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Comparison of Fuel Cell TechnologiesComparison of Fuel Cell Technologies



Fuels For Fuel CellFuels For Fuel Cell

HydrogenHydrogen
MethanolMethanol
Natural gasNatural gas
PropanePropane
GasolineGasoline
Other liquid hydrocarbonsOther liquid hydrocarbons
–– desulfurizeddesulfurized gasolinegasoline
–– hydrocrackatehydrocrackate
–– alkylate/isomeratealkylate/isomerate
–– gasgas--toto--liquid light paraffinliquid light paraffin
–– hydrotreatedhydrotreated condensatecondensate

Reformer



AApplicationspplications

Small appliancesSmall appliances
Power packsPower packs
–– Material HandlingMaterial Handling
–– Auxiliary Power UnitsAuxiliary Power Units
–– Aviation Ground Support Aviation Ground Support 

EquipmentEquipment
Fuel cell vehicles (Fuel cell vehicles (FCVsFCVs))
Power generationPower generationss (Plants)(Plants)



http://newtech.aurum3.com/images/worlds-smallest-fuel-cell.jp

Sizes to fit applicationsSizes to fit applications



Source: http://blog.megapixel.net/blog/2008/05/09/050908_methanol_fc.jpg

Small ApplicationsSmall Applications

Battery replacementBattery replacement
–– Cell phones, laptops, Cell phones, laptops, 

mp3mp3
–– Powering medical Powering medical 

sensorssensors



Source: http://blog.megapixel.net/blog/2008/05/09/050908_methanol_fc.jpg

Power Pack ApplicationsPower Pack Applications

BackBack--up unitup unit
Material handlingMaterial handling



http://www.psa-peugeot-citroen-press.co.uk/

Fuel Cell Vehicles (Fuel Cell Vehicles (FCVsFCVs))

EV familyEV family
PEMFCsPEMFCs
BoPBoP neededneeded
Dynamics concernedDynamics concerned
HybridizationHybridization



Why PEMFC for Why PEMFC for FCVsFCVs??

Simple
Quick start-up
Fast response
High efficiency

High power density (kW/kg 
and kW/l)
Zero emissions



1) Fuel cell provides all the power
2) Fuel cell provides nominal power

– battery provides peak power (parallel hybrid)
3) Fuel cell charges the batteries (series hybrid)
4) Fuel cell as an auxiliary power unit

fuel cell el. 
motor fuel cell el.

motorbattery

fuel cell el.
motorbattery

IC
engine

fuel cell

1) 2)

3) 4)

System Configurations of System Configurations of 
Fuel Cell VehiclesFuel Cell Vehicles



Direct hydrogen fuel cell system
Direct methanol fuel cell system
Fuel cell system with a reformer

Fuel
• Compressed hydrogen
• Liquid hydrogen
• Hydrogen in metal hydrides
• Hydrogen in chemical hydrides
• Ammonia
• Methanol
• Gasoline
• Other

Configurations of Configurations of FCVsFCVs



Some of Some of FCVsFCVs



Sample of FCV (Nissan)Sample of FCV (Nissan)



Sample of FCV (Nissan)Sample of FCV (Nissan)



Hydrogen Refueling InfrastructureHydrogen Refueling Infrastructure

Photos: DTE
DTE/BP Power Park, 
Southfield, MI

Photo:Shell HydrogenHydrogen and gasoline station, WA DC
Chino, CA

LAX refueling station

Photo: H2CarsBiz



Source: http://blog.megapixel.net/blog/2008/05/09/050908_methanol_fc.jpg

Power Generation ApplicationsPower Generation Applications

PEMFCPEMFC
SOFCSOFC
MCFCMCFC
PAFCPAFC



Fuel Fuel CCell ell SSystemystem Requirements Requirements 
(Depend on application)(Depend on application)

1-10 & >200 kW
Reformate
>40,000 hrs
Critical
Not Important
Variable
Constant
>110 V AC
Very Important
Very Important
Not Critical
Not Critical
<$1000/kW
<$200/kW

Power
Fuel
Life 

High Efficiency
Instant Start

Output Mode
Operation

Preferred Voltage 
Heat Recovery
Water Balance

Size and Weight
Extreme Conditions

Cost

Back-up PowerAutomotive

1-10 kW
Hydrogen
<2,000 hrs
Not Critical
Very Important
Constant
Intermittent
48 V DC
Not Needed
Not Critical
Not Critical
Important
<$1000/kW
<$400/kW

50-100 kW
Reformate/H2

5,000 hrs
Critical
Very Important
Variable
Intermittent
>300 V
Not Needed
Very Important
Critical
Critical
<$100/kW
<$50/kW

Primary Power



BBarriers To Commercializationarriers To Commercialization

Fuel infrastructureFuel infrastructure
High cost High cost 
–– More expensive than competing technologiesMore expensive than competing technologies
–– Actual price depends on production numbersActual price depends on production numbers

Insufficient durabilityInsufficient durability
Performance issuesPerformance issues
–– Lifetime lower than competing technologyLifetime lower than competing technology
–– Need research on lifetime issues, performance is Need research on lifetime issues, performance is 

goodgood



R & D Needs R & D Needs 

Better performanceBetter performance
–– higher voltage, better stability, transients, higher voltage, better stability, transients, 

startstart--up, survivabilityup, survivability
Susceptibility to contaminantsSusceptibility to contaminants
Lower costLower cost
–– materials, manufacturing processes, materials, manufacturing processes, 

manufacturing scalemanufacturing scale
–– simpler systemssimpler systems
Longer life/durabilityLonger life/durability
Hydrogen/fuels infrastructureHydrogen/fuels infrastructure
–– hydrogen production, storage, transport, hydrogen production, storage, transport, 

distributiondistribution
–– technical and sociotechnical and socio--economic issueseconomic issues



Some Players (Some Players (PEMFCsPEMFCs) ) 
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CURRENT STATE OF THE TECHNOLOGYCURRENT STATE OF THE TECHNOLOGY
(Cost projection)(Cost projection)
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WWhy Fuel Cells?hy Fuel Cells?

World energy crisisWorld energy crisis
Energy systemEnergy system
Hydrogen economyHydrogen economy
(Local) Environmental friendly technology (Local) Environmental friendly technology 
Promise of high efficiencyPromise of high efficiency
No moving parts/promise of long lifeNo moving parts/promise of long life
ModularModular
QuietQuiet
(Simple/promise of low cost)(Simple/promise of low cost)



WWhy Fuel Cells?hy Fuel Cells?
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Thank youThank you

Clean Energy Systems Research Group (CES) 
School of Energy Environment and Materials               
King Mongkut’s University of Technology Thonburi
126 Pracha-Utis Road           
Thungkru Bangkok 10140           
Phone: (02) 470-8626 
Fax: (02) 427-9062
(www.ces.kmutt.ac.th)
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