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OutlineOutline

1. Introduction
2. Tubular or Planar? 
3. New Design Concept
4. Benefits 
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Fuel Cell Technologies

PEM FC MC FCA FC PA FCSO FC

Monolithic DesignPlanar Design Tubular Design

Anode Support Cathode SupportElectrolyte Support

Introduction
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Tubular?  or   Planar?Tubular?  or   Planar?

Lower cost feasibleHighManufacturing cost
7.2 kW (1998)
Two 50x4x4 stacks
400 mA/Cm2

900oC
30% on hydrogen

100 kW (1998)
1152-tube stack
200-250 mA/Cm2

1000oC
83% on natural gas

Examples (Siemens 
Westinghouse)

DifficultSimplerFuel internal reforming
High costDifficultInterconnect
SlowFasterStart-up/cool-down
High temp. seal, difficultLess seal requirementsSealing

HighLowVolumetric power density
0.5-1 W/cm20.25-0.5 W/cm2Power density

Planar designTubular designCell design concept
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Power Per Tube and Power Packing Density 
as a Function of Tube Size

Power Per Tube and Power Packing Density 
as a Function of Tube Size

Assume active length: 50 cm
Power density: 0.5 W/cm2
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Assume active length: 50 cm
Power density: 0.5 W/cm2
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Siemens Westinghouse Flat-TubularSiemens Westinghouse Flat-Tubular
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Novel Design to Increase Stack 
Volumetric Power Density

Novel Design to Increase Stack 
Volumetric Power Density

 

Fuel 
electrode 
side 

Oxidant 
electrode 
side 
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Stack Volumetric Packing Density Is a Function
of Fuel Cell Performance and Cell Design

Stack Volumetric Packing Density Is a Function
of Fuel Cell Performance and Cell Design

Pv=  volumetric power packing density (VPPD), W/cm³ (kW/L)

Pa=  cell area power density, W/cm2

d1=  smallest tube ID, cm

Δd=  ID difference between the two neighboring tubes, cm

n=  number of tubes in a module
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Novel Design with High Stack 
Volumetric Power Density

Novel Design with High Stack 
Volumetric Power Density
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Support ComponentsSupport Components

Electrolyte Support Anode SupportExtrusion
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SummarySummary

• Increase the volumetric packing power 
density by over 40% for a 2-tube assembly, 
over 80% for a 3-tube assembly;

• Increase fuel utilization/Fuel efficiency;
• Reduce stack size;
• A prototype to prove the concept in 

process


