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HYDROGEN CENTER AUSTRIA

() Project ProGen 2023 - 2026

Development of a new generation high-pressure PEM electrolyser stack including an optimized
operation strategy and most-suitable application scenarios

@ Short stack with a power of 5 kW
Reduced catalyst loading of 1 mgpgy, /
cm?

Increased stack efficiency of > 70%
(HHV) and system efficiency of > 80 %
(HHV)

Stack production cost of < 500 €/kW

Hydrogen output pressure of 80 bar

U CEET S0 [ PROFLCTOR  1wroveion in motion @ ANDRITL Heraeus ;ﬁ":'ﬁGDBE'?Q\

FCReL, TED | ELL COMPOMEMNT

The information contained in this presentation remains the property of HyCentA Research. 2
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HYDROGEN CENTER AUSTRIA

Project OASES 2024 - 2026

Develop a > 1 MW electrolyzer test system for full-size stacks, enabling the transfer of small-scale
research to large-scale applications and advancing understanding of aging, degradation, and
optimization under realistic operating conditions.

> &

HAINZL :

(Y BOSCH iInR

« Set up of a megawatt stack testbench, featuring
» state-of-the-art cell areas up to 1600 cm? and higher
« 150+ cells
« Test and characterize a 1.25 MW electrolyzer stack
 Learn how to increase stack and system lifetime

[
o

This presentation contains confidential information and is intended solely for the use of the intended recipient(s). 3
Unauthorized distribution or disclosure of the content is prohibited.



CentA

= T B {YDROGEN CENTER AUSTRIA

Durability assessment of PEM electrolysis stacks with focus on the mechanical stability of the
membrane

B _- 01.01.2024 — 28.02.2026 g [oo

- ~"¢ Scientific partners EES Company partners
Development of a material model for cme
membranes LmMECHATRONICS BOSCH
Experimental investigation of the (= Caborsiory sep |
mechanical failure mechanisms P

o &

Effect of long-term operation on
mechanical stability

Abstraction for bette
experiment results

Lifetime prediction of mechanical e
membrane failures

The information contained in this presentation remains the property of HyCentA Research. 4
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HYDROGEN CENTER AUSTRIA

Project AniGen 2023 - 2026

Development of a next generation AEM electrolyser stack including optimized
cell components with a focus on improved efficiency and increased lifetime

Short stack of 3-5 cells and active area
of at least 50 cm?

Stack production cost of < 300 €/kW AT ANDRITL
EET Heraeus
Operation with KOH concentration at JLOA I::N->MR
1Mandbelow INNOVATIONS
Greenerity®g

Achieve current densities of > 2 A/lcm? FCReL.
Hydrogen output pressure of 40 bar m

il UV

I LEOBEN W ~n A 7

oMV

The information contained in this presentation remains the property of HyCentA Research. 5
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Project CoGen 2023 - 2026 @centn

Improve efficiency, lifetime and performance of HTEL in CO, and Co-electrolysis operation, as well
as identification of integration scenarios and business cases

= ° A

* Conduct cell, interconnect- and stack =l ¢ Scientific partners
testing to improve performance and

lifetime of SOEC'teChnOIOQY AmTL 6 Institute of Thermal Engineering

* Develop application scenarios for the

production of chemical feedstock and the :INEE¥I§IE "
integration into power grid and industrial STEIERMARK IrnR

waste heat

* Design a SOEC stack and integrate into
virtual system model to improve operation
strategy and thermal management

* Build a technology matrix to compare
different HTEL-technologies

TU

Grazm

The information contained in this presentation remains the property of HyCentA Research.
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Investigation and development of new approaches for the production of
renewable hydrogen and green chemicals

]
N
©

New and electrode cell design for single cell

LCompany partners
photoelectrochemical water splitting

Heraeus
I::N--MR

I'NNOVATIONS

Innovation in Motion @

Proof-of-concept for semiartificial m Verbund

Alternative production of green H,0,
(fuel cell approach)

Alternative, decoupled electrolysis
processes for green hydrogen

photosynthesis
ENERGIE

Circularity and sustainability of new
materials

The information contained in this presentation remains the property of HyCentA Research. 7
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Development of new electrocatalysts for PEM electrolyser systems with increased performance,
reduced critical raw material usage, reduced environmental footprint and reduced total costs.

|

Catalyst
production

Raw material
extraction
\ Electrode & device
fabrication
W
Loey E e

/

Recycling &
upcycling ’ ‘
Electrolyser
utilisation
G fo
Disposal End of life
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&
!
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« Application of sustainable materials and
catalyst

* Implementation of a circular economy and
large scale recycling in which the CRM will be
recovered and regenerated

* Analysis of value chain from catalyst
manufacturing to system integration and
demonstration, end-of-life recycling and supply
of raw materials for catalyst manufacturing

The information contained in this presentation remains the property of HyCentA Research. 8
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HYDROGEN CENTER AUSTRIA

Development and optimization of PEM electrolysis with a focus on investigation of
degradation on single cell and stack level
1.50 o T v T T T
* Industrialization and materials research: - i
R&D on cell to system production & ¢ poimim, Ee
manufacturing value chain analysis IR
S HINTE I
« Test methods: Accelerated stress test & %0,50 IRt 14| EEH,in O, EZFER
aging correlations from cell to system UW . .
- E
« Advancement through simulation: 000 . . 1kt
Operation strategy optimization & adaptation S o 104 8
and further development of BoP components
° Application AnaIySiS: Decentralized & ® BOT60°C EoT60°C BoT80°C EoT80°C
centralized application and utilization H2 and Source: Wang et al. ACS Appl. Mater. Interfaces 14(7), 9002 (2022); Kuhnert et al.

) ) Membranes 13(3), 348 (2023)
connection to grids

The information contained in this presentation remains the property of HyCentA Research. 9
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PrOJect W|nd2hydrogen 2014 2017

Objectlve Conversion of renewable electr|C|ty into hydrogen for storage purposes and
transport into the existing natural gas grid

* Development of a dynamic high pressure PEM electrolyzer (163 bar)
» Construction of a 100 kW pilot plant

« Operative experiences of a power-to-gas plant with real life load cases of renewable energy and feed-
in of H, into the natural gas grid

* Production of green hydrogen for H, mobility

0lv EVN > ENERGIE powered DY%J'
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. Project HYTECHBASIS 4 WIVA 2019-2022

Objective: Achievement of a higher level of industrialization by developing the next generation of
PEM fuel cell and high pressure electrolysis in an holistic approach

* Advanced membrane technology and development of bipolar plates to increase the overall system efficiency
and reduce costs of electrolysis technology

* Design and optimization of a modular electrolysis system

* Advanced development of the fuel cell system through new, optimized BoP components
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Modification of inner layer of AEM electrolysis cell with ionically conductive polymers to
increase performance

Anion Exchange Membrane (AEM) @ Catalyst particle °

Electrode @ Electrical conductive material

A | @ runctionalized binder

o, @ onic conductive polymer
KOH + 0,

lonic conductive electrolyte (KOH)

The information contained in this presentation remains the property of HyCentA Research.

Systematic experiments generate a
comprehensive understanding of the
transport mechanisms

Fabrication of electrodes with
modified polymers and the subsequent
characterization of the electrodes in the
assembled cell

Chemical-physical analysis of the
electrode is performed to identify
degradation effects and mechanisms

12



\. & T~ ~

O : i
Project MemGen 2023 - 2 26  @cents

Gain a deep understanding of aging and degradation mechanism of large-scale membrane electrolysis stacks
considering realistic operation conditions

41 Scientific partners

ilnA

Institute of Thermodynamics and Sustainable
Propulsion Systems

This presentation contains confidential information and is intended solely for the use of the intended recipient(s).
Unauthorized distribution or disclosure of the content is prohibited.
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Highly efficient PGM-free electrodes for AEM electrolysis with increased lifetime and
demonstration thereof in an innovative stack design

Company partners

—) DURAMEA

The information contained in this presentation remains the property of HyCentA Research. 14
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() Projekt ELYSIUM 2025 — 2028

Entwicklung der nachsten Generation der AEM MEA, bereit fir die
Skalierung der AEMEL-Technologie zur Deckung der benoétigten Elektrolysekapazitaten mit
Technologien ,,Made in Austria“

Charakterisierung einer mittels Plasma-PVD-Verfahren hergestellten AEMEL-Elektrode mit state-of-
the-art (SoA) beginning-of-life (BoL) Leistung von 1 A/cm? bei <2 V

Verbesserte MEA mit Bol Leistung von 2 A/cm? bei <2 V in einer Elektrolyt-Konzentration von <1 M
nach Aktivierung anhand des neu entwickelten Prozederes in <6 h, mit Teillastfahigkeit bis 10 % bei
<40 % UEG H2 in 02 und einer Degradation von 0,7 %/1000 h bei Konstantstrombetrieb bei 1 A/cm?

Simulationsgestiitzte Skalierung der Komponenten und Herstellungsverfahren fir den Bedarf von
200 MW/a bei vergleichbarer Elektroden-Leistung und Herstellungskosten von rund 200 €/kW auf
Stapel-Ebene im Jahr 2030 mit geringeren negativen 6kologischen und sozialen Auswirkungen als
vergleichbare Elektrolysetechnologien

The information contained in this presentation remains the property of HyCentA Research. 15
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Project results

\
* Optimized reactor design(4 g Wi
H2/m2/h) | *

* Validated photocatalyst " \——
performance (6 sources of e
hydrogens) T )

 Demonstrated reactor stability (200
h test)

 Scaled-up hydrogen evolution
testing (1600 cm?2)

e Technoeconomic analysis (3
aviation-related hydrogen

applications) le

: ------ On-demand, On-site

@ Various hydrogen sources

@centn
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. Project AEM TEC
AN AR
R S RN R ‘

Proof of concept for AEM Technology in
ElectroChemical Compression

r au
ooooooooooo gi

e Ziel: Nachweis der Machbarkeit sowie el
Generierung von Know-how mm 7t
in neuartiger AEM ECC Technologie

Verbesserung
+ Erhohte Lebensdauer durch
robuste Katalysatoren
+ Glnstige Materialien
reduzieren Investitionskosten
+ Machhaltige Materialien
(PFAS-frei)

Verbesserung
+ Gerdusch- und
Vibrationsfreiheit
+ Modularitat
+ Geringer Wartungsaufwand
+ Simultane Komprimierung
und Aufreinigung

 Vergleich der Performance zu Standardmaterialien

1900 2030 2040

* |dentifikation der Prozesslimitierung
* VVerbesserung der Prozessfihrung

* Bewertung des okonomischen Vorteils des AEM
ECC
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Development of a photoelectrochemical water splitting (PEC) system with focus
on scale-up, improving efficiency and stability and enhancing sustainability.

Increase technology readiness level (TRL)
from 3 to 6

PEC cell development with 400 cm? active area

Photoelectrodes with 10 % efficiency and
>100 h stability

Set-up of an advanced test-rig, proving H,
production at 5 bar and >99 % purity

Cost reduction to hydrogen production costs
<4 €/kg H,

Enhanced sustainability with >90 % recycling
efficiency and 60 % less carbon footprint

The information contained in this presentation remains the property of HyCentA Research. 18
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. Projekt HELIOS 2025

Technologiescreening
Entkoppelte Wasserspaltung
(Elektrolyse und thermische Wasserspaltung)

sustainability

©

feasibility

efficiency
S)502

» Identifikation eines Zukunftsprozesses

total demand of energy 912.3 100.0
Realisierung / Verifizierung ey e w2 | 15
. hydrogen 614.4 67.4
I m La bo rm a BSta b total heat losses 173.9 19.1
bifunctional el.; n, [mV] HER 80 / OER 230 155.0 17.0
zinc el.; N, [MV] red: 20/ ox 10 15.0 1.6
»Anwendungsanalyse — Kosten, Effizienz, Umsetzung =~
BoP energy demand; 1 kW h / kg H, 18.8 2.1
energy consumtion / kg H, 42.9
Konze pte rsteuung eines NaCthIgeprOjektS total efficiency of hydrogen production 76.1
zur Realisierung und Demonstration
des Zukunftsprozesses 912 kW h

This presentation contains confidential information and is intended solely for the use of the intended recipient(s).
Unauthorized distribution or disclosure of the content is prohibited. -
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»01.01.2024-31.12.2026

repo’rec

renewable power technologies
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i I 1 Co-SOEC: H20 + CO2 + P el.2H2 + CO (Syn-Gas) |
i ol i i |
- - ar | Co-SOEC Unit i g -
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1 1530 L Sustainable Technologies
i Fischer Tropsch Unit !
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Hydrogen Flagship Region
20

Source: https://www.wiva.at/project/hipoliq/

This presentation contains confidential information and is intended solely for the use of the intended recipient(s).
Unauthorized distribution or disclosure of the content is prohibited.
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COOL 2025-2028

New and innovative Co-Electrolysis

»01.11.2025-31.10.2028

Project COOL

Q TREIBACHER Mate Cathode - + Anode Wtets and
WE ENGINEER MATERIALS develop datlon
H ¥% 0,
= Targ ’ ( N
..e TECHNOLOGY Manufa«‘. vo - .velopment I n

simulation
Elektr GDCorNi- e LCaForI.’BCaF . .
AI IMML’%%'“ Sputte. e w2 ,,,L - perating @Cent[:]
el rolyte 0 g . " yieocis CENTER AUSTRIA

support

Cost-efficient and durable Co-Electrolysis

This presentation contains confidential information and is intended solely for the use of the intended recipient(s).
Unauthorized distribution or disclosure of the content is prohibited.



Solar-to-Hydrogen: Efficient hydrogen production using solar energy /
a fully stand-alone solution

The Sol2H2 project focuses on a new generation of efficient,
scalable, and sustainable hydrogen technologies by a direct solar
hydrogen production. A tandem cell combines a photovoltaic (PV) cell
and a photoelectrochemical (PEC) cell into a single unit, efficiently
utilizing sunlight for water splitting. The incoming light is spectrally
divided: the PEC cell absorbs the high-energy portion for direct
hydrogen production, while the PV cell uses the remaining part to
provide an external bias that supports the electrochemical reaction.
This integrated approach eliminates the need for a separate PV
system with an attached electrolyzer, thereby increasing efficiency
while reducing material, system costs, and space requirements.

» Solar-to-hydrogen efficiency: = 20%

» Material development for highly stable electrodes with a
performance increase of > 50%

» Reduction of production costs compared to PEM-PV systems of > 80%

This presentation contains confidential information and is intended solely for the use of the intended recipient(s).

Unauthorized distribution or disclosure of the content is prohibited.
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C nt n Join us in shaping the future of hydrogen technology!
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HY[]R[]GEN CENTER AUSTRIA
HyCentA Research GmbH

Inffeldgasse 15
A-8010 Graz
« Phone: +43 316 873 9500

» office@hycenta.at

[w]55

« www.hycenta.at
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