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Abstract: Hydrogen-based direct reducƟon (H₂-DRI) paired with electric arc furnaces can cut steelmaking 
emissions dramaƟcally, but the path to reliable, affordable green steel hinges on how hydrogen is produced, 
stored, and dispatched at industrial scale. This seminar synthesizes recent results from our group and 
collaborators with an emphasis on energy efficiency and CO2 emissions when shiŌing from natural gas–based 
DRI to H2-DRI, and the resulƟng implicaƟons for the upstream H2 supply chain. 

First, the thermodynamic and pracƟcal energy requirements of NG-DRI versus H2-DRI at the shaŌ furnace and 
EAF interface are compared, highlighƟng challenges and opportuniƟes in balance-of-plant integraƟon strategies. 
Building on these plant-level insights, the analysis connects process demands to upstream choices for hydrogen 
generaƟon and storage: Renewable electricity generaƟon, electricity storage, electrolyzer performance, 
hydrogen storage, and thermal integraƟon. 

A dispatch and sizing framework is presented for ~1 Mt/yr plants that co-opƟmizes wind/solar porƞolios, 
baƩeries, electrolyzers (with realisƟc efficiency curves), and long-duraƟon H2 storage to maintain DRI upƟme 
and minimize the levelized cost of steel. Case studies quanƟfy how energy-efficiency improvements at the 
furnace propagate back to lower H2 producƟon and storage requirements, reducing CAPEX, curtailment, and 
balance-of-plant loads. 

The takeaways are: a robust understanding of the technical and economic hurdles in H2-DRI; a quanƟficaƟon of 
the dominant cost drivers—DRI efficiency, electrolyzer performance, and hydrogen storage/transport; and a 
prioriƟzed research roadmap to de-risk and scale green-steel plants. 
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of Munich. His work bridges rigorous process simulaƟon and techno-economics with experimental research to 
deliver scalable engineering soluƟons for heavy industry. 
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