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Foreword

This volume is the latest in a series of books with the overall title Advances
in Agroecology. The book focuses on an extremely important current envi-
ronmental, ecological, and sociological issue: the use of biofuels produced
from crops and organic waste as an alternative or supplement to oil. The
U.S. Department of Energy and many national and international agen-
cies predict that global supplies of petroleum will become increasingly
expensive, and many experts predict that they may become exhausted
by 2040. Discussions in the different chapters focus on key ecological and
economic issues associated with the production of ethanol as a fuel from
corn, sugarcane, crop residues, and other organic materials.

The book is edited by David Pimentel of Cornell University, who is
an international authority on energy issues. He also contributes to sev-
eral critical chapters in the book. The various chapter authors address the
current and future impact of bioethanol technology on human food pro-
duction, global malnutrition, human populations, water needs, and soil
erosion and assess its global potential. Their overall conclusion is that
the production of ethanol from grains, other crops, and crop residues has
proven to be costly in both environmental and economic terms.

It has become clear that the potential energy production from bio-
ethanol sources is small to negligible. For example, the 34 billion liters
of ethanol being produced from corn provides only 1.3% of total oil con-
sumption in the United States while using 33% of all the corn grown,; if all
U.S. corn were converted into alcohol, this would still provide the country
with only 4% of its oil fuel needs. There are a few glimmers of hope for
the technology reported in the book. First, the production of biodiesel and
ethanol by saltwater algae holds possible future potential, but many tech-
nological problems with this process remain to be resolved. There is also
a discussion of the economic potential of production of oil from tropical
palms in Asia and elsewhere in the Far East, but again the technology
needs to be developed.

The overall conclusion from most of the contributors is that green
plants—corn, sugarcane, switchgrass, and other kinds of biomass—can
convert only about 1% of solar energy into plant material annually. The
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viil Foreword

authors unanimously conclude that the present and potential environ-
mental and sociological impacts of ethanol production include global
food shortages, increased carbon dioxide emissions, intensified soil ero-
sion, and the consumption of enormous quantities of water.

This is a challenging book that brings together the opinions of a num-
ber of U.S. scientists with those of experts from Spain, Italy, the United
Kingdom, and Brazil. There is remarkable agreement among the contribu-
tors that biofuels are not the answer to solving future oil shortages. The
book will find a receptive audience among private readers, scientists, and
government officials.

Prof. Clive A. Edwards
Editor-in-chief, Advances in Agroecology
The Ohio State University

Columbus, Ohio



Preface

People started using oil and coal about 150 years ago. Oil, natural gas, and
coal have supported major advances in agriculture, industry, transport,
and indeed all aspects of human life systems for more than a century. Fossil
energy has allowed us to build up a human population of 7 billion and
a massive world economy and agricultural system largely dependent on
that energy. Now, world oil supplies have peaked and will slowly decline
during the next 30 to 100 years. Some natural gas and coal will be used
to replace oil, but this will be economically and environmentally costly.
During the next 100 years, we will run out of all fossil energy. Then what?

People have been slow to recognize that we must reduce our popula-
tion and change our economy as we move into a future with dwindling
fossil fuel reserves. This book does not attempt to deal with the major
changes that we must make, but focuses on the science and technology
of biofuels. The focus is specifically on ethanol, biodiesel, and other bio-
logical materials that are possible substitutes for oil, natural gas, and coal
resources.

Everyone recognizes that biofuels are made from green plants.
However, depending on plants places a significant limitation on replacing
oil, natural gas, and coal because green plants collect on average less than
0.1% of solar energy annually in the world. It took more than 700 million
years for the green plants to collect all the energy stored in current oil,
natural gas, and coal deposited in North America and elsewhere. As a
replacement, a technology is needed that will collect solar energy at a rate
about 200 times greater than what green plants currently do.

In this book, the authors examine various biofuel energy technologies
and report on their potential to supply the United States and other nations
with needed energy now and in the future. Some chapters examine sev-
eral biofuel energy technologies and their potential to replace some fossil
energy, while others focus on one or several technologies and their poten-
tial and limitations. The aim of the contributors to this volume is to share
their analyses and for these analyses to be a basis for more research in bio-
fuel energy technologies. Basic to all biofuel technologies is that they must
attempt to minimize damage to the environment that supports all life.
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Several of the chapters reflect the current lack of agreement in the
field, as pressure mounts to explore and develop potential biofuel alterna-
tives. The reader will notice considerable variability in the stated energy
inputs and potential energy outputs in some of the studies. This is evi-
dence of the complexity of assessing the large number of energy inputs
that go into the production of a biofuel and the extraction of useful energy.
As we collectively investigate the issues, we will discover if current analy-
ses and biofuel outputs have adequately considered energy requirements,
outputs, and environmental consequences. Hopefully, this research will
help guide energy policy makers toward the most viable choices and away
from energetically costly missteps.

I commend the authors of each of these chapters, who have done a
superb job in presenting the most up-to-date perspectives of various bio-
fuel energy technologies in a highly readable fashion.

David Pimentel



Acknowledgment

I wish to express my sincere gratitude to the Cornell Association of
Professors Emeriti for the partial support of our research through the
Albert Podell Grant Program. In addition, I wish to thank Mike Burgess
for his valuable assistance in the preparation of our book.

Xi



About the Editor

David Pimentel is a professor of ecology and agricultural science at Cornell
University. He received his bachelor of science in 1948 from the University
of Massachusetts and his PhD from Cornell in 1951. From 1951 to 1954, he
was chief of the Tropical Research Laboratory, U.S. Public Health Service, San
Juan, Puerto Rico. From 1954 to 1955, he was a postdoctoral research fellow at
the University of Chicago; in 19601961, an OEEC Fellow at Oxford University,
and in 1961, an NSF scholar at the Massachusetts Institute of Technology.
Dr. Pimentel was appointed assistant professor of insect ecology at Cornell
University in 1955 and associate professor in 1961. In 1963, he was appointed
professor and head of the Department of Entomology and Limnology. He
served as department head until 1969, when he returned to full-time research
and teaching as professor of ecology and agricultural sciences.

Nationally, Dr. Pimentel has served on the President’s White House
Science and Technology Program and the Presidential Commission on
the Environment; numerous National Academy of Sciences committees
and boards, including chairing the Board of Ecology; and committees
in the Department of Health, Education, and Welfare, Department of
Energy, Department of Agriculture, State Department, and the congres-
sional Office of Technology Assessment. He also served as president of
the Rachel Carson Council and as an elected member of the National
Audubon Society and the American Institute of Biological Sciences.

His international honors and achievements have included his fellow-
ship at Oxford University; an appointment as honorary professor of the
Institute of Applied Ecology, China; receiving an honorary degree of sci-
ence from the University of Massachusetts, receiving the Distinguished
Service Award from the Rural Sociology Society; and serving on the
board of directors of the International Institute of Ecological Economics,
Royal Swedish Academy of Science.

Dr. Pimentel has authored nearly 700 scientific publications, written
three books, and edited 31 others. He is now serving as editor-in-chief
of the journal Environment, Development and Sustainability. His research
spans the fields of energy, biological control, biotechnology, land and
water conservation, and environmental policy.

xiil



Contributors

Claudinei Andreoli

Maize and Sorghum Research
Unit

Brazilian Research Agricultural
Corporation

Sete Lagoas, Brazil

Darcy Elizabeth Balcarce
College of Environmental Science
and Forestry

State University of New York
Syracuse, New York

Stephen B. Balogh

College of Environmental Science
and Forestry

State University of New York
Syracuse, New York

Sandra G. F. Bukkens

Institute of Environmental Science
and Technology

Autonomous University of
Barcelona

Barcelona, Spain

Sandra Fahd

Department of Sciences for the
Environment

Parthenope University

Naples, Italy

Andrew R. B. Ferguson
Optimum Population Trust
Henley-on-Thames,

United Kingdom

Mario Giampietro

Institute of Environmental Science
and Technology

Autonomous University of
Barcelona

Bellaterra, Spain

Bari Greenfield

College of Agriculture and Life
Sciences

Cornell University

Ithaca, New York

Aileen Maria Guzman

College of Environmental Science
and Forestry

State University of New York
Syracuse, New York

Charles A. S. Hall

College of Environmental Science
and Forestry

State University of New York
Syracuse, New York

XU



xvi

Abbe Hamilton

College of Environmental Science
and Forestry

State University of New York
Syracuse, New York

Kate Hartman

College of Agriculture and Life
Sciences

Cornell University

Ithaca, New York

Edwin Kessler
Norman, Oklahoma

Danielle Kirshenblat

College of Agriculture and Life
Sciences

Cornell University

Ithaca, New York

Alan Kroeger

College of Agriculture and Life
Sciences

Cornell University

Ithaca, New York

R. Lal

Carbon Management and
Sequestration Center

The Ohio State University
Columbus, Ohio

Philip McMichael
Department of Development
Sociology

Cornell University

Ithaca, New York

Salvatore Mellino
Department of Sciences for the
Environment

Parthenope University

Naples, Italy

Contributors

Emily Nash

College of Agriculture and Life
Sciences

Cornell University

Ithaca, New York

Sarah Palmer

College of Agriculture and Life
Sciences

Cornell University

Ithaca, New York

Tad W. Patzek

Department of Petroleum and
Geosystems Engineering

The University of Texas at
Austin

Austin, Texas

Simone Pereira de Souza
National Research Center of
Cassava and Tropical Fruits
Brazilian Research Agricultural
Corporation

Cruz das Almas, Brazil

David Pimentel

College of Agriculture and Life
Sciences

Cornell University

Ithaca, New York

Robert Rapier
Merica International
Kamuela, Hawaii

Jason Trager

Mechanical Engineering
Department

University of California, Berkeley
Berkeley, California



Contributors

Sergio Ulgiati

Department of Sciences for the
Environment

Parthenope University

Naples, Italy

Jessica Zhang

College of Agriculture and Life
Sciences

Cornell University

Ithaca, New York

xXvil



Contents

| o) =37576) o U S P vii
Prefaces cceseuumuensavmmssnsuss suvvsmmrms soassmssse st sssmsisss st oo 4555458 a¥ 58 ¥ F oA s oE SR ix
AcKNOWIedgmENt........c.ceciviiiiiiiiriiicie e xi
About the EAtOr ..ottt e xiii
L8y R XV
Chapter 1 Biofuels cause malnutrition in the world............cccccoeueer.... 1

David Pimentel

Chapter 2 Biofuel and the world population problem......................... 15
Mario Giampietro and Sandra G. F. Bukkens

Chapter 3 Energy cropping in marginal land: Viable option
O FAILY TA1E? auisssinmsiassmsiinessnssassassssasannasnansesnasncosassennensarsarss 51
Sandra Fahd, Salvatore Mellino, and Sergio Ulgiati

Chapter4 Can switchgrass deliver the ethanol needed to power
ULS, trafisp ortation?.comomesssmsemsssnmsmss s ismassasming 97
Tad W. Patzek

Chapter 5 Biofuels, climate change, and human population............ 147
Edwin Kessler

Chapter 6 Uncertain prospects for sustainable energy
in the United Kingdom.......ccocevuvrevnsincssnsinnssnsnssenssneneaaians 201
Andrew R. B. Ferguson

Chapter 7 Net energy balance and carbon footprint of biofuel
from corn and SUGAICANE........cccccetreeerenererreeesnerennessesenesennns 221
Claudinei Andreoli, David Pimentel, and Simone Pereira de Souza

Chapter 8 Water, food, and biofuels .........ceeeeeeemeeeeeeeeeececeereeeeeenene. 249
Claudinei Andreoli and David Pimentel



vl

Chapter 9

Chapter 10

Chapter 11

Chapter 12

Chapter 13

Chapter 14

Contents

The potential of Onondaga County to feed its own
population and that of Syracuse, New York: Past,

present, and FULULE .....cevcerccrisesssacnsnsasnsuesasrassasassssosasssssssoses 273
Stephen B. Balogh, Charles A. S. Hall, Aileen Maria

Guzman, Darcy Elizabeth Balcarce, and Abbe Hamilton

Energy production from corn, cellulosic, and algae
5131 F 1 e ————————————_ 321
David Pimentel, Jason Trager, Sarah Palmer, Jessica Zhang,

Bari Greenfield, Emily Nash, Kate Hartman, Danielle

Kirshenblat, and Alan Kroeger

Biofuels and world food and society issues......c.ccoueueuenee. 357
Philip McMichael

The potential of algae and jatropha as biofuel sources..379
Robert Rapier

Crop residues for biofuel and increased soil erosion

WaZaTdS cciuinnmmsamnasansinsesssmissiiiosss s 397
Rattan Lal

Biofuels, foods, livestock, and the environment.............. 415
David Pimentel
...................................................................................................... 429



chapter one

Biofuels cause malnutrition
in the world

David Pimentel
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1.1 Introduction

Global shortages of fossil energy—especially of oil and natural gas—exist
worldwide, and an emphasis on biofuels as a renewable energy source
has developed globally (Pimentel and Pimentel, 2008), particularly those
made from corn grain, soybeans, canola, rapeseed, palm oil, and sugar-
cane. In developing countries, about 2 kcal is required to cook 1 kcal of
food, and most of this energy comes from wood or crop residues (Fujino
et al,, 1999). The use of crop residues is having a devastating impact on
agriculture and food production (Lal, 2009). It is particularly serious
because it increases soil erosion, water runoff, and loss of plant nutrients
(Lal, 2002, 2009).

Conflicts have developed in the use of land, water, energy, and other
environmental resources for food production versus biofuel production.



