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With the pressured timescale in determining effective and viable net zero solutions within the 
transport sector, it is important to understand the extend of implementing a new refuelling 
infrastructure for an alternative fuel, such as hydrogen. Research questions arising involve estimating 
the minimum number of refuelling stations required, determining the location and size of stations, 
while also configuring the hydrogen production supply and delivery to stations. The Analysis of a 
Strategic Hydrogen Refuelling Infrastructure (ATHENA) framework has been developed to determine 
and recommend a hydrogen refuelling infrastructure for effective deployment. The ATHENA 
framework introduced a three-phased approach which includes demand data analysis, an 
optimisation model and analysis, and finally, an agent-based model and analysis.  

In this research, we extend the data analysis and optimisation model within the ATHENA framework 
to consider an integrated multimodal strategy that allows for the delivery of hydrogen by pipelines. 
The demand data analysis phase provides as output a spatio-temporal mapping of the demand across 
the different modes. This forms part of the input data to the optimisation model which determines 
the locations and capacities of hydrogen refuelling stations as well as the configuration of hydrogen 
production supply and delivery to each station, while minimising the overall cost. For each station, 
hydrogen production supply can be localised or centralised and, in the case of centralised production, 
the hydrogen can be delivered by tube trailers or a hydrogen pipeline. The design of extensions to an 
existing hydrogen pipeline to serve the refuelling network is incorporated within the optimisation 
model.  

A case study is performed for the North of England in designing a multimodal hydrogen refuelling 
infrastructure serving heavy goods vehicles, buses, refuse collection vehicles, and port handling 
equipment. The case study considers a set of scenarios to analyse the effect of the different hydrogen 
production supply and delivery options. 
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