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Challenges C- vs H2-based SWERIM
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H2 vs C

SWERIM

AG = AH = T - AS

AG = Gibbs free energy
AH = Change in enthalpy
AS = Change in entropy
T = Temperature in K

FeO + C(s)
FeO + H2(g)

LG

Fe + CO(Q)
Fe + H20(g)
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Unique pilot equipment SWERIY

Férvarmning
¥ skankar
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v 3 MW DC furnace




Major Demonstration Plants from 803 to 2015 SWERIM

Coal gasification 80’s; 45M€ - ULCOS — COURSE 50 2012
Sumltomo Metal KDH p
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Pilot trials with DC/AC furnace technology swerm

> Fe Ni,Cr ) ) —> Zn for zinc production
Dust/Sludge — > Zn, Pb, Cd Alkaline batteries — _
> Slag cement —> Mn for FeMn production
—> Fe, Mn, V, Ni, Cr —> LiCO3 pregeneration
Steel slags — Li-ion batteries y
—> Slag cement —> Ni, Co and Mn recovery
—> Fe, Ni, Cu, Co i
Catalyst 1 —> Ni/Cu recovery
——>  V-slag for FeV production N/Cuslags/dusts ~ ———
—> Slag cement
— Na, Krich fume
Ashes —
—> Slag product = Road construction
—> Syngas
Sludge - s
——> Slag product
—> Zn, Na, K rich dust
Mn-Sludge @ —
—> Mn-slag for FeMn/SiMn production
AC/DC: llmenite smelting, direct MC FeMn, Slag foamimg, DRI-smelting o

Converter: New processes, AOD, High temp roasting, slag reduction/fuming/slag
granulation/Battery/el-scrap



Post Covid Pilot Activities at Swerim SWERIM
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Pilot for CO2-neutral transition: since 2020 swers
HYBRIT

P P> FOSSIL-FREE STEEL

Nonferrous

EAF 10 ton
From Hybrit
DRI/H el
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radual integration of REnewable non-fossil ENergy sources and modular swerRim
EATIing technologies in EAF for progressive CO2 decrease

GreenHeatEAF key facts .
*  Duration: 42 months (January 2023 — June 2026)

- Budget: 3.5 million Euro « 9

»  Type of Action: Innovation Action

CALL TOPIC: HORIZON-CL4-2022-TWIN- ~f

TRANSITION-01-16 Modular and hybrid heating
technologies in steel production

« 11 partners from 6 countries ¢
*  Marianne Magneldv; Marianne.Magnelov@swerim.sei

=
Riess )SantAnna SWERIM & CELSA (o $sidenor SSAB
g VDEh-Betriebsforschungsinstitut CE m E nTn

M Hoganas P

rIEIDELBERGCEMENTGroup




@DFechnical objectives SWERIM

» Integration of non-fossil gases flows in EAF processes with
different charge materials and configurations towards GHG
reduction and green transition of steelmaking

» Development of modular regenerative and alternative heating
technologies for increasing in-process heat recovery from off-
gases and maximizing slag latent heat exploitation for their
valorization

» Demonstration of the technical feasibility of biomass/biochar
exploitation for non-fossil energy intake in EAF process

» Coupling of novel measurement techniques and optimized
control strategies to manage exploitation and facilitate
integration of novel non-fossil heat/energy sources and streams

This project has received funding from the European Union under
grant agreement NUMBER — 101092328 — GreenHeatEAF



HEU project: Hydrogen Plasma Reduction of Iron ore SWERIM

B . Dem(')min hundrea:i(iwlo écale at s ([ ';‘
IRl e ntalisticcs Donawitz Voestalpine g\ ,
Project partners Demo in tone-scale at Swerim
Iifﬁ UNIVERSITY OF OULU voeStclplne @ SWERIM

vontan BRI I=hE MWEIY=SE - Budget: 6 M€
RWNTH

UNIVERSITAT * Project duration: 2024-2027

M LEOBEN W «L,(AB
& :
Metso:Outotec ~ PEION * Increasing the TRL from 5 to 6-7

* %
*
MAX-PLANCK-INSTITUT ¥ European Steel Technology Platform



Gas Processing Technology Platform

More (2-4) spin-off More spin-off (2-3) More spin-off (1-2) :
development projects development projects projects GXP?CtEd :
expected from expected from from industrial tn“
STEPWISE facilities INITITATE facilities
L) ~
TRL 6 TRL7 wla
STEP 06\ &
()
‘ » % FReSMe B ciu '\&EW o =
WISE INITIATE (o
Development with Swerim S :
3000 k 20000 k
: =
9 9
Swerim’s Budget (€23m from total €61m development) :
€8m €4m €3m €8m lu
BFG pipeline H, electrolyser Utilisaftion of H, in BOF pipeline :
Heat Management of Production of Methanol reheating processes Bankability proof for
Technology from BFG Post-combustion CO, ammonia and Urea p—
capture (paving way for production
Development EAF)
without Swerim H2 + CCS Methanol/Stena

H2 + reheating Fertilizer
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ZINITIATE “Reductive” capture
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‘l“> “Oxidative” capture SWERIM
CoLb92030
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SWERIM

H.,-recovered from steel gases
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Boliden slag cleaning and SWERIM
granulatio

Other pilot installations:

» Gas Heater (400 kW)

» Fossil free burner
technology for
calcination etc

» Simulator for battery
shredding and

pyrolysis




Pilot for a fossil free metal industry — swerm
Swerim Experiences

Intensified interests in low CO2 technologies for the metal industry

Game change since 2020/Paris agreement

Fossil free steelmaking (15 test EAF campaigns Hybrit alone, 2020-2023)

Fossil free/low CO2 ironmaking (substitution of BF, to come)

CO2-minimized technologies for nonferrous industry (Numbers of test campaigns)
Fossil carbon substitution, H2 and biocarbon

Efficient use of process gases including CCS

Slag to cement — a big CO2 saver

All time high interest in piloting — Pilot plant strongly needed,

almost fully booked until 2026, global interest!!!
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