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Overview IT and Micro-SOFC’s
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Micro-IT-SOFC’s are ideal for a market for
poratble and distributed generation Is
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).
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Computer

Submarine

ﬁ%‘ﬁiﬁw

Power
(Watts)

Power Plant
with Grid

Home
Electricity

Military i
Battery _E'

BAS590 Hospital




What Is there in an IT-SOFC
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Components of a Generic SOFC

Tailgas combustor

Stack 5iSiC foam ceramic
Metal-ceramic Compaound 1200°C
850°C

CPOX Fuel Processaor

Cordierit-Monotlith
950°C

Vaporizer
SiC glow plug 1200°C




Types of SOFC
-

There are two main architectures fro the
SOFC.:

- Planar SOFC

— Tubular and Micro-Tubular SOFC



Planar | T-SOFC

These are usually:

- Anode supported (whereby the anode is the main
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
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
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Typically anode supported.

Extruded electrode (anode) that has the electrolyte
and 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.
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Rey-Mermet, PhD Thesis 2008

TIypeofcell Temp.  Fuel Electrolvte Single cell size Substrate | Power
density
pPEMFC  25°C H; 5 cmr S1 190 mWiem
uPEMFC  25°C  Hj 5em Si/glass | 42 mWiem®
uWPEMFC 60°C H; 14x12cm’ PDMS 35 mWienr
uPEMFC 25°C H, Nafion 5cmr PMMA [ 31 mWienr'
uDMFC 70°C  C:Hs  Fluorocarbon 200 mW/em
20 nm thick
C:Hs 1em’ S1 25 mWiem'
UDMFC C;Hs PVDF 6enr Plastic | 12 mWienr
uSOFC 400°C HyH:0 YSZsputt.  S0xS0um” i 400 mW/em'
SC-uSOFC ~550°C C;Hg SDC 142 cor Anode 230 mW/em™
. Ni-SDC
| uSOEC 600°C H; YSZ SxSum’ SUSLN; | 145 mWienr
uSOFC 550°C H» YSZ bilayer 150umdiam Foturan | 150 mW/em™
PLD/Spray
uDFAC 25°C  Formic Nafion S1 60 mW/emr
stack acid Stack 30W
uDFAC 30°C  Formic Nanoporous 100um diam St 30 mW/em®
acid S1
uDFAC 60°C  Formic Nafion 5 cm’ 110 mW/em®
acid




Planar SOFC System and Stack

Balance of Stack
End plate, Compression
System, ...

SOFC-System | Repeat units
SOFC Stack



Ceramic Components in a Planar
SOFC

MEA joining

glass seal

MEA
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sheet metal cassette
specaty alloy

Sealing, Isolation
Glass + Compounds

contact layer

. Nickel, Perovskite
functional layers v



Different Interconnects

ceramic plates (Zr0,) PM plates Metallic plates
L | Best TEC to MEA (10.8 ppmK-") u 2nd best TEC f1 (11.4 ppmK-") u cost effective material
| | Vias for conductivity u best thermal conductivity u TEC mismatch (12.6 ppmK-T)

| | cost? u cost? weight? u durability = 5000 h ?



Price — Versus Power Applications
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Applications

Fuel cell vehicle
Residential use

Portable power supply



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
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Automotive

Bus

Car

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
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

o]
Larger systems — 10 — 15 kW

Just really for the air-conditioning
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
good market — 1.25 kW



Dynamo

S
Gasoline — Heavy (21 kg); 2-10 years life;
Noisy

Diesel — portable; very noisy and dirty; 7-8
year life



Co-Gen

o]
Gas Engine — 1-3.25 kW, life time Is
Important; efficiency currently 29%; requires
maintenance every 6,000 hours

Micro-Gen — 5-9.9 kW, total efficiency about
85%

Both are tough markets



Electric chairs etc
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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
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-
10,000; Pb acid currently used; 1.56 kW; 1
year life; 400 cycles



Mobile
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Pc/notebook etc. — 1.2 kg; $140; 0.4 kW;
500-800 cycles; 2-3 year life; LI battery
currently used

t

his is a definite market to go for to replace
ne current Li-ion battery

he micro-SOFC could be used to replace

t

ne battery or recharge the battery



In Summary
]

Application area

Features/Examples

Key fuel cell drivers

Fuel cell potential

Fuel cell challenges

Mobile

Propulsion

Road vehicles (buses,
cars, scooters)

Prospect of future
regulation

.

.

Huge volumes globally
MNot before ~2010

Cost
Lifetime

- Performance

Fuel infrastructure

Auxiliary Power Units

Luxury cars
Trucks

Desire for greater onboard
power

Cheaper lifetime cost
(trucks)

.

.

Large global market
Could start in ~3 years

Technology path
Fuelling (potentially)

Stationary

Distributed
generation / CHP

Industrial, municipal,
micro-grids
100kWe-1MWe

+ Niches where low

emissions and/or total
ownership cost valued

.

Some early
niches/demonstrations

- Mostly after 2010

- System cost too high
- Must be proven over long

periods

- Conservative market

Domestic & small
commercial CHP

Houses, hotels, offices
0.5-10kWe

Potentially attractive value
proposition for consumers &
utilities

.

Some early demonstrations

+ If proven then from ~2010

- Unproven market and

techinology
Other micro CHP
technologies emerging

Premium Power
(Small gensets and
remote power)

Communications, UPS,

village power
1-25kWe

Niches which require e_g.
low emissions/noise,
minimal maintenance and
can withstand high cost

Wide range of niches
already open
Opportunity rises as cost
decreases

» Reliability must be proved
= Maintenance
» Fuel supply

Portable

Compact and micro
devices

Power tools, portable
electronics, chargers

Rising power demands
Battery disposal problems

.

.

Wide range of devices
worldwide

Compact now emerging,
micre in ~3 years

» Micro technology very

difficult

» Fuel supply and handling




Activity Breakdown of SOFC
R and D

Figure 1- All SOFC Activities Being Performed (2007)
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US Markets



NEDO Funded SOFC
L

try), AIST (National Insti-
tute of Advanced Industrial
Science and Technology)

Capacity | Industry SOFC Type of| Remarks
[kW] type product
20 Hitachi Corporation, TOTO | tubular CHP Vertical stripes
Ltd., Kyushu Electric
Power Co., Inc.
200 MHL, Chubu Electric | planar CHP MOLB
Power Co., Inc
10 The Kansai Electric Power | planar CHP using lanthanum gal-
Co., Inc., Mitsubishi Mate- late cell to be operated
rial Corporation at lower temperature
than 800 °C metallic
interconnect
10 Nippon Steel Corporation, [tubular CHP anode support tubular
Acumentrics Corporation, cell without inter-
Japan connector
350 MHI tubular SOFC-GT Horizontal stripes
n.a. CRIEPI (Central Research|n.a. n.a. Development of per-
Institute of Power Indus- formance evaluation

technology for SOFC
system




SECA Funded SOFC (as of 2007)
S

Capacity | Industry SOFC Type of| Remarks
[kW] type product
7—10 Siemens Westinghouse tubular CHP cylindrical closed-end
3—10 APU tubular cell and seal-
less generator module
(stack) design dewvel-
oped
5 Delphi planar APU Anode substrate de-
sign with metal cas-
settes as the repeating
unit
3—-10 GE Hybrid Power Genera- | planar Multi purpose thin-electrolyte cells
tion NG to diesel | (fabricated by the GE
fuelled HPGS tapecalendering
process) and thin-foil
metallic interconnects.
3-12 Cummins Power Genera-| planar Multi purpose multi-layer ceramic
tion (CP G) and McDermott Liquid Propane| (MLC)
Technology, Inc. (LP) packages
10 Acumentrics tubular Broadband appli- | anode-supported thin-
cations as 10 kW | cylindrical SOFC
module, NG to
diesel fuelled
3-10 Fuel Cell Energy Ltd. planar Multi purpose Thin sheetmetal inter-
NG to diesel | connects
fuelled




SOFC Architectures
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Micro-SOFC Architectures
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Regional Distribution of Micro-SOFC

mEU
mUS
1Japan
1 Canada
M Korea
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Regional State-of-the art
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Some of our recent data

IT-Micro SOFC



Microstructure of Cells
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tart-Up Performance
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IV and Load Cycling Performance
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Fuel Utilization Performance
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Fuel Utilization Performance

Fuel Utilization Ratio

Fuel Utilization: Varied Flow Rates 500°C
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Performance over the long-term




