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Fuel Cell Competitive Positioning

ELRNLON 60% reduction in FCEB price over past 10 years
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Key Drivers:

v_ Improvements in technology and products led to
~60% FCEB cost reduction in past 10-years (as
well as ¥50% service & maintenance cost
reduction in just the past 5 years)

Further lifecycle cost reductions going forward
are expected to result from continued product
innovation plus increased volumes, leading to —

=  Economies-of-scale in manufacturing
(similar to diesel engines)

Lower cost of green hydrogen and lower
cost hydrogen infrastructure (which is
opposite for BEBs)
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e Carbon footprint of electric buses
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EMBEDDED EMISSIONS
(SCOPE 3)
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Producing your fuel cells
or battery

2

OPERATIONAL EMISSIONS
(SCOPES 1, 2 AND 3)

Scope 3 emissions for
T&D losses in the grid
emissions

Scope 2 emissions depend
on the electricity source
or hydrogen source

Driving your electric bus
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END-OF-LIFE EMISSIONS
(SCOPE 3)
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Disposing of your fuel cells
or battery




Refurbishing fuel cell stacks has a major impact on
reducing the overall GHG profile in a full “cradle to
grave” assessment
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RAW MATERIALS
EXTRACTION MATERIAL PROCESSING

RECYCLING PEM FUEL CELLS

END-OF-LIFE MANAGEMENT

FUEL CELL RECYCLING & At Ballard we:

PLATINUM RECOVERY

= Refurbish fuel cell stacks at
the end of life (>25,000hrs)

= Re-use graphite bipolar
plates

» Reclaim 95% of the platinum

RECYCLING

AND REUSE MANUFACTURING

DISPOSAL PRODUCT USE
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Comparing GHG impact of a fuel cell systems
with batteries in a typical transit bus

GHG Emissions Required to Produce Fuel Cell and Battery System
for a Transit Bus

Based on average of 150kg of CO,e per kWh for batteries™ and 70kg of CO, per kW
for FC system

13.5 tons of CO, GHG emissions 52.2 tonnes of CO, GHG emissions
to produce 50kWh battery with to produce a 350kWh battery
85kW Fuel Cell system

In summary: there are 75% less emissions generated in the production of a fuel
cell power train.

(@ International Council of Clean Transportation 2018
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