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Foreword

I am pleased and honored to be asked to write the Foreword for this book on the
Virtual Sugarcane Biorefinery (VSB) project. I first learned of the VSB about six
years ago and have been keeping track of the project ever since through meetings
with my friends at the University of Campinas (UNICAMP) and the Brazilian
Bioethanol Science and Technology Laboratory (CTBE). I was excited by the
initial concept, and am delighted to see how much progress has been made by the
CTBE and UNICAMP teams in realizing their objectives. They should be proud of
what they have accomplished.

The VSB is unique; there is literally nothing like it in all the world. The VSB
project embraces all phases of this system, from the agricultural sector through the
final use of the biorefinery products. Nowhere else in the world are the tools of
economic, environmental, and social modeling being combined to improve an
existing industry (sugarcane refining) while also laying the foundation to under-
stand and improve the sustainability of an emerging industry: second-generation
ethanol (and other products) from sugarcane cellulosic biomass. The goal of the
VSB is to focus research and development and increase our understanding so that a
new industry can arise to sustainably use all of the sugarcane plant; sucrose,
bagasse, and leaf matter, in order to provide food, liquid fuel, electricity, and other
products. What an ambitious and important goal. The CTBE/UNICAMP team is
leading the world in applying the latest in systems modeling to shape the emergence
of a new, sustainable industry. I believe the world will increasingly appreciate and
be grateful for what you are doing. Personally, I express my deepest thanks and
admiration to my dedicated and capable Brazilian colleagues. I am grateful for your
leadership in this effort.

Muito obrigado!
Bruce E. Dale, University Distinguished Professor

Michigan State University
Editor in Chief: Biofuels, Bioproducts and Biorefining

The first decade of this century was a vigorous moment for science, technology,
and innovation policy in Brazil. In parallel with a fast economic growth
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characterized by a strong social inclusion policy focused on the expansion of the
domestic consumer market, the federal government increased the amount of funds
for research activities and, especially, for the development of some of the country’s
natural competitive advantages.

This book on the subject of virtual biorefinery brings illumining lights on the
development of such an important subject in Brazil and enumerates the country’s
remarkable achievements on the development of this technology platform on its
several dimensions and potential applications. At that time, benefited by a 30 years’
experience since the inception of the 1970s National Ethanol Program, Brazil had a
worldwide leadership on the production and use of bioethanol. The country had
already been recognized by international studies as a Natural Knowledge Economy,
a qualification resulting not only from its strong natural resources base, but also
from a growing scientific performance in the period.

Within such an environment, a study organized by the Center for Strategic
Studies and Management on Science, Technology and Innovation (CGEE) had
identified the principal bottlenecks for the full exploitation of the Brazilian
advantages on bioethanol from sugarcane as a substitute for gasoline. CGEE, a
think-tank of the Ministry of Science, Technology and Innovation, had been created
in 2001 with the objective to develop key studies that incorporate different views
and actors (academy, industry, and government) of the innovation system to sup-
port policy decisions. In this study, a complete strategy to promote the increase of
ethanol production with the use of sugarcane as the most important renewable
organic matter was designed. Its main conclusion was that the expansion of the
Brazilian capability of exploring the whole sugarcane potential for large-scale and
sustainable ethanol production would depend on the cumulative scientific and
technological advances along the entire chain of ethanol production, which ranges
from the agricultural fields to the industrial stage. It was also suggested that without
a strong basic research program, the challenges associated with the development of
second-generation technology (i.e., one that allows the complete use of the full
organic matter present on sugarcane) could not be surmounted.

The final decision of the federal government was for the creation of a national
laboratory for ethanol technology development (Brazilian Bioethanol Science and
Technology Laboratory – CTBE), using the well-established model of open labo-
ratory already in operation in other areas in Brazil. The CTBE was to bring toge-
ther, in a strong collaborative manner, the research efforts under way at the
academic and industrial segments, as well as developing its own expertise. An
interdisciplinary team from different areas of knowledge, including researchers in
biotechnology, chemistry, agriculture science, bioscience and modeling engineer-
ing, among others, was recruited to start the Brazilian national effort toward the
development of second-generation technology for ethanol production. Due to the
complexity and challenges to be faced, such effort would require strong national
and international collaboration. Each chapter in this book presents a special con-
tribution relating the necessary efforts required for a well-balanced advancement
of the knowledge needed to support the wise strategy for technology and innovation
followed in pursuing a sustainable energy future for humanity.
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Lucia C. P. de Melo
Pernambuco State Secretary of Science, Technology and Innovation

Former President of the Center for Strategic Studies and Management on
Science, Technology and Innovation—CGEE

Energy policy is the continuation of war by other means and, only too fre-
quently, the inverse is also true. The strategic, economic, financial, political, and
social interests that determine and are determined by energy issues are at the core
of the modern national industrial states. At the same time, and this is the reason we
say energy policy is war pursued by other means, the consequences of the choices
these nations make extrapolate their own borders. All sorts of international conflicts
arise and become inevitable around energy issues. The fair number of international
organizations, governmental or non-governmental, that exist to deal with these is a
witness to their depth and breadth. In addition, over the past couple of decades,
environmental issues, local and global, connected to the exploration of energy
sources, transportation, transformation, distribution, and final uses of energy have
become preeminent.

In 2015, we cannot say there is a global energy crisis, like the ones that occurred
in the last decades of the twentieth century. The supply of fossil fuels is abundant
and their prices are low. It is true that the world economy is not operating at full
steam, and that we may be just experiencing one of those recurring moments in the
economic cycle when supply overtakes demand. However, there is a latent energy
crisis of another nature and almost unimaginable reach: anthropogenic global cli-
mate changes due to the emission of greenhouse gases into the atmosphere, mostly
arising from the burning of fossil fuels. Global climate change, to the extent esti-
mated by specialists and already partially indicated by real events, will have
enormous negative economic and social consequences, especially from
mid-twenty-first century onwards, that is, during the lifetime of the majority of
human beings alive now. More and more, the questions appear to be not “if” there is
trouble ahead, but “when, where, and how extensive, expensive and permanent” the
damage will be. Dreams of a radiant future for mankind, of a poverty and disease
free peaceful world, or more modestly, the digital utopia (the adjective delirious is
superfluous) of bits and bytes prophets, are threatened by our undeniable success in
securing, for the past two and a half centuries, abundant and cheap fossil energy
supplies to power the modern industrial civilization.

The preceding paragraphs should underline the importance of the work reported
in this book. The authors address in a systematic and quantified way the central
question of the sustainability of biofuels. Biofuels are one of the several sources of
renewable non-fossil energies that will have to be quickly deployed, if the worst
consequences of global climate change are to be averted. The authors’ focus is on
the virtualization of bioenergy transformation centers—biorefineries—in particular
for sugarcane feedstocks. As defined in Chap. 2, “Biorefinery is a facility that
integrates biomass conversion processes and equipment to produce fuels, power,
materials and chemicals from biomass.” The novel simulation tools developed by
the authors for the sugarcane biorefinery complement those available commercially
for the chemical industry in general. More importantly, they cover the important
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upstream agricultural processes and the downstream transportation process, taking
the Brazilian case as their paradigm. This is, as the authors themselves recognize, a
work in progress. They point out the limitations and the required (ongoing) research
to increase the reliability and accuracy of the simulations. However, the book
comes at the right time to draw attention to the tools already developed to help
researchers quantify the impacts of sugarcane biofuels (and co-products), to eval-
uate quantitatively the consequences of the gigantic production scale-up required if
bioethanol is to have a real impact on the market and on the reduction of the risks of
global climate changes, and to guide policy and investment decisions. There is one
aspect of the life cycle analysis that the authors do not address directly, that is, the
energy and environmental costs for building, operating, and decommissioning a
biorefinery. An interesting question is, for instance, what is the energy payback
time of a biorefinery? These issues will become relevant if the production scale of
sugarcane bioethanol is to increase by tenfold or more. I am sure that the question is
already on the authors’ To Do list.

The team at the Brazilian Bioethanol Science and Technology Laboratory
(CTBE) and UNICAMP is to be warmly congratulated for the original and
painstaking work of designing and implementing a virtualization tool for sugarcane
biorefineries. They have produced a reference work of great value that deserves to
be widely known and used.

Cylon Gonçalves da Silva, Professor Emeritus
State University of Campinas—UNICAMP

Member of the Coordination for Special Programs, Scientific Directorate,
FAPESP (São Paulo Research Foundation).
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Preface

In the early 2000s, the Americans started a heavy investment for replacing part
of the gasoline, used in light vehicles, by ethanol produced from corn. The global
renewable energy sector incorporated a strong ally. The Brazilians, with long tra-
dition on using ethanol from sugarcane (at that time, about half of the fuel used in
light vehicles in Brazil was ethanol), saw, in this action, great opportunities to their
country. If the idea would spread around, new ethanol markets would open for their
economically competitive product. In 2005, a government-hired agency, Center for
Strategic Studies and Management—CGEE, linked to the Minister of Science,
Technology, and Innovation, financed a study evaluating the possibility of busting
up the Brazilian production, to a point of being able to replace 5–10 % of the
worldwide gasoline consumption in 2025, by Brazilian sugarcane ethanol. This
study [a summary is in “Can Brazil replace 5 % of the 2025 gasoline world demand
with ethanol?” (Leite et al. 2009)] pointed out the bottlenecks in sugarcane agri-
culture, in ethanol industry, in the sustainability strategy, and on the needed basic
science, composing a necessary agenda to be developed, in order to accomplish this
goal. As a result, a National Laboratory on Ethanol was created, initially with four
scientific and technological programs designed to attack the four bottlenecks areas
of this ambitious plan. I was the first director and responsible for implanting it. As
scientists, we know how to measure the success of a research program: follow the
publications, the leadership, the publication citations, the upcoming scientific
research lines, and so on. For measuring success in technological innovation, follow
the money (patent profits). Unfortunately, for a National Laboratory that needs to
accomplish goals on all the above-mentioned programs and foment lines of
research, it is not possible to follow the basic science reasoning for success or wait
for the profit stage to grant success in technological developments. We needed a
strategy for making decisions in a day-to-day basis. For this, we have hired a senior
researcher, Dr. Antonio Bonomi, with great experience in computer simulations for
comparing different technological routes for ethanol production. His responsibility
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in this new National Laboratory was to put a team together (the co-editors Dr.
Cavalett and Dr. Cunha participate actively in this group) and run a Technological
Assessment Program: the Virtual Sugarcane Biorefinery, a tool to link together all
other programs and help the decision makers. This book is about this initiative—a
strategy understood as an effective way to develop both science and technology
looking for sustainable technological development.

Marco A.P. Lima

Reference

Leite RCC, Leal MRLV, Cortez LAB, Griffin WM, Scandiffio MIG (2009) Can Brazil replace 5 %
of the 2025 gasoline world demand with ethanol? Energy 34:655–661
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