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SECA Mission SECA

A Enable the generation of efficient, cost-effective
electricity from domestic coal with near-zero atmospheric
emissions of CO, and air pollutants (99% CO, capture)
and minimal use of water in central power generation
applications.

A Provide the technology base to permit grid-independent

distributed generation applications.

Fuel-Flexible:
Modular Syngas’ NG,
Technology H,, Diesel,
etc.

60% 5 99 Environmental: Low Cost,
Efficiency Cant 2 I~<0.5ppm NOx, | similar footprint
(Coal HHV) apiure 1 jow H,0 use to IGCC
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SECA Program Structure SECA
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Intellectual Property 3ECR

Industry Teams Develop Proprietary Technologies

SECA Core Technology R&D

Technologies
e e B

Non-Exclusive Licenses
Exceptional Circumstance to Bayh-Dole Act

i Rolls-Royce

- Promotes collaboration
- Limits research redundancy

FuelCeIIEnergy -Technol ogy sol ut
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Systems
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Fossil Energy Fuel Cell Program  SECA
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A

Fossil Energy Fuel Cell Program SECA
SECA Budget 1 FY10
$50MM

SECA Core Technology R&D
(National Laboratories, Universities,
Small Businesses)

$15,100,000

$34,900,000

SECA Industry Teams
(Cost Reduction and Coal-Based Systems)
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Industry Teams & Major Subcontractors
_ Calgary

DELPH

Driving Tomorrow's Tecnnology

~ .

U FuelCeII Energy
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Solid State Energy Conversion Alliance

Federal Government
Management

Core Technology

Industry Teams BB P Systems Analysis
FCE & VPS J. Thijssen, LLC
UTC & Delph| D. Keairns
Rolls-Royce OSAP-System Analysis
OSAP-Cost Analysis
Interconnects & Innovative Power
Cathodes : . Balance of Plant
Contact Materials Concepts Electronics
ANL i
BU Allegheny Ludlum CellTech Power NIST g;qu;n;r;C;ics
CMU Auburn General Electric y
GE Faraday Technology NexTech
G 2 Tech PNNL
eorgia Tec NETL
LBNL
MIT
Montana State  Anodes & Coal Seals S i Modeling & Stack Materials
PN'\;L | Contaminants uel Frocessing Simulation & Stack Testing
Stanfor '
UNLY Army CERDEC Alfred NETL ANL
LBNL Cincinnati Eltron R&D ORNL
NETL Mo-Sci NETL NNL NASA
PNNL MSRI Precision Combustion NAVSEA
UC Irvine RNL
TDA Research ONRL (?’NNL
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DOEOs Offi ce of Fos:

Advanced (Coal) Power Systems Goals

A 2010:

'r
'r
'r
'r
A 2015:
'r
'r

45-47% Efficiency (HHV)
99% SO, removal

NOx< 0.01 Ib/MM Btu
90% Hg removal

90% CO, capture

<10% increase in COE with
carbon sequestration

Multi-product capability (e.g, power + H,)
60% efficiency (measured without carbon capture)
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SECA Coal-Based Systems Atmospheric IGFC
near-zero water requirement
(99% carbon capture, 54% efficiency)

blower

] stack
ar _’D — gas
l l oxygen

expander '
SOFC Cathode CO,
CO, H2, CH, Gas
222 cleaning (| | Condenser |

(Dry or Oxy-Comb ‘ CO, Compressor

WGCU) Atmospheric SOFC & dryer

Water Recycle

Atmospheric SOFC with catalytic gasification 25 % Methane
air Separate Fuel and Air Streams: Oxy Combustion
Cycle Efficiency (HHV); 99% Capture

~51% with CO2 Compression

~54% w/out CO2 Compression
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SECA Coal-Based Systems Pressurized IGFC
near-zero water requirement
(99% carbon capture, 61% efficiency)

compressor expander

air . [ » Stack
j gas

l l oxygen

expander '
SOFC Cathode expander CO,
CO, H2, CH, Gas
————p |  Cleaning -'ﬂ

(Dry or Oxy-Comb ‘ CO, Compressor

WGCU) Pressurized SOFC & dryer

Water Recycle

Pressurized SOFC with catalytic gasification 25% Methane

Separate Fuel and Air Streams: Oxy Combustion

air

No steam cycle i minimal external water requirement

Cycle Efficiency (HHV); 99% Capture
~57% with CO2 Compression

~61% w/out CO2 Compression
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Impact of Efficiency on COE

Advanced Power Systems
With CO, Capture, Compression and Storage

PC [e]e{® IGFC
Baseline Baseline Pressure

Efficiency

28.4 32.6 . 57.0
HHV (%)

Capital Cost

3,570 3,330 2,100
$/kW

Water Withdrawal

10.7 18.3 . 1.8
gpm/MW,

Levelized

Sources: Cost and Performance Baseline for Fossil Energy Plants, Volume 1, Revision 2 DRAFT, 2010 Anticipated Release
Analysis of Integrated Gasification Fuel Cell Plant Configurations, DRAFT, 2010 Anticipated Release
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Representative Foot Print Comparison: IGFC & IGCC

IGFC 1 53 Acres IGCC 1 55 Acres
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A A similarly sized IGCC and IGFC will be - FOVidEd bY:
comparable in real estate requirement. WorleyParsons

resources & energy
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SECA Program Milestones 7 2010

(OMB Performance Assessment Rating Tool)

A Stack Cost - $175/kW
T 2007 Dollar Basis

A Power Block - $700/kW

A Maintain Power Density with Increased Scale ~
300mW/cm?
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$IkW

>$1500/kW (2000)

Driving Down Costs For Fuels Cells
(Order of Magnitude Cost Reduction)

600 A Anode Support/Advanced Cathode,
Seal & Interconnect
A Low Cost Manufacturing
AIncreased Power Density, Voltage &
Cell Size A Atmospheric or Pressurized Fuel Cell
450 A Separate Fuel to Oxy-Combustion
A 25% Dry Methane/Catalytic, Methanation
or NG Pipeline
300 A stablish Infrastructure
MAanufacturing Capacity
150 $175/kW
2000 >$1500/kW Commercialize . o
2010 ~$175/kW ~ « Transition to Coal Applications
coln Truck APUOG s
ost is Stack Only (ref 20
m—=>> O I | eme—
! | | | |
2000 2005 2010 2012 2015 2020
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Increase in Cell Size (Active Area)

Gen4: 403 cm? Gen3: 105 cm?
active area active area

~4X increase in
cell active area

DELPHI

Flanar, anode supported cells
LSCF cathode

#_stet b

A Higher active area leads to higher power per cell
A Less number of cells per system
A Low parts count
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http://www.seca.doe.gov/seca-today/st_delphi1.html

Increase in Cell Size (Active Area)

550 cm?
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Increase in Cell Power Density
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Power Density at 0.8V/cell
(mW/cm2)
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Year

A ~ 4 Xincrease in cell power density
A Power density independent of cell size
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Increase in Cell Power Density
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A ~ 4 Xincrease in cell power density
A Power density independent of cell size
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Cell/Stack Reliabilit
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A Tight control over stack output since 2007
A Excellent thermal cycling capability
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Voltage, V
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Cell/Stack Testing

OVERALL:

30 mV over 9538 hrs
3.1 mV or 0.31% / 1000 hrs

e

FuelCell Energy

VersaPower
Systems
N

1 Cell Stack - 81 cm?2 Active Area

Furnace Temperature: 750AC

Fuel: 55 H,:45 N, + 3% H,0, Uf = 50%

Oxidant: Air, Ua = 25%

Current: 40.5 A (0.5 A/lcm?)
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Cell/Stack Testing

GT058027-0001
120-Cell Stack

Cell Active Area: 550 cm?

1.2 30
FuelCeII Ener
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= 06 15 2
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o X’
2 g
o 04 Normal Operating Conditions (NOC) 10 0
5: Furnace Temperature: 715/C
Fuel: 25.2% H,, 22.4% N,, 14.5% NG, 37.8% H,O
In-stack reforming = 70%, Uf = 68% Average Cell Voltage
0.2 Oxidant: Air, Ua = 15% —— Stack Power 1o
Current: 200 A (0.364 A/lcm?)
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Solid State Energy Conversion Alliance
Fuel Cells Technology Timeline

2005 2006 2007 2008 2009 2010 2011 2012_

Technology Solutions and Enabling Technology

SECA R&D l

SECA Cost ‘

|
A

Reduction
Validation test

SECA Coal

Validation test

v v

AN A

Based
Systems

SECA
Manufacturing

\ 4

Operate Operate Multiple

Single Module Module (5 MW)
(250 kW -1 Scale with

MW) Scale  Bottoming Cycle

A

$700/kW

Ref: 2007

25071 500 MW IGFC

Coal-Based Fuel Cell
Objective
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SECA Fuel Flexibility ECA

SOFC Systems can produce power from many fuels

60% Electrical Efficiency

Electric Power

Fuel Gas
(mainly CH,, CO, H,)

Gasification Ar.1aero.b|c Reforming
Digestion

Coal Biomass / Waste Natural Gas
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A

Delphi Auxiliary Power Unit Demos  SECA

Commercial in 2012

Pathway to Coal Plants
A Gain operational experience

A Develops infrastructure for fuel cell stack
manufacture

A Del phi 6s di e dembnst®tEdCA AP U
by Peterbilt and Daimler

DEL PI-1
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