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and Hydrogen are a zero emission

power solution which meet marine requirements
@%\7 = = =
Fuel cells and Hydrogen will be increasingly

deployed into marine sector
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Why fuel
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Ballard Suggestions
activities and Gaps

Fuel cells and Hydrogen are a zero emission power solution which meet marine requirements

Fuel cells and Hydrogen will be increasingly deployed into these applications
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Marine activities are already significant
contributors to air pollution and GHGs

* Emissions are expected to increase with
increased globalization

Zero emission requirements are coming

Customers want zero emission solutions
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Value of fuel cells and
hydrogen in Marine
applications

Scalable from 100kW to MWs

Distributed, dispatchable power solution
Reliable, high efficiency DC power generator
Low maintenance, long life, refurbishable
Long range, quick refueling, heavy payloads

High volume liquid hydrogen storage
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Value of fuel cells and
hydrogen in Marine
applications

Propulsion for ferries, barges and fishing
vessels

Hotel and auxiliary loads (heat and power)
for cruise ships

Cold ironing / shore power

Port operations
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Vessels

= Onshore power
= Cargo handling equipment
= Drayage trucks
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Marine Applications

Ballard is involved in projects in both the
Ports and on Vessels:

* Drayage trucks

e Port yard trucks

* Ferry and river vessels

e Cruise and other high-power vessels

Power to Change the World® 8 BALLARD.COM



Developing partnerships with
marine industry leaders
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Autoridad Portuaria de Valencia

Through active participation to a number of marine demonstration projects, Ballard is
developing a unique expertise and strong partnerships with industry leaders and
stakeholders.

Power to Change the World® 9 BALLARD.COM



Ballard Marine
Center of Excellence

Marine customization / codes and
standards compliance

Engineering, verification, and
manufacturing

Applications engineering,
commissioning support and after-
market service solutions
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=
B H2Ports project at Port of Valencia

= 7o) | FUELCELLS AND HYDROGEN
| PORTS NT UNDERTAKIN

= ZECAP project at Port of Los Angeles
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Port Applications -
Drayage Trucks

; f = ZECT project at Port of Los Angeles -

i one drayage truck
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h:" ‘,_,, = AZETEC project in Alberta - two

1 regional haul trucks
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Vessel Applications

= Smaller ferry boats: HySeaslll, Flagships,
Norled

= |nland vessels: Flagships, Elektra

Coastal vessels

Cruise vessels - MW scale power system
co-developed with ABB
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HySeas lll . o ;ucmlr"'

= |ocally-produced renewable hydrogen
= 800kKW fuel cell

= Both the compressed hydrogen and fuel
cells are located below deck

=

Horizon 2020
European Union Funding
for Research & Innovation
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Flagships

= Ariver push boat on the Rhone River in
France and a passenger ferry operating in
Norway

Renewable hydrogen for both vessels
A total of IMW fuel cell power

Hydrogen storage and fuel cells installed
above deck
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Elektra

19m long pusher boat

Operates between Berlin and Hamburg
and coastal ports

300kW fuel cell power

Hydrogen storage and fuel cells installed
above deck
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Ballard fuel cell
solutions for marine
applications

= |ntegrated 200kW high performance
power module including fuel cell stack and
balance of plant

= Modular approach for up to ~1MW power
solution

= Product designed and tested to marine
environment

\ = Developed based on 20+ years experience
' in the heavy duty motive market
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Suggestions and
Gaps

= Develop hands-on experience with the hybrid
propulsion system before implementation in
the vessel

= Availability of balance of plant components
for high power marine fuel cell systems

= Availability of hydrogen at commercial scale

= Develop specific codes and standards for
hydrogen fuel cell vessels
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BALLARD g Ballard by the Numbers

£ Publicly listed 4 strategic
' cel i e Company shareholders
700
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Employees
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| 239 (888*) | i 571 (1,449%) 4 train 5 ships in 12,000
transit buses trucks projects on development Forklifts )
in service delivering track in operation

goods

T | e
Y ‘ .55 w r KM
$80m ) B Delivered L Produced m >16Mum H >30,000hrs
automobile 850MW 5 million of service for Operation of fuel

| stack MEA modules cell stack in
development of fuel cell S operating in London BUSES
program products buses

* Currently in construction or commissioning phase
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N OR Ballard is a Global Company

Hobro, Denmark @
Burnaby, Canada @

Bend, USA @
o Southborough, USA

@ Guangdong, China

Hobro, Denmark: Ballard Marine Center of Excellence dedicated to
fuel cell marine applications
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We deliver fuel cell power for a sustainable planet
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