« Hydrogen as a Fuel is a Bad Idea. » .. oris it?

“l have not the smallest molecule of faith in aerial navigation (flight) other than ballooning.”
Lord Kelvin, ~1870.

“Fooling around with alternating currents is just a waste of time. Nobody will use it.”
Thomas Edison, ~1880.

“There is no future for the turbine engine in aircraft.”
William J. Stern, U.K. Air Ministry Laboratory, ~1920.

“The energy produced by the breaking down of atoms is a very poor kind of thing. Anyone who
expects a source of power from the transformation of these atoms is talking moonshine.”
Ernest Rutherford, ~1930.
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Historical Perspective | From Curiosity through Opportunity to Necessity
.CDntexl
.Aemstats

. Power source

W. Thiel first
regneratively
cooled H2-02

racket engine )
H2 flight tests
on B-57

HZFLY first piloted
LHZ+PEM fight

First fuel cell . ?
flighton Gemini 2 y H

Flying Whales

Hindenburg
gash

Humphry Davy
discovers the fuel
cell principle

P Meyer (NACA) notes
that H2 has s grester
hest content than any Tsiolkowdkiy

other known fuel

First RL10
engine

Vo Ohain first
jetengine

rejects LH? for

HZ Balloon flight
distance record
3,053km

Rivaz engine, the first
internal combustion
engine

Jean Pieme ] - Chevrolet
Frangais Blanchard Electrovan
: balloon and First Zeppelin

hannel )

First Centaur
flight

First round-the- First centrifugal
warld by Grkf LH2 pume with
Zeppelin wet bearings

Cryoplans

&
James Dewar liquefies
University of Ghio

hydrogen by regenerative vy Mike 15t
cocling with the vacuum oryegenics hydragen bem HASA seports on 700 bar
First water flast Heisenberg laboratory airport hub GHZ tank Wihite 5
B adsptation to H2 hydragen T

electrolysis x discovers
ek orthohydrogen and ) demand
lenicpiston —=st=

Lavoisier parahydrogen wansportable
dewsr compressor 100 N

@1’0&0

Air

Meusnieriren-
steam process

3 S SAFRAN

Flying to Sustainability with Hydrogen — P.-A. Lambert — 15" EASN — October 2025



Direct Hydrogen or e-Fuel?

LH2 e-Fuel
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Potentially carbon-free

Wide possible industry uses

H2 storage + fuel cells could alleviate the intermittence of renewable electricity
Gas pipelines could be competitive with HVDC newtorks

H2 leaks unavoidable

Transport through H2 carriers (e.g. NH3) significantly decreases process efficiency

« Business-as-usual » in the limits of the aviation sector

Process efficiency
Specific aviation formulation to cope with existing fleets may induce high prices

Carbon-neutral at best
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On either way, aviation sustainability in the 21st century completely relies on widespread acess to affordable Hydrogen
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4
Flying to Sustainability with Hydrogen — P.-A. Lambert — 15" EASN — October 2025



Hydrogen-Fueled Aviation | The Playground Nalbe seat mies ool e
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Sustainability of the world aviation market imposes

to address scalability to Medium and Long Range
from the onset

Sample H, Aircraft Projects

PAX
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H, Propulsion | Two Technologies Competing?
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PEM Fuel Cell H2-Combustion
v Alleviates battery limitations for electrical propulsion v Legacy gas turbine architectures still valid
v" NOXx free v" Growth potential across all segments
v ~50% efficiency v" NOx emissions manageable (-50% vs best JetA)
v"Important efficiency gains achievable with LH2 cooling

@ Complex system v Existing CS-E basis
@ Ageing issues
@ Durable weight penalties limiting growth potential @ More challenging LH2 conditioning and control system
@ No architecture standard, Cert referential to build
g High Temperature PEM needed
@ Electrical distribution and motor hurdles for > MW

Towards the Best

of Both Worlds
H2C/PEM Hybrid

Gas Turbine
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LH, Aircraft | A Different Breed
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LH2 aircraft have less versatility
Cannot trade PAX for Fuel that easy

Lighter fuel, but huge LH, tanks, heavy fuel system impact

both performance and operation profile

* Do not expect H2 to be an energy saving solution in the medium term

* New market segmentation ?
* Very aggressive designs needed to alleviate MTOW issues, unlikely at

large scale before 2050

-19% Block E
- 15% MTOW
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LH, Fuel System Architecture & Technologles | A Major Challenge
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* H2/Coolant fluid * Shut-Off Valves
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H2 Distribution and Condltlonmg

+ Sensing & Control Systems

Peculiar thermodynamics induce strong coupling across the end-to-end propulsion system

LH2
Conditioning
& Metering
System

AIRBUS

&? ananecroup

Flying to Sustainability with Hydrogen — P.-A. Lambert — 15" EASN — October 2025

8 § SAFRAN

Paramount |mportance of early system-level experimental learnings
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Multiple architecture & installation options
induce different technology challenges and risks

Overall architecture, aircraft / engine

interfaces still blurred in front of the
need for standards
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Aviation will have to benefit from other sectors

OIL&GAS

Handle Large Quantities

Tackle the Extremes De-Mistyfy Everyday Use
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H, as a fuel | Timelines

EU Aviation Fuel Share - Scenario A EU Aviation Fuel Share - Scenario B
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2025 2030 2032 2035 2040 2045 2050 2055 2060 2065 2070 2025 2030 2032 2035 2040 2045 2050 2055 2060 2065 2070
If... If...
e H2 production needs & costs are met * H2 production needs & costs are met
* Cost of Carbon Direct Air Capture (DAC) falls to level where * H2 propulsion contrail impact at least neutral
eSAF is commercially attractive (but not so low as to make « Public sentiment rises against tailpipe CO, emissions
DAC + Fossil preferable) * H2 aircraft mandate & government support
* Wide e-SAF adoption outside of Aviation * H2 becomes a commodity for other sectors and/or e-SAF
« Delays in H2 technology becomes an aviation-specific market

The current hydrogen economy and SAF dynamics do not play in favour of widespread H2 fuel introduction before the early 2050’s
Building confidence takes time and would need strong local support for early scout « thin-haul » lines in the late 2030’s

. Declared early adopters
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Time is of the Essence
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A new energy sector does not develop in 10 years

Hydrogen will become a commodity, the question is not « when » but « at what speed » _
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High Hopes | We Have Already Been There
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High Hopes | Aim Right
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Sustainabilty
= Safety x Scalability x Affordability
2020

Time

Flying to Sustainability with Hydrogen — P.-A. Lambert — 15" EASN — October 2025

S SAFRAN



ogen and oxygen which

Yes, my friends, | believe that water will one day be used as fuel, thé i
Source of heat and light, with

‘compose it, used either separately or together, will provide an ine hau
an intensity that coal cannot achieve. p :
Jules Verne, The Mystery Island (1874) s . s
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