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The iron and steel industry is widely acknowledged as the world’s most polluting industry, 
accounting for 22% of industrial carbon emissions in Europe. Transitioning steel production to 
net zero likely requires replacing the massive use of coal (over 1 billion tonnes/year) with 
hydrogen. However, hydrogen production itself relies heavily on fossil fuels, accounting for 
830 million tonnes of carbon dioxide emissions per year, equivalent to the CO2 emissions of 
the UK and Indonesia combined (iea.org/reports/the-future-of-hydrogen). 

The declining cost of renewable energy promises to boost electricity-based hydrogen 
production, e.g., co-locating electrolysis plants with renewable generation. While water 
electrolysis currently accounts for >0.1% of global dedicated hydrogen production, the price 
gap for replacing coal with hydrogen is narrowing, and could completely disappear by 2030 
(source: European Parliament briefing “The Potential of Hydrogen for Decarbonising Steel 
Production”). Moreover, electricity-based hydrogen production can play a major role in power 
grid stability, by operating in demand response. Specifically, plants can produce and store 
excess hydrogen when renewable electricity supply exceeds demand, and use stored 
hydrogen when electricity supply is low. This requires large-scale storage, such as in storage 
vessels, geological storage, or other underground/porous media options. 

There are many geo-economic aspects of integrating steel production with renewably 
produced hydrogen. First, the systemic impacts of producing hydrogen via electrolysis must 
be evaluated. Second, storage systems must be investigated; large-scale storage caverns 
may have significant environmental impacts over their lifecycles. Hydrogen leakage from 
storage greatly affects the environmental impact of the overall system, as hydrogen itself is 
an indirect greenhouse gas with potential global warming effect. These considerations must 
account for location: steel plants were historically located close to coal, but should perhaps be 
shifted to areas with available solar, wind, or hydropower.  

This project deploys mathematical modelling, machine learning (ML), and optimisation to 
investigate the economic and environmental potential of large-scale hydrogen production for 
steel. The goals include: 

1. Physical models to integrate the lifecycle and environmental impacts of electrolysis 
and hydrogen storage into long-term planning models. 

2. Computational optimisation and ML strategies to solve the resulting models. 

3. Optimisation-based analyses of electricity pricing schemes and policies that further 
motivate renewable hydrogen production. 

These decision-making approaches can further incorporate long-term geotechnical changes 
and uncertainty (e.g., amount of renewable energy). The ideal candidate will have a strong 
enthusiasm for optimisation and environmental applications. This project involves 
collaboration and/or a research stay with LKAB (Europe’s largest iron ore producer). 


