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* What is a fuel cell and why and where might you use
one?

* Fuel cells and their fuels.
» Selected emerging technology options.
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Introduction to Fuel Cells
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Fuel cell stack engineering
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Fuel cell stack and system efficiency i

Automotive fuel cell stack and system efficiency "
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Hydrogen Fuel Cell Electric Buses

1 At COP26, 13 governments across the world committed
to the objective that all new medium-and heavy-duty
vehicles from 2040 would be zero emission

o USA: California hosts the largest FCEB fleet in the US,
' accounting for over 50 vehicles in 2021.

South Korea: 108 FCEBs were operating on Korea's
roads at the end of 2021. The 2040 target is for 41,000
vehicles.

China: Between 2015-2021, over 5,500 FCEBs shipped
in China. China’s cities continue to deploy FCEBs at
" scale.

> Japan: At the end of 2021, 110 fuel cell buses were In
operation in Japan.
' N UK 8 FCEBs |n operatlon since 2011, double-decker




Fuel Cell Transport:
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Hydrogen FC Electric Trains

Capable of similar performance to diesel-electric
powertrains, fuel cell trains offer an emission free
option for nonelectrified lines.

The world'’s first fuel cell passenger train entered
revenue service in 2018. Alstom’s Coradia iLint
has achieved more than 180,000 km in revenue
service in Germany and Austria, with a reliability
of 95%.

France’s SNCF Voyagers placed a €190m order
for 12 Alstom units.

Alstom and Eversholt Rail have developed the
Breeze for the UK market- a hydrogen fuel
cell/battery hybrid. Range is >600 miles.

The UK government has set 2040 as the date by
which diesel will be phased out.



Hydrogen Fuel Cell Electric Trucks & Off-road

* Hyzon Motors’ truck production is underway in
Holland, delivering refuse collection, sewer-
cleaning and heavy-duty delivery vehicles for the
Municipality of Groningen. Daimler, Volvo, Hyundai
and Hyzon are vying for European market share
through various programmes. H2Accelerate, which
Includes Volvo, lveco, and Shell, aims to deploy
100’s of trucks in Europe before 2025 and 1000’s
each year towards 2030.

« JCB has developed the first ever hydrogen
powered excavator.

« Hyundai delivered 46 units to Switzerland in 2021.

.+ China remains top in medium- and heavy-duty

deployments, with 1,200 trucks produced in 2021.




Fuel Cell Boats and Ships

Fuel choices include compressed hydrogen for
smaller vessels, liquid hydrogen, green ammonia or
i e-methanol for large ships; coupled with fuel cells.
* In July 2021, Norled in Norway took delivery of its
first LH2 ferry, MF Hydra (with Ballard FCwave fuel
cells).

« TECO of Norway have an agreement with Chemgas
Shipping to supply up to 200 MW of fuel cell
systems for 120 barges and 40-60 tugboats to
transport green H2 made in Romania to Germany

~ and Austria.

L+ Ceres’ SOFC technology is being evaluated as a

: replacement to the diesel generators for 10 MW

hotel loads in large cruise ships, with Carnival UK,

Southampton University, Shell and Lloyd’s Register.
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Hydrogen Fuel Cell Aircraft

* Routes shorter than 3,000 km account for 90% of all
flights and more than 50% of aviation CO,
emissions overall. Hydrogen fuel cells are
potentially attractive for this application.

 Electric Aviation group, a UK company, are seeking
to develop H, fuel cell solutions for short haul
routes.

* PowerCell, HyPoint and Hyzon Motors have
supplied fuel cells to ZeroAvia.

 Airbus has committed to production-ready, zero
emission aircraft by 2035, with green H2 a potential

~ enabler.

=+ ZeroAvia is partnering with British Airways to

establish how H,-powered aircraft can play a

leading role in future sustainable flying.



* Fuel cells and their fuels.



Specific energy and energy density of a range of fuel options, taking into account typical tank
weights (lower heating value).
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» Selected emerging technology options.
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= =y:  Fuel Cell Stacks
Power Range [kW]
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EH FC Automated Production Innovation

Speed of production

100kW - 20min
60kW - 12min

Number of different Stack Platforms

4 (Up to 300kw)

Total capacity

40,000 (100kW stacks)
~4 GW/year

Cament Dendty [ASer']

Significantly cheaper at scale*: < 100EUR/kW

*100,000 units per year
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ELECTRIC AVIATION GROUP
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EAG

New Paradigm Shift — EAG’s Hydrogen Electric Solution

Old Paradigm...Increasing fuel efficiency with similar fuselages

1940
Rotary engine
Enabled airliner

How Does
EAG’s

Solution
Work?

New paradigm shift is needed to
overcome environmental challenges
with similar or new fuselages

H.ERA

After 50 years, turbofans are Hydrogen hybrid electric regional aircraft
reaching their improvement limits.

1960 1970 to now 2030

Turbojet Turbofan i
Delivered speed Delivered scale Hydrogen fuel cell powertrain
To deliver True Zero aircraft

Stored Hydrogen Fuel Cells Electric Motor Fan Thrust
1 (2 (3 (4 (5
Hydrogen is stored Hydrogen and air used Power generated Electric motors Thrust is achieved
cryogenically on the as inputs for fuel cell, is used to run the rotate propellers on for aircraft
aircraft which generates power electric motors aircraft
through electrochemical
reaction()

SNy
paa e
1

(1) Only by-product produced is water — no Carbon and NOx emissions
COPYRIGHT © 2022



Competitive Landscape

System Gravimetric Power Density vs Stack Absolute Power
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System Gravimetric Power Density
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1HyPoint fuel cell systems achieves high system gravimetric power density at low peak powers (20 kW) with an air cooled system which is not

1MW

2 MW 5 MW

Stack Absolute Power

feasible for 90 seater regional aircraft (peak power requirements ~8 MW)

22.0 kW/kg requirement for system level power density (including cooling) of a regional turboprop determined through EAG’s in-house aircraft

mission analysis and sizing tools, aligning with CleanSky’s report (1.5-2.0 kW/kg)

EAG

ELECTRIC AVIATION GROUP

Lightweight
propulsion units,
realistic aircraft

MTOW

2.0 kW/kg?

Heavy propulsion
units, unrealistic

aircraft MTOW

Key Point: No fuel cell
system exists today with
sufficiently high power
density for a 90-seater
aircraft
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Sector focus Ma rit|me

Collaboration with Alma Clean Power
for maritime

Ceres has signed a collaboration with leading developer of
marine power systems, Alma Clean Power, which will
integrate Ceres’ solid oxide fuel cells (“SOFC”) into a
modularised power system exploiting the inherent fuel
flexibility and efficiency of Ceres’ SOFC technology.

System development is underway, integrating Ceres’ stack
technology into development and validation of the power
system. The target is to have a complete system ready for
testing by the summer of 2024 followed by on-vessel trials.

Ceres’ solid oxide fuel cell technology can
reduce carbon emissions by up to 47%* on
conventional fuels and provide a pathway to

zero carbon.

© Ceres Power Ltd 2024. All rights reserved.




Sector focus Heavy duty tra nSport

Clean power for heavy duty transport

Ceres and Weichai have developed range extender solution for
buses. Successful demonstration achieved on 30kW concept in
China, with a five-bus field trial.

These buses are equipped with battery packs, which deliver high-
density power to the electric motor. The fuel stacks continually
recharge the batteries, so that the range of the bus is extended in a
hybrid manner.

The robustness, high-efficiency and fuel flexibility of our technology
provides a clear transition pathway to net zero.

Weichai is the largest
manufacturer of buses, trucks and
combustion engines in China”.

© Ceres Power Ltd 2024. All rights reserved.



* Fuel cell propulsion systems will have a role to play in selected transport
applications, and will be favoured by those with high energy requirements.

* While hydrogen is an important future fuel, fuel cells can also run at high efficiency
on other hydrogen carriers such as green ammonia, green methanol, bio-ethanol,
etc.

« An important technology direction for PEM fuel cells is to raise the operating
temperature towards 160C, and good progress is being made on the membranes
needed for this. This improves thermal management and fuel flexibility.

 Solid oxide fuel cells offer the greatest fuel flexibility, and will likely find application
In large transport applications such as rail and shipping.

« Countries such as India are moving at pace toward technology based around
green hydrogen and its carriers, both fuel cell and ICE, as they want both fuel
Independence, and supply chain independence.
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