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The colours of hydrogen

2020

Oil and Gas
Market value $2000 billion

https://newsroom.posco.com/en/posco-to-establish-hydrogen-production-capacity-of-5-million-tons/



Hydrogen ςThe race to a cheap/clean source

Hydrogen

2020
87 million tonnes
>96% of hydrogen from fossil fuels ςƳƻǎǘ ƻŦ ǘƘƛǎ ƛǎ ΨDǊŜȅΩ
ғлΦм҈ ƘȅŘǊƻƎŜƴ ΨƎǊŜŜƴΩ

2020

Oil and Gas
Market $2-6000 billion

IEA: Net Zero by 2050 ςA Roadmap 

2050
538 million tonnes

306 million tonnes Green
198 million tonnes Blue
+ other

Market $300-1000 billion

requires a compound 

average annual 

growth rate 

(CAAGR) in clean 

hydrogen production 

of 66% between now 

and 2030, and 23% 

between 2030 and 
2050



Hydrogen ςThe race to a cheap/clean source

The hydrogen trajectory - KPMG Global (home.kpmg)

COST is critical

https://home.kpmg/xx/en/home/insights/2020/11/the-hydrogen-trajectory.html


Natural (Gold) Hydrogen

Chimera, Turkey

Estimated -
$1/Kg H2

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjeosDlgqnLAhUBJpoKHZ4UAesQjRwIBw&url=http%3A%2F%2Fjustglobetrotting.com%2Fsouthern-turkey%2F&bvm=bv.116274245,d.d2s&psig=AFQjCNEIbnp9BZv5zMf7qH7aVnvXGEEi9A&ust=1457249031445918
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiOitmghKnLAhXiA5oKHTSYDRkQjRwIBw&url=http%3A%2F%2Fwww.mp3tunes.tk%2Fdownload%3Fv%3DsRXrS6xOn4Y&bvm=bv.116274245,d.d2s&psig=AFQjCNFkQAYF19cZGfAWuA5EwlEt2zrSkw&ust=1457249664228791


Hydrogen (and helium) generated in the crust

Å Hydrogen from two sources:

1) Reaction between iron-rich rocks and water First identified in the 
мфслΩǎ ŀƴŘ ǎŜŜƴ ƛƴ 
ocean crust 
hydrothermal systems 
ƛƴ ǘƘŜ мфтлΩǎ

2) Radiation splitting water molecules

Serpentinization ( = hydration)

3Fe2SiO4 + 2H2O = 2Fe3O4 + 3SiO2(aq) + 2H2

Radiolysis 

H2O                       e-, HO , H , HO2 , H3O
+, H2O2, H2

.

Ionising radiation
from U, Th, K

https://www.centauri-dreams.org/2021/07/02/radiolytic-h2-powering-subsurface-biospheres/

(linking helium and hydrogen)

http://www.dailygalaxy.com/.a/6a00d8341bf7f753ef013488a0a343970c-pi


Old continental crust is Ferrous-rich

Å Precambrian 
(>541Ma) continental 
crust

Å Exposed (blue) and 
buried (green) = 
>70% of continental 
crust surface area

Sherwood Lollar et al., 2014



Χ ŀƴŘ ŀƭǎƻ Ŏƻƴǘŀƛƴǎ ǿŀǘŜǊ

~ 10.6 million km3

~ 11 million km3

Fresh ground water 
1.386 billion km3

ALL WATER 

Fresh surface water
93 thousand km3

http://water.usgs.gov/edu/gallery/global-water-volume.html

Precambrian (saline) water



Gold hydrogen - generation rate is known

Sherwood Lollar et al., 2014

ÅThe hydrogen production 
rate of the Precambrian 
crust is only recently 
known

Å~30% of the production 
via radiolysis 

ÅAverage age of 
Continental Crust ~2Ga

*



Continental hydrogen generated in 1Ga

Å Continental H2 generation rate = 0.36ς2.27x1011 moles H2/year
Å (up to 500,000 tons/year)

Å Average age of continental crust is ~2 Billion years (2Ga).

ǘƘŜ ŜƴŜǊƎȅ ŦǊƻƳ м .ƛƭƭƛƻƴ ȅŜŀǊǎ όмDŀύ ƻŦ ƘȅŘǊƻƎŜƴ ƎŜƴŜǊŀǘƛƻƴ ƛǎΧ
ü Equivalent to 170,000yrs of present day oil production

Å Even a small proportion is valuable if trapped and accessible



Where is the (Gold) H2? - global occurrence of seeps

Å Seeps and gas shows:

Å Gas phase H2 >10% 
observed widely



Where is the (gold) hydrogen ? ςwhat we need to know

Å Preservation in the deep crust on geological timescales ?

Å Mechanism/controls on release from the deep crust ?
Å Rate of release

Å Gas phase formation ?

Å Geological trapping structures ?

Å Preservation in the trapping structure ?


