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Hydrogen: The Swiss Army Knife \ Sociates
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COLOUR DESCRIPTION: FEEDSTOCK

Grey: natural gas reforming without CCUS

Brown: brown coal (lignite) as feedstock

Blue: natural gas reforming with CCUS

Green: electrolysis powered through renewable electricity

Pink: electrolysis powered through nuclear energy

Turquoise: methane pyrolysis

Yellow: electrolysis powered through electricity from solar

Orange: electrolysis powered through electricity from wind
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Carbon intensity of hydrogen compared to natural gas ( gCO,/kWh)
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btu/gal

Energy Density of Fuels for Heavy Duty Applications Man T‘.E

160,000

« Diesel
140,000
120,000
100,000
Hydrogen LNG & CNG
80,000 Derivatives
Liquid &
60,000 Compressed
Hydrogen
40,000 | Current &
Future
— Batteries
g,
0 10,000 20,000 30,000 40,000 50,000 £0,000
btu/lb
® Ammonia ® Methanol ® CNG - 2.9ksi [288K] CMNG - 4.5ksi [288K] ® CNG - 7.0ksi [288K]  ® CCNG - 1.45ksi [195K] ® LNG [111K]
® CH2-4.2ksi [288K] ®CH2Z-7.0ksi [288K]  ® CH2 - 10.0ksi [288K] ® CCH2 - 5.0ksi [77K]  ® LH2 [20K] ® Diesel ® Li-lon NMC
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M Electricity
Matural gas & RNG premium
M Diesel $6 TTTTTTTTTTTmmmmmmmmmssssssssssssene NN %6.06
® Hydrogen boil -off loss 50.68/kg
""""""" Terminal ““°-* $5.38

.Mahtmame . [ 513.39.!".[____. Eﬁ.ﬂ

B Replacement capital

W Labor

m General and administrative Liquefadtion
m Other op. costs L0

® Cash on hand reserve

¥ Property, tax and insurance
Licensing & permitting

m Income taxes payable

= Capital Production

m Equity financing $2.24/kg

Production Liquefaction Terminal Trucking Stations Total

Source: U.S. Department of Energy
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Hydrogen: The Ladder

Unavoidable

ﬂ“ Long-haul aviation || Shipping || Steel || Chemical feedstock | | Seasonal power storage

Medium-haul aviation || Long-distance trains || e-Fuels, specialist and legacy vehicles || Local CO2 remediation

Fertiliser [Food industry || Methanol || Hydrocracking Desulphurisation]

Long distance trucks and coaches || Coastal and inland vessels || High-temperature industrial heat

P 3\ N
-

Uncompetitive

Short-haul aviation || Local ferries || Commercial heating || Island grids || Clean power imports

Light aviation || Rural trains || Regional trucks || Mid/Low-temperature industrial heat || Domestic heating || UPS

Metro trains and buses || H2FC cars || Urban delivery || 2 and 3-wheelers || Bulk e-fuels || Power system balancing

Source: Liebreich Associates Concept: Adrian Hiel/Eneray Cities
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