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Key decarbonization strategies
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Energy Efficiency Clean Electricity Electrification Low-Carbon Fuels Carbon Capture
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The flow of (renewable) electrical energy,,
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The flow of (renewable) electrical energy,,,
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I= We need

energy storage
and an
energy carrier !
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Weight and volume of energy storage/carriers

13 ENERGY DENSITY OF FUELS
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What 1s
hydrogen 7




Hydrogen

1.008
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Lightest and simplest
chemical element
consisting of only one
proton and one electron

Hydrogen is a gas at room
temperature but changes
toaliquid at a
temperature of -252.8 °C
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Makes up 2/3 of all

molecules on our planet
that represents = 75% of
the mass of the universe

It contains up to 3 times
more energy per unit
mass than diesel
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Hydrogen production

Natural gas, Methane
(Qil, coal)

CH4

Water

H20

CH4 + H20O (+heat) -> CO+3 H20O (+ electricity) -> . + 7 02
CO + H20 > €02+
“steam reforming”’ “electrolysis”
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The colours of hydrogen

Grey hydrogen
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from natural gas

Truckenbrodt Clean
Energy Consulting Inc.
April 2021

Blue hydrogen

*w/*@

from natural gas
with carbon capture
and storage

CCS = Carbon Capture & Sequestration

Green hydrogen

Q9
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V77 4
«&&  from water
using zero-carbon

electricity
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Fuel cell =
pile a combustible




H2 combustion vs fuel cell

combustion: “burning the fuel”  fuel cell: “chemical reaction”

H, =2H"+2¢ (anode)
H, + iz 02 —> HZO

1% O2 +2H"+2e = HZO (cathode)

output: mechanical energy output: electrical energy
heat (lots of ...) heat (not so much...)
water water

N,, NO,
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PEM fuel cell

Proton Exchange Membrane

Polymer Electrolyte Membrane
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(Hydrogen)

Surplus fuel
recirculates
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Proton exchange membrane

N
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0, (Oxygen)
from air

Heat (85°C)
"' Water or
air cooled

Air +
ELE

H,O=p vapor

Flow field plate

Gas diffusion layer

Catalyst




Fuel cell stack

~ fuel cell stack
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Key advantages of fuel cells

NO emissions

high efficiency (fuel cell 60 % vs combustion engine 35 %)

No noise

high reliability
Hydrogen as the fuel provides

* long range

* short refill times
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Fuel cell
engine
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2010

2018
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30 and 50 kW systems
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What can
we do with

fuel cells?




application

typical power
range

examples

portable

Fuel cell
applicatiOnS stationary

1 Wto 20 kW

B

transportation ﬁ 1kW to 300 kW
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APUs (auxiliary power units) for
boats, RVs, lighting
military applications

Large powerplants and combined
heat/power units (CHP)
Small/home CHP units
Uninterruptible power supplies
Large APUs (trucks, ships)

Forklifts

Cars

Trucks and buses
Rail

Airplanes
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Battery
Vs
Fuel Cell
VS
. Combustion Engine
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Transportation
Fuel Cell

®
Vehicles (v
powered by hydrogen, are no-compromise This makes them suitable for
and emission-free, offering long operating everyday driving and heavier
range and fast refueling. transport such as buses
and shipping trucks and
even spacecrafts.
FUEL DIVERSITY AND USES
FCVs
= EVs HVsP/PHVs
m i -t0-
§ Short-distance Wide-use Med(;:;r:la't‘(éelong
4}
y

Passenger cars

Personal mobility

TRAVEL DISTANCE

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

Energy Consulting Inc.
April 2021 SOURCE: Green Car Reports




BATTERY VEHICLES HYDROGEN FUEL CELLS

Highest well-to-wheel Fuel faster

@ efficiency
Low
operational
cost

Drive
further

Zero emissions

Key aspects
of electric

U

vehicles

High efficiency

\E‘eCtriC driVE/

Sustainable Low noise All vehicle

city vehicle types
TruckenbrodtIC.Iean Low initial Lower longer term
Energy Consulting Inc. infrastructure cost infrastructure cost
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loomberg

Hf'e Fuel cells

Amazon Finds There's
Nothing Foolish in Fuel

7 7
fool cells =
o
TOYOTA
Toyota sees great potential in hydrogen

and fuel cell vehicles.

cvents
Truckenbrodt Clean < , l
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What is important?

Energy efficiency

Infrastructure -
Charging and
Hydrogen

Operational schemes

Cost

KS Engineers

Range

Recharge/refueling
times
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Problem of all
clectric vehicles:

How to store
and replenish
the energy 7



“‘“ BATTERY BREAKTHROUGH COULD MAKE

CHARGING CARS AS QUICKASFILLING I
_' A UP WITH FUEL




Battery charging
challenge

Battery chemistry

Required electrical power

Truckenbrodt Clean Energy
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Electric vehicle fundamentals

Time Energy
kKW h kWh
HP
speed o
acceleration driving time range

weight
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Tesla 3 vs Toyota Mirai

Tesla 3
long-range
range @
power 192 kW 113 kW
energy consumption 15 kWh/100 km
battery/tank size 5 kg H2

battery/tank weight 480 kg 88 kg
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Tesla 3 vs Toyota Mirai

charge power charge time
[kW] [hr] [min]

Battery capacity 75 kWh 75 1 60

Level 2 charger 7.5

ast charger
Tesla Supercharger 120 0.6 38
Porsche Fastcharger 350 0.2 13
5 min Charger 900 0.08 5

Hydrogen refueling time n/a 0.08 5




Tesla 3 vs Toyota Mirai

charge power charge time

[kW] [hr] [min]

Battery capacity 75 kWh 75 1 60

Porsche Fastcharger 350 0.2 13
5 min Charger 900 0.08 5

Hydrogen refueling time n/a 0.08 5




Tesla 3 vs Toyota Mirai

charge power charge time

[kW] [hr] [min]

Battery capacity 75 kWh 75 1 60
Level 2 charger 7.5 10 600
Fast charger 50 1.5 90
Tesla Supercharger 120 0.6 38

5 min Charger

Hydrogen refueling time n/a 0.08 5
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Charging and
hydrogen
infrastructure

_44_






Charging infrastructure in Canada

Canada

4,289 Level2 Q

{ seC

772  Fast 4
charging

' Map data ©2021 Google, INEGI  Terms of Use

Level 2: 16 to 32 kilometers per 1 hour of charging time.

o Fast charging: 95 to 130 kilometers per 20 minutes of charging time.
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Hydrogen stations in BC

LEGEND

Current HTEC Stations

.,

Planned HTEC Stations

Other Stations

EJ (Powertech)
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H2 stations
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Cost of Infrastructure - Charging vs Hydrogen

$50B | Battery electric vehicle (BEV)
US $56.2 billion (base case)

Fuel cell electric vehicle (FCEV)
US $44.0 billion (base case)

s25B -
Hydrogen Futling and Electric Charging of vonictes R TaTtal
A, JOLICH
0 ® S ] 1 ] 1 J
0.1M ™M 3M cM 10M 15M 20ME

KS Engineers




Exhibit ES-2: Oil and Gas Infrastructure CAPEX by Year (Million 2015$)

Base Case
Projected (2017-2035) Average Annual CAPEX = $55,773

$100,000

For reference... $90,000
$80,000

US oil and gas $70,000

investment $60,000
USs 50 billion *
$40,000
$30,000
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1gredients

Truckenbrodt

e - —— forasustainable future!
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The path to cost reduction
M Feeicelivehide H nybrid

economies of scale,
< high-volume manufacturing

industrialization,
—supplier development

—— technﬂlogy;

............... D—'—

current future Diesel
generation generation hybrid
& 1,000's (@ 100,000's
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TCO (total cost of ownership) develOpment
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TCO

[US$/100
240

220
200
180
160
140
120
100

km]

FCEV

| |

T BEV ————

o FCEV breakeven with BEV: 2024
1 o FCEV breakeven with ICEV: 2028

ICE

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Ballard - Deloitte White Paper ‘“Hydrogen and fuel cell solutions for transportation”
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What is so cool
about hydrogen
and fuel cells?
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Key advantages of hydrogen and fuel cells

* the most abundant element on earth

* energy carrier with the highest energy density, non-
toxic, safe

* many (renewable) and local ways to make hydrogen

* a universal “energy vector” for use as storage,
transport, fuel

* zero emissions
* 2x efficiency as combustion engine Heat o -

Heat

* NO noise
high reliability
multiple applications

Hydrogen In Oxygen in

Water out

B

cathode

o
c
£
o
E
@
£

FUEL CELL

Energy Consulting Inc.
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Key takeaways

—

Batteries, hydrogen and fuel
cells are major elements of our
sustainable future

The technologies are available
and ready for the market

Truckenbrodt Clean Energy Consulting Inc.  April

2021

Commercialization has started
and is increasing at an
amazing speed

There is no wonder drug - we
need the right technology for
the right application
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Thank you'!

andreas.truckenbrodt@truckenbrodts.com
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