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This means:
• 200 kg / person (and growing equal to total Finnish production, annually)
• in western countries: 300 kg / person (stabilized),
• in Finland 800 kg / person (one of the world’s steel countries)

Steel is part of green transition 
1 000 kg steel

~ 2 000 kg CO2

Steel production equals CO2
7-8% total CO2 emissions

Source: Eurofer, 2021
University of Oulu, Jukka Kömi
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Top 20 steel-producing countries 2021 (million tonnes) 
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Quo Vadis Steel
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Steel markets and grades
• There is about 70 000 commercial steel grades
• New generations of steel continue to be developed that make it possible for manufacturers and builders to implement 

durable, lightweight designs.
• Going forward, steels will be ever stronger and meet higher environmental standards will be needed.

Automotive:
• On average, 900 kg of steel is used per vehicle.
• Focus on AHSS and green thinking
Building and Inrastructure
• More than 50% of world steel demand.
• More or less standard steels
Steel and energy
• Steel is and will be critical for supplying the world with energy, 

whether based on fossil fuels, nuclear technology, or renewable 
sources like wind, solar or geothermal

• Steels in hydrogen society are ?
• More or less standard steels but will change (e.g. H2)
Steel in transport
• Steel provides strong, safe and sustainable transport solutions
• Focus on UHSS/AHSS and green thinking
Steel in tools and machinery
• Special steels and limited markets
Others
• Lot of everything
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Steel alloying
- typically, steel contains about 20-25 necessary alloying elements
- carbon and low alloying steel consist 95-99.8 % iron
- alloying + steelmaking = 100-2000 MPa strength variations

Si, Mn, Al
Cr, Cu, Ni
Nb, V, Ti

Mo

Substitutionally
dissolved

C, N, B

Interstitially
dissolved

Dissolved
in iron matrix

Fe3C, Fe2.4C
AlN, TiN

NbC
(NbTi)(CN),

Compound
precipitated from solid

Al2O3, TixOy
MnS, CaS

xCaO.yAl2O3
TiN, NbC

Compound
precipitated from liquid

Undissolved
in iron matrix

Alloying and
impurity elements
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Emission sources
‒ Steel production accounts for 7–8% of global CO2

emissions.
‒ The main source of CO2 emissions is the use of 

carbon-based reductants.
‒ Also the use of fossil fuels (e.g. natural gas) causes 

significant CO2 emissions.
‒ Rule of thumb for iron ore-based steelmaking

1 ton of steel ≈ 2 tons of CO2

‒ Hydrogen has been envisaged as a substitute for 
the carbon-containing reductants and fuels.

Global challenge to reduce emissions

University of Oulu, Jukka Kömi26.4.2023

Challenge
Climate-neutral Finland by 2035
Climate-neutral EU by 2050

Aims of SSAB, (Blastr & H2 Green Steel)
Fossil-free steel in the market < 2035
Fossil-free operation by 2045
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Global challenge to reduce emissions
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Steel production, total CO2 emissions and CO2 intensity, 2019 – 2050 under the 
International Energy Agency (IEA) Sustainable Development Scenario (SDS)

Source: WSA
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CASR – Fossil-free steelmaking

Carbon: ArcelorMittal Northern Lights | BAO-
CCU | Aço Verde do 
Brasil | Carbon 2 Chem | Emirates 
CCS | HIsarna | Steelanol

Hydrogen: COURSE50 | HBIS & Tenova | HYBRIT |
Novel flash oxide smelting | Salcos | SuSteel

Electricity: Boston Metals | Siderwin

Hydrogen/Electricity: GrinHy | H2FUTURE

https://luxembourg.arcelormittal.com/challenges/21/378/language/EN
https://www.bhp.com/media-and-insights/news-releases/2020/11/bhp-partners-with-china-baowu-to-address-the-challenges-of-climate-change/
https://www.bhp.com/media-and-insights/news-releases/2020/11/bhp-partners-with-china-baowu-to-address-the-challenges-of-climate-change/
https://avb.com.br/en/
https://avb.com.br/en/
https://www.thyssenkrupp.com/en/newsroom/content-page-162.html
https://www.cslforum.org/cslf/Projects/AlReyadah
https://www.cslforum.org/cslf/Projects/AlReyadah
https://www.tatasteeleurope.com/ts/sites/default/files/TS%20Factsheet%20Hisarna%20ENG%20jan2020%20Vfinal03%204%20pag%20digital.pdf
http://www.steelanol.eu/en
https://www.course50.com/en/
https://www.tenova.com/news/detail/first-hydrogen-based-dri-plant-in-china/
https://www.hybritdevelopment.se/en/a-fossil-free-future/
https://www.osti.gov/biblio/1485414-novel-flash-ironmaking-process
https://salcos.salzgitter-ag.com/en/
https://www.voestalpine.com/blog/en/innovation-en/the-three-pillars-of-decarbonization/
https://www.bostonmetal.com/
https://www.siderwin-spire.eu/
https://www.green-industrial-hydrogen.com/
https://www.h2future-project.eu/
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Future Steelmaking –
Some Aspects
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The most typical steel production routes today
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Direct reduction and mini-mill type steelmaking routes

SMS-CSM consept

different temperature history than the most used hot rolling mill concept 
and thus novel metallurgy is needed
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Heat treatment and cold rolling
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Summary: 
Zero-Waste Mill and Sustainable Use of the Steels are the Future

University of Oulu, Jukka Kömi

Steels’ life cycle – affects even 60% of world’s GDP

Today: Steelmaking 2 kg CO2 / 1 kg steel (8 % 
of total emissions)
• Ironmaking 70 %
• Steelmaking 20 %
• Upgrading 10 %
Change: Zero-Waste Mill

1 % of total emissions

Today: 1-2 % of total emissions
Change: High-strength steels for novel 
applications 

Today: 90 % of total emissions
Change: 
• High-strength steels for novel 

applications 

Change:
Green hydrogen 
production

Next steps

Change:
100 % recycling
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Next big steps is green

Thank you!
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