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Interconnection

Electrolyte.

Air
Electrode

Fuel Electrode

@ Tubular

Interconnection

Fuel Electrode
Electrolyte

Air Electrode Cathode Supported
Seal-less Planar

Delta-9

Call-to-cell connector

352
i Air ch !
Air electrode AIr channels Fuel Fuel
ahannoks electrode

[2&] Siemens cell T+Z WHAA}

(&4 : Siemens Power Generation, http://www.powergeneration.siemens.com)
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[2”] SOFC/GT stolBal= @A NEE

(4 : Siemens Power Generation, http://www.powergeneration.siemens.com)

Ly

Grid and district heating system connected

T ="

Natural gas fueled; in-stack reformation;

46% electrical generation efficiency (net ac/LHY)
Net 110 kWeac, 65 KWt hot water

World’s largest capacity SOFC power system
‘World’s most efficient & natural gas fueled system

‘World’s longest operating SOFC power system
1,948 MWH (dc)

No degradation (12,000 hrs)

Emissions levels less than 1 ppm

(I I I Iy W Y iy W W

(23] AW A9 28 592 A}e] 100kW 7 CHP A] 24



Cell Power, watts
g B

Un-manned operation, World’s first hybrid system
Natural gas fueled; in-stack reformation;
Successful factory test & site start-up

182 kWe

52% electrical generation efficiency (net ac/LHV)
1700 hours operating time

World’s highest capacity SOFC - power gystem
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- Coal Syngas fueled co- | sequestration
€02/ Residual Fuel RBE?,LW
* Performance features: |
= S Water
- 50% Electric efficiency — Recovery
- CO2 separation. Ll Steam
xhaust
SOFC
Generator
o Syngas| Water C02 Separation SOFC Cell
P> e T Gasifier Gas = & H2S Removal s Stack -
Coal Shift (Selexol Processes) . Oxygen
s oc
KBR T : :- [RER]
Gositer Process
Fuel to Gas e
Gas Turbine 1 Turhine.'Gen| k|
[ PCS AC
Sulfur AC Cooled
il Exhaust
e
Recovery =
Water
Rewvenr Steﬂ
Steam
Steam
AC Power to System Turbine/Gen
Internal Loads AC
[
Rankine Cycle
Heat Rejection
St | AC Power C 1
Net AC Power
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Step-up Transformers —r”

Control Room/ ——»
Storage / Electrical

golid Akl 100MW & A8 HA/7F2E /S 7]E 4]

SOFC Air Inlet Piping

80 SOFC Vessels

Gas Turbine - Generator

Cooling Tower
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[Z®] 300MWF IGFC 23352 % @ Hg 4wd A layout

O Acumentrics
= 1994dof] AYE FHA AQY FFAEA (UPS, Uninterruptible Power
Source) A|Z3IALRA 20008358 SOFC 7i A1z 7HdE, a7 4d8 959
H

SOFC 7H2 Fol™ 1~10kWe] 7H48, 27E 2H8 Jd5dA 45 4335
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(Balance Of Plant)”7]& & 53
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[ZH] MW

O Delphi

l"‘]

g SOFC A Al 2= layout

L

= DOE (US Department of Energy)ﬂ SECA (Solid State Energy

Conversion Alliance) Z2H EoAx HAAS T&, T4 59 45 FE phaselE 7
=A7 [® 27].
[E] 24 H3d d5dA AL @3 (Delphi)
(24 : Delphi, http://delphi.com)
SECA Delphi
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Generation 3 SOFC

D<L.PHI

Cathode Air
Heat Exchanger

2x30-cell SOFC Stacks
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O Versa Power System
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10 kW Stack Stack Tower Stack Module

Building block for
stack towers
10- 50 kW Building block for

stack modules of
> 250 kW

Building Block for a 2100MWe
Integrated Gasification Fuel
Cell (IGFC) system

[ZLR] VPS AL9l 28], x®l Ele], ~dl RE9 7 Ao 7 mA}

MW-Scale SOFC Stack Module

» The SOFC MW module is built
off lessons learned from FCE’s
commercial MW-scale products




[Z8] FCE A}¢] SOFC MW B A 24 7 7y

SECA Coal-Based Multi-MW SOFC Power
Plant Development

MULTI-MW SOFC POWER
BLOCK CONCEPTUAL
DESIGN /
Power .
Units
Water

Co-Generator

FCE MW Class Fuel Cell
Product Development

3-10kW SOFC Development
DOE PDI! (1994 - 2005)

(Versa Power Systems)
DOE SECA (2003 - 2008)

Central
Control
Assembly

»Coal-Based SOFC power plan
development benefits from othe
successfully demonstrated DOE
supported programs.

FCE High Efficiency Hybrid Fuel Cell— 20kW DFC Operating on Destec Coal
Turbine Product Development Syngas (4,000 hours)
DOE Vision 21 (2000 - 2008) DOE-EPRI (1990 - 1992)
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