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Introduction and context
Hydrogen role in the energy transition
Fuel cell technology and applications

Where are we today ?
Hydrogen and fuel cell in Canada and British Columbia
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Annual total CO2 emissions, by world region
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Source: Carbon Dioxide Information Analysis Center (CDIAC); Global Carbon Project (GCP)
Note: The difference between the global estimate and the sum of national totals is labeled “Statistical differences”.
OurWorldInData.org/co2-and-other-greenhouse-gas-emissions » CC BY
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Impact of transportation on the

BALLARD .
environment

CO2 Emissions by Economic Sector CO2 Emissions by the Transport Sector

9%

= Electricity and heat production = Manufacturing and Construction
Transport « Residental
Other Automobiles = Trucks = Aviaton = Marine = Railways
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GHG emissions projection, 2010-2050

Baseline scenario (no action) vs targeted concentration level (450ppm)
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3-6°C by 2100

0 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

- Qutlook baseline - 450ppm concentration target
Source: OECD (2012), OECD Environmental Outlook to 2050
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“Mobility’s second
great inflection
point.”

(McKinsey)
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Timeline Disruptive Trend
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; & Shared Mobility
’

Deployment Time

Electrification /
Alternate Propulsion

Autonomous Vehicles
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Electrification of
power train is
already disrupting
the automotive
industry
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The Rise of Electric Cars

By 2022 electric vehicles will cost the same as their internal-
combustion counterparts. That’s the point of liftoff for sales.

BALLARD

B Projected annual sales Cumulative sales

500 million vehicles Electric vehicles would
account for 35% of all

new vehicle sales.
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Sources: Data compiled by Bloomberg New Energy Finance, Marklines Bloomberg .
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electric .. hydrogen

The battle to fuel the future of cars
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In brief
Key messages today

BALLARD

1 Hydrogen is required to meet our emission reduction objectives
if we are serious about decarbonization.

2 Unprecedented global momentum

3 Hydrogen potential 10x until 2050

4 Low-carbon hydrogen and fuel cell vehicles can be competitive by
2030

5 Canada & British Columbia have the opportunity to become global leaders
for hydrogen and fuel cells
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Hydrogen clean

energy carrier of
the future
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Hydrogen is the most
abundant element of
the universe

Exists only on earth combined with
other elements (e.g methane, water)
Lightest of all known elements
Colorless and odorless

Non-toxic

Non-carcinogenic
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‘ Hydrogen is a

':ﬁ versatile energy

¥ carrier which is
easily stored.

AT
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Hydrogen can be generated from
CANLOR various sources

BLUE HYDROGEN GREEN HYDROGEN

oy ol &

NATURAL GAS RENEWABLE ELECTROLYSIS
REFOI!HING ELECTRICITY

CO, MANAGEMENT
Lo |
; TRANSPORT
& STORAGE

o Wa i

INDUSTRAL INDUSTRAL POWER GENERATION
CHEMICALS CHEMICALS & STORAGE
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Today 95% of hydrogen is
HUNEOE produced from fossil fuel

INDUSTRY KEY APPLICATIONS PERCENTAGE OF HYDROGEN
SECTOR GLOBAL H2 DEMAND | SOURCES
« Ammonia
CHEMICAL . :olymers
REFINING Hidrontesting
« Annealing
IRUN & STEEL - Blanketing gas )
- Forming gas %
- Semiconductor ;é ‘ 10% B Natural Gas
GENERAL | 1T, = o
INDUSTRY - Hydrogenation of fats g: s Coal ‘
- Cooling of generators S Electrolysis

Hydrogen demand in 2017: 8 exajoules - $115b market
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Hydrogen is a clean /
energy carrier

when produced
from renewable
sources.

RIS e
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There are several paths to
LNLON green hydrogen production

Established
Industrial Process High-temp
' N Coal Gasificatior Electrolysis

With CCS
Natural Gas L b 4

Reforming

Near-term Long-term

Bio-derived Microbial Biomass
Reforming (Grid) Liquids Conversion

‘uSolar pathways

ﬁ&D Subprogram R&D efforts
> 500,000 successfully concluded

Distributed

;j'Biomass pathways

Estimated Plant
Capacity (kg/day)

Source: DOE
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Best source of low-carbon hydrogen
LIV OR in different regions

I Optimal renewable and low-carbon resources

. Optimal low-carbon resources

B Average low-carbon resources Japan/Korea
B optimal bl EU Strategy to scale up
Imal renewable resources 3
: Likely to be a high-demand hydrogen consumption
[ Average renewable resources location e g{, . e ’ Space and resource
Renewables-constrained ] y constraints; may import
due to varying load curves . G hydrogen

.
a

and limited space ;
availability Jares

us

China

Favorable PV :
and wind Large investments
conditions in hydrogen economy
Potential to be self-
Middle East fo e
High PV/wind
hybrid potential .
Chile due to good local Australlaf
Potential for large-
Favourable PV/wind resources :
scalg’PV farms with
hybrid conditions

favourable load
profiles

SOURCE: IEA; McKinsey
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Hydrogen can be used in all sectors

JUVEUE of the economy

Value Added
Applications

Electricity
Grid

Hydrogen/
Natural Gas
Infrastructure

Hydrogen
Vehicle

NS

Power
Generation

Synthetic
Fuels

m

Solar PV

Hydrogen
Storage/
Distribution

Upgrading
Qil/
Biomass

4
NOllvig0dsS™

Batter
Geothermal y

Nuclear
Hydrogen Other Metals
Generation End Use Refining

Concentrated Solar Power

Q~\VV

A
\“0\)(’ DOE H2@scale
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Hydrogen has 7 roles in the
VIVl decarbonization of the economy

Energy carrier

Hydrogen
Sources of energy ) Backbone of energy system ) End uses

\ nn F’m 4 Decarbonize

transport

o Decarbonize industry
energy use

1. Enable large-scale, 2. Distribute energy across
efficient renewable sectors and regions

energy integration 6. serve as feedstock

using captured carbon

V. Help decarbonize
> building heating

3. Act as a buffer to

Source: Hydrogen Council increase system resilience
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Solar farms

...to hydrogen...

Ehectrolysis: separating water into
Py drogan and oxygen

storage in salt caverss
...LO consumers

Maethanation:

the air reacts with hydrogen to form syngas
Can be injected into the natural gas network
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What is a fuel cell ?
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Fuel Cell Technology Pre-dates
NG OR Internal Combustion Engines

1839 - invention of the
fuel cell by William
e L

|

Hil

1800 1850 1900

1860 - invention of the
internal combustion engine

Yet, internal combustion engines have been the dominate form of
propulsion for the last century and this century so far.
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Heat Heat

Hydrogen in Oxygen in

3 Water out

anode cathode

FUEL CELL

Power to Change the World® 35

:

membrane




AN LOR From cell to stack

ELECTRIC CIRCUIT
(40% - 60% Efficiency)

“2> Heat (85°C)
Water or Air Cooled

H,
Used Fuel Recirculates Air + Water Vapor
Flow Field Plate -—T T T— Flow Field Plate
Gas Diffusion Electrode (Anode) Gas Diffusion Eelectrode (Cathode)

Proton Exchange Membrane (Electrolyte)
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Hydrogen

E-Motor

Telematic Control
Unit (TCU)

e

Fuel Cell Module

-

» _”

Sy

\

\

>ower Management System
v

Supply Module

Hydrogen Storage

»

Battery Packs

' String Control Unit (SCU)

| Battery Disconnect
Units (BDU)

Master Disconnect
Unit (MDU)

Fuel Cell System Control Module 'Thermal Management
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Hydrogen from well to wheel

Energy source  H, production Transport Storage/fueling  FC bus layout
> > > >

O, Offsite production Hydrogen storage tank e
(gaseous or liquid)
Steam g:H s
Road train
reforming . High pressure/ storage
H, > system (tank)
Fossil
..... > f._ ; Balance of plant and
et B periphery
"brown™ H ipeline, rail, :
. f,?a,?np,,i?e e .—- Fuel cell module

—D**“ Electric storage/battery

[} Emotorand inverter

b ‘j‘Tb :>a deo?n o H Sumasiove

Electricity "green" H,

On-site steam i

reforming

Biogas ==*9 I H,

Electrolysis Onsite production at
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LR Hydrogen fueling station

Vaporizati
zation =
. -9 Compression ”
BIC. 1 an
Road tanker delivery H, Liquid storage
e H,
Compressed Hydrogen
©% — gk pro—Tseedop L
— Buffer storage
Compressor

H, gas storage

rd
|—_ — ]
W—@)@)‘i Dispenser 350 bar

Delivery Compressor
H, gas storage
-
Chop? Buffer storage
H, gas storage Compressor

Power to change the world® 41 CONFIDENTIAL BALLARD.COM



Power to Change the World® 42 BALLARD.COM



Hydrogen is lighter than air and diffuses
rapidly

Hydrogen flames have low radiant heat
Hydrogen is non-toxic and non-poisonous
Hydrogen gas burns quicker than natural gas
or gasoline

Codes and standards have been developed
to ensure safe use of hydrogen

Liguid Hydrogen

Gaseous Hydrogen

Power to change the world® 43

| Hydrogen is no more or less
JVEOE  dangerous than other flammable fuel

f |

H2 (lelt) gasoline (right) 0 min. 3 seconds 1 min.; 0 seconds

s DA™ JaS )

2 min.; 20 seconds

1 min.; 30 seconds 2 min.; 40 seconds

Hydrogen vs gasoline car fire
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https://www.youtube.com/watch?v=IknzEAs34r0

e oOR Why fuel cells?

Fuel Cell

+ Long-range
+ Quick refueling

+ Limited weather
impact

+ Scalable to wide
range of vehicle
sizes

+ Zero emissions

+ High fuel efficiency
+ |nstant torque

+ Quiet

+ Domestic fuel
source
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FUEL DIVERSITY AND USES
F ue, EVs HVSP/PHVs rvs

Medium-to-long
distance

roveseer | gL

Short-distance Wide-use

Cell

Vehicles

(572 I ) [ e
(FCVs) w
powered by hydrogen, are Home delivery Short-distance

no-compromise and emission- vehicles commuter vehicles i

free, offering long operating )
® & ;

range and fast refueling.
Personal mobility

3ZIS FTOIH3A

TRAVEL DISTANCE

FUEL Battery Gasoline, diesel, biofuels, CNG, synthetic fuels, etc

SOURCE: Green Car Reports
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Fuel Cell;

the needed
disruptive
technology.
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5th Av, New York City, April 15" 1900

SIVINLOR \Where is the car ?
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5th Av, New York City; Easter 1913
CIANUON  Can you spot the horse ?
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JNGOR Early Motive Fuel Cell Applications
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IR OR Growth similar to PV and wind

Fuel Cell, Solar PV and Wind Turbine Annual Production (MW)

100,000
-»-Wind (1992 to 2003)
--Solar PV (2000 to 2011)
“-Fuel Cells (2015 to 2019) /-/.
10,000
1,000 \
Wind production in 1996
Fuel Cell production in 2019
Solar PV production in 2004
100
@ FuelCellsWorks
10

chart: Matthew Klippenstein (@ElectronComm). Data: Wikipedia, Fuel Cell Industry Review 2019. www.fuelcellindustryreview.com
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SN OR Why hydrogen now ?

Drivers of renewed interest in hydrogen

Stronger push to Falling costs of
limit carbon emissions renewables and
hydrogen technologies

L))

10 80%

Years remaining in the global Decrease in global average
carbon budget to achieve the renewable energy prices since
1.5°C goal 2010

66 55X

Countries that have Growth in electrolysis capacity

announced net-zero emissions by 2025 vs. 2015
as a target by 2050

1. Based on 18 country roadmaps announced as of publication
2. Not exhaustive

Indicators of hydrogen’s growing momentum

® 6

Strategic push in Industry alliances and
national roadmaps momentum growing

70% 60

Share of global GDP linked to Members of the Hydrogen
hydrogen country roadmaps to  Council today, up from

date’ 13 members in 2017

2030 target deployment of Major investments announced?
FCEVs announced at the globally since 2017, in new
Energy Ministerial in Japan segments, e.g. heavy duty and rail




There are now > 13,000 FC cars on the

road and more than 2,500 buses and
VAR08 trucks on the road with over 300 HRS
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200 fuel stations in
California by 2025

5,000 FC vehicles on

i

HYDROGEN the road in China by
ROADMAP o 2020

— 50,000 FCVs in service, in

China, among which

10,000 units are FC
40,000 vehicles on commercial vehicles, and

BRI the road in Japan by || 40,000 units FC passenger
2021 | cars by 2025

4 Japan roadmap China road map 2018

| China road jnap 2018

>y
-

g = 2025

-
2 ’ i

. 3 I P ‘ " ‘
30,000 fuel cell | >350 FcEBs on +600 FCEBs on the
forklifts in daily ~\{ theroadin road in Europe :

operation ( | Europe (JIVE) H2Bus Project v
: : >ﬁ:ﬂ.-‘:‘ "
12,000 fuel cell | 100 FCEBs at 2,000 fuel cell s in
cars on the road Tokyo 2020 Shando
Olympics Weichai

2,500+ fuel cell

buses and trucks in //1,600 FC
service trucks in

Switzerland

15,000 Fuel Cell Vehicles

Power to Change the World® 54

1 million FQ'vehicles on
the road it China by 2030

6 million FC car
produced by 2040

Korea roa

d map 2019

v f'|

800,000 FCEV in

£ 203 Japan by 2030

—
TR )

= /
)

. -

N ™

10 to 15 million fuel cell cars and

500,000 trucks on the road

1in 10 trains on non-electrified tracks
. | Hydrogen Council vision
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\\‘
N
Power '\ .
h N\ Fuel cells offer superior §
Range ‘- Zero-emission ,
il b NS performance for <
el MR 1cdium and heavy 8
Fast refuelmg- AT R duty vehicles
| ';__ .\\ 9}\; p &
et
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Hydrogen
is most
competitive
low-carbon
solution

Hydrogen
is less
competitive
low-carbon
solution

Blending
of hydrogen
in gas

Combined jetwnrk

>

turbine igh gradi
heating

Methanol’

” Boile
with
existing

PR Compact
aviation urban car

with new
network

Fertiliser’ }i’eﬁnery1

Steel

Mid
grade
heating

Small
regional

'heaﬁng

VANLOR Best applications for fuel cells

() Depending on the availability of CCS

Regional

train Taxi fleet

" Large
passenger
vehicle

Van for
urban
delivery

Forklifts

Medium{ duty truck

duty truch.

Long-
distance distar?ce

urban bug coach

Short-
distance
urban bus

v

Hydrogen is less competitive
compared to conventional options

Hydrogen is more competitive
compared to conventional options

Source — Hydrogen Council Report — “Path to Hydrogen Competitiveness: A Cost Perspective”,
January 2020
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All current market
drivers for
electrification are

fueling unprecedented

fuel cell activity for

mobility.

Power to Change the World® 58 BALLARD.COM



BALLARD

ICE vehicle ban

Current government proposals

Country to ban ICE only vehicle sales

- China Actively considering and studying a ban
BB Fance 2040

5 Germany 2030

e INdia 2030

B B ireland 2030

= Israel 2030

: Netherlands 2030

EIE Norway 2025

P>d Scotland 2032

== UK —2646- 2035
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VAL OR |EA Report: The Future of Hydrogen

* The time is right to tap into hydrogen’s potential to play a key role
a clean, secure and affordable energy future. The

* Hydrogen can help tackle various critical energy challenges. e
* Hydrogen is versatile.

* Hydrogen can enable renewables to provide an even greater
contribution

* There have been false starts for hydrogen in the past; this time
could be different.

* Hydrogen can be used much more widely

* However, clean, widespread use of hydrogen in global energy
transitions faces several challenges. (Currently mostly carbon
based, infrastructure needed, ongoing regulatory effort...)
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Majo nvestments and Partnerships
BALLARD g Now Accelerating

(&) BOSCH

INDUSTRIAL

MICHELIA>< e L/><WE'EHA,

‘Faureci

” e\ BALLARD //

INDUSTRIAL
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Hydrogen 8% 4 | $2.5 tr

o ‘ma energy -annual CO; annual sales
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“In less than 10 years, it will become cheaper to
run a fuel cell electric vehicle (FCEV) than it is to
run a battery electric vehicle (BEV) or an internal
combustion engine (ICE) vehicle for certain
commercial applications.”

Deloitte- Ballard report 2020
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Exhibit 20 | TCO trajectory of trucks

TCO for trucks
USD/ton per km

LCV for urban MDT for regional
transportation transportation
0.22 0.22
020 % 0.20
0.18 | ‘-3‘: 0.18
0.16 0.16
0.14 '] 0.14
0.12 0.12
0.10 0.10
0.08 0.08 |
0.06 0.06 1
0.04 0.04
0.02 0.02
0 0
2020 30 40 2050 2020 30 40 2050
Range Range
in tank: in tank:
300 km 500 km

SOURCE: McKinsey Center for Future Mobility; CARB Advanced clean truck; ICCT

HDT for long-haul

% FCEV = BEV = ICE

transportation
0 Maintenance
0.22 5 /0
0.20
0.18
Assembly 2 %
0.16
0.14
(v Fuel and
942 60 /0 infrastructure
0.10
0.08
Powertrain 1 3 %
[0 Non-
0 20 /0 powertrain
2020 30 40 2050
Cost build-up
Range for a medium duty
in tank: fuel cell truck in 2030
600 km
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- 2030% , 100%
. R - E decarbonized
BALLARD © e WS hydrogen fuel for
‘ . transport

-10 trains ™

-

Thousand’s oUV st hydrogen
of fuel cell buses will be powered sold for currentl powered cruise ships
will be on the road. by hydrogen . non electrified be in service .
railways could be
powered by
hydrogen.

The vj of the Hydrogen Council is achievable
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Hydrogen and fuel
cells in Canada

Power to Change the World® BALLARD.COM


https://youtu.be/RxwcGduXq74

..........

| BALLARD 2. .

“It will take a combined
effort of academia,
government, and

industry to bring about

the change from a

gasoline economy to a
hydrogen economy” |

Geoffrey Ballard (1932-2008)

Power to Change the World® 69 BALLARD.COM



Power to Change the World® 7o ~ BALLARD. com



| BALLARD !

_v"' s.‘

Ve DC TTRNSTY s

Power to Change the World® BALLARD.COM



S
(]
9
a
[
<
3
<
o

Power to Change the World®




BALLARD.COM

73

Power to Change the World®



BALLARD

Power to Change the World® BALLARD.COM




0] BALLARD BY THE NUMBERS

WEICHAI
A - g’}b@\ 25years gl Nasdaq B rrroremescom
‘ > NSSHNBO
-:r' \@Jﬂ 27years | SY 3) At
YEARS 900 1,400 4
1979-2019 employees patents & applications publicly listed Company strategic shareholders

|| | -: l--.------ ~ u_ BB = M

570+ 2,000+ 4 TRAIN 5 SHIPS 12,000

in development forklifts in operation

transit buses in service trucks delivering goods projects on track

iii !
) . : ;
LA

$80million 670 MW >5.5million MEAs  >30million >30,000hours

automobile stack of fuel cell products produced kilometers of vehicle operation of fuel cell
development program delivered experience stack in London buses
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® Sales or Service | . R . / ).
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Strong intellectual
capital and IP
with over 1,400
patents and
applications

M Fuel Cell System
M Balance of Plant
% m Fuel Cell Stack
m Plates

B MEA/Seals

m Other
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Ballard-Powered Fuel Cell
VN OB Vehicles

Unit cell stack components

Bipolar
Membrane plates and Fuel cell stack
Electrode gaskets

Catalyst Layers Assembly '
S S e
;s &

Fuel cell module
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Powered by Ballard
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JBMEE el cell truck for Alberta
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| Canadian Hydrogen
UV o d Fuel Cell Sector

Revenue of $ZO7 million

$1 50 mi”iOﬂ of revenue

from product sales

$47 e s T ———

development contracts

Employment of 2,177 jobs

65m | 46 319

Demonstr.
Projects

Strategic Alliances Research Pz

. Research, development and demonstration
expenditures of $91 Mmi | | 1ON
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Canada hydrogen and
fuel cell industry
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Hydrogen and Fuel Cells
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BRITISH COLUMBIA
HYDROGEN STUDY

Z E N CLEAN ENERGY
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BALLARD

Vision for 2050

BC can be a global leader by adopting policies that promote and support all sides of an emerging hydrogen
economy including demand, supply and technology development. Through a combination of policy and
investment, hydrogen can play a major role in the Province by 2050.

ONE
15.6 MT UP TO $15B
CO,e/YEAR 1.45 MT 45% H, IN MILLION EXPORT

H2/YEAR FCEVS ON
NG GRID ROAD REVENUE

REDUCTION
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HYDROGEN PRODUCTION PATHWAYS IN BC
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Gasification and
Water Gas Shift

BIOMASS

Reforming /
Water Gas Shift K

Electrolysis

Purification and
C02 Capture
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GREEN HYDROGEN

NATURAL .
GAS | Plasma Pyrolysis |—>

['Thermal Pyrolysis ]—)

Purification
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BLUE HYDROGEN

BLUE HYDROGEN
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Carbon Sequestration - Carbon Black
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Low CI
Hydrogen

Green Hydrogen:
Hydrogen
produced from
clean or renewable
electricity.

CO2 Capture and
Sequestration

Blue Hydrogen:
Hydrogen
produced from
natural gas and
biomass which is
net carbon neutral
using carbon
capture and
storage.




L0 Recommendations

The top ten recommendation themes for the 2020 - 2025 timeframe are to:

1. Identify and communicate hydrogen as priority sector for the Province.

2. Priorities development of large-scale, low carbon intensity hydrogen supply infrastructure and strategic
hydrogen liquefaction and distribution assets in the Province.

3. Adopt policy that specifies the carbon intensity of hydrogen, rather than limiting to renewable only. This
includes updating the defining of renewable natural gas in BC’s Greenhouse Gas Reduction Regulation to
include low carbon intensity hydrogen.

4. Set longer-term objectives for transition to renewable hydrogen supplies through establishing tired
thresholds of required renewable content over tie.

5. Develop flexible, lower cost electricity rate schedule to encourage production of Green Hydrogen.

6. Support lighthouse projects that will demonstrate the potential of hydrogen in critical end use applications.
7. Adopt recommended policies and regulatory framework for light and heavy-duty FCEVs and support the build
out of hydrogen refueling infrastructure.

8. Support research, development and deployment in the Province to ensure the local hydrogen cluster
maintains competitive global advantages and remains an important economic sector within the Province.

9. Support initiatives related to developing an export market for hydrogen, particularly those that can leverage
international investment to develop local supply of hydrogen.

10. Priorities a strategic investment fund to support the above recommendations.
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Opportunity for BC and AB with

BALLARD production of low carbon H2

% co, Storage

Reservoir Rock
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AL ON [N the future...

Off-grid renewable dedicated to
hydrogen production Hydrogen trucks
and busses Hydrogen

Alkaline / PEM
electrolysis

H2 supply from
5 Alberta via pipeline

industrial uses
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Complete and long-
term environmental

impact must also be
addressed.
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Supply chain risk
must be part of the

technology
assessment when
choosing a path to
electrification.
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Fuel cell have a lower environmental
SIVIN OB impact

Fuel cell stacks are refurbished by
replacing the membrane electrode
More than 95% of platinum o assemblies(MEA)
catalyst is recycled

Carbon bipolar plates & compression
hardware are re-used indefinitely

Fuel cell membranes are
recycled and stack is re- ®
conditioned
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Fuel cell fueled by
green hydrogen is
the cleanest zero
emission transport

solution
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Take away

1 Hydrogen is required to meet our emission reduction objectives
if we are serious about decarbonization.

2 Unprecedented global momentum
driven by 4 underlying trends — decarbonization, falling renewable costs,
strategic government push and industry coordination.

3 Hydrogen potential 10x until 2050

Growth in feedstock, transport, buildings, industrial heat, and electricity.

4 Low-carbon hydrogen can be competitive by 2030
Green and blue hydrogen can beat grey hydrogen by 2030.
Step-change in scale would unlock trucks, cars, steel and others.

5 Canada & British Columbia have the opportunity to become global
leaders for hydrogen and fuel cells
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RYDROGEN FLEL CELLS
SOLAR + WIND
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April 1+2
2020

Vancouver
Convention
Centre
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At Ballard,

We deliver fuel cell

power for a
sustainable planet.
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