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Overview

® Product Lines

® Product Goals

® Product Development Strategy
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® Barrier Issues

® Key Plans For Next Year

® Technical Status

® Market Opportunities
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Product Lines

"The Future of Coal Based Power Generation"
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Integration Gasification Combined Cycle (IGCC)
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Pressurized Fluidized Bed Combustion (PFBC)
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Goals

® Coal Based Power Systems
- Environmental Performance
- Efficiency
- Cost
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IGCC Goals

Adv. Gas
NO, 0.08 NO,
: SO, 0.02 SO,
Filters Part. 0.02 Part.
Eff. 45 % Eff.
HGD Cost $1350 Cost
COE 3.4¢ COE

GT

Adv. Cycles
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$1150

NO, 0.06
SO, 0.15
Part. 0.01

Eff. 60%+

Cost $1100
COE 2.5¢
2020
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Topped Cycle Part. 0.02 Part.
> Eff. 45% Eff.

) Cost $1250 Cost

Filters COE 3.4¢ COE
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Adv. Cycles

PFBC Goals

NO, 0.3 NO,

SO, 0.2 SO,

2000

0.26 NO, 0.24
0.18 SO, 0.16
0.015 Part. 0.013
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Product Development Cycle

Government Share
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"Hard Reality"
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Technical Status

® Key R&D Activities
® Product Development

® Demos and R&D
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Key R&D Activities
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IGCC Projects, Major R&D, Support

EERC
Gasifier Filters General Electric
Data Base HAPs Pilot Plant

METC PDU/MGCR
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PFBC Projects, Major R&D, Support

Tidd Project
Ohio Power
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Seward AFB Project
Penelec

Pulsed AFB Project
Thermochem

Mountaineer Project
Appalachian Power

Power Systems Development Facility | AFBC Project
Southern Company Mclintosh PFBC Project -
City of Lakeland W R&D Activity
Pilot-Plant Activity

Clean Coal Project

® Supporting R&D M96001870C
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Power Systems Development Facility Consists of Two
Separate Reactor Systems
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GEESI Moving Bed Desulfurizer
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PDU Reactor Schematic
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METC
Desulfurization PDU
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Westinghouse Cold
Flow Filter Module




TIDD PFBC Ceramic Filter Test Slipstream

Back-up Cyclans

1/Tth Flow

Filter Test Vessel

ASEA QT-35 Qas Turbine

: Coal, Limestone
*= or Dolomile

Conduct large-scale engineering tests of ceramic filter systems for
commercial 1st & 2nd Generation PFBC
- Demonstrate 5,000 hours of operation

$20 million program separate from Clean Coal

Test filters on 2nd & 3rd years of operation

Westinghouse ceramic candle filters first system to be tested
Potential for a different filter in 2nd test period
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Barrier Issues

® Technical
- Filters
- CO,
- § and other gases
- Materials

® Market
- Domestic capacity growth
- Capital cost
- Incentive for risk
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IGCC R&D Issues

(4) Hot Particulate Removal (5) Hot Gas
- Filters life/reliability Desulfurization
- Chemical durability in reducing gas - Proof of process concepts
- Solids loading removal/cleaning - Process control .
recovery - Sorbent capacity, attrition
- Particle morphology resistance and life cycle costs
- Temperature - Chemical attack (6) Other/Combined

/ Contaminant Control

- CO7 reduction/control

K - Chloride removal
- NH3\NO> control

(3) Advanced
Gasifier Concepts

- Transport Reactor
- Pulsed Gasifier N

L4 (7) Gas Combustion

J— - (8) Trace Emissions
( UU o

- HAPs measurement

I..._@_% & modeling

(2) Ash Disposal
- Disposable solid

waste - MWK \

\ g

(1) Overall System \
e aiatiorion (9) Sulfur Recovery
- Capital Cost/COE - DSRP
evaluation - Advanced sulfur
recovery concepts
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PFBC R&D Issues

recovery

- Temperature

Hot Particulate Removal

- Filters life/reliability
- Solids loading removal/cleaning

- Particle morphology

Other/Combined

Contaminant Control
- Chloride Gas Combustion
- Alkali Low Btu gas
- Stability

- NO, issues

Advanced
Carbonizer Concepts/
Sulfur Removal

- Transport Reactor
- Pulsed Gasifier

Ash Disposal/
Reuse

Trace Emissions

- HAPs measurement
and modeling

Advanced Steam Cycles

- Kalina Cycle
- Materials Issues

Overall System

- System studies
- Components
- Instrumention & control

M96001812C



Key Plans

® Startups
- Tampa
- Pinon
- PSDF

® Construction
- Lakeland
- Seward

® Testing
- Filter Materials















List of IGCC Projects in the World
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IGCC Plants and Projects

® Built
A Proposed
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List of PFBC Projects in the World

Non-topped PFBC’s
A Proposed

O Built

Topped PFBC’s

® Built A Proposed

. 500 MWe (2-250 Units)

130 MWe + 210 MWt O
Vartan, Sweden

Chugoku Electrlc Japan

_ A A 350 MWe A 340 MWe
850 MWe : Teruel, Spain Mountaineer, USA
Kyushu Electric, X X ' X X

Japan

A 175 MWe Lakeland USA E

79 MWe, Escatron, Spain O
71 MWe, Tidd, USA O

085 MWe Hokkaldo Japan

O : A 75 MWe + steam, Cottbus, Germany '
71 MWe . ' . . ' . ' . . ' . '
X Wakamatsu,i

J:aparh A 57,MW3 + 99 MWh, Tlreboyice,_Czeclzh

O 60 MW, Grimethorpe, UK

'O 40 M, Aachén, FRG !

‘015 MWt
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' Nanjing, PRC'\'
Delft, . ©O
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PFBC Plants and Projects
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Marketplace Opportunities

® U.S. repowering

® Global demand

® Co-production

® Opportunity fuels

® Environmental drivers

® Advanced systems
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Global Demand

World Electricity Consumption Non-OECD Electricity Consumption
1970 - 2015 By Region, 1993 - 2015
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Source: History: Energy Information Administration (EIA)
International Energy Annual 1993, DOE/EIA-0219(93)
(Washington, D.C., May 1995). Projections: EIA, World
Energy Projection Stystem (1996).
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U.S. Repowering

Plants Over 40 Years Old
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Co-Production
COAL
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Environmental Drivers

e SO>

®* NOx

* CO2

® Particulates
®* HAPs

M96001843C



Advanced Systems
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