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HYBRIT timeline - From technical
development to industrial transition

2016 2017 2018 2019 2020 2021 2022 2024 2026 2028 2030 2045-

Industrial transition

Demonstration phase ‘
L First hydrogen

pstrl demonsrton o

Pilot phase

. Initial grant from |, First fossil- Commissioning of . Industrial demonstration Stepwise transition to complete
Swedish Energy Agency free pellets H2 pilot storage EAF based metallurgy fossil-free value chain

Swedish Funded by . 3
Energy Agency the European Union
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Verification across the wvalue chain
- From ore to steel

|OP production H, sponge iron Hydrogen Hydrogen storage Melting in electric
with bio-oil production production in lined rock cavern arc furnace

Malmberget




Verified development at
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Fossil-free production
of iron ore pellets

Hydrogen-based direct
reduction on a semi-
industrial scale

Provides a competitive
iron and steel value
chain
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» Hydrogen
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HYBRIT makes fossil-free iron and steel

a reality

As a reference: State-of-the-art blast furnace process emits ~1,6 ton CO, / ton steel
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CO, emissons from trials in pilot scale for direct reduction and melting in EAF.
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Option 1
(DR10 % C)

Option 2
(DRI1,5%C)

Option 3
(DRI 1,8 % C)
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Option 4
(DRI2 % C)

Electric arc furnace (biogenic CO,)

Electric arc furnace (fossil CO,)

Direct reduction (fossil CO,)

Emissions from reduction gas heating
is excluded from the comparisen. A
gas-fired heater using natural gas will
produce higher CO. emissions. A gas-
fired heater with hydrogen will increase
the energy demand but will not produce
CO, emissions if fossil-free energy is
used. Electrical heating of the reduction
gas will not emit any CO, if fossil-free
energy is used. In process option 1,
carbon-free sponge iron is melted in an
electric arc furnace with the addition of
biocarben, resulting in biogenic (fossil~
free) CO. emissions.

In process options 2-4, carbon added to
the sponge iron during the reduction step
contributes to fossit CO, emissions during
melting in the electric arc furnace.

A fossil emission of about 5 kg CO./tonne
of steel remains from the oxidation of the
graphite electrodes used in the electric
are furnace and is similar for all process
options.

Emissions from reduction gas heating is excluded from the comparison.

>

1. Direct reduction of iron
ore pellets
only. This is the main option
of the HYBRIT process.

using hydrogen

2. Direct reduction of iron
ore pellets wusing hydrogen
only, but the sponge iron 1is
carburised after the

reduction step.

3. Direct reduction of iron

ore pellets using mainly
hydrogen and some natural gas

during the reduction process

4. Direct reduction of iron
ore pellets using
conventional technology based

on natural gas.
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Hydrogen content during reduction
- affects pilot DRI product quality
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New sponge iron product with unique properties

Sponge iron pellets reduced with
hydrogen have significantly |better
transport, storage and melting
properties compared to sponge 1ron
reduced with conventional natural gas-
based processes.

» Low 1iron oxide content and 0%
carbon give the sponge 1iron robust
mechanical properties.

Tests also show that the product
has wvery good and stable chemical
properties.

A high degree of metallisation (98-
99%) means that there 1s very
little iron oxide remaining. .
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DRI properties

Sponge iron pellets reduced with hydrogen
have a high degree of metallisation (98-
99%) and can have 0% carbon.

Measurements show that they have higher
compressive strength than pellets
produced with natural gas. They also
shows high mechanical strength in drop
tests.

5/9/2025
Drop tests
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Drop tests give a good indication of the durability of fossil-free sponge iron pellets during handling and transpert, Sponge iron
reduced with only hydrogen performs better in drop tests from both 10 and 30 metres compared to industrial references.



Technology that enables
efficient fossil-free
steel production

o -~
Ton CO2e / tons of steel*

* The process produces small emissions of carbon dioxide from the consumption of
graphite electrodes and the addition of slag formers in the electric arc furnace.
These emissions are less than 0.05 tonnes of CO.eftonne of steel which is rounded
to 0.0 tonnes of CO.e/tonne of steel. Typical value for ore-based steelmaking with
blast furnace technology is 2.2 tonnes CO,e/tonne of steel.
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INCITE visiting HYBRIT pilot plants in
20240913

EEEEEEEE



