
IIT Workshop – Mumbai 
April 4 th 2009

IT-SOFC - Overview

Nigel Sammes
Dept. of Met. and Mat. Eng
Colorado School of Mines



Overview IT and Micro-SOFC’s

� Micro-IT-SOFC’s are ideal for a market for 
poratble and distributed generation is 
needed.where.needed.where.

� Micro (less than 10 kW) SOFC’s also have 2-
4 times higher energy densities compared to 
other fuel cell technologies e.g. Polymer 
Electrolyte Membrane Fuel Cell (PEMFC) 
and Direct Methanol Fuel Cells (DMFC). 



Fuel Cell Spectrum

IIT



What is there in an IT-SOFC



Components of a Generic SOFC



Types of SOFC

� There are two main architectures fro the 
SOFC:
– Planar SOFC– Planar SOFC
– Tubular and Micro-Tubular SOFC



Planar IT-SOFC

� These are usually:
– Anode supported (whereby the anode is the main 

support and has thin electrolyte and cathode). support and has thin electrolyte and cathode). 
These are stacked using metal interconnectors

– Metal supported SOFC (as the name suggests is 
supported on a metal) 



Planar

� Main issues to address from a technological 
standpoint are:
– Cost and stability of metal support (these are – Cost and stability of metal support (these are 

usually riveted together to form a stack)
– Cost of interconnect if using an anode supported 

system
– Cost of support generally if different from either of 

the two designs



Tubular and Micro-Tubular

� Typically anode supported.
� Extruded electrode (anode) that has the electrolyte 

and cathode attachedand cathode attached
� Main issue is the metal current collect (usually use 

silver wire and paste for the cathode and Ni wire and 
paste for the anode).

� Box that the system sits in (BOP)
� Both systems have all the issues related to removing 

the heat too.



Companies working on Micro IT-SOFC 



Advantages/Disadvantages





Planar SOFC System and Stack



Ceramic Components in a Planar 
SOFC



Different Interconnects



Price – Versus Power Applications 
Map



Applications



Market Segments (IT SOFC)

� 100 mW to several tens of Watts
� Tens of Watts to up to 1 kW
� 1 kW to about 5-10 kW



Markets

� Automotive
� Bus
� CarCar
� Dynamos
� Co-Gen
� Wheel Chair
� Buggy
� Robotics
� Mobile (pc)
� Note book and smaller



Automotive

� Small (1.5 kW – Fed ex (stop start))…approx 
$5000

� Medium 5 – 8 kW..approx $10,000� Medium 5 – 8 kW..approx $10,000
� Large 8- 20 kW…approx $20,000
� Special (specialist vehicles, x-ray etc); 2.5 –

7 kW. This area is not so price 
sensitive…approx $2000 - $50,000. This 
would be the easiest market to look at.

� 10 year life at 80% utilization



Bus

� Larger systems – 10 – 15 kW
� Just really for the air-conditioning
� Currently use Pb-acid batteries – very heavy� Currently use Pb-acid batteries – very heavy
� Needs a lot more stop-starts
� Different types:

– Site-seeing
– General bus trips
– Long distance
– 17 year life, at 3-5% ulitization



Car

� Alternators – 1 – 2 kW; $100 – 200
� Hybrids – currently use batteries (eg Prius) –

NiH battery very expensive, so could be a NiH battery very expensive, so could be a 
good market – 1.25 kW 



Dynamo

� Gasoline – Heavy (21 kg); 2-10 years life; 
Noisy
Diesel – portable; very noisy and dirty; 7-8 � Diesel – portable; very noisy and dirty; 7-8 
year life



Co-Gen

� Gas Engine – 1-3.25 kW; life time is 
important; efficiency currently 29%; requires 
maintenance every 6,000 hoursmaintenance every 6,000 hours

� Micro-Gen – 5-9.9 kW; total efficiency about 
85%

� Both are tough markets



Electric chairs etc

� Light – indoor use; $300- 500; 0.36 kW; 3 years; 1000 cycles; 
175 g; currently use NiMH; 2.5 – 4.5 km/h; for 15 km on a 
charge

� Outdoor use; 25 km on a charge (use Pb-acid); heavy; 4.5 � Outdoor use; 25 km on a charge (use Pb-acid); heavy; 4.5 
km/h; 14 kg; $300-900; 500 cycles; 2 years life; 0.4 kW

� Buggy - $350; 6 km/h; 22km range; heavy; 4.5 km/h; 65 kg; 
500-600 cycles; 2-2.5 years life; 0.36 kW

� Moped – 29-48 km on a charge (use Pb-acid); heavy; 24 km/h; 
14 kg; $100-200; 500-600 cycles; 2 years life; 0.24 kW –
Possibly a good market



Robotics

� Care - $1200 – 1500; Currently use NiMH; 
2.7 kg; 0.009 kW;
Hospital – (eg drug delivery etc); $8000-� Hospital – (eg drug delivery etc); $8000-
10,000; Pb acid currently used; 1.56 kW; 1 
year life; 400 cycles



Mobile

� Pc/notebook etc. – 1.2 kg; $140; 0.4 kW; 
500-800 cycles; 2-3 year life; Li battery 
currently usedcurrently used

� This is a definite market to go for to replace 
the current Li-ion battery

� The micro-SOFC could be used to replace 
the battery or recharge the battery



In Summary



Activity Breakdown of SOFC 
R and D



US Markets

Range (kW) Unit per year Size (kW) Total (GW/yr)

Remote Generators 0.5 – 10 30,000 10 0.3
Telecommunication 2 – 10 30,000 10 0.32 – 10 30,000 10 0.3
DG Commercial < 100 165,000 50 8.22
DG Residential 2 – 15 1,520,000 10 15.2
Back-Up Power < 50 80,000 6 0.48
SPA Appliances) 0.5 160,000 0.5 0.08
APU’s 5 - 15 121,000 10 1.20
Grand Total (By 
2011) 25.78



NEDO Funded SOFC



SECA Funded SOFC (as of 2007)



SOFC Architectures



Micro-SOFC Architectures



Regional Distribution of Micro-SOFC



Regional State-of-the art



Some of our recent data

IT-Micro SOFC



Microstructure of Cells



Start-Up Performance



IV and Load Cycling Performance



Fuel Utilization Performance



Fuel Utilization Performance



Performance over the long-term
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