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AVL Fuel Cell Global Footprint

= H, & fuel cell development since 2002

= H, & Fuel Cell Tech-Centers
= Graz, AT
= Vancouver, CA
Kecskemet, HU
Warsaw, POL - new
Remscheid, GER - new

= About 600 engineers in
engineering, testing & simulation

= More than 170 granted or applied
patent families
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AVL Solutions for H, Ecosystem Implementation

High-performance PEM Systems SOFC Decentral Power Generation Power-to-X Systems
= Passenger car = Distributed Power = SOEC Development
=  Truck, Bus & LCV » Marine = PEM EL system integration
= Marine » Datacenter & critical infrastructure = e-Fuel production
= Rail = Fast Charging of BEVs = Reversible electrolyzer/fuel cell
= Aviation » Combined Heat & Power systems
= Overall plant & process

engineering

PEM...Polymer Electrolyte Membrane
SOFC...Solid Oxide Electrolyte Fuel Cell
SOEC...Solid Oxide Electrolyzer Cell
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Overview of Electrolysis Technologies

Status Mature

Market Share >90% <10% 0%
Temperature Amb-120 °C Amb-90°C 600-800 °C
Pressure 1-200 bar 1-350 bar 1-25 bar
Dynamics weak good medium

Cost and efficiency outlook 2030

Alkaline
CAPEX 370-800 EUR/kW 1) 250-1270 EUR/kW 2 300 - 800 EUR/kW 3) 1 . i RSO RSSRSER
OPEX 2-5 % 2) 2-5% 2 2% 2
Efficiency 48-63 kWh/kgH, 1) 44-53 kWh/kgH, 1) 36-43 kWh/kgH, 1)
Efficiency 53-69 % 1 63-76 % 1) 77-92 % V)
1) Source: FCH-JU PEM...Polymer Electrolyte Membrane
2) Of CAPEX p.a. SOEC...Solid Oxide Electrolysis Cell
3) AVL

SOEC combines low cost potential with highest efficiencies as a basis for economic e-fuel production
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SOEC Reference Project: 1MW SOEC Electrolyzer

Public

~ ceres

Ceres and Shell sign agreement for green hydrogen
28 June 2022

scale demc to be located in Bangalore, India

® Aim to deliver low-cost green hydrogen for industrial decarbonisation

1MW Solid Oxide Electrolysis System
Size: 40ft Container
Steam electrolysis

Target Efficiency:

— ~80% with water input

— ~90% with steam input

Tests start in Sept. 2022

First field deployments in early 2023




Industrialization of SOEC in Austria

European Commission Hydrogen IPCEI initiative

European
Commission
I

christof
industries

Establishment of a SOEC Electrolyzer production in Austria
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Innovative Process for eFuel Production

Alkaline/ PEM-EL COz
Treatment

EIectnaty\ %
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Treatment (60-70%)

0 High-temperature electrolysis
9 Thermal Coupling

9 Co-electrolysis

AVL Process

Treatment 1
SOEC

(80-90%)

2o
Treatme”t Electricity\
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Efficiency Improvement of eFuel Production

AVL Process
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lsaiid  Electricity §

Energy Demand - Synth. Diesel
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e-Fuel Production Cost

e-Fuel Production Cost Outlook
Technology Maturity 2030+

——PEM-FT

——SOEC-FT

e-Fuel Production Cost [€/1]

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Electricity Cost [cent/kWh]

SOEC FT Process enables 20-30% lower production cost of e-Fuel
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SOEC Power-to-X Routes R

Hydrogen
co,
HZ l
% AC/DC % v
Drying,
PSA, TSA,
Membrane
(indirect
conversion™, /=
path)
—__/
O
Synthesis
Power |P°wel: Electrolysis Co, Gas grocess
source electronics y N, source treatment +treatment

SOEC improves the efficiency of all major eFuel production routes significantly
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PtL Demonstration plant
In Austria
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SOEC Power-to-Liquid Demonstration Plant

= 200kWel SOEC capacity

= ~100.000I production capacity
Co-SOEC Unit ﬁ of e-fuels per year

Air
D_I | I ——F . = Focus: SAF (sustainable
>O—> N N B - B aviation fuels)
g ' = Demo in 2023
S AT At U —"\/ = —==—>- = = >30% Efficiency Improvement
B2 deIiVerecl SO l acoc | acpc | acoc | acec | Aqec in e-fuel production
' A

Electricity v "
et S s S R A A SR s i RS :
H 1

Y Q) N H,+CO
Buffer /!\
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Water Products
Heat
Coupling _
N AN Sti?a S |
ration 8. ‘ :
FT-Reactor sut:sgaol fl!ulnma‘n_ﬁmQ;? %
Water Treatment Fischer Tropsch Unit
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"= Bundesministerium
Klimaschutz, Umwelt, F F G
Energ\e/‘ Mobilitat, . FarsEhiig wiirkE,
Innovation und Technologie

Project Scope Phase 1 - IFE

» In the first project phase a 200kW plant will be designed and developed.
» The result is a plant ready for order, which will be built and operated in the second project phase.

Co-SOEC + heat coupling

o AVL &
r WIVAPSG iwo
|

‘ christof
industries

Produkte

FT product seperation M sh ICEBE

» IMAGINEERING
Sl NATURE

FT-Reaktor
Fischer Tropsch Einheit

FT-reactor + heat coupling
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Operation Strategy for Demonstration Plant

» Degradation effects on SOEC stack during
demonstration

Steam514ph

Steam 37 kgh ( THlGaT Tk

I Compression Unit Fischer-Tropsch | fiastenatec sy
—— ¥
Syntas 38 Kgh | | yntas 330en Synthesis

| e 11t

- e.g., due to an increase of the area
specific resistance (ASR) of the stack a
higher cell voltage is needed to keep the
product yield

Cremesersy 0 Y s g}

— Higher temperature level at SOEC stack
-> more cooling needed

58% 10%
57% 9%

= Keep the PtL efficiency of > 55% and o g
avoid huge cooling demand of the SOEC T o & &
stack with part load operation over § sax s
lifetime S sox o g

© 5% ® 9
50% 2%

» Important parameter to keep the % e
efficiency, is the CO, conversion rate of the T mm me W% 3% m% gk mm
SO EC stack Recirculation Rate [%]

—a— Ptl Efficiency —e— 002 Content in Syngas
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"= Bundesministerium
Klimaschutz, Umwelt, F F G
Energle,. Mobilitat, _ ForsEhlingwiFk:
Innovation und Technologie

Project Scope Phase 2 - HiPolLig

» Build up of the Power to Liquid Plant at the HQ of AVL in Graz
» 2 years demonstration of the Power to Liquid Plant (mid 2023)
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Summary

= SOEC is a key enabler for highly efficient SAF production
— Decrease the overall system energy demand by >35%

= Operation for 200kW PtL demonstration plant at AVL in 2023

= Upscale of SOEC technology within the next years

= Next steps: 3-5MW PtL plant in 2025 and preparation to roll-out PtL industrial plants
for SAF production
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Richard SCHAUPERL
Senior Project Manager R&D
Research & Technology Development

Thank you

AVL 3«

www.aVvl.co

richard.schauper
T: +43 316




