
Hybrid Electric HICE and Fuel Cell Buses
--

Comparing the Hydrogen Bus Technologies

12302 Kerran Road
Poway, CA 92064

(858) 413-1734
tbartley@isecorp.com

��������	
���������	
���������	
���������	
�
��
��
������
����
��
������
����
��
������
����
��
������
��

����

������

������

������

��
ISE Corporation

Presentation to Third International Hydrail Conference
August 13-14, 2007



Page 2 August 14, 2007

Agenda

• Overview of Hydrogen Transit Buses

• Hybrid Electric Fuel Cell Configuration 
• The HHICE (Hybrid drive Hydrogen 

fueled ICE) 

• Transit buses and street cars -- an 
exceptional opportunity for large scale 
hydrogen implementation

• Summary – Pros and Cons, HHICE and 
Fuel Cell

• The Vision:  Renewable Hydrogen Fueled 
Transportation
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Hydrogen Fueled Transit Buses 
in Service or Construction

7-10
(30’ bus)

SunLine, AC Transit –
Oakland/Berkeley -- Revenue 

Service

Thor/ISE/UTC

7 (estimated)Van Hool chassis, in development 
for AC Transit and SunLine Transit

ISE/UTC

In operation 
Spring ‘05

VTC (Santa Clara – San Jose)Gillig/Ballard

Vehicle 
announced Jan 

‘05

Reported 300 km range, 90 kw FC, 
Ni-MHi batteries

Toyota - Hino

4-6 (based on 
early testing)

HHICE - New Flyer chassis, 
Prototype serving SunLine Transit

ISE/Ford

--In development, FC being installedISE/ Hydrogenics

3.5 km/kg 
(Madrid) 

CUTE Program - 11 CitiesDaimler/Ballard 
33 Buses

Mi/kg H 2OperatorSource
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ISE FUEL CELL AND HYDROGEN BUS 
PROGRAMS

• Thor/ISE Fuel Cell Bus - First Hybrid Electric Fuel Cell 
Bus in Revenue Service

• Mystery Bus - Large Auto Manufacturer Fuel Cell Bus 
in Evaluation

• Hydrogenics - Fuel cell bus in New Flyer Invero 
chassis, ISE hybrid electric drive system, Hydrogenics 
fuel cell

• AC Transit, SunLine Transit, CT Transit – Five buses 
with Van Hool chassis, ISE hybrid electric drive 
system, and UTC fuel cell

• HHICE - Hydrogen Hybrid Internal Combustion 
Engine Bus, New Flyer chassis, ISE hybrid drive 
system, Ford V10 hydrogen engine
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August 3, 2007

ISE Team Selected By BC Transit For 20 
Hydrogen Hybrid Fuel Cell Powered 

Buses For British Columbia

• A team of New Flyer Industries, ISE Corporation 
and Ballard Power Systems Inc. has been 
selected by BC Transit to supply 20 hydrogen 
hybrid fuel cell buses. These advanced buses and 
their support infrastructure will be put in regular  
revenue service in Whistler, British Columbia. 

• With assistance from the Province of British 
Columbia and the Government of Canada, BC 
Transit will acquire and put in operation the 20 
fuel cell buses and the hydrogen infrastructure to 
support them. 
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HIGH EFFICIENCY, ZERO EMISSION 
FUEL CELL BUS

• Joint Venture established with Thor Industries to d evelop a series of 
fuel cell buses

• Equipped with UTC Fuel Cells 60kW PEM fuel cell 

• Fuel Cell Subsystem Operates at Over 50% Net Effici ency

• Battery Hybrid Drive System Improves Efficiency ~30 %
• Achieves 7-11 MPEG (9.8 MPEG Average in Palm Spring s Service)

• First Fuel Cell Bus in Revenue Service at Sunline Tr ansit, AC Transit
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HYDROGENICS FUEL CELL BUS
• System Installed in Modern New Flyer Invero Bus

• Uses ISE-Siemens Hybrid Drive System with Maxwell Ultracapacitors 
(First Fuel Cell Ultracapacitor Bus)

• Hydrogenics Fuel Cell System Comprised of 3 60kW PEM Fuel Cells 

• Goal is Very High Efficiency Bus
• Fuel Cell Output Voltage is Matched to Drive System (No DC-DC’s)

• Ultracapacitor Energy Storage Yields 10-15% Better Fuel Economy

• Bus will be Demonstrated in Canada and the US
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The Prototype AC Transit FCB
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Fuel Cell Bus in Poway
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Configuration of the FC buses for AC Transit, 
SunLine Transit, CT Transit
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H2ICE Programs
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Ford Leased 12 Passenger HICE Shuttle Bus
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HHICE – Bridging to a Fuel Cell Future

Hydrogen Hybrid Bus

Gasoline Hybrid Bus

Hydrogen Hybrid ICE Bus

Hybrid Fuel Cell Bus
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SunLine Transit Introduction into Service

• December 16, 2004 Public 
“Unveiling”.

• Revenue Service After 
unveiling, bus continues in 
daily revenue service.

• Average fuel consumption 
5.5 mpeg.

• Drivers, passengers 
pleased with comfort and 
performance.
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Cold Weather Testing in Winnipeg
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Winter Testing Protocol

• Winter testing was a joint effort with NRC Canada, 
University of Manitoba Transport Institute, 
Manitoba Energy, Science and Technology, and 
Winnipeg Transit participation with ISE and 
SunLine Transit

• Electrolytic fuel production and compression 
located at Red River College Notre Dame Campus

• As with all Winnipeg Transit buses, night storage 
is indoors

• Bus operated route 19 (Red River College Notre 
Dame Campus to downtown)

• Temperatures ranged from –27 C up towards 
freezing



Page 17 August 14, 2007

Refueling at Red River College 
(Electrolytic Hydrogen)
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Off in a Cloud of Steam!
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Winter Testing Lessons Learned 
(and relearned!)

• Bus does operate at winter temperatures, and is 
comfortable inside

• Drivers love the bus!  So do passengers, comments o n 400 
questionaires focus on width, color of seats, paint scheme–
not the fuel!

• Fuel consumption higher than in Palm Springs area, due to 
low speed (average of 10 mph)

• Water condensation in oil notable, may be a severe problem 
for intermittent operation.

• Fuel must have dew point below –80 C for operation at –25 
C!  On line testing or delivery certification is ap propriate to 
assure fuel quality.

• The only incidents interrupting service resulted fr om a 
spurious hydrogen sensor indication, no leakage was  found
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HHICE in the SunLine Wrap 
Refueling in Washington
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“Engine Room” of the HHICE Bus
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Hydrogen engine in cradle 
note inverters at right
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Energy Flow

M1

M2
CGB

Engine
Hydrogen

GEN
MOT1

AUX
MOT2

Zebra Battery
and/or

UltraCap

AC

GEN

M PS AIR

Accessories

ACCESSORIESACCESSORIES

SIEMENS ELFA SYSTEMSIEMENS ELFA SYSTEM

Inverter 1

Inverter 2

Air Conditioning Motor Power Steering Air Compressor

Generator

Motor 1

Motor 2

Auxiliary

400VAC

400VAC

230VAC

367-667VDC

AC/DC

230VAC
Braking Resistors
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Street Cars are ideal for 
hydrogen implementation

• Due to capability to carry 30-60 kg hydrogen, 
ranges to over 300 miles are attainable

• Street car schedules maximize the use of the 
vehicle, to 16 hours/day, hence buses have 
optimal utilization

• Large numbers of passengers quickly become 
familiar with the quiet, clean operation of these 
electric vehicles, become enthusiastic supporters 
of hydrogen vehicle innovations

• Street car operation is predominately in city 
centers, where quiet and clean operation is most 
needed!  
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Amortized Annual Costs of Operation

245245Hybrid Electric 
Fuel Cell

124124HHICE

11898Gasoline, 
hybrid electric

12184Diesel, 
conventional drive

Capital, O&M + 
Health Cost+Fuel 
Cost Esc.@ 10%

Capital, fuel 
(costs in 

thousands)

Vehicle
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Cost Comparison

5.5 mi/kg => 
$36,000/yr

$600,000 (in 
production)

HHICE

$30,000, 
assuming 7 mi/kg

$2.5 Million
(4 prototypes)

ISE Hybrid 
FCB

25,000 kg => 
$100,000???

$2.5 Million?CUTE

5000 kg x $4/kg 
=$20,000

$1.7 Million
(prototype)

Thor/ISE Fuel 
Cell Bus

@ 3.5 mi/gal, 
$14,000-$28,000

$350,000Diesel transit 
bus

Fuel cost/yr
(50,000 mi/yr)

Vehicle CostVehicle
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HHICE + Wind Hydrogen = 
Carbon Free Transport!
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Next big challenge: Zero Carbon Fuel at 
Acceptable Cost

• Electrolyzer located with 3 wind turbines, 195 kW rated capacity
• Program supported by SCAQMD, DOE, Stuart Energy, SunLine 

Transit, Wintec, Quantum, and ISE
• Wind generated electricity generates hydrogen at ~$3.95/gallon
• Allows grid balancing (supports grid in day, uses power at night)
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Fuel Cell APU 
Demonstrated operation from–40 to +45°C
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Summary – it’s still early, but…

• In the primitive form of the Thor/ISE hybrid electr ic fuel cell bus 
customers were pleased to ride the first fuel cell bus to be in 
revenue service for SunLine and ACTransit agencies, for a total of 
over a year.

• The hybrid electric Thor/ISE bus uses 1/3 the fuel value of 
conventional buses, hence making the fuel cost comp etitive with 
diesel

• Fuel cells are still exorbitantly expensive, HICE o ffers an 
alternative to make the HHICE bus nearly price comp etitive.   

• Fuel price becomes very important for HHICE, it may  be that 
properties with fortunate location – near a source o f cheap 
hydrogen – will be very competitive even in fuel cos t.

• HHICE reliability – like that of the new fuel cells – remains to be 
proven.  Initial indications from operation at SunL ine are 
encouraging, and indicate some specific needs for f urther 
engineering.
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Were the Price to equal the Cost….
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A Hydrogen Pathway to Sustainable Mobility


