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Introduction

ÅTen gasoline hybrid 
electric Ford Escapes 
were converted by 
Quantum 
Technologies to 
operate on hydrogen.

ÅThese vehicles are 
undergoing long-term 
field testing in real-
world conditions in 
Hawaii.
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Joint Service Project

ÅVehicle development & vehicle support
īUS Army Research, Development & Engineering Command 

(RDECOM)
o Tank Automotive Research, Development & Engineering Center 

(TARDEC):  National Automotive Center (NAC)

ÅFuel for vehicles
īUS Air Force Advanced Power & Technology Office (APTO)

o Hydrogen generation & refueling plant at Joint Base Pearl Harbor ïHickam

o All fuel used for this project is generated through electrolysis, using renewable 
energy

īFuel station project managed by the Hawaii Center for Advanced 
Transportation Technologies (HCATT)

ÅDrivers are assigned from the Army, Navy, and Air Force
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Testing Technology in a Military 

Environment

ÅGenerally advantageous test environment

īFavorable economics for end users:  R&D project can 
immediately help with real-world needs

o H2ICE reduces petroleum fuel use and improves vehicle emissions 

o H2ICE project helps utilize hydrogen from other R&D project

īMilitary environment helps overcome resistance of end users to 
change; end users enthusiastic about change can be selected

ÅDisadvantages

īCommitment to testing not necessarily as strong as if technology 
had been paid for locally

īDecisions on further technology development can be more 
complex than private sector technology commercialization 
decisions
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Why Hybrid/Hydrogen?

ÅMaintain advantages of internal combustion engines (ICEs)
īWell-understood technology

īLow-cost; established production & maintenance infrastructure

ÅPlus advantages of hydrogen fuel
īDomestic and/or renewable fuel production alternatives

īLimited emissions:  water, no sulfur or carbon oxides

ÅPlus hybrid electric drive to hydrogen ICE
īMaintains hydrogen advantages

īExtends range
o Helps overcome primary hydrogen disadvantage:  low density fuel

o 1 kg hydrogen is approximately equal to 1 gallon of gasoline; capacity of H2ICE 
vehicles only 3.8 kg H2 at 5,000 psi
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H2ICE Vehicles are Very Similar to 

Conventional Vehicles
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ÅEngine:  Minor modifications ÅFuel intake & storage, designed 
to contain gaseous fuel

ÅOther modifications minor, e.g., hydrogen leak indicator

ÅLarge-scale cost probably comparable to standard hybrid 
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Evaluating Performance of H2ICE Vehicles

Å Data acquisition systems installed in each vehicle

ÅMonitors numerous vehicle outputs, such as hydrogen pressure, speed

Å Use to evaluate

īSpecific trips

īSpecific issues (e.g., hills)

īLong-term fuel economy, etc.
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Maintenance & Support of H2ICE Vehicles

ÅNormal shop adequate
ïAdd hydrogen sensors 

and minor retrofits

ïStock a few specialty 
parts

ÅProvide hydrogen 
training for
ïDrivers

ïMaintenance shop

ïRefueling personnel

ïEmergency First 
Responders
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Driver Experience

ÅVirtually identical to gasoline hybrids

īNo changes noticed in suitability for design purposes

ÅSUV configuration suitable for general purpose military 

needs, e.g.

īMotor pool for use on base

īDedicated vehicle for certain offices (e.g., protocol, supply)

ÅOther light-use configurations plausible with this 

technology

īSmall cars, light trucks, forklifts
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Driver Concerns: H2ICE Vehicles

ÅShort range (most important issue for drivers)

īMax. recorded so far 138 miles/tank; recommend assuming 80
o Tendency to refuel well before the tank is empty

o Need for sufficient fuel to handle changes in circumstances

īRefueling frequency & range are inseparable issues

īPotential solutions are plausible
o Increase number of fueling stations

o Further work to improve range

ÅUnexpected engine, transmission noises

īHigh engine RPM and different shifting behavior relative to 
conventional gasoline cars

o Training overcomes most concerns

o Some minor design changes possible to improve sound
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Fueling a H2ICE Vehicle
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ÅVery similar to a conventional vehicle

īSimilar precautions ïadd a ground wire

īProbably safer than conventional vehicle

o No open fuel or vapors if everything hooked up properly

o Leaks, if any, dissipate quickly, hydrogen lighter than air

ÅIf leak ignites, fire is under pressure; explosion less likely

ÅFueling experience

īVirtually identical to 

conventional full-

service pump

īSelf-service possible 

in some locations
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Near-term Technology Potential

ÅHydrogen is a plausible fuel for ICE vehicles 
īCould be made available immediately with no technology 

breakthroughs required
o Potential to fill gap between conventional ICE and fuel cell vehicles

o Hybrid technology important to make range acceptable

īClean exhaust

īPotential for renewable, domestic fueling
o Off-hour renewable hydrogen generation

īDomestic nonrenewable alternatives (e.g., steam reforming)

ÅH2ICE technology compares favorably with pure EV, 
fuel cell vehicles in terms of near-term availability and 
projected large-scale cost
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Issues to Address Before Large-scale 

Deployment Possible

ÅVery promising short-term clean vehicle technology; technically 
feasible now for suitable vehicle types

ÅTechnology issues relatively minor; being studied
īRange & refueling infrastructure most important obstacle

īWater in oil & exhaust due to hydrogen combustion a problem in low-
temperature environments

īHydrogen vehicle maintenance infrastructure, training, spare parts

īLong-term issues still unknown; will be revealed by testing

ÅEconomic issues require further evaluation
īCapital costs of vehicles in large-scale production

īMaintenance costs of vehicles

īCapital cost to establish fueling infrastructure
o Renewable vs. nonrenewable hydrogen sources

īNet cost of fuel compared to alternatives
o Pricing the value of factors like reducing pollution, foreign oil use
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