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We still live in the iron age !
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Global steel flows (2008)
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Primary production iron-ore
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Final steel demand by end-use sector
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Future global steel stocks
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Metals in the Dutch Urban mine
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Steel intensity of the energy sector will
increase significantly in a 2 degree world

* steel intensity electricity generation capacity (2015) was around 65 metric ton/MW
* In a two-degree scenario (SSP2) this will be over 100 metric ton steel/MW

* From securing continuous inflow of fossil fuels to fostering stocks of metals in society
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Steel: a sustainable material !

* Durable
* Many options for re-use (building materials etc)
* Fully recyclable (can be carbon neutral with renewable electricity)

* Plenty of geological resources
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Steel: a sustainable material ?

* 1.3 ton CO, per ton steel, 9% of global anthropogenic CO, emissions
* Other emissions: PM, heavy metals, PAH, N
* Virgin iron input remains necessary for recycling (copper contamination)

* Security of supply of alloying elements (60-70% nickel, 80-90% chromium, 80—90%
vanadiun)1, 90%, niobium, 85-90% manganese, 80% molybdenum, 40-50% Tungsten,
55% zinc

* Mining of iron ore and alloying metals has significant impacts

Discover the world at Leiden University



CO, emission intensity is decreasing
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Copper contamination

5 - I Copper tolerable by demand
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Daehn et al., How Will Copper Contamination Constrain Future Global Steel Recycling? 2017 ES&T
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Vale Tailing dam collapse, Brasil January 2019
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Greening the steel cycle

* Fossil fuel based electricity & cokes -> renewable electricity & hydrogen

* Reduce: more efficient use -> less mining

* Close the loop -> less virgin production

* Reduce the need for alloying elements -> less mining, easier recycling (material science!)

* Prevent (copper) contamination (collection, separation, ..) (material science!)
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Consequences of greening the steel cycle

* Replacing coal with hydrogen would drive up the price of a ton of steel by about one third
* Less in future due lower cost renewables and higher carbon price

* Requires an increase in electricity production of the order of 20 %

* Requires a huge increase in green hydrogen production

* Geospatial distribution of steelmaking would shift to places with ample renewable
electricity
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Hydrogen production in IEA NZE scenario
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*Projections in International Energy Agency’s net-zero emissions scenario. *Carbon capture, utilization and storage.
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Hydrogen source
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tCarbon capture, utilization and storage. Carbon taxes (not shown) would make grey hydrogen more expensive.
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Decarbonisation of German Steel Industry
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CO, emission intensities per production route
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Conclusion & reflections

* Steel can be one of the ingredients of a sustainable material basis of society
* Industry should decarbonize as quickly as possible

* Durability and re-use potential should be optimized

* Solutions for contaminations needed to achieve full circularity

* Governments need to set clear goals, with clear timelines, and help provide the required
infrastructure (also in terms of renewables and hydrogen)
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