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Fig.2 A schematic illustration of cathode-supported
tubular SOFC bundles
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Fig.3 A schematic illustration of planar SOFC stack with

metal interconnect
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Fig.4 A schematic illustration of the

“segmented-in-series” design
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Table 1 The primary geometric parameters of Siemens/

Westinghouse’s cathode-supported tubular SOFCs
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Fig.7 Schematic and actual image of HPD cells developed

in Siemens/Westinghouse
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Fig.9 A typical microstructure of a Siemens/Westinghouse

cathode substrate after sintering
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Fig.11 Microstructure of an EVD electrolyte on

a porous cathode substrate
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Fig.12 Typical microstructure of an APS electrolyte on

a porous cathode substrate
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Fig.21 The 100 kW class SOFC generator system
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Table 3 Summary of demonstrated Westinghouse’s SOFC generator systems before 2003

i) mE U e wesen RN Eﬁgﬁi/ TR B MW-h(DO)
1986 TVA 0.4 1 TK-PST 300 24 1760 H,+CO 0.5
1987 Osaka Gas 3 1 TK-PST 360 144 3012 H,+CO 6
1987 Osaka Gas 3 1 TK-PST 360 144 3 683 H,+CO 7
1987 Tokyo Gas 3 1 TK-PST 360 144 4 882 H,+CO 10
1992 JGU-1 20 2 TN-PST 500 576 817 PNG 11
1992 UTILITIES-A 20 1 TN-PST 500 576 2601 PNG 36
1992 UTILITIES-B1 20 1 TN-PST 500 576 1579 PNG 26
1993 UTILITIES-B2 20 1 TN-PST 500 576 7 064 PNG 108
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e O e e SR Em;ﬁ%‘f/ THEREA B MW-hDO)
1994 SCE-1(*) 20 1 TN-PST 500 576 6015 PNG 99
1995 SCE-2(*) 27 1 AES 500 576 5582 PNG/DF-2/JP-8 118
1995 JGU-2(*) 25 1 AES 500 576 13 194 PNG 282
1998 SCE-2/NFCRC 27 1 AES 500 576 3 394+ PNG 73+
1997 EDB/ELSAM-1(*) 125 1 AES 1500 1152 4035 PNG 471
2000 EDB/ELSAM-2(*) 125 1 AES 1500 1152 12 576 PNG 1477
2002 RWE 125 1 AES 1500 1152 3870 PNG 498
2003 SCE(PH220) 200 1 AES 1500 1152 3257 PNG 472

22 200 kW finER R A SOFC/HAELR B EZ B
Fig.22 The 200 kW class pressurized hybrid SOFC/

micro-turbine generator
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Table 4 A summary of SOFC systems manufactured after 2003 by Siemens/Westinghouse

FRTLIE 3R] a5 S /AW /(% net AC/LHV) MRS
CHP100 1997—2002 Netherlands, Germany 110 46 Complete
PH200 2000—2002 California 176" 530 Complete
CHP250 2003 Canada 192 40 Complete
PH300 2003 POC-PA 192 47 Complete
CHP5 2003 Germany 3.0 39 Complete
CHPS 2003 Alaska 3.0 39 Complete
CHP5 2003 Japan 3.0 39 Complete
CHPS5 2003 Michigan 3.0 39 Ongoing
CHPS5 2005 Pennsylvania 3.0 39 Ongoing
SFC-100” 2005 Ltaly 110 46 Ongoing
SFC-200” 2006 Germany 125 45 N/A
SFC-200? 2006 Alaska 125 45 N/A
SFC-200% 2007 Japan 125 45 N/A
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Cathode-supported tubular solid oxide fuel cells :
a critical review

. 1,2
Kevin Huang
(1. Union Research Center of Fuel Cell, China University of Mining & Technology, Beijing 100083, China;
2. Smart State Center of Solid Oxide Fuel Cells, University of South Carolina, Columbia SC 29201, USA)

[Abstract] This review provides a close look into the world leading cathodes-supported tubular solid ox-
ide fuel cell (SOFC) technology. It starts from the basic facts of a SOFC, where the working principle, advantag-
es, types and applications are specifically discussed. It then focuses on cathode-supported tubular SOFCs, one
important branch of SOFCs, by providing detailed information on engineering innovations, materials advances,
manufacturing processes and electrical performance of both traditional cylindrical and flattened ribbed tubular
cells. The review ends with a high-level summary on the SOFC generator systems manufactured and demonstrat-
ed by Siemens/Westinghouse over the past half-century.

[Key words] solid oxide fuel cells; cathode; substrate; tubular; electrical performance

(b6 1)

needs to be improved. The fuel cell which could turn chemical energy directly into electrical energy is a kind of
high efficiency power generation device (50 %~60 %). In all kinds of fuel cells, solid oxide fuel cell (SOFC)
could use many kinds of carbon-based fuels which could be easily compatible with the existed energy resource
supply system and has high power generation efficiency. All solid structures are adopted in SOFC system and
excellent long term stability is observed during operation when using this kind of fuel cell. Low cost is obtained
because no precious metal catalyst is used in SOFC. SOFC is especially suitable for distributed generation system
and power supply system. Because of the energy structure and the superiority of rare earth resource in China, it is
necessary to develop carbon-based SOFC. Improving long term stability and reducing costs are needed in the
process from model operation to industrialization of SOFC. Several techniques of the carbon-based SOFC need
to be focused on in the future, such as key materials, innovation by systematic integration, design and preparation
of material, reaction characteristics of carbon-based fuels, cell structure, theoretical modeling and the problems
of foundation science and technique in SOFC integration and operation. The measures above establish the foundation
of industrialization for high efficiency, low cost and reliable carbon-based SOFC system.

[Key words] solid oxide fuel cell; carbon-based fuels; power generation system
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