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Key decarbonization strategies
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[Clean Energy Transition Institute]



The flow of (renewable) electrical energy
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The flow of (renewable) electrical energy
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We need 
energy storage 

and an 
energy carrier !



Weight and volume of energy storage/carriers
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[Shell Study 2017]

Gravimetric energy density [MJ/kg]
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Lightest and simplest 
chemical element 
consisting of only one 
proton and one electron 

Makes up 2/3 of all 
molecules on our planet 
that represents  = 75% of 
the mass of the universe

Hydrogen is a gas at room 
temperature but changes 
to a liquid at a 
temperature of -252.8 oC 

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



Hydrogen production
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Natural gas, Methane
(Oil, coal)

CH4

CH4 + H2O (+heat) -> CO + 3 H2
CO + H2O -> CO2 +  H2

“steam reforming”

Water

H2O

H2O (+ electricity)  -> H2 + ½ O2

“electrolysis” 



The colours of hydrogen
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CCS = Carbon Capture & Sequestration
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Fuel cell = 
pile à combustible



H2 combustion vs fuel cell

combustion: “burning the fuel”

H2 + ½ O2 H2O

output: mechanical energy 
heat (lots of …)
water
N2, NOx

fuel cell: “chemical reaction”

H2 2 H+ + 2 e- (anode)

½ O2 + 2 H+ + 2 e- H2O (cathode)

output: electrical energy 
heat (not so much …)
water
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PEM fuel cell

Proton Exchange Membrane

Polymer Electrolyte Membrane
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Membrane Electrode Assembly

hydrogen air

bipolar plate

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



30 and 50 kW systems
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application typical power 
range

examples

portable 1  W to 20 kW
• APUs (auxiliary power units) for 

boats, RVs, lighting
• military applications

stationary 0.5 kW to 2 MW

• Large powerplants and combined 
heat/power units (CHP)

• Small/home CHP units
• Uninterruptible power supplies
• Large APUs (trucks, ships)

transportation 1 kW to 300 kW

• Forklifts
• Cars
• Trucks and buses
• Rail
• Airplanes

Fuel cell 
applications
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Key aspects 
of electric 
vehicles
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Fuel cells should 
be renamed fool 
cells, they are 
mind-bogglingly 
stupid
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What is important?

KS Engineers - 35 -

Energy efficiency Range

Recharge/refueling 
times

Operational schemes
Infrastructure -
Charging and 
Hydrogen

Cost

Weight and package
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Battery charging 
challenge

Battery chemistry

Required electrical  power
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x

Time

h

=
Energy

kWh

Power

kW
HP
speed
acceleration
weight

range driving time

Electric vehicle fundamentals

Truckenbrodt Clean 
Energy Consulting Inc. 
February 2021

- 39 -



Tesla 3

long-range

Toyota

Mirai

range 500 km

power 192 kW 113 kW

energy consumption 15 kWh/100 km

battery/tank size 75 kWh 5 kg H2

battery/tank weight 480 kg 88 kg

Tesla 3 vs Toyota Mirai

https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjIi-3d0qjcAhWDJVAKHVmKAN4QjRx6BAgBEAU&url=http://www.motortrend.com/cars/toyota/mirai/2018/&psig=AOvVaw0ueGuCZ6ZUsJps96i6iN9B&ust=1532003177754699


charge power 

[kW] 
charge time

[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

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
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Charging infrastructure in Canada

Truckenbrodt Clean 
Energy Consulting Inc.   
April 2021

- 46 -

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

Fast charging: 95 to 130 kilometers per 20 minutes of charging time.

4,289 Level 2

772 Fast 
charging



Hydrogen 
station

KS Engineers



Hydrogen stations in BC
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H2 Mobility

https://h2.live/en

total: 106

H2 stations
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Cost of Infrastructure - Charging vs Hydrogen 

KS Engineers



For reference …

US oil and gas
investment
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US$ 50 billion

[American Petroleum Institute 2017]

US$ 22 bio



Battery and fuel cell vehicles don’t fight.

They are both necessary ingredients 
for a sustainable future!Truckenbrodt Clean 

Energy Consulting Inc.   
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The path to cost reduction
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Ballard - Deloitte White Paper “Hydrogen and fuel cell solutions for transportation”

TCO (total cost of ownership) development
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TCO

[US$/100 km]

FCEV

BEV

ICE
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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
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• zero emissions

• 2x efficiency as combustion engine

• no noise

• high reliability

• multiple applications

- 57 -



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

The technologies are available 
and ready for the market

Commercialization has started 
and is increasing at an 
amazing speed

There is no wonder drug - we 
need the right technology for 
the right application



Thank you !

andreas.truckenbrodt@truckenbrodts.com
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