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Supplementary Note 1. Assumptions used for prospective scenarios

for 2040

Here, we report the procedure used to design the future scenarios for 2040. For those two scenarios, the

following generic assumptions are used:

* All steel production facilities (after construction year 1950) defined as ‘operation’, ‘announced’, ’Final-

ized (research & testing)’, and ‘construction’ in the following databases are included:

- Global steel plant tracker!

— Green steel tracker?

o It is based on the IMAGE scenario (2°C pathway, SSP2-RCP2.6)3, where global crude steel demand is
projected to reach 2150 Mt/year by 2040.

 With the following production mix (2°C pathway, SSP2-RCP2.6)3:

- 67% primary steel

- 33% secondary steel

* Even after accounting for all available steel production plants in the two databases used, a deficit of
more than 800 Mt/year remains compared to the IMAGE scenario. Thus, a generic multiplication
factor (specific for primary and secondary steel) is applied to meet the target production of almost

2150 Mt/year.
However, for the two different scenarios, the following assumptions are used based on the specific path-
way.
Scenario (i): primary steel production via BF-BOF with CCS

* Primary steel production processes are substituted by using BF-BOF (blast furnace-basic oxygen fur-

nace) with carbon capture and storage (CCS).
* Exceptions:

— Primary steel produced via EAF-DRI using hydrogen is left as is.



Scenario (ii): primary steel production via EAF-DRI using hydrogen

* Primary steel production processes are substituted by using EAF-DRI (electric arc furnace-direct re-

duced iron) with hydrogen as the reducing agent.
* Exceptions:

— Primary steel via BF-BOF with CCS is left as is.

We follow a similar approach using another IAM, the one from REMIND aimed at limiting global warming

to 2°C (SSP2-PkBudg1150)*°. Here, global crude steel demand is projected to reach 1686 Mt/year by 2040.



Supplementary Note 2. Additional results

Additional results: REMIND

Supplementary Figures 1-6 provides additional results for another IAM; REMIND*®. Those supplementary
figures are logically only created for the future scenario for 2040, considering the scenarios mainly producing
steel via (i) Ho-DRI-EAF (Supplementary Figures 1-3) and (ii) BF-BOF with carbon capture and storage (BF-
BOF-CCS) (Supplementary Figures 4-6). Note that those results are modified to be representative of the
steel demand in the REMIND 2 °C pathway by applying a demand of 1686 Mt steel per year.
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Supplementary Figure 1: Annual global greenhouse gas emissions from steel production in 2040 under
the hydrogen-based pathway, as modeled in REMIND. The figure highlights total emissions across different
production technologies and regions.



b Production volume and country-specific climate impact of steel production

Production volume (Mt per year)

Supplementary Figure 2: GHG intensity (averaged GHG emissions per ton of steel) for various countries,
the hydrogen-based scenario in REMIND. The figure illustrates differences in emissions efficiency across
technologies and regions.

¢ Steel supply curve
6 First 250 Mt steel

T
0 50 100 150 200 250

Climate impact (kgCO,-eq./kg steel)

2 '/
1
0 4
0 200 400 600 800 1000 1200 1400 1600
Cumulative steel supply (Mt steel year™1)
Europe — Asia === North America
= South America === Africa Oceania

Supplementary Figure 3: Steel supply curve for 2040 under the hydrogen-based production scenario in
REMIND. The curve illustrates GHG emissions per unit of steel as cumulative steel production volumes
increase.
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Supplementary Figure 4: Annual global greenhouse gas emissions from steel production in 2040 under
the BF-BOF-CCS pathway, as modeled in REMIND. The figure highlights total emissions across different

production technologies and regions.
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Supplementary Figure 5: GHG intensity (averaged GHG emissions per ton of steel) for various countries, the
BF-BOF-CCS scenario in REMIND. The figure illustrates differences in emissions efficiency across technologies

and regions.
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Supplementary Figure 6: Steel supply curve for 2040 under the BF-BOF-CCS production scenario in REMIND.
The curve illustrates GHG emissions per unit of steel as cumulative steel production volumes increase.
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Supplementary Figure 7: Illustrative Sankey diagram for steel production via hydrogen-based direct reduced
iron (H,-DRI) combined with an electric arc furnace (EAF), highlighting the main contributors to climate
change impacts along the value chain. The diagram shows how upstream supply chain processes contribute
to the overall emissions of this pathway. Interactive Sankey diagrams for all hydrogen-based steel production
pathways are available as HTML files in the online repository.

Sankey diagrams of steel production pathways considered in Figure 4 of the paper

To offer a clearer understanding of the main GHG emission contributions throughout different steel pro-
duction pathways presented in Figure 4 of the manuscript, we have created Sankey diagrams for each steel
production pathway for three scenarios: the current one, year 2040 using the REMIND 2°C scenario, and
year 2040 utilising the IMAGE 2°C scenario.

These diagrams are provided as interactive HTML files and are available in the accompanying online
GitHub repository. Here, we present a single illustrative example (Supplementary Figure 7), while the
complete set of Sankey diagrams for all hydrogen applications can be accessed through the repository.

The example shown includes five levels of steel production via the H,-DRI-EAF route for the current
scenario. The primary contributors to climate change impacts in this case are iron production (and especially
the hydrogen supply mix) and iron pellets. As users move from right to left in the Sankey diagram, they can
explore increasingly granular contributions from upstream processes, illustrating how embedded climate
impacts accumulate throughout the supply chain. The interactive HTML format allows users to hover over

individual flows to examine the specific impacts of each supply chain activity in detail.
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