
8 May 1981, Volume 212, Number  4495 

AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 

Science serves its readers as a forum for the presenta- 
tion and discussion of important issues related to the 
advancement 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. Accordingly, all articles published in Sci- 
ence-including editorials, 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 
1981: PETER BELL, BRYCE CRAWFORD, JR.,  E. PETER 

GEIDUSCHEK, EMIL W. HAURY, SALLY GREGORY 
KOHLSTEDT, MANCUR OLSON, PETER H. RAVEN, WIL- 
LIAM P. SLICHTER, FREDERIC G. WORDEN 

1982: WILLIAM ESTES, CLEMENT L.  MARKERT, JOHN 
R. PIERCE, BRYANT W. ROSSITER, VERA C. RUBIN, 
MAXINE F. SINGER, PAUL E.  WAGGONER, ALEXANDER 
ZUCKER 

Publisher 
WILLIAM D. CAREY 

Editor 
PHILIP H .  ABELSON 

Editorial Staff 
Managing Editor Business Manager 
ROBERT V. ORMES HANS NUSSBAUM 
Assistant Managing Editor Production Editor 
JOHN E.  RINGLE ELLEN E. MURPHY 

News Editor: BARBARA J. CULLITON 
News and Comment: WILLIAM J.  BROAD, LUTHER J .  

CARTER, CONSTANCE HOLDEN, ELIOT MARSHALL, 
COLIN NORMAN, R. JEFFREY SMITH, MARJORIE SUN, 
NICHOLAS WADE, JOHN WALSH 

Research News: RICHARD A. KERR, GINA BARI 
KOLATA, ROGER LEWIN, JEAN L.  MARX, THOMAS H. 
MAUGH 11, ARTHUR L. ROBINSON, M. MITCHELL 
WALDROP 

Administrative Assistant, News: SCHERRAINE MACK; 
Editorial Assistants. News: FANNIE GROOM. CASSAN- 
DRA WATTS 

Senior Editors: ELEANORE BUTZ, MARY DORFMAN, 
RUTH KULSTAD 

Associate Editors: SYLVIA EBERHART, CAITILIN GOR- 
DON, LOIS SCHMITT 

Assistant Editors: MARTHA COLLINS, STEPHEN 
KEPPLE, EDITH MEYERS 

Book Reviews: KATHERINE LIVINGSTON, Editor; LIN- 
DA HEISERMAN, JANET KEGG 

Letters: CHRISTINE GILBERT 
Copy Editor: ISABELLA BOULDIN 
Production: NANCY HARTNAGEL, JOHN BAKER; ROSE 

LOWERY; HOLLY BISHOP, ELEANOR WARNER; MARY 
MCDANIEL, JEAN ROCKWOOD, LEAH RYAN, SHARON 
RYAN 

Covers, Reprints, and Permissions: GRAYCE FINGER, 
Editor; GERALDINE CRUMP, CORRINE HARRIS 

Guide to ScientiJic Instruments: RICHARD G. SOMMER 
Assistants to the Editors: SUSAN ELLIOTT, DIANE 

HOLLAND 
Membershiu Recruitment: GWENDOLYN HUDDLE 
Member a i d  Subscri tion Records: ANN RAGLAND 

EDITORIAL CORRE~PONDENCE: 1515 Massachu- 
setts Ave., NW, Washington, D.C. 20005. Area code 
202. General Editorial Office, 467-4350; Book Reviews, 
467-4367: Guide to Scientific Instruments. 467-4480: 
News and Comment, 467-4430; Reprints and permis: 
sions, 467-4483; Research News, 467-4321. Cable: Ad- 
vancesci. Washinnton. For "Information for Contribu- 
tors," write to The editorial office or see page xi, 
Science, 27 March 1981. 
BUSINESS CORRESPONDENCE: Area Code 202. 
Membership and Subscriptions: 467-4417. 

Advertising Representatives 
Director: EARL J. SCHERAGO 
Production Manager: GINA REILLY 
Advertising Sales Manager: RICHARD L. CHARLES 
Marketing Manager: HERBERT L.  BURKLUND 

Sales: NEW YORK, N.Y. 10036: Steve Hamburger, 1515 
Broadway (212-730-1050); SCOTCH PLAINS, N.J. 07076: 
C. Richard Callis, 12 Unami Lane (201-889-4873); CHI- 
CAGO, ILL. 60611: Jack Ryan, Room 2107, 919 N. 
Michigan Ave. (312-337-4973); BEVERLY HILLS, CALIF. 
9021 1: Winn Nance, 1 1 1  N. La Cienega Blvd. (213-657- 
2772); DORSET, VT. 05251: Fred W. Dieffenbach, Kent 
Hill Rd. (802-867-5581). 
ADVERTISING CORRESPONDENCE: Tenth floor, 
1515 Broadway, New York, N.Y. 10036. Phone: 212- 
730-1050. 

Progress Toward Energy Independence 
Recently, several oil-producing countries have announced small de- 

creases in their prices for oil. They have done so because supply has been 
exceeding demand. The world, and particularly the United States, is 
lessening its consumption and dependence on imports of oil. Saudi Arabia 
could cut its production and cause higher prices, but these would provide 
further impetus to curtailment of the use of oil. In 1978 U.S. imports of oil 
and its products totaled about 8.3 million barrels a day (rnbd). This year the 
annual rate is about 5.6 mbd. A further reduction to 3 to 4 rnbd would make 
this country relatively secure against a disruption of supplies. Attaining 
such a goal in a few years is looking more and more feasible. 

The three principal factors in the decline of use of oil have been 
conservation, enhanced energy efficiency, and substitution of other energy 
sources. Of these, conservation has been the most substantial contributor, 
but in the future the other two items will be important. In addition, a new 
factor is becoming significant. The refining of oil is being improved to obtain 
higher yields of essential products. 

Conservation has had a substantial effect on the use of oil, natural gas, 
and electricity. Suppliers of fuel oil and natural gas have noted that, on 
average, individual householders have decreased their use in the home by 
about 15 percent. Higher prices for gasoline and mandated changes in new 
automobiles have resulted in a decrease in consumption of motor fuel. In 
1978 demand was 7 .4  mbd; currently the annual rate is 6.1 mbd. As older 
cars are replaced by fuel-efficient models, consumption will probably drop 
further. 

However, the major potential for diminishing consumption of oil is in 
nontransportation uses, which in 1979 consumed 8.4 mbd. At least 5.5 rnbd 
of oil is burned in applications for which coal or natural gas could suffice. 
This replaceable oil includes 3.0 rnbd of residual and distillate oils (mainly 
residual) burned in utility and industrial boilers. Another 2.1 rnbd of fuel oil 
(mainly distillate) is used for residential and commercial space heating. 
Natural gas, if it were available, could replace oil in some of the uses not 
filled by coal. At this time precise data on 1980 discoveries of natural gas are 
not available. However, industry sources say that the amount of gas 
discovered last year was the largest in a decade. In part this reflects record- 
breaking drilling activity. It also reflects exploration of hitherto untouched 
areas and depths. Favorable prospects for more discoveries enhance the 
desirability of further substitution of natural gas for oil. The American Gas 
Association has stated that if taxes on natural gas and federal regulations 
governing its use were relaxed, substantial substitution of gas for oil would 
occur quickly. 

A major target for replacement is residual oil-a dirty, asphalt-like mate- 
rial that remains after vacuum distillation of petroleum at temperatures up 
to 550°C. It is made up of very large complex molecules, some of which 
contain sulfur and nitrogen; vanadium and nickel are also present. In 
electric power stations residual oil is in competition with coal and nuclear 
energy, both of which are cheaper energy sources. The major oil companies 
realize that they must find higher-value uses for residual oil, and they have 
been adding equipment to their refineries to enable them to convert it into 
gasoline and light fuel oil. As a source of gasoline, residual oil is an inferior 
feedstock, but it is still much better than coal. It has a hydrogen-to-carbon 
ratio of about 1.4 to 1.5; the corresponding value for bituminous coal is 
about 0.8. There are two methods for upgrading residual oil: adding 
hydrogen through hydrogenation at high pressures and temperatures, or 
subtracting carbon through a coking process. Both methods are practical, 
and successful plants based on them are in operation. 

Substitution of coal, gas, and wood in applications where they can replace 
oil is the quickest practical means of further reducing dependence on 
imports. Technical know-how is well developed. What is needed is a 
continued infusion of national W~~I.-PHILIP H. ABELSON 




