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Solid State Fuel Cell Technologies

~80°C ~800°C
Temperature

200°C 600°C80 C 800 C200 C                                                          600 C

N t l G Bi f l G li Di lH C l G

Fuel C/H Ratio

DOE – EERE’s 
H & Fuel Cell Program

DOE – FE’s 
SECA Program

Natural Gas Biofuel    Gasoline Diesel

?

H2 Coal Gas

H2 & Fuel Cell Program SECA Program



SOFC Fuel Flexibility
SOFC with H2 and JP5 reformate
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SOFC with H2 and JP5 reformate
H2

JP5 Only ~20% drop in power with JP5
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No Carbon deposition at 550°C

Stable SOFC Performance on JP5 reformate



Metallic Interconnects

Why Lower Temperature SOFCs (≤ 600 ºC)?
Metallic Interconnects

Lower cost and greater reliability

Easier Sealing
L t d t li bilitLower cost and greater reliability

Smaller Thermal Mismatch
Greater reliability

Less Insulation
Lower cost

Rapid Startup with Less Energy Consumption
Lower cost and better performance
Portable/Transport applications
Transient OperationTransient Operation

Need higher conductivity electrolytes



Higher Conductivity Electrolytes
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• Fundamentals of oxide transport 
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•Conductivity of 8Dy4WSB is

– 0.57 S/cm at 700°C
– 0.10 S/cm at 500°C

•Highest conductivity of any stabilized 
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- 3X that of ESB
- 10X that of GDC

100X that of YSZ
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- 100X that of YSZ

•Optimizing composition for operation 
down to ~300°C 

•Demonstrated co-doping enhancement 
of conductivity with SNDC



Stability of High Conductivity Electrolytes in Reducing Conditions

Bi2O3 Based
CeO2 Based

Eguchi, et al., Solid State Ionics, 52, 168 (1992)

Weak M-O bonds lead to high 
conductivity but also low 
thermodynamic stability

Wachsman, et al., Solid State Ionics, 52, 216 (1992)



Bilayer Electrolyte

SDC ESB

LSDC LESB LSDC LESB

Decomposition PO2

PO2
Air

PO2
FuelFuel

PO2 ProfileInterfacial PO2

LSDC /LESB > optimal

ESB is stable

LSDC /LESB < optimal

ESB decomposes ESB is stableESB decomposes
E. D. Wachsman, P. Jayaweera, N. Jiang, D. M. Lowe, and B.G. Pound, J. Electrochem. Soci., 144, 233 (1997).



Thin Bilayer Electrolyte OCP

GDC 48 µm

ESB ~5 µm

GDC 48 µm

Ni-GDC

GDC 16 µm
ESB ~5 µm

Ni-GDC

GDC 10 µm

• Near theoretical OCP achieved with anode supported thin 
bilayer electrolytes

• Need to optimize both GDC and ESB thicknesses
Ni-GDC

p



Bilayer Electrolytes for LT-SOFC

~2X Power Density

ESB/GDC

GDC

Integrating new 
materials and 
microstructures to 
achieve world record 
performance

J. S. Ahn, D. Pergolesi, M. A. Camaratta, H. Yoon, B. W. Lee, E. Traversa 
and E. D. Wachsman, Electrochem. Comm., 11, 1504 (2009).

performance



Volumetric Power Density
SOFCs

~0.05 cm0.05 cm

Electrochemical
Steel Interconnect/gas channels

2 W/cm2 = 10 W/cm3

Electrochemical
capacitors



Gravimetric Power Density
SOFCs

Cathode
El t l t

Electrodes ~30% porous

Anode

Electrolyte ~0.05 cm

Electrochemical
itcapacitors

Steel Interconnect/gas channels ~70% porous

0 7 X 7g/cc X 0 05cm + 0 3 X 8g/cc X 0 15cm 0 6 g/cm20.7 X 7g/cc X 0.05cm + 0.3 X 8g/cc X 0.15cm = ~0.6 g/cm2

~2 W/cm2 / 0.6 g/cm2 = ~3 kW/kg



Energy Storage Figure of Merit
SOFCs

Wachsman et al

SOFC

Electrostatic 
capacitors

Wachsman, et al. 
Electrochem. Comm. (2009)

ElectrochemicalElectrochemical
capacitors

Li ion batteries

V. Srinivasan, Batteries for Vehicular Applications, 
http://berc.lbl.gov/venkat/files/batteries-for-vehicles.pdf



Next Generation Solid Oxide Fuel Cells

Fuel Cell Seminar & Energy Expo Award


