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“I would like to see us take all diesel-only trains 
off the track by 2040 …

I am calling on the railway to provide a vision for 
how it will decarbonise”

Jo Johnson, 12 February 2018

Deacarbonisation and the role of Hydrogen
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• F=Ma

• How much acceleration?

• How much Mass?

• What Force?

• How fast?

• How much Power?

• How much Energy?

• How much does the Energy cost?

Why we like trains



www.birmingham.ac.uk/railway

Physics of traction

Traction

Resistance

Mass* Acceleration =(Traction – Resistance – slope)
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• Low Power, modest speed

• High Power, high speed

A spectrum of challenges
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Tractive and resistive forces
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Class 390 performance analysis 
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Class 14x performance analysis 
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Comparison of trains at the extremes 
of performance



www.birmingham.ac.uk/railway

Energy analysis comparison
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Regen metrics

Power to be absorbed is approximately the rated traction power.

Energy is related to Kinetic Energy 

Class 390 would need at least 300 kWh battery pack.  It would 
need to absorb about 6 MW. 

– There is no battery with these specs – so you would end up with a 
battery probably with ~2 MWh – this would be 20-40 tonnes

Class 14x would need about 8 kWh.  It would need to absorb 
about 300 kW.

– There is no battery with these specs – so you would end up with a 
battery probably with ~100 kWh – this would be 2-4 tonnes
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Metric for hybridisation and 
discontinuous electrification

Distance where the work done overcoming the 
resistance to motion at line speed is equal to the 
Kinetic Energy.

At distances of this and probably 1 or 2 times 
greater it is beneficial to have regen.

For a class 14x this is approx 5 km

For a class 390 this is approx 25 km
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Discontinuous electrification

Need to consider:

Small gaps (neutral sections) – coasting

Medium gaps (~hundreds of metres) – coasting 
with some energy storage

Slightly bigger medium gaps (~few kms) –
energy storage

Very big gaps (10-100 kms) – bi-Mode hydrogen 
or diesel 
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Energy Storage Capability (in MJ/kg) 
for bi-mode (3.6 MJ = 1 kWh)

Hydrogen 142 MJ/kg (HHV)

Compressed natural gas (CNG): 50 MJ/kg

Petrol: 44 MJ/kg

Diesel fuel: 39-42 MJ/kg

Ethanol: 30 MJ/kg

Coal: 29 MJ/kg

Ammonia 18.6 MJ/kg

Biomass: 15 MJ/kg

Domestic waste: 9 MJ/kg

Liquid petroleum gas (LPG): 45-50 MJ/kg

Steel flywheel: 0.014 MJ/kg

Battery: 0.01-0.56 MJ/kg
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Summary

Very high speed and long distant trains are best 
powered using electrification

Modest speed and routes where there is a mix 
of electrification could be bi-mode hydrogen

Hydrogen is not the solution for all types of 
railway – but can form an important part in a 
decarbonised railway
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Fuel cell trains

• Overview of Hydrail at UoB

• Introduction to the principles of Fuel Cell power units

• Why hydrogen?
– Zero emissions at point of use

– Better range than batteries

– Easy of refuelling

– Sources of hydrogen

– Effectively an electric train

– FC products now reaching maturity and lower costs



www.birmingham.ac.uk/railway

Our contribution to research in Hyrdail:
15 leading research publications (since 2003)
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Practical Work – Institution of Mechanical 
Engineers: Railway Challenge
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PEM Fuel Cell
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Industry funded activity

• UK industry - RSSB – Powertrain challenge (finished 2016)

https://www.birmingham.ac.uk/Documents/college-eps/railway/1-Class-156-Fuel-Cell-Electric-Multiple-Unit-Feasibility-Study-Issue-1.pdf
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Hydrogen Storage Technologies

• Types:-

• Liquid Storage

• Cryo Storage

• Metal Hydrides

• Compressed Gas
• 700 Bar

• 350 Bar
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Hydrogen Supplies

• Natural Gas

• Steam Reforming

• Fracking

• Electrolysis

• From The Grid

• From Renewable Sources

• Algae + Biomass
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• https://hydrail.appstate.edu/sites/hydrail.appstate.edu/files/12_raphelis.pdf



www.birmingham.ac.uk/railway



www.birmingham.ac.uk/railway

Conclusion

• Route to decarbonisation is complex.

• Electrified railways are dependent on the on-
going effort to decarbonise grid electricity.

• Hydrogen Bi-mode and energy storage are a 
good option of achieving the benefits of 
electrification away from the wires.

• Hydrogen is being seriously considered – watch 
this space!
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But!!!

• Where does the 
hydrogen come from –
better to use electricity 
directly?

• Aren’t batteries getting 
better – well yes but 
unlikely to compete in 
the long term.

• High pressure.

• Explosive.

• Flammable.



www.birmingham.ac.uk/railway

• Our students are brought up on hydrogen – they would have big safety concerns 
about using a liquid fossil fuel.
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