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Steel industry transformation
[){ 2. Transition ]D

Stages 1. Optimization

. Current technology Current technology [Process route shift, BT technology}
' RbM qL]f.al.it)tl. Veri.ﬁeid :get[)oﬁtting C?.S /, ceus = BF output reduces vs EAF
Features (bene ca lon) via ¢ arbon fecycing = Higher scrap in EAFs and BOFs
= Process improvement " Steplip « Injection of HZ into BFs « Hvdrogen directreduction
= Energy saving, yield | Progrem » Substitute coal/coke with biomass ydrog

; v

Consequences Stages 1 & 2 could be longer in regions with younger BFs e.g. China, India * Large H2 DRI-EAF shift requires time

and technology improvement
= Carbon prices/taxes for level field

! < Higher demand ofDR Teadatodk

Pressure Energy intensity o« (high grade pellet feed), lump ore
. . H . - — 1 ;
Points (Jreduction > boost in demand angl premiums forthigh-quality fines {lump * Demand for low & mid-grade blends
and BF-grade pellef could gradually diminish when DR is

dominant in primary ironmaking.

The industry as a whole is near the end of the ‘Optimization’ stage
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Sinter, pellets Dust .| Export
lump ore & coke catcher | ogas
co, |, Tail
removal gas
________ . Version4 V3 Vi
900°C 900°C
—
) Heater o 25°C
Coal & 1250°C 1250
cold oxygen

Expected
26% Carbon savings 28 2%

B 3 ULCOS-BF # 4% /@l
ULCOS-BF + B3 &1 = #a 8 1538 (4r Bl 4) » 2 @ Version 4 & ) & ~
A RS T - R RS R AL - e (0. v
TR ARTFRL 900°C BB f e vl g o ¥ - e (0T
HFARTERD 1250°C 25 Fiokh B R Ed R A DR v~ B o

| Versiont | \Versiond | __ \Versiond ___

Gas temperature
Shaft tuyeres 900°C 900°C
Hearth tuyeres 25°C 1200°C 1200°C
Gas distribution
Shaft tuyeres 80% Optimized according to
process
20% 100%

Hearth tuyeres

Small raceways PCI combustion at Effect and position of
Concerns D
Tuyere design low RAFT shaft injection
21 25 26
o9m 11m 13r

Calculated c-savings (%)

Version 3
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MRS AFRBHASFARTIF EFRRIE T H 1R
LKAB Experimental Blast Furnace: EBF TTT'A
Production: 36 tHM/day

Fuel rate: ~540 kg/tHM

Injectants: Coal, oil, gas, etc.

Top pressure: 1,2 barG

Blast temperature: 1200°C

Oxygen in blast: 21-40%

Tuyeres: 3

Hearth diameter: 1,2m

Working volume: 9ms

Flexible sampling possibilities

- In-burden probes -
- Basket samples = /

- Quench and Excavation \& n
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a) Previous work'? b) This work -
Vertical sonde

}

Horizontal sonde
)

Hot blast !

PCI
- - i )
(1) COG and high O, (1y COG +H, and high ‘ =
enrichment O, enrichment - s T o :ﬁg‘:"&gd‘g&
(2) High reducibility sinter  (2) High reducibility —
(3) Top gas recycling sinter
“Chemical Absorption Test plant Tuyere | Metal and slag P°t|
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Conventional COURSE 50 blast furnace Super COURSE 50 blast furnace
blast furnace

Injecting hydrogen generated Injecting external hydrogen

in the works
Iron ore Cok[m co 1|} Coking Direct soking Dlrect.
coal reduced iron coz reduced iron

i

Ambient temperature X
hydrogen-containg gas I Heating
(coke oven gas, etc.)

Hydrogen
generated r;:d":ton lf:yx(;z:;:L
uction

Carbon in the steelworks
Maximizi
N Hydrogen l rhay:'lm"m:: ]
reduction ccs ccus
= | — ]
Maximum CO2 reduction &
i :10% .
CO2 reduction tgrget. 10., Maximum use of CCU/CCS:
+ CCS: 20% = 30% reduction Carbon neutrality
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Oxide Recycling Oxygenate Furnace , HyCROF)
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