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Reducing well-to-wheels emissions 
BY INNOVATION OF THE ENERGY SOURCES AND THE POWER SOLUTIONS
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Decarbonize 
and improve 
resiliency of 

the grid

Innovate and 
scale low 

carbon fuels

Develop and 
mature the green 

hydrogen 
economy

ENERGY SOURCES

Reduce GHGs from 
internal combustion 

engines

Increase adoption 
of fuel cell, 

battery electric 
and hybrids

POWER SOLUTIONS
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ELECTROLYZERS HYDROGEN STORAGE

INDUSTRIAL APPLICATIONS

ELECTRICITY

HYDROGEN REFUELING STATIONSPOWER GENERATION

~40%

~70%
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D R I V E R S  &  E N A B L E R S
Transition to Hydrogen
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Fuel Cell Powertrain Improvements 

 Fuel cell durability, efficiency, and cost 

 Hydrogen storage on the vehicle

 System integration on the vehicle
• vehicle thermal management
• vehicle technology modularity
• Integration of e-Powertrain technology

Further stack improvements
Max operating temp
Durability
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HOURS OF OPERATION PER YEAR
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COMMERCIAL VEHICLE & INDUSTRIAL POWER INCLUDES A BROAD 
ARRAY OF CUSTOMERS AND APPLICATIONS

Hydrogen Fuel Cell Electric 

Battery Electric
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Hydrogen Highway: 
Range & Fast Refueling >> Utility & Flexibility

Refuel time for 
300 miles of 
range for HD 
truck

1000 miles

500 miles

250 miles

1.5 min

2.5 hours

15 min

Diesel

Electricity 
(300 kW 
charger)

H2 pump 
(today’s pass 
car pump)

Hydrogen: lower cost zero carbon energy storage 
H2 storage system: $20/kWh, Battery: $100/kWh
Renewable energy storage / long term storage
More cost effective if duty cycles are variable

# trucks that can 
be refueled in 2.5 
hours

~100

~10

~1

RANGE Today 2030

BEV Truck 300 500

FC Truck 500 1000
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Hydrogen Fuel Cell Adoption in HDT
Near term
TCO breakeven with ICE’s will be in the early 2030’s—ACT/Sustainable Fleets will likely drive ZEV penetration in 
this decade

Choice between battery power vs hydrogen fuel cell power

battery cost vs fuel cell and hydrogen cost vs charging time

Future cost of diesel/NG operation could pull up TCO breakeven timing

Expect regional variation in adoption

H2 ICE may be a bridge solution 

Longer Term
FCEV’s will be an important platform in HDT

The development of FC technology, hydrogen infrastructure, low hydrogen cost, and regulations will impact timing
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Summary
The transition to zero emissions commercial vehicles will be complex 

Hydrogen is likely to have stronger adoption in HD Truck than other mobile segments

The TCO breakeven point for ZEV’s with ICE’s in HDT is likely in the early 2030’s

Significant improvements in ZEV powertrains are ongoing

Modularity and scalability of powertrain options will impact cost and customer adoption

Regulations, incentives, and ESG initiatives will be impactful and create significant 
regional variations in the adoption of hydrogen fuel cell powertrains
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