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This report is a summary of BOSTID participation in the Symposium
on Biomass Substitutes for Liquid Fuels, held in Campinas, Brazil,
February 9-12, 1932. The activity was jointly sponsored by the
Interciencia Association, the Brazilian Society for Scientific
Progress, the Br~L1lian Ministry of Industry and Commerce, the National
lesearch Council ~f Brazil, the Brazilian Corporation for Agricultural
lesearch, and the Board on Science and Technology for International

. Development, U.S. National Research Council.

NOTICE: The proj~ct that is the subject of this report was approved by
the Governing Board of the National Research Council, whose members are
drawn from the councils of the National Academy of Sciences, the
~tional Academy of Engineering, and the Institute of Medicine. The
members of the panel responsible for the report were chosen for their
special competences and with regard for appropriate balance.

This report has been reviewed by a group other than the authors
according to pro~edures approved by a Report Review Committee
consisting of members of the National Academy of Sciences, the National
Academy of Engineering, and the Institute of Medicine.

This staff suremary report was prepared by the Board on Science and
Technology for International Development, Office of International
Affairs, National Research Council, for the Bureau for Science and
Technology, U.S. Agency for International Development, Washington,
D.C., under Grant No. DAN-5538-G-SS-1023-OO.
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PREFACE

In the spring of 1981, the Interciencia Association invited the
National Academy of Sciences (NAS) through the Board on Science and
Technology for International Development (BOSTID) to cosponsor a
symposium entitled, "Biomass Substitutes for Liquid Fuels." The
symposium was planned for February 9-12, 1982 in Campinas, Brazil. The
Interciencia Association, a federation of eight associations for the
advancement of sciences in the Americas with its secretariat in
Washington, D.C., has an active symposium program and has organized
over 14 meetings since 1976. As BOSTID had been involved in
alternative energy development studies and bilateral activities with
many Latin American countries, an agreement was reached to cosponsor
and help organize the symposium.

Using funds provided by its grant from the U.S. Agency for
International Development, the NAS agreed to provide staff time as well
as travel and subsistence expenses for 20 participants, half from the
United States and half from Latin America outside of Brazil.
Participants from Brazil and Canada would be funded by their respective
countries. It was understood that the U.S. participants would be
selected by BOSTID and appointed to an ad hoc panel of the NAS. Other
participants would be selected by the Interciencia Association through
its network of national associations. The Brazilian host organization,
the Sociedade Brasileira para 0 Progresso da Ci€ncia (SBPC), was
charged with providing a meeting place, local travel, and the symposium
secretariat.
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SUMMARY

Nobel laureate Melvin Calvin described the Campinas Symposium as
one of the most encouraging and forward-looking meetings on the
potential of liquid fuels from biomass he had ever attended. Starting
with experience gained from Brazil's national alcohol fuels program,
which uses traditional resources and technology, the symposium's
participants charted future directions for biofuels programs based on
nonfood crops and emerging technologies. Some of the R&D efforts
needed to make such programs feasible in view of limited environmental
and human resources were identified by the group.

While it was recognized that most developing nations face
increasing food and energy deficits, many at the conference agreed that
well-designed national biomass energy programs could also improve
agriculture and indigenous food supplies. (An independent statement of
this view by Arthur J. Scott is included in Appendix C.) Since the
cost of liquid fuels from biomass depends primarily upon the cost of
raw materials, successful projects will require support not only for
the development of efficient conversion technologies, but more
importantly, for substantial efforts to increase local capabilities in
the agricultural sector. The need for substantial, long-term funding
of agricultural research and training was emphasized.

In the short run, the application of fairly simple, existing
technology to agriculture and forestry in the tropics should double
average yields per hectare while reducing the cost of production per
unit of product by 20-50 percent. Such efforts are applicable to both
small- and medium-sized farms and can provide much needed rural
employment opportunities. The increased yields obtained can be applied
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initially to fuel production, and in the future diverted to supply food
markets, since developments in biomass energy systems are expected to
allow the substitution of nonfood resources for energy production. In
particular, wood from forested land unsuitable for agriculture was
thought to have enormous potential in the tropics. This was detailed
in an editorial in Science, which is found in Appendix D.

In his remarks at the final plenary, BOSTID Panel Chairman Philip
Abelson emphasized the importance of taking a long-term, integrated
systems approach to biofuels development. In particular, he noted the
universal belief that strong measures to protect important land and
water resources should be required of any new bioenergy project.

Research areas identified by symposium participants as needing
increased attention in order to exploit the potential of biofuels
included:

• Improving the understanding and utilization of tropical soils
and soil microorganisms.

• Developing new plant varieties suited to unused lands
utilizing traditional crop breeding techniques coupled with
modern methods of tissue culture and genetic engineering.

• Finding ways to produce liquid fuels from wood economically by
(I) improving technologies for the conversion of cellulose and
hemicellulose to ethanolj and (2) finding important uses for
by-products, especially lignin.

• Determining the potential of oil-producing plants and trees by
careful agronomic studies and research in oil processing
technologies.

Finally, participants observed that planners must recognize that
successful biofuels programs require carefully coordinated, long-term
investments in R&D by multidisciplinary teams of scientists and
engineers seeking integrated solutions to the complex development
problems of rural economies which differ in important ways from country
to country. Were the potential benefits of such efforts any less than
adequate food and energy for all, the challenge might not be worth the
effort.
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WORKING GROUP REPORTS

Detailed reports of each of the three wor~ng groups will be
published by the Interciencia Association for distribution to
participants, sponsoring organizations, and interested parties. The
brief workshop summaries that follow were prepared by the attending
staff member, and have been reviewed by the chairman of the NAS panel
and the chairperson and rapporteur representing the panel at each
workshop. .

WORKSHOP I: PRODUCTION OF RAW MATERIALS

Objective: To review current technology and identify research
needs

Chairpersons: Maro Ran-ir Sondahl (Brazil)
J. Laurence ICulp (USA)

Rapporteurs: Hugo Salazar (Colombia)
Paul Bente (USA)

BOSTID Staff: David Mog

Participants:

ABELSON, Philip
ARXCOLL, David
BORLAUG, Norman
BUENO, Alvaro
CALVIN, Kelvin
FURLANI, Pedro

,
GORGATTI Neto, Agide
MONACO, Lourival
ORLANDO Filho, Jost
PEREIRA, Antonio Roberto
ROBERTSON, Ernie
VINIEGRA Gonzalez, Gustavo
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Discussions focused on crop types and techniques for improving
production yields and energy efficiency. Consideration was given to
technological inputs at all stages of production including land
preparation, fertilization and planting, irrigation requirements, weed

. and insect pest control, growth regulation, and harvest and transport.
Brief issues papers outlined problems and prospects associated with
each discussion topic:

Day Paper Topic Presenter

Tuesday 1. Traditional sugar crops Jose Orlando Filho
(Brazil)

2. Oil-bearing plants, new crops, Melvin Calvin (USA)
and genetic engineering

3. Traditional starch crops Alvaro Bueno
(Brazil)

Wednesday 4. Wood and forest by-products Ernie Robertson
(Canada)

S. Tissue culture and vegetative Maro Ran-ir Sondahl
propagation (Brazil)

A brief description of the flow of work is provided here to help
the reader understand the process followed by all three workshops.

After discussion of the final topic on Wednesday, Hugo Salazar
shared information about recent experience in Colombia with liquid
fuels from biomass. He noted that less than 2S percent of the arable
land in Colombia is currently under cultivation and that there are good
opportunities for rapidly increasing biomass production.

Before the end of Wednesday's session, the group began to prepare
e workshop report. Two elements of analysis were agreed upon: (1)
productivity, i.e., current and potential yields per hectare per year,
and (2) economics of production. With each crop or species, efforts
were made to project the biomass yield that could result from intensive
breeding practices and improved crop management. Current costs of
production were estimated, and costs with improved yields were
~~ojected. While carrying out this analysis, the group was encouraged
to identify major R&D needs.

The Thursday morning workshop session was devoted largely to
ulscussioua with chairmen representing workshops 2 and 3. This
activity provided useful cross-disciplinary exchanges in advance of
report preparation.
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Three matters of common concern emerged. First was the long down
time (3-5 months) of many Brazilian cane alcohol plants, associated
with the traditional cane production cycle. The merits of cane
breeding to allow for year-round harvest versus crop rotation or
intercropping schemes were discussed. The group favored moving away
from complete dependence on cane and bringing the better agricultural
land (now dedicated to cane) into production of crops that could be
used either for food or energy feedstocks (e.g., sweet sorghum or
cassava).

A second concern was possible environmental problems created by
large stillage volumes produced by the alcohol plants. However,
workshop participants felt reasonably confident that the stillage could
be managed successfully, noting that this was being demonstrated in the
larger Brazilian plants where stillage is routinely returned to the
soil to reduce irrigation and fertilization needs.

The third concern was the demand for costly nitrogen fertilizer
that would be created by intensive crop production for energy.
Problems of providing reliable supplies at reasonable costs were
foreseen. The conversion team noted that wood alcohol plants can
easily be adapted to produce ammonia for fertilizer. Thus, for modern,
large-scale cane alcohol operations, the excess woody biomass from cane
processing could be sufficient to supply an ammonia plant that would
serve the nitrogen fertilizer needs of a fairly large agricultural
region. It was agreed that this concept should be explored.

Following the interactive sessions, the group began writing its
report. In the afternoon, some of the symposium's participants toured
the Campinas Institute of Agronomy, while the remainder visited a large
cane alcohol project in Piracicaba.

At the final plenary, workshop chairman Sondahl summarized the
general conclusions of the production workshop:

• Plant Resources. All plant species under serious
consideration as energy crops will require research and
breeding efforts directed ~t maximizing the value of the crop
as an energy resource.

• Soils. More attention must be paid to soil management in
order to sustain fertility and conserve soil, the basic
resource. This will be especially important for attempts to
exploit marginal drylands and the generally infertile and
fragile tropical wetlands.

• Energy Efficiency. Breeding objectives and cultivation and
harvesting practices must stress energy conservation, since
the economics of bioenergy schemes is strongly influenced by
the cost of energy inputs, including fertilizer, at the
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production end. Research on biological nitrogen fixation will
be especially important.

• Manpower/Training. Successful implementation of bioenergy
projects (except those based on waste or surplus 'production)
will require significant resources devoted to training and
support of professionals in the agricultural sciences, as well
as the improvement of extension services to farmers.

• Funding. The need f.or continuous, long-term funding must be
recognized since the successful application of modern plant
breeding programs, from the laboratory to the field, is a
long-term process that requires the sustained efforts of
highly trained, interdisciplinary teams.

The workshop's findings regarding potential crop yields,
production costs, and research needs were organized by plant type.

Sugarcane

Cane yields have probably approached their low technology yield
lia1t but could double to 150 tons/hectare/year with high technology
approaches. Cost of production could decrease 25 percent to SS/ton of
cane.

Major research needs are:

• Breeding to extend the crop season and improve disease
resistance

• Breeding coupled with nutrition studies and soil and water
management for utilization of marginal lands

• Exploring the potential of intercropping and crop rotation
systems.

Cassava

Cassava yields could double with low technology and increase by
five or six times to 50 or 60 tons/hectare/year with high technology
efforts. Cost estimates were in the range of S25/ton. Cassava has
distinct advantages for production by small farmers in marginal areas.
Cane is superior for large-scale operations.

Research needs are:

• Breeding for improved yields and drought- and pest-resistance
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• Examining the potential of leaf material as fodder

• Intercropping and crop rotation experiments

• Improved mechanical harvesting technology (nearly 50 percent
of the root is lost with traditional hand harvesting).

Oil-Bearing Plants and Trees

Copaiba. Only preliminary information exists for oil yields from
trep.s. An estimate of 4 tons/hectare/year was made for copaiba
as~um1ng 20 liters of oil every 6 months for a plot of 100
trees/hectare. The first copaiba plantation was established 2 years
ag~ in the Amazon region. Costs of production have not been projected.

Palm. The oil palm has been better studied. and yields can
prcbably be doubled from the present 5 tons/hectare/year. Current
production costs of $300/ton might be reduced by one third.

Euphorbia. The extraction of oil from euphorbia is estimated to
cost about the same as that for palm oil. with yields on the order of 4
tons/hectare/year. However. euphorbia yields an additional 10 tons of
sugar and 36 tons of bagasse which. if used effectively. would offset
oil production costs. In addition. euphorbia can be produced on
marginal lands subject to drought.

Alternative Markets. The edible palm and peanut oil market
presently commands about $600/ton. and prices for specialty oils such
as castor are as high as $l.OOO/ton. These prices are three to five
times the current price of diesel oil; therefore. their use as diesel
fuel substitutes is not practical on any large scale in the near term.

The research needs of oil-bearing plants and trees are:

• Careful studies on oil yields under a variety of field
conditions

• Besearch to define nutritional and water requirements

• Agroeconomic studies of production and harvesting costs

• Breeding and pest and soil management for improved
productivity in promising species. Deserving further study
are: oil palm; peanut and castor bean; trees. including the
copaiba; and herbaceous species. including euphorbia.
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Trees and Woody Plants

It was estimated that improved practices could increase annual
,forest yields by three to five times the present average (about 20
tons/hectare/year in the tropics) with a reduction in cost per ton of
raw material for energy on the order of 50 percent to between $10 and
$20/dry ton.

- Major research priorities are:

• Developing tissue and meristem culture for rapid propagation
of promising species and for increased variability

• Determination of minimum soil and fertilizer requirements on
marginal lands

• Exploring the potential of short-term rotation species
including bamboo and leucaeua

• Exploring the potential of leaf material for fodder or high
valu~ chemicals

• Developing efficient harvesting and transport systems.

WORKSHOP 2: CONVERSION TECHNOLOGIES

Objective: To review problems and identify promising research
areas

Chairpersons: Jose Roberto Moreira (Brazil)
Edward Lipinsky (USA)

Rapporteurs: Julio Ara~jo (Brazil)
Henry Bungay (USA)

BOSTID Staff: Griffin Shay

Participants:

BEAULNES, Aur'le
COOKE, Norman
FEI CHTNER, Joao Carlos
PEREZ Alva, Sim6n
SANTUGO, Miguel de

SERRA, Gil Eduardo
STUPIELLO, Josl Paul
SUMMERS, Barbara
TANGO, Jo.o Shojiro
TAVARES, Flavio

Discussion focused on the conversion (using chemical, thermal, or
biological means) of specific types of raw materials, including those
listed below. Consideration was given to technological inputs at all
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stages, including storage and pretreatment of the raw materials;
specific primary chemical or thermal processing steps (fermentation,
hydrogenation, pyrolysis, etc.); separation and purification of
products; recovery, processing, and disposal of by-products (C02,
stillage, etc.); and "net energy efficiency." Brief issues papers
outlined problems and prospects associated with each discussion topic.

Day Paper Topic Presenter

Tuesday 1. Conversion of starch and sugar Miguel de Santiago
(Argentina)

2. Conversion of cellulosics Barbara Summers
(Canada)

Wednesday 3. Conversion of crop residues and Edward Lipinsky
solid wastes (USA)

4. Vegetable oils as fuels Joio Shojiro Tango
(Brazil)

Some of the issues discussed and conclusions reached:

Starch and Sugar

The primary source of fuel alcohol in Brazil--sugar cane--cannot
be harvested year-round, resulting in distillery shutdowns of three to
six months with a corresponding reduction in employment and production.
The development and introduction of sugar cane varieties that mature or
retain acceptable levels of sugar in months that are not now productive
would be a promising area for research. Where harvesting in the rainy
season is difficult because of soggy soils, low soil compaction
equipment might be developed through modification of logging machines
designed for boggy areas.

The use of excess bagasse as a substrate for ethanol production
VBS also discussed. In general, the various biological methods for
lignocellulose conversion to fermentable sugar were thought to merit a
higher research priority.

Other alternatives considered for extending the period of
operations included: storage of juice or juice concentrates for use in
~lte off-season; production and drying of sugar cane pith (using the
Tilby process, for example) for alcohol production in the off-season;
and using rotation or intercropping to produce feedstocks that might be
processed after the cane harvest, such as cassava or sweet sorghum.
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Cellulosics

Research on lignocellulose hydrolysis has shifted from
consideration of cellulose alone to refining biomass into an array of

. valuable products. Priority should be given to processes that separate
cellulose, hemicellulose, and lignin into useful forms. Once separated
to a fairly pure state, cellulose converts well to sugars using acid or
enzyme methods. Commercialization of either process, however, will
require reducing enzyme costs, or solving corrosion and recovery
problems associated with acid use. Liquid fuels from biomass can also
be obtained by thermochemical processes. The conversion of
lignocellulose to synthesis gas enables the production of methanol for
use as a fuel or chemical feedstock. Ammonia can also be produced from
synthesis gas as an alternative to petroleum-derived fertilizer.

Biomass has been directly converted to a fuel oil on the pilot
scale by high pressure reaction with hydrogen or carbon monoxide;
however, these direct liquefaction processes are far from commercial
application. The products obtained resemble heavy fuel oil, but are
often unstable and corrosive, and blend poorly with petroleum-based
fuels. Both pretreatment of the feed and post-treatment of the product
have been examined, but add significantly to the cost.

Among all the opportunities in cellulose conversion, the working
group felt that production of ammonia from lignocellulose (especially
bagasse) merited strong research attention.

_c~etable Oils

As gasoline is replaced with ethanol, the need to provide diesel
fuel from biomass increases. Freight transportation and mass transit
depend heavily on diesel power. Vegetable oils and terpenoids from
plants and trees have been tested as diesel substitutes. Soy, palm,
sunflower, coconut, and babassu oils have also been tested, as well as
terpenes from various euphorbias, and oil-bearing trees.

The major factors impeding broader use of vegetable oils are price
and performance. Although the margin is narrowing, food and industrial
markets for vegetable oils command a higher price than would diesel
substitution. In addition, the viscosities, melting points, and
instabilities of various vegetable oils all work against direct
.~~stitution for diesel oil.

Terpenes fro. new plants and trees are believed to be far from
commercial use, and strong misgivings were expressed about sustainable
yields and economic recovery and processing costs.

The additional challenge in this area is to avoid the food versus
fuel problem by developing crops for land unsuitable for food production.
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WOIUCSHOP 3: ECONOMIC, SOCIAL, AND ENVIRONMENTAL ISSUES

Objective: To examine barriers to commercialization of
biofuel technologies and to identify needs for
information and research

Chairpersons: Luis Masson Meiss (Peru)
David Pimentel (USA)

Rapporteurs: Jose Goldemberg (Brazil)
Wallace TYner (USA)

Interciencia Staff: James Rowe

Participants:

GENTINA, Juan Carlos
JOHNSON, Bruce
NAVARRO, Alfredo

ORLANDO Filho, Jose
SALA, Oscar
WRIGHT, James

Discussion focused on five areas:
chemicals and feedstock, large systems
efficiency, and public energy policy.
guide the discussions:

Paper Topic

food versus fuel, fuel versus
versus small plants, net energy
Five brief issues papers helped

Presenter

Tuesday

Wednesday

1. Economic aspects

2. Environmental concerns

Alfredo Navarro
Serrano (Colombia)

Wallace Tyner (USA)

Jose Orlando Filho
(Brazil)

Luis Masson Meiss
(Peru)

3. Social impacts and public policy James Wright (Brazil)

By the end of the first session, 15 separate issues or subtopics
bad been identified, and were consolidated into four general categories:

• Land use and economics

• !quity issues

• Environment

• Technology
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The following is a summary of the conclusions reached on each
general category.

. Land Use and Economics

The issue of food versus fuel--a land use question--was considered
of major importance. It was agreed that "biomass liquid fuel
production clearly has the potential to displace food production•••• "
As with other workshop issues, it was evident that the specific effects
of biomass energy programs differ by country and crop. The least
adverse effects of biofuels production would occur in countries that
are net exporters of food and have land available for agricultural
expansion. The risk of increased food prices and the resulting effects
on the poor are greater with the use of grains than with most other
crops.

Currently, biomass liquid fuels are more expensive than
petroleum-based fuels in most countries. However, some countries may
choose to develop biomass fuels despite the higher cost for a number of
reasons. For example, foreign exchange difficulties are often caused
by importing oil; there are social benefits to be gained by domestic
energy production; and the opportunity cost of resources such as land
and labor may be lower than their market cost. The situation in
Colombia, as outlined by Dr. Navarro, is especially interesting
inasmuch as the main objective is not the production of cane-derived
fuel, but rather, development of rural areas.

Equity Issues

Employment opportunities that could be created by biomass energy
production systems were viewed as having considerable potential in such
labor-intensive crops as sugar and cassava. Problems include the
seasonal nature of crops and rather high occupational injury levels.

Environment

Environmental risks in large-scale biomass farming received
attention second only to the food versus fuel issue. Soil erosion aDd
depletion of soil or organic matter (particularly from planting slopes
and marginal lands) were viewed as serious. Water pollution
(especially from liquid stillage) is another concern, but a manageable
r=cblem. On the positive side, where ethanol is widely used as a motor
fuel, improvements in air quality of urban areas are expected.
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Technology

The major technological issues discussed were -small versus
large,- and alternative end uses of biomass energy by-products and raw

'materials. The locial and economic aspects of Brazil's experiment with
the 500 literl/day -micro distillery- were analyzed, as well as the
potential for small-scale production of vegetable oils for fuel. The
group stressed the need for countries to create appropriate research
components to explore alternative end-uses of biomass and the
commercialization of important by-products. Such research efforts
would be of prime importance," especially in the successful
commercialization of ethanol from cellulosic materials.
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PERSPECTIVES

BOSTID panel members, commenting on the symposium, felt that the
time was well spent and noted that important information was exchanged
and significant new contacts were made. Several participants indicated
that the direction and emphasis of their research or professional
efforts had changed somewhat as a result of the meeting. Most could
also provide anecdotal information suggesting that the conference will
have significant impacts on the biofuels or agricultural and forestry
resources programs of several countries. It should be noted that
Argentina, Brazil, Canada, Colombia, and Peru were represented by
participants from key planning and policy making positions. A letter
with comments on the value of the meeting from an executive in the

. Colombian Oil Company is included in Appendix D.

There seemed to be unanimous agreement that the symposium's basic
concept and structure were sound, and that the participants represented
a useful mix of experience and professional points of view. While most
felt that a high degree of consensus had been reached about future
possibilities and research needs and priorities, several panelists
expressed concern that overriding political and economic concerns would
channel scarce resources into technically outdated or unsound
projects. Evidence that this has been occurring was presented at the
symposium.
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APPENDIX A

Participants

NAS Panel

Philip B. Abelson (Chairman), Editor
Science
American Association for the Advancement of Science
Washington, D.C.

Paul F. Bente, Jr., Executive Director
The Bio-Energy Council
Washington, D.C.

Henry R. Bungay, III, Professor
Department of Chemistry and Environmental Engineering
Rensselaer Polytechnic Institute
Troy, New York

Melvin Calvin,-Director
Laboratory of Chemical BiodYnamics
University of California
Berkeley, California

J. Laurence Kulp, Vice President
W~8earch and Development
Weyerhaeuser Company
Tacoma, Washington
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Edward S. Lipinsky, Senior Researcher
Resource Management and Economic Analysis Department
Battelle Memorial Institute
Columbus, Ohio

David Pimentel, Professor
Department of Entomology
Cornell University
Ithaca, New York

Dale F~ Budd, Professor*
Department of Chemical Engineering
University of Wisconsin
Madison, Wisconsin

Wallace E. Tyner, Professor
Department of Agricultural Economics
Purdue University
w. Lafayette, Indiana

Brazilian Participants

Julio Ara~jo

Funda~io Tecnologia Industrial
Rio de Janeiro

David Arkcoll
:~otituto Nacional de Pesquisas da Amazonia
Manaus

Orivaldo Brunini, Profelsor
Instituto Agronomico de Campinas
Campinas

Alvaro Bueno
Programa Nacional de Mandioca
Cruz das Almas

Paulo Afonso Doin, Professor
Instituto Maua de Tecnologia
sao Caetano do SuI

Pedro R. Furlani, Professor
T"~tituto Agronomico de Campinas
Campinas

*Appointed to panel and participated in planning meeting, but unable to
attend meeting in Brazil.
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Jos~ Go1demberg. Professor
Instituto de Fisica
Universidade de sao Paulo
Slo Paulo

Alide Gorgatti Netto
Eapresa Brasileira de Pesquisa Agropeculria
Brast1ia

Bruce Johnson. Professor
lacu1dade de Economia e Adm1nistrai~o
Universidade de Sao Paulo
do Paulo

Lourival Carmo Monaco. Coordinator
Biomass Program
Mln1steri0 de Industria e Comerci0
Bras!lia

JoslRoberto Moreira. Professor
Instituto de lisica
Universidade de Sao Paulo
sao Paulo

Walter Baptist Mors. Professor
Huc1eo de Pesqu1sas de Produtos Naturais
Universidade de Rio Janeiro
110 de Janeiro

Jose Orlando Filho
Plana1cuC\ar
Piracica6a

Antonio Roberto Pereira
Instituto Agronomico de Campinas
Campinas

Oscar Sal•• Professor
Instituto de Fisica
Universidade de Sao Paulo
510 Paulo

Gil Eduardo Serra
Coa1bra
!to Paulo

Maro Ran-ir $ondahl. Professor
Instituto de Agronomico de Campinas
81'0 Paulo
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Josl Paulo Stupielli, Professor
Eacola Superior de Agricultura Luiz de Queiroz
Piracicaba

. Joto Suassuna
Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico
Bras!lia

Joto Shojiro Tango, Professor
Instituto de Tecnologia de Alimentos
Campinas

Fla~o Tavares, Professor
Escola Superior de Agricultura Luiz de Queiroz
Piracicaba

Josl Israel Vargas, Secretary
Secretaria de Tecnologia Industrial
Mln1sterio de Industria e Comercio
Bras!lia

James Coulter Wright, Professor
Instituto de Admin1stracao
Universidade de sro Paulo
810 Paulo

Latin American Participants

Norman E. Borlaug, Director
International Maize and Wheat Improvement Center
El Batan, Texcoco, Mexico

Juan Carlos Gentina. Director
Escuela Ingenieria B10quimica
Universidad Catolica de Valparaiso
Valparaiso. Chile

Luis Masson Meiss. Bead
Coordinacion de Estudio
Oficina Nacional de Evaluaci6n de Recursos Naturales
Lima. Peru

t.lfredo Navarro Serrano, Bead
Divisi6n de Desarrollo Tecnologico
Empresa Colombiana de Petroleos
Bogoti. Colombia
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Simon Perez Alva. Director
Instituto de Mlcrobiologia
Universidad Nacional Mayor de San Marcos
U ... Peru

Hugo Salazar. Professor
Departamento de Ingeniena
Univers1dad del Valle
cali. Colombia

Mlguel de Santiago. Coordinator
Coordinador Proyecto Alcohol
Ministerio de Cultura y Educaci&'n
Subsecretana de Ciencia y Tecnologia
Buenos Aires. Argentina

Gustavo Viniegra Gonzales. Professor
Oniversidad AIltono.. Metropolitana
Departamento de Biotecnologia
Mexico Ci ty. Mexico

canadian Participants

George Bata
National Research Council
Montreal. Quebec

Aurele Beaulnes
Institut Armand-Frappier
Oniversit' du Qu'bec
Laval-des-Rapides. Quebec

Horman E. Cooke
The SHC Group
Montreal. Quebec

E. E. Iobertson. Executive Director
Biomass Energy Institute
Winnipeg. Manitoba

Barbara Summers
Biomass Program
National Research Council
vi. tawa. Ontario
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BOSTID Staff

David M. Hog, Professional Associate
Board on Science and Technology for International Development
Office of International Affairs
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APPENDIX B

Conference Agenda

Tuesday, February 9

Morning Plenary: Lourival Monaco (Brazil), presiding

Welcome and Introductory Remarks:

Crodowaldo Pavan, President, Brazilian Society for
Scientific Progress

aswaldo Palma, Secretary of Industries, Commerce,
Science and Technology, State of sro Paulo

Mauricio Matos Peixoto, President, Academy of Sciences,
5ro Paulo

Presentations:

1. Biomass Fuels Projects and
Environmental Conservations

2. Biomass from Forests

3. canadian Efforts in Wood
Liquefaction

Discussion Period

David Pimentel (USA)

J. Laurence Xulp (USA)

NOl'll1&n Cooke (Canada)
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Afternoon Luncheon

Concurrent Meetings of Workshops 1. 2. and 3

Evening Informal Reception and Dinner

Plenary: (continuation of morning program)
George Bata (Canada). presiding

4. Biomass Development in an Oil
Exporting Country: Food. Feed.
or Fuel?

s. Brazilian Strategies for
Increasing Resources

Gustavo Vin1egra
Gonzales (Mexico)

,
Agide Gargatti Neto

(Brazil)

Wednesday, February 10

Kerning Plenary: Philip Abelson (USA). presiding

1. Alcohol from Cellulose in Peru

2. Biofuels Development in Chile:
Cas. Study

3. Sustaining Agricultural Pro
ductivity for Food and Fuel

4. Impact of Proalcoo!

S. Status of Cellulose Hydrolysis
Commercialization in the USA

6. Prospects for Enhanced
Conversion Processes for
Carbohydrates in Brazil

Discussion Period

Sim&n Perez Alva (Peru)

Juan Carlos Gentina
(Chile)

Norman Borlaug (USA)

Bruce Johnson (Brazil)

Henry Bungay (USA)

Julio Ara~jo (Brazil)

~fternoon Luncheon

Concurrent Meetings of Workshops 1. 2. and 3

Evening Dinner

Public Lecture: Crodowaldo Pavan (Brazil). presiding
"Hydrocarbons from Plants and Trees." Melvin Calvin (USA)

Discussion Period
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Thursday. February 11

Morning Interactive Workshop Sessions

Concurrent ..eting of Workshops 1, 2, and 3 with brief
progress reports by chairmen of each of the other groups
followed by discussion. Chairmen rotated aa follows:

Workshop 1:
Production

Sesaion I Lipinaky
Moreira

Seaaion II Pimentel
Kaason Meias

Session III Sandahl
ICulp

Workshop 2:
Conversion

Pimentel
Kasson Meiss

Sandahl
ICulp

Lipinsky
Moreira

Workshop 3:
Economic, Social,
and Environmental

Sondahl
ICulp

Lipinsky
Moreira

Pimentel
Kasson Meisa

Afternoon Luncheon

Field trip to facilities near the city of Piracicaba for
obaervation and briefings on cane production and alcohol
and sugar production and distribution.

Evening Open

Friday. February 12

Horning Drafting seasion for chairperaons and rapporteurs of
Workahopa 1, 2, and 3 and an informal discuaaion session
for the remaining participanta with Prof. Lourival Monaco
(Brazil), presiding.

Alternoon Luncheon

Final Plenary: Lourival Monaco (Brazil), preaiding

1. Summary of the Brazilian
Alcohol Program

2. Frontiera of Biomass Tech
nology Worldwide

Jose Israel Vargas
(Brazil)

Paul Bente (USA)
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3. Workshop Reports:

Workshop 1 - Maro Ran-ir Sondahl (Brazil)
Workshop 2 - Edward L1pinsky (USA)
Workshop 3 - Wallace Tyner (USA)

4. Summary of the Camp1nas
Symposium

Philip Abelson (LSA)

Adjounmaent

s. Closing remarks:

Aurele Beaulnes (Canada)
Alfredo Navarro Serrano (Colombia)
Lourival Monaco (Brazil)
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APPENDIX C

The leey U '0 tlewlop
irulwtria and commerce
in ,he production,
proceuin" and wlue
'tUlded nulnufacture of .
enerlY fueL GIld
chemicaL from
tlomeltically produced,
renewable relourcu,

•

THUll .J.ICOTTOw__....................~ .......""'"
1 obeener, tbe prob1eml
Ie world'. peoplt MelD
Dl or ... I01Y1U. After
! early moa, bua't tile
tHMS IroWD .tudil, ill
opulatioo incr'uIeI? We
he papers tbat the PoIII
I food. but lID't tIlat a
politics caUlinl farmtl'l
tir back. OD I flilld
,stem?
lUt. aeept for eoDtlDeD
n.ost of tbe world baa ....
.. ID alowly lmprovlq ita
tloD aDd delivery. Reuoas
accelerated applicatiaa fII
leal IfthDo1Ol)'. n. pro
[ortIWICf 91 COUDtrieI DOW
from &bat advanc:emetltl
,y to retum 10 old 1evelI.
yieldinl eeru1"atn van.
sion of 1aad under lrrtp
tanee of pesUcidtl, aDd tbe
I iDtroductioa 01 commer·
an an becomlDI eam-

nology Key to World Food Problems
-Pi II ..,., sa low IDeOCDI ...........

Durtac tJw dec8dt fII «bt 1t'7OI, «be
1aiIb111Ddustrial1zed COUDtri. IUCb a.
&be Vaited States ad those 01 west·
em Europe eoDtlmIed 10 make lID
preutve 1&IDa tbrouP reMlJ'da aDd
webnoloo ill reliaiq the eff1cieney
01 &be1r alricu1turalsy.LeJnI. particu
larl, III plant l.tUCI, pe.t IDd
dilealt CODtrol, ad IDtI'I)' CGUerva·
1Ioa. •

£nero COlt dil1ocaUOOIIN espe
dally Impor1lnt in .hapln, future
prioriUtI for t1chDoloo. III tht food
surplu. countries Inere priCI ID- IUperior plaDt fted .tocU in terms of
ciuIa have been dealt with throalb pbotoeyDtbttic. effteleacy••tress co.
widelpread adJustmeDtliIl apicultur- 1eraDee. pest resiItIDc:e, and carboft.
II produeUoD aDd dlItributioa prac- fIslDc productivity. However, idenlifi·
&lea aJoac witll I"IqU1aite priel, laP" cation ad de'ftlopmeDt of b1Ib per.
ply, aDd dtmlDd NbaIaDCel. It bu fomance food or biomass plantlisln
been I difficult traDlttiOD, but OM 1p1c:u1turaJ pract1ce which is barely
wbicb .. more or ... under CDIItrol aDder WI)' ill IIIIJ1.tropieal lODeS.
ad ill wb1cb tecImolOl)' bu beta Tbtse rectOOl w01 need a creat
lDstnllDlDtai. duI 01 band. belp and NIOW'CeI

EDerIY coUequeDc:eI for till Da. from tem~rat.e lODe countries. How·
011 procIUciftl, low.iaeoml ution. . lYer, tbI opportunitiel are lOod•
have been quilt IDOtbet atorJ. 'l'be becault food .urplu. uUons are
prtHDt CeDJraI AmericaD dUem'"' movtnc rapidl)' to retean:b and dewl·
1UITOUIIdiDI· E1 Salvador, for exam- op Dew bioproces.in. t.echnoloties

roductioa booItI bave bleD pie, i. in 111'.e- part I lila of witbin lbe coat.est of lbeir OWD
le p-aduaJ ealiPlenmlDt fII dec1iDInI Uvia, Ifanclards beiDI auf. domestic opporbmltles.
nt•. Social aDd ecoaomtc fered to meet uorbi&Ut on import his fl'om tbest DeW tec:hnoloctes
't barvest1Jll payoff. where bWs wbich IN beln, paid for out fII tbat tbe entrIY deficient COWltries
ove the lDcome aDd quality .tall'lnt acrtaaIturaluport~. can benefit. Arell of opportunity
ural people. 1'beIe attitudes .TbiI problem reacbes Into all~ ncb wiD be the tal1etl for world·
art of leaders Ire beJn. ·01 the "11011, tiptciaUy the a,rtcul- .wide IUID iavestmentl in 'rriculture
)ut more often withia a . tunl aector. . .•... and whicb apeelaUy bur OD the
lriIicl1 ac:cep&.l tbat acrteuI- .. N.vertbtleli, ".itla wltbia W. eDtJ'l)' and food deficitl of develOPJni
and sbouId be tile CIIltral lector where .1denc:eaDd IeCbDolOOeouiltria wtJI iDdade:
t apriaa lOCieties, rather·olfer ··IOUd bopt fat a IOIub.··n.. . . - Alt.eriqthe ,eaeUc traJtI or
remplwil oa IIfbID lad... . time requiNd .. probably 1().;20 yean plaat. at Uat ctUular level: Tr.e
~ . . . ., _ for makin, • thorough turnaround. . . impro'ltlltltat of plant bebavior
,lleptiYe lide, ovvan pr'OI-. . but the croundwork is DOW lD place . ....~·eelle:uJturJ techniques an:!
: DOt nveaI. the man)' dila~. ...•. rot a broadly Itructured attack OD a······ . .paet.lc tft&iDeerinI methods. eoup!e\i
and intractiblt problema It· . -.... ~inajot pari ~f the enero problems 01 wtth traditional plant aelectior. II~
level of conaumpUoa, wIleN . these .nd slmJIar agrarlan countries ilnprOYtmtDt ......reb. offer a mejor
~ and diJtributloa dlItor-. .. whicb lle within the boundario of the .. ."er·term opportwlity tobelp iDul>
ltiDue CO caUJI JeWN prin- ...tropic. and temI-troplcaIIaUtudea. . , .. : .duee more prodllCUvt foocS"ci'opI and
t would~~ect to dalJD .' Tbe key 11 to develop industri. ... ': . bloniulfeedlloeb to otherwise mar·
rabl. de¥elopmeatl are uai- , ...and commerce ill the producttoa, .. . .. .paa1. pOWiiIc areAl. III the mean-

I
MIt tbt7 Ippw' oodto be

f
~ ... : .' . pr-ocasin,. and .value-added manufa~·timt, ·~tbe igreUtve applicaticm c:

prGIpeCtI are I or - ,- -:. bare of IDetCJ fuel. iad .cbemICaJa·· .. WeU-eltI~li1btd. plant' brftdinc \eI:;;.
lioI.. " from domelticallr.prodlaCtd, ........ .D01oIY ca",fumllb bit' pa~'Off to t.'l=
!111m over po.atlve triad. ..b1e raoureei. 1biJ Ii.- .,i Uaaa the'·, . -bioproceuial'~titli 01 aeedy
II)' .pr~lIt1 durt.nl perloda . _.. . cbaJ1eft,e of estab1.lIblq 1t'1I.nstaiD- .....
t world Ipinaries aN full, InC· fUell aad cbemleal. ·ilidustrt.
art lOW; but the more aeriouI·:· iaYOlYir\a pI'od~_ of llilb-,w1_
'-"" "'!u remaia with us. Tb*. ' field or Ioi'at etopl and tbett collec:-. o' o.

populatioa coraUnuu to .- ' ~tiOD and 'convert'9ft to .tortod tuelJ or ,
I that it II Ukely to doublt III . -chtm1cal. uainI·'.rrneJUaUOGor &bIr.
Irs, and crop-kUUq wuUalr . '. ·~mlctl·tech"'qu...· .
• mult be upected. 0·' , ' ..• , A bllilc Nqulrerntftt lor~
laPi tbe molt pervallvt ud . . .·~'lly . iueCtll'Il1iloproeel;lllli
Problems 01 a more lnunedi- tcbwe. 11 to. 'ave I,ricultural"
Icontrollable kind, aDd whtrt .-~. ..
IOCY offen important futairt
~ conceru the availabUily and
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- GeDetic: elllineerlnl of 1IIIcroOr
...._: Superior proe-lline now
iWeu for biomUI converaioa ad
tDd-procIuet cbaracterilUes will de
pend apoIl tailoriDC all yariablel to
achieve optimum yields of the ..-t
YAluable cbemica1J aDd fuels. Mucb is
already kDowD about \be perlormanee
of fermentaUoa SYltems emplO)'iDl
tradlUoaal miCl'OOl'IaDiImI. HoweY
er, ptleUcaUy enctneered microor
pnisms and accompan)'iftl advaDCed
lermentaUoa l)'lteml are 11bly 10
revolutionize bioprocessilll ill .-s,
reliability, and efficieDcy.

- tJainI cellulose to replace lim
pie supn and marches: Advuca ill
eazyme tecbnotoeY aDd oar aDder
undine of cellulose cbem1Itry IhouId
make possible \be procI~t101l 01 lim-
pie lUIan from wood and a,"cUlture
residues. Tbe IUlan c:ould be added
to the bwnan dieL.or to animal feed.

Alternatively, fuellfade or cbeml
cal ethanol eould be produced from
tbem. Sinlle cell protein 1I anotber
potelluaJ end use for lUIa... dertYed
from celJulose. Mallery 01 tb1I teeb
DDIoIY will increase tile supply of
food, feed. cbemicats, and fuels by
makiDI use 01 woody resources &bat
are currently under-uecl.

- Nitroeln: AvallabiUty of fised
IIUrolen for enel'ly~icient coun
tries poses a special lolli-term eoa
cern since aU alricultural or biomaa
production 1I influenced by the availa
bility of tb1I nutrient wbose price and
APply 11 tied toO petroleum. While the
aew b1o-enpneerinl tedmolOlies of
fer only Jonc-ra",e hope of furDisbinI
DiU'OIen-fixinc qualities to Doa-I.,
ume plants, it 1I a research challtale
with Jar,e potential.

III the aborter term. it II quite
pouible that direct combultioa eoa
nnion processes of bioman toO yield
medium Btu lIS can be broughL toO the
point that IIltrOien-baaed fertilize...
are affordable from domestically ...
duced feedstocb.

- Other patba, IUdl U 11M of
fermentaUoa to JieJd b)'drocen for
ammonia procIuetloa, may also IN''O''
Yidt IOlutioaJ. nese or other varia
tioIII for obtalDinl efficient systems
for Ditroeeu-fixatioD in fuel deficit
countries appear Ukely to oecur iD the
Dat 10 to 15 yean if Lb. &ecbDolOl7
procresses u now indicated.

This comprelsed picture of tile
world', opportunities for tee:bnoIOI7
iD ap1c:ulb!J't 11 Umtted 10 but ODe
elem.1It of the developina world'.
Deedl, namely tDerlY; but it Ibou1d
demonstrate that today', opportulll
ties for keep!", on toP of the world'.
population-food problem will btavlly
lnvolve R&D. particularly bioteebnol
011: Indeed, the shift of empbaslilo I
cellular level focus in blolOilca,
researcb 11 amon, the most impor
tant developmenUi to happen to. tile
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APPENDIX D

Press Coverage

As a consequence of widespread public interest in Brazil in the
national alcohol program, there was regular local newspaper, radio, and
television coverage of the meeting. In addition, Norman Borlaug,
Edward Lipinsky, David Mog, and David Pimentel participated in a
tape-recorded discussion of liquid fuels from biomass with Gary Lee
Treadway, a reporter from the Voice of America, for rebroadcast
.orldwide. An article that appeared in Science follows.

J
111

1



2 M.arch 1982, Volume 215, Number 4538 SCIENCE

L

Energy and Chemicals from Trees
An analysis of presentations at a conference on "Biomass Substitutes for

Liquid Fuels," held on 9 to 12 February at Campinas, Brazil.· shows that a
combination of factors will guarantee the increasing imponance of the
culture of trees and the applications offorest products. Some factors-such
as the need to develop renewable alternatives to oil and the &rowing
requirements for food and enerlY-arc well known. Less widely appreciat
ed is the need to decrease soil erosion by &rowing vegetation that will hold
the soil in place. Agricultural practices have led to loss of about one·fourth
of the topsoil in the world as a whole and about one-third in the United
States. Much of the erosion has occurred on hilly terrains. which should be

. protected with perennial vegetation such as grasses. shrubs. or trees.
One impediment to forestation has been economics. Individual farmers

have been able to obtain a considerably larger return from an annual crop
than from trees, and typical yields of wood from natural forests have been
small. However. in the Pacific Northwest. hilly land devoted to timber
produces a return far above what it would yield in annual crops. Moreover.
we are in the early phases of improvement in biomass yield from trees. For
example, before 1960 the natural annual srowth of loblolly pine in South
Carolina was 3 dry tons per hectare. Through selection of superior stock
and better forest management. the annual &rowth has been increased to 11
tons per hectare; yields of 18 tons are in prospect and 30 tons is an ultimate
possibility. In Brazil. &rOwth of a Eucalyptus species is being evaluated.
This species has a 7-year &rowth cycle. In a forest occupying 40.000
hectares, annual yields initially were 23 tons per hectare. With selection the
second rotation improved to 33 tons, while a third rotation produced 40
tons. The five best clones would produce 61 tons per hectare and a target of
100 tons seems reasonable. Such'improvements can be conducted on a large
scale, for instance, by selecting and planting superior seedlings. In addition.
techniques for tissue culture cloning of trees are well developed in both the
United States and Brazil.

A factor that could lead to arcater emphasis on &r0wth of trees is the
possibility that the market value for wood will experience a long upward
trend. Wood is considerably more valuable when processed to make lumber
or paper than it is when used directly as a fuel. An imponant challenge for
scientists is to discover and develop better methods for exploiting the
chemical potentials of wood.

In terms of organic matter. wood is approximately SO percent cellulose.
20 percent hemicellulose, and 30 percent lignin. A number of schemes are
beina employed to separate these components for various uses. One method
is solvent extraction of the Iipin followed by removal of the hemicellulose
leaving the cellulose. Another is a short exposure of the wood to steam

. followed by explosive decompression and removal of the lignin by dilute
alkali. Lipin can be used as an adhesive. and at present it commands as
much as S400 a ton in this application. It can also be used as a filter in
plastics and, wben pyrolyzed, it forms a superior metallurgical coke.

Cellulose can be used directly as cattle feed or convened to aJucose by
acid hydrolysis or use of an enzyme. The enzyme method gives the hishest
yields and is becoming less expensive. Thus, prospects are good that large
quantities of atucose derived from wood will become available. This
product could be used as food for humans. as a carbon source for microbial
formation of protein, or as a feedstock for fermentation processes yielding
liquid fuels, chemicals. and pbarmaceuticals.

For a brief period of human history oil dominated the energy and
chemical scene. Wood is in the process of resuming its ancient central role.
but on a broader ~cale as science and technology point the way to more
dective production and use.-PHILJP H. ABELSON

-Tbc conference was sponsored by Intercicncia Associalion. Sociedade Brasileira para 0
~ da Ci6ncia. U.S. National Aademy of' Sc:iences. Sec:relaria de Tecnololialnduslnal-
u:_•••~....... .... '~I"..";. .. r __.£-:_ r __....a._ 1tJ.....; __ .1 .... n....... _ ........I...r~_.... ,"" ri..ftUfi,.n ..
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EMPRESA COLOMBIANA DE PETROLEOS
30ANOS

Bogot'-. Febr"'lBry 17th.. 1982
VIG-DET-451

Mr. James W. Rowe
Executive Director
The Intereiencta Association
American Association for the Advancement of Science
1776 Massachusetts Avenue. N. W.
Washington.. O. C. 20036 .
U. S. A.

Dear Mr. Rowe :

This is to thank you and through you to the Intercieneia Association
and BOSTID, for the opportunity that I had to participate in the sym
posium - workshop" Biomass Substitute for Liquid Fuels".. held at
Camplnas.

This program was very useful because I had the opportunity to clarify
some basic Issues regarding a possible gasohol project in Colombia,
by talking to the scientists present in the symposium-workshop.

Also.. I was able to exchange opintons and ideas with the other Latin
american participants. on energy and environmental issues that are
common to our countries.

The above, plus new valuable doubts that w111 have to be evaluated and
clarified here In Colombia. make this symposium - workshop very use
ful for the planning of energy programs In my country.

Since r:ely,)'C}UtSi' .
~.'- -1-::'1-77-'- J
.~.~

AlfredO-Navarro Ser~
Head. Technological Division

A AL MINISTEltlO DE MINAS Y ENEItGIA




