


a highly effective – efficient and durable – product?   We hold that it is important to have 
a well funded and robust program to develop the HICE engine, and then to use the engine 
in buses to gain field application experience.  Presently two automotive firms are leading 
the HICE development, but there is room for further programs that could involve 
commercial firms, universities and/or test laboratories. 

 Engine durability testing will help to define the limits of engine application and 
the effects of long term operation. 

 Direct injection, already the subject of early testing, is claimed to increase 
efficiency while providing more flexibility in NOx control. 

 Exhaust gas treatment, such as with NOx absorbent technology, has (in early 
testing) resulted in order of magnitude reductions of emissions, sufficient that it 
appears the total emissions from a HHICE bus can be below that of a Prius 
automobile. 

 
We expect that a modest investment in HICE engine and HHICE bus development can 
yield vehicles with large emissions reductions. 
 
Battery Electric Buses – an Emerging Opportunity with Big Payoff 
ISE vehicles are all electric vehicles, and they use a variety of engine drives to generate 
the power to charge the batteries.   Batteries with high power and energy capability are 
central to the effective hybrid electric vehicles, and as a result we track carefully the 
recent rapid improvement in high technology batteries.   We believe that an all electric 
bus with range capability in excess of 200 miles, suitable for many transit applications, 
will be possible in the near future.  If such battery vehicles become available, they will 
make possible night time charging with emissions generation only at the power-plant.   
 
Much attention has been provided to plug-in hybrid technology.  The experience has been 
that the casual customer has been reluctant to invest in a vehicle with 60 mile range, and 
so the “plug-in hybrid” marketing has offered a gasoline vehicle which has batteries as 
well.   We question whether the vehicle with both ICE and battery technologies is going 
to be warrantable for long battery life. 
 
To the extent that the “plug-in hybrid” will have full battery life with deep discharge of 
the batteries, so will a battery only electric bus.   The battery only bus offers simplicity 
and cost savings, offsetting the high battery cost. 
 
ISE has committed to investment towards development of battery-electric technology for 
transit buses, with the Los Angeles MTA having indicated interest in a parallel and 
supportive investment. 
 
 
 
 
 
 
 



 
 
 
Comparing the Technologies: 
This table provides an ad hoc quasi-quantitative comparison of the technologies: 
 
 Total Infrastructure Vehicle Emissions Domesitic Overall  

 Efficiency 
Cost 

Effectiveness Price   Fuel Rating 
Trolley Bus 57% $2M $1M Low 97% Medium 
Battery Bus 51% $250k $750k Low 97% High 
Fuel Cell 
Hybrid Bus 34% $250k $1.5M Low 86% Medium 

HHICE Bus 25% $250k $700k Low 86% 
Med-
high 

Ethanol Bus 24% $30k $350k Medium 90% 
Med-
high 

CNG Bus 24% $150k $400k Medium 85% 
Low-
med 

Diesel Bus 28% $20k $330k High 40% Low 
 
Note that the Fuel Cell Bus rates highly in many respects, but there is no assurance on the 
price or on durability.  The Battery Bus is rated most highly, but until someone makes 
one and demonstrates safety and durability it is a questionable entry.  The HHICE and the 
Fuel Cell Bus, as well as the electric and ethanol vehicles, offer the possibility of 
operation solely from domestic fuel.   Thus these are the real “alternate fuel” pathways, 
and warrant the highest level of attention and funding. 
 
Summary: 
ISE suggest serious statewide commitment towards: 

 Hydrogen generation from sustainable resources, with substantial funds 
committed in collaboration with leading firms to make possible large scale 
production such that tens of buses, even a whole agency, will be powered from 
sustainably sourced hydrogen. 

 HICE engine development by the most skilled and capable development 
laboratories directed towards efficient and durable high power hydrogen engines. 

 Substantial co-funding of development of high voltage, high energy density 
battery packs with assured safety suitable for public transit applications in the 
most environmentally challenged city centers. 

 Support for battery, HHICE and ethanol fueled transit buses, as well as the 
strongly supported Z-bus fuel cell bus programs. 


