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Our track record: partners and customers appreciate MTU’s excellence

Commercial OEM business

Share of total revenues ~ 26 %

Balanced product portfolio in all thrust
categories

Decades of partnership with OEMs

Military OEM business

>

Share of total revenues ~ 12 %

European and U.S. engine programs

Leading partner of the German Armed
Forces

Commercial MRO business

Share of total revenues ~ 62 %

Services: maintenance, leasing and
asset management

Direct customer business, partner of
OEMSs and airlines

MTU group fiscal year 2020:

Revenue € 3.977 billion / EBIT € 416 million
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Technology

We are continuously
expanding our
technological lead by
identifying and setting
revolutionary trends
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Processes

We deliver on time, with
the right quality and at
reasonable costs —
digitalization opens up
further potential for MTU,
sustainability is our basic
principle

Partnerships

We enter into
sustainable partnerships
— an essential
prerequisite for MTU’s
long-term success

© MTU Aero Engines AG. The information contained herein is proprietary to the MTU Aero Engines group companies.

People

We boast some 10,000
engine experts —
innovative and
competent
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Locations

Through our 15 locations
worldwide, we are close
to our customers



Boasting comprehensive system expertise, MTU focuses on five core engine competencies
- three core components and on unique manufacturing and maintenance processes
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HPC: High-pressure compressor
CFe6, JT8D, PW6000, PW1000G, PW800,
EJ200, RB199

Fan
EJ200

IPC: Intermediate-

pressure turbine
RB199, TP400-D6

Combustion chamber

MTR390, T64,
Larzac, Tyne

LPT: Low-pressure turbine
V2500, PW1000G, PW2000,
PW4000, PW6000, GP7000,

PW300, PW500, PW800
F414, T408, Tyne

Engine control

and diagnostics
RB199, EJ200, TP400-D6

Il Vilitary Engines [ Commercial Engines

TCF: Turbine

Centerframe
GP7000, GEnx, GE9X

IPT / HPT:
High- and intermediate-

pressure turbine
MTR390, RB199, TP400-D6,
CF6, JT8D, GP7000, PW2000
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Motivation Emission und Klimawirkung

* Die Luftfahrt arbeitet kontinuierlich an
verbrauchsarmeren Triebwerken.

« Die Auswirkungen von Emission auf das Klima sind
teilweise sehr komplex und missen ganzheitlich
betrachtet werden.

« Einige der selbstgesteckten Emissionsziele erfordern
einen Technologiesprung und nicht ,,nur®
Technologieevolution.

« Weiterhin mussen die Nachhaltigkeit des eigentlichen
Systems und die Verfugbarkeit der Rohstoffe die
Technologie ermoglichen.

Aktuell

SAF, PtL
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Indirekte
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Technology roadmap towards “emission-free flying”

Application range

Application

E Evolutionary Gen2 GTF development>

Revolutionary engine concepts>

i el drop-in — no infrastructure change: SAF

% 2 not drop-in — new infrastructure required: LH2
|

oul Parallel hybrid electric concepts:
1 enabling technology only

Batteries

Electric
propulsion

Urb'a'n
Flying fuel cell mobility




Pax

Which markets need to be addressed with which technology?
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*aus ,Hydrogen Powered Aviation“ McKinsey, 2020 (bezogen auf weltweiten Luftverkehr) ‘ Not MTU-Core Business . Technically less sensible
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New Concepts

Evolutionary Revolutionary

Gen2 GTF Flying Fuel Cell

Minimum 10% reduction in Minimum 25% reduction in -100% CO, and NO, " and further
fuel burn resp. energy fuel burn resp. energy consumption, reduction of contrail formation =>
consumption, -10EPNdb noise significant reduction of the climate almost climate neutral
(cumulated) " impact, -80% NO," and contrails

1) Compared to 1st generation
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Catalyst Coated Membrane i oy SR
ayer ayer embrane
the core component for performance Lay Memb

Electrically Carbon Proton
Conductive Supported  Conducting
Fibers Catalyst Media

Bipolar plate  Gas Diffusion Layer CCM
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Cooling-Line ((\ M-',,-q .

H2-Line
. Air-Line
FFC Simple PID
C Simple H20
iz &
The ,Lines" / subsystems fulfill ! -
all necessary stack input and (*) kahimittelpumpe HArmetaascher
output functions < <
_ % ¥
Many different system ey
architectures are possible 4 vapselahsEhsinel 1
Evaluation of system —o—[>K} — —T S >l<|—>—
performance and subsystem Regelventil Ejektorpumpe Purgeventil
interaction - especially with < 1 <
transients — is key for smart |
. . M
integration \ > I > i§<|_$_
A” I|ne§ have a high degree of Befeuchter Brennstoffzellenstack vV ¢ Regelventil
interaction between each other 4@
. . " . 1 ‘
Th|§ rqulres rlgour.ln system / Rondehaaton
engineering, modelling, Verdichter
simulation and testing A Wassertank
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The Flying Fuel Cell Propulsion System
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MBSE
System-Simulation
~ Flying Fuel Cell system - = =-=-=-=-=-"=-"-"-"-"-"-"-"-"-"-"-"-"-"-"—-"—-"—-"—-"—-"—-"—-"—"———————— -
I 1 | | | |
' = i i .
| FC stacks LH,
I
Gear —eMotor- MCU — Power Line
' _ Endplates
| Endplates ___ Air Line
I
I
I

H2-Brennstoffzellenforum_Hessen 2021 - MTU Flying Fuel Cell

14



A flying fuel cell means an all-new integration challenge with multiple interfaces.

Therefore, an even closer collaboration with the aircraft will be necessary.
FFC system aircraft integration

LH,
tank
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Wichtige ,,Zusatz-Anforderungen® bei der Entwicklung der FFC

« Systemarchitektur
o Ausfallsicherheit und Sicherheit durch Malinahmen auf Equipment, Subsystem und Systemebene
o Regelungsfahigkeit fur unterschiedliche Leistungsanforderungen ohne Hybridisierung mit einer Batterie

o Keine Notwendigkeit fur ,Low-level-TRL-Technologien® wie ,kV DC*, Supraleitung, Hoch-Temperatur-Membrane, etc.

« Smarte Integration
o Geringe parasitare Verluste durch Gesamtsystem-Optimierung => keine “COTS Melange”

o Intelligente Kombination aus High-Tech- und Standard-Komponenten
=> “Power to weight” & “Power to cost” im Fokus

* Modularitat grof3er Teile des Systems — aber nur wo sinnvoll

=> Skalierbarkeit grof3er Teile des Systems fur hohere Leistungsklassen
=> hohes “Equipment-reuse”-Potential
=> Klare Definition von Nicht-Modularen Bauteilen (E-Motor, LH2-Treibstoffsystem, etc.)
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Kuhlleistung,
KihImitteltemperatur,
KuhImittelmassenstrom

Quotr THiuia 'Mdot fiuid

A

Kiihlkdrperkomponente Integration Kiihlkonzept im Flugzeug

—

Szenario:

- Cruise

Qdoti Vair,avaiable,
al phaangleofattack

- Hot Day Takeoff

Auswirkung auf

Flying-Fuel-Cell-
Framework
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Luftmassenstrom,
Luftgeschwindigkeit,

mdot,Luft ’ Vair

Benotigtes Volumen
HEX, Dichte HEX
Rhoyex , Viex

\ 4

Dimensionen HEX
(bsp. Lange Breite Hohe)
L,H, B

Einlaufdimensionierung,
Auslaufdimensionierung,

AEinIauf ’ AAusIauf,’ AHEX

@

Druckdifferenz HEX +
Nacelle

APHEX-Nacelle

Delta Druckwiderstand
Nacelle+tHEX

ACw,form

Bespiulte Oberflache
Nacelle,
Reibungswiderstand
ASwet, ACy,reib

Komponenten-
Ebene

System-
ebene

Flugzeug-
ebene

Masse HEX Masse Nacelle Interferenzwiderstand
Mpyex MNacelle (bsp. Nacelle-Flugel)
ACw,Interf.
Massenverdanderung
- Gesamtflugzeug
Anderung AMircraft

«—

Antriebsbedarf, SFC
Gesamtflugzeug
ASI:Caircraft, AI:)aircraft

Widerstandsverander-
ung Gesamtflugzeug

AC, bircraft
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The FFC needs to address performance AND cost competitive A/C

Seat (payload) range diagram

seats 4

250

200

150

100

50
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Explanation

The higher Payload x Range the
more performance becomes a
driving factor for the A/C.

In the first application steps (CS23
size) cost competitiveness is a
driver at A/C level.

A 4

I I I I I
1000 1200 1400 1600 1800 2000

Design range (NM)
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MTU FFC - Main areas of action:

Fuel Cell & H2 ' FC & H2 Aircraft FC & H2 Safety &
System & Products Operations Certification

2021-10-28 H2-Brennstoffzellenforum_Hessen_2021 - MTU Flying Fuel Cell



2021-10-28 H2-Brennstoffzellenforum_Hessen_2021 - MTU Flying Fuel Cell




2021-10-28

Vielen Dank
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