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c. Probabilistic Analysis and Optimization of New Power Generation Technologies: A Case Study for the Externally-
Fired Combined Cycle, H. Christopher Frey and Pankaj Agarwal, Dept. of Civil Engineering, North Carolina State University,
RAICIGA, INC ...ttt ettt e et e vt et et s e ta e s e st e teseat e e te e s e e s eet e eeteen e e e e et s e e e et e et e et e a s nenn e e rattantn e reanaean 6

d. Optimization of Environmental Control System Design for an IGCC Power Plant, U. M. Diwekar, Research Assistant,
and Edward S. Rubin, Professor of Engineering and Public Policy, Camegie Mellon University, Pittsburgh, PA; H. Christopher
Frey, Assistant Professor, Dept. of Civil Engineering, North Carolina University, Raleigh, NC ...........ccccocovevirviverveiveeesiesivaennns 6

* Paper not available. ix



e. Catalytic Reburning for NOx Control in Advanced Coal-Based Power Generation, Arden B. Walters, President,
Advanced Energy Research, Inc., Delray Beach, FL; M. Albert Vannice, Professor, and Xiankuan Zhang, Penn State
University

f. An Evaluation of Disposal and Utilization Options for Advanced Coal Utilization Wastes, Charles J. Moretti, Assistant

Professor of Civil Engineering, University of North Dakota, Grand Forks, ND

Generation & Fuel Options
04. Panel on Dispersed Generation - Technology for Competition
Sponsored by APC

a. Dispersed Generation - Technology for Competition, Thomas R. Casten (Moderator)
b. Thomas S. Ewing, Ewing Power Systems, South Deeffield, M!
c. John E. Slattery, Managing Director, AGC Project Development, Inc., Tulsa, OK
d., Per Stahle, Wartsila Diesel North American

e. Proven Technology for Dispersed Power Generation, Stephen Upham, Sales Manager, Fairbanks Morse Engine
Division, Saratoga Springs, NY

f. Cogeneration at the University of New Mexico, Lawrence Schuster, University of New Mexico, Ford Utility Center,
Albuquerque, NM

Generation & Fuel Options
05. Superconductivity Technologies for Electric Utility Applications
Sponsored by APC Electrical Division

a. A Worldwide Overview of Superconductivity Development Efforts for Utility Applications, Robert F. Giese, Energy

Systems Division, Argonne National Laboratory, Argonne, IL

b. High Temperature Superconducting Transmission Cables: The Future of Power Transmission in North America,

M. M. Rahman, Y. Wen, F. Marciano and C. Doench, Pirelli Cables North America, Lexington, SC

¢. Status of Superconducting Power Transformer Development, Ronald C. Johnson, Substation Engineer, Rochester

Gas & Electric Co., Rochester, NY; Benjamin W. McConnell, Senior Development Staff, Oak Ridge National Laboratory, Oak

Ridge, TN, Sam P. Mehta, Director of Transformer Engineering, Waukesha Div. of General Signal Corp., Waukesha, Wi;

Michael S. Walker, Senior Staff Scientist, Intermagnetics General Corp., Latham, NY ........c...cooiiiioeioeeoeeeeeeeeeeaeee

d. Recent Advances in Flywheel Energy Storage using HTS Magnetic Bearings, Robert G. Abboud, Commonwealth

ReSearch Corp., CRICAGO, IL..........cccoovioiooi oo e e

e. Superconducting Fault Current Limiter for Utility Applications, Eddie Leung, Alonso Rodriguez and Gray Albert,

Lockheed-Martin Corp., Rancho Bernardo, CA; and Gary Dishaw, Southemn California Edison, Irwindale, CA...........cooovn..

f. High Temperature Superconducting Synchronous Motor Design and Test, R. Schiferl, Electrical Development

Engineer, B. Zhang, B. Shoykhet, D. Driscoll, Mechanical Engineer, A. Meyer, J. Zevchek, and E. Johnson, Reliance
Electric, Cleveland, OH; B. Gamble, C. Plum, and J. Voccio, American Superconductor Corp., Westborough, MA...................

g. Application of Hi-Tc Superconducting Current Fault Limiters to Utility Distribution Networks, Stephen B.

Kuznetsov, John A. Casazza and Timothy J. Webb, Power Superconducting Devices, Inc., Pittsburgh, PA...............ccccevan....

Globalization
06. Power Generation Trends and Challenges in China
Sponsored by APC Cost & Mechanical Divisons

a. Chinese Power Industry - Today and Tomorrow, Tang Yunlin, President, China Power Engineering Consulting Co.,

BeIfiNG, CRING ..ottt

b. A Brief Overview of Chinese Design Code on Fossil Fueled Power Plants, Xu Zhongqing and He Yehong, Former

Director, East China Electric Power DeSign INSHHULE, CRING..........c.o oo

¢. The Development of Clean Coal Technology in China, Zhao Jie, Department Chief, and Zhu Xingchu, Director, North
China Electric Power Design INSHIULE, CRINA..................c.coocooeoeoeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e

* Paper not available. X



d. The Connection of the Three Gorges Hydro Plant to the Power Grid, Zhu Xigiao, Vice Director, and Zheng Yenfen,
Central South Electric Power Design Institute, China........................ T U PPTSRS 6

e. The Effect on Thermal Power Plant Design Due to the Implementation of China's New Environmental Laws and
Regulations, Zheng Dingrong, Senior Engineer, Liu Yongjiu, Senior Engineer and Lei Kechang, Director, Northwest Electric

Power Design Institute, Xian, CHINA ..........cooc et e e e et 4
f. The Development of Combined Cycle Power Plant in China, Chu Guoyu, Director, Southwest China Electric Power
DESIGN INSHIULE, CRINA ..........c.ieieeeeetie ettt ettt ettt e et e et e okt e e oo em s e eat e e b oo e a s e et b e e e e et et e et 3
g. The Chinese 600-MW Unit with Advance Technology - Harbin No. 3 Plant No. 3 Unit, Yan Chengyi and Zhai Yaoxi,
Director, Northeast China Electric Power Design Institute, ChiNa.................cccccoiiiiiiiiiiiiicioiiii i 4

Nuclear Operations & Options
07. Aging in Nuclear Power Plants - Causes, Effects & Significance
Sponsored by APC Nuclear Division

a. NRC's Material Aging Research Program, Michael E. Mayfield, Chief, and Gilbert C. Millman, Section Leader, Electrical

Materials and Mechanical Engineering Branch, U.S. Nuclear Regulatory Commission, Washington, D.C. ...............cc.c.cc.ccoi 5
b. License Renewal Aging Considerations -- Lessons Learned, B. W. Doroshuk, B. M. Tilden, and M. Bowman, Baltimore
Gas and Electric Co., BalIMOIE, MD...............c.coceiuieeee sttt ettt sa e et e s s et e e s ettt s s *
c. Evaluating the Safety of Aging Nuclear Reactor Pressure Vessels, W. E. Pennell, Engineering Technology Division,
Oak Ridge National Laboratory, Qak RiAGE, TIN .........cociriii i et et 6
d. Management of Aging and Degradation Mechanisms for BWR Vessel and Internals, Warren Bilanin, EPRI, Palo Alto,
CA; Robin Dyle and Charles Pierce, Southem Nuclear Operating Co., Birmingham, AL ..o 6

e. Environmentally Assisted Cracking of Light-Water Reactor Materials, O. K. Chopra, H. M. Chung, T. F. Kassner, and
W. J. Shack, Argonne National Laboratory, Argonne, IL........ ..o 6

f. PWR Steam Generator Management, C. S. Welty, Jr., Manager, Steam Generator Program, Electric Power Research
INSEEULE, PAIO A, CA ... ettt e e e et e et e st e ettt et e sn e st e ot st e bR e e e ab e e et e s e e e e et *

0&M, Repowering & Plant Betterment
08. Innovative and Competitive Repowering Options
Sponsored by APC Mechanical Division

a. Repowering: Capturing the Strategic Opportunity, Jonathan W. Gottlieb, Esq. and Dean M. Colucci, Esq., Reid &

Priest LLP, WaSHINGION, DC..........oo ettt ettt ettt et e e e e e et b e e s et e 4 et st e et e e 3
b. Repowering in a Competitive Powering Market - Opportunities, Roadblocks and Incentives, Thomas A. Hewson Jr.,
Principal, Energy Ventures Analysis, INC., ATlINGLON, VA .......cocoiiiiiiii i e 4

c. The Natural Gas Repowering Market and Technology Options, Paul Bautista, Senior Product Manager, Power
Generation, Gas Research Institute, CRICAGQO, IL.............ccc.oovoeiiiiie et e e 6

d. Upgrading Generation Planning Tools to Capture the Innovative and Competitive Benefits of Repowering, Arden B.
Walters, President, Advanced Energy Research, Inc., Delray Beach, FL..............cccccccoiiiiiiiiiiiiiiiiiii e 6

e. The Competitive Technical and Business Success of the FP & L Lauderdale Station Repowering, David Stephens,
Gas Turbine Commodities Manager, Florida Power & Light Co, and Thomas M. Sullivan, Repowering & Project Marketing
Manager, Westinghouse Electric Corporation, Orlando, FL.................ooiiiiiii e e 6

f. Repowering: Improving Your Competitive Position, J. N. Darguzas, Sargent & Lundy, Chicago, IL................................ *

0O&M, Repowering & Plant Betterment
09. Structural 1- Structural Examinations, Modifications and Repairs
Sponsored by ASCE Energy Division

a. Database for Condition Monitoring of Large Reinforced Concrete Structures - Comparison of Five-Year Data,

Bemard H. Hertlein, Senior Project Scientist, STS Consultants, Inc., Deerfield, IL ..............c...cccociivaiiiiiini e 4
b. Ductwork and Chimney Modifications for Utilization of Improved FGD Scrubbing Capacity, S. J. Fang, S. J.
Chhabra and D. J Guilaksen, Sargent & Lundy, Chicago, IL; and S. Cassidy, Tampa Electric Co., Tampa, FL ......................... 6

* Paper not available. Xi



¢. Construction Considerations in the Development of Structural Reinforcement Schemes for Boiler Retrofit
Projects, D. S. Fedock, Manager, Construction Technology, Americon Holding Company, Inc., Copley, OH *

d. The Use of Composite Trusses in Long-Span Power Plant Structures, J. Ryan, Senior Engineer, Bechtel Power
Corporation, GANErSDUIG, MD .......................cooueeeevuorieerivessssseeeeeeeeeseeeeeeeseoe e es oo 6

e. Structural Design of Air and Gas Ducts for Power Stations and Industrial Boiler Appilications, R. L. Schneider,
Parsons POWEr, REAUING, PA...............coo........coomeeeeereeeeeieeeseeeeeeeeooeeseeeeeeeeeeneeee oo eees e oeeeeeeoeeoeeoeooeooeoeooo 6

f. Natural Phenomenon Hazard Evaluation of an Aged DOE Plant, S. J. Serhan, Project Engineer, B. Reese Structural
Engineer, Parsons Power Group, Inc., Reading, PA; and R. Kroon, Senior Engineer, Lockheed-Martin, Oak Ridge, TN........... 8

Systems Access & Management
10. Power Marketing - Panel

Sponsored by APC Cost Engineering Division

8. RODEIt E. TYIOr (MOGEIALON) ...............ocoecooeeeeseteio st e oo *
b. (WITHDRAWN 1/30/96), Jeremy Shane, PECO Energy, King of PruSSIa, PA ..........ccooueeeoeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeoeo *
¢. Kevin J. Fox, Director, Power Marketing, Aquila Power, OMANa, NB ..o, *
d. Anthony J. Gordon, J. Aron & Co., Goldman Sachs Group, NeW YOrK, NY .......c.coomeeeeeeeeeeeeeeeeeeeeeeeeeeeeee *
e. Thaddeus A. Miller, Wisconsin Power & Light, MadiSOn, W..........ooueeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeee *
f. John A. C. Woodley, Morgan Stanley & CO., NeW YOrK, NY .............co.occoommmmeeommmeoeooeeeoeoooeoeeoooooooooo *

Systems Access & Management
11. Electric Load Forecasting

Sponsored by APC Electrical Division
a. Implementation Practice of Short Term Load Forecasting in Time Series, Ji-Yuan Fan, Senior Member, Advanced

CONtrol Systems, INC., NOTCIOSS, GA...............cccommeeurmmeeerimiruieneeeesseoeseeeeeseseeoseesesseseee e e oo eese oo 5
b. Fast Training of Neural Nets for Load Forecasting, John M. Agosta and Norman Nielsen, SRI Intemational, Menlo

PAIK, CA ...ttt e et e oo oo 6
¢. Neural Network Based Short-Term Electric Load Forecasting: EMS-integrated and PC-Based Stand-Alone
Systems, Mostafa Khadem, Principal Engineer, and Alex Lago, ABB Systems Control, Inc., Santa Clara, CA........cueven........ 6

d. Prediction by Neural Network Methods Compared for Energy Control Problems, Alvin J. Surkan, Professor, Dept. of
Computer Science and Engineering, University of Nebraska, and Alexei N. Skunikhin, Institute of Physics and Power

ENGINEEIING, ODNINSK, RUSSIA.................c.coevvtreremieessessseessesseseseseseesesees e se e see e s s eesseees e s e e e s e e e e oo eeeeeoooeeoeoeo 6
e. Integrated Model for Electric Load Forecasting (WITHDRAWN 2/21/96), K. F. Reinschmidt, President & CEO, Stone
and Webster Advanced Systems Development Services, BOSION MA..............co.ooooeeeeeeeeeeoeeoeeoeeeoeoeeoeoeeoooo *

f. An Automated System for Developing Neural Network Short Term Load Forecasters, Michael T. Manry, Professor,
Dept. of Electrical Engineering, University of Texas-Amington, AminGton, TX ... 5

Transmission & Distnibution
12. Distribution Planning
Sponsored by APC Cost & Electrical Divisions

a. Distribution Planning for the Competitive Environment, Gary B. Rackiiffe and H. Lee Willis and Hahn N. Tram, ABB

Systems Control, Automated DiSHTOUHON, CAIY, NC...............cco.oeoeeeeeeeeeeeeeeeeeees e oo *
b. Distribution Planning - A Changing Paradigm, Paul Freischmidt, Wisconsin Electric Power Co., Milwaukee, W ............ *
¢. Power Quality Monitoring with a Revenue Meter, A. Lee West, Process Systems Inc., Charlotte, NC ...............coeevvvnn... *

d. Emerging Challenges Facing Distribution Planners, Steve Chapel, Electric Power Research Institute, Palo Alfo, CA....

e. The Application of Faulted Circuit Indicators on the ComEd Distribution System to Improve System Reliability,
Garvin F. Brown, Engineer, Construction Standards, and John M. Hans, Material Specifications, Distribution Planning and
Reliability, COMEG, MAYWOOU, IL...........c.ccoiiruerereriereeaerieesieseeeereseseees e eeeesee et s e 5

* Paper not available. Xii



f. How Do We Get "The Vision" - Developing a 15 Year Delivery System Plan and Applying Results to Business
Decisions, Wanda Reder, Northem States Power Co., Minneapolis, MIN.................cccccocviimiiimneiniiinciiiiic st *

Transmission & Distribution
13. EMF Effects

Sponsored by APC
a. Relative Magnetic Field Density from Various Power Transmission Installation Options, Brian S. Cramer, Principal
Engineer, COMEQ, CRICAGO, IL............c...uui o eeee et et e e ettt eeae e e st ea e et esanseee e s sseeeasaateeeanasstanessaraneesaantaenassennnnanessstrnnasennss 5
b. The Nature and Variabilities of Ground Current as a Source of Residential Magnetic Field, Domenico Lanera, John
E. Zapotoski, and James A. Colby, lIT Research Institute, ChICAGO, IL.............c.cccoevveviviviiiiiiiieeeeeeen et 6
c. Transformer Generated Magnetic Fields, M. Muralidhar and G. G. Karady, Professor, Arizona State University, Tempe,
Y S OO OO ST PSRRI 5
d. Magnetic Field Management Techniques, D. W. Fugate and T. R. Whittemore, Electric Research and Management,
INC., PHESDUIGR, PA ...ttt ettt ettt ettt et e et e e s e e s aea e s te e sab e s bs e s se e e be e s et e e b et e ran e s s bt s nane e s oae s sanseranes s bsessntsseamasae s rennanses *
e. Magnetic Field Exposure Characterization During Environmental Field Surveys for the EMF Rapid Program,
Luciano E. Zaffanella, Vice President of Research, ENERTECH Consultants, Lee, MA.............ccccoveviiroicriiriciinecieviiencieineenn 6
f. Design, Construction and Operation of a Dedicated Magnetic Field Animal Exposure Facility, J. R. Gauger, T. R.
Johnson, D. L. McCormick and J. B. Harder, lIT Research Institute, Chicago, IL............cccccoviciieiicicvciiiiiiiieciniiiiiecccciiea e, 7
g. Computation of Electromagnetic Fields Inside Buildings Located Close to High-Voltage Power Lines, W. Ruan, S.
Fortin, F. P. Dawalibi and J. Ma, Safe Engineering Services & Technologies, Ltd., Montreal, CANADA ..............ccccovvierevinnnin. 6

Controls, Monitoring & Expert Systems
14. Tutorial Panel on Recent Advances in Sensing Data Needed for Power System Operation and Maintenance
Sponsored by APC

a. Extended Range Phosphor Thermography for Power System Applications, Steve Allison, Senior Scientist, Oak Ridge
National Laboratory, Qak RIAGE, TN, .........ccveeiiiiiieiee et seterte st ee st s st be s ressats s e et e s bacesbeessraesenaatosbans v reneessaeenstssaannnesasbensnes *

b. Alloy 600 Corrosion Monitor Based on Fiber Optic Strain Gage, John W. Berthold, Babcock & Wilcox R&D Division,

Alliance, OH; and Thomas O. Passell, Electric Power Research Institute, Palo Alto, CA............cccecvivieecovmeieeicieeeesesnena s sineens 7
¢. On-Line Transformer Gas Analysis, Steve Pyke, V. P. Chief Technology Officer, Micromonitors, Inc., Bend, OR............. 4
d. Optically Powered Instrumentation, Jan G. Werthen, President & CEO, and A. G. Andersson, Photonic Power Systems,
Inc., Mountain View, CA; H. O. Bjorklund, ABB Power Systems, Ludvika, SWeden ....................ccoccvvriviiriccnciiniiiniiineesniiennnnnas 6
e. Advamged Sesors for Power: What's Next?, John Maulbetsch, Executive Scientist, Electric Power Research Institute,

L= Lo 30 Y1 (o T - O P *

f. Metering-Accuracy Fiber-Optic Measurement of Transmission-Line Currents, Trevor MacDougall, Jay Dawson and
Edward HEmandez, 3M, AUSTIN, TX .........ooeaiee ettt et s et e e e e st e e e s ans e e s seaab et s st e s e s ss b s n e s e bbase e b nnanasansseeeas 4

Controls, Monitoring & Expert Systems
15. Fuzzy Logic and Neural Networks for Power Plant Applications
Sponsored by APC Controls Division

a. Neural Network Based Condition Monitoring Systems, Chalapathy Dhanwada and Eric B. Bartlett, lowa State
University, Department of Mechanical ENngineenng, AMES, IA..........o ittt cneaeas s e e s serasaanaas 6

b. Plant Monitoring and Diagnosis using Input-Training Neural Networks, Venkatramana N. Reddy and Michael L.
Mavrovouniotis, Dept. of Chemical Engineering, Northwestem University, Evanston, IL ............c.coooociiiiiiiiiiiciicciiiiineieenee 6

c. An Application of Fuzzy Logic to Power Generation Control, M. Nabeel Tarabishy, Visiting Assistant Professor,and J.
J. Grudzinski, Graduate Student, Dept. of Mechanical, Matenials and Aerospace Engineering, lllinois Institute of Technology,
(01770 Te (o XN | PSSP OROTPRPE 5

d. Fuzzy Reference Model Learning Control (FMRL) Applied to a Boiler Steam Drum, James J. Grudzinski, Graduate
Student, M. N. Tarabishy, Visiting Assistant Professor, Dept. of Mechanical, Materials and Aerospace Engineering, IIT,
(0717707 o (o TN | E O T U U P U U RPN 6

* Paper not available. Xiii



Environment & Air Quality
16. Flue Gas Conditioning Systems and Air Toxics
Sponsored by APC Mechanical Division

a. New, Low Cost, Sulfur Based SO3F. G.C. - Designs for Utility Service, J. West and B. Wiright, Wilhelm
Environmental Technologies, Indianapolis, IN *

b. Direct SO3 Fiue Gas Conditioning Plant ( “In-Duct") within the Economizer Section Ductwork -- Low Cost
Concepts, M. Unland, and Atis Vavere, Monsanto Enviro-Chem, St. Louis, MO; Robert A. Wright, Wilhelm Environmental
Technologies, INC., INAIANAPOINS, IN ...............coouoreemmioeeieeeeeeeeeeeoeeeeeeeeeeee e 5

¢. Successful Solo Ammonia Conditioning -- A Case History, D. Read, Pennsylvania Electric Co., Shelocta, PA.............. *

d. Re-Engineering Strategies in the Automation of Industrial Transport, Inventory and Process - New Low Cost Ways
to Safely Ship, Store and Convey Bulk Materials, Michael J. Bames, President, Transilo, Intermodol, Inc., Phoenix, MD....6

e. Hazardous Air Pollutants (HAP) Measurement Around a Chiyoda CT-121 Jet Bubbling Reactor SO2 Scrubbing

System, D. P. Burford, Southem Company Services, Inc., Birmingham, AL...........ooooooooooooooooo *

f. Recent Dual Flue Gas Conditioning Experience, William G. Hankins, Technical Manager, Environmental Equipment,

CREmItNON, SEAHE, WA................ccoiieeeeeeeee ettt *
Environment & Air Quality

17. Electrokinetic Decontamination of Soils
Sponsored by ASCE Energy Division

a. Electrokinetic Remediation: A Review of the State of the Art, Yalcin B. Acar, Professor, Civil and Environmental
Engineering Depts., Louisiana State University, Baton Rouge, LA, and Akram Alshawabkeh and Elif Ozsu-Acar, Project
Manager, Electrokinetics, Inc., Baton Rouge, LA *

b. Electrokinetics for Use as an In-Situ Soil Remediation Process, S. Pamukcu, Lehigh University, Dept. of Civil
Engineering, Bethehem, PA, and J. K. Wittle, Electro-Petroleum, Inc., Wayne, PA ..., *

c. In Situ Electrical Heating for the Decontamination of Soil, Harsh Dev, IIT Research Institute, Chicago, IL, and J. M.
Phelan, Sandia National Laboratonies, AIbUGUErqUE, NM.....................oooooeeeeeeeeeeeeeeeeeeeeeeee 5

d. Electrokinetic Remediation of Soils Contaminated with Electroplating Wastes, Krishna R. Reddy, Assistant
Professor, and Usha S. Parupudi, Graduate Research Assistant, Dept. of Civil and Materials Engineering, University of lllinois
at Chicago, and Srinivan Devulapalli, Environmental Engineer, Patterson Associates Inc., Chicago, IL ............cccccveeeeeveeann... 5

e. Electroacoustic Characterization of Contaminated Soils, Gerald R. Eykholt, Assistant Professor, and H. C. Hung,
Graduate Research Assistant, Dept. of Civil and Environmental Engineering, University of Wisconsin - Madison, WI .............. *

f. Electrokinetic Remediation of Soils, Sludges and Groundwater, Stan Kimmel, Fluor Daniel, Inc., Irvine, CA; Robert L.
Clarke and Reinout Lageman, Geokinetics Intemational, INC. .............coo oo 6

g. Electrokinetic Extraction of Radionuclides and Inorganic Species from Soils, Yalcin B. Acar, Professor, and Robert
Gale, Civil and Environmental Engineering Dept., Louisiana State University, Baton Rouge, LA; Robert W. Peters, Energy
Systems Division, Argonne National Laboratory, Argonne, L .............coeooeeeoeeeeeeeeeeeeeeeeeeeeeeeeee *

Generation & Fuel Options
18. Integrated Gasification Combined Cycle
Sponsored by APC Mechanical Division

a. Integrated Gasification Combined-Cycle Research Development and Demonstrated Activities in the U.S., R. Daniel

Brdar, IGCC Prod. Manager, and Daniel C. Cicero, Project Manager, U.S. Dept. of Energy, Morgantown, WV ................... *
b. Repowering with Clean Coal Technologies, M. D. Freier, Department of Energy, Morgantown, WV T. L. Buchanan, M.
R. Delallo, and H. N. Goldstein, Parsons POWer, REAiNG, PA............ocoooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 6
¢. PRENFLO for IGCC Technology, W. Schellberg, GKT, Essen, GEIMNANY ..o et eee s 4
d. Pinon Pine: An Advanced ICCC Demonstration, M. D. Freier, General Engineer, and D. M. Jewell, U.S Department of
Energy, J. W. Motter, Advanced Generation Project Manager, Sierra Pacific Power Company, Reno, NV .............cccccovvevi.. 6

* Paper not available. xiv



e. Optimization of an 02 Blown Coal Gasification System, N. Nagasaki, S. Hoizumi, A. Morihara, and E. Kida, Hitachi,
Ltd., Japan; J. Wada, Tokyo Electric Power CO., YOKORAMA, JAPEANN ...........c.ccooeeeieeeeeeeeeeeeee e reeeee et ans 6

f. Wabash River Repowering Coal Gasification Project Becomes Commercial, J. L. Stultz, PS! Energy, West Terre
Haute, IN *

Generation & Fuel Options
19. Advanced Systems 1: Advances in Fusion as a Safe and Environmentally Acceptable Energy Source for the
Future

Sponsored by APC
a. The Prospects for a Tokamak Fusion Reactor, Michael J. Saltmarsh, Director, Fusion Energy Division, Oak Ridge
National Laboratory, Qak RIAGE, TN ...........coo oo e *
b. Recent Advances in Fusion Performance, Dale M. Meade, Plasma Physics Laboratory, Princeton University, Princeton,
N e e e ettt ettt ettt ettt ettt et *
¢. The International Thermonuclear Experimental Reactor, Charles C. Baker, U.S. ITER Project Office, University of
California @t SN DiIBGO, CA ......c.oo ettt ettt ettt e e ettt ettt et te et ettt e te et aenraanrans 6
d. Future Improvements in Magnetic Fusion, Keith |. Thomassen, Deputy Associate Director, MFE, Lawrence Livermore
National Laboratory, LIVEITNOIE, CA..........o. oottt et e e et eme e s e reeneaene *
e. Environmental and Safety Aspects of Fusion Facilities, David A. Petti, Idaho Natl. Engineering Laboratory, Idaho Falls,
L U S R URRUTTUPI 6
f. Materials -- The Key to Economic, Safe and Environmentally Attractive Fusion Power, Everett E. Bloom, Oak Ridge
National Laboratory, Qak RiAGE, TIN ..........ooeeeoeeeeeeeee e e *

Globalization

20. Challenges of the Global Marketplace 1
Sponsored by APC Cost & Mechanical Divisons

a. Economic Evaluation for Power Facilities in Countries with High Uncertainty Escalation, Currency Devaluation
and Controlled Exchange Rates, C. Alvarez, Project Manager, Power Division, S. Hemandez, Project Manager, and T.
Risquez, Project Manager, Tecnoconsult/Tecnofluor, Caracas, VENEQUEIA .....................c...cc.ocoveveeeecieeiieeceeiie e s e eereaeennnn *

b. The Impacts of the 1995 Financial Institution Environmental Guidelines on Power Projects, K. L. Weaver, Senior
Engineer, and G. A. Schott, Manager, Environmental Engineering and Services, Westinghouse Electric Corporation, Orlando,

oL e e et 6
¢. Meeting the World's Power Generation Demand through Mass Customization, R. G. Narula, Fossil Tech Group,
Bechtel Power Corporation, Gaithersburg, MD ..............ccc.oocoii oot *

d. Power Sector Privitization in Brazil: Opportunities and Barriers for U.S. Industry Involvement, D. W. South, and J.
S. Siegel, Energy Resources Intemnational, Inc., Washington, D. C..............cccocouieiievicieiiieii e see et eses sttt sttt *

e. Global Power Marketing: Potential of Power industry and Cost of Power Production in India, J. B. Shukla, Cost
Control Engineer, NPCC, Abu Dhabi, United Arab Emirates; N. Dinker, Member Technical, Gujrat Electricity Board, Race
course, Baroda, India; G. J. Raval, Principal, Shanti Lal Shah Engg College, Bhavnagar, India ...............cc..ccc.ccovevievvvereanennn. 6

f. Distributed Engineering Capabilities in the Global Power Market, G. Schouten and P. Predick, Sargent & Lundy,
Chicago, IL -

Nuclear Operations & Options
21. International Symposium on Thermal Hydraulic Methods for Nuclear Power Plant Safety and Operational Issue
Resolution 1

Sponsored by APC Nuclear Division
a. Multi-Dimensional Analysis of Containment Debris Transport and Post Accident Sump Performance, T. S.

Andreychek and D. L. Paulsen, Westinghouse Electric Corp., PISDUIGR, PA .............co oo e *
b. Study on Models for Jet Breakup for CANDUB 6 Containment Analysis, J. S. Baek, N. H. Lee, J. Y. Huh, J. H. Choe,
and S. T. Hwang, Accident Analysis Dept., Korea Atomic Energy Research Institute, TaeJon, KOrea ............c.ccccevevevveeeencan. 6

* Paper not available. Xv



c. Cooling Water System Thermal Performance Analysis Using the COCO Computer Code, J. Hom, R. M. Jakub and D.

E. Durkosh, Westinghouse Electric Corp., Nuclear Technology Division, PittSDUIGH, PA.............cooeweoeeeeeeeeeereeersisesvessreseessnns 6
d. Implications of the Wolf Creek Pressurizer Draindown Event, Jin-Shou Hseu, Wolf Creek Nuclear Operating Corp.,
BUITINGEON, KS ...ttt et ettt n et et s e e eseere st s et esesent e s et ee et et aesasate e seseesesses e e as e s enesesseseaen *
e. Effects of a RCIC Steamline Break on the HPCI Room, Eric T. Beaumont, Randall H. Jacobs and Kevin B. Ramsden,
COMEQ, CRICAGO, IL ...........oirieieiiecetteee et sttt e e et ettt ee et st ee et e eserenameeser s s eeeee ot e s st s et eraneeeeseeeseseseesesenesssesesenon 4

f. Westinghouse GOTHIC Modeling of Wolf Creek RCS Draindown Event, Rick Ofstun, Westinghouse Containment and
Radiological Analysis, Pittsburgh, PA; Richard Haessler, Westinghouse Risk Assessment Services, Dao Nguyen, Wolf Creek
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ABSTRACT

Conventional process ‘models for advanced energy
systems are typically based on a deterministic

framework in which technical and economic
uncertainties are not rigorously treated or
characterized. Nor do current design methods

rigorously address the issue of process design under
uncertainty. Nevertheless, the capability to consider
uncertainties in the early stages of advanced power
system design is especially important since available
performance data typically are scant, accurate
predictive models often are unavailable, and many
technical as well as economic parameters are not well
established. This paper summarizes recent
developments in advanced computer-based methods
for dealing with uncertainties that are critical to the
design of advanced energy systems. Results are
presented for an advanced Lurgi-based IGCC system
with hot gas cleanup, in which the design of systems
for SO removal and NOy control are optimized to
minimize overall costs in the face of performance and
cost parameter uncertainties. Risk-based optimization
criteria also are explored using stochastic optimization
methods.

INTRODUCTION

Environmental regulations have placed new
requirements on process design for advanced power
systems, and increased the need for more
sophisticated simulation and design tools.
Conventional process models now in use are typically
based on a deterministic framework used to simulate a
specified flowsheet. An important shortcoming of
these models is their inability to analyze uncertainties.
An uncertainty analysis capability is especially
important in the context of advanced energy systems,
since available performance data typically are scant,
accurate predictive models do not exist, and many
technical as well as economic parameters are not well
established.

Though design under uncertainty has received
considerable attention in the literature during the past
few years, a generalized framework for analyzing
uncertainty systematically has only recently been

developed around a chemical process simulator (Ref.
1). In earlier work, we developed a generalized
capability to assign probabilistic values to model input
parameters, and to sample these distributions to obtain
probabilistic results using Latin Hypercube sampling
methods. That capability was built around the ASPEN
process simulator (Ref. 2) developed for the U.S.
Department of Energy (DOE). This stochastic
simulation capability has been used successfully to
evaluate - different configurations of integrated
gasification combined cycle (IGCC) systems, an
emerging technology for the clean and efficient use of
coal for electric power generation. In particular, we
have applied probabilistic methods to evaluate the
performance, cost, and emissions from IGCC systems,
compare alternative systems under conditions of
uncertainty, and quantify the benefits from targeted
research and development (Refs. 3-5).

More recently, we have enhanced this framework to
include a generalized capability to deal with process
synthesis (Ref. 6) and process optimization under
uncertainty. The new optimization capabilities, built
around the public version of ASPEN, are described in
this paper. First we describe the methodological basis
for these new modeling capabilities, then we present
an illustrative case study of their application to the
design of environmental controls for an advanced
IGCC power system.

METHODOLOGY FOR OPTIMIZATION
UNDER UNCERTAINTY

Problems reported in the literature on process design
under uncertainty generally are divided into two
categories: stochastic optimization, and stochastic
programming.  Stochastic optimization problems
include expected value minimization, chance
constrained optimization, and design for optimal
flexibility. These problems all require that at each
iteration of the optimization solution method some
probabilistic representation of the objective function
and constraints are optimized. On the other hand,
stochastic programming problems involve solving a
deterministic optimization problem for each of several
“scenarios” to build up a probabilistic representation
of optimal solutions. These types of problems show the
effects of uncertainties on optimal design. We
describe here the new modeling capability developed
for these two general categories of optimization
problems under uncertainty.

The Optimizer

The goal of a classical optimization problem is to
determine the values of decision variables x that
maximize some aspect of a deterministic model,
represented by the objective function Z, while
ensuring that the model operates within limits
established by equality constraints & and inequality
constraints g. A generalized statement of this problem
is given by the following equation
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Figure 1. Schematic of the
Stochastic Optimization Framework

Optimize Z = z(x) (1)

X
subject to h(x) =0 2)
gx) <0 (3)

where x is a decision variable vector.

A generalized iterative solution procedure for this
traditional deterministic optimization problem is
employed. The optimizer invokes the model with a
set of values for the decision variables x. The model
simulates the flowsheet and calculates values of the
objective function and constraints. This information is
utilized by the optimizer to calculate a new set of
decision variables. This iterative sequence is
continued until the optimization criteria are satisfied.
This deterministic optimization capability has been
implemented in the public version of ASPEN. A new
unit operation block has been developed which solves
the nonlinear optimization problem (NLP) described
above.

This new NLP optimization capability can be
coupled with the stochastic modeling capability
developed previously, to solve a broad range of
stochastic optimization and stochastic programming
problems encountered in practice. The following
sections describes this functionality.

Stochastic Optimization

Optimize P1(Z) = P1(z(x,u)) (4)

X
subject to P2(h(x,u)) = 0 (5)
P3(g(x,u) < 0 (6)

where u is the vector of uncertain parameters and
the P represents the probabilistic functional. For
problems where the goal is to minimize an expected
value this reduces to:
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EFG) = |, Fudp M

This function can be calculated by sampling the
function and calculating the expected value of the
samples.

T F(u)
BFw) = 2 (8)

Nnmp

On the other hand, for chance constrained
optimization problems, where the constraints are
represented in terms of a probability of exceeding a
certain value, the probabilistic functional is
represented by:

Optimize P1(z(x,u)) = E(F(u))
X
subject to

9

P(h(x,u) > B) < P¢ (10)

where Equation 10 is a chance constraint.

Unlike the deterministic optimization problem, in
stochastic optimization one has to consider the
probabilistic functional of the objective function and
constraints. The generalized treatment of such
problems is to use probabilistic or stochastic models
instead of a deterministic model inside the
optimization loop. Figure 1 represents the generalized
stochastic optimization problem solution procedure,
where the deterministic model is replaced by an
iterative stochastic model.

Stochastic Programming

In contrast to the stochastic optimization problems,
stochastic programming problems concern the effect of
uncertaintics on optimal design. This involves
deterministic decisions at each random stage or
random sample, which is the same as solving multiple
deterministic optimization problems. This formulation
can be represented as:

Optimize Z = z(x,u*) (11)

X
subject to h(x,u*) = 0 (12)
g(x,u*) <0 (13)

where u* is the vector of values of uncertain variables
corresponding to a particular sample. This
optimization procedure is repeated for each sample of
uncertain variables # and a probabilistic representation
of outcomes is obtained. Figure 2 represents the
generalized solution procedure, where the
deterministic problem shown in Figure 1 forms the
inner loop and the stochastic sampling forms the outer
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Stochastic Programming Framework

loop. This procedure is implemented in the ASPEN
simulator by simply interchanging the position of
stochastic block, and the optimization block. In this
way, one can solve almost all the problems in the
stochastic optimization/programming literature.

APPLICATIONS OF THE NEW
MODELING CAPABILITIES

The new capabilities for process synthesis and
optimization under uncertainty provide powerful new
tools for the design and analysis of advanced energy
systems. In this paper we illustrate the use of the
stochastic optimization and stochastic programming
capabilities for the design and analysis of advanced
IGCC systems now under development.

IGCC Process Description

Conventional IGCC designs are based on “cold” gas
cleanup, in which the fuel gas from the gasifier is
cooled to a sufficiently low temperature (e.g., 100°F)
that a commercial sulfur removal process can be used
to separate HyS from the fuel gas. A focus of current
research is the development of “hot” gas cleanup
systems, in which sulfur compounds may be removed
from the gasifier or the fuel gas at high temperature
(e.g., 1000°F). Hot gas cleanup eliminates the capital
cost associated with heat exchangers needed to cool
the fuel gas, and treatment systems needed to handle
process condensates resulting from fuel gas cooling.
Hot gas cleanup also reduces the thermal efficiency
penalty associated with gas cooling, allowing the
sensible heat of the high temperature fuel gas to be
supplied directly to the gas turbine.

One hot gas cleanup configuration that has been
under investigation is an air-blown Lurgi gasifier-based
IGCC system. The higher cold gas efficiency of Lurgi
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gasifiers compared to other gasifiers can result in a
higher plant efficiency, because a larger portion of the
energy input enters the combined cycle system
through the fuel gas rather than only through the steam
cycle. The conversion efficiency of energy entering
the gas turbine is much higher than that of energy
entering the steam cycle. The exit temperature of
syngas from a Lurgi or similar gasifier also provides a
more direct match with the temperature window of hot
gas cleanup systems, thereby eliminating any
requirement for syngas cooling. Lurgi-based 1GCC
systems with hot gas cleanup therefore offer the
potential for simplified plant designs (Ref. 7).

The hot gas cleanup system features high
temperature sulfur removal with a zinc ferrite sorbent,
and high efficiency cyclones and ceramic filters for
particulate removal. In the fixed-bed zinc ferrite
process, sulfur is removed from the syngas by reaction
with a sorbent consisting of zinc ferrite pellets.
Absorption occurs until just before “breakthrough” at
which point the sorbent is saturated. The absorber is
then taken off-line, and the syngas is diverted to
another zinc ferrite reactor vessel containing
regenerated sorbent. Sulfided sorbent is regenerated
using air as a reactant and steam as a diluent to
prevent the heat released in the exothermic
regeneration reactions from sintering the sorbent. The
regeneration off-gas containing sulfur dioxide is then
processed into sulfuric acid.

Other hot gas cleanup systems for Lurgi-based IGCC
plants also are being developed. General Electric is
testing a moving-bed zinc titanate desulfurization
system in which sorbent circulates continuously
between an absorber and regenerator vessel (Ref. 8).
The moving bed design offers advantages in terms of a
steady flow of regeneration off-gases and the
elimination of steam requirements as a diluent.
However, at this time only limited design data and no
detailed cost data are publicly available for this

proprietary system.

Case Study Design

A 650 MW IGCC system featuring an air-blown dry
ash Lurgi gasifier using a high-sulfur Illinois No. 6 coal
is analyzed in this paper. A hot gas cleanup system is
used for high temperature (600°C) sulfur removal
using the zinc ferrite system, with high efficiency
cyclones and ceramic filters for particulate removal.
Details of the performance and cost models for this
system are reported elsewhere (Ref. 3).

Two key design variables for the fixed bed zinc
ferrite process are the sulfur absorption cycle time and
the reactor vessel length-to-diameter ratio. The sulfur
absorption cycle time is constrained to be at least as
great as the time required to regenerate a bed of
sulfated sorbent and return it to active service after a
regeneration cycle. As the sulfur absorption time
becomes longer, more sorbent is required to capture
the syngas sulfur species over the increased time
period. Larger absorption cycle times therefore require
either larger reactor vessels and/or more reactor
vessels, which increases the cost. The length-to-



diameter ratio of the reactor vessel also affects
process economics.

Another key area of uncertainty for this technology
is the NO, emission rate. Thermal NO, emissions are
expected to be quite low for IGCC systems due to the
low heating value of the fuel gas and the presence of
thermal diluents such as H20, CO2, and N2 (Ref. 9).
However, the hot gas cleanup system employed by the
air-blown Lurgi system does not remove fuel-bound
nitrogen (in the form of ammonia) from the fuel gas,
and a substantial portion of the ammonia is converted
to NO, upon combustion. Thus, NO, emissions pose a
critical concern for systems with hot gas cleanup. For
example, using conventional combustors the DOE
performance model of the Lurgi-based IGCC system
yields NO, emissions nearly four times greater than
U.S. federal New Source Performance Standard
(NSPS) of 260 ng/J (0.6 1bs/10°Btu) for coal-fired
power plants. Future levels of NO, emissions are
likely to be subject to much more stringent
requirements because of the role of NO, in acid rain
and tropospheric ozone formation.

To mitigate NO, emissions, several approaches are
possible. In the near term, the most likely approach is
the use of post-combustion exhaust gas NO, reduction
technology. In the longer term, advanced staged
combustion designs featuring rich/lean combustion
may be commercialized and employed for fuels with
high nitrogen content.

In this study, we consider the use of selective
catalytic reduction (SCR) for NO, control. In a SCR
system, ammonia is injected into the flue gas
upstream of a catalytic reactor through a set of
nozzles comprising an injection grid. Because of the
temperature window required for typical SCR
catalysts, the SCR reactor employed with gas turbine
combined cycle systems is typically located in the
heat recovery steam generator. We employ a new
performance and cost model of an SCR system (Ref.
10) to explore the effects of two key design variables:
the required NO, removal efficiency, which has a
substantial impact on the catalyst volume
requirement, and the catalyst layer replacement
interval, which can be varied to achieve trade-offs
between initial capital cost and annual replacement
costs for catalyst. Since the cost of catalyst is a major
expense for SCR systems, optimizing this process
design is of significant interest.

Uncertainty Assumptions

Key performance and cost parameters of the
engineering models for the IGCC system were
assigned probability distributions based on data
analysis, literature review, and the elicitation of
expert judgments. The characterization of performance
uncertainties focused on four major process areas:
gasification, zinc ferrite desulfurization, gas turbine,
and the SCR unit. Uncertainties in additional cost
model parameters also were characterized, including
direct and indirect capital costs, operating and
maintenance costs, financial assumptions, and the unit
costs of consumables, byproducts, and wastes. Through
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an interactive screening process, the initial set of
approximately 50 uncertain variables was narrowed to
a set of 20 which most significantly affected
uncertainty in plant efficiency, emissions, capital
cost, and total levelized cost. These variables are
listed in Table 1.

Results of Optimization Studies

Figures 3 to 5 show the results of different stochastic
optimization and stochastic programming problems
applied to the IGCC flowsheet. Figure 3 first shows
results of a stochastic optimization problem in which
the expected cost of electricity (COE) is minimized
for different levels of NO, control (note that mills/kWh
is identical to dollars/MWh). As the expected (mean)
value of NO, emissions is decreased, the expected
value of NO, removal efficiency in the SCR unit
increases proportionally. The cost of the optimal
design also increases linearly. As seen in Figure 3,
the optimal design reduces the expected COE by 0.5
mills/kWh relative to the base case design achieving
0.44 1bs NO, /10° Bw. For the 650 MW plant modeled
in this example, this is equivalent to a total savings of
approximately $2 million per year. This savings is a
measure of the benefit resulting from use of the new
stochastic method to optimize the design parameters
of the zinc ferrite and SCR units. Figure 3 also shows
that the expected cost of the optimal design increases
by 0.6 mills’kWh as NO, is lowered from 0.6 to 0.22
Ibs/10¢ Btu. This provides an indication of the
expected cost impact of a threefold tightening of
current U.S. standards. Over this range, the optimal
SCR removal efficiency increases from 73% to 90%,
the latter being the maximum value established by the
performance model.

To illustrate results for a stochastic programming
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Figure 3. Minimization of Total Levelized
Cost Subject to Executed Value
of NOx Emission Constraint



Table 1. Uncertain Model Parameters for
Illustrative Case Studies

“DESCRIPTION AND UNITS (2) Val (o) Type Min Max  Prob,
Gasifier Fines Carryover, 50 F 00 10 5%
wt-% of Coal Feed 1.0 35 20%
35 50 25%
50 80 25%
80 150 15%

150 200 5%
200 300 5%

Fines Capture in Recycle Cyclone, % F 0 0V 25%
wt-% of Fines Carryover 0 B 25%
% 9 25%
97 B 25%
Carbon Retention in the Bottom Ash, 25 T 075 100 25
wt-%
Gasifier Coal Throughout, 1b DAF W0 T 152 381 305
coal/(h-ft2)
Gasifier NH3 Yield, % of coal-N 09 T 05 10 09
converted
Gasifier Air/Coal Ratio, 1b air/lb 31 T 27 34 31
DAF coal
Steam/Coal Ratio, 1b steam/lb DAF
coal
air/coal = 2.7 081 U 054 108
air/coal = 3.1 155 U 124 186
air/coal = 3.4 238 U 204 272
Zinc Ferrite Sorbent Sulfur Loading, 170 N 216 3184 170
wt-% sulfur in sorbent
Zinc Ferrite Sorbent Attrition Rate, 10 F 017 034 5%
wt-% sorbent loss per absorption
cycle
034 050 20%
050 110 25%
110 150 25%
150 500 20%
500 2500 5%
Fuel NOx, % conversion of NH3 to % T 50 100 0
NOx
Gasifier Direct Cost Uncertainty, % 20 U 10
of estimated direct capital cost
Sulfuric Acid Direct Cost 10 U 0
Uncentainty, % of estimated direct
capital cost
Gas Turbine Direct Cost Uncertainty, 3 U 0 0
% of estimated direct capital cost
SCR Unit Catalyst Cost, $/t3 840 U 250 840
Standard Error of HRSG Direct Cost 0 N -173 173
Model, $Million
Maintenance Cost Factor, 3T 2 12 3
Gasification, % of process area total
cost
Maintenance Cost Factor, Combined 2 T 15 6 2
Cycle, % of process area total cost
Unit Cost of IC Ferrite Sorbent, $/ib 300 T 075 500 300
Indirect Construction Cost Factor, % 20 T 15 >3 .4
Project Contingency Factor, % 175 U 10 5

(a) DAF = dry, ash free; SCR = selective catalytic reduction; HRSG = heat recovery sicam

generator (b) DET. VAL. = deterministic (point-estimate) value. The next column indicates the

type of distribution, where F = fractile, T = triangular, N = normal, and U = uniform. The
ini 1 provide the y of the distribution.
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formulation, Figure 4 next shows the effect of
uncertainties on the cost of an optimal design. Here,
for each sample the cost is minimized and NO,
emissions are constrained to 0.6 lbs/10¢ B or less,
and SO, emissions 0.06 1bs/10° Biu or less (the DOE
design goal of one tenth the current U.S. federal
standard). The cost of electricity for the optimal
design configuration is seen to vary by more than a
factor of four due to the performance and cost
uncertainties in the variables shown in Table 1. An
80% confidence interval gives expected costs between
45.0 and 60.0 milis/kWh,

1 1 T 1 T 1
08 |- ]
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3 Minimize NOy
04 | , 7
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Figure 5. Effect of Uncertainties
on Minimum NOy Emissions
For a Given Cost Constraint



Figure 5 shows another example in which NO,
emissions are minimized subject to a cost constraint.
There is a 20% probability that the cost will exceed
60 mills/kWh. For the remaining 80% of the optimal
designs which are within the cost constraint, 2% of
these designs will exceed 0.6 1bs/10° Bt of NOy, the
Federal New Source Performance Standard for coal-
fired power plants. For these cases, there is a
significant risk that the process may not be viable
under the economic constraints imposed in this
example, since the plant might not comply with
applicable emission limits.

CONCLUSIONS

This paper has described a set of new systems
analysis tools and methods that can substantially
improve the design and analysis of advanced coal-
based energy systems. By enhancing existing process
simulators with the mathematical methods presented
here, researchers and research managers now can
tackle a wide range of system performance and cost
analysis not heretofore possible. This new toolbox can
be used in conjunction with new or existing process
performance and cost models to insure that process
design issues are more fully and rigorously considered
in all phases of activity. These modeling tools also
can be extended to a host of other technology
applications where process design, cost minimization,
risk analysis, environmental compliance, and R&D
prioritization remain important issue.

Additional case studies for other advanced power
systems, including other IGCC designs, pressurized
fluid bed combustion (PFBC) systems, and externally
fired combined cycle (EFCC) systems also are in
progress. In conjunction with these efforts, on-going
work also is developing new or improved cost and
performance models for selected process components
and systems for IGCC, PFBC and EFCC designs.
These new models can form the basis for systematic
comparisons of alternative coal-based power systems,
and the effects of uncertainties on their optimal
design, cost and performance
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INTRODUCTION

This paper describes a new NOx decomposition and
selective reduction catalyst system that uses fuel gases,
rather than a reagent, such as ammonia, as the reductant.
These catalysts are expected to have many applications for
new advanced coal-based power generation and for
advanced technology retrofits and upgrades of existing
power plants.

Advanced coal-based technologies for power generation
include technologies for new power plants and technologies
for power plant retrofits, for technologies using coal directly
and for technologies using coal-based synfuels. These
advanced coal-based power generation technologies
typically share in common the need for NOy emission
control, but significant differences in these technologies
require the tailoring of NOy reduction approaches to achieve
the most effective NOy control for each.

Some advanced coal-based power generation technologies,
e.g., coal-synfuel-based fuel cells, should generate very little
NOy, and others, e.g. fluidized-bed boilers, are inherently
capable of significantly reducing thermal NOx formation
(aithough added NOy reduction technologies, such as
ammonia SNCR are sometimes required). And, special
burners or other adjustments in combustion conditions for
boilers, gas turbines, and other engines that use coal directly,
or use coal-based synfuels, can also greatly reduce NOy
formation. But, even with technologies for the minimization
of NOy formation, there remains a need for post-combustion
NOx control (PCNOX).

Much of the need for PCNOX comes from increasingly
stringent regulations. These regulations can even require
that PCNOX be added downstream of other technologies
that reduce NOx formation. This could be especially true
for coals and coal-based synfuels with high nitrogen

contents and for existing coal-fueled power plants not well-
suited for advanced coal-based technologies, such as special
burners and other adjustments to combustion conditions, e.g.
EPA Group 2 boilers (cyclone, wet bottom wall-fired, cell
burner, stoker, and some other coal-fired boiler types). And,
in addition to the existing coal-based power generation units
that might require PCNOX for retrofits, there are also new,
advanced coal-based power generation technologies and
applications that will require PCNOX.

Post-Combustion NOx Control

Despite the many advances in the use of modified fuel-air
mixing and combustion catalysts in low-NOyx burners,
PCNOX is still needed for many NOyx sources. PCNOX
includes three major approaches to the control of NOy
emissions. These are NOy decomposition,

2NOx — N, + x0, (1)
NOg reduction,

2NOyx + (reductant) — N, + (H,0, CO,, other) (2)
and NOx collection,

NOx + (absorbent/adsorbent) — (used sorbent) (3)

Some PCNOX technologies will involve a combination of
these three major approaches to NOx control. And, unlike
NOyx decomposition and reduction, NOx collection will
require either spent sorbent disposal or regeneration;
regeneration will require additional processing to
decompose, reduce, or re-collect NOy or other NOx-derived
material.

For typical conditions in coal-based power generation flue
gases NOx decomposition is possible only with the
assistance of catalysts. NOy reduction and NOx collection
can be accomplished with or without the assistance of
catalysts.

Post-combustion NOyx reduction for low excess air NOx
sources is achieved by catalytic and non-catalytic processes
that use either typical fuels (including partially burned
intermediates) or fixed-nitrogen reagents (primarily
ammonia) as reductants. NOy reduction for high excess air
NOy sources requires the use of a selective catalyst and a
special reducing reagent, such as ammonia.

The non-catalytic reburn process for NOy reduction injects
hydrocarbon fuels, typically natural gas, to create a slightly
fuel-rich, high-temperature, post-combustion zone where
NOy is reduced by free radicals. This homogeneous
reaction zone is followed by a burn-out zone where enough
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