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Global trends for scrap availability
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m Rest of the world m Other Asia m China ~ EU + North America + Japan * Crude steel demand will be 30 %
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Source: Worldsteel Association, Fact sheet scrap use in the steel industry, 2021
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Technological pathways for OBM production
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Source: Global iron production by technology in the sustainable development scenario, International Energy Agency
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Iron ore grades and process routes
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Majority of iron ores for steel
production are fine ores with Fe <65 %

EAF process is not suitable for melting
DRI/HBI with high slag quantities

Iron ores with Fe > 65 % will not be able
to replace low/medium grade ores In
the future

Electric smelting furnace (Smelter) in
combination with direct reduction
enables slag separation for BOF and
EAF similar to BF process
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Why Hy4Smelt?

Processing of all global available
iron ore grades in a continuous
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Iron Ore Fines

Green energy and bio-carbon allow
carbon neutral iron production
without NG or coke oven plant
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by-products in the smelting process

and sector coupling with cement
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Demonstration plant for green hot metal
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Austria’s largest research project for climate protection
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Flow sheet demonstration plant

Iron ore feed

NG

Dryer

Heating

T Flue gas

Lock
hopper

Ball mill

T N

\ 4

—

Main process data

Productivity: 2-3t/h Iron ore feed
1.5-2t/h DRI (HYFOR)
2 t/h Hot metal (Smelter)

Preheating: 4 cyclones in series, up to 900 °C, up to 3,5 bar(g)
Reduction: 2 reactors in series, circular shape, up to 3,5 bar(g)
Melting: Round 3,5 m diameter furnace, 3 MW power input

Alternative DRI
HBI, Cold DRI...
Recycling material

Dry dedusting

Dusts, slags...
k) Scrap
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Carbon carrier

Bio char, anthracite, coke...
Fluxes

Lime, limestone, dolomite...

Heatin - | 1 I
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Solid additions A
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Key performance indicators for demonstration plant

utilization

* Metallization up to 93 % with solid
losses < 0.1 %

* Demonstration of up to 100 %
replacement of fossil carbon with
biochar

* Hot metal carburization of >3 %
with <1 % FeO remaining in slag

* Glass content of granulated
slag > 85 %

e Demonstration of reduction of
scope 1 CO, emission of > 90 %

Reduction with 100 % H, at > 75 % H,
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Process desigh HYFOR reactor cascade
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* Allglobal available iron ore grades
* Hematitic/Magnetitic/Sideritic mineralogy
* Fe-content50-70%

Metallisation > 10 %  Grinding step for sinter feed

Iron ores

Fine ore —
(~900 °C)

Input desigh parameters

* Ultrafineiron ores <500 pm: 2.3-3.8th"’
* Calcined/oxidised to FeO/Fe,O,
 Hydrogen: 1200 - 1500 Nm=3h"

Metallisation > 85 % .
Output designh parameters

 Directreducediron (DRI):1.8-2.6th"

_p%_ * Metallisation of 85-93 %
DRI (~ 700 °C) * Remaining gangue specific to the ore




Operation modes Smelter
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Immersed Electrode Mode : Brush Arc Mode
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Simplified melting & reduction model Smelter

Melting Zone
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Contact burden with slag — minor melting
of DRI will take place here

 Carburization N
* Reduction

(FeO) + [C] < [Fe] + {CO}
I o (SiO,) + 2[C] < [Si] + 2{CO}
Wall zone Process zone e Sulfurremoval
[S] + (Ca0) + [C] < (CaS) +{CO}
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Carbon carriers for the Smelter

Selected properties of investigated carbon carriers

Property Wood chips biochar | Wood coal pellets | Anthracite | Coke

Volatile matter VM 9b [wt.-%] 5.26 17.33 2.16 1.42

Ash Adb [wt.-%] 2.72 1.78 4.96 10.88

Total sulphur S,9° [wt.-%)] n.d. 0.01 0.22 0.77

Fixed carbon C;, 9 [wt.-%] ** 92.02 80.89 02.88 87.70
Specific surface area (SSA) by N,-BET [m?/g] 273.21 1.23 9.07 2.54

db .... dry basis; n.d......not detected; ** calculated by equation, C;, % [wt.-%] = 100 - (VM- A)

* Ongoing investigation of reduction and carburisation behaviour

* Biochar as promising alternative to fossil carbon

e Structural properties of coke not required in Smelter

* Biochar demand Smelteris not comparable with BF process (<20 %)

* Market for biochar is not yet developed in Europe in large scale
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Hy4Smelt - Where are we
nhow and what comes next?
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2025 2026 2027 2028 2029
Calendar

year Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3

0 vASmelt >

Key activities

2026-09-30 2027-11
Hy4Smelt integration Regular operation

2025-04-01
RFCS/CSP Project started

2027 July - November

2025-09-25 Hot start up
Groundbreaking ceremony (Linz)

2029-09-30
RFCS/CSP project
finished

Source: Hy4Smelt Grant Agreement (proposal)

13

"= Federal Ministry "= Federal Ministry Co-funded by ' ° °
movation, Mo cconomy, PRIMETALS Voestalpine RioTinto
annr:ior:fr'l::truciulr;y aﬁzn'?o?r,isr:ergy - the European Union ) o . l 1 t
E STEF AHEAIL

EEEEEEEEEEEE
Republic of Austria Republic of Austria




RFCS/CSP Project consortium
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LQESCHE '\ Slag treatment for cement and construction sector
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Media supply H
y4dSmelt slag for replacement of granulated BF slag
VOeStG|C[Z>)NIEI’3§AHEAD Trial operation // CCME>< incement

Reduction technology of iron ores

(' PRIMETALS Engineering Hy4Smelt

TECHNOLOGIES . . BaUhaUS-
Trial operation

Un iversitit Grinding parameters slag

2 Mitsubishi Corporation :
Weimar

3“ ) SantAnna | o modelling Hy4Smelt

Process evaluation
Trial operation
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Dissemination

. ESTEP

European Steel Technology Platform
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Funding strategy as a unique combination
of Austrian and EU programs
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Funding in million EUR

Federal Ministry

CAPEX HYFOR-Part funded by aws ,,Twin Transition® 22 Innovation, Mobility

o PRIMETALS and Infrastructure
EEEEEEEEEEEE Republic of Austria

2 Mitsubishi Corporation

Federal Ministry

CAPEX Smelter-Part funded by KPC ,,Transformation of Industry* 30 Economy, Energy

and Tourism
VOGStC]Iplne Republic of Austria

Research Fund
for Coal & Steel

R&D OPEX funded by the European Union (RFCS Big Tickets) 18
0 Hy4Sme\t Consortium

Co-funded by
the European Union

R&D Deployment funded by EU Clean Hydrogen Partnership ,,HI2Valley* 1.4

i Partnership
L Co-funded by
m R - the European Union
metallurgical competence center Hydrogen Industrial Inland Valley
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Construction site Linz (AT) 2025-10-28, 10:00 h
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Link to Hy4Smelt Video

* Net-Zero CO2-Emissionen bis 2050 - greentec steel
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https://www.voestalpine.com/greentecsteel/de/Net-Zero-CO2-Emissionen-bis-2050/
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Thank you for your attention!
Questions?
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