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Presenter-Notizen
Präsentationsnotizen
Im letzten Jahr konnten wir erstmals in der Unternehmensgeschichte die 2 Milliarden Euro Umsatzmarke überschreiten. Nach Rückgängen während der Coronakrise ist nach 18% Wachstum in 2022, 2023 mit 11% das zweite Jahr mit einem zweistelligen Zuwachs.  Dieses Ergebnis wurde mit weltweit mehr als 12.000 hochqualifizierten Mitarbeiterinnen und Mitarbeitern – davon mehr als zwei Drittel Ingenieure/innen und Wissenschaftler/innen – in 26 Ländern und 45 Technologiezentren erwirtschaftet.
Und – AVL ist hoch innovationsorientiert. Mehr als 2200 aktive Patente mit weltweiten Anmeldungen sind nicht nur österreichischer Spitzenwert, sondern auch im Wettbewerbsvergleich beachtlich. Zwei Drittel der Patente, die AVL 2023 angemeldet hat, betreffen den Bereich nachhaltiger Mobilitäts-Technologien.



Customer Segments and Business Areas

—— Engineering
Passenger 2-Wheelers Racing
Cars

< Development Platform
Construction Agriculture Commercial
Vehicle

—— Simulation & Testing

Locomotive Marine Power Plants
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AVL Engineering & Technology Focus Areas
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Looking Beyond the Limits of Technology

ELECTRIFICATION ADAS AND AUTONOMOUS DRIVING ZERO-IMPACT EMISSION

VEHICLE ENGINEERING DATA INTELLIGENCE
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DATA INTELLIGENCE

Digital Intelligence
@ AVL Operations LT P PRIV

Data Organization

» Data structure /
source

 Data management

Digitial Intelligence Data acquisition
e.g. D_oE, Al, I\/Iacr_nne - Analytics ready
Learning, Data Science,

workflow optimization, LLMs,
Toolboxes, Scripts, ...

Data Analytics & IT
e Analytics methods
* Analytics process

* Analytics tools

Engineering-1T: Domain Knowledge
B bl ' « Product knowledge

DVP Tool, PDM, PLM, JIRA,... «  Product process

Events & KPIs; . ';‘(g‘c’:‘ﬂ‘;g?]ekﬁ)ﬁ% e Product necessary data
(e.qg. testcases, toolbox) g (e.g file contract)
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ELECTRIFICATION

E-Mobility - Highlights

Battery Innovation Center Hydrogen and Fuel Cell Test Center

Our center of excellence at our headquarters in Graz The new center in Graz is one of the largest and

focuses on the development, implementation and
validation of new, highly efficient battery production

most advanced test sites for fuel cells and

electrolysis systems in the world.

processes.

AVL &
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ELECTRIFICATION

AVL has more than 20 years of experience In
Fuel Cell Engineering

Renewable electricity Power to eFuel
integrated rSOC eFuel and SAF
(2016-2024) (2021-2026)
SOFC APU SOFC CHP H20 ELECTROLYSIS Co-SOEC + Methanation Hydrogen Production
Development Development Development Development SOEC Development
(2002 - ongiong) (2010 - ongoing) (2013-2016) (2018-2023) (2022-2026)
2002 2010 2013 2016 2018 2021 2022 2024

SOFC Engineering

SOEC Engineering
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Looking Beyond the Limits of Technology

ELECTRIFICATION ADAS AND AUTONOMOUS DRIVING ZERO-IMPACT EMISSION
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ADAS AND AUTONOMOUS DRIVING

AVL ZalaZONE

« 250-hectar specifically designed for
development and validation tests of
autonomous and electric vehicles:

AVL (60%) . APZ (40%) The smart city allows numerous traffic,

technical (NCAP/GSR/V2X), and dynamic

Joint venture _
test scenarios.

PROVING GROUND SI\/IART CITY
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AVL Engineering & Technology Focus Areas

Passenger Car
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Construction 2 Wheelers

Energy
Productlon

AVIa.tIon Charg|ng Power
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Commercial
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=
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AVL Powertrain -
a Network of Technical Centers

EUROPE
Austria* Spain
France Sweden
Italy Great
HQ Graz/AUT Steyr/AUT Graz/AUT Hungary Britain Stuttgart/GER ~ Munich/GER  Ingolstadt/GER Regensburg/GER Remscheid/GER Neuenstadt/GER
Turkey Slovenia
Germany Croatia
Paris/FRA Reggio EmiliaZITA Budapest/HUN Istanbul/TUR Basildon/UK Coventry/UK  Sodertélje/SWE Haninge/SWE  Gotenborg/SWE
NORTH AMERICA / CANADA
USA
CANADA Delhi-Gurgaon/IND Shanghai/CHN  Tianjin/CHN
Lingang/CHN Chengdu/CHN
ASIA
China
India
Plymouth/USA Lake Forest/USA Ann Arbor/USA Vancouver/CAN Japan
Korea

Seoul/KOR Tokyo/JPN

SOUTH AMERICA

Brazil + 15 Engineering Offices

+ 6 Sales Offices
— 5 Resident Offices

Sao Paulo/BRA
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@ Solution approach on the way to 10026 green energy

Austrian energy demand

Options for energy import

SOEC Power-to-Liquid

Internal /19 Prof. Robert Fischer | AVL | 25 Februar 2025 |



Energetic end consumer [TWh]
Austria 2022

6,1

traffic

95,3 :
® manufacturing sector

B private households

294 TWh

B services

84,7

B agriculture

Source: Bundesministerium fiir Klimaschutz, Umwelt, Energie, Mobilitat, Innovation und Technologie (BMK), Energie in Osterreich,

Internal
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Energetic GROSS end consumer [TWh]
Austria 2022

20,9 6.1
222 traffic
manufacturing sector
28,3
private households
consumption of the sectors

38,9 376 TWh

services

transformation losses

non-energetic consumption
84,7 g P

B agriculture

Source: Bundesministerium fiir Klimaschutz, Umwelt, Energie, Mobilitat, Innovation und Technologie (BMK), Energie in Osterreich,

79,9
/21
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Share of electricity of energetic GROSS end consumer [TWh]

Austria 2022

376 TWh

power plant

storage power station
wind

biogenic energy
photovoltaics

natural gas

coal gas

oil

other/combustible waste

Source: Bundesministerium fiir Klimaschutz, Umwelt, Energie, Mobilitat, Innovation und Technologie (BMK), Energie in Osterreich,
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Share of electricity of energetic GROSS end consumer [TWh]

Austria 2022

25,8

7,2

4,6
3,5

10,9

2,0
0,6
RENEWABLE 0.8
ELECTRICITY:
54,4 /
FOSSIL
ELECTRICITY:

power plant

storage power station
wind

biogenic energy
photovoltaics

natural gas

coal gas

oil

other/combustible waste

14,4 Source: Bundesministerium fiir Klimaschutz, Umwelt, Energie, Mobilitat, Innovation und Technologie (BMK), Energie in Osterreich,
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Share of electricity of energetic GROSS end consumer [TWh]

Austria 2022

- %

power plant

storage power station
wind

biogenic energy
photovoltaics

natural gas

coal gas

oil

other/combustible waste

Source: Bundesministerium fiir Klimaschutz, Umwelt, Energie, Mobilitat, Innovation und Technologie (BMK), Energie in Osterreich,
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Share of electricity of energetic GROSS end consumer [TWh]
Austria 2030

RENEWABLE:
RENEWABLE 54,4
EEIEEcF:fguc\:/Yﬁ \\\\ - 80 TWh B power plant
> \ '/ B storage power station
B wind
B biogenic energy
B photovoltaics
376 TWh

B natural gas
B coal gas
H ol

B other/combustible waste

Goal according ,.,erneuerbaren Ausbaugesetz“
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Share of electricity of energetic GROSS end consumer [TWh]
Austria 2030

4 )

»every month
9 additional
wind turbines*

»every month
around 4.700
PV — plants®

Source: Erneuerbare Energien — Klimadashboard Osterreich; 04.11.2024; Grafik © Klimadashboard
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Presenter-Notizen
Präsentationsnotizen
Windkraft-Ausbau bricht in Österreich massiv ein | DiePresse.com
2023 wurden 70 Windräder mit einer Leistung von 331 Megawatt (MW) errichtet.
damit 70/12 = 5.8 pro Monat ~ 6 Anlagen pro Monat.
 
Auf der Tonspur kann man sicher sagen, dass der Gradient 2024 besser (steiler) aussieht. Aber Zahlen in Stk. Anlagen für 2024 hab ich nicht gefunden. Sind auch erst belastbar, wenn das Jahr um ist.

https://pvaustria.at/wp-content/uploads/Marktstatistik-2023.pdf
p. 185 - 47 536 qm neu installierte PV Kollektorfläche in 2023 in Österreich



https://klimadashboard.at/energie/erneuerbare-energien

Share of electricity of energetic GROSS end consumer [TWh]
Austria 2030
RENEWABLE:

RENEWABLE 54 .4

ELECTRICITY >80 Twh W power plant
\ ' B storage power station

B wind

\\\ /

\ B biogenic energy
B photovoltaics

376 TWh

B natural gas
B coal gas
H ol

B other/combustible waste

Goal according ,.,erneuerbaren Ausbaugesetz“
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Share of electricity of energetic GROSS end consumer [TWh]
POTENTIAL
RENEWABLE:

RENEWABLE 54 .4
ENERGY W/O ‘

power plant
storage power plant
wind

biogenic energy

photovoltaics
376 TWh

B combustible waste

Source: Studie IndustrlES Energieinfrastruktur fii 100% Erneuerbarer Engergie in der Industrie, Wien 2019
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Future Electricity Market

e.g. 71 GWh

energy surplus for
one day in Austria
(13.6.21)

Example Switzerland

Assuming 635.000 BEVs in 2030 in Austria, average battery capacity of 50kWh

BEV fleet Austria 2030: 32GWh

Speicherkraftwerk Kaprun
(eine vollstandige Beflllung): 280GWh

Source Christian Bach — Electro fuels as an alternative to electrification — an energetic and economic analysis; MK Baden- Baden 2018
https://www.verbund.com/de-at/ueber-verbund/kraftwerke/unsere-
kraftwerke/kaprun-oberstufe-limberg-3
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Presenter-Notizen
Präsentationsnotizen
Chemical storage only way 
Jahresbetrachtung 
Stausee Mooserboden:
Fassungsvermögen: 84,9 Millionen Kubikmeter
Fallhöhe: 365 Meter
Potenzielle Energie: ca. 84.443.662,5 kWh
Stausee Wasserfallboden:
Fassungsvermögen: 81,2 Millionen Kubikmeter
Fallhöhe: 891 Meter
Potenzielle Energie: ca. 197.151.570 kWh

Um das Fassungsvermögen der Stauseen in Stromerzeugung umzurechnen, benötigen wir einige zusätzliche Informationen, wie den Wirkungsgrad des Kraftwerks und die Fallhöhe des Wassers. Aber ich kann dir eine grobe Schätzung geben.
Die potenzielle Energie des Wassers in einem Stausee kann mit der Formel 
E=m⋅g⋅h
berechnet werden, wobei:
(E) die Energie in Joule ist,
(m) die Masse des Wassers in Kilogramm (1 Kubikmeter Wasser entspricht etwa 1000 Kilogramm),
(g) die Erdbeschleunigung (ca. 9,81 m/s²),
(h) die Fallhöhe in Metern.
Nehmen wir an, die Fallhöhe beträgt etwa 200 Meter (dies ist eine vereinfachte Annahme). Für den Stausee Mooserboden mit einem Fassungsvermögen von 84,9 Millionen Kubikmetern ergibt sich:
E=84.900.000m3⋅1000kg/m3⋅9,81m/s2⋅200m
Das ergibt eine Energie von etwa (1,67 \times 10^{15}) Joule oder 1,67 Terajoule.
Um dies in Kilowattstunden (kWh) umzurechnen, teilen wir durch 3,6 Millionen (da 1 kWh = 3,6 Millionen Joule):
Energie in kWh=3.600.0001,67×1015​≈463.889kWh
Dies ist eine sehr grobe Schätzung und die tatsächliche Stromerzeugung hängt von vielen Faktoren ab, einschließlich des Wirkungsgrads des Kraftwerks.



Share of electricity of energetic GROSS end consumer [TWh]
POTENTIAL
RENEWABLE:

RENEWABLE 54 .4
ENERGY W/O ‘

power plant
storage power plant
wind

biogenic energy

photovoltaics
376 TWh

B combustible waste

Source: Studie IndustrlES Energieinfrastruktur fii 100% Erneuerbarer Engergie in der Industrie, Wien 2019
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Share of electricity of energetic GROSS end consumer [TWh]
POTENTIAL Consumption reduction through efficiency

gﬁ%ﬁ?ﬁ?@ \\‘ 118 TWh B power plant
\\\ : \S,:if;":ge power plant
\\\\\\\\\\\ B biogenic energy
5 —320 TWh B photovoltaics

N

B combustible waste

Source: Studie IndustrlES Energieinfrastruktur fii 100% Erneuerbarer Engergie in der Industrie, Wien 2019
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Share of electricity of energetic GROSS end consumer [TWh]

POTENTIAL

RENEWABLE
ENERGY W/O
ELECTRICITY

135 TWh|

mzven under the mo%

optimistic
assumptions, a
substantial portion of
the energy demand
must still be
Imported*

,;This energy must be

K renewable!* /
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Precondition for Efficient Renewable Energy
Production

Radiation Intensity

Energy transport from Africato Europe?
High Voltage Direct Current (HVDC) lines ?
H, or e-fuels transport?



Presenter-Notizen
Präsentationsnotizen
undersea cables. Z.B:
Xlinks Project von Marokko nach UK



Precondition for Efficient Renewable Energy
Production

Energy transport?

H, or e-fuels transport?

36 | AVL 2k
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Electrolyzers comparison — Water to Hydrogen

Electrolyzer Technologies Efficiencies:

AEM

AEL

PEM

SOEC
(water)

SOEC
(steam)

~ 87 %

0] 20 40 60 80 100
System efficiency %6 - Electrolyser only*

Internal

AEM ...
AEL ...
PEM ...
SOEC ...
SOFC ...

Anion Exchange Membrane
Alkaline Electrolyzer

Polymer Electrolyte Membrane
Solid Oxide Electrolyzer Cell
Solid Oxide Fuel Celi
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Project Reference:
Next Generation Electrolyzer Technologies

= 1 MW 40ft Container Solid Oxide Electrolysis System

= 87% efficiency demonstrated — water steam
electrolysis on SOEC module level

= Module Integration, Container

Build Up, Testing,
Commissioning
o)VAVA\V/

Prof. Robert Fischer | AVL | 25 Februar 2025 |
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Comparison of options

Infrastructure /

E-Energy Carrier 52:?;?&’/ Transport / :;ﬁgi:ztégz
Storage
Not compressed Hydrogen 0(@01}5{]{)/ | - ~ 85 %
Compressed Hydrogen (700bar) 6,8 MJ/I - ~ 68 %
Liquid Hydrogen (-252°C) 9,5 MJ/I - ~ 55 %
Ammonia (-35°C) 12,8 MJ/I 0] ~ 70 %
Methanol 15,8 MJ/I + ~ 70 %
E-fuel (e.g. e-diesel) 36,5 MJ/I ++ ~ 55 %

* ... SOEC used as basis electrolysis technology, values based on LHV

Due to its energy density and infrastructure, e-fuels will have a significant share.
Unqguestionable is the undeniable importance for the aviation.

Internal Prof. Robert Fischer | AVL | 25 Februar 2025 |
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Presenter-Notizen
Präsentationsnotizen
Vergleich des Kapazitätsfaktors Deutschland – Patagonien -> da kommt aus einem Windrad 3,5 mal so viel Stromenergie.
D.h. wenn in der ganzen Kette Windrad zu Fahrzeugrad das Auto 3,5 mal schlechter ist, dann herrscht durch den Standort Gleichstand. D.h. ein Elektroauto fährt unter dieser Annahmen mit der Energieausbeute eines deutschen Windrads gleich weit, wie ein VKM Auto mit der Energieausbeute eines patagonischen Windrades…



E-fuel Process

Renewable electricity

Water CH,
syncrude PtL

Fisher-Tropsch Upgrading Renewable
synthesis e-Fuel
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E-fuel Process

Renewable electricity

Water

Internal

CyH,,
syncrude PtL

Fisher-Tropsch Upgrading Renewable
synthesis e-Fuel
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To produce E-Fuels based on CO, and green

AEM electricity, three technological pathways are
E-fuel Process considered and analysed:
I = Low temperature Electrolysis (PEMEL/AEL/AEM)
AEL for H2 production with a downstream RWGS
Reactor.
B B = High temperature Electrolysis (SOEC) for H2
RWGS production with a downstream RWGS Reactor.
PEMEL reactor. High temperature Co-Electrolysis (Co-SOEC) for
H, N direct Syngas production.
44
Water SOEC |
| PtL
Evapaqration T T T T _I
— e — — — e —— | Fisher-Tropsch  yparadin Renewable
co-SOEC : | synthesis Po J e-Fuel
@E G — i I _
Evapc{ation iHeat recovery
T CO,

Internal
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E-Fuel Production Routes

I AEL powered [ 1 AEM powered I PEM powered [ 1 SOEC powered B Co-SOEC powered
system system system system system

80 SAF Methanol Ammonia
70

0 I I | | | ‘ | |

,\@Q ,\@Q /\@'Q
& & &

U D
o O

w
o

PtolL efficiency (%)
S S

=
o

E-Fuel / Sustainable Aviation Fuel production with Co-SOEC has a 15 to 20 206 higher

potential compared with low temperature electrolysis
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SOEC Power-to-Liguid Demonstration Plant

Internal

Fischer-Tropsch ]
Installation Space for two Co-SOEC

reactor :
single system (shed roof)
DI water supply and
steam generator
Flash tank
\

Drum Station / \

E/E container
Gas compression / \

Cooling water

Nitrogen supply supply
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Slide
The picture shows the layout for a decentralized SOEC-FT plant with a electrolysis power of around 10MW
Lower power ranges are less attractive from an efficiency point of view
The main elements of the plant are
CO2 purification
Water treatment
SOEC
FT plant
Product storage
The concept is highly modular and can be upscaled to large scales

Key message 
As a starting scenario, a decentralized concept based on electrolysis power within a range of 10-50 MW is favorable because
many small CO2 sources can be covered to achieve a region-wide implementation
The overall CAPEX are lower compared to large scale plants which facilitates access to financing sources
It is easier to get access to sufficient power at the plant location


CO-SOEC Module

Cold BoP components:

 Blower

o Air filter

« Mass flow controllers < Co-SOEC Stack

 Water supply + modules
purifier

« Steam generator

a

E-cabinet

Hot BoP components:

* Heat exchangers .
 Ejector —

« Afterburner/OxiCat

» Heaters
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Power-to-Liquid Demonstration Plant
Stack Module & Short Stack Testing — First Co-SOEC Demonstration globally

1 KW IKTS MK355 Short Stack
Verification in IFE/HiPoLig Design
Operation Point — 1000h durability test

- finished
25 kW Stack Module Verification in IFE/HiPoLiq Design 100 kW Co-SOEC Module Verification, Calibration &
Operation Point — 250h test - finished Commissioning

Internal Prof. Robert Fischer | AVL | 25 Februar 2025 |
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Slide
The picture shows the layout for a decentralized SOEC-FT plant with a electrolysis power of around 10MW
Lower power ranges are less attractive from an efficiency point of view
The main elements of the plant are
CO2 purification
Water treatment
SOEC
FT plant
Product storage
The concept is highly modular and can be upscaled to large scales

Key message 
As a starting scenario, a decentralized concept based on electrolysis power within a range of 10-50 MW is favorable because
many small CO2 sources can be covered to achieve a region-wide implementation
The overall CAPEX are lower compared to large scale plants which facilitates access to financing sources
It is easier to get access to sufficient power at the plant location


@ Solution approach on the way to 100%6 green energy

Austrian energy demand

Options for energy import

SOEC Power-to-Liquid
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Su mim al’y Austrian energy demand Options for energy import SOEC Power-to-Liquid

The energy required in Austria must be converted 100% to renewable
energy.

Everything points to the fact that a significant proportion of this
renewable energy will have to be imported.

This energy will be imported in a chemically bound form.

SOEC technology will play a major role due to its high efficiency.

To demonstrate the potential, AVL is building a corresponding research
demo plant with partners.

Internal / 55 Prof. Robert Fischer | AVL | 25 Februar 2025 |
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