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€3 Four options for sustainable flying ..

1. SAF — Sustainable Air Fuels (bio & H2+CO2)
2. Hydrogen
3. Hybrid

+. Battery Electric
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[ Clean Hydrogen Ladder

Unavoidable

n“ Shipping* || Non-Road Mobile Machinery || Chemical feedstock || Steel || Long-term storage

Long-haul aviation* | | Coastal and river vessels || Remote trains || Vintage vehicles* | | Local CO2 remediation

Fertiliser || Hydrogenation Methanol] Hydrocracking || Desulphurisation

Medium-haul aviation* || Long distance trucks and coaches || High-temperature industrial heat [Generators

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

_“ Light aviation || Rural trains || Regional trucks] Mid/Low-temperature industrial heat || Domestic heating
_“ Metro trains and buses || H2FC cars || Urban delivery || 2 and 3-wheelers || Bulk e-fuels || Power system balancing
- \

Un-competitive

* Most likely via ammonia or e-fuel rather than H2 gas or liquid Source: Liebreich Associates (concept credit: Adrian Hiel/Energy Cities)
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ko 400HP+ The Jurassic way 4> 400HP+ The 2013 way

« 200+ moving parts 1 moving part

« 35% efficient power No oll

88% efficient power

40x smaller
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Q Electricity consumption per passenger for 400 km trip, in kWh

(adjusted for average detour)

Best-case: 4 passengers

110

Low-case: 1 passenger

| Best-case
- Low-case

. . Best-case: load factor 60%
Best-case: efficient aircraft

at 75% load factor Low-case: load factor 30%
(Dutch rail average)

By Broekema Aviation

Low-case: less efficient

aircraft at 60% load factor c7

Battery-electric Train Battery-electric TU / Technische Universiteit
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@ Re-think the mobility segmentation

Limited range E-Flying is at least as clean as electric driving or train per pkm
Limited range E-Flying is could be as cheap as electric driving per pkm
Limited range E-Flying is much more cheap than train/HSR per pkm

3000-5000 local airports in Europe!
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Home Netbinnen Kerk&religie Nieuws & achtergronden Opinie & columns Mens & maatschappij Podcast & video

sytreven Rijk elektrisch rijden
onhaalbaar

Wetenschapsredactie 9 april 2Z00¢
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Zero emission urban buses: who leads?

Country Zero emission% Total M Electric M Hydrogen 1 Hybrid M Diesel M Gas - ¢ ' -
Netherlands 81% 550 4 -
Luxembourg 51% 7S == |

Norway 32% 661 [N ]

Poland 28% 704 [ mm——————— e e

Finland 27% 93 [ ]

UK 25% 1142 e =, —————————————————————————————
Sweden 21% 963 I — ]
Germany 10% 3791 1 - ————————————— "~ |
Italy 9% 1027 Eesm—— e
Portugal 9% 17 |
France 7% 1913 s | = ]
Denmark 6% 63 e EEEEEEE—— ]
Spain 4% 985 == = — -+~ —— — — — ]

Belgium 3% 355 . S
Switzerland 2% 392 [} S |

Austria 2% 262 B

Ireland 0% a4

Greece 0% 3
TOTAL 2020 16% 0% 25% 50% 75% 100%
TOTAL 2019 12% % of 2020 registrations
= TRANSPORT& v B © b e s o R ST s b, st

= ENVIRONMENT @& transportenvironment.org Seurce: Chatrou CME Selutions, 2021 update
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=9 Automotive innovation system: coorperation, triple Helix

Coorperation: Results:
Formule E Team . Ww charging protocol is our standard
ELaad . Frontrunner
Automotive Campus . >6000 jobs and still growing

Education & Research
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% Belief Through Experience: Where Seeing is Believing
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Electric Flying Ecosystem

Operators
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== Sphere of Control - Deelnemers
=== Sphere of Influence - Ondertekenaars van Letter of Support

Sphere of Interest - Indicatie van stakeholders waar in de loop van het project contact mee wordt gezocht
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(5 The Challenge

Potentially 100+ different plugs and protocols
Europe 3.000+ regional airports

US 5.000+ regional airports

Airside, landside, batteries, solar

Unsafe, expensive, unscalable, not open
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Thank you!

By Maarten Steinbuch
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