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On December 8, 2018, one of the most distinguished leaders in the industry passed away. Prof.
Janos Beer was instrumental in keeping our conference in the forefront of energy issues,
guiding us on the best ways to proceed, and assisting in planning our coverage of the most
relevant topics. Prof. Beer’s life took many interesting paths. Born in Hungary, he studied
violin at the famous Franz Liszt Academy of Music. He worked with the Swedish humanitarian
Raoul Wallenberg during WWII to rescue many Hungarian Jews from being deported to death
camps. After the war, Janos studied engineering at the Technical University of Budapest,
where he also became a world-class rower. He studied under Prof. Meredith Thring, the
leading authority in fuel science, at Sheffield University. He worked at Babcock & Wilcox and
the International Flame Research Foundation before his long teaching and research career at
Sheffield University, Pennsylvania State University and, finally, MIT. We plan to review his
work and hear from colleagues and students from all over the world. We've prepared a tribute
to him that is included in these Proceedings
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80. Praxair Oxygen Transport Membranes for Economical Syngas Production for
Chemical Synthesis Applications
Dr. Ines Stuckert, Praxair, INC., USA ..o veevumsensressisssssvssssssnsessessmsssssnssusssssvnsnssenn 338

135. Robust Online Temperature Estimation of a Membrane-Wall Gasifier
Jianliang Xu, Guangsuo Yu, Haifeng Liu, Key Laboratory of Coal Gasification
and Energy Chemical Engineering of Ministry of Education, East China
University of Science and Technology, and Shanghai Engineering Research
Center of Coal Gasification, East China University of Science and Technology,

167. Mineral Matter Transformations during Gasification of Petcoke-biomass Blends
Shubhadeep Banik and Sarma V. Pisupati, John and Willie Leone Family
Department of Energy and Mineral Engineering, and EMS Energy Institute, The
Pennsylvania State University, USA.....occuuusssosssssssessus vsssssssses s ssssesses s ssesun s 340
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Sand Key Room
Energy From Waste
Alan Paschedag, Covanta

8. Conversion of Waste from Gasification Facilities, Refineries, and Steelmaking
Plants to Hz and/or CO

Jinichiro Nakano, Anna Nakano (DOE NETL/Leidos Research Support Team),

and James Bennett, U.S. Department of Energy National Energy Technology
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111. Cofiring of RDF with Coal, Slurry and Biomass in Modern, Flexible and
Sustainable CHP on an Example of Fortum Zabrze Project - 203 Mwth CFB with CFB
Scrubber
Michael Gadnor, Sumitomi SHI Fw Energiaa Polska,
POLAND. ... sttt s s ssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsss 342

121. Novel Installation for the Recovery of the Agricultural Water from the Digestate

Halina P. Kruczek, Wroctaw University of Technology, POLAND.....................343
122. Energy From Waste: The Path to Power

Alan Paschedag, Covanta Energy, USA.....u o mmsisssssssssssses s ssssssses s sss s snss 395
Session 18
Gulf Room

Combustion Emissions
Dr. Edmundo Vasquez, Clean Energy Technologies and
Byron Burrows, TECO

21. Impact of Flowfield on Pollutants Emission from a Swirl Assisted Distributed
Combustor
Joseph S. Feser, Serhat Karyeyen (Gazi University Department of Energy
Systems Engineering, Ankara, TURKEY) and Ashwani K. Gupta, University of
Maryland Department of Mechanical Engineering, USA.......ccccoccsvvsesnsesssiessnnn 357

85. Selenium Migration Characteristics in the Wet Flue Gas Desulfurization Slurry: A
Lab-Scale Study
Renjie Zou, Guangqian Luo, Haoyu Zhang, Mingyu Yu, Yongda Huang),
Hongyun Hu, Xian Li, and Hong Yao, State key Laboratory of Coal Combustion,
School of Energy and Power Engineering, Huazhong University of Science and
Technology, CHINA.......o.eeieeveisssesses s sss e ses s sssses ses sss s ssssns sus s ssssessss s sssssssssssssss 3 09

136. Techno-Economic Analysis of FGD Wastewater Treatment Process Options at
Existing Plants
Marc Turner, Leidos; Jessica VanWagoner, KeyLogic; and Mitch Mueller, Danny
Rellergert, and Mike Preston, Black & Veatch; Eric Grol, Department of Energy,
National Energy Technology Laboratory, USA... ..370

69. Treating Effluent Streams at Coal Power Plants Using Membranes
Nicholas Siefert, Timothy Bartholomew, Jake Weidmann, Sara Osipi, and
Meagan Mauter, National Energy Technology Laboratory, U.S. Department of
Energy, USA... 371

Session 19

Palm Room

Chemical Looping Il

Robert Stevens, National Energy Technology Laboratory,
U.S. Department of Energy and Andrew Tong, Ohio State

27. Sustainable Conversion of Carbon Dioxide and Shale Gas to Green Chemicals via



Chemical Looping
Prof. Luke M. Neal, and Professor Fanxing Li, NC State University, USA......... 372

94. 250 kWt Pilot Testing in Support ofa 10 MWe Coal-Direct Chemical Looping
Demonstration Feasibility Study
Thomas J. Flynn, Luis G. Velazquez Vargas and Jinhua Bao, The Babcock &
Wilcox Company, USA... w377

166. Oxy-PFBC and SCO: Cycle Technology Status and Test Results
William W. Follett, Program Manager GTI (Gas Technology Instztute)

168. Development of a Spout Bed Reactor for Chemical-Looping-Combustion
Johannes George van der Watt and Junior Nasah, University of North Dakota,
Institute for Energy Studies, Gautham Krishnamoorthy, University of North
Dakota, Department of Chemical Engineering; and Teagan Nelson and Dr.
Srivats Srinivasachar, Envergex LLC, USA... .o s cvsesesissnsssemsssisses s sssssssnssnenns 405

Session 20
Beach Room

PC Fired Units
I.J. Letcavits, AEP

6. Single Solution That Reduces Power Plants Heat Rates, Emissions, and Operating
Costs
A. Kravets, A. Favale, |. Barba and D. Grace, Veritask Energy Systems, Inc.,

65. Continuous Boiler CO Monitoring for Combustion Optimization and Boiler
Efficiency Improvement
Dave Earley, EES Combustion Technologies and Services, Inc., USA................ 429

105. Consideration of Combustion-related Issues Faced in the Retrofit of an Existing
Pulverized Coal Fired Boiler Utilizing Oxy-coal Technology
Kevin Davis, Brydger Van Otten, and Andrew Chiodo Reaction Engineering
International; and Steven Krimsky, Jupiter Oxygen Corporation, USA............440

66. Using Coal Additives for a Fuel Flexibility Program: Getting an Edge in Today's
Competitive Market
Dave Earley and Mark Pastore, EES Combustion Technologies and Services, Inc.,

Session 21

Sand Key Room

Oxy-Combustion II

Prof. Terry Wall, University of Newcastle, Australia &
Klas Andersson, Chalmers University, Sweden



87. Characteristics of Pressurized Oxy-Coal Combustion in a 100 kWy, 15 bar
Combustor
Zhiwei Yang, Dishant Khatri, Tianxiang Li, and Richard. L, Axelbaum,
Department of Energy, Environmental & Chemical Engineering, Washington
University in St. LOUIS, USA....cccvuusesivssessssssssnsssssssssssssesssssessssssssns sssessssssssns ensn 249

138. Design, Construction, and Assessment of Dry Coal Feeding in a High Pressure
Oxy-coal System
Andrew Chiodo and Kevin Davis, Reaction Engineering International; and Kevin
Whitty, Jost O. L. Wendt, and Xiaolong Li, University of Utah, USA..........c.......N/A

139. Modeling and Bench-Scale Testing of a High Pressure Coal Feed System for Oxy-
combustion

Brad Adams, Jacob Tuia, Taylor Schroedter, and Andrew Fry, Brigham Young
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95. Ash Formation under High Pressure Oxy-combustion Systems
Dishant Khatri, Zhiwei Yang, Tainxiang Li, Richard Axebaum, Washington
University in St. LOUIS, USA....c.cousssmsssnsisssissssmsssnssssssssusssssnssss s sssssssss s i sessnn s 468

146. Full Scale Experiments in Oxy-fired Aluminum Recovery Smelters to Tackle the
Challenge with Batch Process Dynamics
Thomas Allgurén and Klas Andersson, Department of Space Earth &
Environment, Chalmers University of Technology, SWEDEN............ccccosceevn e 469

Session 22

Gulf Room

Supercritical CO:

Suhyeon Park, University of Central Florida &
Josh Stanislowski, UNDEERC

68. Experimental Ignition Studies of Supercritical CO; Oxy-Fuel Mixtures
Suhyeon Park, Gihun Kim, Anthony Terracciano, Samuel Barak, Subith Vasu,
Center for Advanced Turbomachmery and Energy Research (CATER)
University of Central Florida, USA... ..N/A

82. Design of a Coal-Based Allam Cycle Large Pilot Plant
Josh Stanislowski, Energy & Environmental Research Center, University of
NOTEth DAKOEA, USA cuevvrses e isssesses s sssses e ssssssses e sns s ssssns susssssusses sns s sss sns susssnns N /A

89. Measurement of Convective Heat Transfer Coefficients with Supercritical CO:
Using the Wilson Plot Technique
Jim Black, Doug Straub, Joe Yip, and Matthew Searle, National Energy
Technology Laboratory, U.S. Department of Energy; Ed Robey, Leidos; and
Sridharan Ramesh, and Arnab Roy, West Virginia University Research
Corporation, USA ... csesmssesssssns s sssses sssssssssssssns svsssssssssssns ssssussssssssns s sussnn s 4 78

83. Supercritical COz Power Cycle Roadmap for Fossil Applications
Andrew Maxson, Electric Power Research Institute; and David Thimsen,
Thimsen CONSUIEANLS, USA ..c.uueeurrrermrnnsrismmssssmssssssnsssssssssssesssssessssssssnsssssnnssssnn 287



118. Dynamic Modeling and Control of a 10 MWe Supercritical COz Recompression
Closed Brayton Cycle

Stephen E. Zitney and Eric A. Liese, National Energy Technology Laboratory,

U.S. Department of Energy, USA... ..499

Session 23

Palm Room

Fuels Production

Dushyant Shekhawat, National Energy Technology Laboratory,
U.S. Department of Energy

4. Study of Hydrothermal Carbonization Treated Digested Sewage Sludge Pyrolysis
through TGA And Py-GC/MS
Shule Wang, Henry Persson, Pdr Jénsson, and Weihong Yang, Royal Institute of
Technology, School of Industrial Engineering and Management, Department of
Materials Science and Engineering, Group of Energy and Furnace Technology;

10. Energy Efficient Synthesis of Methanol from Biodiesel Waste Glycerol:
Introducing a New Sustainable Reaction Process
Shalini Kandasamy, Department of Chemical Engineering, Monash University,

67. High Solids Anaerobic Digestion of Water Hyacinth, Banana Waste and Moringa
Biomass for Enhanced Methane Production
R. Z. Gaur, P. Bittencourt, X. Yang, E. Lee, S. ]. Ergas, Department of Civil &
Environmental Engineering, University of South Florida, USA........ccccccsseeseea 513

101. Microwave-assisted Coal Conversion to Fuels and Chemicals
Dushyant Shekhawat, Mark W. Smith, Christina Wildfire, Victor Abdelsayed,
and Candice Ellison, National Energy Technology Laboratory, U.S. Department
Of ENErgy, USA..uuuecusiveisssesses issssssassessss s sassessssssssss snssus s sss sussus s sss e sos s sns e ses sens N A

12. Torrefaction of Agricultural Residues: Effect of Temperature, Residence Time
and Biomass Composition on Process Products Properties
Katarzyna Jagodzinska, Marek Pronobis, and Edyta Kudlek, Silesian University
of Technology, Institute of Power Engineering and Turbomachinery; Michat
Czerep and Mateusz Wnukowski, Wroclaw University of Science and
Technology, Institute of Heat Engineering and Fluid Mechanics, POLAND; and
Weihong Yang, KTH Royal Institute of Technology, Department of Material
Sciences and Engineering, SWEDEN*¥,........cuuuvvissessssssessessssssssessnns 517

Session 24

Bay Room

Combustion & Gasification II
J.J. Letcavits, AEP &

Alan Paschedag, Covanta



148. Vortexing Circulating Fluid Beds as a Novel Comp Gasifier
Justin Weber and Dr. Ronald Breault, National Energy Technology Laboratory,
U.S. Department of Energy; and Michael Bobek, Oak Ridge Institute for Science
and Education, USA.......ucu v csmssssssesssssvsssssessessss nssesses sns sns s ses s sns e ses s sne e s N A

19. On the Nitrogen Chemistry in Jet and Swirled Pilot-Scale PF Flames
Rikard Edland, Thomas Allgurén, Klas Andersson, Fredrik Normann, Jost O. L.
Went (Department of Chemical Engineering, University of Utah), Department
of Space Earth & Environment, Chalmers University of Technology, SWEDEN;
Andrew Fry, Department of Chemical Engineering, Brigham Young University,

20. Influence of Process Conditions on Fast Pyrolysis of Waste Tire in a Conical Spouted
Bed Reactor
Hoon Chae Park, Byeong Kyu Lee, Hang Seok Choi, Department of
Environmental Engineering, Yonsei University, REPUBLIC OF KOREA......... 541

63. Investigation of Gaseous Potassium Adsorption Process and Sodium-Potassium
Competitive Adsorption by Modified Kaolinite during the Combustion of Biomass
Xiuju Zhang, Huan Liu, Haoxuan Xing, Geyi Wang, Haiyan Li, Xian Li, and Hong
Yao, State Key Laboratory of Coal Combustion, School of Energy and Power
Engineering, Huazhong University of Science and Technology, CHINA......... 553

70. Integration of Algal Biosolid Processing with Coal in Gasified Spout-Bed
John P Dooher, Adelphi University/Dooher Institute of Physics and Energy,
Garden City, Devan Cole and joseph Cilio, Department of Physzcs Adelphi
University, USA... ..554
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Advanced Coal Beneficiation
Dr. Dave Osborne,

Somerset Coal, Australia

72. Coal Beneficiation Program Overview - Expanding the U.S. Coal Value Chain: An
Overview of the U.S. DOE Coal Beneficiation Program
John Rockey, Perry Bissell, Justin Strock, and Anthony Zinn, National Energy
Technology Laboratory, U.S. Department of Energy, USA.......ccocuevnsiessesnneen 565

154. Use of the Szego Mill for Clean Energy: From Coal Beneficiation to Fuel Alcohol
Olev Trass, Department of Chemical Engineering and Applied Chemistry,
University of Toronto, Toronto, Ontario, CANADA..........ccceurvessvsiversssessnninn s 566

162. Mobile Coal Segregation Unit at Great River Energy
Ye Yao and Tom Oakland, Great River Energy, USA......ccvvsossensesissesisennsn 578

165. Thermodynamic Evaluation of Bed Agglomeration Potential in Advanced
Chemical Looping Combustion of Solid Fuels



James Kennedy, Aditi Khadilkar, and Sarma Pisupati, The Pennsylvania State
University; and Dr. Ronald Breault, National Energy Technology Laboratory,
U.S. Department of Energy, USA... w.N/A

132. Improving Solid-bowl Centrifuge Performance with Coal Tailings
Majid Ejtemaei, Anh Nguyen and Dave Osborne The University of Queens-
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Session 26

Gulf Room

Data Analytics and Advanced Control Strategies III

Dr. Ronald Breault, National Energy Technology Laboratory,
U.S. Department of Energy

127. Machine Learning and Data Analytics Applications for Enhancing Operator and
Control System
Rick Kephart, EMerson, USA.........u . ccmusmsessussssssssesses snssss s ses susssssansessus s ssssnns N A

151. Considerations for Enhancing Asset Performance Management with Machine
Learning - A Pragmatic View of Predictive and Prescriptive Maintenance
Ryan Conger, ASPEN, USA.......cocuoscvimsesissesisssssssssnsssssssssssesssssssssssssses s ssssenses e N A

163. Machine Learning and Data Analytics as Applied to Power Equipment
Harry Bonilla, Kenneth Bryden, Paolo Pezzini, Ames Laboratory; Rupen Panday,
REM Engineering PLLC; and Larry Shadle, National Energy Technology
Laboratory, U.S. Department of Energy, USA ......cumnssssnnssssmsssesssssssnsens s 380

130. Remote Monitoring & Diagnostic Successes at Merom Generating Station
Mike Merwald, Black & Veatch,and Gary Burris, Merom Generating
Station, USA... ... ... e e e e e e e ...582

Palm Room
Alternative Fuels for Gas Turbines
Prof. Ashwani Gupta, University of Maryland

98. Effect of Low Aromatic HEFA Fuel on Effect of Gas Turbine Vibration and Instability
Charith Wijesinghe, Bhupendra Khandelwal and Yuxiao Ling, Low Carbon
Combustion Centre, The University of Sheffield, UNITED KINGDOM............583

171. Laminar Flame Speed Measurements of Alternative Liquid Fuels
Gihun Kim, Bader Almansour, Suhyeon Park, Anthony C. Terracciano, and
Subith Vasu, Center for Advanced Turbomachinery and Energy Research,
University of Central FIOrida, USA.......ccuuusvsssvessssessusvssssssssns s sssssssessssssssnsenn 3 90

100. Assessment of Condensable PM Measured by Legislative Methods US EPA 5B/202 Wet
Impingers and US EPA 51/202 Dry Impingers When Used for Ultra-low PM Level Produced by
Gas Turbine Engine
IThab Ahmed, Bob Pearce, Roger Brown, Bhupendra Khandelwal, Low Carbon
Combustion Centre, The University of Sheffield, UNITED KINGDOM............ 591



172. Shock Tube Ignition and Chemical Kinetics Studies of Advanced Liquid Biofuels
for Gas Turbines
Erik M. Ninnemann, Andrew Laich, Samuel Barak, Sneha Neupane, and Prof.
Subith Vasu, Center for Advanced Turbomachinery and Energy Research
(CATER), Department ofMechamcaI and Aerospace Engmeermg, Umverszty of
Central Florida, USA... ..598

99. An Investigation on the Effect of Varying Fuel Sources Used in Jet Engines on
Particulate Matter
Marcus N Kauffmann, Ihab Ahmed, James Cronly, Bhupendra Khandelwal, Low
Carbon Combustion Centre, The University of Sheﬁleld UNITED

Session 28

Bay Room

Gasification for Power & Chemicals II
Dr. Massood Ramezan, KeyLogic &
Kunlei Liu, University of Kentucky

142. Sustainable Utilization of the Sewage Sludge Using Combined Drying,
Torrefaction and Gasification Technologies
Halina P. Kruczek, Michal Czerep, Michal Ostrycharczyk, Mateusz Wnukowski
Marcin Baranowski, Mateusz Kowal, Krystian Krochmalny and Lukasz
Niedzwiecki, Wroctaw University of Science and Technology, Faculty of
Mechanical and Power Engineering, Department of Boilers, Combustion and
Energy ProcesseS, POLAND.........cccouisivssissssmsssesssssssssssssns vsssssssssssns ssssensnn nns 008

48. New Advances in Air Separation for Fossil Energy Plants
K. Dave Lyons, Gasification Systems, National Energy Technology Laboratory,
U.S. Department of Enerqy, USA ... cusiimissssss s ssssesnsssssss ssssssssssnssns e e 017

5. Study on Coal Ash/Slag Transformation and Elemental Migration in a Staged-OMB
Gasifier
Zhongjie Shen, Andrew Placido, Zachary Moore, and Kunlei Liu, University of
Kentucky Center for Applied Energy Research, USA.......cccoussesvsssesisins e 618

141. Gasification of Torrefied Sewage Sludge with the Addition of Calcium Oxide
Halina P. Kruczek, Mateusz Wnukowski, Lukasz Niedzwiecki, Mateusz Kowal,
Krystian Krochmalny and, Wroctaw University of Science and Technology,
Faculty of Mechanical and Power Engineering, Department of Boilers,

Combustion and Energy Processes, POLAND...........ocoocovueinssessussssssssessesssnnnsn 629
81. Hot Oxygen Technology for Tar and Methane Reforming from Syngas Streams
Dr. Ines Stuckert, Praxair, INC., USA.....ccoveeureumseesiesssssvsssnssnsonsussnssnssessessussensnnees 042
Session 29
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Biomass & Biomass Cofiring II



Les Marshall, Ontario Power Generation, Canada

88. Parametric Study of Hydrothermal Treatment of Biomass to Produce Biofuels
Ankit Mathanker, Deepak Pudasainee, Rajender Gupta, Department of
Chemical & Materials Engineering, and Amit Kumar (Department of
Mechanical Engineering), University of Alberta, CANADA**........c.ccvevvneee. 643

140. Integrated Thermo-Catalytic Reforming of Forest and Agricultural Residues
Manjot Gill, and Rajender Gupta, Department of Chemical & Materials
Engineering; and Vinoj Kurian, Madhumita Patel, and Amit Kumar,
Department  of Mechanical Engineering, University of Albertaq,

152. Project ARBAHEAT - Taking Coal Plant Repowering One Step Further
Stephan Janbroers, Simon Leiser, Pedro Abelha, Jan Pels, Mariusz Cieplik and
Jaap Kiel, TNO, THE NETHERLANDS...........cccocvussmssessnssnssesssssssssssssssssssssssnn s 045

Session 30

Gulf Room

Novel Design for Advanced Unit Operations

K. David Lyons, National Energy Technology Laboratory,
U.S. Department of Energy

49. An Overview of Novel Reactor Development
K. David Lyons National Energy Technology Laboratory, U.S. Department of
Energy, USA... ..647

153. Process Intensified Distillation Using a Microwick Technology to Facilitate
Modular Processing
Ward TeGrotenhuis, Danny Bottenus, Paul Humble, and Mike Powell, Pacific
Northwest National Laboratory, USA....... .. sessssssssss s snssnnsen e 048

160. Material and Construction Considerations in the Development of Novel Coal
Reactors
James Bennett, David Maurice, and Jinichiro Nakano (Leidos Research Support
Team), National Energy Technology Laboratory, U.S. Department of Energy,

60. Experimental Investigation on Fountain Characteristics in a Rectangular Spouted
Bed Based on Image Processing
Ronald Breault and Justin Weber, National Energy Technology Laboratory, U.S.
Department of Energy; and Steve Rowan and Jingsi Yang, ORISE,

Session 31

Palm Room

Upgrading Natural Gas

Evan Granite, National Energy Technology Laboratory,
U.S. Department of Energy



1. Brief Review of Catalytic Oxidative Coupling of Methane to Ethane and Ethene
Evan |. Granite, National Energy Technology Laboratory, U.S. Department of
Energy, USA... R ; X ¥/

43. Dehydroaromatization of Ethane Using Microwave Catalytic Reactor
John Hu, Department of Chemical & Biomedical Engineering, Center for
Innovation in Gas Research & Utilization, West Virginia University, USA......655

46. Refractory Failure in Entrained-Flow Gasifier: Investigation of Partitioned
Erosion Characteristics in an Industrial Opposed Multi-Burner Gasifier
Yan Gong, QinghuaGuo, Huiwen Zhu, and Guangsuo Yu, East China University of
Science and Technology, CHINA.......c..ucciiivsisesessessvsssssesses nsssssssses s ssssesses s 0 056

92. Upgrading of Natural Gas Liquids via Chemical Looping Oxidative
Dehydrogenation (ODH)
Luke M. Neal, Vasudev Haribal, and Fanxing Li, NC State University, USA.....657

Session 32

Bay Room

Fluidized Bed Units

Fredrik Lind, Chalmers University, Sweden

32. Sulfur Interactions with Rock Ilmenite during Combustion of Biomass in a
12MW,, CFB Boiler

Mariane Vigoureux (Department of Chemistry and Chemical Engineering)
Frederik Lind, and Pavleta Knutsson, Department of Space, Earth and
Environment, Chalmers University of Technology, SWEDEN..........c..c.cesssv00.. 661

38. Distribution of Oz and CO in the Cross Section of a Circulating Fluidized Bed
Furnace during Operating with Inert and Oxygen Active Bed Materials
Fredrik Lind (Department of Space, Earth and Environment) and Pavleta
Knutson (Department of Environmental Inorganic Chemistry), Chalmers
University of Technology, SWEDEN........c.ccuuumsssivsssssessessssssessssns s ssssasses s sns 072

103. Minimizing NOx Emissions from a Fluidized Bed Boiler
Janusz Lichota, Wroctaw University of Technology, POLAND.............cc.c0..... 681
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