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Content of this presentation

> Whatis HYBRIT
> Development path
» HYBRIT Demonstration project

> Value-chain effects
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What is HYBRIT

>

THE HYBRIT TECHNOLOGY



HYBRIT 4 j01nT vENTURE BETWEEN SSAB CLKAB AND VATTENFALL el
BB I FOSSTL-FREE STEEL

HYBRIT
Hydrogen BReakthrough Ironmaking Technology
- Easy to understand path to decarbonisation
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Iron ore pellets Hydrogen Sponge iron Water
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FOSSTL-FREE STEEL
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Evolution (Revolution) of pellet based ironmaking
BF => DR => H-DR

‘He+ E0%a4

(s)oe+ E0%eA
‘He+ E0%ad
‘He+ *0%e4

(8)0°HE+ 242
(8)°0D £+ @4t
(8)0°HE+ 24¢

-
®
N
®)
(O8]
+
w
-
2
I
N
T
®
+
w
O
@)
>
oo

(8)0%HE+ 24¢

DRI or HBI i DRI or HBI

Blast Furnace Direct Reduction with fossil gas Hydrogen Direct Reduction
1600 — 2000 kg CO, / t Fe 600 — 800 kg CO, / t Fe Theoretical 0 kg CO, / t Fe .
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Reduction of iron ore by H, and/or CO gases

» The driving forces of H, and CO reduction varies 1100

with gas temperature — |

.- . . . § FeO

> Hydrogen utilization increases at higher 900 L 7

temperatures O O

06 am - e ,.

> H, reduction is endothermic while CO reduction = ‘

. 2 . § 700 ’ Fe,0;

is exothermic £ B

. - sm Ti

> Hydrogen molecules are smaller which also has . 00,/ 02/ 04/ 06| 08\ 1.0\ Cfraction

an impact on how fast the reactions take place 1
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> Experimental development in pilot scale has s 01 02 03 04 05 06 07 08 09 10

been deemed necessary within HYBRIT RO/(R+RO)

.8.29 Baur-Glaessner type diagram for mixed gases depending on fraction, C, of carbonaceous.
molecules. R denotes unoxidized gas specxcs (CO + Hy), and RO denotes the oxidized gas
cies (CO, + H,0)

Diagram source: Cavaliere, Clean Ironmaking and Steelmaking Processes, Springer 2019
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Direct reduction of iron ore pellets with hydrogen

Pellets
storage

> Hydrogen instead of coal results in water
instead of CO,

Pellets 25°C
1398 kg/t DRI

H, (+H,0) 191°C
Dust

7kg/t DRI

H,(+H,0) 320°C
127 kg/t ORI

> Inthe process, iron ore pellets are reduced to
sponge iron, a metallic iron product suitable as
raw material in steel production

Heat exchanger

H,+H,0450°C
519 kg/t DRI H, use
H,0 (1) 25°C 2

441 kg/t DRI Hzt+gH/20) 25°C 49 kg/t DRI
79 kg/t DRI

> The reduction occurs in a counter-current shaft
furnace, where iron ore pellets are charged in

Pre-
heating

H, 25°C H,(+H;0) 900°C . .
49 kg/t DR 127 kg/t DRI the upper part and reacts with the reduction gas
‘ Electrolysis

on its way down the reactor

Briquetting > In direct reduction, there is a solid-state reaction
HBI at a temperature well below the melting point

for iron

10
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Development path
>

R&D => PILOT DEVELOPMENT => DEMONSTRATION
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FOSSTL-FREE STEEL

HYBRIT have unique conditions to lead the
transition to fossil-free steel

Swedish
Energy Agency

SEI
= B e
®) SWERIM KANTHAL

Sl Funded by
LR the European Union

Fossil-free electricity and

low electricity prices that

enable a replacement of
imported coal

through Vattenfall

Long tradition and deep Strong support and a
knowledge in iron and  tradition of cross-sectoral
steelmaking collaboration for
through SSAB innovation

High quality iron ore
through LKAB

12
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HYBRIT develops with a value chain perspective

Fossil free Direct reduction with Melting in electric
pellet production hydrogen arc furnace (EAF)

n
>

A 4

Iron ore Steel slabs

Hydrogen
storage

Electrolyser

B A

Fossil-free electricity

13
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HYBRIT timeline — from technical development to
complete transition 2045

2016 2017 2018 2019 2020 2021 2022 2024 2026 2030 2045

Pilot phase - 0
) 0 0 0
. L First hydrogen [ . Fossil-free steel Transformation of SSAB and
~Joint venture reduced sponge iron to market LKAB production systems
Initial grant from First fossil- Commissioning of Industrial demonstration SSAB, LKAB and
e 8 L, FIrstioss . & e of direct reduction and Vattenfall meet
Swedish Energy Agency free pellets H2 pilot storage

EAF based metallurgy climate commitments

14
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HYBRIT technology development in pilot projects

Swedish
SUPPORTED BY E

nergy Agency

Pilot results

External

>

>

Pellet production with bio-oil demonstrated in full scale

First hydrogen reduced sponge iron produced (DRI and HBI)

» Hydrogen reduced sponge iron melted in EAF

Further pilot tests planned/ongoing

>

>
>
>

Unique underground LRC hydrogen storage
Electric gas heating (strategic cooperation with Kanthal)
Fossil-free carburization

Further development of hydrogen-based direct reduction process

2022-05-12

15



tIHJBRIT A JOINT VENTURE BETWEEN SSAB, LKAB AND VATTENFALL External

FOSSTL-FREE STEEL

SSAB has already produced fossil-free steel

\

World's first fossil-free steel slab
7 July 8, 2021

pee e >SAE

. World’s first fossil-free steel plate
August 18, 2021 ¥
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. ; SZAE OX 18.08.2021
delict Zje _

T IN FOSSIL-FREE STEEL

From left: Sweden’s Minister for Business, Industry and Innovation Ibrahim Baylan, Martin Lindqvist, President and CEO of
SSAB, Jan Mostrém, President and CEO of LKAB, and Anna Borg, President and CEO of Vattenfall.

2022-05-12
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HYBRIT Demonstration

>

FOSSIL-FREE PELLET PRODUCTION
FOSSIL-FREE H-DR PROCESS
FOSSIL-FREE EAF STEELMAKING
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HYBRIT Demonstration: Swedish large-scale steel value chain
demonstration of Hydrogen Breakthough Ironmaking Technology

At the core of the value chain is a first-of-a-kind ...with large impact on the Swedish steel

plant for hydrogen direct reduction... industry and Swedish CO, emissions

» 1.35 Mton DRI per year

Adjusted pellet Direct reduction plant New adjusted Enables % of Swedish steel production to
plant with electrolysis electric arc furnace become fossil-free
Gallivare Gallivare Oxel6ésund

» 500 MW electrolyser capacity

‘s:*‘ i L“;‘ m‘ﬂ » Enables 1.5-2 Mton CO, emission
_— \__) —_— reductions per year
DRI ‘ Steel slabs ~3% of Swedish emissions

» 5 TWh/year fossil-free electricity needed
~3.5% of Swedish electricity consumption

Fossil-free electricity » Enables fossil-free steel to market 2026

Funded by

the European Union The contents of this publication are the sole responsibility of HYBRIT and do not necessarily reflect the opinion of the European Union. 18
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HYBRIT Demonstration from TRL7 to TRL9

TRLO -

Full-scale
‘05 commercial
“0'\\'\’(\’ St\,\d\e Sub-scale deployment
S\ commercial
3 2017 ’2021 A System demonstration
TRL6 - prototype, plant
Component pilot plant
TRLS5 - prototype
Component demonstration
TRL4 - prototype
Laboratory development
TRL 3 - component
Experimental testing
TRL2 - proof of
TRL1 - Technology concept
S concept
Basic principles formulated

observed

TRL = Technology Readiness Level (source: siobal ccs nstitute, 2009)

19
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FOSSTL-FREE STEEL

Steel slabs

Fossil-free pellet production I P
at LKAB in Gallivare

Fossil-free agglomeration of iron ore.
Implementation of bio based heat
source in existing pellet plant to enable
the induration without fossil emissions.

M Fossil
W Renewable

Emissions, kg CO, eq/t slab

200
L
0 I I

Sinter Hematite based State-of-the-art HYBRIT demo Long-term target
pellets (current LKAB) (LKAB bio-fuel)  (2030-2045)

20
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FOSSTL-FREE STEEL

Demonstration of large-scale hydrogen A o
production through electrolysis

> Modular technology: largest electrolysis stacks
today 600 Nm3 per hour (~3 MW,)

> The HYBRIT demo concept requires a capacity
over 100,000 Nm?3 per hour

> ~500 MW electrolyser capacity for demo

> 3-4 TWh fossil-free electricity per year
required for hydrogen production

> Electrolysis cells are degraded — reinvestment
is likely to be required after ~80 000 hours

21

Picture: HYBRIT DR pilot plant, 4.5 MW installed capacity.
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Demonstration of H-DR technology

in Gallivare

> Demonstration H-DR plantin
Gallivare-Malmberget, Sweden,
on existing LKAB industrial site
for pellet production

> Production capacity 1.35 Mton
H-DRI per year

Water

REDUCTION
SHAFT

4
HYDROGEN (Hp)  OXYGEN(Oj)

Conceptual

External 2022-05-12

Steel slabs

22
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Demonstration of electric melting

Electric Arc Furnace (EAF)

REFRACTORY BRICK
REMOVABLE ROOF

THREE GRAPHIT»
ELECTRODES

REFRACTORY

o _[NING

TAPPING SPOU
FOR LIQUID IRON

MOLTEN BATH

REFRACTORY-LINED

HEARTH Typical batch size: 100-200 tons
Typical tap-to-tap time: 30-60 minutes
Typical electricity consumption: 400-500 kWh/ton iron

External 2022-05-12

o8 T a ]=
A R B St 1

Ironore “ Pellets n ; \ DRI Stdel slabs
A
*
8
INTERNAL AND
A I SPONGE IRON
U— This use of sponge iron in
CHARGING J the EAF will allow the same
\ crude steel analysis and steel
purity as with the BF-BOF
1 route it replaces
U
MELTING y
f )
FOSSIL-FREE
k LIQUID IRON TAPPING J
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[ 1]
[ X X J
.. —

How to produce fossil-free steel plates | _ . . .—
at SSAB in Oxeldsund S

@A

KS

Biogas
and
fossil-free
electricity

Crude steel and

P P> FOSSIL-FREE STEEL _ _ - | NCSSESER

Fossil-free sponge iron from HYBRIT Electric Arc  Secondary
Furnace metallurgy
Rolling mill Slab furnace Slab casting

Slab storage

—
— = T

Quenching Tempering Formatting

and painting

Delivery

24
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Value chain effects
>

EMISSIONS EFFECTS
TRANSFORMATION
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A new steelmaking process is needed

Emissions from the steel sector

must be significantly reduced to ...While the global demand for ...And therefore must the carbon intensity from
achieve climate targets!... e Steel products is increasing... — steel production be reduced by ~90%
Billion tons CO, ® Billion tons steel = Tons CO,/ton steel

2,6 1,4

Not possible with

7% of
global CO, incremental
emissions improvements of

current technology
— fossil-free steel
production needed

2020 2050 2020 2050 2020 2070

1. Beyond 2 degree Scenario from International Energy Agency (2017), Energy Technology Perspectives 2017.
Source: |EA ETP; Material Economics (2018), The Circular Economy — A Powerful Force for Climate Mitigation

26
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The HYBRIT Demonstration project contributes to
significant and accountable CO, emission avoidance

CO, emissions first 10 years of operation*

Million tons CO,e
14,5

> Replacement of two blast furnaces and one

coke plant

> Emissions accounting will take place during
a 10 year follow-up

"99% » 14.3 million ton CO, emission avoidance
> 3% reduction of annual Swedish CO,
emissions
l 0,21
Reference emissions Project emissions

* According to Innovation Fund methodology as defined in Annex C: Methodology for calculation of GHG emission avoidance. Reference emissons based on EU ETS bechmarks

2022-05-12

27
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A successful transition of the iron and steel industry will be

beneficial from many perspectives

REDUCED CO, EMISSIONS IN
SWEDEN BY 10%

» Iron and steel production
accounts for 10% of Sweden’s
emissions

» A rapid ramp-up of HYBRIT could
be the most important climate
action for Sweden

COMPETITIVENESS FOR
EUROPEAN STEEL USERS

» HYBRIT creates conditions for
other European industries to be
global pioneers in fossil freedom

» Increased focus on emissions

related to materials, as the usage

of fossil fuels reduces

GHG emissions
Mt CO,e, Sweden

54

- Other sectors

Iron and steel

10%

2016

Emissions from cars
Mt CO,e, lifetime

34

- Usage

Material/
production

18%

Cars

PRESERVATION OF EUROPEAN
COMPETITIVENESS AND JOBS

» Critical for European
competitiveness to offer climate
positive products when the
demand grows

» The European steel industry is
responsible for over 2.5 million
jobs, direct and indirect

HYBRIT AS AN INTERNATIONAL
FRONTRUNNER

» HYBRIT has gained great
international attention

» Many companies are now

following HYBRIT through
other low-carbon steel
initiatives

Sources: SCB (2020) - Utslapp av vaxthusgaser fran industrin efter vaxthusgas, bransch och ar; Material Economics analysis; The Economics; Forbes; EUROFER Employment statistics
1. Assumption: 95 g CO,/km exhaust gas, 25 g CO,/km from fuel production, 230.000 km during lifetime; material related emissions based on Ellingsen & Hung (2018) and 30-50% is estimated to be related to steel

Jobs
Millions, Europe

2.6

B ndirect occupied
I Direct occupied

Forbes

i Swedish Steelmaker Uses
Iydrogen Instead Of Coal To
Make Fossil-Free Steel

S y 5 \ “
A N SR
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To summarize

v" The use of hydrogen enables conversion of iron ore to sponge iron and to steel
in a fossil-free manner.

v Not all steel can be produced via recycling and melting of scrap, iron-ore
based steel will remain of strategic importance for EU as it is the main
approach to produce high quality and high strength steel.

v' The HYBRIT Demonstration project will prove the concept of a fossil-free value
chain from pelletizing, via sponge iron, to crude steel, and grant proven
emissions reductions exceeding 14 million tons during the follow-up period.

29
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The HYBRIT Demonstration project has been
granted €143 million from the EU Innovation Fund

HHJBRIT

FOSSIL-FREE STEEL

Funded by
the European Union

The contents of this publication are the sole responsibility of HYBRIT and do not necessarily reflect the opinion of the European Union.

Picture: 2022 April 1%, Signing ceremony Stockholm, Sweden. Left to right: Lars Ydreskog (LKAB), Andreas Regnell (Vattenfall), Martin Pei (SSAB), Patrik Kolar (CINEA) and Frans Timmermans (EU Commission)

2022-05-12
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