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Preface 

As we are moving ahead into the 21st century, our hunger for cost­
effective and environmentally friendly energy continues to grow. The 
Energy Information Administration of US has forecasted that only in the first 
two decades of the 21st century, our energy demand will increase by 60% 
compared to the levels at the end of the 20th century. Fossil fuels have been 
traditionally the major primary energy sources worldwide, and their role is 
expected to continue growing for the forecasted period, due to their inherent 
cost competitiveness compared to non-fossil fuel energy sources. However, 
the current fossil energy scenario is undergoing significant transformations, 
especially to accommodate increasingly stringent environmental challenges 
of contaminants like sulfur dioxide, nitrogen oxides or mercury, while still 
providing affordable energy. Furthermore, traditional fossil fuel utilization 
is inherently plagued with greenhouse gas emissions from combustion, 
especially carbon dioxide from stationary sources as well as from mobile 
sources. Should worldwide government policies dictate a reduction of 
greenhouse gas emissions, such as proposed by the Kyoto Protocol and the 
implementation of carbon taxes, fossil fuels would lose their significant 
competitive appeal in favor of nuclear energy and renewable energy sources. 
However, the current non-fossil fuel energy share of the worldwide energy 
market is merely below 15%, and therefore, it is more likely that fossil fuel 
energy producers would adapt to the new requirements by developing and 
implementing emission control technologies, and emission trades among 
other strategies. Under this energy scenario, where the elimination of fossil 
fuels from our energy portfolio would irrefutably lead to an energy famine, 
researchers from all over the world in academia, government and industry 
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are developing new technologies to ensure a continuing supply of affordable 
and clean energy in the 21 st century. 

This book is based on two symposia that were held at the American 
Chemical Society National Meeting in San Diego, California, USA, in April 
2001, where strategies for the utilization of fossil fuels in the 21 st century 
were presented. The symposia titled "Greenhouse Gas Control and 
Utilization" and "Environmental Challenges for Fossil Fuel Utilization" 
were sponsored by the Division of Fuel Chemistry, and the latter was also 
co-sponsored by the Division of Environmental Chemistry. International 
representatives from numerous countries around the world, including USA, 
Canada, China, Australia, Japan, Italy, Belgium, Netherlands, Spain, India, 
France and South Korea, presented oral papers and posters that covered 
recent developments for the continuous utilization of fossil fuels, especially 
those related to environmental challenges and greenhouse gas control. 

This book contains thirty peer-reviewed chapters that will provide the 
readers with updated research progress in the field of environmental 
chemical research related to fossil fuel utilization. Furthermore, its 
international flavor will ensure that a worldwide broad cross-section of 
scientific and engineering research is covered throughout the book. The 
book is logically divided into the following six sections: (1) Pollutant 
Emissions gives an overview of multiple emission control strategies 
including sulfur dioxide, nitrogen oxides, carbon dioxide, and mercury, as 
well as particulate matter and polyaromatic hydrocarbons; (2) Carbon 
Sequestration describes this option for mitigating global warming and 
presents recent developments for carbon storage by mineral carbonates, 
ocean fertilization, biomimetic systems and sorbents; (3) Greenhouse Gas 
Emission Control describes strategies to reduce greenhouse gases from 
power plants, oil/gas fired furnaces and engine exhausts; (4) Utilization of 
CO2 for Synthesis Gas Production comprises chapters that cover recent 
developments on reforming of natural gas and methane, as well as catalyst 
characterization; (5) Utilization of CO2 for Chemical Synthesis presents 
research developments to synthesize methanol, formic acid, styrene and 
dialkyl carbonates using CO2; and (6) Combustion Byproducts closes the 
book by describing strategies that are needed for the management of 
byproducts associated with energy production and fossil fuels including 
characterization, separation, treatment and utilization. 
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As the editors, we hope that the reader encounters in this book some of 
the answers that will help fossil fuels to continue to thrive as an 
environmentally friendly energy source well into the 21 st century. 

M. Mercedes Maroto- Valer and Chunshan Song 

The Pennsylvania State University, 
Department of Energy and Geo-Environmental Engineering and 

The Energy Institute, University Park, PA 16802, USA 

Yee Soong 

National Energy Technology Laboratory, Department of Energy, 
Pittsburgh, PA 15236, USA 



Acknowledgments 

As the editors, we wish to thank all the authors for their participation in 
making this book possible. We are grateful to the American Chemical 
Society Fuel Chemistry Division and the Division of Environmental 
Chemistry for sponsoring the two symposia, in which this book is based on. 
We also want to thank the co-organizers of the two symposia and all the peer 
reviewers whose comments and suggestions enhanced the quality of all the 
final contributions in this book. Finally, we also want to express our sincere 
thanks to our publisher, Susan Safren, at Kluwer Academic/Plenum 
Publishers and we are indebted to Deborah Doherty at Kluwer 
Academic/Plenum Publishers for her help during the book editing process. 

V1l1 



Contents 

PART 1: POLLUTANT EMISSIONS 

Analysis of Multiple Emission Strategies in Energy Markets 
J. ALAN BEAMON AND ROBERT T. EYNON 

1 

3 

Mercury in Illinois Coals: Abundance, Forms, and Environmental Effects 15 
ILHAMDEMIR 

Characterization of Particulate Matter with Computer-Controlled Scanning 
Electron Microscopy 29 
STEVEN A. BENSON, DONALD P. MCCOLLOR, KURT E. EYLANDS, 
JASON D. LAUMB AND ROBERT R. JENSEN 

Dioxin and Furan Formation in FBC Boilers 43 
L. JIA, E.J. ANTHONY AND D.L. GRANATSTEIN 

Reducing Emissions of Poly aromatic Hydrocarbons from Coal Tar Pitches 
59 

JOHN M. ANDRESEN, YINZHI ZHANG AND M. MERCEDES MAROTO­

VALER 

ix 



x Contents 

PART 2: CARBON SEQUESTRATION 73 

Carbon Sequestration: An Option for Mitigating Global Climate Change 75 
ROBERT L. KANE AND DANIEL E. KLEIN 

Using a Life Cycle Approach in Analyzing the Net Energy and Global 
Warming Potential of Power Production via Fossil Fuels with CO2 

Sequestration Compared to Biomass 89 
PAMELA L. SPATH 

Carbon Storage and Sequestration as Mineral Carbonates 101 
DANIEL J. FAUTH, JOHN P. BALTRUS, YEE SOONG, JAMES P. KNOER, 
BRETT H. HOWARD, WILLIAM J. GRAHAM, M. MERCEDES MAROTO­
VALER AND JOHN M. ANDRESEN 

Sequestration of Carbon Dioxide by Ocean Fertilization 
MICHAEL MARKELS, JR. AND RICHARD T. BARBER 

119 

Polyelectrolyte Cages For A Novel Biomimetic CO2 Sequestration System 
133 

FATMA A. SIMSEK-EGE, GILLIAN M. BOND AND JOHN STRINGER 

Novel Solid Sorbents for Carbon Dioxide Capture 147 
Y. SOONG, M. L. GRAY, AND K. J. CHAMPAGNE, R. W. STEVENS, JR, 

P. TOOCHINDA AND S. S. C. CHUANG 

PART 3: GREENHOUSE GAS EMISSIONS CONTROL 159 

Near Zero Emission Power Plants as Future CO2 Control Technologies 161 
P. MATHIEU 

Reducing Greenhouse Emissions from Lignite Power Generation by 
Improving Current Drying Technologies 175 
GEORGE FA VAS, ALAN L. CHAFFEE AND W. ROY JACKSON 

Reduction Process of CO2 Emissions by Treating With Waste Concrete via 
an Artificial Weathering Process 189 
AKIHIRO YAMASAKI, MINORU FUJII, MASA YUKI KAKIZA W A AND 

YUKIO Y ANAGISA WA 



Contents Xl 

Understanding Brown Coal-Water Interactions to Reduce Carbon Dioxide 
Emissions 203 
LEIGH M. CLEMOW, W.ROY JACKSON, ALAN L. CHAFFEE, RICHARD 
SAKUROVS AND DAVID J. ALLARDICE 

High Temperature Combustion of Methane over Thermally Stable CoO­
MgO Catalyst for Controlling Methane Emissions from Oil/Gas-Fired 
Furnaces 217 
VASANT R. CHOUDHARY, SUBHABRATA BANERJEE, AJIT S. MAMMAN 
AND SURYAKANTG. PATASKAR 

Dual-Bed Catalytic System for Removal of NOx-N20 in Lean-Burn Engine 
Exhausts 229 
A.R. VACCARO, J. PEREZ-RAMIREZ, J.M. GARciA-CORTES, C. 
SALINAS-MARTINEZ DE LECEA, G.MUL, F. KAPTEIJN AND J.A. 
MOULIJN 

PART 4: UTILIZATION OF CO] FOR SYNTHESIS GAS PRODUCTION 
245 

Tri-reforming of Natural Gas Using CO2 in Flue Gas of Power Plants 
without CO2 Pre-separation for Production of Synthesis Gas with 
Desired H2/CO Ratios 247 

CHUNSHAN SONG, WEI PAN AND SRINIVAS T. SRIMAT 

Effect of Pressure on Catalyst Activity and Carbon Deposition During CO2 
Reforming of Methane over Noble-Metal Catalysts 269 
ABOLGHASEM SHAMSI AND CHRISTOPHER D. JOHNSON 

CO2 Reforming ofCH4 to Syngas over Ni Supported on Nano-y-Alz03 285 
JUN-MEI WEI, BO-QING XU, JIN-LU LI, ZHEN-XING CHEN AND QI­
MINGZHU 

Oxy-C02 Reforming and Oxy-C02 Steam Reforming of Methane to Syngas 
over CoxNi1_xOlMgO/SA-5205 299 
V.R.CHoUDHARY, A.S. MAMMAN AND B.S.UPHADE 

Carbon Routes In Carbon Dioxide Reforming of Methane 
L. PINAEVA, Y. SCHUURMAN AND C. MIRODATOS 

313 



Xli Contents 

PART 5: UTILIZATION OF CO2 FOR CHEMICAL SYNTHESIS 329 

Life Cycle Assessment (LCA) applied to the synthesis of methanol. 
Comparison of the use of syngas with the use of CO2 and dihydrogen 
produced from renewables 331 
MICHELE AREST A, ANTONELLA CAROPPO, ANGELA DIBENEDETTO AND 

MARCELLA NARRACCI 

Reduction of CO2 in Steam Using a Photocatalytic Process to Form Formic 
Acid 349 
DIRK D. LINK AND CHARLES E. T AYLOR 

Carbon Dioxide As a Soft Oxidant: Dehydrogenation of Ethylbenzene Into 
Styrene 359 
SANG-EON PARK, lONG-SAN CHANG AND JIN S. Yoo 

CO2 as a C1-Building Block for Dialkyl Carbonate Synthesis 371 
DANIELLE BALLIVET -TKA TCHENKO, HENRY CHERMETTE AND THOMAS 
JERPHAGNON 

PART 6: COMBUSTION BYPRODUCTS 385 

An Investigation of the Characteristics of Unburned Carbon in Oil Fly Ash 
387 

Y A-MIN HSIEH AND MIN-SHING TSAI 

Separation of Fly Ash Carbons by Various Cleaning Processes 403 
McMAHAN L. GRAY, KENNETH J. CHAMPAGNE, YEE SOONG, 
RICHARD P. KILLMEYER, JOHN BALTRUS, M. MERCEDES MAROTO­

VALER, JOHN M. ANDRESEN, MICHAEL V. CIOCCO AND PAUL H. 
ZANDHUIS 

Design Approaches for Passive Treatment of Coal Combustion Byproduct 
Leachate 417 
KEVIN L. HOOVER AND TERRY A. RIGHTNOUR 

Development of Value-Added Products from Fly Ash Carbons 431 
M. MERCEDES MAROTO-V ALER, YINZHI ZHANG, ZHE Lv, JOHN 
M. ANDRESEN AND HAROLD H. SCHOBERT 

Index 445 


