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K1-MET at a glance #E MET)

international metallurgical research competence center metallurgical competence center

= focus on ferrous and nonferrous metallurgy

79 AREA 1

Metallurgical Process
Efficiency & Circularity

= founded in July 2015 as a limited liability company

84 employees (as of 1 July 2023)

o AREA?2
¢

Oz Decarbonisation &
Sector Coupling

@ AREA 3

\ Simulation &
Data Analyses

partially funded by an Austrian competence center programme

= annual revenue of 10 million €

[ |
Current research programme 2023 - 2027

100 projects and associated partners from industry and science

= 28 Company Partners

13 Scientific Partners

—
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K1-MET i MET

and Some partner Iocatlons metallurgical competence center

GRAZ
Graz University
of Technology
LEOBEN LINZ
Technical University of K1-MET GmbH

Leoben (Branch office) (Branch office LAB)

| Austria GmbH

LINZ

LEOBEN s .«
ST u K1-MET GmbH

K1-MET GmbH

(Branch office Riverside) ™ (Headquarter HUB)
VIENNA -E== LINZ
LINZ Vienna University r Johannes Kepler
voestalpine Stahl GmbH © of Technology & University Linz
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Organizational structure

of K1-MET GmbH

COMET MODULE
FuLIBatteR

Lukas Schmidt

voestalpine
Stahl GmbH

Primetals
Technologies 20%

Austria GmbH

MET

metallurgical competence center

Strategy Board

Selected project partners

Gender Equality Advisor

Elvira Lutter

Board of Directors

Kurt Satzinger, Alexander Fleischanderl, Helmut Antrekowitsch,
Wilfried Enzenhofer, Jochen Pack, Thomas Prietl, Wolfgang Resch

CEO CSO

Thomas Buergler Susanne Michelic

FO

Gerold Huemer

Sc. Advisory Board

V. Colla, B. Glaser, B. Hribernik,
A. Ordufia, J. Schenk

Administration & Communication

Silvia Freudenthaler, Daniela Kaltenberger, Anja Lehninger, Sabrina Ollinger,

Jana Geiblinger, Carmen Grand|, Katharina Muster

AREA1

AREA?2

Metallurgical Process Efficiency & Circularity Decarbonisation & Sector Coupling

Johannes Rieger

Irmela Kofler

Key Researcher (Scientific Experts)

AREA 3 COMET MODULE

Simulation & Data Analysis PlasmArc4Green

Christine Gruber Magdalena Schatzl

Christian Bernhard, Michael Harasek, Stefan Pirker, Harald Raupenstrauch, Christian Weil3

K1-MET GmbH | 15.04.2026 | 4



Sustainable Development Goals (SDGs) = MET

Contribution of K1-MET towards a sustainable economy & society metallurgical competence center

K1-MET is in accordance with the SDGs

SDGs related to environmental (climate) impact

- Energy efficiency and clean energy technologies — SDG 7

- Increase resource efficiency in metallurgical processes — SDGs 8 & 9

- Enhance utilization and recycling of metallurgical residues — SDG 12 g
- Reduce CO, emissions — SDG 13

DECENT WORK AND
ECONOMIC GROWTH

o

D NRISTRLCTRE 12 Govsovenon
= SDGs related to human resources & %‘”
- Gender equality — SDG 5
- Female employees in all organizational levels and uniform salary scheme 13

- Current female share of K1-MET staff: 40 %

Decent work and economic growth — SDG 8

. 80 full time equivalents (full configuration) @) SuSTAINABLE G ALS
- 18 PhD Researchers planned (20 in total) o

Source: https://sdgs.un.org/goals
- 10 Master students planned (40 in total)
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https://sdgs.un.org/goals

Future research programme
SusMet4Planet (2023 — 2027)

4
A
AREA 1

Metallurgical Process
Efficiency & Circularity

Decarbonisation & Simulation &
Data Analyses

‘ AREA 3

Sector Coupling

Process analyse®

G MET

metallurgical competence center

“Sustainable digitalized Metallurgy for a
climate neutral and resource efficient Planet”

K1-MET addresses the challenges of the metallurgical industry in
staying competitive and reaching climate neutrality

Area 1: Metallurgical Process Efficiency & Circularity
Enhancement of process efficiency and product quality through
analytics and treatment of raw and secondary materials

Area 2: Decarbonisation & Sector Coupling
Solutions for climate neutral metallurgy and CO, as a source for the
carbon cycle

Area 3: Simulation & Data Analyses
Application of modelling approaches to new and existing metallurgical
processes and data analysis for an increase of process efficiency
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SusMet4Planet %

2023 - 2027 metallurgical competence center

= cross-sectorial consortium of 42 excellent national and international company and scientific
partners from all over the world

= contribution to sustainability, efficient processes and climate neutrality for all energy intensive
iIndustry sectors, supported with increasing digitalization and superior product qualities

= QObjectives:

- Strategic goal 1: Increase process efficiency and strengthen circularity in metallurgy
- Strategic goal 2: Push forward the decarbonisation of the metallurgical industry and sector coupling

- Strategic goal 3: Generate and use of metallurgical process knowledge through digital technologies

K1-MET GmbH | 15.04.2026 | 7



Area 1

Metallurgical Process Efficiency & Circularity

= Enhancement of resource and process efficiency for ferrous
and nonferrous metal production/refining

5 5

o

BF/BOF route DR-EAF route

Scrap and material recycling

—————

Degassing ?

By-products for
sector coupling

AT O
Coking plant  Sinter plant

— I

Pelletizing plant

" Electro slag
I Ci) remelting Sustainable
P high-quality
(5 1/ - products

Continuous casting

i MET

metallurgical competence center

Advanced analytics of
raw and recycled materials

Sustainable sinter and
low-emission BF-process

Resource efficient
copper refining process

Sustainable continuous
casting process

Inclusion removal and steel
cleanness

Sustainable processing
of solid residue streams

Valorisation of
steelmaking slags

Insights into metallurgical
processes (experiments
and thermodynamics)
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Area 2

Decarbonisation & Sector Coupling

= Carbon direct avoidance (CDA) and carbon capture and
utilisation/storage (CCU/S) processes for climate neutrality in 2050

“
T e
i ."'"_'-.L.-_ l_P
O SuSteel == HYFOR === Smelter == HzBurner = Metallurgical and energy
0O O intensive industry
ﬁﬁ / 2%
Domestic BHQ
iron ore \ O oo 1
o Carbon cycles .
* Carbon Capture and Utilization (CCU)* Carbonisation

(CCS)*

** Carbon Capture and Storage

i MET

metallurgical competence center

Continuous H,
Plasma Smelting
Reduction (HPSR)
process development

Domestic ore for
green steel

Carbonisation

Energy efficient CCU
process

Green smart furnaces

Smelter development
for net zero-carbon
steelmaking

Flowsheet modelling for
CO, reduction

Alternative iron and carbon
sources
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Area 3

Simulation & Data Analyses

= Application and implementation of insights for process optimization
in metallurgical processes:

- Development of simulations and simulation methodology and
application to steelmaking

- Extended process data analyses (big data and machine learning)

- Connection to domain knowledge for industrial process optimization

0 (&) 1w
Métallurgical process J)

ﬁ @z‘, simulation @Q Lﬁf

Methodology and development (=) Data analysis and
of simulation tools digitalisation of processes

i MET

metallurgical competence center

= Multiphase fluid modelling
and simulation

= Multi-scale and reactive
granular flows

= Advancement of simulation
acceleration for process
applications

= Hybrid modelling
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Partners and locations of the COMET programme
Austria and Central Europe

/\Germany The Netherlands Salzburg Vienna
L7B |
| LASERTECHNIK BERLIN TATA STEEL “."‘ | LEUbe ‘nv \jd w_I.Z
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Upper Austria
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K1-MET GmbH |

EEMET

metallurgical competence center

| New partners
in COMET

Total partners

28 company partners
13 scientific partners
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Partners and locations of the COMET programme #E MET

Northern Europe and South America metallurgical competence center
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Partners of K1-MET and locations
Cooperations around the World

Asociacion Castellano y Leonesa del Hidrogeno — H2CYL Irradiare gagdo e D em Engenharia e Ambiente Lda ArcelorMittal Innovacion, Investigacion e Inversion S.L. KELAG — Karntner Elektrizitats-Aktiengesellschaft Luossavaara-Kiirunavaara AB Institut Jean Lamour — Centre national de la recherche scientifique
25W — Zentrum fir und Forschung Baden CEA Liten — Commissariat & I'énergie atomique et aux énergies alternatives ; Rheinisch-Westfalische Technische Hochschule Aachen
‘ N . " Okofen Forschungs- und Entwicklung
Business Upper Austria GmbH Consiglio Nazionale delle Ricerche
- | io Ti
— . condazione Bruno Kesder Energie AG Oberdsterreich Erzeugung GmbH CNRS - Centre national de la recherche scientifique Rio Tinto Group Instituto Aragonés de Fomento Johannes Kepler UnlvesitatLinz Senerqy Flemzs és Kutatd Nonprofit Korltolt Felelcsség Trsass
mweltmanagement Gmi . .
Technische Universiteit Delft — TU Delft Fundacion Asti de la Energ:
P Aperam Stainless France SASU Mayer Recydling GmbH uncacion Asturiana ce 2 Energla BEST - Bioenergy and Sustainable Technologies GmbH Novamechanics Ltd imec - Interuniversitair Micro-Electronica Centrum
HyEnergy Consultangy U THOPRIO = UIERTst _ 5
lyEnergy ¥ DIKATECH GribH Bernegger GmbH Montanwerke Brixlegg AG LEITAT — Acondicionamiento Tarrasense Associacion Rigas Tehniska universitite
Walter Kunststoffe GmbH AIT Austrian Institute of Technology

= Metso Outotec Metals Oy RGS Devel BV, amitéstachnikai és. izdlasi K
Next Generation Elements GmbH AVL List GmbH Loesche GmbH o

" Fraunhofer 12P

) q Pirhof oney,  thyssenkrupp ATPRO tec GmbH ‘
Primetals Technologies Austria GmbH Signal Sofware B K1-MET GmbH Tractebel Engineering JS = ArcelorMittal Maizigres Research 5.A
- . - HyCentA Research GmbH Luxmet Oy - Erdemir . .
Bauhaus-Universitat Weimar \ . Knauf Insulation GmbH University of Seoul ! e ) . L . R ) . Mitsubishi Corparation Verbund AG
International Iron Metallics Association Danieli Automation 5.p.A N 5 NN J N [

Tenaris Dalmine S.p.A

. p 7 Tresca Ingenierfa S.A.
4 1 el D) Alternative de Energie —~ MEDGreen Cluster

Leube Zement GmbH

Tactica TIC

STMicroelectronics

Ceram Austria GmbH RINA Consuling Technische Universitat Briinn
PROFACTOR GmbH >
Fabasoft R&D GmbH Hidritec Water Systems. voestalpine-Konzern

Technische Universitét Dortmund

S KNG - Kémten Netz GmbH

. Technische Universitat Graz
SPECTRAL Industries B.V. i iversil

Luled tekniska universitat /’ European Research Institute for Gas and Energy Innovation Raven SR Iberia

Wietersdorfer Alpacem GmbH

ArcelorMittal Maiziéres Research S.A European Steel Technology Platform ESTEP Nippon Steel Corporation

Innofreight Solutions GmbH
SoluForce BV, Technische Universitat Bergakademie Freiberg

. > N\ A Ital A
Hospodéfska a socialni rada Usteckého kraje, 2.5. ¢ cdaiere dialia 5.
o~ VDEh-Betriebsforschungsinstitut GmbH METTOP GmbH VERBUIND Green Hicl a—
Power Evolution DB Cargo Aktiengesellschaft T~ ) = . Medio Telo21 reen Hydrogen Gmé
~ J Max-Planck-Institut fir Eisenforschung GmbH TU Clausthal L | !
1A v / p g Technische Universitat Wien
Joanneur Research Forschungsgesellschaft GrmbH . “\_ T ! e
Tohoku University RN . Green Tech Valley Cluster GmbH Saarstahl AG [ 2y mm/ itsui & Co., Ltd. :
imec — Interuniversitair Micro-Electronica Centrum s , 1 Firan ) ~ \ =y N FHNW — Fachhochschule Nordwestschweiz
AGGM Austrian Gas Grid Management AG : / L b 7
EXARON GmbH e 2 e 10 Manag P N\ soenorisp < N\ Bacher Touristik GmbH
Mattersdorfer Handels- und Transport GmbH 7 ‘*\\\ Montanuniversitit Leoben - . _' B \ DITENCO N 5.E.&C. Idiotiki Kefalaiouchiki Etairia
Prozess Optimal CAP GmbH ) | \ 7 Universita del 4 N R .
Fischer Edelstahlrohre Austiia GmbH \ y Masaryk-Universitat Brinn . J Universita del Salento Université de Liége CEMEX Espania Gestion y Servicios S.LU.
1§ a e -
Energienetze Steiermark GmbH \ " AsaGrupo ) " FH Oberésterreich Campus Wels : EDP Renovaveis
Stichting Energy Coalition BOKU - Universitat fur Bodenkultur Wien S / SNAM § \ <4
SSAB Europe Oy k \ ROGESA Roheisengesellschaft Saar mbH ESTEP — European Steel Technology Platform
Rheinisch-Westfalische Technische Hochschule Aachen / International Cleantech Network FM B.A EIT RawMaterials GmbH o '\nf a ones &
5 / Tata Steel Nederland Technology B.V. o f - \ \
Centre de Recherches Métallurgiques ASBL LTB Lasertechnik Berlin GmbH 5 Stena Recycling AB CEMTEC Cement and Mining Technology GmbH { SUT - Palitechnika $lgska /\f LA €6l Solutions GmbH
r __
OMV Exploration & Preduction GmbH Temium Brasil LTDA J A - BAM - Bundesanstalt fiir Materialforschung und -priifung Ebner Industrieofenbau GmbH
| . AT i H Calderys Metalcasting Germany GmbH )
1AC Special Project Wuhan University of Science and Technology N LAT Nitrogen Austria Gmb Sazepi Ingenieria Ermafa Environmental Technologies GmbH [ H
\ _ \ ( | / IBF — JBF Global Europe
Sie¢ Badawcza kukasiewicz - Gomoslaski Instytut Technologiczny S Midrex Technologes, Inc Salzourg Research forschungsgeselschaft mb \\ y, /' Scuola Superiore di Studi Universitari e di Perfezionamenta Sant"Anna \/ ,.L | e Gas Gmbid C\\\
R - 1 . ¢ ~ p Linde Gas Gm| o
Danieli & C. Officine Meccaniche S.p.A. Demcon Energy Systems Scholz Austria GrbH AktienGesellschaft der Dilinger Hittenwerke N_~ " Katholieke Universiteit Leuven — KU Leuven InterCal Austria GbH \'/;V"Oﬂ GmbH ‘1 J “
A N a0
BT-Wolfgang Binder GmbH Software Competence Center Hagenberg GmbH - | Bama Steel S.A. WIVA P&G — Wasserstoffinitiative Vorzeigeregion Austria Power & Gas {erToDECONT GmbH RHI Magnesita GmbH Huttenwerke Krupp Mannesmann GmbH H2 Powerlink o Tytix GmbH I/‘/
n - .
- ¥ — { X K HZB - Helmholtz-Zentrum Berlin fiir Materialien und Energie Summit Engineerin
CSIRO (Commenwealth Scientific and Industrial Research Organisation) Andritz AG POSCO Hereeus Blecio ke Inernational (HEEL) = Heraeus Electo e Friedrich-Alexander-Universitat Erlangen-Nimberg Eutopean Energy ¢ ! ! .
. . ENERGIE Graz GmbH & Co KG Advanced Bioenergy Lab EGEN Breitenfeld Edelstahl AG Nucor Corporation M2 Consulting GmbH
Karntner Flughafen Betriebsgesellschaft mit beschrénkter Haftung O.R.J. Martin — Acciaieria e Ferriera di Brescia S.p.A, LINETECHNOLOGY GmbH Donau Chemie Aktiengesellschaft
: ’ HET Hydrogen Innofreight Germany GmbH Pockarpacka Doiinz Wodorowa e
FERS — Institut fiir Baustoff-Forschung e.V. PRO DANUBE Management GmbH Primetals Technologies Limited Zenlab Ratunalnizke storitve in svetovanje d.0.0. ACstyria Mobilitétscluster GmbH Hyenergy Transstore Ve oegntbermany
¥ Astra Biowarme GmbH Swerim AB
RAG Austria AG . Linz Strom Gas Warme GmbH fur Energiedienstleistungen und Telekommunikation Breitenfeld Edelstahl Aktiengesellschaft UIBK — Universitat Innsbruck Holcim (Osterreich) GmbH
Linz Center of Mechatronics GmbH 9 Danish Technological Institute Wacker Chemie AG
. - FH 00 Forschungs & Entwicklungs GmbH .
0.0. Landes-Abfallverwertungsunternehmen GmbH Asoiatia Cluster pentru Promovarea Afacerilor Specializate Tn Ecotehnologii 5i Surse Alternative de Energie ~ MEDGREEN (Regiunea Sud-Est si Regiunea Bucuregti-llfov) Business Upper Austria — 00 Wirtschaftsagentur GmbH g o Energie Steiermark AG

=

metallurgical competence center

32

PARTNER
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EU funded project ReMFra ReMFra EXINI==S
Horizon Europe/Clean Steel Partnership (HEU/CSP) e om ey esses | metallurgical competence center

= “Recovering metals and mineral fraction from steelmaking residues”

= Demonstrate and qualify a complete system for the recovery and the valorization @C =
of the metal and mineral fractions contained in steel making processing residues T e

= Project consortium: Tenaris, Tenova, RINA-CSM, ESTEP, FEhS, thyssenkrupp Steel Europe,
Tata Steel, Celsa, voestalpine Stahl, KI-MET

PRODUCTS

Lt
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EU funded project TransZeroWaste @Egﬁlgs

HEU/CSP WASTE metallurgical competence center
= ,Upgrading of low-quality iron ores and mill scale with low carbon technologies”
= Concepts for the use of low-quality iron ore and mill scale @C (=

The Clean Steel Partnership

= Newf/alternative treatment technologies and material use decision support tool
based on Life Cycle Assessment for low-grade ores and residues (see Figure below, parts
being in the focus of the project marked in red)

= Project consortium: Luxemburg Institute of Technology, BFI, Celsa, University of Valencia,
Inceinnmat, Dillinger Huettenwerke, Instituto de Soldadura e Qualidade (ISQ), ESTEP,
Advanced Management Solutions, Lukasiewicz Research Institute, CSIC, K1-MET

165 Mt/a 100 Mt/a 60 MUz 160 Mt/a
ore DR iron / Serap Steel
I ! [
High quality Direct Reducti - (shaft | a "
h irect Reduction (sha / ot rolling
iron ore - / Electric Arc ' .
furnace / fluidized bed) jmemmy = °€TC mill
Valorised Seff vt J:‘? o
low quality reducing L 1 v | )
ore 3 Mt/a briquettes Dry de- I | Coarse | | Scale, Coarse | | Scale, | | Low quality
Fraction dustin : Scale oily Scale oily | SCF'{‘D
from pellet g 1 1 equivalent
App.18 Mt/a sieving [ N [ I .
Low quality a Dust
ironore | cold pe||e.t|53.t|on / Eriquettlng 1 Hydro mei.'e_aHurg\.caI Hydro meie.alltugi(_,‘al
Hot Pelletisation (microwave) treatment (impurity treatment (impurity
& Mt/a removal) removal)
Scale ' ) |
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EU funded project PURESCRAP 'PURE =4 MET
HEU/CSP SCRAP  mesaturgica competance cencer

= Purity improvement from scrap metal”

= Increase the purity of shredded old scrap through a coupled optical and @C
spectroscopic analyses at the scrap yard and use of artificial intelligence for TP
optimized data synchronization

= Demonstrate the suitability regarding the use of the sorted old scrap to produce standard
quality steel grades

= Project consortium: SWERIM, SSAB, Redwave, SSSA, Danieli, Lulea University, Spectral
Industries, TU Dortmund, voestalpine Stahl Donawitz, Stena Recycling, ESTEP, K1-MET

reedback fo up- Data (Y mput forsorting
) : synchronization |/ _,

streams processing
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RFCS Project INSGeP =i MET

Investigations of Slags from Next Generation Steel Making Processes metallurgical competence center
The InSGeP project aims to understand the potential impact of next
generation steel production on the resulting slag. Thus, their chemical, |ﬂSG€P

mineral, ecological and physical properties are analyzed and evaluated.

_ _ Fehs
Partner Project Duration =,
The consortium consists wm The project has a duration of 48 months € Bpi
of 5 steel plants, 6 RTOs B starting from 01 July 2023. saarstahl o
and 2 plant manufactures ] o tenova® (O rrmeraLs
from Austria, Belgium, POJeCt Activities A~ voestalpine
France, Germany, Italy INSGeP involves 6 work packages, e
and Spain. “=] 23 tasks, 20 deliverables & 6 milestones. $sidenor
) SantAnna

Funding RI;FI
I%\ The project receives funding of the European Commission from i

the Research Fund for Coal and Steel. ‘?é.%
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RFCS Project INSGeP =i MET

Investigations of Slags from Next Generation Steel Making Processes metallurgical competence center

Slag next generation steel making

Collection of information about next generation
steel making and slag production
(incl. regulatory situation and modelling)

Samples & laboratory analysis

Collection and creation of slag
samples in laboratory, pilot and
industrial scale (incl. analysis)

Slag treatment solutions

Simulation of cooling and
(wet and dry) granulation

Possible applications >>>

Testing of possible applications for slag,

economic evaluation, environmental Di inati loitati & icati
evaluation iIssemination, exploitation & communication
\Cil

Slag market analysis and exploitation activities,
IPR management, website (insgep.eu)
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INTERREG Projekt PHOSP4PLANT HE MET)

Vom Abfall zur Ressource - Recycling von Klarschlamm-Asche zu phosphatreichem Pflanzendunger metallurgical competence center

Hauptziele

= Phosphor durch biologische Laugung aus Klarschlammaschen herauslosen

. . K1-MET: Koordination,
= Ammoniumphosphatdunger herstellen @ Laugungsexperimente und Herstellung
= Dungerwirkung an Modellpflanzen testen . des Phosphatdiingers

BOKU, Institut fiir Abfall- und

| KU Kreislaufwirtschaft, Wien:
Partner
Das Konsortium besteht Projektlaufzeit Biolaugungsversuche, Bewertung des
- = ' Prozesses
aus 4 wissenschaftlichen “‘@ 36 Monate, laufend seit 01.05.2024
E:;tng?]:g;gﬁe”emh Forderung sien, Masaryk Universitét, Brinn:

: : Metallanalytik, Pflanzenversuche im
'%\ Das Projekt wird aus Mitteln des vt Gewachshaus, Bodenuntersuchungen
2 EFRE gefordert (80% Forderquote)

Technische Universitat Briinn

Herstellung verschiedener
Klarschlammaschen im Technikum
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Phosphorriickgewinnung =i MET

BloelektrOChem|SCher Ansatz metallurgical competence center
Bioanode
= Besiedelt von elektroaktiven Mikroorganismen [E g’o
e » PS e
= QOxidieren organische Substanzen (z.B. Abwasser) K T | : \h NH,*
= Elektronen werden von Mikroorganismen an Anode | - :';2;_
abgegeben co, ¥ : ﬁso”um :
4
C6H1206 + 6 Hzo -0 COz + 24 H" + 24 e- g H*—I-> §
sp | |z
- | S Struvite (MAP)"
Kathode Organics : 8H,0
= Reduktion von Wasser, pH Anstie —
p g \ | / >

= Phosphorrickgewinnung als Struvit (Mg-
Ammonium-Phosphat) durch Fallung mit Mg und N
bei pH 8-10

* Magnesium-Ammonium-Phosphat
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COMET Module FuLIBatteR %

Future Lithium lon Battery Recycling for Recovery of Critical Raw Materials =~ ™o omperenee soner

Module within the COMET — Competence Centers Company partners:
for Excellent Technologies Program focusing on: GBBD B-R-AI'N EBNER®

E2\Waste management and waste technological
approaches for lithium-ion-battery (LIB) recycling Saubermacher Vl'l RHﬁm

)

22 Pyrometallurgical processing of LIBs and black matter “EST voestalpine
E2Bio-hydrometallurgical treatment of LIB residues

Scientific partners:
S¢

Project Period: 01/07/2022 — 30/06/2026 CO\,entrv ) acib @

University ronstor

Financially supported by:

"= Federal Ministry "= Federal Ministry Das Land
Econom y, Energy Innovation, Mobility ]

0 Coordinated by:

and Touris m d Infrastruct -u.?.l,.lf_"f'fdrk'
Republic of Austria Republic of Austria e s e Fareciasmy F FG s F G .
Promeiing araion / ‘ul ! NETWORK
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COMET Modul FuLIBatteR

Future Lithium-lon Battery Recycling for Recovery of Critical Raw Materials

'?:&} I MET

metallurgical competence center

Module Consortium Funding F FG o =

Econom y, Energy Innovation, Mobility

and Tourism and Infrastructure

Republic of Austria Republic of Austria
B-R-A:I‘N

- -

| EBNER®

| -

z \%®©'

RHI MAGNESITA

% acib
® .

Covent
university

schung wirkt.

% Das Land

Steiermark
=¥ Wirtschaft, Tourismus,

. Wissenschaft und Forschung

Technical University
of Leoben

AR 3SFG 2P

EEEEEEEEEEEEEEEEEEEEEEEE

HA

.
voestalpine
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Batteries as a source for secondary alloys
Austrian funded project ,FuLlBatteR"

metallurgical competence center

Future Lithium lon Battery recycling to recover critical raw materials cconomy Erercy

Discharging F F G .
e edera Inistry
nnovation ility

Promoting Innovation, shdlatrsstrustie

= Austrian funded project (3.8 M€, 2022-
2026)

= Fundamental project to selectively
recover (critical) raw materials Li, Cu,

Disassembly Ni, Co, P, C from the active material

X

= Different approaches

Machine-support sortin . : :
s J = Physical separation (flotation)

= Pyrometallurgical treatment

at
R

24 separation

Active material
(= starting point)

[-‘fs = Bioleaching and electrochemical metal

X
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FuLIBatteR
Inhalte des COMET-Moduls

= Feinkorniges Aktivmaterial
(Schwarzmasse) nach dem
thermisch-mechanischen
Batterierecyclingprozess als
Startpunkt

- Macht rund 70% des

Batteriegewichts aus und enthalt

bis zu 40 Gew.-% Graphit sowie
Li, Co, Mn und P

- Derzeit noch keine Verfahren
zur (moglichst) selektiven
Ruckgewinnung von Wertstoffen

i MET

metallurgical competence center

® Bat
teR

Sub-Projekt 2

Sub-Projekt 1

Gasformiges Li und P
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\\ Metalllegierung
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\ Wiederverwendung in anderen Industriezweigen
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Zero emissions through sector coupling
Industrial symbiosis

i MET

metallurgical competence center

Type: Flagship project (Co) EEINI=aA
Costs: 16.7 M s ——
Fundlng 7.6 M€ GlmGKARASGEK
Funding Agency: Climate and Energy fonds |
Duration: 10/2023 - 09/2027 (4 years) Verbund

J ﬁy ROHRDORFER
IIIIIIIII ‘AT LINZ
ENERGIE
—nsTitut  WIVAPSG m
voestalpine m TectriclUnversy

Project Goals

= Cost-optimized green hydrogen production to balance the electricity grid

Accelerate technology transfer into practice

Identify synergies between energy intensive industries

Techno-economic analysis

Demonstration of CO,-capture and utilization (CCU) process chains at TRL=7 to close the CO,-cycle

klim3
cnergle
Forschung wirkt. fon d

+
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COMET Module — PlasmArc4Green P|EISI'I'IAPE:175I"BBI'I %

metallurgical competence center

SIMULATION, MODELLING AND MONITORING OF PLASMA AND
ARC BASED PROCESSES FOR GREEN METAL PRODUCTION

Project Budget: 3 750 000 €
Funding: 3 000 000 €
Module Duration: 01 July 2024 — 30 June 2028
Funded by: BMK, BMAW as well as
federal provinces of Upper Austria, Styria and Tyrol

F F G "= Federal Ministry "= Federal Ministry Das Land
Economy, Energy Innovation, Mobility

Promoting Innova ton. an d Tourism and Infrastructure Stelermark

Republic of Austria Republic of Austria

sssssssssssssssssssssss
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COMET Module — PlasmArc4Green PlasmL\PBI;GPeen %

Plasma modelling and experimental validation metallurgical competence center

= Project 1 — Bulk Plasma Properties and Dynamics

[Reference: A. Kharicha]

PLASMA-LIQUID
INTERACTION

PLASMA-SOLID
INTERACTION

= Project 2 — Plasma-solid interaction Cu-Plasma-

Smelting

[Z. Ren et al, 2022]

DYNAMICS
/ P6
/  DpatA
+ MANAGEMENT
o

[Jones et al.,
. . - . 8:05:15°7 e Minerals Engineering, 2002]
= Project 3 — Plasma-liquid interaction
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COMET Module — PlasmArc4Green P|EISI'I'IAPE:1]GI"EBI'I @

Plasma modelling and experimental validation metallurgical competence center

In-Situ Measurements and Data Analysis

, 40 mm, center

= Project 4 -

[Pauna et al., 2022]

0 !
400 600 800 1000
Wavelength (nm)

= Project 5 — Model Application

PLASMA-LIQUID

INTERACTION

PLASMA-SOLID

INTERACTION
Cu-Plasma-

Smelting

© Michael Zarl, K1-MET

= Project 6 — Data Management  Reference: voestaipine s )

P6
/  DATA
+ MANAGEMENT

Edable /\ccessible Interoperable Reusable - \ 7
\
[ 2 J
O ' ® [Sangya Pundir/ CCBY-SA
/ (| ’ (https://creativecommons.org/licenses/by-sa/4.0)]
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K1-MET Overview

Linz, 1 July 2023

MET

metallurgical competence center

Thomas Buergler, Susanne Michelic

Coordinated by

J5FFS Tl

INNOVATION
A R NETWORK . SFG

Financially supported by

Wir sind ein
familienfreundlicher
Arbeitgeber!
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