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= PROJECT OBJECTIVES

_ A prototype fuel cell hybrid switch
locomotive that will:

A Provide path to fossil fuel
free rail power

A Reduce air and noise
pollution

A Serve as a mobile backup |
power source

Copyright © 2010 by Vehicle Projects Inc



PROJECT OVERVIEW

Funding: U.S. Department of Defense, BNSF Railway
Duration: 2006 1 2010, concept through demonstration
Results: First fuel cell switch locomotive

Proved technical feasibility in rail applications

Learnings for future applications
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= WHY FUEL CELLRAIL?

B customer perspective

A Clean air!, low noise

A Less or no total CO, emissions
Business perspective
A Capital costs i rail vs. auto

A Captured fleet - minimal fueling infrastructure
A Duty cycle T more predictable than auto

A Implementation i retrofit vs. ground up
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= CHALLENGES OF
— FUEL CELL RAIJL

Business

Technical

AHydrogen fuel storage volume
AEquipment scaling costs

ACold weather storage
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Radiator module
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A Fuelcell and Traction Power electronics
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A 70 kg hydrogen at 350 bar
[ 5100 psi ]

Traction
battery
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WHY HYBRID?

TYPICAL YARD SWITCHER
POWER VS TIME
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RADIATOR MODULE

BALLARD® FUEL
CELL STACK
MODULES

BALANCE OF
PLANT

POWER ELECTRONICS
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Hydrogen Storage
Module

Battery ventilation
modules
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B YDROGEN FUEL STORAGE

A In rail, fuel system volume is a challenge

A Other options . . . .

VOLUMES OF 100 kg, 300 kW STORAGE SYSTEMS

Fuel System

Theoretical (Limit) Volume, m*

Practical System Volume

(PSV), m*
Compressed hydrogen 4.0 10.
Liquid hydrogen 1.4 3.9
Methanol Reformer 1.0 4.3
Ammonia Dissociator 0.90 2.3
Reversible Metal Hydride 0.80 5.0
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= UNDER CONSTRUCTION
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