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Chemistry of Fossil Fuels and Biofuels

Focusing on today's major fuel resources — ethanol, biodiesel, wood, natural gas,
petroleum products, and coal — this book discusses the formation, composition and
properties of the fuels. and the ways in which they are processed for commercial use.
The book examines the origin of fuels through natural processes such as photosynthesis
and the geological transformation of ancient plant material: the relationships between
their composition, molecular structures, and physical properties; and the various
processes by which they are converted or refined into the fuel products appearing on
today's market. Fundamental chemical aspects such as catalysis and the behaviour of
reactive intermediates are presented. and global warming and anthropogenic carbon
dioxide emissions are also discussed. The book is suitable for graduate students in
energy engineering, chemical engineering, mechanical engineering, and chemistry,
as well as for professional scientists and engineers.

Harold H. Schobert is Professor Emeritus of Fuel Science, The Pennsylvania State
University. and Extra-ordinary Professor, Coal Research Group, North-West University.
A recognized leading authority on energy technology. he has over 30 years’ experience in
teaching and research on fuel chemistry.
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“The book is a welcome modern update to the available literature regarding the genesis,
characteristics, processing and conversion of fossil and bio-derived fuels. Its compre-
hensive coverage of the chemistry involved with each of these aspects makes it an
important source for upper-level undergraduates, graduate students, and professionals
who need a strong understanding of the field. It is an interesting read for anyone who
really wants to understand the nature of fuels.”

Robert G. Jenkins, University of Vermont

“There is no other book like this in field of energy science. It is the perfect introduction
to the topic: but Professor Schobert has packed so much in, that it is just as much a
valuable reference for more experienced professionals. It touches on all aspects of fuel
formation, transformation and use as well as strategies for managing the end product,
carbon dioxide. 1 will be using it as a text in my own teaching to both senior under-
graduate and graduate students.™

Alan L. Chaffee, Monash University, Australia

“This is an excellent reference for the student of modern fuel science or the practitioner
wishing to sharpen their “big-picture” understanding of the field. The book offers a
seasoned balance between technical rigor and readability, providing many helpful
references for the reader interested in further study. I found the text engaging and
enlightening, with the end-of-chapter notes a particularly thought-provoking and
entertaining bonus.”

Charles J. Mueller, Sandia National Laboratories



Preface

About twenty years ago | wrote a short book, The Chemistry of Hydrocarbon Fuels®,
that was based on lectures I had been giving at Penn State University for a course on
Chemistry of Fuels. In the years since, that book has long been out of print, and the
energy community has seen a significant increase in interest in biofuels, and concern for
carbon dioxide emissions from fuel utilization. It seemed time, therefore, for a new
book in the area. While this present book owes much to the earlier one, the changes are
so extensive that it is not simply a second edition of its predecessor, but merits a new
title and new organization of chapters.

The life cycle of any fuel begins with its formation in nature, followed by its
harvesting or extraction. Many fuels then undergo one or more processes of refining,
upgrading. or conversion to improve their properties or to remove undesirable impur-
ities. Finally, the fuel is put to use, usually in a combustion process, but sometimes by
further conversion to useful materials such as carbon products or polymers. Chemistry
of Fossil Fuels and Biofuels focuses primarily on the origins of fuels, their chemical
constitution and physical properties, and the chemical reactions involved in their
refining or conversion. Most fuels are complex mixtures of compounds or have macro-
molecular structures that are, in some cases, ill-defined. But that does not mean that we
throw away the laws of chemistry and physics in studying these materials. The compos-
ition, molecular structures, and properties of fuels are not some curious, random
outcome of nature, but result from straightforward chemical processes. Any use of
the fuels necessarily involves breaking and forming chemical bonds.

This book has been written for several potential audiences: those who are new to the
field of fuel and energy science, especially students, who seek an introduction to fuel
chemistry: practicing scientists or engineers in any field who feel that some knowledge
of fuel chemistry would be of use in their activities; and fuel scientists who have been
specializing in one type of fuel but who would like to learn about other fuels. I have
presumed that the reader of this book will have had an introductory course in organic
chemistry, so is familiar with the basic principles of structure, nomenclature, and
reactivity of functional groups. 1 have also presumed that the reader is familiar with
aspects of the descriptive inorganic chemistry of the major elements of importance in
fuels, and with some of the basic principles of physical chemistry. As a textbook, this
book would therefore be suitable for third- or fourth-year undergraduates or first-year
graduate students in the physical sciences or engineering. However, anyone with some
elementary knowledge of chemistry and who is willing to refer to other appropriate
texts as needed could certainly derive much from this book.




Preface

Our civilization once relied almost entirely on biomass fuel (wood) for its energy
needs. Then, for about two centuries, the fossil fuels — coal. oil, and natural gas — have
dominated the energy scene. In recent decades biomass has experienced increasing
interest — a revival of interest in wood, as well as ethanol and biodiesel. Anything that
we do in daily life requires use of energy, and. in most parts of the world, much of that
energy derives from using fossil or biofuels. Despite the critical importance of fuels.
few, if any, texts in introductory chemistry or organic chemistry give more than passing
mention to these resources. So, I hope that this book might also be of use to chemists or
chemical engineers curious to learn about new areas.

This book does not intend, nor pretend, to provide encyclopedic coverage of fuel
formation or of refining and conversion processes. At the end of each chapter 1 have
provided a number of suggested sources for those wishing to probe further. The
material in the book is the distillation of having taught Chemistry of Fuels at least
twenty times to students in fuel science, energy engineering, and chemical engineering.
The course has changed somewhat each year. incorporating student feedback as appro-
priate. The person using this book, either as a textbook or for self-study, should become
equipped with enough knowledge then to follow his or her interests with confidence in
the professional journals or monographs in the field.

*The Chemistry of Hydrocarbon Fuels, London, Butterworths, 1990.
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