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Towards a clean, green and circular steel industry
The shifting energy mix for green steel production. 
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Sensitivity: general

Green: 

40% less CO2 emissions by 2030 

Equals the CO2 footprint of 385.000 Dutch 

citizens a year.

Clean: 

The reduction of fine dust emissions by

roofing a large part of our raw materials 

needed for green steel.

Circular: 

The use of steel scrap will be increased 

from 20% to about 30% from 2030 

onwards.

Green, clean and circular
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What does this mean effectively?
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Energy usage, (PJ/a) [GWh] {MW at 100% utilisation} Coal NG Electricity Biofuels (+ Carbon Capture & Storage) H2

12.6 7.8 4.6 Net zero

(153) 

[42.500]

{4850thermal*}

Current situation

(114) 

[30.900]

{3520}  

Phase 1
(93)

[25.800]

{2950}

Phase 2

Illustrative

Yield of electrolysis H2

2045

TSN aims to be climate neutral by 2045
What does this mean for the energy mix?

CO2
Mt/a 

-38%

-66%

NG = CH4
NG = CH4

Unit 1,00E+00 

Kilo 1,00E+03

Mega 1,00E+06

Giga 1,00E+09

Tera 1,00E+12

Peta 1,00E+15

Coal

H2

* Around 1 unit “Hinckley Point C” thermal equivalent



Current production of iron & steel at an integrated (BF based) plant
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Main source of CO2



The seize of an integrated steel plant 
How we produce steel in IJmuiden
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From raw material to steel - How we produce steel in 

IJmuiden

https://www.youtube.com/watch?v=kqHCmuTCpaY
https://www.youtube.com/watch?v=kqHCmuTCpaY
https://www.youtube.com/watch?v=kqHCmuTCpaY
https://www.youtube.com/watch?v=kqHCmuTCpaY


Coal is not just a fuel generating heat but a reductant!

▪ Reduction reaction (simplified & equilibrium)

– iron ore + carbon monoxide ⇌ iron + carbon 

dioxide

– Fe₂O₃ + 3 CO ⇌ 2 Fe + 3 CO₂

▪ BF off gas (~30% of energy) Typically 

– N2 50-60 %

– CO2 15-25%

– H2
 2-5%

– CO 20-30 % 

▪ Calorific value of CO & H2 is utilised for power 

generation in in-house power plant(s) and steam 

boilers.

Operational of BF uptime is ~91%



Direct Reduced Iron uses NG (CH4) or H2 (max 80%) for reduction
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▪ Natural gas is treated in a reformer:

– natural gas + water → carbon monoxide + hydrogen

– CH4 + H2O → CO + 3H2. 

– CH4 + CO2 → 2CO + 2H2.

▪ Reduction reaction (simplified and/or equilibrium)

– iron ore + carbon monoxide & hydrogen ⇌ iron + carbon 

dioxide + water + iron carbide

– Fe2O3 + 3CO → 2Fe + 3CO2

– Fe2O3 + 3H2 → 2Fe + 3H2O

– 3Fe + CH4 → Fe3C + 2H2

▪ CO2 is close to capture ready quality for CCS

▪ DRI pellets melted in continuously fed Electric Arc 

Furnace (EAF)

Iron ore pellets

Hydrogen or natural gas

Direct Reduced Iron (solid)

Steel scrap & 

additions 

CO2 → CCS

Liquid steel
Slag

DRI Plant

Electric Arc 

Furnace (EAF)
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Energiron ZR 2,5 Mt DRI plant       Tenova continuous feed 3,0 Mt EAF
           



Current situation
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Plants

2 2
blast furnaces coke plants

Steel plant

Blast furnaces

Coke plant

Coke plant

Pellet & Sinter plant
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Plants

1                      1

DRI plant electric oven

1                       1

blast furnace coke plant

Situation after step 1
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Plants
2                                3

DRI plants electric ovens

Situation after final step
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Impression of Phase 1



Sensitivity: general

15

Large challenge: unequal & unpredictability of level playing field with other 

European countries

https://open.overheid.nl/documenten/73e26e32-ebd3-4f50-86d2-e1a8065e15d4/file

https://open.overheid.nl/documenten/73e26e32-ebd3-4f50-86d2-e1a8065e15d4/file
https://open.overheid.nl/documenten/73e26e32-ebd3-4f50-86d2-e1a8065e15d4/file
https://open.overheid.nl/documenten/73e26e32-ebd3-4f50-86d2-e1a8065e15d4/file
https://open.overheid.nl/documenten/73e26e32-ebd3-4f50-86d2-e1a8065e15d4/file
https://open.overheid.nl/documenten/73e26e32-ebd3-4f50-86d2-e1a8065e15d4/file
https://open.overheid.nl/documenten/73e26e32-ebd3-4f50-86d2-e1a8065e15d4/file
https://open.overheid.nl/documenten/73e26e32-ebd3-4f50-86d2-e1a8065e15d4/file
https://open.overheid.nl/documenten/73e26e32-ebd3-4f50-86d2-e1a8065e15d4/file
https://open.overheid.nl/documenten/73e26e32-ebd3-4f50-86d2-e1a8065e15d4/file


Asset symbiosis & agility with nuclear energy options

Co-location examples & experiences: 

▪ Air Separation Unit for O2 supply 

▪ COG/BF/BOS/NG fired powerplants

▪ Cement industry utilising Granulated Blast Furnace slags.

Increase business agility for energy supply: 

▪ Power grid connection, incl. landing spot for offshore wind power

▪ (L)NG supply Amsterdam area, incl. NG pipe lines

▪ Connection to hydrogen backbone (GasUnie)

▪ Link to CO2 pipe line for CC(U)S
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Wind power lines landing next to Tata Steel IJmuiden

Dikke stroomkabels en converterstation voor windparken op zee: Castricum en Egmond in beeld

https://streekstadcentraal.nl/60199357-dikke-stroomkabels-en-25-meter-hoog-convertorstation-voor-windparken-op-zee-castricum-en-egmond-in-beeld
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Hynetwork (100% GasUnie) phased completion

The roll-out plan | Hynetwork

Tata

https://www.hynetwork.nl/en/business/become-a-customer/the-roll-out-plan
https://www.hynetwork.nl/en/business/become-a-customer/the-roll-out-plan
https://www.hynetwork.nl/en/business/become-a-customer/the-roll-out-plan
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CO2 pipe line OCAP linking Tata to Utilisation & Storage options

https://www.ocap.nl/regios

Tata

https://www.ocap.nl/regios
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Considerations

▪ Both the steelmakers asset and any nuclear 

option should fit the complete life span (60yrs?) 

of any symbiosis.

▪ What seize of nuclear would fit steelmakers 

energy need longer term?

What energy type based on nuclear can be 

competitive?

▪ Electric power (base load) electricity or via 

power grid (vs wind & solar)

▪ Heat at elevated temperatures >> 450C for 

(pre)heating. Probably co-location required.

▪ Hydrogen supply via hydrogen backbone of 

GasUnie or co-location:pro’s & con’s to be 

evaluated.

Not in plans, but how could nuclear 

fit in steelmaking energy transition?
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Nuclear + H2 options Realistic (?)
Future LCOH

LWR-SMR + PEM 4–6 USD/kg
IMSR + SOEC 2–4 USD/kg
HTGR + SOEC 2–3 USD/kg

HTGR + Sulfur-Iodine 2–3,5 USD/kg
HTGR + Steam Methane 
Reforming (CCUS) 1–2 USD/kg

https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-

9f7d41531ab5/GlobalHydrogenReview2024.pdf

https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf


Questions?
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Tata Steel Nederland

www.tatasteelnederland.com



Link related to Green Steel Plan Tata Steel IJmuiden

▪ Milieu Effect Rapport (MER) | Tata Steel

https://www.tatasteelnederland.com/duurzaamheid/groen-staal-plan/participatie/mer
https://www.tatasteelnederland.com/duurzaamheid/groen-staal-plan/participatie/mer
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