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Delphi Solid Oxide Fuel Cells
Market Opportunities

Residential Power

� Delphi Solid Oxide Fuel Cells Provide:
– Ultra-clean, near zero emissions
– High-quality, reliable power
– High fuel efficiency
– Fuel flexibility
– Low noise
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Cell and Stack Development



Delphi Solid Oxide Fuel Cell
Large Active Area Cell Development

� Gen 3.2 cell footprint is 140 mm x 98 mm (105 cm2 active area)
� Gen 4 cell footprint is 300 mm x 158 mm (403 cm2 active area)
� Maintained same cell thickness for larger active area
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Delphi Solid Oxide Fuel Cell
Gen 4 Stack 

� Delphi is developing its Generation 4 stack with larger footprint cell
� Key stack features are:

– 4x active area increase
– Very low pressure drop (anode and cathode)

– Stamped metallic cassette components including interconnects
» Focus in 2011 to develop Production Tools for Stamp ings 

– Laser welded cassette repeating unit configuration
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Gen 3 stack Gen 4 stack 

– Reduced part count
– Low cost, conventionally processed balance of stack components



Delphi Solid Oxide Fuel Cell
Gen 4 Stack Performance

Gen4 MG735G003 - 25RU      Date: 12/5/2009
vs. Gen3.2 MG735C824 - 40RU      Date: 2/10/2010

Stack Voltage and Power Density for Polarization Te st

1.2 600

� 25-cell Gen 4 stack demonstrated predicted power density
– Produced 5.064 kW (506 mW per cm2) @ 0.81 Volts per cell with 48.5% H2, 3% H2O, rest N2
– Data shows comparison of Gen 3 and Gen 4 electrochemical performance
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Delphi Solid Oxide Fuel Cell
Stack Thermal Cycling

1

� Gen 3.2 30-cell stacks evaluated for thermal cycling with improved seals
� 200 thermal cycles demonstrated with minimal degradation

– 2 hour heat-up
– Performance evaluated at each thermal cycle
– Constant current load of 285 mA per cm2 at operating temperature
– Fuel of 48.5% H2, 3% H2O, rest N2 
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� Significant Changes between Gen 3 and 4 Stacks were made 
in addition to increase in size

– Design for Six Sigma – Includes Functional Modeling, Axiomatic Design, 
FMEA, Designed Experiments tools were all used to aid in the 
development

– Shainin Red X – Strategy for Defect Reduction
– Stack Leakage reduction was a significant part of t he development 

in 2011

Gen 4 Stack Development
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in 2011

� Initial Gen 4 Stacks showed degraded leak performance 
compared to Gen 3 stacks

– Modifications to the  Temperature Profile were required to optimize the  
Seal Sintering

– Results were evaluated using leak measurements and stack autopsy



Stack Seal Concentration Diagrams Showing Location 
and Frequency of Poor Seal Microstructures
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Stack Temperature Profiles Prior to Optimization 
of Sintering Cycle
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Stack Temperature Profiles After Optimization of 
Sintering Cycle
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Stack Seal Structural Improvement From Sintering 
Optimization
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Inlet Perimeter Inlet Perimeter

Stack Perimeter Seal 
Prior to Optimization of 
Sintering Cycle

Stack Perimeter Seal 
After Optimization of 
Sintering Cycle
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System Development



Delphi Solid Oxide Fuel Cell
A-Level System Testing

Accomplishments
� 1.5 kW net peak load
� 25 % system efficiency
� 440 hrs, 2200 miles operation on truck 

Next Steps
� Apply lessons learned to B Level Units
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Apply lessons learned to B Level Units



Delphi Solid Oxide Fuel Cell 
A –Level to B-Level System Features

� Increased net power output
� Smaller package size
� Reduced mass
� Anode Oxidation Protection System included
� Reduced sensor requirements 
� High volume manufacturable sub-systems
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System Power
Set #2 - DPS3000D-T1-A

9/29/2010 4:51:56 AM - 10/1/2010 6:34:33 PM
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DPS3000D A-Level Testing On Vehicle
SOFC System Power

Supplying all truck 
loads

(Net power=800W)

Overnight Run 
(Net power=175W)

Supply power for event 
entertainment

(Net power=350 W)

Overnight Run 
(Net power=175W)

429 Mile Drive  
(Net power=250W)

11 Hours 10 Hours 13 Hours 10 Hours 11 Hours

� System capable of responding to load transients
� Operating on road diesel (ULSD)

November 1, 2011 16

0

200

400

600

800

1000

0 10 20 30 40 50 60

Time (Hours)

P
ow

er
 (

W
at

ts
)

0

5

10

15

20

25

30

V
ol

ta
ge

 (
V

ol
ts

)

System Net Power Stack Voltage



Delphi SOFC APU vs Gen Set
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Delphi Solid Oxide Fuel Cell 
Performance Comparison – Actual vs Predicted

� Delphi’s SOFC APU has higher efficiency and lower fuel usage compared to a diesel 
engine gen set

� Delphi’s A-level hardware actual results agree with predicted values for B-level hardware
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Reformer Development
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Delphi Solid Oxide Fuel Cell
Diesel Endothermic Reformer

� Gen 8 Diesel Reformer 
– A Level
– High Power / High Efficiency with Clean 

Reformate 
– Liquid Diesel Startup capable
– CPOx & Endothermic Modes

� Gen 9 Diesel Reformer
– B Level
– Low Cost / Manufacturable 

Design 
– Simplified Catalyst
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– CPOx & Endothermic Modes
– Operates on ULSD

– Re-manufacturable
– Hardware on test
– Ready to Operate on APU



Gen 9 - Reformer Assembly
1. No Intersection between flow paths for minimum thermal 

stresses
2. 4 “Process-able” Sub-assemblies
3. Minimum number of weld/braze joints
4. Re-manufacturable Cartridge Design

Combustor
Asm
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FDU / 
Catalyst 

Asm

Reactor 
Asm



Gen9 v2 Reformer Performance
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Delphi has Engineered our Diesel Reformer to Enable 
Conversion to Reforming Gaseous Fuels

� Each of 3 previous generations of Reformer (Gen 4,5,8) have 
successfully reformed CNG with near equilibrium results

– Conversion to metering system is required for CNG Reforming
– Combustors must have operating ranges suitable for CNG operation

� Gen 8 was also qualified on LPG with modified operating 
conditions to account for LPG’s increased carbon forming 
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conditions to account for LPG’s increased carbon forming 
potential and lower reaction temperatures. 

� Gen 9 has yet to be modified for CNG but design has the 
features consistent with CNG Capability



Delphi Solid Oxide Fuel Cell 
Recent Accomplishments

� First APU B-Level system first units built and ready for testing
– Meets requirements for Size, Performance, Power, Efficiency
– Gen 9 Reformer developed to be Manufacturable

� Gen 4 40-cell stacks built and tested
– 7.5 kW at average cell voltage of 0.8 volts on 50% H2 / 47% N2 / 

3% H O
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– 7.5 kW at average cell voltage of 0.8 volts on 50% H2 / 47% N2 / 
3% H2O

– Worked with suppliers to build Production Intent Tooling to:
» Reduce Cost
» Improve Quality 

� Gen 3.2 stack completed 9,500 hours of continuous operation, 
with no measurable performance degradation over the last 
8,500 hours
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