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COMET Project to COMET Centre

1%t funding period — April 2025 to March 2029

Ba tte ry4 Life — [OPTIIVIIZED Safety and INCREASED Sustainability of Batteries]

Optimized SAFETY: +++ Understanding of battery behavior in critical situations
Increased SUSTAINABILITY: +++ Safe battery life and operation time
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4 Battery4Life wilry,

FFG Comet Centre: Battery4Life is accepted!

s i e FFG
FFG Comet Centre: A, i g
- Sfca rt: 1st pf Aprl! 2025 ) SFG)) Gl
— First funding period of 4 years
(+4 years w/o a new funding proposal)
— ~10 Mio. € funding
— ~19 Mio. € overall budget Company Partner
(Cash/In-Kind)
g — Research Projects:
S — Funding already available (no  /runding
funding proposal) 50%

— Research contents fit to Battery
= Safety and Sustainability

Scientific Partner (In-Kind)



AREA: Research Overview

Battery4Life wiaty,

RESEARCH AREAS

/
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Area 1: Area 2: Area 3:
Prediction and Degradation Monitoring and
Optimization Mechanism Failure Prognosis

\_

Cross-cutting Battery Safety Research:

Sustainability, legal and

economic framework

\ ecological, economic, legal and social aspects

~




K B 4life w1y
Unique Selling Points (USPs) ateryie

Outstanding applied and transferable approach
and method portfolio

Thematical leader in battery safety research: behavior
of batteries in overcritical situations, safety relevant

degradation mechanisms, State of Safety Together we create agsafe and sustai

Current/Next Steps

International research collaboration framework — Contracts, Contracts, Contracts,...

covering the whole battery value chain
— Project shaping and partner

discussions

Complementary Interdisciplinary framework: o _ o
technical, ecological, economic, legal and social aspects — Administrations and Organisational

tasks
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Ecolyte

Stationary energy storage:
status quo and perspectives

www.ecolyte.at

Prof. Dr. Stefan Spirk



TU

Grazm

Ecolyte

Ecolyte

Al-driven  sustainable energy storage
solutions.

www.ecolyte.at

Prof. Dr. Stefan Spirk



Welcome to Ecolyte -
Innovating Sustainable Energy Storage of the Future

| *2022 in Graz, we are pioneering a revolution
in energy storage through innovative,
sustainable solutions

| We address the urgent need for large-scale
stationary energy storage systems using
sustainable, available materials

| Our visionis to become one of the leaders in
the green energy transition through cutting-
edge Al technology and strategic partnerships Grand Challenge:

Green energy transition and Green Deal

European
Innovation
Council




Grand Challenge — Green energy transition

WIND GEOTHERMAL BIOFUEL

POWER HYDRO ENERGY
POWER

Huge increase in PV and wind
installation

| Grid investments slow

| Storage has been neglected

Example Germany:

| € 2.7b of revenues per year lost as
grid cannot take wind energy

| taking PV and wind off-grid is
required at peak capacity

Large scale Li-batteries concerns:
| Safety, raw

| material supply

| environment

| child labor

Use of large scale, sustainable, safe, regionally available energy storage systems needed!



Our vision — renewable liquid batteries in stationary
energy storage

Pump

s 4 =
= 4
-

Electrode

i L

‘ Membrane \

‘\ Flow frame
Current

Cell collector
frame

J. Mater. Chem. A, 2015,3, 16913-16933



Liquid batteries

Advantages:

é —I AC/DC Inverter |_ é | Independent design of power & storage

capacity

Easy scalability to MW regime

No self discharge

No capacity fading during cycling
Long lifetime (20 years+)

Long discharge times (4-8 h)

Oxidized
species

Current technology:

Vanadium flow battery (80%)
| not renewable | availability | transport |
corrosive | toxic | volatile price

Vanillin instead of Vanadium!



Technology development is

Al driven

Fig.| Schematic overview on the Al
based battery approach

By 05/24: 520,000 molecules generated, assessment on-going

VANILLA
FLOW

4.6m<€ for artificial intelligence
guided battery design

Start: 1.9.2023, 36 months

4 partners

Goal: Al for pushing bordersin
quinone (vanillin) based flow
batteries

Funded by
the European Union

www.vanillaflow.eu



http://www.vanillaflow.eu/

Stationary energy storage

Batteriespeicherstandort WeiBenthurm-Kettig - © Kyon Energy

How can we calculate how much an energy storage system can earn?



Levelized cost of storage (LCOS)

LCOS = total lifetime cost of the investment in an electricity storage technology
divided by its cumulative delivered electricity in the form of electrical energy or

electric power

N+ 1

Investment cost +ZMD&M cost +z.wChargrng cost End-of-life cost

Lcos|—2_|- a0y (1+1)
MIL"'L"'h ZN E|I'E":D.5c|"~u rged
no (1+r)"

Investment: i.e. installation costs, maintenance costs, charging costs, end-of-life

costs
Assessment of stationary storage scenarios possible
Key docs Joule, 2019, 2, 81-100 and Lazard study on LCOS v7.0, Curr. Opin. Chem. Eng. 2022, 37, 100855



Stationary energy storage”?

Role Application

1. Energy arbitrage
Systemn 2. Primary response
Operation

3. Secondary response

4. Tertiary response

5. Peaker replacement

6. Black start

7. Seasonal storage
Network B. T&D investment
Operation deferral

9. Congestion
management

Consumption  10. Bill management

11. Power quality

12. Power reliability

Application defines the technology (and LCOS)!

Description Pumped

Hydro

Purchase power in low-price and I
sell in high-price periods on
wholesale or retail market

Correct continuous and sudden
frequency and voltage changes
across the network

Correct anticipated and I
unexpected imbalances
between load and generation

Replace primary and secondary -
response during prolonged
systemn stress

Ensure availability of sufficient -
generation capacity during peak
demand periods

Restore power plant operations 4
after network outage without
external power supply

Compensate long-term supply I
disruption or seasonal variability
in supply and demand

Defer network infrastructure I
upgrades caused by peak power
flow exceeding existing capacity

Avoid re-dispatch and local price I
differences due to risk of
overloading existing infrastructure

Optimise power purchase,
minimize demand charges and
maximise PV self-consumption

Protect on-site load against
short-duration power loss or
variations in voltage or frequency

Cover temporal lack of variable
supply and provide power during
blackouts

Compressed

Air

1

Flywheel

Lithium lon

Sodium Lead Acid Vanadium

Sulfur Redox Flow
%4 %4 %4
- - -
- - -
P P P
P P P
P P P

%4
%4 %4 %4
- - -
P P P
P P P
- - -

Hydrogen

1

Supercapacitor

* Joule, 2019, 2, 81-100



It is a function of cycle length and number!
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Currant Opinion in Chemical Engineering

Curr. Opin. Chem. Eng. 2022, 37, 100855

Flow battery sweetspots somewhere between
100 and 1000 discharges per year

Several appliation scenarios are potentially
possible:

Energy arbitrage (exploit price differences for
trading energy)

Secondary response (30s response to
stablize grid frequency)

T&D deferral (upgrade of power rating in
system)

Bill management (buy energy cheap and use
it later when expensive)



Comparison of different systems
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Curr. Opin. Chem. Eng. 2022, 37, 100855



Meet the Ecolyte management team

Ty
Dr. Stefan Spirk

| Expertin biobased materials (Prof.)
| 10+ yrsin biobased energy storage
| 10m€+ in funding 2014-2024

| Funding and management for Ecolyte

=V
- Founder

. (CEO)
Dr. Wolfgang Zitz N CNASTEYR

| Expertin strategy development )

| 10+ yrs experience as vice Founder
president in automotive industry Founder Ecolyte (Technology)
| Introduced several cars on market (Strategy )

(e.g. Jaguar I-Pace)
| Planning and strategic coordination

VIKTOR
KAPLAN
MUERZ /

DI. Stefan Pachmajer

| Expertin energy markets

| 5 yrs experience as CEO of an energy
company

| Acquisition and operation of several wind
mills

| Support to make our vision real

Investor
(vkm)

Founder
(Finances)

s

TU

Grazm

Dr. Georg Rudelstorfer

| Expertin chemical engineering

| 5yrs+in reactor engineering

| Developed process for conversion
of biomass in battery materials

| Technology developer

Dieter Wurm

| Expertin trading & selling biobased
products

| 20+ yrs of experience in business & trading
| Introduced several products into market

| Responsible to keep costs low

We are supported by ca. 50 people at strategic partners and the Ecolyte team!



Think big, start small, scale fast
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WWW.NICHTEISENMETALLURGIE.AT

MONTAN
UNIVERSITAT
M LEOREN B

Batterierecycling als Schlisseltechnologie:
Sicherung kritischer Rohstoffe fir die Zukunft

Dr. Eva Gerold

Power Electronics meets Battery Solutions,
Green Tech Valley Cluster und Silicon Alps Cluster
17. September 2024

18.09.2024 LEHRSTUHL FUR NICHTEISENMETALLURGIE — MONTANUNIVERSITAT LEOBEN EVA.GEROLD@UNILEOBEN.AC.AT



Entwicklung des Batteriemarkts

Weltweiter Batteriemarkt
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LIB — stationdre Speicher LIB — Elektromobilitat LIB — maobile Elektronik
Pb — stationare Speicher B Pb - Elektromobilitit I Pb — mobile Elektronik

Erwartete EV-Verkaufe:

13,1-20 Millionen bis 2025
25,8-46,8 Millionen bis 2030

Bedarf in GWh

Entsprechende Massen der benotigten
Lithium-lonen-Batterien:
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2022: 5,8-7 Mio. t
2025: 1417 Mio. t
2030: 39-47 Mio. t

4700
1700
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25



Benotigte Rohstoffe fur eine Lithium-lonen-

Batterie

Li Co Ni C

Lithium Kobalt Nickel Kohlenstoff

NMC-Kathode Graphit-Anode

Fe A\l

Eisen

Aluminium

LFP-Kathode Stromabnehmer Na-lonen-Batterie

26



Rohstoffquellen fur Lithium-lonen-Batterien

Kobait  [Jj] Nickel | Graphit** [ Lithium

Lithium, Graphit

Graphit

Philippinen

Nickel

Neukaledonien

-

Nickel

q ./I
_ Brasilien Indonesien Jig

Nickel

Mosambik '
o

Lithium ==

Lithium Lithium, Kobalt,
Nickel




Raffination von Rohstoffen fur Lithium-lonen-Batterien

Raffination:
China Andere
China Argentinien Andere

Lithium

Indonesien Russland AUS Andere

Y

Demokratische Republik Kongo

LGLEL

Indenesien Philippinen Russland NCL  AUS Andere

Nickel

Mosambik Brasilien Andere

(Flocken- ) | —

Graphit

0 10 20 30 40 50 60 70 80 90 100

Li-Forderung & Einsatzgebiete (weltweit)

2018 2019 2020 2021 2022 2023

Férderung 95000 B86.000 82500 107.000 1446.000 180.000
(Tonnen) (est.)
Batterien 56 % 65 % 71% 74 % 80 % 87 %
Glas & Keramik 23 % 18 % 14 % 14 % 7% 4 9%

Schmier-fette 6% 5% 4 % 3% 4% 2% |
e

o

4 N

»Second Life

Hoherer Stellenwert
des Recyclings

Nachhaltige und
verantwortungsvolle
Lieferkette

Erneuerbare Energien

o )

28



Die neue Batteriedirektive

Methodik zur
Bestimmung des
recycelten Anteils

Deklaration CO,-
FuBabdrucl‘< far Industrie- (Art. 13)
Batterien(Art. 7) ®

H

Deklaration CO,-
FuBabdruck fr EV-
Batterien (Art. 7)

Batterie Management
System (BMS) QR Code

(Art. 13)

Eintritt in die neue Due Diligence
Batterieverordnung Policy

‘Batterie—

pass

Anforderungen CO,-FuBabdruck
an Haltbarkeit Leistungsklassen flr EV-
und Leistung Batterien

Maximaler
Lebenszyklus-CO,-

CE-Kennzeichnung FuBabdruck fur EV-
Batterien

CO,-FuBabdruck
Leistungsklassen
fur Industrie-
Batterien

Deklaration des
recycelten Anteils
Py (Li, Co, Ni,...)
Maximaler
Lebenszyklus-CO,-
FuBabdruck fur
Industrie-Batterien

Elektrochemische
Leistung und
Haltbarkeitsparameter

Mindestgehalt an
recyceltem Material

29



Recycling von Lithium-lonen-Batterien

(

Sammliung

Verbrauchte Lithium-
lonen-Batterien

N\

Vorbehandlung

f(‘*"

Vorsortierung - Entladung - Demontage -2

Deaktivierung - Zerkleinerung - Sortierung

/

A Schwarzmasse

(

Metallruickgewinnung

Pyrometallurgie Hydrometallurgie Biometallurgie

e ¢

\

4

Bauindustrie __ Legierungen

Schlacken 4% =

Veredelung
Hydrometallurgie

_6

o

o

&

Metallkonzentrate
fur die Batterieproduktion/
Metallindustrie

Metallindustrie
open-loop-recycling

=y

Nicht-/Eisenmetalle
Kunststoffe

Batterieproduktion
(closed-loop-recycling)

Strategische Absicherungim
Bereich der Batterierohstoffe
moglich

Erfullung der behordlichen
Vorgaben ist anspruchsvoll
aber technisch realisierbar

Implementierung
nachhaltiger und effizienter
Verfahren in Europa

Globale Lieferketten,
Rohstoffversorgung und
Logistik/Sammlung



WWW.NICHTEISENMETALLURGIE.AT

MONTAN
UNIVERSITAT
M LEOREN B

Vielen Dank fur die
Aufmerksamkaeit.

Dr. Eva Gerold

Power Electronics meets Battery Solutions,
Green Tech Valley Cluster und Silicon Alps Cluster
17. September 2024

18.09.2024 LEHRSTUHL FUR NICHTEISENMETALLURGIE — MONTANUNIVERSITAT LEOBEN EVA.GEROLD@UNILEOBEN.AC.AT



Typen von Lithium-lonen-Batterien

Lithium-Kobalt-
Oxid
Elektronische Gerate und
mobile Anwendungen

&ﬁ’%

Lithium-
Eisenphosphat

Energiespeicher und EVs

Lithium-Mangan-
Oxid
Kleinere (Garten)-Gerate
und E-bikes

Lithium-Nickel-
Mangan-

Kobaltoxid

Automobilindustrie

Temperaturbereich [°C]

Sicherheit

Energiedichte [Wh/kg]

SN

Schnellladefdhigkeit

Kosten [E/kWh/Zyklenzahl]

Leistungsdichte [W/kg]

4

Kalendarische Lebensdauer

I Lithium-Mangan-Oxid (LMO)
- Lithium-Nickel-Cobalt-Aluminium-Oxid (NCA)
Lithium-Nickel-Mangan-Cobalt-Oxid (NMC)

- Lithium-Eisen-Phosphat (LFP)

32



Schwefel-
saure
Laugung

Fallung
‘ von
/  Kobalt
und Nickel

Losungs-
reinigung

Selektive
Fallung
von
Lithium

M

MONTAN

UNIVERSITAT

WWW.UNILEOBEN.AC.AT
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