trujillo
and Hans Morales’

cnico de Des
petrol com.co ()

le 1109-25, Odicina 801, Bagoti

adodierpro.com (E.C.)

P, Rue de L'Univensité, 64012 Pa

* Comespondence: isabelle moreti@univ-pas

Jian Hou®", Wei Wei®, Ziyuan Qi®, Mohammad Alotaibi®  Expr

* Beijing Research Center, Aramco Asia, Beijing, 100102, China
* EXPEC Advanced Research Center, Saudi Aramco, Dhahran, 31311, Saudi Arabia

Helium and natural hydrogen in the Bohai Bay Basin, China: Occurrence, ‘
resources, and exploration prospec

Integrated geochemical identification of natural hydrogen sources
Yongbo Wei ™", Quanyou Liu " , Dongya Zhu

Xiaoqi Wu", Pengpeng Li“, Xiaowei Huang *

* State Key Laboratory of Deep Petroleum Intelligent Exploration and Developn]
China

* University of Chinese Academy of Sciences, Beijing 100049, China
© Institute of Energy, School of Earth and Space Sciences. Peking University, B|
* Petrolcum Exploration and Production Rescarch Institute. SINOPEC, Beijing
* State Key Laboratory of Earthquake Dynamics, Institute of Geology, China &

| Moretti 2026

Quanyou Liu*"*, Xiaoqi Wu ¢, Xiaowei Huang?, Di Zhu, Qingqiang Meng ¢, Dongya Zhu ¢, Huiyuan Xu®,
Jiayi Liu <, Pengpeng Li ? Zheng Zhou €, Kaigiang Zhang?, Zhijun Jin *“*

2Institute of Energy, Peking University, Beijing 100871, China

® Northwest Institute of Eco-Environment and Resource, Chinese Academy of Sciences, Lanzhou 730000, China

€ Petroleum Exploration & Production Research Institute, SINOPEC, Beijing 102206, China

dKey Laboratory for Biomass Gasification Technology of Shandong Province, Energy Research Institute, Qilu University of Technology (Shandong Academy of Sciences), Jinan

*©Lancaster Environment Centre, Lancaster University, Lancaster LA1 4YQ, UK
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H, / Mines, 2025: the Mining companies start looking for H2
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What is happening worldwide: companies
HEATING NATIVE HYDROGEN EXPLORATION ACROSS THE GLOBE
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Take home messages

BThe H, E&P started

BThe most active countries are South

Thanks for

your
attention

Australia, US and France but it is
mainly due to the law that recognizes
H, as aresource ~

EMany other countries have H,
potential to explore

BHight temperature serpentinization is
just one of the potential reactions
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