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Daily UK total gas, all liquid transport fuels, 
and electrical demand

Beast from the east: Total gas 
demand nearly 5 TWh over one day

Covid-19 drop in 
liquid fuels and 
electrical demand



A growing need for longer term energy storage



44-55 GW of 10 
hour storage by 

2045 in 
California

Daily Dispatch in Sample Summer Day, 2045

Storage technologies that offer a good fit to this application are flow batteries, liquid 
air, compressed air, and potentially reversible electrolyser/fuel cells.

A growing market for longer term energy storage

“Diurnal cycling is the largest application of energy storage (44-55 GW by 2045) from 2030-
2045, primarily met by 10-hour storage” California Energy Storage Alliance (CESA), Dec 2020.





UK Pumped Hydro @ Dinorwig – 9.1 GWh
1 million tonnes of hydrogen stored = 33 TWh or > 3600 

pumped hydro facilities such as Dinorwig in the UK



Hydrogen and Electricity working together
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Reversible Solid Oxide Cell (rSOC)



Typical planar SOFC geometries

Brett DJL, Atkinson A, Brandon NP, Skinner SJ, Intermediate temperature solid oxide fuel cells, CHEM SOC REV, 2008, Vol:37, 
Pages:1568-1578



Innovative metal supported Solid Oxide Cells

B C H Steele, A Atkinson, J A Kilner, N P Brandon, R A Rudkin, Oct 25th 
(2000). Assignee Ceres Power Ltd., US 6,794,075 B2, Sep 21 (2004).

Catalysed by EPSRC proposal “OPTIMISATION 
AND EVALUATION OF INTERMEDIATE-TEMP 
(500 C) SOLID OXIDE FUEL CELL (IT-SOFC) 
STACKS” £260k, GR/N04638/01, Oct 2000 to Jan 
2004.





Ceres Power metal supported SOC







Contents

• Why electrochemical technologies for the energy transition?

• Innovation in Solid Oxide Electrolysis and Fuel Cells.

• Innovation in flow batteries - using hydrogen.

• Innovation in the manufacture of high surface materials for 
electrolysers and batteries (and thermal management).

• Innovation in distributed hydrogen systems.



A novel liquid-gas flow battery
RFC Power – an Imperial College spin out







Wednesday 26th August — Certain Energy, the British long-
duration energy storage company, announces it has received 
£10m Series A funding for its pioneering manganese flow battery 
technology. The investment will be used to commercialise Certain 
Energy’s technology and prepare it for deployment to stabilise 
grids and provide power during periods of low renewables 
production.
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M-Spin: Advanced materials for improved IC chip 
cooling & green fuels

• Advanced materials for the enhanced cooling of 
AI devices, and datacentres, as well as 
electrodes for green hydrogen production

• Performance validated by customers

• Technology core is a proprietary electrospinning 
process to produce mechanically durable 
nanofibrous metallic sheets – M-Spin is the only 
company in the world able to electrospin 
nanofibrous metals and alloys

• Developed at the Brandon lab at Imperial 
College London

• Process is low cost & highly scalable – volume 
roll-to-roll production demonstrated 

• Porosity up to 97%, surface area >108 m2/m3

• Raising $5M for pilot production facility

1 µm

(Top) Microscopic structure of M-Spin 
materials showing metallic nanofibers (in 

this case nickel)

(Above) 5x5 cm sheet showing 
macroscopic appearance (much like 

paper) 



State-of-the art performance in alkaline electrolysis

• 5x current density
• More hydrogen production per area – Lower capex

• 50% overpotential reduction
• Higher efficiency, lower energy use – Lower opex

• Overall: 20-30% reduction in green H2 cost
• Excellent durability - No significant degradation after 10,000 cycles (accelerated testing 

simulating 10,000 hours)
➢ Performance benefits independently validated by industrial customers

roll-to-roll production of M-
Spin materials using 
commercial high volume 
electrospinning (70 cm wide)



World class performance for thermal management of AI 
chips and electronics

• >50% increase in fluid transport versus competing materials (<30 micron thick, high 
porosity, high thermal conductivity, very fast capillary transport of coolant)

• = 2x cooling performance for chips and electronics

• Benefits confirmed in tests by globally top-5 smartphone & electronics manufacturer

➢ Enables higher sustained performance for computing and AI while lowering cost: 
Potential for 5-10% gain in compute output per watt
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The Smart Tank
Our core product, The Smart tanks are able to 
safely generate, store and deliver hydrogen gas. 
A modular approach allows for a combination of 
options, from a complete system with 
electrolyser that generates and stores (with the 
option to scale up by linking units together) to 
standalone Hydride H2 storage tanks. 

They are easy to use and control via the smart 
phone application and connect to the IoT service 
for remote monitoring and management. 

● Generating at point of use: Replacing costly and complex 
supply chain of fossil fuels 

● IOT-enabled: Demand response algorithms and time-of-use 
tariffs ensure hydrogen generated when grid electricity derives 
from lowest-cost, lowest-carbon sources. 

● Smartphone-connected: User friendly interface = convenient 
management of hydrogen inventory, cost and safety features: 
Automatic shut-off in event of a leak with wireless gas sensor 

● Low cost solution: Can be mass produced in a factory
● Solves issue of domestic accessibility and distribution
● Footprint  is similar to that of a standard 47Kg LPG canister 

Prototype 1 
Demonstrator 

Completed 
Nov 2023



One of 10 finalists in the 
Hydrogen Innovation 
Challenge run by CPI 
and Hydrogen 
Innovation Initiative 

Smart Hydrogen and 
Resilient Energy 
Decarbonisation

Led by UKPN this 
Ofgem project has 
shown that low-cost 
hydrogen production 
and storage offers a 
promising option to 
improve the energy 
resilience of rural 
communities.



Thankyou

• I would like to thank the numerous colleagues and students at 
Imperial College who worked with me over the years, along with 
the many colleagues at Ceres Power, RFC Power, M-SPIN and 
The First Element, without whom none of the work presented 
here would have been possible.

• I would like to thank the funding agencies who continue to 
support our underlying research at Imperial College, and the 
programmes in the UK who have and continue to support the 
innovation journeys in the UK and beyond.
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