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Evaluate Vehicle Fuel Economy of Advanced 
Technologies
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Benefits Evaluation of Light-duty Vehicles Research done by DOE

Vehicle 
Simulation

Market Penetration
Fuel Importation,…
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Go through the points…..

Lee Item #3 (Accomplishment to date) -> Before leaving the slide, mention that “GPRA was initiated in 1993 and for the past 5 years, PSAT has been used every year to provide vehicle fuel economy inputs. Each year, the assumptions are refined as well as the models, data and controls to provide more and more accurate estimations. Currently, the process is based on…” go to next slide
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Large Number of Technologies…
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… Requires Development of Process
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Make sure we mention that without the process, the overall cost of the project might double due to the time required to size and run each simulation



List of Main Assumptions for Each Component

Technology
Fuel
Peak Torque
Specific Power
Efficiency
Time response
Cost…

Technology
Peak Torque
Specific Power
Efficiency
Time response
Cost…

Technology
Specific Power
Efficiency
Time response
Cost…

Technology
Gear Number
Mass
Efficiency
Cost…

Transmission

Engine Electric Machine Fuel Cell

Hydrogen Storage

Technology
System Gravimetric Capacity
Cost…

Energy Storage
Technology
Specific power
Power and energy oversize
Efficiency (Rint, Voc…)
SOC window
Cost…

200 to 400 assumptions required to simulate a single vehicle
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Uncertainty Process

Triangular analysis was used for 
each assumption

90% vehicle 50% vehicle 10% vehicle

Each vehicle (10, 50, 90%) has three costs values

Fuel Cell System Cost

Low Med High

Drag Coefficient -

 

Car

Low Med High

Glider Mass Reduction

Low Med High
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Fuel Cell System Assumptions
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Engine Efficiency Assumptions

2010 Average Case, 
Hydrogen DI Introduction
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Vehicles Defined to Meet Requirements
 0–60 mph in 9 ±

 

0.1 s 
 Maximum grade of 6% at 65 mph for gross vehicle weight
 Maximum vehicle speed > 100mph

Gasoline Conv

Hydrogen Conv

Gasoline HEV

Gasoline PHEV
Hydrogen HEV

Fuel Cell HEV

Fuel Cell PHEV Hydrogen PHEV
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Reference Vehicles Fuel Economy Compared to 
Entire Class (Combined Adjusted EPA 2008) 

Small SUV

Midsize SUV Pickup Truck

EPA 2008 Adjusted Values –

 

Including Cold Start Penalty

Midsize Car

24.2 mpg 21.5 mpg

18.2 mpg 15.8 mpg
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Fuel Efficiency improvement more aggressive for H2 split HEV

Fuel Cell HEV Fuel 
Consumption Ratios

H2 Split HEV Fuel 
Consumption Ratios

Evolution of Technologies Compare to their 
Reference (i.e. 2008) Case
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Comparison to Gasoline HEV Fuel Consumption 
(same year/case ratios)

Fuel Cell HEV keeps a 
roughly constant 30% fuel 
efficiency advantage

H2 HEV converges 
towards a 30% fuel 
efficiency advantage
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Evolution of Fuel Cell HEV Compared to Hydrogen 
Engine HEV (same year/case ratios)

Direct Injection Introduction 
quickly attenuates fuel 
efficiency differences

Fuel Cell HEV Cost reduction 
faster than H2 Split HEV

Fuel Cell only 9% less fuel 
consuming, 2.5% for UDDS.
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Dramatic Cost Reduction for Fuel Cell HEV. Both 
Technologies become less than 20% more expensive than 
Conventional Gasoline in 2030.

Cost Comparison Between Fuel Cell HEV and 
Conventional Gasoline (same year/case ratios) 
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Trade-offs Between Fuel Efficiency and Cost

Conv. H2 
ICE

Split HEV H2

Fuel Cell
 

HEV
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Conclusions

■

 

Fuel economy and Cost Evolution until 2045 of two hydrogen 
technologies were compared on the UDDS and HWFET drive cycles for 
various vehicle configurations. 

■

 

The fuel efficiency improvement of Hydrogen-ICE technologies is more 
aggressive than Fuel Cell vehicles.

■

 

The two technologies could reach the same fuel economy by 2045
■

 

Both technologies’

 

cost tend to be 10% to 20% cheaper than a 
Conventional Gasoline in 2045 with a slight advantage for Hydrogen HEV.

■

 

Most improvements for the fuel cell vehicle are related to cost.
■

 

Study Confirms the Department of Energy (DOE) position on Hydrogen 
technologies
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