Ovako’s innovative future
uses of hydrogen

2023-05-25, Goran Nystrom




» Headquartered in)S Weden, "%
member of Nippon Steel *, ey ,,hs‘ _ Circular Ovako
fJJI) . n’ * N ‘_{ _ }ii'_‘ __ b

.-:- L .,"1 - ‘l‘ .'
-

. ar®® Wy . o
BEATSUStarnability Ieader in tﬁe S
Wworld of steel producer's . &

- o
=, "

tae ¥ o
World-leading onvit: on* 'L'
footprint and ngh reiy !.‘3,, o
content (97%) A W

:# .’ . . “‘:‘; .
. Largest fecycler of'l\lo}d.l‘z:‘

scrap, aII‘ ca‘tegor.leé

o R

« = 100%. carbon-heutral
operaggﬁs' ffom 2022 first
m{fhe steel ﬂvo‘r{gl‘ W

;_ R N ._L:‘v_..._gu“;




A leader in a world today divided between scrap-based
(circular) and ore-based (primary) steel-makers
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Agenda

» Using hydrogen for

— Reduction of iron-ore to create iron
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Ovako has one main area remaining for electrification

v" Melting steel >1400°C

— Heating steel for hot-forming ~1200°C

v'  Heat treatment for product properties  <1000°C




A key enabler for cost-efficient electrolysis: Oxyfuel
— also energy efficient and reduces NOx emissions
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2019-2020: Technical proof of concept

'HYDROGEN + OXYGE
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2021-2023: First implementation of H2 for steel heating
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The hydrogen concept

= Efficient
— Energy-efficient
- CO2-removal-efficient
— No storage or transport needed
— Calendar-time-efficient

= Scalable to many locations

* Important opportunities
— Industrial synergy and “hydrogen valleys’
— Power grid balancing
— Fuel-cell trucks
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Local industrial fossil-free district heating for

hydrogen production nearby communities
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Piggy-backing!

- 40 MW capacity covers all need for
hydrogen at Hofors site

— Could potentially add an extra 40 MW, at

no extra manning and with heat and
oxygen subsidizing total cost

— In this way, cost-efficient fossil-free H2

could be available for others
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Hofors soon completed
Financial support for Smedjebacken received

Liidvika Tidning
Ovako i Smedjebacken
beviljas 90 miljoner i stod -
“Malet ar en helt koldioxifri
stalproduktion”

31 januari 2023 05:30

Ovako Bar AB beviljas 90 miljoner kronor i stod till
energikonvertering i Smedjebacken. Det meddelar Naturvardsverke
som delfinansierar atgarderna inom EU-projektet, Klimatklivet.
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Mid-Sweden Hydrogen Valley AR
- at the start of an important time-line 7, %,
Or {2)
First project Fueling station . Pipeline
2022 2024 Wing power 2027
Declaration of intent Experience base Fuel cell trucks Hydrogen storage
2021-01-15 2023 2026 2028
2021 Mobilisation Test bed Integration Tr;r:‘stz:rt m 2030
E#1 Hofors E#3 Hofors Various places
E#4 Avesta Various places
E#2 Smedjebacken E#5 Sandviken

E#6 Borlange

1 — proof of concept 2 - integration 3 — Hydrogen Valley

2021 2023 2024 2027 2028 2030
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Agenda

» Using hydrogen for

— Industrial heating of steel for hot-forming
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Debatt: Vi kan tillverka
fossilfritt stal med en tiondel
av elbehovet

Publicerad: 4 maj 2023, 09:00
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Generating syngas from biomass residue

Biomass gasification is a mature

technology pathway that uses a
controlled process involving heat, steam,

and oxygen to convert biomass to

A Alleima
hydrogen and other products, without
combustion. Because growing biomass W
- SVEASKOG
removes carbon dioxide from the
atmosphere, the net carbon emissions of OVAKO
this method can be low, especially if
coupled with carbon capture, utilization, § @
Lantméannen

and storage in the long term.

Gasification plants for biofuels are being (J uooEHoLM
built and operated, and can provide best practices and lessons learned for hydrogen production.
The U.S. Department of Energy anticipates that biomass gasification could be deployed in the near-

term timeframe.

OVAKO
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Metals refining works particularly well for steel,

but the copper content is a growing concern

Gas
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phase

Metal
phase

Source: Nippon Steel, Hiraki et al (2012)

’ N
@ 0| © o @
(Ce) (7i X © removable|elements
20 0| ©
20 o
%0 e
"o

= 4
" — -

Increasing
dependency on
pure iron to
dilute copper
content

OVAKO



Mtons

Global scrap volumes will increase but quality will deteriorate
-> Direct Reduced Iron is needed

Post-consumer scrap,
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W Bar steel scrap
1400 # Shaped steel scrap
= Obsolete scrap Prompt scrap 4 Heavy sorap (igh grade)
1200 - u 4L == Min
m Home scrap - steelmaking » Home scrap - foundry '
1000 S
=
800 g 0.3
600 g
-]
Z
400 ’g
200
0

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

Source: World Steel Association

1 1 | L 1 1

0
'85 '90 '95 '00 '05 "0 "5 ‘20

Source: Tenova Projections
of copper levels in

17 Japanese scrap to 2020 OVAKO



“

FerroSilva

Vision of

FerroSilva

To radically reduce GHG emissions and bring the world:
* cost-competitive,

* carbon-negative,

» fully carburized

iron raw material and biochar for the Electric Arc Furnace steel
production of the future.

Making best possible use of waste products from forestry and
agriculture, generating only valuable by-products, such as
biogenic liquefied carbon dioxide for e-fuels and more.



The Swedish forest-bioenergy system (TWh)

Stock increase Decomposition
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The FerroSilva process

Biogenic CO2, of
increasing importance

O, CO, compression Liquid
and liquefaction CcOo,
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hydrogen reduction
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Electrolysis

Methanol
Synthesis

Green
e-Methanol

e-Methanol
to Fuels

e-Methanol
to Chemicals
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FerroSilva vs the electrolyzer route

= fh & 5

Significantly Much lower A carbon- Valuable
lower product carbon negative biogenic
cost footprint process by-products

A ea &

Much lower Higher In-process
electricity technology carburized
needs maturity DRI

OVAKO
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In summary: Two uses of hydrogen with a large impact
on GHG emissions that can be implemented rapidly

Local industrial fossil-free
hydrogen production

A / Stabilizing t El
Fany uture power gri
o A ‘:“\:_"‘ ¢
%A £ roviding Tawamme
2 N he transport sector — 1 -
AN —H= with fossil-free
A\ y hydrogen
) | -
Q0T 0 00 00

DRI with some 90% lower electricity need vs Hydrogen economy quick-started with no
an electrolysis-based process need for large initial infrastructure
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