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Table 1: Key hydrogen generation processes, their estimated carbon intensity and levelised cost of

production
Feedstock/ source H; production technology! COy Example of main chemical Estimated Estimated
5 mechanism abatement! reaction(s) carbon intensity levelised cost
elimination kg -C Oyl of preduction
fai g P
technology kg-Hz) (USDikg)
Matural gas Steam methane reforming nfa | CHy+H0 —« CO # 3H; 10.09-17.21 1.03-2.16
CCS 2.97-9.16 1.22-2.26
Methane pyrelysis cCu CHi -+« 2Ha# C 19914 1.36-2.45
Biomass Biomass gasificaton na | C+HyD -« CO + Hy(steam); 0.31-8.63 1.48-3.00
CCS €+ CO; -+ 2C0 (carbon) -11,56-17.55 2.27-3.60
g Biomass pyrolysis cCu CalyDz —» xC + w2 Hy + CO + TBD 1.21-2.19
3 COy
E
E Coal Coal gasification nfa | C+HO —- CO + Hy(steam); 14.4-30.9 0.96-1.88
= CCS CO+H0 —~ COy + H, 0.78-10.35 1.40-3.60
Wind & waler Electrolysis of water na | 2H;0 - 2H; + Oy 0.52-2.2 356-10.82
Solar & water 1.32-71 31487
Nuclear & water 0.47-2.13 128821
5 Thermochemical cycle CCS ornfa® 0.41-22 147271
Cu-Cl 0718 1.47-2.70
Oliving & water Serpentinisation nia | 6{{Mg s Feas)Si0g) + TH:O ~04-15 Potentially <1
HMg,Sk0s(OH)] + FesQu ¢ Hy
Hydrocarbons) Deep-zeated! thermal nfa or CCS | CHy + 17203 —+ 2H; + CO
- biomass! waste decomposition
= | & heat
o | Water & ionesing Radiclyss nia | 2H:0 -« 2H: + Os
& | radiation
E Organic compound & Fermentation Microbial/ CaH 130y + 2H:O — 2CHCOOH+ 1.26-10.57
5 | anaerobic biclogical 2C0: + dH:
= | microorganisms
Photosynhetic Photosynthess dHO e dH + O
bactenal
cyancbactena’ algas
& light & waiter

Source: Adapted from Garber et al {1998), Baykara (2004), Allakhverdiev et al (2010), Bhatia (2014), Guizani et al (2016),
Koido and hwasaki (2017), Parkinson et al (2019), Lepage et al (2021), Zhang (2022}, Arcos and Santos (2023), Eurcpean
Biogas Association (2023), Hand (2023), Ozcan, El-Emam, and Hamin {2023), Patlolla et al (2023).




Table 2. Forma, onigin, and sources of naturally occurring hydrogen
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Table 3. Key currently explored shows and occurrences of natural hydrogen as a free gas,
their estimated purity, resource, potential production rate, and approximate distance to the nearest settlements and portsi®
] Country Site/ approximate Year of H; Year of ‘)e Approximate Main Estimated
location/ region exploration | discovery first peological ; puri other | depth(m) | potential well production | production | distance tathe | distance o the.
ampany/ appraisal mma xion/ (percent) gases resource (t) | pressure | rate (tjyear) cos ast bz nearest big port
Institution driliing (bar) WStk | semiement (km) (km)
1 | Albania | Bulgizé chromite mine Empire 1392/ 8D Oreoodies Upto 84 | Methane ~2.000 5-55,000 n/a ~11 at the TBD 40 [Tirana, |  ~88.5 (Durres)
(Central) MInIng 2033 momeant, capital]
Corporation potentially
=200

2 [ austielie | o Kengaroolskand Gald 1521 2023 Orebodies 64.4-80 | Nitrogen, L3-9 TBD ~0.50 | ~25 (Kingscote) | ~4D (Adelaide)

3 SE [Tsowhernverke | i 1531 Sedimentary SI89 | e mifion T6 (Miniaton) |30 (Adeiaide)
a3 Peninsula tacks carbon

= dioxide

a = Neoarchean Evolution 1905 20189, Orebodies, Upto 69 Methane, 145-250 TED 0.2 (Kalgoorlie) 390
E Frog's Leg Gold Mining 2021 sedimentary nitrogen (Espercance),
i Camp, Vilparn racks ~593 (Perth)
2 Craton

5 5 ara- Macallum TBD 2023 Sedimentary TED Methane, <1,000 ~150 (Perth)
H Pingarrega New Energy rocks carbon

area, North dioxide,
= Perth Basin oxygen’

6 £ Amadsus Basin Cantral 1982 2014 Ol &g 0.03-11.4 | Helium, 2,650- 2.5-67.25 ~26 TED ~0.30 300-200 (Alice a00-1,000
B5 Petroleum & fields, and methane 5,687 miiion Springs) [Darwin}
£t Santos Ld salt deposits
27

7 Erazil sdo Francsco Basin, Engie Before 2022 | sedimentary 20-80 | witrogen, 400 TED ~1 =130,000 TBD 16 (santaFéde | V1,000 (Vitoria)

Winas Gerais 2019 racks methane 12,000 Minas)
& | Colombia Lianos Orientales Ecopetral 2022 TBD Ophiolites TED Oxygen, TeD <1 150 ~1,300 (Bahia
Basin an carbon (vilavicencio) | deCartagena)
s Capuan_putumayo 2022 sedimentary dioxide [0 <2050 (530 =570 km
Basin vicente del | (Buenaventura)
Caguan)
10 France Lorraine basin, Grand- FDE, 2018 2023 Coal basin 15-98 | Methane 1,100- 46-250 =20 TED TBD <1 (Folschviller | ~358 (Antwerp,
EstRegon (Northaast) | University of 5000 million tovin) B=lgium]
Lorraine &
CNRS
1 Wall Bourakébougou, Petrome/ 1987 2011 | Sedimentary 1598 | Methane, | 100-2,400 TBD 35 ) 0,50 5060 ~1,000
Koulikaro Region Hydroma racks nitrogen, (average4g) (Bamako, capftal) (Konakry,
{Southwes} Inc. helium Gui
12 | oman Semail napps Eden 1583 2023 Ophiiites 22.39 | Methanz ~500 TED 5 <1 <1(Mizwa) | 155 (Muscat)
GenPower
13 Spain | Monon Field, Huesca elios 1563 023/ | sedimentary Upto 99 | Helium 3,600- [ 5-10 million TBD 55,000- | 0.65-0.81 Barbastro = 25|
Province, Aragan Aragan 2024 rocks and salt 4,850 | [potential 76,000 Nanzon) (Barcelona
Region (Northeast) deposits ovarl Spainj
million)
14 usa Geneva, Nebraska Hyterra and 2018/ 2023 sedimentary TED Nitrogen, TBD <1 (Genewva) ~1,380
Natural 2018 focks haliam, (Galvestone,
Hydrogsn methane Texas)
- Energy LLC —
15 Nemaha Ridge, Kansas 1882 2023 Upta 80 317-3,343 TBD <0.55 78D <1 {lunction City) ~1,300
(Galvastone,
Texas)

Source: Adapted from Neal and Stager [1983], Goebel et al (1984, Stanger (1985), Wakelin-King {1994), Guélerd et al (2017), Prinzhofer, Cissé, and Diallo {2018), Donzé et al (2020), Frery et al (2021),
Lefeuvre et al (2021), Financial Times [2022), Leila, Loiseau, and Moretti (2022), Mosman Oil and Gas (2022), Vidavsky and Rezaee (2022], Arabian Gulf Business Insight (2023), Boschee (2023), CSIRO
(2023), Eden GeoPower (2023), FDE {2023), Financial Review [2023), GEO ExPro (2023), Government of South Australia {2023), Government of Western Australiz (2023), Hand (2023), Hydrogen Central
(2023) Institute of Materials, Minerals, and Mining [2023), Invest in Spain (2023), Maiga et al (2023), Mining (2023), Ramirez et al (2023), Resourcing the Territory (2023), Blay-Roger et al (2024), Clean

Energy Wire (2024), FuelCellWorks (2024), Gold Hvdmgen (2024) Hand (2024), Helios Aragén (2024), Hydroma (2024), Hyterra (2024), KNOC (2024), Natural Hydrogen Energy LLC (2024), Physics Today
(2024), and Truche et al (2024), World Economic Forum [2024)




Key assumptions for Figure &
Technical assumptions 10 vertical wells Note

Production rate (kg/hr) | 56 56 kgfhr = 15,000 m3/day = 480 tiyr
Reservoir pressure
(bar) 5
Compression suction
pressure (bar) 1
Compression outlet
pressure (bar) 90
Acreage (km2) 9885
Capital cost (USD)
Field Construction $ 1000 00O Assume to include necessary piping for Hz, water, and CHa.
Gas Handling and "0&G material® — cement, steel and other materials for oil and gas
Compression $ 3 805 000 drilling
Drill and Complete
wells $ 8000 00O Discount for incremental wells.
electricity and utility connections, road preparations, general piping
Site preparation $ 1000 000 and monitoring, etc.
Land $ 4 900 000
Permitting $ 500 000 Discounts applied for additional wells.
Total $ 19 205 000

[OY)
(Y]




Table 4: Some key characteristics of hydrogen vs. natural gas pipelines

Indicators Hydrogen pipelines Natural gas pipelines

Volumetric energy density of 127 40.0

transported fuel under ambient

conditions (MJ/m?)

Current total length in the world =5 209 =3,200,000

(km)

Common diameter of pipes used 20-66 30-122

(cm)

Typical pressure currently used 1,000-5,000 200-1,000

(psi)

Typical High-pressure 10-30 8-20

thickness of pipelines

pipes (mm) Low-pressure 515 3-8
pipelines

Average energy used for 3-10 0308

compression from ambient

pressure to 500 bad (kWh/kg)

Average spacing between 10-100 65-200

compressor stations (km)

Source: Adapted from Patonia et al (2023).




