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Preface

D espite a consensus that the era of abundant, cheap
energy is over and that continued dependence on
foreign energy sources can be a threat to our national
security, there is still no agreement on solutions to
America’s energy problems. The fifteen articles in this
booklet explore the nature and dimensions of our eur-
rent energy dilemma, place it in historical perspective.
and constder its implications for our way of life as indi-
viduals and as a nation. The potentials and limitations
of alternative energy sources—such as fossil fuels,
nuclear, and solar—are exaniined, along with the
moral, social, political. and economic issyes involved in
our energy choices.

These articles werc originally written for the twelfth
Course by Newspaper, ENERGY AND THE WAY
WE LIVE, offered in newspapers throughout the
country for the first time in winter/spring, 1980. Melvin
Kranzberg. Callaway Professor of the History of Tech-
nology at the Georgia Institute of Technology. was aca-
demic coordinator for this course.

Courses by Newspaper (CbN). a national program
originated and administered by University Extension,
University of California. San Dicgo, develops news-
paper articles and rela.ed educational materials that are
used as the basis of college-level courses, Hundreds of
newspapers and participating colleges and universities
throughout the country cooperate in presenting these
courses to the general public.

Each course features a series of weekly newspaper
articles. written by distinguished university scholars
and other experts. Supplementary materials include a
book of readings and a study guide for intcrested read-
ers, audio cassettes, and a Souree Book for communnity
discussion leaders and instructors.

Colleges within the cireulation arca of participating
newspapers offer the opportunity for readers to meet
with local professors and carn college credit. If no local
college or university is participating, credit arrange-
ments can be made with the Department of Independ-
ent Study. University of Minnesota, Minneapolis, Min-
nesota 35433,

This particular course was prepared in conjunction
with a nationwide dialogue. “Encrgy and the Way We
Live: A National Issues Forum.” coordinated by the

American Association of Comraunity and Junior Col-
leges with funding by the National Endowment for the
Humanities and the 1.S, Department of Energy. A
series of National Public Radio broadcasts and cable
television programs. along with hundreds of commu-
nity forums across the uation, are part o’ this major
effort to engage the nation in a thoughtful disc ussion of
energy issues,

The first wourse by Mewspaper. America and the
Future of Man, was offered in the fall of 1974, Subse-
quent courses have included:

in Search of the American Dream

‘Two segments of The American Issues Forum
Oceans: Our Continuing Froniier

Moral Choices in Contemporary Society
Crime and Justice in America

Popular Culture: Mirror of American Life
Taxaiion: Myths and Realities

Death and Dying: Challenge and Change
Connections: Technology and Change

To date. approximately 1300 newspapers and 900
colleges and universitics have presented these courses.
Approximately fifteen million people rcad the articles
for each course. and almost fifty-five thousand persons
have carped credit through Courses by Newspaper.

Courses by Newspaper has been funded since its
inception in 1973 by the National Endowment for the
Humanities. a federal agency created in 1963 to sup-
port education, research. and public activity i the
humanities. Supplemental funding for this course has
been contributed by the Public Understanding in Sci-
ence program of the National Science Foundation.
which has as its primary purpose the improvement of
the content and process of communication between the
scientific and nonscientitic cominunities. We gratefully
acknowledge their support.

We also wish to thank United Press lnternational.
which has cooperated with Cbi since 1975 in distribmt-
ing the articles tu participating newspapers across the
country.

The views presented in these articles, however. are
those of the authors only and de not neeessarily reflect
the views of the University of California or of the
funding and distributing agencies.
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1. Our Energetic Lifestyle

DOROTHY K. NEWMAN
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Amcricans are the world’s most gluttonous energy
consumers. With about 5 pereent of the world’s
population. we gobble up one-third of all energy used
in the world.

We self-righteously chide Third World countrics for
too rapid population growth. while i we add our cars to
our human population, the total is mercasing much
faster than are Third World populations.

Adding cars to people for assessing growth may seem
outrageous. But cars wse far more nonrencwable or-
ganie matenals per year than people do. Bewides. ears
are extensions of Americans; adding them to people is
merely giving ears their rightful place in our eulture,

Furthemmore, this atithmetie emphasizes that our en-
ergy use 1s directly tied 1o our lifestyles. Pubtie policies
to save energy must therefore tuke into account whether
or how to change lifestyles. for the evidenee indicates
that those Americuns who use the most energy are un
willing to make vountary seerifices for eonservation,
Conservation has been effective only when backed by
law.

How Much We Use

The things we buy. use. and repair. and the sery ices we
demand for our communities, eonsume huge pmounts
of energy that do not appear on household utility bills
or gn gas pump meters, which measure direet energy
use. But we use four times 4s muceh indireet energy to
maintain our lifestvle.

You ean figure out your own encrgy consumption by
using a Lifestyle Index, developed by Albert J. Fritseh
of the Center for Seience in the Publie Interest, which
provides an energy factor for every item one uses, cach
aetivity engaged in. and each service provided.

For instange, clothing involves energy costs in mak-
ing the fabric, and designing. sewing, and shipping the
garment, If you charge it instead of paying cash. the
costs in billing machine usage. paper, and postage must
be added. Or take government services: we must is-
sume our share of energy use in keeping offices run-
ning. roads repaired. police on the beat. and trash
removed.

Food and grocery packaging is especially energy in-
tensive. We must pecount not just for soda pop. but for
the bottle and everything that led up to the final prod-
uet, including the ads and ncon signs that say it's re-
freshing. And it's not just running gn automobile that
we must consider. but the steel. chrome, rubber. plas-
tics. glass, upholstering. and the energy used to make
all the other parts and extras,

Who Uses Most

Secondary energy use—what goes into making and
maintaining our goods and services—matehes the pat-
tern of primary or direet energy use i our homes and in
runiting otir cars.

[ 3%

Several reeent suneys shaw that primary energy use
varies according 10 income and iocation. The beiter off
you are. the more energy you use both inside and
outside the home, espeeially in transportation.

In 1975, after the Arab oil embargo. the well-off
($25.000 or more income) used 73 pereent more natu-
ral gas than low-income familics ($6.000 or less for a
family of four). more than twice the eleetricity. and
over four times the gasoline.

Households differ widely in the Kind of house and the
number and kind of eonvenicnces they have, The well-
off live in big homes. exposed on four sides to the
weather. with large windows. more than one bathroom,
and central air eonditioning. Such homes use large
amounts of energy for heating space and water, and for
cooling —the most energy-intensive requirements in a
house.

The well-to-do also have many more eleetrizal appli-
ances than lower-income houscholds. ineluding such
large enecrgy-intensive kinds as frost-free refrigerators.
eolor TVs, and self-cleaning ovens.

In contrast. most low-income households live in small
homes or apartments with one bath. Many have only a
black and white TV: their refrigerators are not auto-
matically defrosted. their ovens are hund-eleaned, and
they are usually without air conditioning.

Using an appliunce index that weights household
applinnees according to their average energy use, we
find that two-thirds of the low-income houscholds had
very low appliance index seores i 1972-73. and two-
thirds of well-off houscholds had very high scores.

Obviously. those with |ess income are not just using
less energy. but doing without many work-saving fea-
tures others enjoy. All appliances together. however,
use only 15 pereent of the energy Americans consume
directly.

The not s0 obvious significance of the appliance in-
dex is its almost perfect correlation with total energy
use by the houschold. It is a symbol of lifestyle. The
high appliance index household tends to be an cnergy
gobbler; the low apphanee user is anenergy eonserver.

Such a conserver. however. uses energy sparingly.
not with the goal of energy conservation. but because
the houschold cannot afford the cost of energy—even
of enough energy for health and minimal comfoit.

Conservation Problems

This is a critical distinetion. It is evident in the paradox
that the rieh conserve the most energy by adding in-
sulating features to their homes, but they also use the
most energy. Low-income households, on the other
hand—called “nonconservers™ by some—arc most
often renters: they have no opportunity for such con-
servation measures, or they cannot afford the initial
expense of even fundamental weatherizing in antieipa-
tion of future saviags.

7
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A comparison of households before and zfter the oil
embargo shows those most likely to have reduced their
heating and cooling loss made energy-consuming addi-
tions simultancously, thereby cancelling their energy
savings. These are the very housceholds where conserva-
tion cun make the most difference, but their voluntary
energy saving appears inextricably mixed wich the ap-
peal of greater comfort and ostentation in living suin-
dards.

The automobile is a good example. About half of all
encrgy houscholds consume is for transportation.
mostly by auto. Half of all low-income houscholds have
no car: those who have. use it chiefly to get to work.
Jobs have spread out. making it more evident than ever
that public transit systems have camed the jibe, = You
can’t get there from here.”

Upper-middle and high-income houscholds have two
or more ears. use seseral times the amount of gasoline
others do. drive larger and newer cars more miles, and
take more long trips. by air as well as by automobile.
The energy intensiyve transportation lifestyle of the well-
off did not decline after the oil embargo.

Only those with few resources use encrgy sparingly.
They eannot conserve very much on their own, and
they need help to protect them from energy disadvan-
tage.

Policy Implications

So far. major changes 1 energy policy stress nahing
everything more costly, but high prices alone do not
deter the American high energy consumer, who has the
most leewity for spending or saving both energy and
money. Sach pelicies only perpetudate our current en-
ergy lifestyle.

How. then. can lifestyles be ehanged? Conservation
must begin where lifestyle is shaped — where wrappings
beecome faneier, car styles more numerous and cver
chunging. apartnients and houses advertised for their
“luxury " features. and new buildings construeted and
furnished to impress us with their opulence.

Encrgy-saving is a hard sell to Americans. Sueh a
hard seil requires hard-nosed policies that are elear and
fair. including gasoline rationing; a federal tax on in-
cefficient and nonessential yehicles, with proceeds 10 be
used for deyeluping community -conneeting transit sys-
tems. tax advantages for building or retrofitting strue-
tures according to cnerg) conserving standards: and
mandatory building eodes. Additionally, more federal
funds are needed for rescarch and technologics! de-
velopment in the encrgy field.

[n this “moral equivalent of war,”™ our first priority is
to ereate and save energy. The dollar cost is high. the
benetits higher.

ABOUT THE AUTHOR

ERIC

DOROTHY K. NEWMAN isa consultant and

lecturer in socio-cconomices whose reeent work has
included research for the U.S. Department of Labor.
She received a Ph.D. in sociology from Yale University
and is the author of Let Them Freeze in the Dark and
coauthor of several books and reportsincluding Protest.
Politics, and Prosperity: Black Americans and White
Institutions; The American Energy Consumer: and
Gasoline Usage and the Poor.




2. "Cry Havoc” or “Cry Wolf”:
The Nature of the “Energy Crisis”

S. DAVID FREEMAN
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In 1859 Edwin Drake started producing oil from a
weli in Pennsylvania, and the world has been funning
out of oil ever sinee.

Oil is a “nonrenewable” energy sourze; there’s only
a certain amount of it on earth. The same goes lor
natural gas, coal and uranium.

In 1978, these four finite sources supplied about 96
percent of U.S. energy consumption. Almost half came
from oil and 2 fourth from natural gas. Coal accounted
for 18 percent and nuclear, 4 percent. Hydro (water)
power and other renewable resources supplied onty
about 4 percent of UJ.§. energy and 6 percent of the
world’s energy.

The current energy shortage, however, is not the
result of the limited supply of nonrenewable fuels.
Rather. it resuits from the fatlure of production to keep
up with growing demand because of economic, environ-
mental. and political constraints,

These constraints make it impossible for the United
States to produce jts way out of the energy shortage
unless we curb our demand.

Productive Capacity

Energy supply is usually discussed in terms of the quan-
tities of discovered {uel remaining in the ground, called
“reserves,” or the uitimate size of the energy sources.
called “'resources.”

However. it is productive capacity—the amount that
can be delivered to each home or car or industry each
day —that is the key figure. Qil in the ground might just
as well he mud if the capacity and incentive to produce
and sell it dou’t exist.

The puce at which wells. mines. refinenes. and other
tinks in the energy cham are developed depends partly
on the price paid by consumers. As long as Middle
Eastern oil was sclling at low prices that reflected its
fow production costs and was readily available, there
was little incentive to develop domestic alternatives.

Now that imported oil is priced much higher by
OPEC and its availability is unreliable. it is necessary
lor us to use less and to produce more costly domestic
encrgy. But since no one puurantees future prices, in-
vestments hy private companies for higher-priced
svurces witl lag.

Price alone doesn’t goyern the rate of il production.
Environmental laws and impacts on nearby commum-
ties rightly place constraints on the rate of energy pro-
duction. The world's proven rescrves of crude vil total
sthout 650 billion barreis. enough to last about 30 ycars
at current rates of consumption. = Estimated teserves.”
those thought to exist hut not yet discovered. may total
roughly three times as much.

Yet, even if we created an energy conipany’s drcam
world~high prices. no environmiental laws. and lenient
government policics —the rate of growth m energy pro-
duction. espeerally petroleuns. would still he constrained

because existing fields are heing depleted; new ones
will be smaller, and more difficult to locate.

The most severe constraint, however. is that the
OPEC nations have learned that holding back on oil
production enables them to keep increasing prices as
consuming nations bid ever higher for limired supplies.

But domestic production can't grow fast enough to
meet growing demands. The United States now imports
almost half its oil: if we are tocut back on imports from
an oil-short world market, we must practice conserva-
tion and develop substitutes for oil.

Most of the problems of oil production also apply to
natural gas, except relatively little natural gas is im-
ported. The "easy to find” reservoirs have been dis-
covered and are rapidly being depleted. Even without
price controls, which dampen the incentive to explore
for new sources, it will he difficult to find the remaining
gas as rapidly as existing reservours are depleted.

The world's proven reserve of natural gas is about
2,200 trillion cubic fzet; its estimated resource, about
8.150 trillion cubic feet. Proven reserves of gas in the
United States are about 200 trillion cuhic feet, enough
to last only 10 years at present consumption levels.
Even if the most optimistic estimates of undiscovered
2.8 reserves prove true, U, S, production of natural gas
win be severely curtaifed in 30 to 50 years.

Coal and Nuclear Energy

Coal also illustrates our frustrating energy dilemma.
Coal resources are large. compared to petroleum. The
proven U.S. reserves could last about 700 years at
present consumption rates. But ohstacles to mining it
and burning it in a socially acceptable manner have
limited its use, and new technologies to convert coal to
clectricity and synthetic fucls need perfecting. 1f we can
sulye these environmentat and teehnical efficieney proh-
lems. coal could supply a growing share of our needs
well into the future.

Nuclear energy 15 a question mark, largely becuuse
the public fears it. especially after the Three Mile Island
incident. In the next two decades the amount of ura-
nem in the ground isn't likely to be u amiting factor,
But, if wnore cfficient nuclear plants canuot be per-
fected. nucicar fission is a relativety smail source of
energy, no larger than onr oil and natural gds resources.

The United States could get encrgy from nonrencw-
ahle sources yet to be developed. such as shale ail or tar
sdiids. 11 1s estimated that we have 2000 hillioa barrels
of oil m shale. more than all the erude oil in the Mid.
cast. But the shale il poses awesome ¢nvironmental
prohlems, and other sources are untested and Tikely to
be very expensive.

Renewable Sources

Ohviously. onr nonrencwable energy suurees J4r¢ gowg
to run out some day. The problem then s o develop

{0
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renewable or superabundant sources and use cur fossil
fuels and uranium wisely to bridge the gap in the mean-
time,

There are four potentially major sources ot *durable
energy  that should be pursued: the nuclear breeder.
fusion, geothermal power. and solar ¢nergy.

The nuclear breeder holds promise of energy abun-
dance. A breeder reactor is fucled by plutoniem-23%
instead of the uranium-235 used in today's reactors
While a breeder reactor operates, it “breeds’ more of
this plutenium fuel from uranium-238, which is abun-
dant. This “breeding” of fuel could allow the known
reserves of uranium to fuel breeder reactors for many
eenturies. But development of the breeder is clouded
by concerns over safety, proliferation of atomic bombs
from its fuel, and escalating costs,

Fusion pOWer Ih, IR & JCAMC, AR CACTRY SOUNCE &b
powerful as the sun in a reactor here on carth. Fusion
could supply an almost unlimited amount of energy.
But after 30 years of intensive effort, the scientific

feasibifity of fuson has yet to be established  For now,
it’s a long shot.

Geothermal power, using geyser steam, seems inore
diffuse and difficult to harness than the sun. Geothermal
sites i the United States are seattered. and harnessing
them presents major engineerin., and envirpmnental
problems,

Solar energy offers the best possibility for our high-
energy enilization to continue. Using the sun to heat
buildings s practical woday. but harnessng the sun te
genetate eleetricity on o large seale will require all pur
mgenuty, Whether the nation rises to that challenge
may well determine our fate in the next centary,

For the moment we are short of energy and new
sources are mdny years away, And the shortages will
grow 1t we don’t curb our wasteful appetite for energs.
Any policy not reoted in programs Lo conserve cnerg)
by making the American ecconomy more energy-efficient
is doomed to failure.

Conservation is our quickest and cheapest source of
supply.

[{]
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S. DAVID FREEMAN tias been chairman of
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he words “energy ensis” imply that what the workl

s now ¢xperiencing is an unpleasantness at will
be farrly brief and will be solved by some sort of teehno-
logieal fix.

Don't hold your breath until that happens. It may
take centuries.

There have been past soeictiecs—the Periclean Age.
for exampte —that had very limited. even dwindling.
sources of energy but didnt worry greatly about the
situation or do much to remedy it,

Rome was a magistral civilization that got a Jot of its
energy from plain human muscle, espeealty the muscles
ol slaves. But the poor were scarcely beuer off than
slaves, 1t seems never 10 have oecurred to an educated
Roman that slavery kept the wages of free labor at
abysmal levels by its competition.

And since so hign a proportion of the population
hived in great poverty, it was doubtless politically rash
to develop other sources of energy or labor-saving de-
viees that would put people out of work. When. in the
first century, an engineer offered Emperor Vespasian a
novel machine that could haist the great eolnmns of a
new temple at reduced labor costs, the Emperor re-
warded him but refused to use his device. saying. 1
must feed the little people.”™

This attmude may account for Ruman indifference
toward the water-mill. which was invented in the first
century before Christ, One early mention of it is in o
lovely Greek poem that urges the slave women (o skeep
latle beeause the water nymphs have taken over their
former task at su -up of grinding by hand the flour for
the meals of the aay. No doubt i 1s bad social strategy
to let staves sleep late. The water-mill was not spread
rapidiy. or ity uses diversdied. until after the eollapse of
the Western Roman Empire and the general consver-
sion of Europe to Christianity.

Decline of Muscle Power

I shonld be happy to connect the spread ol water power
with Christian opposition to slavery; for slavery de-
clined notably in this period. There is. however, no
evidence that Christiany in either Antiquity or the
Middle Ages condemned slavery. The withering of sla -
ery was probably caused by fulure of slaves (o repro-
duce themselves even at the rate the free population
did. which was fow. Morcover. the deeay of Rome's
military power. and less frequent conquests. resulted in
a short supply of new slaves.

The Romans thus faced an inereasing shortage of
workers. Musele-oower wis giving out. Yet they did
amazmgly hitle 1o lind substrintes for muscles. Perhaps
the chief reason why the Roman world went 1o picees
was failure 1o recognize and grapple with this probleni.

It was not untl about the year 840 that waterpower
was apphed in Europe 1© ndustnal tasks other than
milhng grain, The first signal of 2 new cra came ag the

abbey of Saint Gall in Switzerland: watee-powcered trip-
hamnters were peunding the mash for beer. Then we
diseover the same device felting cloth. Soon sueh auto-
matic machines were helping to tan leather. erush ore,
pump bellows of forges. prepare the pulp for paper.
and do the laundry, In 1204 the fiest water-powered saw
appearcd in Normandy, and in 1384 the lirst powered
blast furnace in Belgium.

The Medieval Mentality

All this refleets a mentality worlds apart from that of
the Romans. Medieval Europe first developed what we
think of as the “modern™ ideal of a capital-intensive,
labor-saving technology. Inthe 1180s, for example. the
European type of windmill was invented on the flat
landds of Eastern England. and it spread us fast as
moving pietures did in he carly 20th eeni.ry. Tie
Romans scarcely cared about improving energy re-
sources: the Middie Ages were filled with enthusiasin
for natural power and new uses of it.

Inevitably there was ceological backlash [n the later
E3th eentury water-powered siws were prohibited in
one svaltey of the French Alps beeause their new pro-
ductivity of lunber had devastated the forests In 1322
an English observer credited the deforestation of Eng-
tand in part to the scarch for long spars to make the
vanes of wincmills,

New technaologics had contributed in other ways to a
shortage of wood. Beginning in the 10th eentury, im-
proved agricultural mechods had begun to produee
much more food. and population had skyrocketed. This
meant inereased needs for fuel, which then meant wood.
Application of power machines to metllurgical pro-
cesses redueed eosts, inercased demand, and put further
strains on the wood supply for props in mines. for
smeliing. and for forging. Wooden ships. wagons. and
houses increased in number and size.

To make matters wor - Europe’s elimate began get-
ting colder s more wood was needed for domestic
heating. By the fate 13th century a wood famine was
descending on Europe.

In England the poor. unable to buy wood. tumed o
coul. which was more accessible than elsewhere and
cheaper than woad. Comequently. by 1200 London
had a severe smog problem,

Wood Famine

Thus the rapidly advanemg technology of the Middle
Ages, having lirst produeed a Tugher standlard of living
thaneyerbefore, anda larger populanon. at last brought
about an epergy censy, pollutgon. and mueh human
ntisery.

The woad erisis was temporarily solved not by a
technodogical fix but by a vast hnman tragedy that had
little to do with the state of enginecring: the Black
Peath of 1347-1350. In ax first sweep the plagie killed

-d,. l?




probably one-third of Europe’s population. By 1400
Europe eontained only about half as many people as in
1347. Production fell because half of the masket had
vanished. Pressure on woodlands deetined. and forests
gradualy restored themselves.

Populaticn generally remained fairly statie until tiic
16th eentury. when it rose again. By about 1575 Eng-
land was once more suffering from 4 wood famine.
People turned quickly to coal again. not only for do-
mestic purposes but also for manufacturing bricks. glass.
soap. sugar. sglt and the like. But for a long time eoal
could not be used in many industrial processes. notably
the metallurgical. It was not yntil 1709 —almost 200
years after the wood famine had onee more become
acute—that coke was first used to smelt iron.

From Coal to Steam

The prolonged effort to replace wood with eoal led to a
steady increase in eoal production. Mines went decper.
and the risk of their flooding rose. This led English
inventors to try new kinds of pumps to rid the mines of
water.,

The breakthrough was Thomas Neweomen's steam

pump of 1712, Late in the 1700s James Watt so greath
improyved the steam engine that steam produced by coul
beeame the typical eaergy used in |9th-ecntury industry.

{t was the first new souree of power discovered sineg
the invention of the windmill 600 years carlier. Tt grew
out of the effort to substitute coal for wood as the
primary fuel and thus meet the energy problem that
had begun to affliet Europe severely 500 years earlier.
and which. after the catastrophie “solution™ of the
Black Death. had returned as a threat in the 16th
century.

Perhaps the Romans—or at least their prosperous
deeision-makers—would not have been bothered by
any of these developments. as they were not greatly
bothered by the growing musele famine of their own
period. Byt people in the Middle Ages took the ideal of
a power-based technology seriously. as we. their de-
scendants. do today.

Finding a fix for the present petroleum famine
becoming the chief goal of our soeicty. because that is
the way our minds work. But it may be found more
slowly than we expect. The interim may cail for soeial
diseipline on our part as well as for inventivencss.

ABOUT THE AUTHOR

LYNN WHITE, JR.is University Prafessor of
History Emeritus at the University of California. Los
Angeles. where he joined the faculty in 1938, From
1943 to 1958. he was president of Miils College. having
previously taught at Prineeton and Stanford
universities. He is the author of Medieval Refigion and
Techrology and Medieval Technology and Sovial
Change. Since 1970, he has been editor of Viaor:
Medieval and Renaissance Studies.




‘\
LY .
y ek U
- . 1
e e N L rmemen
-———A‘Q ’) N TN B PRy n
R VA 5N W
) =G Y S
ih 3 * AN
‘_!' A .“:'r\ ;
& y SV
~ Ry Proeibiy by

.ll.
%*" NS

4. Multiplying Energy: 19th ana
20th Century Developments

JOHN G. BURKE
o 10
ERIC

Full Tt Provided by ERIC.

15




Q

ERIC

Aruitoxt provided by Eic:

I n 1952 President Truman's Materials Policy Commis-
sion elearly warned that in the 1970s the United States
would be dependent on Middle East oil. and that un-
stable political conditions there could result in o« serious
energy shortage in America.

The Commission’s prediction, which turned out to be
surprisingly aceurate. wis based on the fact that after
World War [ oil production in the United States no
longer met domestic demand. and we became a net
importer of erude oil.

But fev people heeded the Commission’s report or
its plea for encrgy conservation. After all, America
had always had abundant energy resources. The Com-
mission’s bleak outlook was, for most Americans,
just another example of how wrong-headed “experts”™
can be.

It is truc that the incrcasing availability of cheap and
flexible sources of encrgy was one of the most impor-
tant factors in the transformation of America from a
predominantly agricultural nation in 1330 to an indus-
trial giant a century later. In 1950, in fact. the United
States consunied about fifteen times more energy than
it had in [850.

What most people failed to realize. however, was
that in the process of industrialization, vur ceonomic
and soeial organization, our jobs and our daily routines
had become increasingly reliant on the nailability of
petroleum produets. The Materials Policy Commission
clearly perecived the true state of affairs.

Wood, Water and Wind

Until about 1880 America depended on wood, water,
and wind for its energy needs. The pruneval forests
were a hindranee to people seeking land to farm. but
whien they fell to the axe they provided huge quantities
of wood. Wood was practically free, and it was con-
sumed m the roaring opeu fireplaces of the pioncers, in
the firekoxes of locomwotives and steamboats, and n
iron Dlast Turnaces and other indusirial processes re-
quiring heat. In 1850 about 100 miltion cords—over
four cords per capita —of woed were butned annually,
aery large wmpount when one realizes that o cord of
wood is four leet wide by lour feet high by cight feet
long,

For local manufacturiag. water power. provide § by
huge water wheels or primitive turbines, was plenuful.
The Pawtucket Falls of the Merrimack River powered
the textile mills of Lowell. Massachusetts, and the Great
Falls ol the Passaie River provided Patersun, New Jer-
se, . with the energy for its silk. jute. gun. and loconio-
tive factories. As the 19th centary progressed. water
tusbines beeame mote cornunon and more efficient. fore-
shadowing the large hydrocleetrie plants of modemn
times.

Windmills dotted the casterp seaboard and accom-
panicd the westward expansion, The Halladay windnuti,

used to grind flour, pump water. and saw wood, was a
familtar fixture on most farms and ranches of the great
plains, Windmills rapidly disappeared from the land-
seape, however, after the Roral Electrification Admins-
tration brought eleetricity to rural arcas beginning in the
1930s.

Much carlier. however. in the period 1855 1o 1885,
four developments stimulated massive industrialization
and caused a drastie shift from woed, water, and wind to
other energy sources. The first was the discovery and
employment of the Bessemer and open hearth processes
for manufacturing steel inexpensively, The seeond was
the appearance of & new scicree — thermodynamies.
whase application enabled engineers to design more
efficiently steam and other engines that comverted heat
into mechanieal work. The third was the drilling of the
Drake well in 1859 at Titusville. Pennsylvania, which
ushered in the cra of petroleum. The fourth was the
founding in the carly 1880s of the electric generating
industry.

Age of Coal

Cheap steel rails made possible the nationwide expan-
sion of the railway network. Shipbuilders constructed
steel ships. steel girders were used in bridges and later
in shyscrapers. and steel wire feneed the cattle ranches
of the west. Wood. however. was no longer a suitable
fuel for the rapidly expanding steel mills. Steclmakers
turned to coal and built their plants near the extensive
eoal reserves of Pennsylvania, West Virginia, and Ohio.

Coal was also found to be a cheaper, more con-
venient fuel both for railway locomotiy ¢s and for urban
buildings and residences. By the mid- 18805 coal had
become the nation’s chicf energy source.

The age of coal and steet demanded niore powerful
etignies lor mimng, for the manufacture and fabrication
ol steel. for trapsoceanic steamships and transcontinen-
tal foconotives, and for driving clectrie generators.
Ustag the laws of thermodsnanues, engmeers fearned
how to employ steam elficiently at sers hgh tempera-
tures and pressures, and their efforts culnated in the
development of high-speed steam turbines,

Electricity Revolution

Initially. <lectneity provded power for are hghung.
strect railways, and cleetric dlumination of buldings.
Eleetrie motors, however. introduced about (90U, pro-
duced a revolution i industry and the home. Large
clectne motors were attached dirgctly to the massive
rolls Tabricating thick steel plates or girders. while tiny
mowrs powered vacuam eleaners and washing ma-
chines,

In providing an cfficient power souree for cach indi-
viduad machine. the motor caused the redesign of fae-
tories and the reorganmization of mdustrial work., Simi-
larly . it transformed houschold work. The electrie pen-
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erating industry exploded, expanding its capacity more
than 650 times between 1990 and 1950. In the proeess,
generating costs were dramaticalty reduced, and the
price of electricity was progressively lowered.

Urbanization

A gradual but drastic change in the organization of
society accompanicd the process of industrialization
An increasingly dwindling proportion of our population
engaged in agriculture or was needed to provide our
food. Mass production industrics employed armies of
workers, causing massive urban growtls, which, in turn,
stimulated the expansion of service cstablishments—-
hospitals. hotels, department stores. groeeries. and ros-
taurants,

City dwellers needed cheap and dependable trans-
portation. encrgy to heat and light their homes, cook
food. and run vacuun cleaners, washing machines. and
the new electric refrigerators. The city began to re-
semble a complicated machine, in which energy in its
various forms was dispensed to consumers  through
eomplex networks.

Industries became concentrated and were dominated
by such giant corporations as Standard Qil, U.S Steel.
American Telephone & Telegraph, General Eleetric.
and Du Pont. In turn, governmental bureaueracy bur-
geoned in order to regulate trade and industry practices
and to check monopolies. and political power beeante
increasingly centralized in the federal government.

Gasoline and Diesel Engines

In the tarc 19th century, three Gernian engincers—
Nicholas Qtio. Eugen Langen, and Rudolf Dicsel—
became convinced that centralized, expensive cnergy
sources gave an overwhelming advantage to industrial
barons. They determined to design and manufacture
mexpensive power sourees which would enable small
entreprencurs to compete suecessfully with the giants.
The eventual products were the gasoline and digsel
mternal combustion engines, which. ironically, gave
birth to the greatest mass production enterprises of the
20th centery —the automobile and truck industry.

As petroleum production inereased in response to
the demand for gasolme. many electric gensrating planss
and other industrics took advamage of the availability
of the cleaner liquid fuel oil or of natural gas to fire
their boilers. The role of coal as an energy source
declined sharply. while the consumption of oil multi-
plied twenty-five times between 1900 and 1950.

In 1952, when the Maternals Policy Commission re-
port was published. few government leaders thought
about supporting research to enable the ailing coal
industry to exploit deep deposits profitably or to process
successfully coul having a high sulfur content.

Future cnergy requirements apart from transportu-
tion. it was thought. would come from a new energy
souree —the atom, which gave promise of elean, de-
pendable power for the foresceable future.
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wenty-five years ago, a distinguished American

historian. David M. Potter, wrote an influential
book entitled People of Plemy, It was a convincing
demonstration of the elfeets of ceonomic abundanee on
the distinetive American eharaeter.

Only in Ameniea could such a book have been writ-
ten. Ameriea was promises. and it seemed then as if
those promises has been fulfilled—in part because of
bountiful energy,

But do those promises still hold true? Now that
energy has become more expensive, can we still be a
people of plenty?

American Bounty

One ot the carhiest Enghsh deseriptions of Ameriean
boanty appeared in Easiward Ho, a comedy written in
1605 hy George Chapman and John Marston. Virginia.
one of the characters deelares. is as pleasant a country
“as ever the sun shined on; temperate and full of all
sorts of viands: wild boar there is as comsmaon s our
tamest bacon here,.,.”

Andin the 1780s, in one of the most famous observa-
tions by an early traveler, Heetor St, John de Creve-
cocur wrote: “There is room for evervbody in Amer-
ica, , ., Does he want uneultivated lands? Thousands of
acres present themselves, which he may purehase cheap.
Whatever be his talents or inclinations, if thev are
moderate. he may satisfy them. | do not mean. that
cveryone who comes will grow rich in a little time: no,
but he may procure an casy and decent maintenunce by
his industry.”

But 1t was not just the fertile soil. the large forests.
the vast seams ot coal, the large veins of iron are and
the Great Lakes and river system that tied these to-
gether, that made us a people of plenty—though all
these were _ssential. Ameriea’s primary bounty was the
mgemnty. energy. and character of its people,

Long before industnalization began in the 1840,
visitors remarked on the kinds of produetion and social
organization that permitted the United States to take
the lead in manufactured goods, There was that largely
home-taught genus Eli Whitney who. in setting up a
factory to make muskeis. in 1779 helped establish the
principles of mass production: quantity, standardiza-
tion. and interchangeability of parts. And Oliver Evans
in the late 18th century invented o continuous flour-

" milfing system which showed tne way for the coordi-

nated packing-house slaughter of animals. and later tor
the assembly lire of Henry Ford.

What made the American outpouring of goods pos-
sible. of course, was bountiful energv~-water power
from the turbulent rivers. wood from the abundant
forests. coil from the mines of Appalachia and south-
ern Hinoms. ol from western Pennsylvorna and later
from Texas and Qklahoma. 8etween 1820 and 1930, by

exploiting new sources of power, America increased
40-fold the supply of energy that it could command per
capita.

Eleetricity and oil changed our lives. Through clee-
tricity we could transforin the night with light, provide
power to drive machines, supply energy to litt eleva-
tors. run the home appliances that we take lor granted
and the eleetronie devices whose physies we can only
dimly grasp. With oil. we heat our homes, luel our
autos. trucks and planes. and grow our food through
petrochemicals that provide feedstock and fertilizer
These developments demanded inereasing amounts of
energy. particularly oil.

But the days of cheap oil and cheap energy are gone.
We are living—and will live—in a very different era.

Early Warnings

There were warnings long ago. In 1893, in " The Signifi-
cance of the Frontier in American History.” the his-
torian Frederick Jackson Turner signaled that land —
for centuries our most abundant resource-—was be-
coming limited in snpply.

In the carly 1900s, President Theodore Roosevelt
and Gifford Pinchot of the U.S. Forest Service led a
eonservation movement to husband and develop our
natural resources. The Newlands Rectamation Aet of
1992 proposed irngation for desert lands, flood control
tor rampaging rivers. and deepening of shallow rivers
for navigation,

Yet strikingly, «ll these prograims collapsed as special
interest groups—such as the lumber, cattle, and power
industrics—obtained special advantages from Con-
gress. Equally striking is our sense of prodigality that so
affected our view of the past that most of the U.S.
history textbooks. give scant attention to the history of
conservation,

It was not until the 1900s that we became eoncerned
about our nutural resources. By then, the United States,
self-sufficient in energy throughout most of its history,
had begun importing oil. And by 1973—when the
OPEC cartel imposed its embargo and tripled and then
quadrupled the price of oil—our dependence on for-
eign oil had risen to about 30 pereent of our total il
usage.

Engrgy Independence

The United States is now trying to regain its energy
independence. This is necessary for political reasans o
we will not be blackmailed by foreign powers. It is
useful for economie reasons so that we know the true
market costs of energy.

We heve been told, however-—not by responsible
ceonomists. bt by headline-honting  politicians or
simple-minded moralists—that we will have to change
our way of life totally and acquire new values.
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1 think—and the cvidence shows—that such state-
ments wildly exaggerate the facts and hinder the formu-
lation ol a rational policy.

Let us focus on the most visible symbol of our way ot
lifc. the automobile. The automobile accounts for 76
percent of the energy used for transportation. or slightly
under 20 percent of all the energy we consume in the
United States. (Since foreign oil accounts for 23.5 per-
cent of our tota! energy. we can say. for dramatic sake.
that the automobile consumcs almost all the foreign oil
we import.)

We are told that Amecricans gre prodigal—that we
consume four times as much gasoline per hecad as
Western Europeans. But such comparisons ignore the
greater size of the United States and its lower popula-
tion density.

Given the distances in our country and the dispcrsal
of homes and jobs. thc automobile is a necessity for us,
Before World War 11, when existing mass transit sys-
tems wcre laid out- peoplc traveled to the city to work.

Today. jobs are dispersed-—for examplc. along Route
128 that rings Boston; or in “silicon valley™ from San
Francisco to San Josc. where high technology firms are
strung out in a line; or in the corporate heavquarters
that fan out around New York City. A study of auto-
mobile use in Portland. Oregon, showed that only 4
percent of driving is for recreation.

Solving the Problem

The answer to our encigy dilemma 1s not necessarily to
drive less. but 1o drive more cconomically. Germans
get 70 percent more mileage per gallon of gas than do
Americans: the English. almost twice as much.

The basic. and cheapest. mode of becoming encrgy
independent is thus conservation. Studics by the Amer-
ican Physical Society and by the National Academy of
Scicnces. using 1973 figures. showed that by reducing
heat losses from buildings. improving automobile effi-
cicney and the like. the same U.S. living standard could
theo etically have been maintained with 40 percent less
encrty.

Is the idea of such conservation realistic? Following
the oil embargo of 1973, Los Angeles instituted an
energy curtailment plan with mandatory targets for
reducing the yse of electricity, but with consumers them-
selves implementing specific cuts.The response was
gratifying: residential use decreascd 18 percent: com-
mercial. 28 percent: industrial, 11 percent.

The program brought dramatic savings with a mini-
mum of sacrificc or change in lifestyles and with littlc
investment,

Could such a system work in the nation at large?

We would have to apply some practical enginecring.
some practical economics. and somc practical common-
sense.

Whecther we will do 50 is a test of our national will.
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he energy crisis s really a crisis of oil and seeon-

darily one of naturai gas. These two fuels—which
are clean-burning, easy to trunsport, and adaprable 1o
many uses— provide three-quarters of our energy needs
today.

To understand our present predicament we must un-
derstand how we came to be so heavly dependent on
oil and natural gas.

Both are 20th-century fucls. Qil rose from barcly
measurable use around 19006 to a quarter share of total
U.S. energy consumption in 1930 and almost halt i
1970, Natural gas consumption guadrupled berwcen
1930 and 1970.

Their spectacular growth has technological. political,
and social roots. Repeating the 19th-century pattern
for coul. we ereated new technologies that could rake
advantage of the unique properties of these fuels. The
mternal combustion engine is the most spectacular ex-
ample.

We also found ways 1o move local fucls across the
nation. Natural gas began to flow from the Southwest
to the Midwest and East as the ~*Big Inch.” “Liude
Inch™ and other World War II pipelines huilt to trans-
port petroleum across the eountry were tumed over to
the natural gas wndustry. Improved seamless welded
pipehnes made transporting gas under high pressure
possible, ercating new markets and greater demand.

Potitical and Social Changes

Teehnologieal changes moved m randem with political
and soctal transformations that assumed energy would
he availlable cverywhere. i the form needed. and
cheaply—as indeed it was.

Polineal changes eluded the passage of the Rural
Eleetrification Aet and the creation of the Tennessee
Valley Authority to deliver eleetrical power to the na-
ton’s furins and w the seven states drained by the Ten-
nessee River and its trihutaries,

Low eost loans and mortgages throngh the GI Bill of
Rights encouraged Americans to marry. have ehildren,
4nd buy thetr own homes. beginning the babay and sub-
urban booms. The Interstate Highovay program started
i the 1950s, 1ts nussion to enable us o drve cowst-to-
coast without stopping for a traffic light.

I'hese polineal marhers were evidence of eeper so-
enal trends, Urbamzation continued. the proporton of
the metropohtan population doubling between 19600
and 1964, More people hought cars, by 1970, 80 per-
cent of ali families had at least one. More women went
to work. with a third in the Jabor force m 1950 and
ahout half by 1977,

New Energy Demands

Common to all these changes was a4 hesghtenesl demand
for energy. In the post-war decades. the amount of
energy used hy each person in the United States rose
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steadily, indicating the increasingly higher energy con-
tent of the goods and services produced.

These exuberant needs for energy were met by oil
and gas, indeed, these two fucls were vital tothe growth
of the American economy. where Gross National Prod-
uet almost quintupled between 1930 and 1977, The
enormous setf-confidence that growth cugendered, and
vast discoverics in Texas, Louisiana, even Alaska, cased
any anxicties about wedding oursclves abnost exclu-
sively 1o two finite fucls.

The internal eombustion engine developed further,
with horsepower a better sales lure than gas mileage:
the interstate highwity system was built on the premise
of cheap. ubiquitous gasoline. Air traffic. prop 1o jet.
grew spectacularly even though it is a fuel-wasting way
to travel short to medium distances, compared (o rail-
roads, whose passenger role gradually eroded.

And there were all those appliances: refrigerators re-
placed the ice box; washing machines. the washboard:
air conditioners, the fan. New industrial processes,
such as the eleetrie are furnzee of the steel industry,
appeared. Production of plastics grew prodigiously,
particularly after World War Il, further raising the de-
mand for petroleum.

Only the henighted would argue that these events,
which formed the setting for the encrgy crisis of the
1970s. were a mistake. A home of one’s own, a car and
the highways to drive it on. ckan heat in winter and air
conditioning in summer —all enriched A merican life,

And encrgy was cheap; its prices as a proportion of
both Gross National Prodnet and of personal incomes
fell steadily for several decades. New oil ficlds were
discovered: natural gas was so cheap and plentiful that
its market price wasset ata fevel to encourage its use.

Danger Signs

But there were some ominous signs. including the very
fuct that the United States depended lurgely on two
fuels, Nuclear energy was not esen up to the level of
hydropower —about 4 pereent—until the 19704, and
codl’s share shrank and was inereasingly restricted to
electrical power plants. The level of oil imports rose
from ahout 12 pereent in 1950 to half in the 19705, And
the e of oil and gas discovery per foot drilled was
falling. s easily found fiekds had already been tapped

But only the politician wishing carly retirement would
hi e denicd that more was better or wonld have pressed
to conserse energy or to widen the array of fuel supplies

Morcover. while we were raising our energy con-
sumption. almost solely through the grow th of oil and
nitural gas. we were foreclosing other options. For ex-
ample. there was 3 post-war effort. throngh the Syn-
thetic Fuels A, to improve on the horrendously costh
comersion processes that the Nazis had used to liquefy
coil for fueling tanks and planes.

That effort withered as cheap petroleam becitme
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more widely available, & natural gas found national
markets, and as the petroleum industry continued 18y
opposition to government support of alternative energy
sources. The result was to nnpoverish coal rescareh, and
t- .uteoal’s role as an alternative o ineredsing imports
of ever more costly il.

And there was a seemingly unbmited supply of ol to
import. [n the 1950s, new geophysical techmques led to
the discovery of large oil deposits in Kuwait, Abu
Dhabi. the United Arab Emirates. Saudi Araba. and
Iran. Productions costs from these new wells were only
five to forty cents per barrel compared to two (o six
dollars in the United States. American oil companics
pressed for an ol import program. whieh by “protect-
mg”" the nation from cheaper foreign ol aceelerated the
depletion of domestic supplics.

The environmental movement. which began in the
1960s, gained strength as the true price of energy be-
eame more npparent—air polluted by fossil-fueled
power plants ard automobiles; water heated as it
coursed through nuclear power planis before spilling
into rivers and lakes: oil slicks on Santa Barbara Bay
and the English Channel.

The attack was well justified. but the immediate re-
sponse led to other problems, For example. believing

that sulfur dioxide fre m smoke stachs wiused wir pollu-
tion, the government restricted the burning of high-
sulfur voals. But the effeets of suddenly depriving utili-
tics of high-sulfur eouls—for which they had buil
plants, structured their rates, arranged transportation,
intensively sought customers—were not thought out.
Many utilitics switched to low sulfur oil rather than
compete in a seller’s market for low sulfur eoal. raising
the demand for petroleun and refinery capacity beyond
anything anticipated by the petroleum indusiry.

Also, the problems of coal raised the already high
and. in retrospeet, deceplive. attractions of nuclear
fission for producing clectricity.

The fortunes of oil and gas were thus deeply woven
into transformations that oceurred in American society
beginning in the 1930s. These energy choiees refieeted
what American society valued. It wanted oil and gas
partly because of their convenienee vompared to coal.
In turn, the changes that ol and gas made possible —
from the automobile age to “elean heut "—entered our
definmition of a reasonable standard of life. Anam time,
the environmental movement signaled that clear rivers
andd e were sometimies of more value than an economy
premised on ever more goods,

When the price of OPEC oil quintupled in the 1970,
the situittion was ripe for an energy crsis,
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nergy is a means toward a desired end.

1t 15 v alued because st helps provide ws with ameni-
tics that contribute (o our sense of well-being, Gasoline
gives us mobility; heating fuels furnish comfort and
warmth: mechanized factory operations produce the
diversity of goods that we like to consumne.

The statisties for other industrial nations. which con-
sume less energy per capita than the United States.
would seem to indicate that it is possible to achies ¢ these
amenities with a more cconomical use ol energy than
now prevails in this country.

But how relevant are foreign examples?

One faction contends we're misguided for hining
failed to do what Germany and some other countries
hive demonstrated ean be done with effecus ¢ public
policies. skillful indastrial management. and prudent
consumption practices,

Another faction deplores our naiveté in not recogniz-
ing the distinctive conditions of Anterican socicty and
15 cons inced that tl-ady ised efforts to transplant foreign
expericnee could choke our economy.

There is an ¢lement of truth in both arguments.

Energy and GDP

Ina purely statisticat sense, those arguing thatwe should
apply foreign energy-consumption practices to the
United States are persuasive. If we look at per cupita
Gross Domestic Produet (GDP)—the value of goods
and services produced domestically per person. which is
roughly proportional to per eapita income—we find
that in scveral other countries this measure s smular to
that of the United States. yet per capiti consumption
of encrgy is markedly below ours.

A concise way of depicting this is to measure the
amount of energy consumption associated with cach
$10.000 of GDP in selected countries and express it m
equivalent barrels of oil. The 1976 standings for nine
countries are as follows:

Barrels-of-0il Equivatent per
$10 thousand GDF (1976)

Cunada 115 barrels
U.S. 10
Netherlands 88
Sweden 45
West Gernapy 74
Britain 72
Italy 70
Japan 60
France 54

The ratio of energy to GDP in Germany is more than
25 percent below ours, in Sweden, 15 percentlower. Yet
both are afflucr. socicties. In this list, only Canada uses
morc energy than we do to produce a similar amount of
goods.

However. before voneluding from the German and
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Swedish examples that the United States could drasti-
cally reduee its level of energy use without atfecting vur
Iving standards and vur ceonomic activaty., we must
look at the complex factors that afteet the differences
among countrics in energy/GDP ratios.

Structural Factors

Cne set of factors coneerns difterences n the geographie
nithe-up and industrial structure of countries. 1n 4 study
published sev eral years ago, Resourees for the Future, o
nonprofit research organization. found that about $0
percent of the difference between the high energy/GDP
ratio in the United States and the lower Evropean ratios
t» due to such U.S. characteristics as the large size of
the country and dispersed population. which require
goods and people to mosy e over long distances. Another
example is the ULS. preference for large. single-family
homes,

It is debatable whether sueh fedtures ean simply be
dismissed as “energy-mefticient™ atnbutes of Amea-
can life. Certainly cheap energy. particularly where
gorernmental policy has hept it artificialty cheap. faeili-
tated these evolving patterns. However, these deeply
rooted aspects of American society cannot be turned
around easily —eertainly not in less than the decades it
would tahe substantially to replace vur exsting housing
and alter settlement patterns.

The Resourees for the Future research disclosed other
findings as well. For example. our high energy use is
not—as some may think—a consequence of a top-
heavy mdustrial orientation. 1f the industrial segtor in
the United States played as important a role within our
cconomy s it does in Western Europe. we would con-
sunic even more energy than we Jdo now,

Nor does elimate explan our high usage. On the
contrary, Europe has o lower energy/GDE ratio than
ours despite proportionately greater heating and ar
conditioning requirements.

So, while some structural featurss such as distanee
and housing can be cited in “extenuation™ of high U.S.
energy/GDP ratios. other factors. when standardized
for comparability with Europe. would push our energy
use ¢ven higher.

The importance of structure in determining a voun-
ry’s energy consumption can be illustrated by noting
that Canuda (cven when allowance is made for the cold
climate) uses more energy relative to income than we
do. This high energy asage is the result of historicalty
cheap hydropower and abundant natural resonrces.
which, m trn, resulted i Canada’s speaialization in
sueh energy-intensive aetivities as metallurgy, pulp and
paper manufacturmg, and chemeals production,

Encrgy Intensity

In addition to these strueturdl factors, there is a seeond




set of factors that affeer differences 'n the amount of
energy used: the energy intensity —ihan 1, energy con-
sumed for the same activity m v arious countries, These
factors account for roughly 60 percent of the ditterenees
in energy/GDP ratios hetween the United States aoud
Western Europe.

For example. the fuet cconomy of Amencan cars has
histonically been very much poorer, and the energs
consumption per unit of output in a wide range of
American manufacturing enterprises s disunetly higher,
than in Europe.

These differences m energy intensities can be aterib-
uted partly to the higher prices of [oreign energy —par-
ticularly tor motor fuel. And dfferences in price. in
turn. anse partly beeause Buropean prices have been
held above the market level through taxation of encrgy
and energy-using equipment. while in the United States.
through eontrols. they have been held below marker
level. In both cases. social policy has helped shape
energy patterns—deterning use in Europe. encouraging
it in the United States.

When one takes account of these cost differences.
high U.S. energy intensines are not necessarily eco-
nomeally inefficient or wasteful from the standpont of a
houschold or industrsal plant. though the cconomy as a
whole may be worse off beeause of misguide d pricing for
energy.

Room for Improvement

Even where the data indicate that one country’s energy
use is more effective than another's, however. it docs
not mean that i cannot be improved, Forexample. U8,
trerght transportation s, overall. less energy-intensive
than Western Europe’s, But the energy intensicy would

be _till fower it Interstate Commeree Comniission regu-
Lutions w ould not dictate that a crucker shipping Georgia
pecans northward. for instance. has to return with an
empty truek,

Smuilarly, econvinical heating practices in Sweden
could be still further enhanced il occupants of un-
metered apartments served by steam from distriet heat-
ing plants did not use their windows to regulate their
heat!

The differcnees among countrics i encrgy use are not
trozen into place. Between 1972, the year before the
Arab oil embargo, and 1976, for example. the gap
bewween Sweden's energy/GDP ratio and ours nar-
rowed from 28 peceentto 15 pereent The U.S ratio has
been declining while Sweden's has been rising. A nar-
rowing ol the gap with other countries seems likely as
well.

There is little doubt that a conservation momentum
is gradually taking hold in this country. in part beeause
of public policics. such as regulations for improved fuct
eeonomy in new cars.

Do international comparisons. then, point 10 the
patential for significanty reduced energy consuinption
without sacrilice of economic welfare? It would be
cavalier to conclude that we have nothing to learn from
forcign energy-using practices— especially where these
represent a technological and behavioral adapration to
high energy costs, which are now beginning to confront
us. 100,

At the same time, we would delude ourselves if we
were to conelude thae the lower rago of energy use (0
GDP in some other countries provides a formula for
panlessly lowering energy consumption in the United
Statvs.
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I n eatly 1979, Iran’s oil workers joned the revolution
that hounded out their hated ruler, Shah Mohammed
Reza Pahlavi.

By the year's end, seizure of Amencan hostages in the
U.S. Embassy in Tehran by the revolutionaries had esca-
lated the situation beyond the mere foss of energy
supplies from [ran into 2 major intemational crisis.

Cutbacks in Iran’s oil exports, and leapfrogging price
hikes inside and outside the 13-nation Qrganization of
Petroleum Exporting Countries (OPEC) were giant
new steps toward world power by the developing na-
tions.

The process by which energy-rich states gained con-
trol of their own resources and also political leverage
over their Western customers was far more, however,
than just an exercise in current Muslim or Arab geo-
politics. s roots lie much deeper.

The Seven Sisters

In 1901, Muzzafereddin Shah of Iran granted gold pros-
pector William Knox J’Arcy what was to become the
first traditional Mideast oil concession. By the 19305,
seven big Western firms had come to dominate the world
energy market,

In rough order of size, the majors. or “Seven Sisters,”
have been Exxon, the Royal Dutch Shell group, Tex cu.
Standard Qil of California {(known as Socal, marketing
as Chevron), Mobil, Gulf, and British Petroleum. In
some areas a smaller, “cighth sister™ his been France™s
Compagnic Frangaisc des Petroles.,

U'nder the old concession system, the compamies ran
huge oil-bearing territories almost lthe colonies. Host
governments had littlc control and shared minimally o
profits.

Vencezuela was the first to breah with this pattern
After its first free elections in 1948, a nationalistic goy-
ernment passed an ncome tax law giving the govern-
ment 50 percent of the o1l companies’ profits—at that
time & truly revolutionary step.

The 50-50 system spread quickly to the Mideast,
where Saudi Arabia took the lead in demaanding half
the profits of the Arabian-American Oi1l Company
{ARAMCO). owned then by four of the seven sisters:
Exxon. Texaco, Socal and Mobil. “Profit.” calculated
by deducting production cost from the crude o1l price
“posted’ by the company, was spht cqually between
company and producer government, Kuwait, Tray and
others soon followed.

Iran’s efforts wn the 19505 under Prime Minister Mo-
hammed Mossadey to break the concession system alto-
gether and natonalize oil, brought conirontation be-
tween Mossadeq and a coalitwon of the Shab, the Brush,
atd the U.S. CIA —wluch brought the Shah back from
temporary exile in 1953 in a military coup.

Before the 19505, the seven sisters acted together (o

establish a single world price for oil, based on the Gulfof
Mexico oil price set by U.S. ol compitnies. Since Mid-
cast oil was vastly cheaper to produce than Gulif of
Mexico oil, the major companies made enormous profits
in the Middle East,

By the 195Us, however, Saudi Arabian Light oil had
replacer! Cuif of Mexico oil as the world’s pricing yard-
vask When tle Suez War of 1956 between President
xoeser's Ezypt and an Anglo-French-Israeli coalition
temporanly close! the Suez Canal to tankers, the prive
<) Saudi Arabiax Light row to a then unprecedented
heighe of $2.12 per ban.  (compared to $32 for some
Ot 1C spot trans.ctions in the late 1970s).

MiJdess: oil-producing countnes uriefly tasted wealth,
s0 whea :le toreign-owned companies unilaterally cut
prices drastically again in 1959-60 without consulting
producer governments. the shock was rude,

Creation of QPEC

The offspring of this shock, fathered chiefly by two oil
ministers, Abdallah Tariki of Saudi Arabia and Pérez
Alfonso of Venczuela, was QPEC. It was conceived at
the first Arab Petroleum Congress of April 1959, and
born at 4 crisis meeting of Tran, [rag, Saudi Arabia, and
Kuwait in Baghdad in 1960,

Eventually, the five charter members were joined by
Quatar, Libya, Indoncsia, Abu Dhabi {now the United
Arab Emirates), Algeria, Nigena. Ecuador and Gabon.

To force prices up to fair levels, OPEC in the 1960s
regulated production. Its members also sought equity
participation for host governments in decisions regard-
g production. distnbution, and pnang. first urged
upon ARAMCO by Saudi Arabia in 1964, When a
world sellers” market for oil appeared in 1971, QPEC
members were able o elbow major companices, little by
little, toward granting participation.

Revolutions in [rug (1958), Algena (1962). and Libya
(1969) ied those three Arabstates to nationalize produe-
tion and related operations like distnbution and nstrket-
ing. Gradually they gained fuli control of Western oil
operations on their soll. Other OPEC  members
branched oul into creating their own petrochemical.
natural gas, and tanker industries.

By February 1973, a devaluing U.S. dollar led QPEC
tw begim drastie price hikes to protect members’ meome.
Then, as U.S. import demand rose, the Arab oil em-
bargo eaploded upon the West, to support Lgapt amd
Svria in their 1973 war against Israel,

World v.. prices quadrupled, and supplies drasticatly
tghtened in the 1973-74 penod, bninging world reces-
sion. Pespite such Western countermeasures as forma-
tion of the International Evergy Agency to share scaree
supplies, a senes of OPEC conferences —not without
mter-OPLEC wraaghng—moved prices upward agam
and again,
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OPEC's Power

Thus. in the twenty years of QPEC’s life, the ail-rich
lands of Africa. Asia and Latin America have risen from
wtal subservienee to the industrial world outside the
Soviet bloe to potential economic masiery over that
world.

In 1960 the Uned States. Western Europe. and
Japan were almost sole owners of the non-communist
world’s energy sources and distribution systemx. By
1979, they had beeome dependent for energy on about a
dozen oil-producing states. Drawing about half its oil
from QPEC. the U.S. found that OPEC was increas-
ingly able 1o influence its foreign policy.

True. the economie interdependence of the world his
mutigated thes situation somewhat. Qit giants ltke Saudi
Arabia depend on the West foreverything from wheat to
weapons. including the Western technology they necd if
they ure to end this dependence.

Nonetheless. by 1979. Nigeria. black Africa’s major
OPEC member. had begun to exert pressure on the U.S.
to tavor the political solution it sought in Rhodesia, and
Arab and Muslim OPEC members and their allics were
intlueneing poheses of West Europe and Japan to favor
the Arab and Palestinian cause in the Mideast.

By combining skillful use of the oil weapon with
extreme political acumen. President Sadat broke the
stalemate with Israglin 1973,

First, with Syna, he waged limited war agunst Isracl.
Then with U.S. Prestdent Jimmy Carter, Sadat pursued
i poliey that they both termed “wagmg peace " —leading
to the Egypt-Israel peace treaty signed in Washington
Mareh 26, 1979, the first which an Arab government
ever signed with the Jewish state,

Today. the U.S. struggles toward a coherent energy
pohiey. President Carter since 1977 has been secking (0
itllow U.S.-produced energy to rise toward world priee
levels. thus encouragmg U.S. domestie production while
the North Sea. Alaskaand other non-QPEC sources are
developed. and research goes forward on alternatives

Meinwhile,. OPECs constantly growiug leverage
faces the U.S. with hard choices. Should it consider
seizing oilficlds or breaking blockades by use of military
foree? Or should it consider reshaping US. foreign
policy to please OPEC members?

Or. finally. should the U.S. government try to curb.
through legislation and mass education. America’s in-
satiable appetite for OPEC o0il? These questions are
certdin to engage the attention of Americans well into
the 1980s and beyond.
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At least half the world’s population lives in poverty
in rural areas in the tropical belt (and in China).

Their lives have been largely ur.touched by seienee-
based teehnology or by use of fossil fuel resources, which
elsewhere have led to the luxuries of our “modesrn™
world.

Now that these resources are becoming inereasingly
searce and expensive, are these so-ealled * Third World”
countries condemned forever to stay in prescientific
poverty ? Have they come too 1ate to the feast of geologi-
cally stored energy and materials?

The probability is uncomfortably high, Redusing this
probability, through action and moral persuasion. must
be once of our highest priorities.

Energy and Technology

The last 208 years have seen perhaps the greatest change
in human history. This change has resuited from two
closely related processcs. One is the rise of seience,
which led to a great expansion of knowledge and its
application in science-based technology.

The other is the discovery of fossil fuels—coal, oiland
natural gas—and of uranium. Without cither of these
developments, the world of today would be strikingly
different.

Without science-based technology. we would not
have steel-framed skyscrapers. automobiles. fertilizers.
artificial fibers and plasties, airplane s—much of what we
think of as the "modern world.” But even with the rise of
sacnce. if there had been no coal, oil. or natural gas.
there would probably be no automobiles or airplanes.
though there might be electricity. radios. and television
on a small scale with a few wood-burning power sta-
tions.

And without sciencc. we eould not have utilized oil
and natural gas. though we might have had primitive
coal-burning steam engines. The issues of energy and
science are thus intertwined.

Rich Get Richer

One byproduet of the change brought about by seicnee
and energy is that the world has beeome much more
unequal in riches beeguse of the unequal spread of the
change itself. The change to a science-based technology
took plaee quite rapidly in most areas of North Ameriea.
Europe. and Japan between 1860 and the 1930s, with
the rise of the clectrical and ehemical industries and of
scienee-based agriculture.

fn the tropies. however. the change took place very
slowly and 1s still largely confined to bigger eities. The
rural people there have been affected only slightly by
the great revolntion of seienee-based technology. which
means they are still very poor. Even worse. where such
technology has affected them. it may have nade the
poor poorer by cheapening the few commodities they
have to sell and by disrupting the “folk™ eultures in
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which they live, making them desire expensive goods
and destroying native eraft industries.

Grim Prospects

What then of the future? Will a science-bascd tech-
nology spread throughout the tropieal countries, releas-
ing hundreds of millions of people from agticulture to
produce the conveniences of the modern world?

The spread of scientifie knowledge and know-how is
not too diffieult, if political and eultural obstacles do
not bar the way. The erueial questions eoncern energy
and materials. which are the limiting factors in getting
ticher.

Even discounting inflation, it seems highly probable
that energy and materials will beeome constantly more
expensive in the next 100 or 200 years. Cheap oil and
natural gas will be gone. certainly in 100 years. probably
in 50. Coal will last somewhat longer, but it has great
disadvantages, including damage to health and the en-
vironment,

Uranium and the breeder reaetor ean provide elee-
tricity for the world for eenturies, and with our present
knowledge. nuelear energy may be the main long-run
hope of the poor countries. But it, too, has many disad-
vantages: it requires a high technology and an elite
group to administer it it entails small probabilitics of
large disasters (and even small probabilities do come to
pass): and it poses grave danger of being used destrue-
tively.

New knowledge. espeeially of how to utilize solar
energy. may make nuclear energy unnecessary, but we
eannot be sure, At the moment, solar clectricity is very
expensive. Furthermore, cleetricity is not fuel; it will not
drive atrplanes and is not much good for automobiles.

Possible Solutions

Unless, therefore, there s continued expansion and
useful application of scientific knowiedge. the chanees
of Third World nations remaining permanently disad-
vantaged are all too high.

The lLirst essential for redueing this likelihood is ap-
plied research in population eontrol. With the 4% billion
people now on earth. the problem of finding adequate
resources is extremely difieult. With the 8 or 10 billion
people projeeted for the mid-21ist eentury. the problem
may be impossible. Every dollar devoted to the military
fessens the amount available to balanee produetion with
population needs,

Grants from the rich nations to the poor should be
encouraged. but they alone cannot solve the problem.
The only hope is a growing sense of world community,
based on two competing moral arguments One is the
notion that the world product is a “"static pie.”” and it tries
to make those who have ereated riches ashamed of them
s0 they will give the poor a ~fair share.”

The other argument states that all huimans must work
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together to solve the world's problems and to develop
the technical competency of the poorer peoples—and
that is quite a different problem.

This picture, of course. is enormously oversimplified.
There is no “Third World.,” but a great varcty of
countries and regions with different resourees anu prob-
lems. The oil-rich but technologically poor countries
may invest in technological change. giving them a per-
manent advantage over resource-poor countries.

Meantime. many of the really poor countrics seem
headed for disaster through population expansion on
a very limited resource base. For them. the major
energy cnisis at present is not oil or gas. but firewood.
In the mountainous tropics, especially. from Nepal to
East Africaand to the Andes, forests are being cut down
for fircwood to supply the barest needs of an ever-
expanding population. The result is a loss of fertile land
as tropical rains wash off the unprotected soils. the
mountains become irretrievably barren. the plains are
silted up.

Local Competence

As one flies across Hispaniola today. one sees the boun-
dary between Haiti. in the west. and Santo Domingo as
a long straight line across the island. with trees on the
west side and dry barrenness on the east. This is a sym-
bol of a depressing principle—that it is hard to help

_—

thosc who do not help themselves. Only competence
and rcalism at the local level can save people from
catastrophe . or push them over the subtle social water-
shed that leads to betterment rather than worsening.

Tragically. however, the very impact of the modern
world in technology. trade. cven in aid. and still more
in the psychological and political remnants of imperial-
ism. both capitalist and socialist. often impairs local
competence and capacity.

The improvement of local competence must therefore
be of highest priority. Just as there are environmental
impact siatements. there should be competence impact
statements on the impact of the modern world—through
governments or corporations or international agencics
or churches or traders—onthe capacity of local societies
to handle their own affairs.

The great tragedy occurs when an old traditional
competence is destroyed. and modern competence has
not been created to fill the gap. The catastrophic impact
of the European settlers on the culture of the American
Indians is a case in point. This is rarcly discussed. for we
tend to think only in terms of material transfers or
exchange.

Yet underlying all human problems is the quality and
the competence, and especially the organizational skill,
of human beings themselves. Without them. all meas-
ures directed towards human betterment will fail.
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merica 1s 1 & period of transibon into its fourth
enecrgy cra—a tramsition from oil and gus to other
energy sources.

New energy technologics, however, are decades away
from becoming full-scale substitutes for oil and gas. 1t is
therefore virtually eertain that we will have to muddle
through a long transition period. requiring major
changes in our lives.

Previous energy eras in the United States were wood
{1850s). coal (1880s). and oil and natural gas (19504
1o the present). Earlier transitions between cras were
propelled by the twin engines of an expanding industrial-
izing economy and the magnet of an atiractive new
encrgy source. Coal was cheaperand casier 10 use than
wood, and so it was when oil and gas replaced coal.

Quite different and more panful forces propel the
present transition: shortages. high costs, and unsiable
oil supplies, Nor is it clear what the energy sources of
the future will be.

Without question, the nation has inadequate domestic
supplies of oil and gas to support its present level of
cconomic activity, let alone continued rapid growth.
That was the message of the 1973 Arab oil boycott, o
message repeated with cessation of Iranian exports in
1979.

Many Amenieans indict both government and indus-
try for the failure to develop aliernative sourees of
energy in the yearsbetween the 1973 and 1979 oil short-
ages. This indictment refiects the belief that aiternative
energy sources weren't developed because shortages
allow energy companics to make excess protits.
—tnfortunately. the answer isnot so simple when there
are no agreed upon substitute encrgy sources. In the
long term, the nation must move to limitless or renew-
able encrgy sources such as nuclear fusion or solar
power.

While these are being developed. our transition policy
will rely on some combimation of consers ation, finding
new o1l and gas. and mcreased use of coal. Each of these
options involves painful ehoices.

Conservation

Encrgy conscivation can be achieved in two ways. First,
and most attractive, 1s more ¢fficient use of vil and gas.
Inmany areas. technology offers the opportunity tosanve
energy. These technological advances range from n.
sulated houscs, to diesel cars, to more efficent many-
facturing processes.

This relatively painless approach to conservation.
however. will not be adequae to meet the nation's
conservation needs. Americans must also change ther
lifestyles,

To date. our willingness te Iive in 65 degree houses,
drive 55 miles an hour, use fewer processed foods, and
stop applywng synthetic products to our lawns has not

been encouraging. Rathier, energy shortages have con-
tributed more to inflation than conservation as we have
sought to maintain present lifestyles in the face of
shortage-driven escalating energy prices.

Simply stated. the need 1o conserve oil and gas has
triggered a struggle over who has to conserve. the
middle class or the poor. homeowners or industry The
need to conserve is certain to ereate continuing social
stresses during the transition from the oil and gas era,
and those stresses are likely to he greater if we have 1o
use rafioning,

Domestic Qil and Gas

[ndustry advestisements note that the casily obtained
oil and gas have alrcady been found. Already discovered
domestic oil would last us just over four years if it
supplicd all our needs at the present consumption rate of
6" billion barrels a year.

That more oil is there to Le found is agreed upon.
What it will cost 10 find it and produce it. both cco-
nomicalty and environmentally. is a souree of disagree-
ment.

Alaska and the offshore arcas of the continental
United States are believed 10 offer the best prospeets for
new oil and gas. with estimates ranging from two to five
times the oil to be found in the inland 48 states. But
development of these prospects will be expensive, take
years, and continue to be a saurce of controversy.
Furthermore. it must be emphasized that domestie pros-
pects offer no hope of being a full sebstitute for oil
imports, which now make up necarly half of our daily
consumption of 18 millioi barrels.

Foreign Supplies

To the contrary. continued imporisare eritical to astable
transivion period. We. however, can have little eonfi-
dence in the fong-term reliability of oil imports  As
events in lran in 1978-1979 emphasized. the twoual
world's production capability is probably only 3 million
barrels a day more than present consumption (approxi-
mntely 60 to 65 million barrels }—or less than the pre-
revolutionary export level of Tran of roughly § million
burrels a day.

Some obsersers hope that both the production proh-
fem and the threat of instability posed by Middle Eastern
politics will be mitigated by new discoreries in Mexico
atgl potential discos eries in China, However, the Mexi-
can and Chinese prospeets are shiaky sources of hope for
a stable transition 1o o new energy era.

Mexican rescrves. presently estimated ae 25 billion
harrels, are being added to every year Bye  parison,
U.S. reserves, presently estimated at 28 billion barrels,
are declining. Mexican production, however, is still only
I to 2 niillion barrcls a day, and it will he years before
Mexican exports can achicve a level equal to that of

34




ERI!

Aruitoxt provided by Eic:

Q

prerevolutionary Iran. Further. Mexico. for political
reasons, inay not follow a policy of large-scale exports.

Chinese oil exploration and development s stitl in the
tatking stage. Even if large reserves are found. there is
no assuranee that China. any more than Mexico, will
folicw a policy of major exports.

On one point there 1s no major disugreement. Even
with the most favorable situation in terms of both do-
mestic discos enies and imports. the price of oil and gas
will be high.,

Limits of Coal

Coal offers the naton its clearest oppurtunity for an
assurcd energy source through the transition. Domestic
coal resources are huge. easily sufficient to carry us to
our solar and/or nuclear future.

But coal poses a seemingly endless number of prob-
lems and challenges. We are still deyveloping techmques
and standards for mining coal in ways that nmeimize the
damage to the naton’s land and water—and to the
mincrs” health.

Drrect burmimg of col ruises serwous pollution prob-
lems. Because of the impucts of air pollution on the
environment and human health, the Lovermment re-
qutres the use of cleanup technrologies by clectrie utilitics
and large-scale users before much of the nation’s coal

can be bumned. Major differences exist over the ade-
quacy and need for such cleanup technologics as the
stack gas scrubbers, which take sulfur dioxide out of
power plant smoke. No one. however. disagrees that
scrubbers increase the cost of energy.

Management of pollution is only one of the barriers to
substituting coal for oil and gas. Bettcr than half the
homes in America have gas furnaces, With minuscule
<xceptions, our whole transportation system requires
gasoline or fuel oil, Coal can hope to meet these needs
only if it is converted to gascous or liquid energy forms
Although they exist in other eountries. not a single
commercizl coal comersion facility is operating in the
United States.

In his TV address to the nation following the Camp
David policy review in July 1979, President Carter
proposed a major coal synthetics program. Even were it
tolead to the proposed productionof 21 : million barrels
of synthetic oil by 1990 —at a capital cost of over $100
billion—this massive effort swould meet less than 15
percent of our present daily use of ofl.

The transition pertod we are entering will thus require
mujor changes in individaal as well as social and eeo-
nomic befunior, We are elearly faced with the kinds ol
diffieult choices all socicties would rather duek, but
ducking is no longer an available option.
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It is now almost 40 years since the first nuelear chain
reactor was created by Enrico Fermi in Chicago.

If we judge from the statistics—68 nuelear reactors
supplying 12.5 percent of our eleetricity in 1978, 200
commercial power reactors in the rest of the world, and
more than 200 reactors powering British, French. So-
viel, and American naval vessels—nuelear power is
now a great success,

But nuclear power is embroiled in a bitter debate
that pits those who believe nuclear power is too danger-
ous against those who insist it can be safely controlled.

I have referred to nuelear power as a “Faustian bar-
gain.” Like the legendary Faust, whe bargained for
magical powers. we must pay a price for our power.
Nuelear power. produced by the so-called breeder re-
actor that ereates more fuel than it uses. confers on
mankind an inexhaustible enecrgy source. In return,
however. mankind must exert continuing vigilance and
attentjon to detail in handling the nuclear system so as to
avoid harm,

Each 1¢00 megawatt nuclear plant ean replace an
oil-fired plant that burns 8 million barrels of oil per year
or a eoal-fired plant that burns 2.5 million tans of coal
per year. Were we to replace the 300 nuclear plkints
originally planned for operation by 2000 A.D. with
coal-powered plants, we might have to dig an addi-
tional 750 million tons of coal annually. if with oil. we
would have to import gn additional 2500 million barrels
of oil each year.

With the wouid in gn energy erisis., there is the strong-
est in. :ntive to yse and to expand nuelear energy.

Secure Sites

But there are potential problems that eenter on the
dangers of intense radioactivity gererated in a nuelear
power plant. and on the pussibility that plutonium
produced in a reactor ean be used t© make nuclear
bombs — the proliferation issue.

The possibility of terrorist attach on a nuelear plant
or of elandestine diversion of nuelear material must
be guarded against. This means that nuclear facilities
will always require heavy sceurity.

Such security can best be provided by elustering our
nuclear plants in perhaps 100 heavily guarded, expertly
manned centers throughout the nation rather than
dispersing them as we have far fossil fuel powet sta-
tions. Most of the existing nuelear sites could grow into
such eenters. They would be large. permanent. and
largely self-contained.

The security demanded at such sites is a small price to
pay for an enormous. new energy source. Moreover, if
the sites are permancntly dedicated to nuelear activi-
tics. both the low-level radioaetive wastes and the re-
actars themselves, after 40 years of operation—the
predieted period for which they would be servicedble —
could be kept where they are until most of their radio-
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activity has deeayed. The hazards associated with our
current practive of transporting radicactive matenals
away from the site would thys be greatly reduced.

Radioactive Wastes

The other concern regards radwactivity in a reactor. A
typical. one millior kilowatt plant contains about 15
billion euries of radioaetivity —about equal to the radio-
activity due to the uranium naturally dissolved m all the
occans of the world. After a reactor is shut down, this
radioactivity continues to generate heat that dies avay
gradually over sey eral weeks, the reactor must thevefore
still be cooled. Eventually the remaining radioactivity
must be solated permanently.

Only about 50 cubic feet of high-level radioactive
wastes are ercated each year by a large reactor if the
wastes are chemicaily reprocessed —somewhat more if
the spent uranium-bearing fuel is 1solated unprocessed.
Beeause the volume is small. most experts who have
studied the matter believe that foolproof scliemes for
disposing of these wastes deep in the earth ean be
devised.

Yet. itis hard to convinee people that even the experts
can know mueh about contammg man-made materials
inside the earth for periods of 1000 years or more. By
that time the wastes would be no more hazardous than
the yrantum originally dug out of the ground.

In secking foolproof schemes, we are not asking the
impossible. President Carter’s task force on radioactive
wastes coneleded, “*Successful isolation of radicactive
wastes from the biosphere appears teehmeally feasible
for periods of thousands of years. ,,.”

The teehnieal arguments are reinforced by a study of
aneient man-made artifacts, Inthe Ekan cavesnear San
Scbastian. Spain. there are paintings of horses. many in
superb condition, made by Cro-Magnons 12,000 years
ago. If the artifacts of Cro-Magnon man could surine
inadvertently in the carth this long, is it not reasonable
to suppose that pur geologists and eeramists and ehemi-
cal engineers can do at least 4s well with radioactive
wasies?

In Gaban. Africa, there s a graninm mine in which
natural nuelear reactors operated 2 billion years ago.
Several tons of plutomum and billions of euries of radiv-
activity were formed. Yet the plutonmun, ynd much.
though not all, of the radioactivity remained immobr
lized. If the ecarth ean locally contain radioactsy ity so well
by chance. cannot modern technolagists do better?

To be sure. the isolated wastes will require surveil-
lance —but the sunveillanee would be mmimal. a few
people cheeking on the elosed repository periwodically to
make ecrtain the site is undisturbed.

Reactor Accidents

Properly operating redctors pose ¢ smalicr msult to the
emironment than do coul-lired boilers. They enut no
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carbon dioxide and therefore create no long-range
threat to the carth’s climate.

On the other hand, as the Three Mile Island accident
demonstrated, should a reactor lose its coolant. it could
overheat and release some of its radioactivity to the
environment. In this respect a nuclear reactor is like
large dam: a dam, when properly operating, is a benign
source of energy. Should the dam fail, land is flooded
and people are drowned.

Until the Three Mile Island accident, we inthe nuclear
community were confident that the probability of such
an accident was very small. After all, the world’s pres-
surized waier reactors had operated for 500 reactor
years without gn acerdent that harmed the public. Tothis
one must add more than 1000 reactor years of operation
by the nuclear navy.

Three Mile Island has shaken this belief. Although
no one was hurt, it the probability of such accidents is
no lower than ! in 500 reactor years. the publie will
probably not accept nuclear energy. The future, indeed
the survival, of nuclear power requires us to do better.
As the Kemeny Commission that investigated Three
Mile Island put it. “The legacy of TMI is the need for
change.”

An Acceptable Nuclear Future
Can we design an acceptable nudear future. one in

which the accident probability is much lower than this?
Of course we must, and will. correct the technical de-
ficiencies revealed by the accident.

But equally important, and as suggested by Kemcny,
we must have more cxpert operation and isolated sites.
We should confine all reactors to relatively few perma-
nent sites. which would be operated by an elite corps of
professionals, each as highly selected and trained as
pilots of sophisticated jet aircraft.

Beyond this the public will have to place the radiation
hazard inbetter perspective. We must realize that we are
bathed in a perpetual sea of radiation to which lifc has
adapted. Unless the public (and the media} accepts
exposure to radiation—even the remote possibility of
exposure to dangerous levels—in the spme spirit that it
accepts exposure to pther industrial pollutants, there is
little chance of our enjoying the benefits of plentiful
nuclear energy over the long run.

Can we redeem the Faustian bargain, even as did
Goethe’s Faust, whose soul was finally saved?

It was human fallibility that got us into trouble at
Three Mile Island, but it was human ingenuity that
limited the damage. An acceptable nuclear future is
therefore possible. Three Mile Island may have given us
the incentive to reexamine the terms of the bargain. and
to make the changes necessary for an acceptable nuelear
future.
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he mtetnational o1l crisis ts worsening, and safet)

and environmental problems plague the develop-
ment of such energy sources as nuclear fission and coal.
The rapid development of renewable. efficient energy
supplies through harnessing the sun is therefore quickly
becoming an important national priority.

Unlike the centralized energy sources of today. the
development of clean, more locatized energies based
on the sun offers the potential of a society free from
terronist threats at nuclear plants. environmental degra-
dation from the exploration and development of the
earth’s fossil fuels, and the Damocles’ sword of nuclear
power development.

With a major national commitment. we can build
towards a new solar age while making the energy facili-
ties and use patterns of today more efficient. Conserva-
tion of energy is important. but we must accelerate the
use of renewable encrgy.

Today, the only major rencwable ¢nergy source is
hydroelectric power, triggered by the sun's effect on
the world’s water cycles. Hydroclectric dums supply 4
percent of the nation's energy, but finding new sites will
hmit the potential of this resource. Looming in the
future, however, are other more direct uses of the sun’s
energy.

There are two basic ways to utilize solar energy
in buildings: through the installation of active™ solar
collectors, which trap and store heat, and through
the “'passive”™ design of buildings to maximize the use
of natural sunlight and other chmate-related energy
factors,

Passive Solar Design

Harnessing the sun's encrgy through passive designs has
been the hallmark of good architecture for centuries.
Greek and Roman bulddings faccd the sun to gather
heat: medieval castles were often built to store heat in
great masses of stone; tropical structures are built with
thatch and airy breeze ways to deflect solar heat: hams in
northerly climes are built with sloping. south-lucing
roofs to catch solar heat and defiect winter snows.

Today. the lessons of pussive solar design—neglected
since the imtroduction of cheap encrgy. home air-
conditioners and compact central heating systems — are
once again being learned. Proven pasive solar tech-
niques for new homes and buildings utilize the mass of
thick walls, rocks. and storage devices to store solur heat
captured hy a bulding and its windows for later use.
New structures ma s be specifically designed to incorpo-
rate large south-facing windows. as well asspecial venti-
latton technigues to cool structures in summer.

One award-winning builder. Jess Savell. has used
five-inch walls of conerete and foam insulation to pro-
vide excellent cooling qualitics n hot climates. His -
sulating cocoon has reduced energy regurements by 60
pereent in test homes. Such superinstulation will un-

doubtedly prove popular as consumers recognize sub-
stantial energy savings at low cost.

Active Collectors

The active approich to solar energy. which uses special
collectors to trap heat and storage devices 1o save it for
later use, is also rapidly growing.

Early in this century, a sub-.antial market for solar
collectors developed in California and Florida. but the
advent of cheap fossil fuels and electricity curtailed the
solar demand. As late as 1951, however, there were
50,000 solar water heaters in Miami.

Today. solar water heating is catching on again. and
nationally, the industry may reach $20 billion by the end
of the 1980s. Solar space heating and air-conditioning
technologics are also being devcioped and marketed for
homes, commereial buildings. and industry.

The most familiar type of solar collector consists of
a dark metal surface covered with copper tubes for
transferring a liguid. enclosed in a glass-covered box.
Until recently, this was the only widely available com-
mercial solar technology. Now, more than 100 U.S,
manufacturers produce a dazzling variety of designs,
such as flat plate collectors covered with plastic glazing
colfectors that have tracking devices 1o “follow™ the
sun; and evacuated tube collectors that trap heat in glass
vacuum tubes.

For many houschold uses. simple flat-plate collectors
can provide hot watcr and space heating, but for more
sophisticated applications —such as providing heat over
200°F for the operation of refrigeration or industrial
heating equipment —concentrating and tracking collec-
tors are preferred.

Today’s solar hot water heaters cost from S1.500 to
$4.000 for household installations, and upwards of
$10.000 for more sophisticated systems. As technolo-
gies improve in the 1980s, costs—discounting mfla-
tion—ire expected to decline,

Photovoliaics

A currently, expensive. yet very promising. solar tech-
nology lh;{ is utilized on spacecraft involves plioto-
voltaics. whereby tiny cetls {similar to the silicon semi-
conductor chips used i pocket calcukitors) convert
10-20 pereent of the sunlight striking their surface into
direct-current electricity.

The most common type of photovoltaie ecll, the sili-
con cell, now costs 38810 per watt of generating ca-
pacity. when arranged in special power-generating ar-
rays. Yeta reduction in cost to $1-82 per “peak ™ watt is
expected within the next few years, as modern manu-
facturing technigues and new technologies for produe-
ing the silicon raw materials are introduced.

Photovoltaics today are used mostly for remote power
applications. such as Coast Guard navigational markers
However. some producers report t* it village sized
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power systems around the world that now use diesel
generators are finding photovoltaic systems an economic
replace ment.

Other large-scale solar technologies include “power
towers."” Special reflector mirrors. catled heliostats. con-
centrate sunlight a thousand-fold to generate steam in &
tower-mounted boiler. which in turn is connected to a
conventional electric turbogenerator.

The "solar pond.” another large-scale technology.
makes use of special brine ponds, which trap heat at hugh
temperatures that can be used forelectricity conversion.
Developed in Israel, it is now being considered for
California’s man-made Salton Sea. south of Los An-
geles. The Salton Sea project would be the world's
largest single solar project, producing over 600,000
k.lowatts of economic. pollution-free solar electricity.
enough to supply a half-million people.

Wind Power

Another selar-derived technology that promiscs wide-
spread application as well as low cost is wind power.
Wwind electricity is the least expensive form of solar
energy today, and a recent study by SR1 International,
a technology consulting firm, indicates that wind power
could supply 80,000 mcgawatts of electricity, equiva-
lent to 80 large nuclear or coal plants. by the turn of the
century.

Todate, several large wind generators hayve been built
by the federal government. and at least one clectric
utility, the Southern California Edison Co.. hasinitiated

aprivate test program. Until recently. the government’s
efforts have focused on gargantuan machines—cach
having rotor blades up o 300 feet in spread. Recent
research shows. however. that smaller machines (1,000
kilowatt. 100-200 foot blades) linked together in fav ur-
able areas may be the best, most cconomic answer to the
energy problem.

Since wind generators are relatively simple, they can
be manufactured in large quantities at low cost and
mstalled at favorable sites. The World Meteorological
Organization estimates that 20 million meguwatts of
wind « ectricity can be harnessed on a global basis.

Solar energy is also stored in biomass. or plant matter.
that can be converted into liqud and gaseous fuels to
replace petroleum and natural gas. The goal is tanta-
lizing—the enerpy stored in biomass is estimated to be
10 to 40 times the current annual human use of fossil
fuels.

The conservation economy and the solar transiticn
are not radicul. ympossible steps for our cwilization,
Using energy efficiently and increasing the use of solar
energy will have dramatic, positive effects on the U.S.
economy. Decentralized. community approaches to
solving energy problems cncourage the desclopment
of new jobs. and solar energy will reduce the need for
inflationary imports of non-rencwable fuels.

What is nceded is a major national commitment o
this goal. The full cooperation of industry. labor unions.
citizens and government can mahe the drean of an
encrgy-efficient solar age into a reality.
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Gawhol—tcn pereent alcohol and ninety percent
gasoline—is one of the synthetie fuels that have
intoxicaled the imagnaton of some who worry about
energy. Subsliluting aleohol and other synthetie fuels for
gaschne eould help relieve the problems of dwindling
domestie and uncertain imported oil supplics.

To promole “synfuels.” the 1.5, government may
spend tens of billions of dollars. But 10 do so without
considerg the enormous economie and environmental
custs would be a mistake. Indeed. the cost of synfuels
may be so high thal conservation. meluding government
subsidies for retooling indusiry. will be a far better
investment for al least the next decade.

The exeitement surrounding synfuels is understand-
able. Seventy-five percent of the energy we use today
is dernived from erude oil and natural gas. and the fuels
we use are mostly liquids and gases.

Solid fuels like coal will be restrieted in usefulness
unless they can be liquelied or gasified. especially for
transportation uses. Even inereasing the use of solid
fucls in making eleetricity will not solve our problems —
unless, of course, the cleetric ear can be perfecied —
because only len pereent of the energy used by con-
sumers is in the form of clectricity.

Thus. with the oil and gas shortage, many persons
have become convineed thal we must have synthetie
fuels now al any price.,

The Methane Scenario

Crealing fuels from biomass—plant matter and animal
wasles—could be the cheapest oplion for making syn-
thelie fuels. Wood and erop residues. for example. can
be converted to eilher liquid aleohol or methane gas,
the principal eomponent of natural gas,

Like all of our commonly used fuels. natural gas
consisis of hydrogen and carbon atoms. Naturally-
oceurring methane gas was produced by the pressure
and heat of the earth breaking down the eomplex mole-
cules of buried plants and animals. This process, de-
slruclive dislillation. can be replicated n gasification
planis in which wood or any suilable hydrogen-earbon
compound is subjeeted 1o lieat and pressure.

Gas can also be produced by using certain bacleria lo
»digest™ biomass in the absence of air. In cither case,
large-seale production of synthetre gas from biomass
currenlly costs several limes as much as nalural gas,

Aleohol liquids may be produced from biomass using
common distillation techniques. Biological materials are
fermented by the addition of yeasl, and then ethyl
alcohol is distilled from the *‘soup.”

Pure alcohol cannot be used in cars without major
engine allerations. but alcohol (up to about 15 pereent)
blended with gasoline can be burned without any engine
modification. Some gaschol s being produeed and mar-
keled today. The alechol fraction iy suhsidized by the

government to about $ .40 per gallon, and is competitive
for this reason.

Synthetic gas is also being marketed today in very
small quantities. In the Midwest. gas made from stock-
yard manure is delivered tirough natural gas pipelines
to Chicago consumers. The cost is low beeause the
resouree is free. though limited,

In terms of the enviromnent. biomass-derived fuels
could be ¢ither benign or catastrophic because removing
wood and crop residues from soil reduces its fertility.
The amount of residue wineh may be removed safely
varies by soil type and must be studicd carefully.

(il Shale

Qil shale is another possible souree of fuel. Enormous
quantities of liquid kerogen, a substanee similar to oil.
are Irapped in the pores of shale roek in Utah and Colo-
rado. Relorting, or heating, shale frees the kerogen.
which may be ecnverted inlo subslitutes for gasoline,
diesel., fuel oil, and the like.

The problems of produeing oil from shale, however.
make us question ils feasibility. One problen: is that oil
shale is more shale than oil. Mining and retoning cach
ton of shale rock produces only 25 10 35 gallons of oil.

A second problem is that up to S barrels of waler are
required to produce and refine a barrel of shale oil The
already grim shortage of waler inthe oil shale regions of
arid Utah and Colorado may strietly limit shale oil
produetion.

Still another difficulty is that the technology of pro-
dueing oil from shale is not well advanced. and only a
few small planis have been eonstructed. There is also
the potential for polluting water and air with the poison-
ous and cancer-causing materials that are present in
shale.

Coal Gasification

Coal. like biomass. ean be converied readily to a liquid
or 1o melhane gas. Bul even under the best circum-
stances. coal conservion “'wasles” about one-third of
the polential energy in the eoal. This fuel loss, eoupled
wilh the high price of conversion equipment. makes the
price of synfuels high.

Coul liquids can he produced by a number of pro-
cesses. ineluding the Fischer-Tropseh proeess used in
Nazt Germany to produce synthetie fuel from coal. The
process produees gasoline and many other compounds
by lirsl gasifying eoal and then synthesizing the gases
into liguids.

Alternatively, methyl aleohol may be produced from
coal. Whalever fuel is made, however, the cost is high,
Qil from coal may eosl 350 or more per barrel. coi-
pared wilh an average $22 per barrel for oil in 1979

Coal produetion already demands a high price in
human terms, as well. Families who live near strip mines
suffer thousands of dollars of damages to their homes
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from blasting, landshdes, and flonding. The agony sut-
fered by underground miners who get hung wiscase is
reflected in the cost of health care and bencfits to
amcliorate this problem. one bitlion dolars euch year.
And two hundred miners die in the mines cach year,
These human costs conceivably could be doubled by a
major coal-bascd synthetic fuels program.

Costs of Synfusls

The U.S. government may spend approximately $99
billion-—the amount requested by President Carter—
over the next few years to develop synthetic fusls. The
hoped-for benefits would be gbout 1.5 million barrels of
synthetic oit per day by 1955, or about 10 tanks of
gasoline per car per year if all the product went into
automobile fuel production. The synthetic Zasoline
would cost at Icast $2 per gallon in addition to the $400
per person necded for the $90 billion start-up cost.

How would synfucls compare with consenation in
solving our cnergy problems? Cars can be built to save
half the fuel they usc at little extra total cost. The
amount of encrgy that could be »produced” by doubling
the mileage obtained by all American cars by 1990
would amount to 2.5 million barrels per day. about 15
tanks of gasolinc per car per year.

Even greater savings arc possible without reductions
in safety or confort. But achicving this conservation
goal for wutomobiles would require government sub-
sidies to accelerate retooling our auto industry. Such an
investment. however. would be more effective thana far
more expensive investment in synfucls.

At some point we will need a large synthetic fuels
industry: “When™ is largely a matter of the cost of
synfucls relative to conventional fucls. A logical encrgy
plin might begin by immediately developing and adding
to our gas supply the unconventional natural gas that is
too expensive to produce under price controls. Later,
gas from biomass and coal could be added. The existing
gus pipeline system can serve three-fourths of all Ameri-
cans. and gas can be put to almost any use, including
operating vehicles.

Liquid synfuel production then could be started in a
few years by building a few full-scale plants to gain
practical cxpericnce with processes using various hydro-
carbon resources. Major production commitments
should await the expericnce of these “pioncer plants.”™

Such an encrgy future might be the least costly in
terms of total eosts. and could be reached in an orderly
fashion.
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he o1l we Amenicans now devour at the rate of one

million barrcls every nincty minutes was formed
over millions of years and is composed of the leftover
food of that prime example of immoderate growth—
the dinosaur. Rather than learning from history’s mis-
takes, we have been burning the evidenee.

In 1975, Americans wasted more fossil fuel than was
used by wo-thirds of the world's population. We annu-
ally consume twice as much fucl as we nced ¢ maintain
our standard of living,

We could lead lives as rich, healthy. and fulfilling —
with as much comfort. and with more employment—
using half the energy now used. Conttnuation of our
eurrcnt wasteful course is sphercally senseless: it
doesn't make sense no malter how you look at it.

Resources are frequently estimaled in terms of vears
left wnul world production will “peak™ and begin to
decline. Desprte reeent ol discoveries in Mexico, many
authoritics believe that worldwide oil production will
peak within the next decade.,

Since 1973, growth in world oii output has not kept
pacc with growth in world population. Per capita oil
production has fallen from 5.34 barrels per person in
1973 10 5.20 barrels per person in 1978, If the povern-
ment of Saudi Arabia were to deceide it would rather
have oil in the ground than paper money in the bank, per
capita world oil production might never again reach the
1973 level,

Barriers to Growth

Growth in energy usage is constraincd by factors other
than the scarcity of certain prineipal fucls. Long before
all the carth’s coal has been burned, for example. the
burning of coal could be halted duc 1o elimatie changes
eaused by rising carbon dioxide levels in the atmios-
phere.

In sevcral states, nuclear power has already been
effectively stopped by mounting public concern over
safety. waste disposal. weapons proliferation. and con-
struction costs of nuclear plants. The dramatic reactor
acadent in March, 1979 at Three Mile Island in Penn-
sylvania strengthened the anti-nuelear tide.

Such barriers to endless energy growth eause great
consternation among those who believe that economic
well-being requires eontinual growth in energy usage.
Political exhortations for energy eonservation have thus
often taken the form of calls for sacrifice. as though
thrifty cnergy yse were oppressive. Nothing could be
further from the truth.

Benefits from Conservation

A comprehensive program of energy conservation initi-
ated today will yield vast benefits. It will ens e our
descendants to share in the earth’s fimite stock of fossil
fuels. 1t will allow a portion of the world’s petroleumn

to be ysed for drugs. lubricants, and other non-cnergy
purposcs.

An cnlightened program of energy conservation will
substantially bolster employment levels. Capital di-
verted from nuelear, coal gesification plants, and new
petroleum refineries 10 investments in conservition
will save more energy per dollar than the production
faeilitics could produce. and create more jobs.

A strong energy consersation program will allow us
10 minimize the environmentat degradation assoeiated
with all current encrgy eonversion technologics. And
the security of o modest energy budget is more casily
assured than thyt ofan enormous one that depends upon
a far-flung network of sources.

But what will energy conscrvation mean for that
touchstone of public policy: the cconomy? Is it true, as
is apparently believed by some cconomists and many
members of the public at large. that a reining-in of our
encrgy growth—however attractive it might be from
an environmental. consumer, or labor perspective—
would damage the economy?

Energy and the Economy

Comparisons between countnes and between different
facilitics in the same country demonstrate that reducing
fuel consumption need not reduce ceconomic output.
Consumption can bc cut back by using more fuel-
cfficient industral machinery.

A reeent study by the Mellon Encrgy Institute con-
cluded that an investment of more than $200 billion in
mereasing the energy effieiency of U.S. buildings, indus-
tries. and transportation would save more energy than
the same cxpenditure on new cnergy facilitics would
produce.

For the past several deeades. the amount ol fyel con-
sumed per dollar’s worth of goods and services has
fallen —despite dedining real encrgy pric:s. With
nsing energy priees a near-certainty in the future, this
trend could aeceferate dramatically.

A recent exhaustive study. A Low Energy Strategy for
the United Kingdom, concluded that Great Britain could
triple her Gross National Produet during the next 50
years and stull require less energy in 2025 than that
counlry uses today.

Opportunitics for energy savings in the United States
are much greater than n Britain. Per eapita energy con-
sumption in the UK. is only 43 percent as high as tin
America, and only 75 pereent as much energy s used
there per dollar of Gross National Product. I the British
are wastrels. we Americans are downright gluttons.

Industrial Savings

Industry currently consuines about 40 percent of U §
encrgy. and the opportnnities for increased efficieney




abound. Many companies have accomplished major
energy savings simply by eliminating waste—f. . ex-
ample, by repairing broken windows and closing factory
doors during the winter.

The largest future opportunitics for fyel savings. how-
ever, will require more sophistication. Devices such as
recuperators, regenerators, and heat pipes. for ex-
ample, help conserve the heat generated in industrial
plants—heat that would otherwise be used once and
discharged. or removed directly with the flue gases
without naving been ysed at all.

At present, electricity purchased mainly from large.
centralized power plants, fulfills much of industry’s en-
ergy demand. The average efficiency of American
power plants is about 30 percent: 70 percent of the
energy originally contained in the fuel they use is dis-
charged into the environment as low-grade heat. But
factories have ...any neceds for low-grade heat. needs
they now meet by burning high-grade fuels. If electrical
gencration took place inside factories instead of at re-
mote power plants, the waste heat could be cfficiently
cascaded through multiple uses,

Investments for such “industrial co-generation™ re-
quire far less capital and fuel per unit of clectricity
produced than do investments in new centralized power
plants.

Transportation Policy

Transportation ranks second. after ndustry. in energy
consumption. It accounts for about 25 percent of U.S,
energy end-use. Shifting goods wherever possible from

i —————— e

trucks and airplanes to trans, ships. and pipelines
could significantly increase the energy efficiency of
transport.

At the center of any sensible transportation policy
must be a new approach to personal mobility. Current
legislation requires a fleet average of 27.5 miles per
gallon for new automobiles by 1985, This s astep in the
right direction. The next steps include much greater
milcage increases, the design of post-petroleum ve-
hicles. and the establishment of land use patterns that
diminish the need for personal transportation,

Enormous opportunitics fur energy conservation also
exist in both old and new buildings. Weatherstripping.
insulation, storm doors. thermopane windows, sensible
use of curtains and overhangs. time-of-day thermostats,
more cfficient furnaces. solar collectors—to name a
few —can lower conventional fuel requirements for
space conditioning and water heating by 50 percent or
more. No new building permits should be issued for
structures that don't incorporate at least passive solar
design features, such as windows properly placed for
heating and cooling efficiency.

The President’s Council on Environmental Quahiy
noted in 1979 that, *"Achicving low encrgy growth will
not be easy or cheap. but it will be ¢asier and less costly

~than achieving high energy growth.” It is not too late to

retrace our steps before we collide with inevitable boun-
daries on energy growth and consumption. But the
longer we wait to begin a true national comnutment to
energy conservation. the more tumultucus the cventual
turnaround is likely to be.
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Technolog)'a the answer—but that’s not the gques-
tion,

The question s which technoiogy {or technologics)
will resolve our energy dilemma. And underlying that
are more basic questions. What do we want our hives to
be like in the fature? What do we owe to future genera.
tions? What are our responsibilities to our fellow inhabi-
tants on Spaceship Earth?

The energy ehoices we make today will affect not only
our own lives, values, and institutions. but alo the
natural environment, the resources and lifestyles of
generations to come, and ultimately alt the carth’s
people,

Understandably, we don't want to change our life-
styles. Most Americans are happy with the material
gouds that industrial technology has brought, and we
fear a deeline in our living standards. Yet the cheap
energy that fueled America’s material growth in the past
will no longer be available. What ean—or should —we
do about it?

In the short run-—for the next deeade or so—we will
rely chiefly on conservation to fill the gap between
energy supply and demand; in the longer run we will
count on a “technologieal fix” to provide us with abun-
dant (if not necessarily cheap) energy. Both of these
solutions hold forth promises—and problems.

Conservation and ks Limits

Conservation would be commonsensieal from an ceo-
nomic and cthical perspeetive even if we hud no energy
erisis. We Amencans waste oo much of eversthing,
from food to fuel.

For individuals. conservation offers savings on fuel
bills, and, if we walk rather than drive, better health, For
the nation. conservation would lessen our dependence
on costly foreign oil. which contributes to mflaton.

Although some conservation might be 4 “good thing.”
too much might wreak economie and soeial disaster.
While the loss of Iranian oil imports in 1979 incon-
enieneed some drivers, there was hittle deeline in our
living standards.

But suppose additional millions of barrels ofimported
oil were cut off ' mployment would nse as factories
shut down heeause of lack of fuel or a transportation
breahdown. agricvltural produetion would dip. affeet-
ng food supplies. public health would suffer from inade-
guate home heating. and the economy would gradually
grind to a halt as vital services shut down.

New Energy Sources

In brick. conservation hy itself—however desirable and
neeessary—is not enough 10 mamtun our sweipeew-
nomie order and ensure the future, We must also de-
velop new cnergy sources through o~ technological fix.”
that is. the applieation of more and beter technology.

Because these technologies take time to develop, they
represent longer-range solutions to our energy problem,

How do we choose among the technologies that will
“fix” our sitvation? What benefits do they offer and
whatrisks are imvolved? What tradcoffs must be made in
the way we Inve in order to obtain or retain other things
which we value? For values are implicit in var ehwees
of our energy future.

For example. we might get more vil from offshore
wlls, but offshore drilling risks oil spills and environ-
mental damage. We have plenty of coal, but mining it
imposes danger to the miners and degradation to the
enivironment, and burning it ereates pollution.

Synthetic fuels—oil and gas made from coal, tar
sands, and shale —present the same problems as mining
coal. In addition, they release more carbon dioxide into
the atmosphere than the direet burning of coal, and thus
increase the possibility of a “greenhouse effect”—
warming the earth’s climate through absorbed infrared
radiation.

Nuclear energy once promised unlimited, cheap en-
ergy. But there are doubts about reactor safety, radia-
tion. and nuelear waste disposal. The Three Mile Island
avcident and the subsequent investigaticn set buek the
nuelear eause. Yet further nuelear development might
be neeessary if we want sufficient energy to maintain our
lifestyles.

Solar encrgy has many attractions bui technical prob:
lems hinder its large-seale produetion and storage, de-
spite its suitability for hot water and home heating, it
could not be expeeted to power America’s industrial
ptant.

Even ardent proponents of solur energy project its
supplying us with only 20 pereent of our energy by the
vear 2000. The other soft paths”—geothermal and
wind—eould provide only 4 minuscule portion of our
energy needs.

Difficalt Choices

Evenifwe try many different energy paths. we must still
deeide which will make the most cffeetive use of our
scientific rescarch dollars and talent. And those deer-
s10ns must be based not only on technical feasibility but
also upon how and where we want to live.

Thus. solar energy proponents claim it would get us
“haek 1o the land.” and they exalt & simpler lifesty e,
wthers equate the “simple life™ with a lower Inng
standard. Americins tired of the rural lifeovera century
ago; moving to the ecities. they created today’s urban-
ized, industrial society.

Are we willing to do without our wealth of material
goods and go back to the “simple™ life ol the farm?
Might not many Americans prefer the rishs of. say.
nuclear energy rather than forgo the amemitics amnd ex-
citement of the big eity?
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All energy paths have disbenefits as well as benefits,
which are often difficult to assess. Even the “experts™
can't always measure the risks precisely. Besides. the
risks might be assigned to one group. such as Appala-
chian coal-miners, while others. such as Eastern urban
dwellers who use the energy produced by coul, derive
the benefits.

There 15 also the Question of voluntary versus involun-
tary risk. The National Academy of Sciences estimates
that radiation from nuclear plants might eausc a total of
2.000 eancer deaths by the year 2000, whereas altnost
50.000 people ayear die on our highways. Yetwe volun-
tarily drive our cars and risk a fatal accident.

We don’t always have a choiee in the case of energy
sourees. True. we decide whether or not to switch on
the eleetric light. but others decide just how that elec-
tricity wiil be generated. Up till now, such decisious hianve
usually been left to the markeiplace, but increasingly
society, through the politeal process, wilt be determin-
ing our energy future.

The Role of the Citizen

Beeause energy 15s0 crueial to the ration’s economy and
well-being. the government must be eoncerned about
it. In most places. the generation and distribution of
eleetricity and natural gas are a4 monopoly. so these
public utilities must be regulated for the public good.

And our petroleum supply increasingly depends upon
the government’s conduet of foreign relations.

Furthermore. future energy resources will depend
heavily on the government for research dollars, pilot
plants, and tax incentives—and will be constrained by
govermnental action to proteet the environment and the
publie’s health, Thus. it is within our power s citizens (o
determine where the government should apply its efforts
to bring us the energy future we want.

Throughout our history. concerned citizens have
brought about major transformations of American pol-
iey. Inenergy matters, determined €itizens have halied
or delayed the construetion of nuclear plants. oil re-
fineries. and pipelines,

In the last analysis. therefore, our energy future is up
10 each of us.

Do we have the ecourage w0 make some difficult
chotces? Or. have we beeome a nation of materialistie
hedonists. as some erities say. unwilling to forgo our
material comforts regardiess of the effeets upon others?

Is this a erisis of the national wil}?

if so, there are some grounds for confidence. Despite
reeent strains. We remain the world's strongest demoe-
racy. and we shall retain our scientific preeminence. If
we put our will to the test, weshould be able 1o surmount
the current energy erisis just as ° have overcome
previous national erises.
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