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Positioning Applications Challenges

Clean Diesel
 Proven / Reliable / Durable
 Long Future
 Versatile
 Technology to Beat

 All Applications  Rising costs and complexities

Hydrogen (IC)
 Zero-Carbon
 Fast Fueling
 Long Range / Versatile

 Heavy Duty: 
excavators and 
loaders

 Air Compressors

 Ports and 
Distribution: Yard 
Spotters, 
Material Handling

 Green hydrogen availability
 High initial price and limited 

infrastructure will limit mass 
adoption

Battery Electric /
BEVx

 Zero-Emissions / Range
 Scalable Powertrain
 Low Maintenance

 Light Duty: 
Compact 
excavators and 
loaders

 Ports and 
Distribution: Yard 
Spotters, 
Material Handling

 Ground Support 
Equipment

 Battery weight/packaging and 
lack of charging infrastructure 
will limit adoption

Hydrogen 
(Fuel Cell)

 Zero-Emissions
 Fast Fueling
 Long Range / Versatile
 The Future of Heavy Duty

 Heavy Duty: 
excavators and 
loaders

 Green hydrogen availability
 High initial price and limited 

infrastructure will limit mass 
adoption

Power of Choice: Technology Positioning
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Different Use Cases: Complementary Technology

Light-Duty Cycle Medium-Duty Cycle Heavy-Duty Cycle

Zero CO2 Technologies

• Battery Electric Vehicles

• H2 Fuel Cell
• H2 ICE
• Renewable Diesel

Use Case

Regulations

Incentives

ESG

Infrastructure

Business Model

…

Diesel

Versatile
Reliable
Low Cost

Ubiquitous

• Mixture based on 
regulations, 
infrastructure and 
customer 
preference
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Building Scale: Across Markets & Technologies

ON-HIGHWAY

OFF-HIGHWAY POWER GEN

WHEEL
MOTORS

POWER
ELECTRONICS

BATTERIES

FUEL CELLS
H2 STORAGE

H2 GENERATION

CLEAN
DIESEL H2 ICE

NATURAL 
GAS

ADVANCED ICE

COMPONENTS
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Engine B6.7 L9 X15

V
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i a
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Diesel X X X

Gasoline

Market Driven Market Driven Market DrivenPropane

Natural Gas

H2 ICE X X X

Global Platform: Fuel Agnostic
Reliable | Durable | Scale | Common

Target Market 
is On-Highway
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 Best Option for the Environment

 Zero-carbon with green Hydrogen

 Scale production can begin mid decade

 Benefits to End Users

 Competitive initial cost

 Drop-in replacement for diesel

 Familiar powertrain technology, vehicle 
technology, and maintenance practices

 Single fuel supply switch

 Complementary with a Hydrogen Fuel Cell Future

 Builds scale for Hydrogen storage tanks on 
vehicle

 Drives Hydrogen fueling infrastructure

While a Fuel Cell Electric machine could be the long-term solution to decarbonizing the off-highway market, a 
Hydrogen Engine provides a complementary short- and medium-term solution for decarbonizing.

Hydrogen Engine Powered Excavator

H2 ICE: Decarbonize Sooner
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Diesel Hydrogen Natural Gas/Gasoline

Base engine (block, crank, auxiliaries, etc)

Installation parts (mounts, flywheel housings, REPTO, pipework, etc)

Cylinder head

Ignition system

Engine control unit, and software

Fuel system

Air handling system

Aftertreatment system

H2- Fuel Cell H2-ICE

H2 production

H2 distribution

H2 filling station availability

On-board H2 storage

Needs electrification of 
driveline & accessories

Uses existing drivelines & 
accessories

No aftertreatment Requires aftertreatment

• Spark ignited engine variant, similar to Natural Gas/Gasoline engine 
hardware

• Utilises existing installed capacity in engine and components 
manufacturing

H2 ICE: What is it?
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Destination Zero: Technology Comparisons

Low Carbon Fuel H2 ICE

Emission NOx and PM like diesel  with AT
NOx like diesel 

Near zero PM, CO 

TTW CO2 CO2 like diesel Zero CO2

WTW CO2
Depends on source of biomass and 

production process
Zero CO2 if using green H2

Powertrain Capex Same as diesel ICE H2 tank system required.

Space Same size as diesel ICE Increased space for H2 Tank

Weight Same weight as diesel ICE Increased weight for H2 Tank

Fueling/Charging <15 mins fueling
< 15mins-30 mins fueling, 

depends on tank size

Infrastructure Can use existing infrastructure
H2 distribution and refueling 

infrastructure required 

Higher Perf

Mid Perf

Lower Perf

Zero

Reduced

Similar
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Destination Zero: Energy Volumetric Density and Duty Cycles 

Diesel 
ICE 

Baseline Included:
• Diesel = Fuel + DEF
• H2 FCE = Fuel + Battery
• H2 ICE = Fuel + DEF
• BEV = Battery Pack @ 

173 Wh/L
Note: H2 Corrected for Packing 
Density of Round Tanks

Subject to change. Early assumptions on efficiencies of newer technologies.

H2 FCE H2 ICE

BEV

700 Bar Gaseous

Heavier Duty Cycles                                                         Lighter Duty Cycles
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Destination Zero: Energy Gravimetric Density and Duty Cycles

Diesel 
ICE 

Baseline
H2 FCE H2 ICE

BEV

700 Bar Gaseous

Included:
• Diesel = Fuel + Fuel Tank 

+ DEF + DEF Tank
• H2 FCE = Fuel + Type IV 

Fuel Tank + Battery
• H2 ICE = Fuel + Type IV 

Fuel Tank + DEF + DEF 
Tank

• BEV =  Battery Pack @ 
135 Wh/Kg

Heavier Duty Cycles                                                         Lighter Duty Cycles

Subject to change. Early assumptions on efficiencies of newer technologies.
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Leveraging
High volume scale,
~1.5M engines made 2021

Centered
Around 5 critical platforms

Relieving
Investment burdens for our 
OEM partners

3.8L to 15L

+ Offering Technology Beyond Engines

Electronics & 
Fuel 

Systems

Aftertreatment FiltrationTurbochargers New Power

Committed 
To investment in diesel

F-Series B-Series L-Series X-Series

Our Commitment: Continued investment in diesel across market 
segments alongside other technological investments leveraging scale
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