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Executive Summary 

Based on the decarbonisation technologies (so called “decarbonisation pathways”) assessed and 

presented in a separate report (D1.2, “Technology Assessment and Roadmapping”), this report 

analyses the industrial deployment of decarbonisation technologies in the European steel industry 

along the time scale. It considers the progress of technological maturities in combination with the 

different framework conditions of different sites and regions across Europe. As result the 

increasing industrial deployment of decarbonisation technologies in the European steel industry is 

prognosed and 6 probable decarbonisation pathway scenarios are identified. 

For 2030, an industrial pathway scenario for the use of mixed technological implementation in 

primary steel production is presented, and this reaches the decarbonisation targets set at 

European level. The consequences of slower industrial deployment of decarbonisation 

technologies or additional hydrogen availability are presented in additional 2030 pathway 

scenarios.  

For 2050, the approach of mixed technologies is extrapolated. An additional pathway considers 

the availability of additional decarbonisation technologies by 2050. The third 2050 

decarbonisation pathway is based on increased availability of steel scrap leading to a larger 

share of secondary steel production. 

The availability of energy and material flows required for steel production are assessed as 

external framework conditions needed for industrial decarbonisation. In this context, eight 

availabilities and their probable future developments are assessed: 

• Renewable Electricity 

• Green Hydrogen 

• Natural Gas 

• Alternative Carbon Sources 

• Iron Ore & Pellets 

• Steel Scrap 

• CO2 Storage 

• CCU Products 

These elaborations are complemented by assessments of other framework conditions: 

Technological maturity, plant specific investment cycles as well as financial and legislative 

conditions including EU Emission Trading System (ETS) and Cross Border Adjustment 

Mechanism (CBAM) are the most important framework conditions that need to be considered.  

As far as industrial deployment of decarbonisation technologies in primary steel production is 

concerned, the availabilities of green hydrogen, alternative carbon sources and steel scrap were 

found to differ across Europe and thus are exploited to estimate the distribution of technology 

routes in the different member states. The technological maturity and the investment cycles are 

interpreted as defining the timing of industrial deployment. 

The conclusion of the Green Steel for Europe report D1.5 (“Decarbonisation barriers”) and the 

projects’ consultation activities was, that the most important barriers for decarbonisation are all 
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related to financial conditions. Financial conditions were consistently found to be the dominant 

background for the development of industrial deployment scenarios. In this sense, the availability 

of energy and materials flows must always be linked to the respective costs, respectively to the 

operational expenditures (OPEX). The OPEX must either themselves enable profitable steel 

production or the financial and legislative framework conditions must achieve appropriate 

compensation. The policy options to adapt the financial and legislative framework conditions to 

enable industrial decarbonisation are highlighted in the Green Steel for Europe D3.2 report – 

“Impact Assessment Report”. 

In the report “Technology Assessment and Roadmapping” (Deliverable D1.2 of the Green Steel 

for Europe project), the most important decarbonisation technologies were completed to full 

process chains, so called “technology routes”. These technology routes are considered and 

further distinguished in this report. They are summarised as technology route factsheets in the 

Annexes A-G. These factsheets give a simplified but transparent overview of technological 

development and specific requirements of the different options with regard to framework 

conditions. The technology routes were categorised into four main groups: 

• Optimised Blast Furnace-Basic Oxygen Furnace (BF-BOF) route (Route 1) 

• Direct Reduction (DR) based route (Route 2) 

• Smelting Reduction (Route 3) 

• Iron Ore Electrolysis (Route 4) 

The optimised BF-BOF route is further distinguished into utilisation of alternative carbon sources, 

CCUS and other actions (Route 1A/B/C). The direct reduction-based route is divided into natural 

gas based direct reduction (Route 2A) and hydrogen based direct reduction (Route 2B). 

Based on this information, the optimised BF-BOF routes (Routes 1A/B/C) and the direct 

reduction-based routes (Routes 2A/B) were considered to reach TRL 9 by 2030-2035 and to start 

its industrial deployments, whereas Smelting Reduction (Route 3) and Iron Ore Electrolysis 

(Route 4) might just become options for later industrial deployment by 2050. This is reflected in 

the pathway scenarios elaborated.  

The pathway scenarios show the shares of the considered primary steel production routes in 

the EU-27. The pathway scenarios focus on primary steel production, as this is responsible for an 

estimated 87% of current CO2 emissions of the European Steel Industry. This is consistent with 

the scope of this project: to consider at least 80% of CO2 emissions from steelmaking. Due to its 

high share of CO2 emissions, primary steel production provides huge mitigation potential, 

however, significant investments and changes of technology routes are needed, and this would 

obviously be a time-consuming transition. Thus, the demands to enable and start this technology 

leap in primary steel production are assessed as most urgent with respect to the policy options 

needed.  

The aspects of secondary steel production are also covered in the analyses. The most important 

framework condition needed to mitigate CO2 in secondary steel production is the availability of 

huge amounts of renewable electricity at competitive prices. This demand is consistent with the 

main demand of primary steel production. 
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For the first 2030 scenario of “Mixed implementation” of decarbonisation technologies, the 

assessment of national and/or regional framework conditions was utilised to differentiate the EU 

member states with primary steel production into four groups.  

This assessment of national / regional framework conditions was fused with estimations of blast 

furnace relinings in the EU-27 by 2030. It was estimated that at least 46% of primary steel 

production capacity in the EU-27 will not be subject to major technology switches by 2030 

based on their investment cycles. The other 54% (i.e. with upcoming BF relinings) were 

assigned to the four groups of national and/or regional framework conditions. For all scenarios it 

was assumed that the total annual steel production capacity in the EU-27 remains constant at 

160 million tonnes per year.  

Based on these assumptions, the 2030 scenario “Mixed implementation” leads to a production 

share of 56% being subject to gradual improvements to the BF-BOF route by other actions 

(Route 1C). Furthermore, 22% of production capacities are expected to utilise alternative carbon 

sources and/or CCUS measures. Another 22% of production capacities are shifted towards direct 

reduction-based production (Route 2), with an average share of 9% reduced by hydrogen. Such 

industrial deployment of decarbonisation technologies by 2030 would meet the targets set by the 

EU (a 25% reduction in CO2 emissions compared to 2015). However, as the lead times (~5 

years) between investment decisions and industrial implementation are significant, this 2030 

scenario can be rated as quite 

ambitious: 44% of the capacities 

would need significant 

investment decisions before 

2025 to ensure industrial 

implementation before 2030.  

 

The 2030 scenario “Delayed implementation” assumes that 50% of major technology switches 

to alternative carbon sources, CCUS or Direct Reduction are delayed and realised after 2030. 

This leads to 78% of primary production capacities being subject to only gradual improvements 

by “Other actions” (Route 1C); 11% are subject to major utilisation of alternative carbon sources 

and/or CCUS and a further 11% are estimated to be shifted towards direct reduction-based 

production. Overall, this pathway scenario results in a 17% reduction of CO2 emissions compared 

to 2015, missing the target set by the EU by eight percentage points (+14 Mt CO2 /a).  

However, if the investments cycles and lead times (as discussed above) are considered, the 

assumptions for this 

scenario may be rated as 

more realistic. Several 

solutions can be 

discussed to close the gap 

to emission targets set for 

the EU-27.  
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Main examples are: 

1. Significantly decreasing CO2 emissions in secondary steel production by extensive use of 

renewable power. This can be rated as a preferable option since no adaption of steel 

production sites needing costly investments and involving technical risks is necessary. 

2. Increasing hydrogen enrichment for new direct reduction plants. 

3. Decreasing energy demand and emissions by increased use of scrap. This approach is 

however strongly limited for 2030 by the shortage of scrap of sufficient quality. 

4. Another option is that primary steel production sites are shut down. However, due to the 

most probable consequences of carbon leakage and steel quality issues this option can 

be rated as the worst-case scenario for the European steel industry, for the European 

economy and for the global climate. 

The third 2030 scenario “Increased hydrogen availability” reflects the more extensive use of 

hydrogen in the steel industry by 2030 (+0.2 million tons resp. +25% was assumed to be utilised). 

Since the availability of alternative 

carbon sources in 2030 is not yet 

clear, it was also assumed that 

fewer alternative carbon sources 

would be utilised. The specific 

CO2 mitigation in the BF-BOF-

route optimised by “other 

measures” (Route 1C) and direct reduction-based capacities was increased to reflect higher 

hydrogen usage. Overall, this pathway scenario needs 39% of primary production capacity to be 

substantially changed (compared to 44% for the “mixed implementation” scenario) and can be 

rated as ambitious but viable. This pathway scenario meets the EU target of 25% CO2 mitigation 

compared to 2015 and thus reflects an alternative hydrogen-focused way to reach the target. 

Analyses covering a forecast of almost 30 years obviously include huge uncertainties and a large 

variance of possible framework conditions and resulting industrial scenarios. To illustrate the 

range of options three 2050 scenarios were selected which all realise the targeted CO2 mitigation 

of >80% but with different technologies. The 2050 scenario “Without other technologies” 

extrapolates the 2030 “Mixed implementation” pathway scenario to 2050. It assumes that no 

other breakthrough decarbonisation 

technologies will be industrially 

successful by 2050, so that the 

decarbonisation process needs to 

be based on alternative carbon 

sources, CCUS and hydrogen 

based direct reduction. In this 

pathway scenario, 46% of primary steel production is covered by direct reduction-based 

processes utilising 100% hydrogen; 52% of primary production capacities operate the BF-BOF 

route improved with significant alternative carbon source and/or CCUS utilisation. However, only 

2% of the BF-BOF capacities face gradual improvements. This technology distribution would lead 

to an 81% reduction in CO2 emissions compared to 2015, thus building a strong basis for 

reaching the EU target of climate neutrality. 
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In the 2050 scenario “Other technologies successful” two additional decarbonisation 

technology routes are assumed to be industrially established. This pathway scenario reflects an 

industrial deployment of iron bath reactor smelting reduction including CCUS measures (Route 3) 

and other technologies such as, for example, iron ore electrolysis (Route 4) in 10% of primary 

steel production capacities each; 36% of capacities would be covered by hydrogen-based direct 

reduction. The remaining share of 44% of primary production capacities is covered by the BF-

BOF route adjusted to 

significant alternative carbon 

source and CCUS utilisation. 

This technology distribution 

would increase the CO2 

mitigation to 83% compared to 

2015.  

The 2050 pathway scenario “Increased Scrap Availability” reflects a partial switch of primary 

steel production capacities towards secondary steel production due to higher availability of steel 

scrap. In this scenario 15 million tonnes of annual steel production are shifted towards secondary 

steel production. The distribution of the remaining primary steel production capacities reflects the 

other two 2050 pathway 

scenarios with either other 

technologies being successful 

or not. Both cases lead to a 

slight increase of CO2 mitigation 

to 84% compared to 2015. 

 

It can be concluded that:  

• framework conditions such as production costs as well as the availability of resources 

and infrastructure dominate the industrial implementation of breakthrough 

decarbonisation technologies; 

• the framework conditions are currently far from positive for decarbonisation investments; 

• policy actions are needed to make the framework conditions better suited to promoting 

investments in breakthrough decarbonisation technologies; 

• considering the long investment cycles and the significant lead times, the time pressure 

for these policy actions is extremely high, particularly for fulfilment of the 2030 targets; 

• actions to safeguard positive decarbonisation investment conditions both in the short term 

and the long term must be taken now. 

The next few years will be decisive in achieving the European CO2 mitigation targets with many 

influential factors also changing in an unpredictable fashion. The Green Steel for Europe 

consortium is thus strongly in favour of continuing the interdisciplinary roadmapping and 

assessment work in a follow-up project with consideration to the actual framework conditions 

and targets and to provide a deeper investigation of aspects which have only been touched upon 

in this project: secondary steel production including downstream processes and decarbonisation 

during the decisive years 2030-2040.  
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Annex A: Optimised BF-BOF with alternative carbon sources (Route 1A) 

factsheet 
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Annex B: Optimised BF-BOF with CCUS (Route 1B) factsheet 
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Annex C: Optimised BF-BOF with other actions (Route 1C) factsheet 
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Annex D: Natural Gas based Direct Reduction (Route 2A) factsheet 
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Annex E: Hydrogen-based Direct Reduction (Route 2B) factsheet 
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Annex F: Smelting Reduction (Route 3) factsheet 
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Annex G: Iron Ore Electrolysis (Route 4) factsheet 

 

 

 


