8 August 1975, Volume 189, Number 4201

AMERICAN ASSOCIATION FOR
THE ADVANCEMENT OF SCIENCE

Science serves its readers as a forum for the presentation
and discussion of important issues related to the advance-
ment of science, including the presentation of minority or
conflicting points of view, rather than by publishing only
material on which a consensus has been reached. Accord-
ingly, all articles published in Science—including editori-
als, news and comment, and book reviews—are signed and
reflect the individual views of the authors and not official
points of view adopted by the AAAS or the institutions
with which the authors are affiliated.

Editorial Board
1975

DONALD LINDSLEY
RUTH PATRICK
RAYMOND H. THOMPSON

H. S. GuTOwWSsKY

N. BRUCE HANNAY
DoNALD KENNEDY
DANIEL E. KOSHLAND, JR.

1976

FRANK PRESS
FrRANK W. PUTNAM
MAXINE SINGER
ARTHUR M. SQUIRES

ALFRED E. BROWN
James F. Crow
HANS LANDSBERG
EDWARD NEY

Editorial Staff

Editor
PHiLIP H. ABELSON

Publisher Business Manager
WiLLIAM D. CAREY HANs NUSSBAUM

Managing Editor: ROBERT V. ORMES
Assistant Editors: ELLEN E. MURPHY, JOHN E. RINGLE
Assistant to the Editors: PATRICIA ROWE

News and Comment: JoUN WALSH, LUTHER J. CARTER,
DEBORAH SHAPLEY, ROBERT GILLETTE, NICHOLAS WADE,
CONSTANCE HOLDEN, BARBARA J. CULLITON, SCHERRAINE
Mack

Research News: ALLEN L. HAMMOND, WIiLLIAM D.
MEeTtz, THOMAS H. MAUGH 11, JEAN L. MARX, ARTHUR L.
ROBINSON, GINA BARI KOLATA, FANNIE GROOM

Book Reviews: KATHERINE LIVINGSTON, LYNN MAN-
FIELD, JANET KEGG

Cover Editor: GRAYCE FINGER

Editorial Assistants: MARGARET ALLEN, JOHN BAKER,
ISABELLA BoOULDIN, ELEANORE BuTz, MARY DORFMAN,
SYLVIA EBERHART, JUDITH GIVELBER, CORRINE HARRIS,
NANCY HARTNAGEL, OLIVER HEATWOLE, CHRISTINE KAR-
LIK, MARGARET LLOYD, JEAN RockwooD, LEAH RYAN,
Lois ScHMITT, RICHARD SEMIKLOSE, YA LI SWIGART,
ELEANOR WARNER

Guide to Scientific Instruments: RICHARD SOMMER

Membership Recruitment: GWENDOLYN HUDDLE; Sub-
scription Records and Member Records: ANN RAGLAND

Advertising Staff

Director Production Manager
EARL J. SCHERAGO MARGARET STERLING

Advertising Sales Manager: RICHARD L. CHARLES

Sales: NEw YoRrk, N.Y. 10036: Herbert L. Burklund, 11
W. 42 St. (212-PE-6-1858); ScotcH PrAiNs, N.J. 07076: C.
Richard Callis, 12 Unami Lane (201-889-4873); CHICAGO,
ILL. 60611: Jack Ryan, Room 2107, 919 N. Michigan Ave.
(312-DE-7-4973); BeverLY Hirts, CArir. 90211: Winn
Nance, 11 N. La Cienega Blvd. (213-657-2772); DORSET,
VT. 05251: Fred W. Dieffenbach, Kent Hill Rd. (802-867-
5581)

EDITORIAL CORRESPONDENCE: 1515 Massachu-
setts Ave., NW, Washington, D.C. 20005. Phones: (Area
code 202) Central Office: 467-4350, Book Reviews: 467-
4367; Business Office: 467-4411; Circulation: 467-4417;
Guide to Scientific Instruments: 467-4480; News and Com-
ment: 467-4430; Reprints and Permissions: 467-4483; Re-
search News: 467-4321; Reviewing: 467-4443. Cable: Ad-
vancesci. Washington. Copies of “Instructions for
Contributors™ can be obtained from the editorial office.
See also page xv, Science, 28 June 1974. ADVERTISING
CORRESPONDENCE: Room 1740, 11 W. 42 St., New
York, N.Y. 10036. Phone: 212-PE-6-1858.

SCIENCE

Energy Alternatives for Brazil

In 1973 the developing countries had built or begun to build economies in
which cheap oil was a crucial energy source. Suddenly the price of oil
jumped and they were without means to pay for it. Their three general choices
now are to decrease consumption of energy, to harvest the sun, and to go
nuclear.

Nowhere is there enthusiasm for curtailing use of energy, because this would
be synonymous with curtailing development. Harvesting the sun is the desirable
solution. However, little thought has been given to converting solar energy to
versatile forms. Thus, an important and disturbing consequence of the oil crisis
has been to push the world toward going nuclear.

Among the “developing countries” Brazil is one to be watched, for it is
emerging as a leader in adopting nuclear energy and in harvesting the sun.

When many people think of Brazil, they have visions of a lanquid, exotic
country. The Brazil that matters is tough-minded, energetic, imbued with a
sense of its own ““manifest destiny.”” In many ways, Brazil today is reminiscent
of the United States of generations ago. Vast areas of the country are unoccu-
pied. Were the potentials of the country realized, it could probably sustain more
people at a higher standard of living than could the United States. Brazil is only
at the early stages of using its intellectual resources. The first university at
Sio Paulo was founded in 1932. The first sizable group of bachelors in geology
were graduated in 1962. There is now a growing research and development
establishment. More than 4000 scientists attended the recent meeting of the
Brazilian Society for Progress of Science. In the higher echeloris of govern-
ment are experts knowledgeable in technology, some of whom were trained in
the United States.

Brazil has enjoyed a rapidly expanding economy and earlier was hailed as a
new Japan, but the sharp rise in cost of oil was a blow. The country is heavily
dependent on the use of oil in transportation, but it produces only about a
fourth of its needs. It was faced with the prospect of a long-term slowdown of its
drive toward an expanded economy. The government responded by maintaining
imports of oil sufficient to permit continued growth of the economy even though
a trade deficit was incurred. However, the government also entered into nego-
tiations with West Germany aimed at achieving nuclear self-sufficiency. As a re-
sult, in about a decade Brazil will have eight additional large power reactors,
uranium isotope enrichment facilities, a fuel element fabricating plant, and a
processing plant for spent fuel capable of producing plutonium. Brazil plans to
pay for much of the new installations by exporting uranium.

While it is possible today to buy and transfer large-scale nuclear technology,
there is no comparable possibility in the use of solar energy. If a worldwide
stampede toward nuclear proliferation is to be slowed, development of this
alternative energy source must be speeded.

In the parts of the tropics where rainfall is adequate, utilization of plant ma-
terials has great potential. The combination of maximum solar radiation and a
long growing season leads to huge annual yields. Brazil is already using plant
energy and exploring means of greater exploitation. Thus, some of the country’s
gasoline currently contains 15 percent ethyl alcohol and charcoal and is em-
ployed in smelting much of the country’s steel.

Brazilian scientists are impressed with the potential of cassava (manioc). This
plant grows well on poor soils such as the laterites. In some soils, yields of more
than 50 metric tons per hectare have been obtained. The principal component,
starch, can easily be fermented to ethyl alcohol. At today’s oil prices, costs for
such alcohol would be very favorable. An automobile engine designed expressly
for alcohol is being developed. Brazilians point out that because of the absence
of sulfur and the low combustion temperature, exhaust gases would be virtually
pollution free. Brazil’s current energy needs could be largely met by devoting
about 1 percent of its total area to cassava.

It is to be hoped that in solving its own energy problems Brazil will come to
choose to exert world leadership not in facilitating nuclear proliferation but in
providing the tropical countries with examples of how best to harvest and utilize
solar energy.—PHILIP H. ABELSON



