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* 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.



* Why electrochemical technologies for the energy transition?



Daily UK total gas, all liquid transport fuels,
and electrical demand
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A growing need for longer term energy storage

RES + Storage LCOE for different levels of clean supply -demand matching
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1. Based on modelling a baseload in locations with average (UK) and optimal (Australia) LCOE.
2. LDES 8-24h and 24h+ technologies.

Source: LDES Council 2021 technology benchmark and report, McKinsey Power Model.




Daily Dispatch in Sample Summer Day, 2045
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“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.

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




Additional H2 storage to deal with a prolonged low/no
wind periods — 42 enhances the resilienice effectively
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1 million tonnes of hydrogen stored =33 TWh or > 3600
n the UK
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Hydrogen and Electricity working together
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* Innovation in Solid Oxide Electrolysis and Fuel Cells.



Reversible Solid Oxide Cell (rSOC)
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Fig. 1. Cross section of a high temperature solid oxide cell with H,/H,0 redox reaction paths at the electrodes (left SOFC, right SOEC).



Typical planar SOFC geometries
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Brett DJL, Atkinson A, Brandon NP, Skinner SJ, Intermediate temperature solid oxide fuel cells, CHEM SOC REYV, 2008, Vol:37,
Pages:1568-1578
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Ceres Power metal supported SOC
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Data from a field trial system demonstrates unparalleled
real-world robustness of Ceres stacks

1.2 1

* 10kW system (2 stacks) has 11
operated for over 22kh (>4y) 10-
without stack replacement oo e
<= 08+
* Degradation rate of 0.2%/kh ?ﬂ .
* 34 thermal cycles > os-
é 0.5 Step changes are due to changes in
* 2 E-stops g operating parameters

* Providing heat and power to an
electronics manufacturing plant

* System is still running
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Ceres stacks have undergone significant testing hours in the lab and in field trials, C2IeS
proving efficiency, durability, and robustness of the technolog
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Commercialization of Ceres’ unique technology for
green hydrogen and power generation

Dr Robert Leah Research Fellow
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Our 1 MW demonstrator with Shell in Bangalore India contlnues to produce H,

https://www.ceres.tech/ne
produces-first-hydrogen/
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* Innovation in flow batteries - using hydrogen.
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RFC’s Hydrogen-Manganese (H-Mn) flow battery

puration Shr+
Charge / discharge

Hydrogen
Stored during
charge and released
during discharge

Manganese liquid
electrolyte
Low-cost, abundant
material

(4]
erriciency  72%+
ACTO AC

CYCLES No Capacity Loss

With continuous cycling

Power Module
Containing stacks
using parts scaled

for the electrolyser
industry

< $100/kWh

For 12h system (fully installed)

PATENTS 7 patent families

5 granted in multiple territories

© RFC Power Ltd 2025 6{3 RFCPOWER n
Cathode: 2 Mn3* + 2e~ — 2Mn?*, EY .1ode =1.49 Vvs SHE (7 M H,S0,)
Anode: H, — 2H' + 2e™, EY .= 0V vsSHE

Overall: 2Mn3*+ H, - 2Mn?* + 2H*, E®, = 1.49V vs SHE

cell



Hardware costs at 100h are <$25/kWh

$160
$140
$120
$100
$80
$60
$40
$20

S0

CONFIDENTIAL © RFC Power Ltd 2025

4

At very long durations, the total hardware
costs converge towards the marginal cost
of the energy storage - $19/kWh
l \\
12 24

Contributions to System capital costs ($/kWh)

50 100

16
Duration (hrs)

8

m Cells/Stacks

B Power System
Hydrogen Store

M Electrolyte Store

M Electrolyte

&S RFCPOWER



CERTAINENERGY

s British

z Business centr’ca mr GS @ FOR CLIMATE & HEALTH

Bank

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.



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



M-Spin: Advanced materials for improved IC chip W‘
cooling & green fuels I = v

Advanced materials for the enhanced cooling of
Al 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

(Top) Microscopic structure of M-Spin

' terials showi talli fibers (i
Porosity up to 97%, surface area >1 08 m2/m3 materials s ct)hv;/;néqa?eene;ci(cezanm ers (in
Raising $5M for pilot production facility (Above) 5x5 cm sheet showing

macroscopic appearance (much like
paper)



State-of-the art performance in alkaline electrolysis

* 5xcurrent density
* More hydrogen production per area — Lower capex
* 50% overpotential reduction
* Higher efficiency, lower energy use — Lower opex
* Overall: 20-30% reduction in green H, cost
* Excellent durability - No significant degradation after 10,000 cycles (accelerated testing
simulating 10,000 hours)
» Performance benefits independently validated by industrial customers

>1,000 X surface area

" - M b= 2N Ly
- o 1, -
el y ) ’
.

Key Properties
Materials Ni, Fe, Cu, Co,
Zn, others
Plus alloys ‘ s
Purity >99.9% H
Porosity 60-97 %
Pore size 0.5-10 pm
] . Fibre diameter 0.05-2 um " liEEaRaEs | f O |
W NG I Thickness 0.05-2 mm PiBepaaLcl o :
—— e Surface area >10% m%/m?3 ! Jercial high vo

M-Spin Commercial foam efectbspinningl 70



World class performance for thermal management of Al

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 Al while lowering cost:
Potential for 5-10% gain in compute output per watt

Heat from
chip causes
cooling fluid
to evaporate

Vapour diffuses through chamber and cools
o dissipating heat to the environment o
e o o+ . [N
. ': °: . Vapour
* 22 condenses

Witk B s AR BBt

......................

Condensed liquid is transported rapidly back
to the hot-spot on the chip by the wick



 Innovation in distributed hydrogen systems.



The Smart Tank st ont

| Solid State Relay g

Our core product, The Smart tanks are able to wn | v
safely generate, store and deliver hydrogen gas. . —=—il=3
A modular approach allows for a combination of wo
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.

Power Supply ’
Voltage

0.0v

Ajo $0 0 |7 ¢

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

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

I0T-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
e Low cost solution: Can be mass produced in a factory

e Solves issue of domestic accessibility and distribution

e Footprint is similar to that of a standard 47Kg LPG canister

the

first
element

o | e
@ first
element

HVdrogen Smart Tank

Prototype 1
Demonstrator
Completed
Nov 2023



Hydrogen Detector (&%

Safety drives the need for sensors and monitoring systems across all
sectors of the hydrogen economy, to build public and industrial confidence.

Existing hydrogen detectors are not well suited to our needs. They are either
prohibitively expensive, designed for lab environments or susceptible to
interference.

There is a market opportunity to build a cost-effective range of hydrogen
detectors. Initial research, engaging with business including the UK's largest
network distributor of natural gas, who will supply Hydrogen to the home
has shown that no viable market solution exists but is very much needed.

) Detectors con shut off the gas when a leck is detected
v/} The detector will be loT enabled and integrate with our Smart grid and tank.
{ Detectors can detect other flammable gasses and potentially smoke.

We will be the first business to establish a domestic hydrogen brand
starting with the "hydrogen sensor". The product will be beautifully
designed and offer a range of additionalloT related services.

Prototype Board In Test

The global H2 Metering and
Monitoring marketis forecast to
reach $6bn by 2050
Hydrogen Innovation Initiative Report

We are already working with a factory for production. We will be able to get
to market much faster with this product and hereby generate initial
revenue ahead of forecast,

2 pre-commercialisation grants won June 2024 (UK and London and
Partners) to expedite

Smart Web, Monitoring & Electrolyser

We are also developing a complementary range of products based on our Smart
Tank technology, to enable the safe, accessible and scalable generation and
storage of green hydrogen.

v | e
first
alp 0 element

- Professor Prakash Ghosh,
Indian Institute of Technology Bombay

+ Doctorate in Mechanical Engineering
RWTH Aachen, Germany

) + BOYSCAST Fellowship
Wpdride Sobd State Reluy
Tiwrsare 8 Tovowerre ' ¥ « EU Erasmus Mundus fellowship
20.1 208 + Research areas:
Smart Web Low temperature fuel cells and solar
\ ; : Uecroiyser Poossise @
The Smart Web system is our core Tersperatre &b hydrogen research and energy storage
loT 3""V'f’~"»' appilication. All of our 20 ’ + 50 + International Journal papers on solar
q Tom rSmart Tan Ir
products rom ourSrmart Tank to o energy, fuel cells and hydrogen energy
Hydrogen Detectors can connect to m‘”"

+ 5 awarded and 4 filed international patents
0.0 « Principal Investigator and Co-Principal
AV o $0 6 |4 ¢ Investigator for National and International

m m projects (UK, Canada, Australia and USA)

the Smart webloT system, As well as
providing centralised management
and alests, the Smart Web can
interface with 3rd partiessuchas
alectricity providers or weather

feeds. TFE are collaborating with Professor

Ghosh to build a low cost electrolyser

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.




* | 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.

* | 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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