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Conditioned Hydrogen Options
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Compressed Gaseous Hydrogen (CGH,)
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Liquid Hydrogen (LH,)
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Liquid Organic Hydrogen Carrier (LOHC)
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Methanol (CH;OH)
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Ammonia (NH,)
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Production Locations

Central Germany (LOC)

Argentina (ARG)

-

 Central Germany (LOC): PV = 1,100 AFLH; Onshore Wind = 2,600 AFLH
* Northern Germany (GER): PV = 1,000 AFLH; Offshore Wind = 5,000 AFLH

« Tunisia (TUN): PV = 1,800 AFLH; Onshore Wind = 3,500 AFLH
« Argentina (ARG): PV = 1,000 AFLH; Onshore Wind = 5,500 AFLH
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Supply Chains
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Assessment Approach

Supply efficiency based on hydrogen (LHV) filled in tank divided by the
overall chain energy input from well to tank

« Hydrogen supply cost considers the well to tank costs and is
calculated with the annuity method

« Depreciation equals the technology lifetime

 Real weighted average cost of capital set to 6%
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Liquid Hydrogen Supply Cost in 2030
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Liquid Hydrogen Supply Cost in 2030
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Liquid Hydrogen Supply Cost in 2030
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Liquid Hydrogen Supply Cost in 2030
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Liquid Hydrogen Supply Cost in 2030
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Liquid Hydrogen Supply Cost in 2030
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Liquid Hydrogen Supply Cost in 2030
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Liquid Hydrogen Supply Cost in 2030
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Conclusion

 Liquid hydrogen and gaseous hydrogen supply chains are the lowest cost options

for a supply of liquid hydrogen

« LOHCs (dibenzyltoluene), ammonia and methanol as a hydrogen carrier appear to be
not a viable option for a hydrogen supply of filling stations caused by the heat demand
for dehydrogenation/cracking, the educt cost (LOHCs and methanol) and purification

losses (ammonia)

« The hydrogen supply by a national production (by offshore wind power) shows similar
cost than the import from Northern Africa (e.g., Tunisia), while the long distance import
from Patagonia (e.g., Argentina) is slightly higher

1. Conditioning options — 2. Supply Chains — 3. Economic Assessment — 4. Conclusion
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Optimized Hydrogen Production
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Key Assumptions

Year PV Onshore Wind Offshore Wind PEMEL
DN 2030 400 (310-570) 1,110 (1,010 — 1240) 1,890 (1,750 — 2,020) 860 (580 — 1,230)
[€2020/kWe)] 2050 270 (170 — 350) 990 (860 — 1,140) 1,620 (1,320 — 1,930) 510 (350 — 760)
- - - 0 — 0
Efficiency 2030 67% (63 — 69%)
[KWhy L/ KWhe | 2050 - - - 71% (67 — 74%)
Seasonal storage capacities: Filling station capacity rate:
« Local (LOC) scenario: 15 days « Baseline: 50%
« National (GER) scenario: 30 days »  Progressive: 60%
* Import (TUN & ARG) scenario: 60 days » Conservative: 40%
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Technical Assessment
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Economic Assessment
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CAPEX Calculation
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e (C,er = capacity of reference plant o0l

e CAPEXj j,st = installed 2020 € capital expenditure plant 1 2020 2030 2050

e CAPEX,.s = capital expenditure for reference plant
e fi,n = inflation factor (adjustmend to 2020 €)
e finst = installation factor (includes equipment, materials, construction and engineering)
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LOHC CAPEX
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