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The unbalanced world

ORE THAN a vear ago the editors

of NATIONAL GEOGRAPHIC bhecame

concerned that while advocates and
detractors of oil, coal, and svnfuels, nuclear,
solar, and wind powercompeted in the daily
press, there were few readily avatlable sum-
maries of the energy situation. A large staff
under Science Editor Kenneth F. Weaver
has assembled such a picture in the hope that
it will help inform the public.

During the vear things did not improve.
We still have no national energy policy,
Energy prices are still inflating others. And
Mr. Weaver's scenario of the consequences
of a future Middle East breakdown is under-
scored by the present Iragi-Iranian conflict.

Eventsin the Umited States, however, are
only a part of basic changes in the frazile in-
ternational order of things. Since 1943 world
events have been controlled by the balance
between the two superpowers, the United
States and the Soviet Union, and the re-
sponse of the Third World to their actions.

That pattern was broken with the emer-
gence from the Third World of a privileged
group, the relatively few oil-producing na-
tions that hold the economic health of indus-
trialized societies in their hands and cater to
neither Moscow nor Washington

And a Fourth World has emerged, that of

the verv poor, with no chance whatever to
educate, house, care for, or fully employ
their teeming populations, Rizsing energy
costs have deprived them of reaching even
the minimums in this century

A World Bank official estimates that the
cost of providing minimum-level nutntion,
water, shielter, and energy to more than two
hillion people in the poor nations of the
world will be a hundred billion dollarsa vear
tor the next ten vears—and 40 percent of
thit huge cost will be for enerzy.

One way or another, the United States
and other “have"” nations, who use most of
the world's eneregv, will devise siratagems to
survive. But for much of the world, govern-
ments caught m the crunch between huge
balance-of-payments deficits and sinking
living standards will find 1t difficult to re-
main stable, much less prosper

A chief problem facing the new adminis-
tration in Washington is devising an energy
policy that encourages Americin ¢conomic
growth while coming 1o grips with the inter-
nationil economic balances that are being so
radically altered by the pressures of energy
cost and social unrest, We wish our new
leaders luck in this most difficult task.
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AMERICA’S THIRST FOR IMPORTED OIL

Our Energy
Predicament

1973 Crude oil in a fine
Watertord ervstal pitcher
symbolized the rising
price of petroleum when
the GEOGRAPHIC
photographed a smiling
Kuwaiti for the June 1974
article that warned of
imminent oil shortages.

1980 In seven vears the
world market price for
crude had soared from 83
to more than $32 a barrel.
World supplies were
threatened as the war
between Iraqg and Iran
dragged on.

1985 Conservalive
estimates project a price of
$80 a barrel, even it peace
is restored to the Persian
Gulf and an uncertain
stability maintained.

By KENNETH F. WEAVER

ENM IO S ESINTRN E LAILERTE
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TISTHE SUMMER OF 1983, Violent
uprisings have shaken saudi Araha,
and the House of Saud has fallen. Fou
months the nation has bheen kept in tur-
moil by dissidents with strong religious

and anti-Western feelings: ultraconserva
tve Muslims of the Wahhahi sect, angered
by corruption among some
princes and embittered by the erosion of
family and tribal values: and
foreign workers, manv of them Palestinians
stirred up by other lands
Oil no longer flows from rich Saudi fields

Critical elements of the oil distribution

of the ruling

dizaftected

radical forees in

svstem, svstematically wrecked. lie in rains.
The giant terminal at Ras Tanura, which
once sent half a dozen tankers a day down
the Persian Gulf and out to the rlobal ol
routes, rusts silently under a scorching sun

The free world has lost a fifth of its oil sup-
ply—some ten million barrels a day

For a brief time the United States seemed
not to feel the loss; its dailyv share from Saudi
Arabiawaslessthana million and a half bar-
reis, and there were stockpiles and a small
strategic reserve to draw on. But events
have destroved anv complacency. The oil

glut of 1980, which cushioned the world's




losses at the outhreak of the Iragi-Iranian
war, has long since evaporated. Biud up by
the worst panic buving in history, prices on
the spot market in Rotterdam are skvrocket-
ing-—380, 3100 a barrel (see defimition m
glossary of energy terms, page 23). Official
prices of the oil cartel are heading for similar
levels, if more slowly

The 2l-nation International Energy
Agency has called on its members to fulfill
an agreement signed in 1975: In the event of
a major cuteff, they are to share their oil.
Honoring that promise is costing the United
States nearly three million barrels a day ad-
ditional, for Western Europe and Japan are
far more heavily hit than we are. Our total
loss is now more than half the oal we were im-
porting before the Saudi collapse. It equals
more than half of all the pil consumed by our
160 million motor vehicles.

Domestically the effects are disastrous.
Critical gasoline shortages have brought
endless lines at filling stations, even though
prices have reached painful levels, Violence
frequently erupts when the pumps reach
empty, and thefts from gas tanks are epi-
demic. The President has invoked the
gasoline-rationing plan passed in 1980, but
it will be months getting into operation.

Meanwhile, transportation is hamstrung;
we are far short of the 110 billion gallons of
motor fuel we are accustomed to hurning
each vear. Many workers cannot get to their
jobs; productivity drops, Businesses depen-
dent on gasoling, such as shopping centers,
resorts, motels, are suffering heavy losses.

All economic indicators are flving red
flags. Unemplovment has already climbed a
million. The stock market drops daily. In-
flation has passed 30 percent,

And all for the want of imported oil.

HAT YOU HAVE TUST READD s, of
COUTSE, AN IMaginary scenirio. You

may juggle the details, but many ex-
perts believe that something similar 12 al-
most certain to happen somewhere in the
Persian Gulf within the next few vears, Even
a5 this 1= written, the bitter strugele between
Iraqg and Iran threatens to trigeer all kinds of
explosive disruptions in the Middie East.

Think back on the trauma of the gasoline
lines following the Arab oil embargo of
1973-74 and the Iranian revolutionin 1979,
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The losses were puny then compared to o
cutoff of Saudi Arabian oil or—worse vet—
all Persian Gulf oil. Yet the impact on
American motorists is still @ vivid and un-
pleasant memory. And the embargoe, which
lasted onlv six months, helped trigger the
worst U. 5, recession in 40 years,

The simple truth is that the United
States—and most of the rest of the world—
has an insatiable thirst for petroleum.

This unbridled appetite has left us vulner-
ably dependent on some of the most politi-
cally unstable parts of the world, bristling
with ancient feuds. religious hatreds, and
nationalist ambitions. Sizable amounts of
our petroleum—called “hostile o1l"—come
from Libva and Algeria, neither of which
bears any love for the United States. At any
moment, s we have seen three times in less
than a decade, war or revolution or political
action in the oil-producing states can ab-
ruptly ¢ut off shipments of vital importance
to the West.

As London energy analyst Jonathan P
Stern sums it up: “Western vulnerability s
such that anv destabilizing force that even
remotely threatens oil production sends
massive shock waves through the industrial
world. So delicate is the balance of the world
oil supply that the cessation of supplies from

even a minor producing country for
a comparatively short. . . time, . . causes

major dislocations in supply and price.”

OW DID WE GET ourselves into this
dangérous predicament?

The answeris clear. Of all the com-
mon fuels, o1l is the most portable, the maost
convenient for transportation, the most ver-
satile: It has seemed endlessly abundant.
Above all, it was—until recently—cheap.
Onlv o decade ago crude oil sold for less than
two dollars a barrel.

And so0 we became addicted to oil, We
built a way of life around it. Qur love affair
with the automobile has been possible be-
cause of it. Last vear just under half of our
enerey needs were provided by oil.

But since late in 1947, when the United
States became a net importer of oil, our own
production has not been enough to sustain
this life-style, Over the vears, as demand in-
creased, the imbalance has grown steadily
WOrse, (Continued on page 14
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OF CHANGE
fromwood | | |

to nuclear

An American

en
l:h::gnglngy

1758—First recorded
commercial shipment of
American coal (32 tons from
Virginia ro New York).
1825—First natural gas
extracted in the United States
lights streetlamps in Fredonia,
New York. For decades natural
gas is regarded as a flammable
nuisance. It does not become a
practical industrial fuel unril
the end of the 1920s.
1859—O)il strike at
Titusville, Pennsylvania,
starts U, 5. oil industry, but
petroleum does not become the
primary L. 8. energy source
for nearly a century.
1879—Electric streetlamps
replace gaslights along
Broadway in New York City.
1885—Coal surpasses wood as
the main L. 8. energy source.

1913—Ford assembly-line
production brings car prices in
reach of millions.

1947—U. 8. changes from a net
exporter to an importer of oil,

1950—0il surpasses coul as
main U, 8, energy source.

1957 —First sale of nuclear-
grnerated electricity.

1970—U. 5. oil production
pealks.

1971—Federal price controls
placed on petrolewm.

1973—U. 5. natural-gas
production peaks.

Arab nations embargo il
exports to the United States
for six months.

[974—World crude oil prices
quadruple between October
1973 and March 1974,

1975—Congress passes
Energy Policy and
Conservation Act, which
further regulates prices for
domestic oil and provides for
the Strategic Petroleum
Reserve, automobile
Juel-efficiency standards,

and a variety of conservation
MeasLres,

1977 — Department of Energy

established; Solar Energy
Research Institute formed.

I1978—Iranian revolution cuuses

slowdown af Iranian oil
production and halts
exports for three months,

19789 —In Pennsylvania the

Three Mile Island nuclear
accident brings about a
morgtorium on nuclear-
power-plant licensing.

World ol prices double as
result of panic buying induced
by the Tranian cutoff. Domestic
crude oil averages §14.27 a
barrel. Imported crude oil
averages $21.67 a barrel.

1980—At the December meeting
of the Organization of
Petroleum Exporting Countries,
Sandi Arabia sets $32 a barrel
as (1% base price for crude-
ol exports.

[ragi-Iranian war begins:
oil shipments from both
countries are interrupted.
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HEAT LOSS:

A THIEF IN
THE NIGHT

TI‘ P OIS T ER  more energy-consciows com
munity, the city of Plymouth, Michigan,

launched a federally funded, inmovative pro
gram using thermogroms as a chief tool, botk
te heighten homeowners' awareness of con-
servation and to provide practical tips for
insulating individual buildings
In the small hours of two cold March
-'!u'_!-!fi 15, A W1 W ith an .'ﬂﬁ':‘l-":_'r! SCOrrLEr mount
ed n (ts side (far right) methodically pa-
trolled the streets, recording the invisible
temperature tmprints of every building. Elec
eronically transferred onto film. the data re-
vedled hous s [LRe II-':||| sy fack-o '-|:|J.'I'!'|:r Fis,
lighted from within by escaping heat
Plymouth mayor Mary Childs explains the
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themseives, And not only will they be more com-

fortable. thev'll see the difference o thetr bills"™
W hile absolute temperatures vary in different

differenices follom

thermograms, temperature
the same scole as on preceding pages (color scale
al left and doors are the wiorst ciid
prits, appearing white, red, and yellow as they

radiate heat toward the cople

i Wy Fainr.
IIL Il!lI TS

routdpors, Large
lisplay windows (n an elderly commMercial sec
tien {(bottom right) show garish warmith. Cars
on the street, themselves cool black and magen
ta, trap infrored heat beneath them in blue and

vellow pools. A still-warm enging on the car far-

thest right elimmers red and white, Cooler tones

in the store fourth from right reflect a lower ther-
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mostat setting. The three bright second-story

windows of the bull ling to it {eft = fuow Loss From
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an office with open shades,

while the magenia
window on thetr right opens onto, an urmheated

CLASE] M of the 2edond-story windows farther

o the right in the same group of buildings dem
onstrate the insulotive benefils of draown shades.

anpearing cooler even though they fromt apart-

wiekrmidd by gritficial means and oy occt

memnt
pants’ body heat

Heat loss from an exposed foundation shows
in the white strip ot the base of the house next to
the stores, leaking throtgeh the uninsulated stonge
from a basement warmed by o pottery kiln and
pninsylobed furmace and pipes. Similar founda-
tion loss 15 seen in the howseaf far left (above) on
a hlock of older two-story homes. To its right,

peest an unheated garage, a house butlt in 1523

shows severe heat loss throwgh walls containing
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trtle or ne msulation, woefully inodeguate in arid weather stripping, and cardboard behind
today s baltle against risong heating bilis. When the dattic dormer window (o hot spot 1n moany of
wlunteers who interpret the thermograms to his neighbors’ similar homes), his 1918 dwelling
residents advised owner Michae! .IE::':i'II'lll!."ll'_l o shows the legst heat [oss on the block

msuiate his wialls and attic, plug leaks in door Ranch houses in g newer neighborhood
and windows, and consider enclosing his porch (below left) also appear to show more efficient
e summed up the reaction of many, "It's got to  heat retention but have chinks in thelr armor
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* THIS PALGE FOLDS OUT

MAPPING URBAN

HOT SPOTS

wJ'T HIN the massive heat machine of the

city, distinct heat islands reveal them-
setves as clusters of winte, red, and yellow
reofs and walls in o thermogrum of downtown
Pittsburgh (above). Soeme warmth lingers
from solar energy—the acrial scan was made
under overcast skies on o day of intermitient
surnishine, Additional heat escapes from cars
and budldings. Warmth s trapped in narrow
stréets, and walls ghsorh infrored radiation
Jfrom each other. Thus urban agglomerations
modify therr own environmert

Low-storied masonry buildings from early
in this century creéate the hot spot at center.
Tar-and-asphalt roofs absord and radiate so-
lar heat; heat-stealing skvlights and poor in-
sulation from that era add to walls' and roofs’
brightness.

Built in the 18950s; high rises near the
bridge at for left appear much cooler, due in
part to their steel walls: different moterials,
aven at the same temperature, semd varying
stgnals to the scanner. Metal often appears
deceptively cool. But the roofs, of strmilar ma-
terials to those in the hot spot, appear strik-
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ey cooder due to more modern insulation.

The monolith of the UL §, Steel building re-
veals verticalcoolant-filled columns installed
for fire safety, here distorted by the airplone’s
motion. Horizontal bands at middle and top
are windowless machinery floors. Horizontal
and vertical white strips to the left represent a
warm copper roof and the stack of a steam-
feating plant. Approach roads to the bridge at
far left appear lighter blue than the bridpe,
tlustrating the fomilior warning, “Bridpe
fregzes before road.”

Beside Lake Michigan, in Gary, Indiana,
a coal-fired power plant's stacks glow white
at midnight {right). Coal makes a mogenta
mound behind bive ash-settling ponds. Cool
lake water flows toward the plant in the canal
at rignt, returning in s crooked neighbor
with heat (red and vellow) from the firing
units. At far right, warmth radiates from a
[imekiin. At far left, a cooling pond for the foc-
tory behind it adds more warmth to the lake.
The thermogram shows the waste of energy in
the making of power. When we can see the
wiaste, we can begin to reduce

THERMOH:RAM TEXT BY DOUGLAS LEE







(Continued from page 4 Domestic o1l
production peaked in 1970, In every yvear
but one since 1967 we have used more oil
from our proved reserves than has been
found in new reservoirs.

When our own otl production bécame in-
sufficient. it was all too éasy to supplement it
with cheap oil from abroad. A few voices
reminded us that petroleum was a finite
resource and that we should prepare for the
day when it would be exhausted. But hardly
anvone paid sttention. Foreign purchases
meant little until the Organization of Petro-
leum Exporting Countries (OPEC) qua-
drupled crude-oil prices during the 1973-74
embargo. Instead of 33 a barrel, the liguid
black gold was suddenly priced near $12.

Shock surged throughout the non-QPEC
world. Of the large industrial nations only
the Soviet Union produced all the o1l it need-
ed. The less developed countries, with far
less money to spend, were stunned.

Dismayved by the dwindling purchasing
power of the dollar, OPEC continued to
ratchet up its prices. By 1980 the bench-
mark, or base, price had been zet at §32.
Many oil countries charged substantial pre-
miums, and traders on the spot market de-
manded even more.

In 1970 our national bill for imported oil
wits three billion dollars. In 1978 it was 42
billion, In 1979 1t topped 60 billion. In 1980,
even though conservation efforts and the re-
cession significantly reduced the volume of
oil imports, the price for those imports
reached the staggering figure of 80 billion
dellars. That was & gquarter of a billion dol-
lars every day for imported oil.

Such adrain has seriously skewed our bal-
ance of trade, Last vear all our agriculturai
exports, on which we depend heavilv to
make up our trade deficit, amounted to only
about 40 billion dollars,

This hemorrhage of moneyv has plaved a
significant part in the weakening of the
American dollar in international exchange
and in stimulating inflation at home. Reces-
sjon and unemployment have been aggra-
vated. And not the least of the repercussions
is the haunting fear that action to protect our
foreign supply of petroleum will lead 1o a
Major War.

In every way we are paving an extrava-
gant price for our energy-rich way of life
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The problem has not been entirely oil, of
course. The whole U. S, economy has been
heavily dependent on cheap energy—cheap
electricity, cheap natural gas, cheap coal,
cheap hydropower, as well as cheap oil.

Except for hydropower, which requires
no fuel, these energy sources are no longer
cheap, and their escalating cost is itself a
serious matter. But none poses the sobering
threat of economic dislocation, social dis-
ruption, and national perl that accompa-
nies-every barrel of imported oil.

What's to be done about itf Can the
American people find long-range solutions
to this problem of voracious demand versus
uncertain supply? Can we manage to get
through the critical years until the big solu-
tions may be readyv? Understanding six basic
truths about energy may help

1. We are not running ouwt of mnergy— yet,

It is an irony that we should be caught in
an energy hind, The United States is one of
the richest nations on earth I energy raw
materizls. We have the world's largest single
share of coal reserves. Even though we im-
port oil, we are the world’s third largest pro-
ducer of petroleum. We are at the moment
virtually self-sufficient in natural gas. And
we have by far the largest nuclear power
output of any nation.

Further, as energy prices escalate, it be-
comes more and more profitable w search
for ways to exploit marginal resources, For
example, conventional oll pumping. can get
only #bout a third of the oill out of the
ground. But so-called tertiary methods,
using steam, carbon dioxide, or detergents,
cian eke out additional amounts, Similarly,
high prices are leading to attempts to wrest
oil from shale and other formations that do
not grive up their wealth casily,

Though our known gas reserves have
been shrinking rapidly, optimists areexcited
about prospects of enormous unconvention-
al deposits, especially in “tight sands"” for-
mations. If thev can be exploited, our usable
gas reservies would be expanded manyfold,

2, Fossil fuels are, however, finite.

The bounty of hydrocarbon fuels—coal,
oill, and gas, which hiology and geology
conspired to trup underground millions of
vears ago—is limited, and it is not being
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ENERGY USED IN 1979

BY U.S. POPULATION 221 MILLION

NATURAL GAS

RAW MATERIAL USE & OUADS

DOMESTIC OIL

IMPORTED QIL
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Lntortunately, all the mator solutions #ht from those sources by the vear 200

than thelr sponsors care to admit. The iway, even though thig 600,000, 000-4-
require development and careful testing of vear federal program is expected to become
new technologies, mobilization of many bil-  the lareest effort éever concentrated on a sin
lions of dollars 1n new '..:ilil... at hieh interest gle technoloeieal advance anvwhere

rates, and constructon of Mgantice facilities
[hev often involve such risks that privat
enterprise will tackle them only after exten- Virtually every proposal for adding toour
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4. There s no free lunch,

|""'§I""'..I' s, ENCTEY ."'.II'-'i'l'.ll""E ""'-. i:"II eTerey !'u' cXamipc, _||:'-_'_|-'.'
expect any large contribution fromsuchnew  providesa tenth of the electricity in the Unit
s s shale oil, o1l from coal, or geother-  ed States, and would be capable of rapid ex-

mal energy until the 1900s or lates pansion i hcensing procedures ware greath

| e renewables—bbiomass,  electricity 'I"'E'I|L-.|II|' \ dozen new plants could be li

[FOIM e sun, OCean NErmaal ¢nergy, wWind censsd this Lanimicd on page 2
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WORLD
ENERGY
RESOURCES

Haves and
have-nots

HE FUELS shown

here account for ahout 94
percent of the waorld’s
energy production
297 guadrillion Btu's in
1979, Coal fills 27 percent of
the global energy budget—a
rate of use that would not
deplete known reservies
until the 22nd century, Ol
supplies some 134 quads a
vear—a rate that would
exhaust present reserves in
about 30 vears, But il
consumption continues to
rise: manv experts thank i
will peak around the vear
2000 at about 165 quads—
exhausting known
resources much sooner,

Some geologists estimate
that yel-to-be discovererd
deposits of otl and gas will
equal présent reserves, New
coal resources mav double

those we now know of, while

uranium may exist in

ALISTRALIA T~

quantities several times the
proved reserves,

Nature was not
democratic in dispersing its
werlth. Many areas of south
Asia, thoagh teeming with
people, Griecnergy starved.
The vast inteniors of Afnca
and South America appear
as fossal fuel deserts,

These reglons, however,
have been Little explored,

The industrindized regions
to the north, rich in coal
and uranium, are also
comparatively well off in
otl—the U. S5 K. being the
world's largest producer,
and the Umted States
number three, after Saudi
Arabia. There are critical
exceptions: lapan must
import 90 percent of all its
energy, while Western Europe
—whose anly significant oil
fies in the North Sea—
imports more than half.

AS ENErEV résources rise
in value, they gravitate to
the developed nations, mostly
in the north, where only a
quarter of the world's peaple
enjoy some 80 percent of
its wealth, The growing
disparity between these
mitions and the poorer ones
to the =south has spawned a
“north-south” dichotomy in
waorlid politics.




yvear, according to the Nuclear Regulatory
Commission. All told they would increase
nuclear megawattage by 25 percent.

But nuclear energy bears the handicap of
worry over radioactivity—a worry that has
been sharpened by Three Mile Island. The
breeder reactor conjures up fear that the
plutonium it produces might increase prolif-
eration of the nuclear bomb.

Coal also poses serious handicaps. Unfor-
tunately it contains sulfur and other unde-
sirable substances, such as heavy metals,
which are only partly removed from burning
emissions despite costly and difficult proce-
dures. The sulfur emissions damage human
lungs; they combine with moisture in the at-
mosphere to form acid precipitation that de-
faces monuments and buildings and kills the
life in countless lakes

Of far greater portent is the accumulation
in the atmosphere of carbon dioxide from
burning coal and other fossil fuels, Carbon
dioxide tends to trap heat on the earth’s
surface; in sufficient concentration it could
create the dreaded greenhouse effect,

Studies in both the United States and the
United Kingdom forecast that the concen-
tration of carbon dioxide by the middle of
the next century will be double what it was
hefore the industrial revolution.

Such a concentration, say some scientists,
could increase average global temperatures
by two degrees Celsius, and polar tempera-
tures by as much as seven degrees, That
muchwarming, slight as it may seem, would
seriously affect distribution of rainfall and
could create deserts of much of the Northern
Hemisphere breadbasket. It would be an
irreversible catastrophe of unparalleled
magnitude, affecting all mankind.

Other energy sources offer their own pe-
culiar problems. Svafuels involve extensive
strip mining, enormous cost, and demands
for water that mav be prohibitive. Solar
electncity also will be costly. And it may run
into interesting legal problemsz: New Mexico
is the only state that protects a solar collector
from being blocked by another structure.

Wind turbines will have to be given sites
with great care to avoid aesthetic problems.
The noise they produce has proved to be
objectionable in some cases, and in large
numbers they may create interference with
communications.

22

Alcohol from agncultural products for
use in cars raises the specter of food versus
fuel. As Lester Brown, president of the
Worldwatch Institute, warns, “The poten-
tial demand is virtually limitless: even con-
verting the entire world graun crop to alcohol
would not provide enough fuel to operate
the current world antomahile fleet.”

Finally, the burning of biomass, favored
by some environmentalists, greatly worries
others. Thev fear that there will be rapid
destruction of forest lands and serious dete-
rnoration of agrnicultural soils if they are de-
prived of organic matter.

There 15, indeed, no free lunch.

3, The energy problem s global;
what we do affects ecerybody else.

Americans, who spend more than a quar-
ter of the world's energy output, have been
called a consumption-drugged people. The
average U, 5. citizen uses the energy equiv-
alent of a barrel of o1l every s1x days.

“The rest of the world looks with virtual
dizhelief” at our energy failures, savs a pre-
liminary report to the National Academy of
Sciences’ Committee an Nuclear and Alter-
native Energy Systems, which led to the ma-
jor study Energy in Tvansition 1983-2010
(the CONAES Report). And even Saudi
Arabia, our strongest OPEC ally, is said to
be disappointed in our conservation efforts

Heavy U. 5. demands for ol are of imme-
diate consequence to other nations; Western
Europe must get 55 percent of its energy
from oil; Japan gets 75 percent. And since
most of these nations have little or no oil of
their own, U, 5. competition in the oil mar-
kets of the world is significant.

A new competitor may soon complicate
the situation further. The Soviet Union now
regularly exports part of its 12 million bar-
rels a day to its satellite states in Eastern
Europe as well as to the West. But according
toestimates of the U, 5. Central Intelligence
Agency, Soviet oil production 1= about to
peak and will soon drop; by the mid-1980s
the Soviet Union will be an oil importer.

What covetous advances the Soviet
Union might then make toward the rich ol
sands of the Middle East can only be
guessed, butitis amatter of grave concern to

many nations alreadv scrambling to keep
their oil tanks filled.



Meanwhile, other nations are seeking to
move away from oil as rapidly as possible.
Just gsain the Umited States; they are increas-
ing their investment in solar, geothermal,
and wind power, France, the Soviet Union,
and Japan, for example, are expanding their
nuclear facilities, France, especially, has
committed itself to an aggressive nuclear
development that 15 expected to produce 20
percent of the nation’s energy by 1985 and a
possible 50 percent by 2000.

These efforts are of extreme importance to
us. The security and welfare of all countries
of the West are completely intertwined, and
we are vilnerable together to oil cutoffs

b, Energy efficiency and conservation
are all-important from now on.,

As we have seen, major new energy tech-
nologies take too long to help much in the
19808, Even if large new gas and ot] fields
are discovered, they, too, will require vears
of development.

How, then, do we become less vulnerable
to disruption of our foreign oil supplies?

Study after study reaches the same con-
clusion: The cleanest, least expensive, and
least vulnerable energy option today 1s to use
less by being more efficient

As Chauncev Starr aof the Electric Power
Research Institute save, “Only conservation
can beimplemented quickly enough to make
a substantial difference.”

It means cogeneration of electricity along
with industrial heat, developing ever more
efficient automobiles, car pooling, improv-
ing building designs. using more and better
insulation, and so on,

Last yvear alone, conservation efforts com-
bined with effects of the recession reduced
our annual ail imports by nearly 20 percent,
with daily shipments dropping from 7.9 mil-
hon barrels in January to 6.5 in December

The CONAES Report sums it up

“The problem is in effecting a zocially
acceptable and smooth transition from
gradually depleting resources of oll and
natural gas to new technologies whose
potentials are not now fully developed or
assessed and whose costs are generally un-
predictable. . . . The question is whether we
are diligent, clever, and lucky enough to
make this inevitable transition an orderly
and smooth one,” 1]

ENERGY TERMS

Barrel—A liguid measure of oil, useally ¢rude
oil, equal to 42 gullons or about 306 pounds.
Barrel of oil eguivalent—Energy egual o o
barre! of crude o1l—&.8 million Biu's.
Biomass—Living matter, plant and animal, in
ary form

Btu (British thermal wnit)—The amount of
heat necessary to raise the temperaiure of ong
pound of water ong degree Fahrenheit. About g
quarter of a Calore
Carcinogen—A substonce or agent producing or
inciting cancerous growth

Cogeneration—T he production of two useful
forms of energy from the same process. In a fac-
tory, for instance, stegm needed for industrial
processes or space heating 15 first run through
turbings to generate electricity.
Efficiency—The ratio of useful work or energy
outpul to total Work or-anergy thpt

Fossil fuels— Fuels such as coal, crude oil, or
natiral gas, formed from remains of plants and
animals.

Gasohol—In the U, 8., g maix of 90 percent un-
leaded gasoline and 10 percent ethyl alcohol.
Creopressured gas—Notural gos thot i dis-
saolved in hot bringe and trapped under great
pressure deep within the earth.

Crreenhouse effect—The warming effect of car-
bon dioxide and water vapor in the atmosphere.
These molecules are transpareént o coming
sunlight but block infrared (heot) radiation
escaping from the earth.

Megowart—A unit of power equal to §L000 kilo-
watts, or one million warts. A gigawaltt s a bil-
[iom watts.

OPEC—The Orpanization of Petroleum Ex-
porting Countries, §3 nations that cim at devel-
oping common oii-marketing policies.
Photovoltaics—The procass by which radiant
(solar) energy is converted directly into electrical
enmergy using a solar cell

Quad—A quadriilion Btu'’s. The energy con:
tatned i eight billion gallons of gasoline, a
vear's supply for ten mullion automaobiles,
Renewable energy source—One that {8 con-
stantly orcyvelically replenished, including direct
solar energy and mdirect sources such as bio-
mass and wind power

Reserve—That portion of o resource that has
been actually diseovered but not vet exploited
ard which at present is technically and economi-
cally extractable,

Synjfuels—Fuels synthesized from sources ather
than crude oll ornaturol gas and used in place of
them orthetr derivatives, primarily for tramspor-
tation and heating borlers.




HE AUTOMORILE carmes us to our

¥ "'.!] ONnYevys 1us 1o I|_|' =4 kY LEiLfls-

America’s

auto
mania

ports us on the errands of moriality
I|'|'||."-i-|l.-'|-."!| it the center of o
vnergy problem: The freedom of mobafity i
ants costs us about 30 percent of all th

pelroleum we burn. Ithas been, and still is, ;

costiv statas svmbaol, although taste born of
necessity now savors the well-made, Tuel-
efficient car. The automobile also tran
oends the uthitanan to become art, at least

in Cahforma.
[0 the lavman a flamed 34 Ford coupe
(abowve) crutsing Van Nuyvs Boulevard in

|-|:"- Illl'_'-lll.' |-Ii:-|| ."lluulu'l.' l.'r!--' ||I o

By DAVID JEFFERY the Califormin Kid. The connoisseur, how

Photographs by BRUCE DALFE ever, knows it for a4 kind of starlet stand-mn

it of ten or so copies from across the United



states and Europe mimicking the onginal

that Pete ( "EI-I[”IIJI'i s bmlt—the hot-rod star

of the movie The California Kia
If the Kid has become, as Chapouris says,
“a prece of lolklore™ 1n a nation declicated to
the four-wheel pursuit of happiness, Second
Diecorated Car with its San Francisco area
creator, David Best (right), 1= avant-garde
rococo. Best belongs not o a sadon but to an
it gang.” where he holds the title of chap-
lnin, His car is encrusted with found objects
and about 500 elasseves. [ts motits aredeath
and viojence on the highwayv, as mfluenced
by the pageantry of Spanish religious floats
and by Victorian sewing boxes. More ny
centlv, the water buffalo hood ornament
wiis stolen, YIn a way it was an appropriate




EINCARNATION. 1hat 15 the [ate, popular, partly because buyers believe them
the karma, of most automobiles. But o be better buidtl, longer hived, and less

that destiny is being postponed as peo-  wasteful of fuel. Yet every car finally ex-

ple abandon the |
Irve them longer Lo save money and, even still have useful hie; batteries are taken for
[URIY, ENergy. Ubhsglescence nNRsS DECoOme Lhreir lead, and crankcase and lubrncating ol

ahsolele 110} : |'.'.|-|'.-:'| -|l:'l !| Iil'l':'l- BN e Ay OFE SV area as fuel 10 1n '_---:ILr-

IL';' |'||'| WaAwAa s anicl PIFES ..:-l-" CRG N JIUnNEYal |- W hiere Lhiey

duced both human and sheet-metat carnage Junked cars are also a source of parts for
n the highwavs. the artist, the customizer. the restorer, ol

Imported cars have become increasingh pnyody whio needs, say, & grille for a 195t









UR DRIVE-IN SOCIETY extends to every
phase of life, and even bevond, as Ameri-
cans eat, bank, watch mowvies, and worship

from their automobiles—modern centaurs with

stec] bodies and human heads and hands

Rush hours and rainy weather are popular
times for the motorized bereaved to view the de-
ceased at the drive-through facility (left) of the

James N. Davie Funeral Home in Jacksanville,

Florida.

In Orange County, California, many parish
oners worship, take Communion, and contribute
from their cars (below) at the Reverend Robert H
schuller’s Garden Grove Community Church.

vince Bruner owns and manages Robinson's
LCruz Thru (bottom) in Fort Walton Beach, Flot-
ida; about half his business 15 draft beer to go.

legal in Florida when the comtainer is capped

1




[FE IN THE FAST LANES belongs to

CAT And van [R5, 15 WEL 85

commuter
rush-hour sprints back and
forth across the San Francizco-Oakland Ba
Bridee (above). Pool vehicles with three rid-
an con

o i i
||||'i-' (9 I.

buses, for

Ers anoard are exempl irom (odEs

trol  lights {or their exclusive
LW Y= ETCCT]

:"'-.:II|_ |_'_|,|_' e LR |_!||'_'_:' il l'-|.._|||'. :'III-_'

(rolden (Gate Bridee corndor, rders and
drivers have joined in cooperative hitchhtk

ing called the Commuter Connection. In-
stead of a thumb, each mker displays & sign

noting his destination. Drivers

with similar

sigms on their sun visors make the pickup,
Lz ingenious as some energy- and money-
large prob

ars. The popu-
fuel-efficient imports, such
ars pul
Califormia (right)

lislocation to domes-

SAVINE USeES O CHATS Thid s LHE, WY I
lem remains for American
larity ol small
the rmanks
ashor
has broughtl economi

| mostly Japanese
in Lang Beach
L1 |_|_"l.|f||l i'rs H-,_-.:Ill' | qs= |||_'|_I. |!._-.--!'!| OuL in
manyv directions, and whilesolutions may be
I sight, they are not veét in hand, Amenca's
jove alfair with the car goes on, with e suby
compact its new object. Afterall, s the Cals

fornia Kid much bigzer ]
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problem child

THE AUTO
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CONSERVATION

To keep the home tires
l an we burming in the face of a
chilling energy crunch.

many Americans are

- retooling their homes
Ive e er and businesses. Their
goal: slash our energy
7 use while maintaining
on ess — our standard of living
through greater
efficiency. alternative
¥ GO energy sources, and

By RIC , . :
AT mventive conservation.




Setting by for a rigorous winter, Vermont store owner Dan Fraser stoc epiles more than

@ nundred cords of wood, a renewadle and, n New Engtand, plentiful heat souwre

1T WAS JANUARY, and in Norwich,

Vermont, general-store ownes Dan Fra-

s NOUSE

e spent the morning behind
tendimg one of the bigegest personal
woodpiles in New England. Frazer would
need Htthe of his 100 cords to heat his home
and 92-vear-old stor But to
oo much wood 1s just enough.” It
was ke money mn “1 figure | can

either burn wood or send my money to some

LNl spEson
FFaser

|'I|' ;.'.lll.—-h

damn fellow in the Mideast

[t was5:25 a.m. on Whidbev Island in Pu
get sound, and Gerry Shea began picking up
11 othér commuters for their long daily trip
via ferry into Seattle. The Seattle/King
County Commuter Pool, which serves five

counties, had gotien them together ani
vided van, gas, insurance
along
Mary Crane figured that together thev were
saving 27,000 gallons of gas a vear. Com
muter Pool was saving her 260 a month
Jon Mulford started the day with a Ja-
cuzzi bath in his new passive solar, earth
sheltered home Rocky
Mountains near A spen, o alorado. He could
bask not only in the warm water, but also in
AT

house and heat-retainine Trom

[ro-
and parkimg. As

n Congested

oy el |..'l.'l"-".:','-. i

LI

averlooking  the

inowledege that with his solar green

FL. I'-:l.l.l.:l. |||'
would seldom have to turn on the backup
neéal this winter,

At 5am Snel

5 pig farm near Auburn,
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Reflections on design: Although gloss
facades tend to waste energy, the mirrored
urface of Los Angeles’ Bonaventure Hotel
rediices the '|r'|'|.| for cooling by deflecting
sunlight. Reflected rodiation, however
Y INCTEdSE cooling costs for ddjacent
structures. Butldinegs gobbie more tham o
third of the energy used in the Uniteg
States. Pending federl energy standards
for niew britldings gim gt culting wasity
Architects took advantage of the sur 1n

designing the Terruset Elementary School

in Reston, Virgini

(fucing page). Hullr

n ]
from the ground down and sheltered by
1
1

three feet of earth, the school has a canopy

pfsoiar collec ‘:ll"l" 1t h '!|'I|'|I WIVE S 14 N

LEi I':||_'| COSTS (N sl Oone yaar .rr i Kt (14 S l"'

President Carter ts met, solarand other re

newable sources would provide 20 percent

of U, S, energy needs by the year 2000

[llinois, scores of piglets suckled snugly on
4 concrete floor warmed by solar-heated
water instead of electncity

In & New York City skyscraper. Union
(Carbide’s Ron Wishart was preparing a talk
on how his company cut its Energy consump-
ton 20 percent |H:‘ urit of output, primariy
v eliminating waste. Dozens of other major
companies were finding simlar savings
Ihe Bell Sy<tem had reduced energy use
since 1973 by 10 percent while increasing
business 70 percent. The 3M corporation
said it regarded conservation expenses as
investments because they pay back so fast

In Harrisville, New Hampshire, Leandre
and Gretchen Poisson harvested spinach
and leeks in minus 10°F weather from solar-
heated hotbeds. Discouraged by the highen
ergy input of American agriculture, which
requires 15 calories of fuel to produce a calo-
rie of food, the Polssons have rediscovered
and adapted French intensive gardeming

technigues, which enable home gardeners to
be nearly self-sufficient in tood with a very
small plot of land

These were just a few of thousands of en-
ergv pioneers, people who had -:'r.- icled that
|||:.h._|_l[-._--‘-"|,r_ l.]_'-[.l_l_ljl_".-_ WHY OuUl ||I GLr ]r.*rruh-
um fix is to stop using so much of the stuff

Lizght at the End ol the Bridge?

['hat same January evening in San Fran
cisco 1 stood at a hotel window looking out
through the rain at car lights streaming over
the San Francisco-Onkland Bav Bridge., Ot
and on for nearly two hours [ watched those
cars. Thousands upon thousands of pistons
driven by a fuel that seemingly grows dearer
with each ping. Thousands upon thousanas
of California commuters, perhaps the coun-
trv's most CoNspICUOUE Energy Consumers,
crossing a bridge

it was a perfectimage. | had come to Cah-
fornia to explore a novel concept; Man
sxperts npow say that, using existing technol-
ogy, we can cut energy use dramatically and
live just as well, if not better. We've alreads
begun to conserve, thanks largely to the ris
ing price of [uels. Our gasoline use has

H L

:|r~-|| e -.'|-|J|||.]" 11l percent smce 1Y75
1 ;.| demand has -hfn'ﬂ.'u'

-_':hn'p'_'_'. Inclustry has cut its use of all ener
by 14 percent per unit of output since 1"' 3.
Yet too few of us are pioneers, We are like

Growlh of elects







THE WIND

T LACKS halyards, sheets, shrouds, and most

of the rigging that ships used in the past age of

commercial sail, Yet the fapanese “HShin AtfoRu
Maru” (abowve) is the protatype of wihit mday be a
neaw feet of saul-aided corgo ships. he tncentive
Tapan’s acute need to conserve imported oil, the
same oil that ships carry 48 cargoe.

Ina 30-knot wind abeam, the sails on the fudly
lpaded ship can provide 53 percent of the powe!
to rraved at 12 knots. To get the most from other
wind speeds and points of sail, @ microcomputer
syvatem gives automatic commuands to trim the
steel-framed carmvas sails by rotating the mosts
In a fair and stromg wind, the enging slows down
automatically, Otherwise, the ehgtne works no
harder than necessary to maintain constant ship
speed. With efficient equipment and design, fuel
savings can be as high as 50 percent,

Wind is secondhand solar energy; itz basic
driving force 15 the unegual heating of the earth
and atmosphere. It is given characteristic flow
patterns by the earth’s rototion.

alla JHEY1G

As gvery saflor and kite flier knows, winds
constantly shift in direction and wary in speed
Although utilities would have to learn to accom-
modate the variable outputs of wind machines,
rescarchers believe wind power cowld become a
continually useful source of energy

Its availability depends on geography. Wind
generators: are most proctical in the Great

Nains, inmountains, and glong certain coastal
areas. Une scherme wses 200-fool-high tetraohe-
dral wings moving around a circular track on
wheels coupled to generators.

The Wind Energy Systems Act of 1980 has
initiated an elght-year, S-million-dollar pro-
grim to develop cost-effective wind-power sys-
terrris En the United States, and a number of large
wingd furbines are already in the experimental
testing or developrment stages, But it would rake
0,000 larpe turbines and thousands of smaller
onies to supply 10 percent of the nation’s electri-
cal power needs by the year 2004

Sl windmills can be used by individuals; in
18920 perhaps a million were in use in the U. 8.,
muainly on farms. Denmark alone had abeout
25,000 the 18905 After the horse, ox, and him-
self, man'’s primary mechanical enegrgy source be-
fore the industrial revolution was wind. It hosa
role to play again.




those Califormia commulers crossing the
bridge—except we don’t know how to reach
the other side. Burdened by our overcompli-
catied lives, we sit and wait for a simple fix.

When 1 began thisassignment, conserva-
tion meant insulation and heat pumps to me.
[t meant a President telling us toendure cold
homes and curtal. Conservation seemed re-
soundingly dull, I waswrong.

As @ocused my sights on pioneers in ener-
v, 1 found a spirit of self-reliance and an
exuberance, a belief afoot that the 1980 will
be a turning point for America.

In Bernardston, Massachusetts, [ satina
town meeting as New Englanders, appalled
at the soaring cost of imported oil, came up
with ways they could become more self-
reliant; Burn more waste wood from their
forests. Make their own methane from
dairy-cow manure. Grow sugar beets and
turn them into alcohol to fuel cars.

Yankee Ingenuity Tested

The people in the nearby village of Heath
had already learned thev could generate
mostof their powerwith ten wind machines.

The neighboring Berkshire hill town of
Chesterfield had found that two solar panels
and two large wood stoves could heat the
building that houses their snowplows—a
35,000 savings in heating oil.

This spirit is being stimulated by activists
who hope to make their drive for renewahle
energy and efficiency as strong as the envi-
ronmental movement was in the 1970s

“We believe in living off our income—the
sun and the wind-—and not off our princi-
pal—our depasits of fossil fuels,” one of
these activists, Jim Benson, told me.

Benson, founder of the Institute for Eco-
logical Policies in Fairfax, Virginia, criss-
crosse¢s the country talking to community
groups and trving to build the large constit-
uency that consérvation lacks and badly
needs. He throws out provocative figures.

In Butte, Montana, for instance, he tells
the people that the average family there now
shoulders 54,000 a vear in energy costs,
$1,000 of that hidden in the costs of goods
and services they buy. By 1989, he savs.
those costs will be $16,000 per family,

On Long Island, Benson points out that a
typical homeowner who invests $2.500 in
cost-effective conservation and solar-energy

measures could save enough fuel to pay for
the work in seven vears or less and help the
local economy as well, Over the next four
decades at least 16 billlon dollars from saved
energy could stav in Long Island consumers’
hands rather than go into overseas and out-
of-state bank accounts,

“This country can spend 30 bithion doliars
in three wayvs,” Benson likes to say. “Ohne,
we can buy 2.7 million barrels of oil every
day for avear, That's 30 hillion dollars gone.

“Or we can build ten svathetic-fuel
plants. In ten or ffteen vears those plants
may supply half a million barrels aday. Con-
siumers will spend ot least 18 billion dollars a
yvear to buy and burn that new fuel.

“Or we can put that 30 hillion dollars into
resicdential conservatien over the next three
vears. We would then be saving half & mil-
lion barrels a day in fuel oil alone. Each vear
we'd also save 230 billion cubic feet of natu-
ral gas and 46 billion kilowatt-hours of elec-
tricity. That's 9 billion dollars a vear we
wouldn't spénd on energy!”

Some cities—notably Portland, Oregon,
and Seattle, Washington—have already
seen the connection between conservation
and their economies. Citizens in Portland
spent thousands of hours working out plans
to reduce energy use in the city 34 percent
by 1995 and thereby keep a hillion dollars a
vear from leaving town. Among the city's
many new actions is a rule that by 1984 no
house—new or old—can be sold unless it
i5 certified to be weatherized. Seattle is
hoping to convert some city buses to run
on ethanol, which can be produced from
local wood wastes.

Fitchburg Shows the Way

At first glance, one would say the pioneer-
ing spirit must have fled Fitchburg, Massa-
chusetts, around fifty vears ago. The former
mill town of 38,000 people looks like so
many stagnant, industrial towns in New
England-—depreszed. But then there’s that
billboard on the edge of town: “Welrome to
Fitchburg, the first citv in Americato FACE
the energy crisis.”

FACE? Anvone in town will tell vou that
means Fundamental Action to Conserve
Energy. Last winter it seemed evervone in
Fitchburg was armed with a caulk gun. A
poster in the local weatherization office told
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the storv: "Send the Avatallah a message—
Fitchburg doesn't need his oil ™

Like most New England cities, Fitchburg
has relied heavily on foreign oil. FACE be-
gan as a loral task force in late 1979, when
heating il prices were doubling and there
wis widespread fear of the elderly poor
freezing to death if the winter were severe, It
snpwhalled into ten neighborhooed traimmg
centers and scores of volunteers, working
with federal ACTION personnel. They
spent 16-hour davs showing Fitchburgers
how to seal up the leaky old homes that are
prevalent there—and that help make New
England a major drain on the nation's econ-
omy. The basic message hammered home

ELECTRICITY
FROM THE SUN

NE SENSES THAT maybe, fust mavbe, g s0-

lar revelution (s brewing. The photovoltmce,
orsolar electric, cell could turn out to be the joker
in the global energy deck, the breakthrough that
could help disperse the gloom from our enargy
horizon. One must be cautious. It is eosy to be
overenthusiastic about these safe, nompolluting
energy producers. But in solar circles optimism
runs high that we will becreating electricity from
the sun sooner rather thon later.

Solar cells work. They were developed to help
power the United States” space program and
have performed impressively. Last year in Cali-
fornia they powered the maiden fiight of the
“Gossamer Penguin”™ (facing page), the worid s
first piloted solar airplane. But they hove heen
exorbitantly expensive, and while costs howve
dropped sharply, the price of producing electric-
itv with phorovoltaics tsstill more than ten times
as high as average utility rates. Many industnal
and utility officials doubt it can be made cheaply
enough to have much impact in this decade.

(In the other hand, high-priced otl 5 chang-
ing the ecomomics of energy production dramat
cally. In the United States, Europe, and Japan
splar firms are pressing hard on photovoltaics,
psing technology similor to the kind that mode
the muini-computer available to everyman. The
Department of Energy’s photovoltaic program
director, Paul . Maveock, belimwés the cost of
photovoltaic electricity could drop enough to
make solar cells competifive with conventional
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was that almost anyone can cut his house-
hold energy bills by at least 20 percent with
simple, low-cost steps such as caulking and
weatherstripping.

Sixty percent of Fitchburg's households
took some action, enough to make “Follow
Fitchburg™ a rallving cry for numerous cities
that are adopting its plan. Still mast partici-
pants in Fitchburg took only the cheaper,
easier steps. A follow-up study revealed that
many Fitchburg residents either did not
know what further, major steps to lake or
could notatford the work.

Sturting this vear the federal povernment
will address both problems. It now requires
all large utilities to offer free or cheap energy

sources of electrical power by the mid- 19805,

Federal regulations require public utilities to
buy electricity from gualified independent pro-
ducers it a price roughly egqual to the cost the
prifities would hove incuwrred in producinyg .

By 1885, predicts Solar Lobby chairman
Bruce Anderson, homeowners will begin putting
punels of solar cells on souwth-facing mofs and
wills. “The solar energy striking o home,” says
Anderson, “can generate more glectricity than
the owners need, even for charging an electric
car. The rest can besold fora profitto the utility.”

Phoenix butlder fohn F. Long has produced
such a house. A major fepanese electric firm has
bueilt three model solar homes. The company says
the hormes are far more efficient than convien-
rionol howuses and wuse less than a third as much
power. More testing (s needed. but such homes
mury be available in Japan within a decade.

Muajor American photovoltaic firms have been
howght by ol companies, a further indication
that photovoltaics could (ndeed become an
iIF.I'I_I'.H'FFI:'-I.!]'![ I.'I'I'l.'!'R'I.' SLUFTE

Affordable photovolraics couwld significantly
alter the current energy distribution network,
particulariy as cheaper batteries become avail-
able that can store the excess eleéctricily gengr-
oted on sunmny dovs. These barteries, charged by
solar célls or by wind, conld make each fome 15
owm electrical generator and filling station

How does a solar cell work? When photons,
which aré encrgized particles of light, strike cer-
rain specially prepared loyers of semiconductor
muterials, their energy knocks electrons [oose
The electrons then begin to flow into connecting
wires, becoming a current of electricity.

Today's thin, brittle photovoltaic cells are
made from stlicon, the second most abundant




audits, The utilities must also help arrange
financing and installation of energyv-saving
improvements, The Tennessee Valley Au-
thority, however. already has developed an
audit-conservation progrum that practically
has had customers beating on its doors.

| doubt that anvone has ever called TVA
Chairman David Freeman easvgoing
“Don’t tell me vour problems, (ret it done,”
he snapped te a secretary before motioning
me mio his suite overlooking Knoxville

Freeman, well known as an abrasive
workaholic, haz jarred a lot of people over
the puast three vears at TVA, the country's
largest electricity producer and long a cita-
del of nuclear power, all-electric homes, and

element on earth after axvgen. Individual cells
are mounted on a panel, wired together and cov-
ered with a protective laver, usually gloss, Stnce
a typical three-inch cell yields at most about half
awatt, it would take at least 6,000 cells to supply
the overgge American home with electrical needs
exciusive of heating and cooling.

Currently most solar cells are made from crys
tuls of high-purity silicon, grown through a time
consuming process, Diamond-edged saws then

bureaucracy. With 14 reactors being built,
TVA suspended construction on four, and
embraced conservation and solar energy.
Freeman urges rural customers to burn
wood. He promotes making alcohol fuel
from the South's forests.

“*TVA began life in the Depression as a
noble experiment. Its purpose was to put a
green cover back on the land and raise the
standard of living of the people here,” he
satd. "It lost itz spirit of adventure and
experimentation after the war, Now we are
going back to our roots. We want to be a
maodel, to demonstrate what can be done. ™

Freeman initinted a revolutionary conser-
vation approach similar to one developed

slice the crystals mto wafers, wasting ot least
nalf the materidl. The expected price break-
through will come when the cryvstals ne longer
nave to be grown and cut so laboriously. Tech-
niguesare glready being perfected that cast poly-
crvétatiineg silicon from molds, draw &ilicon fnto
thin ribbons, and grow thin films from a variety
of materials. These ribbons, films, and cast ma-
tericis reguire [ess-time and promige o be more
economicl,
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HOUSE,
ANCIENT

ARCHITECTURE

HEN DRAGONS are fuel
hills, the best costile 5 a
home nearly self-sufficient in
energy. The house shown here,
“Crephouse,” has no floor plan.
It is a set of principles, most put
tor Lse centuries before the ther-
maostat made constant tempera-
tures possible. The principles
follow from logical use of the

elements: heat from the sun, J

insulation of earth, copling of
breezes and shade.

The insets around Geohouse
iHustrate how self-fought ar-
chitects solved the problems of
making human habitation com-
fortable with materfiols at hand,
Crechouse appiies these anclent
aplutions to  the Northemn
I'I'i:mu.:;rhi:rr'a remperate zome
and adds modernt solar hot-
water heating in roof panels.

The howuse is oriented south,
so  windows admit radiation
from the low winter sun, wiile
roaf overhangs and awnings ex-
clude the high summer sum. This
passive solar Neating 15 aug-
mented by a greenhouse, o mas-
give masonry wall and floor;
and the rock bed beneath. The
rocks and masonry absorb heat
during the dowv and radiote it at
ight. The greenhouse gluss ad-
mits shorter wawe solar radi-
ation but trops the heat of
lenger wave nfrored radiotion
Vents in the wall ard operable
windows encourage comvective
air flows that heip heat in win-
rer and cool (n summer

The north side of Geohotse (s
hirihked with earth, whose tem-
perature changes little, helping
keeep the interior cool in stimmer
and moderate in winter, while
blocking the north wingd's blast

-
i

SHADE

The #wning, mmpies! way to
reduce solur radiation_ & sanly
adjustable. Those of pale fabric or
transhecent plastics also acmit noft.
diffirsed light while Slocking
intetise heat

AIR L OCK

Thoogh simpler in concepd than

the muitipgrpose tunnel indo an
igloo, & vestibule serves one of r.!'ur
Sme em:':—pmhch'n_? the intersar
from an inrush of coid o end
putrush of warm

STE

Protected from the narth by a chiff, 4
Pirehlo village faces the winter sum,
For effective pavaree solar beating, 2
houte should face wittun 28 of soulh




| VENTILATION
| in the trogecs, houses #5¢ rarsed

and open toward prevailin
_ breeses In Geohoise, m’nium,
- e - vernbitators. and wents i the @_
— ' greenhouse wall ensure adequate
: &ir exchange and mixing, N

EARTH SHELTER

Sod houses of the Great Plainy e

coal m summer, warm in winter. Some
rodern varants ate pul below thw frowt
i, where lemperatures fluctuate fitle

THERMAL INEETIA
Slow to heat and cool
desert soobe hooses, like
the thack wall, foar. and
T g | PP | RS rack bed, absorh day's
Wi 1AL SETEEEPNAT KRT I:u-:.:-u.'.-h warmih to radiate
S0 T OIS0 FIRLTIER OF WAV E ssilLrs. did |=' at “rym




by utilities in Oregon, which is running out
of new sources of the hvdroelectric power
that has given the Northwest cheap, abun-
dant energy for decades. There, utilities
aodit and insulate all-efectric homes. The
customer qualifies for a zero-interest loan,
pavable when he sells the house.

Az Ted Davenport of Portland’s Pacific
Power and Light explained it: “What's the
difference between hanging storm windows
and building a new power plant? We get
muore kilowatt-hours either way. Conserva-
tion’s a lot quicker. And the kilowatt-hours
we develop through conservation cost us
less than two cents, Those from a new
power plant run more than six cents and are
climbing fast.”

To that Freeman would add, “There are
more uncertainties in the performance of a
new power plant than in insulation.”

TVA's conservation program had a
30,000-gudit backiog last vear with only
word-of-mouth advertising.

A TVA auditor tells the customer which
conseryvation measures would be financially
worthwhile, estimates the cost and savings
of each measure, and supplies & list of ap-
proved contractors. TVA pays the contrac-
tor selected, but only if the completed work
satisfies TVA's inspector, The customer
then pays for the work, interest free, on s
monthly bill. A typical 51,500 job would
cost $17.85 a month over seven years. At to-
day's rates, the typical all-electric customer
will save about that much in electricity, So
the savings cancel out the monthly charge

“By 1990 our conservation and solar pro-
grams will be worth the output of four to six
1,000-megawatl nuclear reactors,” says
TVA's conservation director Bob Hemphill.
“Those programs will cost usat most 1.3 bil-
lion dollars. Four nuclear plants would cost
us at least six billion.”

For most utilities the energy crunch has
brought an identity crisis. Some are begin-
ning to view themselves more as energy-
service specialists rather than simply
power providers, The Pacific Gas and Elec-
tric Company, California’s biggest utility,
has transformed itself, with prodding from
the Environmental Defenze Fund and the
state’s Public Utilities Commission, into a
proponent of conservation. At the PUC's
command, it 1s offering tens of thousands of
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itz customers incentives to install solar water
heaters, It offers money to builders of
enerpyv-efficient houses and grants to cities
that cut energy use. Vice President John
Cooper told me the utility might some day
actually give nway efficient air conditioners
or refrigerators just to get the energy guz-
tlers off their lines,

Southern California Edison, moreover,
has announced that renewable energy is
now a “preferred technology.” The utility
now believes conservation and alternative
energy sources can provide for 30 percent of
new electricity needs in the 19805,

Asvaluable to our country and our econo-
my as conservation is, it often costs more
money than most people, companies, and
utilities—many of which face serious finan-
cial problems—can muster.

Conservation Becomes Capital

How do we raize the capital we need? In-
novitive rate schemes or bond issues could
help funnel conservation money through the
utilities. Another idea 15 to treal CONSErve-
tion investors the same way we treat the peo-
ple who put up the money to explore for new
energy supphes. In other words, we might
make it lucrative to *drill” for oil and gas in
our buildings. How so? Well, it costs much
less to save a barrel of ail through conserva-
tion—often less than $15—than to find a
new one through exploration. Congress en-
courpges private investors to underwrite oil
and gas exploration by giving them very
generous tax breaks. So, why not give simi-
lar shelter to those willing to put up capital
for conservation? The Alliance to Save En-
érgyv, a nonprofit coalition of business, la-
hor, consumer, and environmental groups,
envisions a group ol investors approaching
homeowners through energy services com-
panies and offering to pay for all justifinble
conservation measures—in cxchange for
two-thirds of the energy cost savings real-
ized by the homeowners. Like oil and gas in-
vestors, the conservation investors would be
able to write 30 percent of their investment
off their taxes right away.

Inaleaky New England home with an old
oil furnace, for instance, 31,000 invested in
furnace improvements, insulation, and
weatherproofing could save 40 percent of
the homeowner's heating hill—or about




480 a vear. The investors would make their
money back on this house 1o less than four
vears. After the investment group had made
a reasonable profit, the homeowner could
buy the investors out and keep all the
savings

House Detectives [or Heat Losses

“Most of the houses we audit are consid-
ered well insulated,” Gaotam Dutt said en
route o New York's Westchester County
with several other Princeton University
“house doctors” (page 48). “Most utility au-
dits would say don’t do anything. But we
can often save an extra 20 percent.”

We stapped at a house in New Rochelle. A
crew from Consolidated Edisen, which was
working with the Princeton team on a pilot
project, had set up a laree fan in the door-
way. The fan was turned on, pushing warm
air out any available crack

Dutt bezan inspecting the house with a
heat detecting device called an infrared
scanner. Through this scanner, about the
sizeof n TV minicamera, hot spots appeared
red and cold areas black. We crawled into
the attic. Cherry red regions glowed where
missing insulation or air gaps around vents
had created invisible breezeways for the
warm air being forced out of the house
below

While Dutt was in the attic, a colleague
paced the family room with a pencil-like
stick that puffs smoke. The smoke streamed
into numerous invisihle air leaks along the
Noors and celling moldings. Once located,
these leaks were easv to patch

“Most peaple are astonished at the leaks
we find, " saird Austin Randolph, the Con Ed
crew chief. “One woman drove around look-
ing for our trock to thank us. She had turned
her thermostat down six degrees and still felt
more comfortable than before.”

Dutt and his colleagues want 40,000
house doctors to be trained over the next few
vears. Thev say a vigorous house-doctor
program for the country's 70 million homes
would cut home-heating demand in half and
save the equivalent of two-thirds of our
Arab ol imports,

Dramatic savings are also possible with
new houses. “We can take the sverage new
home built near Chicags down from needing
about 80O therms of natural gas a winter for

THE FUSION
SOLUTION

I HE ULTIMATE ANSWER t the energy

probiem"—thus many scientists envision
nuclear fusion. It promises virtually limitless
energy, but poses perhops the greatest technp-
logical challenge ever fuced by mankind.

Fusion is the process that makes the sun and
stars burn and powers the hydrogen bomb, Uln-
like the familiarfission reaction, which splitsthe
hisavy atom, a fusion reaction joins the nuclei of

twed light atoms, in this case deyterium and tri-
tium, forms of hvdrogen. In both cases there is @
[oss of mass and a release of tremendous energy

To uchieve fusion, stientists must re-create
the extreme conditions that exist instde the sun,
where heat reduces matter to an fonized pas
called plasma. In this plasma, atomic particles
become so energized that they overcome their
electrical repulsion, collide, and fuse, releasing
energy and making the process self-sustaining.

Researchers know how to create and heat a
pasma. But how do you confine a plasma and
reep it ot enough for fusion? The most ad-
wirriced deviceis the Tolkomak, using electromag-
netic coils {A) formed in the shapeofa doughnut,
for creating a magnetic field to squeeze and con-
titin the plasma (B)

in a fusion-powered eclectrical generating
plant, helium (C) could be used to carry
heat from a Hithium blanker (D) surrounding the
plasma to a heat exchanger, where steam would
e created to run turbines.

The U. 8.5 largest experimental Tokamak, at
Princeton University, begins operating this year

Fusion offers immense advantoges over to-
day’s fission reactors: only a fraction of the
radioactivity, no threat of meltdown, and a plen-
tiful source of deuterium from water. But
fusion technology (& s0 complex that some feel it
will never be inexpensive enough o use. In any
case, commuercial fiiston will not come before the
Medr 200




space heat to between 300 and 400 therms,
said Dr. Arthur Rosenfeld, a buildings spe-
cialist at the Lawrence Berkeley Laborators
in California. *You add about 51,000 to the
price, but so does 10 percentintlation in two
months: We simply put in more insulation,
plug the bypasses, and use g£oodl windows
We cin butld hous=es so tight we'll need me-
chanical venlilators.

These ey
can eliminate the recently publicized prob-
lem of toxic substances bullding up m the
air in weather-tight houses, Smaller and

dair-to-air heat exchangers”

cheaper than window air conditioners, they

use very littleenergy. They provide fresh air,
just as anopen window does, while retaining
753 percent of the heat from the stale mir
Rosenfeld predicts that by 1990 we mas
have windows as thermally efficient as to-
day's walls, lurnaces that are 90 percent eth

cient, and widespread use of solar hot water
and passive features

Many homeowners have already built
houses that use very little energy. In Davis,
Califormia, 1
with Mavor Sandv Motlev. Similar subdivi-
sions lay on either side of us

“They look identical,

lrove down Anderson Roacl

don't they?" saul




Motley. “But the houses on the left use only
halfl the energy of those on the right.”

Davis has pioneered building codes and
regulations that, among other measures,
require that new houses be oriented south
That way most windows can take full
advantage of the sun’s heat in winter. Trees
vines, overhangs, or awnings must shade
windows during Davis’s hot summers
shading alone can cut air-conditioning
aemand I most Davis homes in half, At
least two builders have found Davis'senergy
awareness a boon.

“People began asking us for solar houses,™

Energy bills are minimal of the Integral
Urban House (left), a project of the Faral
lones Institute in Berkeley, California. A
group of binlogists, engineers, and archi
tects bought the house in 1974 and outfi
ted it as a model of self-reliant city livinge

Solar panels on the roof heat water, A
wind machine, foreground, aerates an
aguaculture pond. The lown ared pro
duces crops pollinated by honey-making
bees (right)

A composting toilet (above) conserves
water and, with the addition of grass and
[edaves, Oredks hurman waste into an odor-
255, rich compost that after 2%, years 15
removed (abowve right) and used to condi-
rion soil around flowers and trees

zaid builder John Whitcombe. “We didn'
know how to build them but we sensed a
good business opportunity.”

>0 Whitcombe devised an active solar sys-
tem that heats 4 house by running water
warmed in rooftop collectors through the
floor slab, He had just finished a 95-unit so-
lar apartment complex and was working on
a 120-house solar subdivision

“This solar house will cost $750more than
a conventional house,” he said as we toured
a home he built and hives . “In this cli-

mate 1t will save at least 3500 each vear in
energy costs. On the apartment complex,




AVISIT FROM
HOUSE DOCTORS

I SOME ENERGY RESEARCHERS from
Princeton University have thelr wey
of tens of thousands of “house doctors
calling om millions of American homes d Ved!
I |'I!:'-. Ty weorpilel vasct L Bl foisenold. by the
muid- 1 95905

They would lr"-"L'.--...'I!'-L' the standard cures for
leaky homeas—
msulution, and storm windows, They wotlid tune
P furmaces or presdribe new ones, More (rmpor
rart, they would use spectal nstruments (o [o
cote a whole « .rr.'g."ﬂ.' of air leaks no orne Rreen
about until recently and

In the rmid-19

seatl them on the spol
705 g Princeton team realized
that no one really undi .".'-il'l'l.ln.! How 0 house per
forms thermaolly., With federal funding, the tean
matruments in well-insulared

i Fa ki

began putting
sew Jersey homes and found that, despifs
lation, the houses were logsing three o five times
maore heat through the roof thon expected

Demonstrating their technigues: (above), the

team sefs up a !uré-_v firn, called a blower door
to create @ N-mile-an-hour draft n this home

While Goutarn Dutt monitors istruments- o

(WEpEFERIDg |

il b

coaulking, weatherstripping, more

caleulate the overall
iz associate Kenneth Gadsby, af right

and walls with an

leakage of air from the
NOUSE,
SCOMS cellings infrared heat
d spots appear dark in the scanner, ndi
cating that heat

e Dy pass.

15 |'I-L|'|,_ lost throw |_-|-| SOFTE InbiEi-

Fhe houge doctors locate other leaks with a
" ibelow). A -.r"r-.L"' FrICEr strecms
triko an electrical socket, another source

pected heat leaks in most homes

'SMOoRE pencl
of wmex-
Inexpensive
foam gashets can be used to seal these outlers

Nearly every house, the team discovered, had
many paths rr':r--|.;|.'1'| wehich surprising amounts
af heat bypass the attic insulotion. These might
pbhyioys as o
hoie tn the attic floor

i TIAALIELE EresSladgl

b s

tion batt. Many by
passes, however, ar
phscure. Hollow in-
terior walls or open-
Mg W Ty the
plumbing vents and
Elecimical wirgs THISS
the attic floor can be
breezeways for heat
to the cutside

.'II '-"I-:'"-lilllili"-_'-rrnlt

CPETIINE arpund o




times more heat than {t wouwld f stuffed with
three and a nailf tnches of inswdation.

They estimate that, overall, 2 percent of the
energy used in America is stmply wasted by es
caping through these attic bvpasses

Although such leaks can be plugged cheaply
and easily with fiberglass insulation, finding the
bypasses usually reguires house doctors’ train-
ing and eguipmaernt

From an energy standpoint America’s hous
tng stock 15 in bad shape. Ninety percent of ouwr
houwses were built with less than six inches of
attic tnsulation, and a foir amount of that was
put in corelessiy

Experts differ on what it would cost to tighten
upan "average’ house, aswell as how much such

furnace flue, the team found, loses hundreds of
| d

meisures would sove. Thin s because holises,
like climates-and labor costs, vary so much

"he Princeton group estimates that a commer-
clad house-doctorvisit and guick fix would cost
from $200 to 3400, Even such o stemomary freat-
merit should lower heating bills by 15 to 20 per
CTit, rJI.I [T estimaies

A full-fedged retrofit by a contractor would
rizn from 1,500 to $3,000, but could save half a
home's: yearly heating costs. This investrent,
they say, would give a much better retuomn than
the interest paid on savings accounts. If all the
country's 70 million residences had house calls,
ard thetrowners followed the doctors’ advice, we
wotlld save the equivalent of two-thirds of our
Arab oll imports.

sigrniificant savings cowld be cchieved, Dut
emphasizes, by remedying conductive heat
[osses through windows, which can be major
energy drains. Triple-glozed windows, (nswloted
shutters, or coverings such as the Window Quill
detng plitin place (below) can cut window [osses
dramatically

)

moreover, we received 312,000 in solar tax
credits. That's more money than we'd nor-
milly make as profit on the whaole project.”

Bullder Michael Corbett, on the other
hand, stresses passive solar technigues,
which are fast becoming the approach of
choice among solar architects. These tech-
niques rely not on solar collectors or elabo
rate plumbing, but on the architecture of the
putlding to trip and store the sun’s heat 1n
winter and reject itin the summer. The solar
orientation and south-facing windows that
[davis requires are of passive design

a0 are Trombe walls. These are simply
masonry outer walls with vents at top and
bottom. A glass plate on the outzide of this
will ¢reates a pocket of air that heats up
when the sun strikes it. The warmed air rises
and flows out ol the upper vent into the
house. Cool room air is pulled in through the
lower vent to be solar heated. The mazonry
witll heats up too, butittakes about six hours
for the heat to work its way through the
brick. This time lag lets the sun warm the
house well after dark.

“ew Life For an Old Idea

LCorbett’s 217-house subdivision, Village
Homes, is a collage of solar ideas. His favor-
ite technigque 15 the sun-room—or green-
house if vou grow plants in it

The greenhouse,; an old wdea, 15 becoming
one of the most popular and effective wavs
of heating houses with the sun. In New
Mexico and Colorado, inexpensive green-
houses warm the farm homes of low-income
Chicano families and permit the growing of
food all vear. In Agawam, Massachusetts,
Marvy and Ermie Bleeck said their new
ereenhouse off the kitchen serves as atoasty,
cheerful living room on sunny winter days,
letting them turm off theirr furnace. When
wn their kitlchen door and windows,
the greenhouse heats that room too.

In Michael Corbett's scheme a bed of
rocks sits under the slab floor. In winter, the
warm air from the sun-room is pumped
through pipes embedded in the rocks. Asthe
rocks are warmed, they warm the slab
which in turn heats the house. 1o summer,
the vent from the sun-room is closed and
another outside air vent is opened for a
few nighttime hours. Cool night air is
pumped through the rocks, chilling the slab

| hl'_"_'. (1]
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and helping air condition the inside. Decidu-
ous trees shade the sun-room during the
summer as well, reducing heat buildup,

Midway across the country the people of
Soldiers Grove, Wisconsin, are building
a new solar-heated downtown. The old
downtown had been repeatedly flooded,
and the villagers decided they would rather
construct a new waterproof village center
off the floodplain than new levees.

The townspeople had not seriously
thought of going solar, however, until they
met architect Rodney Wright and his wile,
ayvilney, acity planner.,

“We simply told them that we could de-
sigm their downtown sothat 75 to 90 percent
of their heating could be provided by the sun
and it wouldn't cost them a penny more,”
said Rodney Wright.

“You may call people out here hicks, but
we know what makes sense.” said Ron
Swiggum, former village president. “Hav-
ing this energyv-efficient downtown is going
togive pur businessmen more opportunity to
compete with those in bigger cities. Espe-
cially as transportation costs go up, "

I climbed into the sweltering glazed-rool
“solar attic™ at Cecil Turk's new grocery
store. The attic collects heat and fans blow it
downstairs as needed. “The other day, with
the wind-chill factar, it was zero outside and
152 degrees up here,” sald the foreman. “My
men are almost down to their shorts in the
dead of winter building this place.™

The upper Midwest is excellent country
for solar energy, insists Sydney Wright, not
because the region has that much sunlight,
but because it needs the heat 20 baly,

Putting the Wind to Work

Solar energy also drives the winds, and
this vear several utilities will bégin buving
wind power. In Honolulu, Hawaiian Elec-
tric spokesman Dick Bell told me a private
firm, Windfarms, Ltd., is about to build 20
four-megawatl wind machines on Oahu for
his utility. When the wind blows, said Bell,
“we won't have to burn as much oil. "

Oil i clearly Hawaii's energy problem.
The island state imports all it consumes,
This vulnerability, however, has sparked
an aggressive energy program.

“All those things Hawayd makes vou
think of—the sun, the ocean, the trade
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winds: volcanoes, even our supar—these
are wonderful resources,” Governor George
R. Arivoshi told me, “l truly believe that,
using these, Hawaii canin the not too dis-
tant future become self-sufficient, at least in
electricity.”

As he spoke, Hawaii's sugar industry was
burning its cane waste to produce nearly all
the electricity it needs, plusup to 40 percent
of the electricity the public consumes on two
of the less populated islands.

More solar water heaters per capita were
glittering on Hawaiian roofs than in any
otherstate. A test project to create electricity
by using the temperature difference be-
tween warm surface water and the deep cold
water right offshore had just succeeded (see
box. following page). Hawaunan Electric
hopes to be buying 50 megawatts of this
ocean power, known as OTEC (ocean ther-
mal-energy conversion), by the late 1980s.

Learning to Hamess Volcanic Heat

This vear steam from hot volcanic rocks
on the Big Island will begin driving turbines
to féed electricity into that island’s power
grid. These geothermal sites can eventually
provide much, much more power than the
Big Island can use. If economical undersea
cable can be developed, the Big Island could

EXPOrt energy.

A few vears azo most people thought that
in order for geothermal energy to be useful it
had to be geyvser hot. No longer. Plain hot
water— often less than boiling— can be used
in numerous industrial processes ranging
from dehvdrating potatoes to pasteurizing
milk to washing beer bottles. Perhaps most
important, it can heat buildings.

The West has tremendous geothermal po-
tential. In Boise, Idaho. I drove with geo-
thermal expert Diave MeClain past dozens of
turn-of-the-century mansions along Warm
springs Avenue. “Some of these old homes
have 24 rooms and no insulation, but they
have geothermal heat,” said McClain.
“That means it's been costing only #2200 or 5o
4 vear to heat them.,"

As Canadian natural-gas prices sodr,
Boise is expanding itz hot-water system. " At
least a third of the buildings in the city could
be heated geothermally,” «aid Phil Hanson,
director of the Boise Geothermal Project,
which wants to hook downtown office




butlchngs up to hot-springs water. “The
owners of 82 buildings want to be connect-
ecd. More than 300 residences are waiting Lo
get hooked in. Une developer wants to build
a 4,000-home geothermal community, ™

Few cities have good geothermal re-
sources as close as Boise's. A major geother-
mal drawback, in fact, is that it is'often not
where it 13 most needed. But as many as 300
cittes, mostiv small, could go peothermal.
Reno 15 one. And the Northwest Natural
Gas Company isexploring the idea of bring-
ing hot water 40 miles from vaolcanic Mount
Hood for use by Portland industries,

The earth itself can help conserve because
just below ground the temperatures are
moderate all vear. Increasingly, people are
building houses at least partlv underground
“A well-designed earth-sheltered hoase can
save between 30 and %0 percentof the energy
that standard houses use,” said Charles
Lane of the Undeérground Space Center in
Minpeapolis, In 1978 the country had 30
such houses. Now, he gstimates, there may
be as many as 3,000 under construction

L huck Lappt built one of those first earth-
sheltered homes in 1974 outside Luverne,
Minnesota, near the blizzard-blown South
Dmkota border. He covered his roof with
sodd, as did many earlier pioneers, and plant-
eol pratrie grass on the hill that protects three
<ides of his home.

“When we built 1it, people kept asking us
about dirt walls, " said Lippt. " They thought
we lived in & dark and dingv cave. ™

Lappi’s house 15 far from dingv. A south-
facing greenhouse throws light throughou!
the main living areas. “On sunny davs, even
when it's minus 207 with a bitter wind blow-
ing, the greenhouse heats the house to 75°,"
said his wafe, Consuelo, A wood stove, with
backup electrical heat, warms the house at
might and on snowv days.

Power Springs From the Uity Dump

Today we actually have too much of one
renewable resource—garbage. We could
save considerable energy by recveling more
refuse. Allernatively, some communities
may soon be turning it into electricity. Dade
County, Florida, plans to burn three-fifths
of 1ts daily collection to generate enough
power to electrify 40,000 homes, Los Ange-
les’ garbage could displace 13 percent of

THE PROMISE
OF OCEAN
ENERGY

IKE A VAST STORAGE TANK, the oceans
absord neurly 75 percent of the solar energy
that strikes the earth. OTEC, which stands for
Clcean Thermal Energy Comversion, s ¢ way to
tap this energy by making use of the temperature
difference between sun-warmed surfoce waters
and the cold ocean depths
The OTEC idea works best in the tropics,
where the surfoce 15 warmest. Inside one OTEC
system, wdrm water vaporizes a low-boiling
poant flutd such as ammonia. The vapor drives a
turbing to penerate electricity. Cold water
pumped from 3,000 feet down condenses the va
por back to a higuid. A cable might carry the elec
trical output to shore, or the plant could serve as
0 Aoating fuctory, making hvdrogen for fuel or
extracting minerols ond chemicals from the sen
OTECneeds no land, caouses no pollution, con-
sumes no fossti fuel. Winle OTEC energy toda)
wionild cost more than comventional electricity,
this gap could close in the 19905
Amini-OTEC project off Howail {abowve) has
worked on o small scale. The Department ol
Energy estimates that by the year 2000, OTEC
could replace 400,000 barrels of oil a day.




the oil its citv-owned utility now consumes.

{On a hot day on Staten [sland, New York,
I hiked—as fast as possible—to the top of a
50-foot-high garbage mound at Fresh Kills,
the world's largest garbage dump, Well be-
low my feet, bacteria were turning old
huried garbagre into methand.

‘“We drill down and draw the gas out,”
zaid Gene Luntey, president of Brooklyn
Union Gas Company. “We will clean it and
end up with a product just as good as what
comes out of the well in west Texas."”

Fresh Kills could one day provide enough
gas to fuel 16,000 homes on Staten Island,
As I hurried off the hill, T realized that left-
overs from a Chinese dinner 1 ate ten years
ago when I lived in Manhattan might warm
a New York [amily next winter.

Just as intriguing is a technigue called
Anflow, which uses specialized bacteria to
clean municipal séwage and industrial
waste water. Such treatment today requires
considerable energy. The bacteria do it with
half the energy and can generate methane in
the process,

“ew LUse for Walnut Shells

Agricultural wastes also offer significant
potential. At the Diamond Walnut Growers’
cavernous plant in Stockton, California,
research engineer Ted Garbeff handed me a
bag filled with a coarse brown powder.

“Crushed walnut shells,” said Garbeff
“We produce up to 35,000 tons of the stuff a
vear. We've always sold it as poultry bed-
ding, toy fillings, and for making glue. "

Walnut shells also make good fuel. Dia-
maond has begun to burn them in a boiler to
“cogenerate,” a term that means making
both electricity and heat together.

Many plants that make steam for heating
and industrial processes can cogenerate
electricity by first running the steam
through turbines. This can save 30 percent
of the energy required to do both separately.

Industry uses more than a third of our na-
tion's energy. Cogeneration could cut that
amount by 15 percent. In theory, Texas’s
refineries and petrochemical plants could
cogenerate 123 percent of the electricity the
state uses.

A city can cogenerate, too. St. Paul, for
instance, plans to heat its entire downtown
with waste heat from a atility power plant.
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Diamond Walnut Growers' shell-power co-
generation is especially beautiful. First, the
fuel itself is renewable. Also, waste heat from
the walnut burner warms the plant, eliminat-
ing a big gas-fired boiler. And the walnut
burner generntes three times as much electric-
ity as the plant needs. Diamond sells the ex-
cess power to Pacific Gas and Electric,

In the past, utilities have resisted theidea of
buving: electricity from such independent
suppliers. Now they will have no choice, New

WHERE DO
SOCIETY

MEMBERS
STAND?

S THE RETURNS from a recent survey of
National Geographic Soctety members’
attitudes on energy began coming in, it guickly
became clear that members are indeed grappling
with this complex subject, A surprising 56 per-
cent of those polled returned their survevs. They
did it, moreover, with impressive speed.

Almost all respondents volunteered specific
comments, which is again unusual for such opin-
{on polls. Many members called for a crash pro-
grarm like the Apolle project that sent men to the
moor. Others bluntly demanded that the govern-
ment keep itz hands off the energy business.
“leave the energy problem to free enterprise,”
wrote one Westerner. A midwestern member sar-
castically agreed: "As soon as big business
figures out a way to put a meter between the sun
and the consumer, we will probably solve the
energy problem!”

Solar and wind power, ¢ hydrogen economy, a
fully nucledr future, a recycling society—almost
every dee had its edvocate. The diversity of
members' viewpoints on this volatile subject
was not surprising. However, the depth of their
COMCETTE WALS.

Seventy percent of our members believe the
energy situation to be “serious.” Sixteen percent
consider it a "crisis.”

What are they doing about it? Ninety-one per-
cent ‘of the members said they turn off more
lights. Eightv-one percent use less energy to heat
their homes. Fiftv-nine percent have also re-
duced their water-heating [oads,

Eighty-five percent use less energy for their




federal regulations require utilities to pur-
chase electricity from anvane who wants to
produce it. Mareover, the utilities must pay
a price roughly equal to the costs they avoid
ov not having to generate that <ame electric-
ity themselves.

Cogeneration produces wvigorous pio-
neers, especially in New York City with its
extremely high electricity rates,

On the dayv that the 1,000 families who
live in the Big Six Towers in Queens

declared their energy independence from
Con Ed, workers dug up the utility's electric
cablesand severed them, Laterthe firstof the
five cogeneration machines that Big Six had
installed started up. The lights went hack on
and cheers echoed between the towers,
Cogeneration will save the cooperative
apartment complex £300,000 a vear, said
Big Six manager Richard Stone. Big Six
couid also generate an extra 22 million
kilowatt-hours it wants to sell to Con Ed

frransportation, mainty by taking vacations clos-
er o home and organizing their driving to make
fewertrips. Forty-one percent walk more, 20 per-
cent bike more, and 16 pervent have recently
Jomned car poois. Eleven percent use public trarns-
poriation more frequently

How do higher prices affect their gasoline con-
sumption? While 42 percent say that dollar-and-
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a-guartgr-a-gallon pos has severely curtailed
theirdriveng, 259 percernt sav they will not makea
miajor cutback until a gallon costs two dollors.
Sixteen percent said it has ro reach four dollars
and two percent said five, More than half would
rather wait in line for gasoline than pay higher
prices, with rettred persons indicating the great-
ext willingness o wait

More than two-thinds of our members have

mde their homes more encrgy efficient. Half
have caulked or weather-stripped. Thirty-five
percent have added insulation; 25 percent have
put on storm windows. One percent now boast
solarcollectors

a0 much for what they have done already
Crepgraphic members have some strong opinions
about what they or the government should be
doing tn the future.

Ninety-one percent feel the United Stotes
should be mdependent of foreign oil and gus by
the year 2000, but only 77 percent helieve we
actutlly can be energy self-sufficient.

A startling 52 percent believe the government
is handling the energy crunch poorly. Nearly
three-quarters, nevertheless, want the govern
ment more ovolved in enermy. Ninety percent
think our habits of consumption have contrib-
tuted o the probilem. Nearly as many believe the
auto and oil industries share the blome.

A slem muajority of members wants to limit the
number of cars imported. A more substantial
majority opposes military getion 1o secure for-
¢ign oil if oursupplies are cut off. In that event 62
percent of the members favor pas rationing.

Members were given several energy alterna
rives and asked which they thought were proeti
cal, and then which ones were desirable.
Conseryation was everyone’s favorite alterma:
rive. Kighty-eight percent think it is practical; 84
percent said it is desirable. By contrast, 86 per
cent feel that using more coal is practical, but
only 64 percent think it is desirable. Nuclear
power likewise gets a 72 percent practical rating
versus a 53 percent destrability vote, On the
other hand, solor energy ranks with conserva:
tion tn despabllity ot 85 percent; 76 percent
think it s practicel. Fewer members think wind
is practical—&66 percent, even though 77 percerit
would like to have wind generating our future
power. Nationol Geogruphic members clearly
vote for “renewable energy sources.” Nearly 80
percent of the members feel renewables are a
workable solution to our energy needs.
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“There are |||||||ir|w| : of entities ke us in
MNew York that can cogenerate,  said Stone.
“We can make ou ncity amgd steam
-n|;|P||1||r|--w11a|r4|r|}. ising much less fuel.,
thitn Con Ed. We want to form a coopra-
tive and inteprate mto thelr network so thes
can retire their old inefhicient plant=,™

(Con Edis ichtingthe cogenerators Nerce-

lv. The utility can already provide more
power than it con sell. It hias no interest in
buvingelectricity from scores, pe ul_-qu- hun
dreds, of independent producers, and. de-

spite the federal regulations. 1t intends to

Fi=]=1 : VINE AN encouragine '_:':I'!-.';'

The cogenerators are being encouramed.
however, bv Con Ed s smaller rival, Brook
ivh Union Gas, which foresees an abun
I|,|III ¢ 0 || =l B I|I||',|| gae MAaAnY COFEnerfjlory

would use
Carow Power in Your Own Home

Brooklvn Unlon is testing small, nonpol-
luting, efficient Fiat engines called Totems.
[Mhiev cogenerate electnoity and heat ina 15-
kilowntt size—perfect for small businesses
AT APRLCLITE houses, lotems can exiract
90 percent of the energy 1n natural gas. (hl

burning utilities are lui h; LD CILPLLTE SL pET
cent of the energy i thear fuel

Moreover, sunpower, Ine,, a small Stir-
hing engine company in Athens, Ohio, has
developed a® '--!.'.lll'lllll energy svatem” that
could turn private homeowners inlo cogen-
crators. These quiel, file-cabinet-size svs-
tems, wWhilch could run on any Tuel Trom gas
to wood chips to rnice husks, use two smail
quiet Stirling engines of
ety. Une drives o heat pump to air-condition
and heat a home, A second engine produces

v, T he waste heat from both would

Lhe [ree-pision Varl

clectric _
heat water

Cogeneration enthusiast= are not the only
CHRerey advVvoCaLes G f:.'_;h- ¥ I.""|II"'.|.- I"IIII? :—.
Citv. With members of the Enerpy Task
Farce, a local activist Zroup, | visited a halfl
tlemodished I||:. |
nana kelly because 1t 15 & curved stretch ol
kelly Street in the south Bronx

Nowhere had the energy crisis struck esr

her or harder. For vears: while residents of
Manhattan's overheated high-rise apart-
ments opened thelr windows in winter for
friesh air, children shivered and pipes froze

I||-.II-|' 1k || fEIl'.l-le.-.:I'Il.'llf ].'-.':-

in the South Bronx, Landlords, sometimes
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well-meaning, could not heat butldings. at
rents the tenants could afford. All too often
the buildings were simply abandoned.
Throughout my travels; T had seen that
the poor suffer most from the rising cost of
encrgy. They drve the second-hand gas
vingzlers. They live in houzes without doors.
But something was happening here in the
South Bronx, the national capital of despair
The residents of Banana Kelly had formed a
nelghborhood association, obtaned loans,
and were donating time and sweal to take
title to the landlord-abandoned buildings
they inhabited, The street was alive with
people hammernng and sawing. They were
gutting tenement houses and rehabilitating
them with insulation and thermal window's,
“We started out just wanting to save our
own butldings,” said resident Leon Potis
“We quickly realized that if we wanted de-
cent lives we had to save the whole block.”
S0 group members began winter-proofing
nearby buildings that were ripe for aban-
donment. By replacing windows they kept
energy costs—and rents—manageable
“People were telling me last winter they
were waking up warm for the first ime."
sait]l Potts, “and superintendents were say-
ing, ‘Leon, vou'reright. L am usinglessoil," "

Energv-guzzling Skvscrapers Obsolete

At the other end of the city rises the Warld
Trade Center., the twin-towered, 110-
storiéd monument to a generation of office
buildings whosze like we shall not see again,
As designed, the World Trade Center used
as much energy as the cityv of Syracuse.

Like most postwar skyscrapers, the cen-
ter's windows do not open. As inmost office
buildings, lighting and the occupants’ body
neat throw off so much warmth that air con-
ditioning is needed even in winter.

In the World Tracde Center seven giant
chiliers previously cooled ten million cubic
feet of aar per minute down to 50°. That
allowed building managers to keep tem-
peratures comfortable in the warmest spots
on anv of the 194 one-acre floors. But the

chilled ‘air had to be reheated evervwhere
¢lze. Just four switches control most of thi
lighting on each of the center’s mammoth
[loars. That means if one person works late,
he must light & quarter of the floor.

“Office buildings in New York City use
103 trillion Btu's of energy in a vear,” said
architect Richard Stein. “Thirty percent of
that—equal to five million barrels of ail—
could beehminated with smple fixes. "

Changes are coming in office building de-
sign: Natural lighting, desk lamps, operable
windows, smaller mechanical systems, and
computer-controlled environments. Future
hutldings may use two-thirds less enerey,

The World Trade Center staff, mean-
while, is trving to eliminate what waste
it can. A host of techmical changes
have dropped the

towers' total Btu Hm 12 PAEES

use by 15 percent
I ended my cov-

.. An atlas of

crage  atop

World Trade Cen- Am 'ca’s
ter, talking with El'l

MNew  York trans-

portation  official amrgy

David Gurin. The
ity had just an- MESOUPCES
nounced a plan o

restrict rush-hour traffic across East River
hridges to cars with at least two occupants,
Gurin said it is part of a changing philas-
ophy: to give priority on clogged Manhattan
streets to car pools and public transit.

l'was a continent awayv from San Francis-
cor. Far below 1 could see cars inching, this
time across the Brooklvn Bridge. Soon those
commuters might be crossing at least two by
two, Unwilling pioneers, perhaps, taking a
smitll step, But then, working together car
bv car, house by house 15 the only way for the
country to cross its energy bridge.

That lndv with the torch was down there
too. 1 had seen a lot of innovation and enter-
prise as | traveled her country, Too much to
doubt we'll reach the other side. No way, 1
thought, 1sthe lady's light goingtogoout. [

Meet Sam, the Copper Man: He's strong, silent, and informative to scientists af
Kansas State University. They use the instrumented manikin o gouge the insula-
tion value of various types of clothing. Conservation can be a simple, skin-deep
matter of dressing warmly eénough to keéep thermaostats set law in winter,
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OIL
Lifeblood

Iv 1R5Y9, putsicle Titusville,
Pennsvivania, “Colonel”
Fdwin Dirake punched a hole
some 70 feet deep, struck oil,
and gave birth to America’s oil
hinge. Petraleum guickly
became the foremast fuel for
lighting and lubrication, the
carbiestusesforthis black
milk of the earth that would
ultimately nourish the world's
largest industry. When the
huge Standard Oil Trust
monopoly was broken into 34
separate compamesin 1911,
several of its fragments
remained among the world's
largest firms
Uil famines frequently

threatened the U, 5., but
always drillers made new
strikes, most notably
the great felds of east and
west Texas. Within acentury
after the Pennsvivania
discovery, oil shouldered
aside coal psthe leading
source of energy, By 1048,
almost unnoticed, the United
States already had become

Igs2 55 32 &1 6% &7 7O T3 TE W

From a 1955 peak fewer and fewer welly
wire drilled in the U, 5 as cheaper foreign
ail became .i.rl-:ru:ia.'l'r}gfy svafable. The
Arab tr-LI'l:MbcEz’a 973, fallpwed by
m:hl:mj prices, helped reverse the

ometc g sy

and liability

- NUMBER OF OIL WELLS

. DRILLEDIN THE L. S.. .
40 D0 :
¥ 000 : I

anetimporterof petroleum.

(hl's convenience
particularly suited it foruse in
motor vehicles—a 42-gallon
barrel of crude oil packs the
same wallop as 5,700 cubic
feet of natural gasor about a
guarter ton of coal, During the
past three decades we tripled
our appetite for oil. Its
extreme cheapness encouraged
wasteiul use.

In 1980 Americans
consumed more than a fourth
of the worldwide production of
60 million barrels a dav—to
propel our cars, trucks, and
boats, to heat homes and drive
industry, and to provide raw
material for petrochemicals.

Of this immenze flow of oil.
nearly nine mithion barrels a
day comes from domestic wells,
ranking the U. S. third. after
the Soviet Union and Saudi
Arabin, among world
producers. The remainder
must be imported, and the
bulk of these imports are
controlled by the 13 member
nations of the Organization of
Petrolenm Exporting
Countries, who themselyes
produce half of the waorld's otl.
But our dependence onimports
is much less than that of
Europe, and it pales beside that
of oil-poor Japan, whose
industrial economy must be

L. 5. 0L RESOURCES
lestimated recoverable

in billions of barrels)

Our waning supply of conventional

pofrodewm constitutes anly
a smail fraction of the nation ¢

natural resourcen contalning

oil. Other, unconventional

sources will provide some of the raw
materials Far making syrthetic fuel
for tramportation,

CONVENTIONAL

fed by amobile pipeline of
tankers streamuing inata rate
of four a day from foreign
sources, located largelv in the
Perzinn Gulf

At current production, the
U. 5: has the equivalent of nine
venrs of oil reserves left. To
counter this rate of depletion,
we must discover the
equivalent of three Prudhoe
Bay= in this decade alone. Vet
maost experts fear that few
large fields remain to be found.
Morethan 2.3 million wells
have been drilled in the
L, S —four times as many as
in the rest of the world
combined. In 1980 drillers sank
arecord 60,000 domestic oil
and gas wells, a fifth more than
inthe previous vear and most
of them deeper and far more
costly than evier before. The
mvestment in this urgent
search reached 20 billion
dollars that vearalone. Yet new
finds still fall short of the
depletion rate,

Drscoveries of significant
offshore fields, dramatic
Improvements in recovering
otl from currently producing
wells, rapid development of
oil shales and tar cands, and the
liquetaction of coal will be
needed tohalt thisominous
decline—unless America
learns to live on less.

SAUDI
ARABIA

r
N

b

After & century of e the U5
has mare than half & millien r-ni:mgm'.'
e
Yot onthe a wr
ﬂnﬂfﬂmumﬁfmﬂuﬂrﬂnﬂn;m

Altogether, Saudi welly can
:ﬁﬂmm{f 5. welly by mare thai 4
million barrels 3 day
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NATURAL
GAS

Clean,
convenient,

and cheap

ATURAL GAS, flowing
{rom anestimated 165,000

wells across the country,
todayvsupplies 26 percent of the
nation'senergy needs. Each
veir we tonsume 20 trillion
cubic feet (T CF p—and for
vears production has
outstripped discoveries of
new reserves, leading many
experts to consider gas a
stowly dwindling resource.

Since 1978, when gradual
decontrol of prices began,
asurge inoil and gas
exploration has revealed
vist new yms flelds in
the Rocky Mountain region
and the (ulf coast of Louisiana,
though their potential
15 =till undetermined
Estimutes of proved reserves
show that production
i 1979 exceeded discoveries
by 39 percent. By these
medsurtments, U, S, reserves
declined to 195 TCF in 1979, But
the Department of Energv sayvs
discoveriesin 1580 may
have reversed this trend

Meanwhile, policyvmakers
afdvocateturming to new gas
sources, including imports
from Canadn and Mexico,
shipments of hquefied notural
gas | LNG) from Arab states
and Indonesia, the construction
of & gas pipeline from Alaska,
and the costly processof coal
gasification.

Rezearchers are also looking
MGrE Seroushy at
unconventionnl gas resources,
long consitlered uneconomic

todevelop. Huge valumes He
locked in the Devonian shales
of Appalichia. in the nation’s
enormous coal beds, and mthe
deep, bnne-filled aquifers
of the Texas- Louisiana Gulf
coast regioh. According Lo
the National Petroleam
Council, the most promising
unconventional resource May
be foundin concrete-hard
peologic formations called
tght sands, which underlie
many regions of the country
Today the industry produces
mmostone TCF annually from
such sands, which must be
fractured undereround by
mjection of high-pressure
[luids to allow larger gunntities
of gas to reach the well bore.
Tight sands in the contiguous
United States may vield
between 192 and S74 TCF, the
council savs, although other
estimales place total deposits,
including Alaska, as high as
30 TCF,

Behind the pronounce-
mentsof the policymakers
lie enormous uncertainties,
Vast areasof the nation™s
prospective oil and gas
sefliments remain to be
¢xplored, despite the drilling
of 2,600,000 wells since 1859,
Although drilling reached an
ili-time high in 1980, only 235
percent of the étffort was
devoted to gas. And the
petroleum industry complains
that leasing and environmental

restrictionson federal lands have

provented orslowed
exploration in some of the

nation s maost promising regions

The result hos heen a
fieree debate. Optimists,
represented by the American
i Assoclation, cladm that
natural gas supplies could
be increased to between 23
and 33 TCF avear throusgh
massive investments in
alternate sources. Butl most
analysts predict little change
T, 5. gas supplies
during the next decade.

“We can't base our hopes on
unconventional gas until
we've invested the money Lo
find out what can be
produced, " savs Hans H.
Landsberg. senior fellow at
Resources for the Future (poages
70-7 11Tt could be nhuge
resource—but we must plan
conservatively.”™

OF 3,935 )
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04°% of reserve

When U. 5 Foxsuf-fuel reserves are
compared i energy potenfial & eapresued
i quskal {a quadrilion British thermal
unity), coal it fy far the largest. Bit when
annudl produchon i compired, nuturgl

1 goes fo the fop af the i, coal bo the

am. The vse-of oil i greater thin

either, bt anly abaut thene—fifthy i produced
domestically; the rest it imported

L. 5. NATURAL
GAS RESOURCES
lim trillian cubic feetl
RESERVES
s
.lrn.-.r.r- CONVENTIONAL
e POTENTIAL
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The potental for unconventional sotrces
of natural gas may be enormous, & will the
costs af finding and drilling for them
(ecpressured ranes — brine-filled
formiations prrmaated with ges —
reprasent & huge patential revource
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ANTHRALCITE
2% afl. 5
coal reserve

High

in heat

[
GRET |.|f.|:

Abundant
resource,

abundant
problems

RECENTSTUDY
described coal as a Y bridee

1o the Tuture, Asthe most
[l!f' ntiful fossil fuel in the world,
codil has the potential for
filling & growing propartion of
the demand for énergy. But
problems plnrue this promising
old fuel

Coalis found around the
globe, bt three countries
(the United States, the Soviet
Union, and Chinal own
nearty two-thirds of all
krnown coal reservies. Al
present rutes of consumption,
Lhese reseryes would last the
world more than 200) veirs,
according to conservative
estimates. Furthermore,
gealogists think the warld
probably has 15 times this
much coal

While the United States has
the largest share—more thana
guartér—of the 786 billion tons
of known world coal reserves,
both the Soviet Union and
China proviuce almost s much
corl as we do

RECOVERABLE COAL RESERVES OF THE UNITED STATES

BITUMINOUS
52!

| SURBITUMINGOLS LIGNITE
I8 B
low
i hest .,

Inaddition to the category
of known reserves, the U 5.
Creological Survey has
calculated that the United
SLates has an estimated 1.7
trilliontons of deposiis al
depthsof less than 3,000 feet.
Unfortunately, muchof this
coal 15 not acces<ible with
present technology or at
presenl prices.

United States coal momng
began in the mid 1700s, but coal
did not overtake wiisd] as the
major source of fuel until the
18808, Asrecently as 1925 this
conintry relied on coal for 70
percent of its eneéregy. Coal was
itself overtaken |‘|_'.. both ol and
gas im the late 19408 because
they were cheaper and easier to
transport.

In 1979 a quarterof a million
miners lnbored 1o some 6,000
American mines scattered over
26 states. T hey produced 730
million tons of coal, two-fifths
from underground mines
found mostly east of the
Mississippi nnd three-fifihs
irom surface or strip mines in
both the east and west, The
cost more than a hundred lives
and thousands of injuries that
veur alone

Ol King Coal has been
deposed by cleaner, more
manageible fuels, and calling
the United States the *Saudi
Arabia of Coal”™ will not pul
the former monarch back on his
throne, Our gritty hiack coal
providesonly a fifth of the
energy weuse eiach vear. OF

¥arrable in 3 compawiron, coal cames in
four main ranky. (deally, coal theuld be
bigty in fegt content but low in impurilies

Sutfur ds of particolar cancarh sinoe /5
corrosner. degredes the quaiity of pee!
products, and contrilrles to water ind air

pillition, Mast western subbituminous
ol now Seitg ntenuyely exploded i,
whtile i iafe i Frat conlent,
fortunalely low i sulfur

Lhe 680 million tons of coal
consumed in 1979, 77 percent
was bumned by electric
utilitios

To produce and use
substantinlly mmore conl than
wedo today, a numberof
problems will have to be
tackled: capital shortages
al high interest rates,
manpowet {potential strikes
and declining productivity),
and transportation, mcluding
madequate ratl factlities.
Environmental concerns
include the proper reclumation
of mine sites,; potential
changesin global chmate
caused by increased carbon
dioxide from burnine coul,
and the emizsions from coal
stocks that érode bulldings,
poison lukes, and damage
homan [unes

Thete is enongh padential heat in a typecal
pourd of coal to Srew mpre than 100 cups
of coffer. And there may be upwards of
two frillrmn loa of deposits in fhe UL 5, fen
birmes ay toisch s all the presently kiown

coad reserveE
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» Magma near the surface

GEO-

THERMAL
Tapping
the earth’s
furnace

Gf'f{ YTHE RMAL—earth
heat— enerev lsone of sur
must plentiiul resources.
It results from the
radioactive decay of rocks,
which rajses the earth's
temperature an average of 25
degrees Celsius with each
kilometer of depth.

Expertsestimate that 52
million quads of energy are
simmering within ten
kilometers of the surface of the
Uniteéd States. Most can never
beutilized, butinterestin
explontable areas s quickening
some 2,300,000 acres of
[ecleral land have been leased
forexploration and
development, and in 1979
drilling increased 25 percent
over 1978

The most commaon surface
manifestation of geothermal

energyissimply hot water. In
Boise, Idaho, hot springs have
heated homes since the 1890
The earth’s hot water is nlso
used fofindustnial processing

stepato produce eléctrical
power with hot water are
being taken in Californin’s
Imperial Valley, where 300
miegnwntis are expected to
goon lnein 1983,

Earth heat sometimes
exhibits itself as dry steam
with high pressure and low
witer content Such steam,
driving turbines at The Geveers
in California, produces
clectncity equnl to nlt of
san Francisco's consumption.

The Department of Energy is
seeiing to extract heat from o
thire type of reservair, hot dry
rock. Such formations contain
heat, but nowater to bring it to
thesurface, Plans are to
ciroulate water through drill
holes connected by man-mide
fractures in the hot raock

Development nnd
refinement of technologv are
necessary to make sepothermal
cnergy economically
competitive with conventional
sources of enerey. However,
expertsestimate that by the
vear 2020 geothermal could be
adding 15,5 quads annually to
Lhe national e nergy pool
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URANIUM

Too hot
to handle?

ENNSYLVANIA, which
saw the birth of the oil
industry, has also witnessed
milestonesin U, S, nuclenr
development—from the first
commercial reactor at
Shippingportin 1957 to the
highly publicized nuclear
accident at Three Mile Island
in 1979, In the wake of the
accident, public attention has
become sharply focused on
thisenergy source and its
radioactive fuel that generates
atenth of our electricity.
Doubts intensified by this
incident make the future of
nuclear power unclear.

The energy uranium haolds
isawesome. A pound of
enriched fuel contains nearly
three million times the energy
ina pound of coal. Its

More than a quarter of the
world's uranium underlies
the western United States,
primarily in New Mexico and
Wyoming. Estimates suggest
that these reserves could
power all domestic reactors
now operating, plus those
under construction and in
the planning stage, for
their 30-vear lifespans.

Lastvear the nation’s 300
uranium mines gouged out
some 20 milliontons of are.
Fromeach ton, mills and
enrichment plants
concentrate a few ounces
of radioactive uranium 235,
the i=otope that the reactor
splits to release the atom’'s
SNOTMOUS ENEFEY.

When the reactor boom
blossomed in the early 1970s,
utilities ordered a hundred
plantsin three vears, and
oplimists envisioned 1,500
reactors generating thousands
of megawatts by the vear 2000,
Then escalating electricity costs
and the Arab oil embargo—
coupled with quickening
conservation efforts, rising

miners have been lnid off.

Yet nuclear energy has
carved a vital niche, especially
in New England and the
Midwest. Reactors produce 80
percent of the electricityin
Vermaont, 60 pércent of Maine's
electric power, halfof that in
Connecticut and Nebraska.
Outsidethe U. S., 21 nations
aperate 166 reactors, with the
densest concentration
in Europe.

Research abroad and at
home promises substantial
improvements in reactor
efficiency. In addition,
recveling of spent uranium
can recover much of the nearly
one-third of the uranium 2315
that is not consumed during a
conventional operation.

The breeder reactor, which
produces more fuel than it uses,
i already operating in four
foreign countries. Breeders could
multiply the reactor fuel
supply 70-fold. But breeders
convert uranium to plutonium
reactor fuel, onlvafew
poundsof which are needed to

make a powerful bomb. Many fear

radicactive power demands inflation, and plant costs— nuclear weapons preliferation,
elaborate precautions during sinked energy demand. Reactor  and breeder development is
plant construction and orders dropped. Increaszing stalled in the U. 8,
operation and in the safe health and environmental With uranium, as with so
disposal of waste—still an worries forced further plant many other fuel alternatives,
unsolved problemand asubject  delavs. Asaresult. the the raw material and technology
of anxious study both here American uranium industry are already at hand, The question
and abroad. has fallen upon hard times, and S notcan s we, but will we.
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SOLAR

ENERGY

Ours for
the taking

HESUN LAVISHES

energy ontheearth
Without its warmth our
planet’s temperature would
never rise much above
~-430"F, Every vear
through photosynthesis, the
solarenerey embodied in
the food and fiber grownin
the United States exceeds

the energy 1nall the oil

we burn during the same
periodl. Evervvearthe
sundrenches the U 5. with
SO0 times moreenergy than
we consume, 1f we could
tap only a tenth of that, the
entire U, S. ¢nergy demanyd
could be met with the rayvs
striking just 2 percent of
the nation’s surface.

Although we usually think of
solarenermy simply as sunlight,
the term includes many other
resources, By heating the
earth and it atmosphere,
thesun generates wind, waves,
rainfall for nvers, and ocean-
temperature ditferences.

The sun helps grow treées for
firewood and plant=that can
b converted to alcohol

Solir resources already
supply 6 percent of our
energy, but mostly inthe form
of hydroelectric powerand
wood. Today we are learning
new ways to harnessthe sun’s
POWELS,

The map below shows how
the solar energy potential
in kilojoules (roughly equal to
Btu'si varies across the
country. Thisincludes
both the direct radiation
obvious on a sunnv day and
usable sunlight diffused by
clouds, dust, and water vapor.

Flat-plate collectors can
convert 30 w40 percent of the
kiojoules that stnke them inlo
heating energy. It takes abowt
55,000 kilojoules to heat
water for a family of four fora
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Washington, D). €., ten
squnre meters of rooftog
collector space can provide half
that family's hat waterevenin
winter. Inthe same area, a 40-
square-meter greenhouse, or
33 square meters of masonry
wallz or floors behind south-
facing windows, can provide
half the space heating if well
mntegrated into the design,

But annual performance
canvary ns much as 20 percent
hecause of changing weather
conditions, And figures differ,
of course, from house to house
and fromregiontoregion. &
The maps at right illustrate
the potential of fourleading
collection techniques

Some solar devices use
concentratorsi 1 to reflect
sunhght striking a large area
onto s smaller surface, which
gets hot enough to boil water
and create steam to genernte
electricity. The concentrators
track the sun continually in
orderio stayin direct sunlight

Soelarenerey isalsoused to
heat water or air in flat-
plate collectors (2), which
normally face south on {
rooftops. Hot water can be
used] for household needs. In 3us
so-called active solar systems,
warmed water or air can heat
buildings when aided by
pumps and fans. Water for
many industrial processes also
can be heated with these
collectors

Windows, greenhouses,
and other forms of passive
solar architecture (3) can
often collect as much solar 2
heat as an efficient huilding
needs. Evenin Decemberin
Seattle or Vermont, the sun
can warm buildings signifi-
cantly. Photovaltaic, or solar
electric, cells(4) have consider-
able promise across the country,

Some proponents say solar
could meet even more of ouren-
ergy needs than the official gonal
of 20 percent by the vear 2000,

e ip

WINTER |

| Tragking concentrators foliow thesun  calie, 5 buen watsr il steain for turbines
o ity course. The reflective divh or to heat other liguity. Preduction i
concantrates solie radistion to prodice limited by roder clowds and
electricity directiy through photovalfais shirty dawnr wien the tiy /s overcast.
2 Flat-plate thermal collectors mﬂldmﬁhwhﬂumﬂ
Eﬁﬁ nﬂﬁ:’f.ﬂtﬂ.ﬂruﬁhﬂ s, ﬂ:ﬂj fe.g. Danvar, 40'N +
Northern Hemi . collectors arw =xg) wjﬁudlm:t.m
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4 Solur-cell arrays should be situsted lattuds of their location (2.9 Denver.
for maximum expasure to direct sofar 207N/ k#ﬂhﬂufngzzmnﬂumrnr
radiation, Banks of fixed photownltaic dependy on chapges in the claud
cells are set at the 1ame angle ai the cover, day fo day and sepson be season,




Whatsix
expertssay

former sovernment ollcial,

g reseprch economist, an
environmentalist, o professor,
an oil executive. and a
phvsicist present Ltheir views—
and demonstrate that even
experts disngreo:

CW should the energy

John E O'Leary

™ P O LEARY ASSOCIATES, [N
FIE United States has been
slow to recognize the basic

rirture of its eneryy problem—

indue dependernce on the

AMiddle East. It has been @ven

glovwier t0 e

etions et

g, within tome

reslore same

arder o our

ETIETEY @COromy

and prevent the

recrurrent Crises
and opren-endied

Price Morenses

of the 19708
The singie

most tmporiant

_I'-LJL'tqu'

contributing to the global

energy dilemma 15 a

conseguence of the geologic

gecident that depostied
enormous volumes of ot tn the

Peratan Gulf region. Today the

wehrld ConEUmes gnergy

eoulivalent to abowt 100 miliion
harrels of oil per day. Of this,
some 80 million barrels per day
iz ol a third of which cormes
feam the Perstan Gull area. We
use oil i this volume because
it 15 convenient and cheap,

Durinyg the 19505 arnd G0

Middle Egst oil became the

waorld's least expensive dni

muost profific source of supply

RATELN EERA

iD

I'he risky consequence of this
dependence has been (o
stbject the economic future of
the United Stites ang, to an
gven greater extent, that of s
allies, to the fortunes of the
wartous ponvermiments tn the
Middle East. That areni,
chronically umstabie, has
become ever more so g8 the
wedlth assoctated with odl
production and the
temptations associated with
(s cormfrod furve groney i the
patst decade.

[nstability in that region
will aimost certatniy continue
ro increase in the years ahead,
with titerruptions to supplies
more frequent, and oil prices
Increastig at rates that will
posc an &ven gredier threat Lo
the stability of the world
geonomy thiun today

The United States has, in the
past seven yeoars of groping for
solutions, finally made o stort
an most of the purely dormestic
actions possible to deal with the
energy dilemmua. It has begun,
haltingly, to provide for
meerigerment of oil supplies
during supply crises. [t has,
after top much delay, lounched
s o @ course of gmergy
conservation. And, with the
notable gxception of nuclear
poweer, (f has finally put in
place programs gimed at
expanding both conventional
and wncomventional energy
FOMPLUFOEE

A final element of action,
lumwgver, hos not been
effectively addressed, and that
s bringing the United States’
griormoLs capital and
technical resources to bear more
directly on the global energy
equation, We must view the
world s ¢nergy economy as o
single complexiy interrelared
systemy, one now unduly
burdened by its emphasis on
Persian Gulf ol In tum we
muxt grasp the potential for
reducing that emphasis by
increasing supplies at other
pofnts within the system,
Thiis the development of heawy
oil or tar sands (n Canada or

Venezuela, the opening of a
new coal miine in Poland, or the
compietion of a hydroelectric
project in the Amazon can
provide an additional supply
in the global system and thus
termper the capacity of the
Middle East to disrupt that
svstem

Enormous apportunities exist
for expansion of conventional
as well as unconventional
resoutces in this hemisphere
and'in ather parts of the world,
if the technology and funding
cart-be made avoiloble. The
MULior retmarreg task of the
U. 8, isto find the political
and financial mechanisms
that will permit these resources
to be applied to resolving the
global energy dilemma.

Hans H. Landsberg

CENTER TR ENERGY POLICY
RESEARCH,. RESOURCER
FOR THE FUTURE

OW OFTEN we hear it

“What this country needs is
a crush program for energy
independence—something
sirmilor to the Manhatten
Project, which produced the
atomic bomb, or the
spectacular Apollo spoce
program. We need an energy
moon shot!"

Would that it were s0
simple, But the headlines tel
us differently

Take those that blared from
the front page during only the
past two years—the [ranian
reviolution, the accident af
Three Mile Island, the Irgt-
Iranian war. All affect the U, §.
eneryy sttuation. They also
show that {f 15 not o simjple
crizis thot linds dself o a
dramatic moon-shot solulion
Instead, it 15 g continuing set of
problems that will be grinding
out for decades. They present us
with two undramatic choices:
We cope wall, or we cope poorly

Thisis not to say that good
news will be wholly absent
Energy effictency will continue




to rise with improved motor
vehicles and budlding
construction. Pollution will
lessen with tmrproved technology
and institutions. New energy
sources will replace conventional
ones, but slowly

Interspersed will be sethacks
and near disosters—the
ranher =pill, the nuclear
mishap, the discovery of a new
toxic effluent, the jolting lozs of
an oil-supplying nation.

Coping with such problems
imvolves four basic tasks:

o Adjusting to high and ristrg
ENETEY Prices.

o Moving to a different mix of
ENETEY sources, in which ofl,
and after a while gas, will
decline in importance. Coal
and, {f we are lucky, nuclear
energy will rise, and in the
[onger run nondepletable
sources will come to play an
everincreasing role.

* Accomplishing the above
tashs with the [east domage fo
II'[E" I."I'_'-I.'l'ri.'l.'lr'."l}'. [FH.' Envirnrpmient,
and world peace,

e Adopting medasures that will
grrable ws to withstarnd the
inevitable shocks and new
stresses that e ahead,

These formulations ook
straiefitforwaerd and achirmeable,
But within each isste rests
another, Adiusting to higher
prices tmvolves coping with
increasing inflation. Higher
prices hit different segmaents of
the population with differing
degrees of severity. And
meguitabie policies woeld
cause rampant divisiveness,

Moving 1o new energy sources
such as syrnfuels raises
cormplex questions of
government's role reganding
open or hidden subsidies
regional rivalries, and pobrly
understood emyironmental and
health hazards,

he“vidi Jinm

A word abowut those whp wish
e participate n shaping
energy policy. If they insist on
seeing all thetr goals aecepted,
poticy will continue to be maide
i agomy and frustration, and
at a snatl’s pace.

T'o the extent that we releam
the forging of consensus,
grergy policy too 'will benefit.
¥Without it, energy
periicymakungy will continue o
the mapor battleground for
cpposing philosophies, life-
styles, and perceptions of the
mationdgl destiny, That perhops
is the hard core of the energy
prodlen

Steven C. Wilson

ENTHEDS ML NTAIMN
AGHICULTLRE INETITUTE

REW UP unfettered by

erergy concerns—ieft them
tir the gars and electric
companies, Big Oil, the
poviernment. They coped with
the problems. I consumed. But
after the 1973-74 otl embargo,
Roren and I chonged our
tfe-style

Chur response to the national
nomnresponse to the oll
embargo was to becoms
personally energy self-rediont
Our dave are no longer
splintered by the clock, our
weehs no longer defined by
calendar, owr activities no
longer fractured by commuiting
Work and annual leave MErge
together, tuned to geason
and sun

There 13 a satigfving honesty
to the daily immediacies. We
ltke the rhythm, the pulsebeats
of our planet responding to (ts
sun: spring planting when the
soil temperature redches 43°F,

Juet-wood cutting when the sap

ts down, digging carrots and
potatoes before the fall roins,
pruning fruit trees in the
winter dLsCoVvering, then
maintaining the harmeony of
the land, water, and seosons
Chrpanic gardens, home
preserved foods, woodlnts,

stmple-work i a place of
heauty, ard @ clothesline by @
home not connected (o the
commercial power gridl—these
tritries are real [ know tht
most of whhat we ear, the
warrth (n our
Mome, our fol
water are ali
soiar porsered.
CHir tools are
selected for work
emhancement
rather thith labor
caving.

And so our
percepiinn of
the “energy
crisis IS different  owss
from many. We
feel that Americans fuve
had too much fuel available,
that less will be better. [ see
it &5 the "effects aof too much
ENErEY Crisis

With our birger-is-botter
disposnble, nonrenswable
energy past, [ wonder if, n
squandering fuel, we have oot

glzo subverted sel-reliance,

nelghborly concern, the active
appreciation of aloanee and
harmaony. I think confronting
rhis legacy of too much, too
soan would be the proper

response to the energy crisis

Robert B. Stobaugh

MARVARD GRALDLATE SO HOH]
(i BLSINESS ADMINISTRATHIS

HE most impurtont energ

prroerler facing the United
Sfates s the need fo reduce
dependence on imported ol
while mointaining an
adegquate fevel of econonmi
ETOWTIL.

Reducing oil imports (s
pmperative to legton the dtrom
on the international of] market,
tr moderate future ot price
rises, and fo avoid costlv
recessions. [t would orprove
political relalions wrth our
allies and enhance our
national securty

Lnfortunately, geology
cimits the outlionk for domestic



otl and gas, Prospectors have
s0 picked owver the glant ficelds
thiat the [ikelthood of finding
additional huge fields is much
less than mthe past. Four
times as many oil and gos wells
have been drilled in the United
States af in the rest of the
waorld put
together—yet
pil and gas
resenves have
been declimmng.

Coal and
nuclear power
face political
harriers. They
inflict penaities
or side effects
paid for not
directly hy
utiliry
customers, but by the general
public: air pollution caused by
burning cool, unsightly
darmage cqused by strip mining.
fear of o nuclear accident, and
the distihe of pussing nuclear
wastes along to future
pernerations.

Controversies aboul these
stde effects mmist be solved
politically. This inevitahly
medns a slower solution than if
the issues tould be decided in
the marketplace.

Still, some increases in coal
ard nuclear cutput will occwr,
peridps enough to offsér
probable decreases tn ot and
gas output. The likely result:
rerg growth fn energy supply
for at least a decade.

Synthetic fuels—perhaps
important by the end of the
centurn—rioce harriers
including uncertam
emironmental effects,
commerciaily unproven
technologies, muitibillion-dollar

A i FEE

investments for each of dozens of

facilities, ond long times
required for design ond
construction. Like solar eénergy,
their confribution by

19490 is uncertoin.

This legves only two
alternativés: slow soonomic
growth interspersed by
reCEassIons—a very castiy
solutipn—aor a substantial

iz

increase in energy efficiency—
by far the preferred route.

To achieve economic growrh
without incroasing enariy
consumption reguires heavy
energy-saving inyvestmenis,
These are discowraged by
present regulations that keep
energy prices below world
levels and rthus give consumers
an anrnudal subsidy of 150
billion dollors:

Though political
oppositions will be formidable,
we should let oil prices rise to
warld levels, to reflect the
destrability of reducing oil
imports. We should decontrol
the price of all natural gas and
encourage electrioity pricing
that reflects the cast of
butlding new power plants
Moanwhile, the government
should give financiaf incentives
to investments that (mprove
energy efficiency.

Fred L. Hartley

CHAIRSEAN AND PHESIDENT,
LSO CHE COMPANY and
FHESDENT, AMERIC AN
PETROLEUM INSTTINTE

A.‘-'TERH" A suffered o series of

energy shocks in the 19708
that reverbermted throughoter
our ¢oonomic systorm. We
suddendy were faced not only
with dramatically higher prices
but also with uncertain oll
supplies—supplies subpect ti
the goodwill and polrticol
stability of a few nations.
Cheap tmiported ofl, which we
had permitted to become our
lifeblood, had become an
OCOTICMTIC WEapin

No lenger does our nation
have a choice. We cannot
continue down the careless
path of past years. We miist
purste a course of ection that
will reduce owr deépendence on
imported oil supplies.

The Untted States has the
resources to achieve a higher,
degree of aeif-sufficiency in a
comparatively short time. We
hiave ample sowrces of oil,

naturg! gas, coal, wranmmm,
and geothermal energy
avatlable within our horders,
more of each than has been
produced so far i the history
of our nation. These energy
sources will be able to curry us
not only until synthete ol and
gas are-avatlable inlarge
guantities from oil shale and
coid, but atso until solar
power and other nontraditaonal
energy forms are developed,
Creothermal production atready
is well estublished tn
California, and o number of
companies are proceeding with
projects to produce ofl froam our
vist shale deposits

The Congreas dalso has tolken
same pogitive steps, and the
Jramework for an appropriate
energy policy is in ploce. If we
are to win back control over our
engrgy future, however, the
nation must aecept @ progrm
of regulatory consistency and
bualanced envirommental [ow,
put greater reliance on free-
rratrlkel forces for pricing of
gnergy, provide access (o
pulific lands for engrgy
exploration while preserving
the great wilderness areas,
promote use of coal and
rucieer power without
sacrificing health and safety
comsiderations, and continue a
VIROTOUS STress on encrgy
efficiency. Higher prices, more
¢ffictent energy-consumimng
machines, and greater
dedicgtion to the fotal
conservation ethic hawe
resulted, tncrdentally, ina 20
percent drop ol imports in
1980 from the provious year.

With continued
encouragement, this nation
cotld halt the decline in
dovmestic ol dnd gas outpot
g stabilize of nedr current
levels or higher. We could
cut oil imports in half. We
conld double our use Of coal.
We conld triple nuclear power
by finishing plarnts that already
have government permits, We
conild get synthetic fuels ond
rengwable gnergy sources on o
faster track. We could
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strengthen the dollar by
eeping tens of billions of
dollars in the 1T, §. We could
miahe our persaonal life-style
more secure by providing
assured enermy for jobs,
Rhomes, and cors

I'm short, we cowld strengthern
both our military security and
LT PCoNmmIC securiy

In the development of
syrithetic fuels the need is for
I":..’1:"I'|."r'FTf'.|'II"f'II' r'1r'nm.rl-|:1'|'-.n_ ot
preemption. The govermment
carn help by supporting
research and demonstration
.|".|]'-I.'l.|'|."l.'!."-'-, ]_lr'll." I.'l'l_.l'l'[ill"t! Sector
clone shopld undertake
commierciel-scale plamts, with
the chance to stcoeed or
fail at tes own rish,

The gnergy industry confronts
a bold challenge. Given the
ppportunily (o imvest
responstbiy, we will provide
America with energy enowgh to
kirep her strong and secure

Chur narional objective must
be tnoreased energy self
stuffictency withoyt
enivironmential rgtreat or
poonomie dislpcartion. Crrven
the determination, the courage,
and the vision, the people of
the United Stales can continue
to enjoy the advantoges of an
imdustrialized society.

Amory B. Lovins

FRIENDYS o THE LARTH

OW MUCH energy do we

meed? Just enough to do ecach
tashk, balancing the cost of
EETHNg more energy dageinst the
oSl of Wringing more work
from wehat we alrdady hiwe
[nvesting in this way over the
next 3 years could reduce

enerey uze tn the U7, S, by a
quirrter and nonrenewadile fuel
use by mearly holf—seith a two-
thirgds incriase in gross
rgrtioredl product, unchanged
life-stvles, and more jobs,

Like someone who cannot
firll the bathiul because the hot
wilfer feeDs ruinning out, we
need not a bigeer water heater
hut a plug. Cost-éffective
plugs can double the efficiency
of industrial motors, triple
rthat of lights. guadruple that
of hdtsghold applianoes,
guintuple that of cars; and
prcrease thot of buildings
renfold or more by making
them so faeaf tight (b well
veritilated) that they need [ittle
Redling or coolinge

Whar kinds of energy do we
reed? The kinds that will do
etch task gt the least cost. The
speciitl tasks that Justoh usmng
electricity—he costliest form
af engrp—are only 8 percent of
all energy uses, but gre met
twice over by today’s power
stations: Stll more electricity
waklel b grossly uneconomical
for the other 92 percent of our
needds heatiree and vehicular
liguid fuels).

{hes debating which electnic
porwer station to butld s
e shopping for brandy 1o
furn i your car or
Chippendales to burm m vour
stove. Compared with efficiency
HTEprOVemEnts, any mevw power
station s =0 wneconormical theat
Wt ol save money by never
operating it! No wonder the
marigetpioce has repectod
muclear power

Where can we get our gnergy.
Active and passive solar keot,
pusstve-solar cooling, liguid
fuels from biomoss wastes,
existing and small-scale Ml
power, and wind con meet
virtually all long-term energy
needs for the Ulmited States,
Great Britoim, West Germany,
France, fupan—indedd,
geery courdry vet studted
Availalie renewable
AOMENCES Ore not cheap,

L

eoisy, o mmstant, but they are
cheaper, éaster, and faster than

syrfuet plants or sHl
COstier power stations.

These best buvs—efficiency
improvements, followed by
“soft technologies” (renewable
sources b—are also the fastest
oll savers. Just weathérizing
butldings and replacing
tnefficient cars could
glimunate oil rmports by about
1s9n, Constder: During 1973-
78 we fof twice as much energy
CApECity, twice af fast; from
efficiency improvements as
synfuel advocates claim they
can prrovide at fen trmes the
cogt. Im 1978 about 87 percent
af U7, &, ecomomic growth was
fueled by energy savtngs, only
3 percent by new supply,
Nuclear power, after three
decades and vast subsidies, s
deltvertng ahout half as much
energy as wood, Millions of
tndovidug! gotions in the
marketplace are putpocing
centrally planned supply
programs by
neariy forty
to one

L conomic
and political
adventages
have alroady
sputrred
thousands pf
coMmmunines
[ STart
irmplementing
a soft-energy
path from
the bottom up: Washington
will be the lust to fmow
Energy is neither too
complex nor too technical for
prdinary people to understand-
dithough it may be 100 sintple
and too political for some
technical experts.

In short, as Lao-tzu advised;
‘Leaders are best when people
scareely mow they exist, nof so
pood when peaple obey and
acctarm them, worst when
people desmise them. Fad o
homor people, they foil o honor
v, But of good leaders who
talk little, when thetr work s
done, thetr aim fulfilled, the
people will all sov: "We did
this otrselves.” " N
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SYNFUELS

Fill'er up!

With what ?

To help free this nation

on wheels from its precarious

dependence on foreign oil.

the United States embarks

on a massive program to

develop alternative fuels.

In this quest for energy

independence we plant the

seeds of enormous opportunity

— and pose new perils to an

already stressed environment.
The challenge finds a symbol

(facing page) in lumps of

abundant U, §. coal inside a

plastic gas can —energy aplenty,

but a problem to pour,

By THOMAS Y. CANBY

A TEbEAL OEOCRAFEE SirsEMN WRITHEE

Photographs by
JONATHAN BLAIR
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OU ARE DRIVING vourcarin a yvear

vel to come, into the sunset of a century

fast fading. A glance at the fuel gauge

shows vou're nearly empty. A service
station looms, and you veerin,

What will vour car be usingin that decade
of the 1990s¢ The same superb gasoline or
diesel fuel it now gulps with such gusto?
A blended brew of gasohal, or even straight
aleohol? Or one of those unlikely svnthetic
fuels wrung from rock? Perhaps vour car
is electric, and simply needs a charge-up.
Or, perish the thought, maybe the station
is closed, with weeds growing up around
the pumps.

These questions, =0 vital to us behind the
wheel, also burden those high in govern
ment and industry. They reflect the fact that
the United States 1s at the end of the road
of abundant petroleum supplies on which
transportation is dependent. This means
that we must not only conserve but also, in
the opinion of many, detour in the direction
of crude-oil suibstitutes, known as synthetic
fuels or synfuels.

Today we produce no syniuels, except for
a welcome trickle of gasohol. But we have a
choice of many new avenues to take, some
potentially as broad as the road we have
traveled. For no other nation possesses our
vast resources for making synthetic fuels

Synfuels can be made from coal, and we
claim more than a quarter of all reserves—
eénough for a trillion barrels,

Liquid energy lies locked in rock forma-
tions known as oil shales. and we harbor an
estimated 600 bilhon to a trillion barrels re-
coveraole. We have deposits of tar sands
that contain more oll than our conventional
petroleum reserves. Our farms and wood-
lands can produce millions of barrels of alco-
hol, a renewable resource that we can tap
vedr atter vear.

Why, in this fueis paradise, do we face a
fuel famine?

Part of the answer lies in lack of eflfort.
The seven million barrels of dil we import
each day at disastrous expense is almost the
amount consumed by our cars, trucks, and
airplanes. Only now do we begin to show
determination to spend this money at home
by making use of our alternative resources.

Also, synfuels are expensive and often
dirty. “Oil can be (Contmmued on page 80/












Wresting
oil from

reluctant rock

() TAP Colorodo’s shale-oil
bonanza, Occidental Petro-

leum and 15 partner, Tenneco,
are excavating the world's most

unusugl underground  mine
When it starts productng in about
1985, it will miraculousiy extrac
ol from ore still deep beneath the
surfoce—ia sharp contrast to most
shotle operations, which will pro
cess the rock in surface plants.

Beneath

frames (1) that hold ventilobors

sevscruper heod-
Rt
ming shafts (2 and preceding
pages) penetraty the ores, Criant

grid elsvator hoists,

i

clevators ower 250 maners af a
they down
equipment, including trucks: 5o

hime aiso  fummed
large they must be lowered in sec-
tiong, then reassembled in sub-
terrangan machine shops—never
fo see the surface again. A thou
saind feet down, where the fichest
ore begins (31 the miners blast
horizortal
kruowen as drifis. Along these they

miles  of fLrnels,
carve the mine's yvilals, a wasf
honevcomb of chambers called
retorts, each thirty stories high
arid fr@l] an acre 1n size.

To prepare ¢ach retort, a crew

excavates three cavities (4, 5,
and &), trucking the ore o a shalrt
to be hoisted for processing on the
surface. Working in the cavities,
blasting experts plant thousands
of pounds of explosives in the re
torT s rematning ore { 7). Undeto
nation, the fractured ore expands
to fill the cavities, a step known
as rubbiing (8)

With the retort a column of




1d 15 prmped to the




(Continued from page 74} exiracted easily
and relatively cleanly,” noted Dir. Kenneth
Cox of the Department of Energy’s (DOE)
Los Alamos laboratory in New Mexico.
‘But coal and oil shale, our most promising
syrfuel sources, are solids. This means han-
dling enormous guantities of ore and build-
ing incredibly complex processing planis
These make synfuels much more expensive
and more damaging to the environment
Despate their sudden popularnty. svnthet-
ic otl and gas are not new. An English docu-
ment of 1684 describes the making of "ovle
ot of a kind of stone”—the first known pat-
ent for shale oil. Bv the 1850« the Scots had
developed a shale
industre that s
el a century
Europeans also
learned to convert
coal mto Hamma-
ble e=as, and by
1817 Maryvianders
completed a coal-
gis plant 1o light
Haltimore., Other
castern Cilies soo0n
sel up plants, ¢ach
wanapred by o gas-
house Fang.” MNot
until the 1940s did
Ny gIve way o
electricity or natu
rad gas. Thus little
more than a gen-
eration separates
Lhe death of one
era and the

vrth of another,

svnlice

A pioneer in the synfuels boom, Lir,
Armand Hommer, Qecidental’s chairman,
hotds flammg shale from his compamy’s
mine. Exyon, Standard (il of Indiana,
Mobil, Umion, and other petroleum gramnis
pursue shitle ventures. Most will process
the ore on the surfoce mstead of under-

ground like Cxy

Crhost of boom times past, this Colorado
retort (oppositel—a “new experimental
ot st —illustrated a 1918 NATHINAI
Lr EQGERAPHIC story on shale deposits

1)

[t will be a big baby. Last vear Uongress
approved an ambittous synfuel goal of
S0:0,000 barrels a day by 1987, and two mil-
lion barrels daily by 19492, YA national effort
on this scalein peacetime 18 unprecedented,™
aszierts Dr. Ruth Davis, DOE's assistant sec-
retarv for resource applications. By 1962
this means between 30 and 40 mammoth
coal and shale-oul plants costing from one to
=1x hillion dollars aprece

Obszerves W. T. Shek, Jr.. senlor vice
president of Exxon Company, US4, " We
are looking at a once-in-a-hfetime phenom-
enon—Lthe creation of a major new industn
on the scale of the ratlrogds and aerospace

Most experts believe that the first major
flow of svonfuels will come (rom western ol
shale, At least lour commercal projects
alreadvy are under way in northwestern
Colorivdo and another in Utah. Rich ares
also e in adjacent Wyoming

Early settlersin the region were dismaved
when their stone hearths burst into [lame.
how to cook out a black otl
from this abundant “rock that burns,” and
their furnaces, known as retorts., provided
them with lubricants. With the sinkmg of
the nation's first ol well in Pennsvlivania in
1859, the shale boomlet went bust—the first
of several such cvicles.

Crenlogists mapping shale country found
that it encompassed a geologic remon known
as the Green River formation, an area twice
the size of Massachusetts. Long-vanished
lakes had deposited plant and ammal sedi-
ments that later formed a rubbery hvdro-
carbon known as kerogen. Heated, kerogen
releases oil, often 25 gallons and more per
ten of rock. Today geologists calculate that
thie formation holds enough to meet the na-
bion's energy needs for decades—iat obstacles
to exploding 1t can hie oviercome,

“Shale’s time has come,” declared 1ts most
danng advocate i s Los Anpeles alfice.
[3r. Armand Hammer, 52-vear-old chair
man of Occidental Petroleum Corporation,
peered over his desk with oil-burner eves,
His compatny was one of the first to charge
ahead with & bold and costly commerca
<hale operation

How much would shale o1l cost when s
plant begins producing i 19857

“Cheaper than petroleum.” came the op-
tmistic reply. “Oil's getting expensive to

Soon they learne




find. With o1l shale vou never hita dry haole

| headed ofl tor Dr. Hammer's honanza,
hidden awav in Colorado's Piceance Creek
Basin, an outback of pifion and sage and
Heeting mole deer

| hree skvscrapers reared from A pinon
plateau. Beneath them plunged three mine
shafts, the largest as big around as a house,
and all eventually reaching 2,000 feet deep
From those shafts. miners soon would dig
outward, creating a network of tunnels
peEtween towerng blocks of standimg rock,

each half a city block 1n size (pages 78-9)
A Labyrinth Built to Be Destroved

Yhout 1985, when mules of tunnel carve a

sutbterranean citv of rock. enrineers will svs
tematically charge each block with high ex
plosives and shatter it to rubble. After each
block 1s blasted, they will ignite the top ol the
rubble. As the kerogen in the rock smolders
downward like the fire of a stubby cigar, the
neat will dnve off oil, and pumps will draw
it to the surface to be transported to refiner
ies and then blended with conventional gas-

oline and diesel fuel

wil this strange-seeming  technigue
work® “Tha :m-_'. s a DO official who
monitored Occidental's vears of experimen-
tation, “i= in the blastinge—obhtaining the
richt-s1ze rubble to get g uniform burn. 1%
a new and dilficult art. ™ If and when Occi-
dental and its new partner, Tenneco Oil
Company, it foll stride, each day 95,000
barrels of oil will flow [rom underground

retorts and Irom excavated ore processed
on Lhe surtace
AL least two dozen other shale venturers
meluding Exxon, Gulf, Union, and Stan
dard of Indiana, have taken the plungeinto
shale oll, orstand ready to leap, many with
their own extraction ProCesses Mot will
cmploy conventional miming and cook out
the otl 1n surface retorts that resemble oil
refinenies. This techmique 15 expected to
produce the bulk of our shale oi1l. Union (il
Company, which has expennmented with
chale tor 40 vears, already iserecting the first
unit of a plant that by 1983 will produce
10,000 barrels a dav, and ultimately 30,000
We'd have more activity,” said Paul
Petzrick, director of IDMOE's Shale Resource
Applications Office, "except that about 80
e 15 f.-.l:-rnll_-. oW e

percent ol western sha
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andd government leasing has moved slowly,
Further, federal laws restrict the number of
projects a company can be involved in—a
case of government's left hand impeding
what the nght hand is trving to do, ™

Cpponents of these claims observe that
existing leases are sufficient to meet national
production goals, and that restraint is advis-
able until shale development's environmen-
tal effects are known.

A “Little Guy"™ Vies With Big Oal

In this high-stakes game, is there room for
what started as a mom-and-pop outfit? To
find out,  drove deep into Utah's shale Lind,
to the small trailer camp of Geokinetics Inc.

“Anitaand | first came out with our young
sons, two helpers, and our tents," recalled
Mike Lekas, "Good shale lies ¢lose to the
surface here. We devised a way Lo rubble it
without sending men underground.

“Winter caught us that first vear, but we
finally rubbled a small area a few feet down.
We drilled a fire hole at one end and a shal-
low well at the other for bailing out oil, if
there was any. Then we dropped n some
burning coals and stood by with a bucket.

“0il began to trickle into the hole, then
flow. We dipped out & bucket of it, partly
mixed with melted snow, and then filled an-
otheér and another—an incredible success.”

Supported by DOE grants during its ex-
perimental waork, Geokinetics already has
fired its first small commercial retore

Worries about shale’s environmental 1m-
pact loom large. So 1solated 15 this fastness,
s0 pure is its air, that the hand of man imevi-
tably leaves a scar.

Air pollution is a big concern, Mining and
transport will create dust; ore processing
will emit hvdrocarbons, arsenic, mércury,
particulates, and nitrogen and sulfur com-
pounds, with drft ranges vet unknown.

Plant and animal life will be affected.
Here lives the nation's Inrgest herd of mule
deer, and it will face hatat destruction and
the threat of passing vehicles

Water scarcity causes national concern
for this semiarid region that drains into the
much used and abused Colorado River
Large amounts will be necessary for ore pro-
cessing, land reclamation, and the thou-

sands of lahorers and {amilies who converge
to build shale plants. Development could

&2

also aggravate the nver's saliniy problem
Unsurprisingly in this controversy-ridden
watershed, estimates on water availabality
vary widely, from enough 1o sustain a pro-
duction of 300,000 barrels a day to as much
as 2,000, OO,

The amount of shale mined would be
enormous— 100,000 tons a day for an aver-
are plant. Complicating the problem of dis-
posal, processed shale expands about 20
percent in volume—the so-called popcorn
effect. Plans call for these voluminous tail-
ings to be pushed into canvons, compacted
to prevent leaching, and revegetated. Uther
tvpres of seals are planned for underzround
retorts to prevent leaching of toxins by water
percolating through the burns.

From the outsel, the hboom has begn moni-
toreil by the Environmental Protection
Agency, DOE, amd state agencies; on fed-
ernlly leased lands this scrutiny has been
coordinated by the Area Oil Shale Supervi-
sor's (Mfice in Grand Junction, Celorado
Ocoidental submitted 74 volumes of envi-
ronmental reports during yvears spent in
ablaining various permits. Observes Thom-
as Ten Evek, aformer state director of natu-
ral resources and now vice president of Rio
Blanco Oil Shale Company, *This will be
the first major industry on earth to be
plugged into environmental concerns since
the dav of its conception.” Yel uncertanty
will remain until commercial operations
actually bemin,

Coloradans in Rifle, Meeker, and other
small towns fringing shale country brace tor
the “boomtown syndrome,” the inevitable
influx of thousands of construction workers
and familtes demanding water, seéwagy
facilitics, homes, roads, and schools,

“Above all,” 1 often heard, Ywe ve gol to
avoid another Rock Springs.™

The sufferings of this Wyoming nunng
town lodee hke a bur under the saddle of
western consciousness: A decade ago crews
flocked to Rock Springs to work mines and
build the huge Jim Bridger Power Plant
With facilities strained bevond the bhursting
point, families were forced to live in tents,
crime and suicides soared, police became
demoralized,

“Communitics need help at least two
yvears before the first wave comes,” [ learned
from Dr. Camilla Auger. director of the




Tosco Foundation in Boulder, Colorado, “If
they don't get i, 1it's almost impessible to
undo the damage.”

A second huge oil-shale deposit lies in the
eastern Ul 5, Known as Devonian shale, it
sprawls in a great U-shaped formation from
Michigan and Pennsvivania south to Ala-
bama. Although eastern shale vields less oil
per ton than western, the enormous deposit
15 bélieved to hold a trillion barrels

A retort designed for lean eastern shales
has been developed by the Institute of Gas
Technology in Chicago. Known as the Hy-
tort process, it extracts the oil in 2 hyvdrogen-
rich atmosphere that coaxes as much as 23
gallons from each ton of shile, Both eastern
and western shales may someday be extract-
edd by heating the rock with radio waves or
microwives until the o1l hqueties

In remote north-central Alaska. the na-
tion boasts a third oil=shale deposit. Sketchy
reologic reports show il Lo be vast, and ten-
tative assavsindicate a wide range of ot con-
tent. from a few gallons a ton (o saturated
ores that test at 102 gallons.

How much oil can shale deliver and
whenr DE's Paul Peterick bebeves that,
with luck, western shale could meet the 1992
shale quoti set by the government —300, 000
bharrels a dav—and that it= cost would nol
exceed that of conventional erude. By the
viear 2000 some see a possibility of millions of
barrels a day, the limit being set by water
and environmental considerations.

Coonl Liguids Fueled War Machine

W hen German planes roared aloft late in
Worid War 11, they burned gasoline made
from coal. Even German "butter”™ was g syn-
Lhetic miade from coal

Behind this technology lay nearly a cen-
tury of intensive research in Europe and
Amernica. In the 1300< chemists chscoverei
that coal’s complex molecules of carbon,
hvdrogen, and oxvgen contained the build-
ing blocks of nature, capable of being re.
arranged into thousands of useful products,

(rerman scientists observed that coal dif-
fers from ot primarily in that it contains less
than half 45 much hvdrogen. Working with
catalvsi= at high temperatures and pres-
sures, chemist Friedrich Bergius succeeded
in adding hydrogen to coal until it hguefied.
He won the 1931 Nobel Prize in Chemistry,

Two other Germans, Franz Fischer and
Hans Tropsch, discovered a catalvtic pro-
cess for converting fammbliar coal gas into
hguid fuel. A dozen Bergius plants and a
smaller number using the Fischer-Tropsch
technology provided Germany's smorgas-
bard of coal product= in World War 11

Al war's end the U, 5. povernment oreas-
nized a team of more than a hundred 2cien.
tisis, headed by Dr. Wilburn C. Schroeder,
1o uncover the secrets of German synfuel
technology. Probing bomb-damaged plants
and laboratories, thev brought back 175
tons of documents, now under siudy at Tex-
as A & M Umiversity. The Bureau of Mines
built two  coal-
hauefaction plants
il Lowsiana, Mis
sourl.  Supervised
by Dr. Schroeder,
they made a castly

fuel thal success-
fully powered a
dhiese] locomotive.

When the tide of
Maddle East o1l be-
gan Iits surge in the
carly [ifties, the
Missouri  plants
shut down.

In 1950 South
Afnica sought to
ease iis depen-
dence on  foreign
oil by  bullding
g 10, 000-barrel-a-
day plant based
on the Fischer-
Tropsch methed.

Halfa pint ofail lies locked inshale boolk
ends polished by a Celorado lapidary
Dyarit bands indicate rich ore

Alchemy on an awesome scale converts
coal into 55,000 barrels of transport fuel
and ether products each dav at a South
African plant known as Sasol Two (fol-
lowing pages) Several U'nited States
companies plon simular facilities, while
the Department of Energy' focuses on
development of three competing  ciool-
liguefaction processes.
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Three vears went into construction, and five
more into ironing out defects in the complex
refinery, known as Sasol,

When the 1973 Arab oil embearzo struck,
South Africa launched Sasol Two, with five
tirmes the capacity of itz predecessor. Cover-
ing more than a square mile of treeless high
veld near Johanneshurg and just now begin-
ning operations, it is one of the largest com-
plexes ever built

A nising sun was turning back the covers
of the African night when I saw this colossus
of industry, Set amid fields of corn and cat-
tle, it seemed a surrealistic citvscape, plant-
ed by advanced beings from another planet,
An 840-foot exhaust stack towered over tur-
rethike coaling towers with hourglnss waists
and a phalanx of huge gasifier vessels that
stretched a quarter of a mile. A thousand
miles of piping enmeshed Fischer-Tropsch
reactors. Truly, here stood the citadel of the
great god Energy.

Today the Fluor Corporation, U. 5. con-
tractor for Sasol Two, i& building vet a third
one. When all are on line, they will vield a
major part of South Africa’s trunsport fuel.
A steady procession of energy pilgrims from
industrial nations—oilmen, coal men, and
government officials—v'isits these awesome
temples to behaold a vision of the future

In contrast to South Africa’s bold march,
the U, 5. government until recentiy directed
its effort toward research. This focused on
three technigues that convert coal without
passing it through a gaseous state—adapta-
tions of the Bergius technology

One process, developed by Gulf Oidl and
others, soon will be tested in two gigantic
demonstiration models, each designed to
produce the equivalent of 20,000 barrels of
otl a day. A model under construction at
Newman, Kentucky, will convert high-
pollutant coal mnto liquid and solid boier
fuel that will be low in ash and sulfur. If suc-
cessiul, it will scale up in 1990 to a gant fuel
factory producing an equivalent of 100,000
barrels a day, The second, at Morgantown,
West Virginia, will convert coal into syn-
thetic crude oll for refining inte gasoline,
diesel, and boiler fuel.

A second process undergoes tests at o pilot
plant in Bavtown, Texas. Developed by
Exxon, it includes among sponsors two oth-
er oil firms, DOE, Japanese and German

RO

interests, and the Electric Power Research
Institute in Palo Alto, California.

The third process on which DOE pins its
hopes orimnated at the Dynalectron Corpo-
ration. Harnessing Germany's World War
I1 experience, a Dynalectron subsidiary de-
veloped a catalytic process that forms the
heart of a large pilot plant operated by Ash-
land Ol in Catlettshurg, Kentucky

Catalysts and coal still make magic. In a
landmark discovery a Mobil Oil Corpora-
tion process transmutes methanol, an inex-
pensive alcohol that can be derived from
coal, into water and high-octane gasoline. A
pilot plant to test the new Mobil M process is
now being built in Germany, and New Zea-
land has selected the technigue for convert-
ing immense reserves of natural gas into
pasoline via methanol.

Hazards of Coal Are High

Far more than shale, coal causes concern
about effects on human health and safety.

Each wear U. 5. coal-mine acodents
claim more than & hundred lives, Further,
many hydrocarbons can cause skin cancer
upon prolonged contact, and these agents
are especially prevalent in coal. & coal-
liquetaction pilot plant in West Virgmia,
operated in the 1950s by Union Carbide, ex-
perienced a high occurrence of employee
skin cancer. A DOE survey contends that
the nsks, though real, are controllable.

What of coal's threat to air and waler?
Coal emissions contribute to emphysema,
lung cancer, and other respiratory diseases,
tora degree that still challenges accurate cal-
culation. Sulfur compounds emitted by
burning coal are one cause of acid ran,
which kills aguatic life, stunts vegetation,
and corrodes structures.

Coal burning is a major culprit in pump-
ing carbon dioxide into the atmosphere,
which, some experts maintain, is creating a
greenhouse effect. They fear a planetary
warming that will change weather and agri-
cultural patterns and melt polar we caps
enough to raise the ocean levels. The federal
government has launched a Ave-vear study
Lo define the threat.

As to whether a coul synfuels boom will
magnify these harards, scientists still lack
enough information for a judgment. Inevi-
tably, areas in which plants are located wall




fee] theirimpact, But the use of coal synifuels
could have positive effects for the regions in
which they are burned.

“The making of coal svnthetics,” ex-
plained Dr. Joseph Yancik, vice president
for research of the National Coal Associ-
ation, “requires the capture of almost all
pollutants; otherwise they ‘poison’ the cata-
lvsts. To the extent that the nation’s coal-
burning facilities switch to synfuels, air pol-
lution will be reduced.”

Why haven't synfuel plants moved from
the drawing boards into coal country?

A major roadblock is cost. While many
experts believe shale oil can be cooked from
rack for roughly the price of crude, coal's
elaborate alchemy raises the cost to levels no
oneisquite sure of. Most estimates place it at
one and a half times to twice the cost of oil.

With investments so high, industry lead-
ers often raise the specterof “predatory pric-
ing." What if they invest billions and then
OPEC lowers prices in an attempt to snuff
out the infant industry ? No firm. no matter
how large, could survive a synfuel plant sit-
ting idle, producing no revenue to help pay
back the colossal costs of construction.

Recognition of these problems led Con-
gress to create the Synthetic Fuels Corpo-
ration, with its production goals and
assortment of financial mducements and
cuszhions. To the tune of 20 billion dollars
spreail over four yvears, with as miuch as 68
hillion more to follow, the SFC will offer
loan and market guarantees as well as ar-
rangements for cost- and profit-sharing.

Other obstacles surround the process of
permitting-—— obtaining the permits required
at everv level of government in order to
locate a plant  Permits are designed to pro-
tect the pubiic, and for most industrial proj-
ects they can be obtained in one or two vears,
But permitting can get out of hand, as was
the case when Sohio oil company sourht to
build a needed West Coast tanker port and
pipelineg.

With Alaskan o1l glutting West Coast re-
fineries, Sohio proposed to pipe this oil to
Texas, with its vast refining and distribu-
tion system. After five vears of bureaucratic
strugele, Sohio had spent 35 million dollars
and secured nearly 700 permits. but still
lacked approval, In 1979 it abandoned
the project, ironically proveking & torrent

of crntiwism f{rom government officials,

Despite this daunting array of obstacles, a
few companies are at the starting gate to
launch coal synfuel plants. Several have
plans for gasification plants, less risky and
expensive than those for liquefaction.

Kentucky, with abundant coal and wa-
ter, and a welcome mat for job-producing
industry, is attracting liquefaction plants.
Texas Eastern Corporation plans a Sasol-
tvpe facility. Ashland Odl is forming a con-
sortium fora 50,000-barrel-a-dayv plant, and
W. R Grace & Co.! plans a giant facility
using the Mobil M process.

Action also is stirring among a powierful
coalition of western Indians, Members of
the Council of Energy Resource Tribes own
15 percent of the nation's minable coal
Already Montana's Crow Indians are con-
sidering 4 gasification facility.

What can we expect in the way of produc-
tion? With no commercial plants yet under
consiruction, the flow cannot start for al-
most a decade. Projections for 1990 range
widelv, from a modest 150,000 barrels a day
to as high as a million.

Tar Sands Abound

Scattered about the continent in ages
pist, ancient lakes and inland seas left
deposits of orgame materials encased in beds
of sand. Over the cons these formed hyvdro-
carbon deposits known as tar sands.

“About 550 deposits have been identified
in the United States,” explained Leland C.
Marchant, tar sands project manager for the
DOE Energy Technology Center in Lara-
mie, Wyoming, “Significant deposits occur
in California, Kentucky, New Mexico, Tex-
as, and a few other states. But 80 percent of
our tar sands—about 29 hiilion barrel=—
occursin Utah.”

That's where most of the action is.
Though it will never be overwhelming, tar
<ands have a future. “We've extracted bitu-
men, the hydrocarbon in tar sands, using
two ¢xperimental methods,” said Mr. Mar-
chant. “One vsed an underground burn
similar to shale retorting. The other injected
stenm underground to liquefy the bitumen.
We might see 60,000 barrels & day by 1990,
and mavbe 200,000 by the vear 2000."

Immense tar sands deposits, holding an
estimated trillion barrels of oil, lie in the
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Fields sprout fuel tanks in Brazdl (right),
where soaring petroleum costs spur the
comversion of sugarcans (nto othyl alcohod
for making goschol, In the L. 5.
munde largely from corn spreads rapidly as

POEO

i posoline extender
With $1, 100 in parts amd labor (below),
the president of California’s Future Fuels

of America converts ¢ Ford to run on

straight methyl, or wood, glcohol

Canadian province of Alberta. Two large
facilities extract the oil. They, together with
~outh Africa’s coal-converting Sasols, are
the vanguard in the measured march toward
avnfuels

When experts talk of svafuels, they often
include two sources of oil that are extracted
much ke tar sgnds

One is heavy oil, petroleum so thick i
must be hquelied underground, usually by
injecting steam. The U. 5. resource 15
huge—about 75 hillion barrels—with the
major portion in California.

Today California fields yield 300,000 bar
rels a dav of this costly oil, and rising prices
could see the level chimb to 800,000 by 1985

55

Production could soar with the introduction

of experimental submergible steam gener-
ators able to tap deep-Iving deposits

The second source is conventional oil left
behind in abandoned wells, Normally, pri-
marv and secondary exiraction recovers
ol A percent of the ol e residue haolds
promise, with new and expensive technol-
[ his
ncludes sending down detergents or higuid
carbon dioxide to dislodge and mix with the
oil; in a vear or two the oil-rich mix can b
pumped to the surface for separation. An-
ther approach under study is oil “min-
ing"—digging shafts along the bottom of

formabions to dram the residual oil

oy known as enhanced oil recovery



Delay and frustration may plague most
synfuels, but one has bounded off to a jack
rabbit start, Gasohel, 4 mix of unieaded gas-
oline laced with one-tenth alcohol, offers a
tonic both for the auto and the farmer

“Alcohol iz sunshine in liquid form
claim enthusiasts, Thousands of pasoline
station= now sell gasohol. Idle brewerdes and
whiskey distilleries find new markets; one-
time moonshiners respectably
their expertise; and scores of companies
many woefully short on experience—offer
to build plants of all sizes.

sunshine aplenty baked the corn belt
when 1 touched down in central Ilinois
In rows of rich green plants, solar eners
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waorked the silent miracle of photosynthesis,
transforming water and carbon dioxide into
carbohvdrate, channeling it to growing
ears. Soon some of that
trucked to a brown bullding [ visited on the
outskirts of Springfield. Inside, exhaling &
saccharing aroma, a still was ingesting corn
ol & previogs season and extracting stored
sunshime as ethvl alcohol, or ethanaol

“Thiz is a communitv-size distillery,”
Alvin M. Mavis, president of the
National Gasohol Commission. “1t makes

s00 gallons a day, It also leaves a mash that

corfi. wotild be

hoomed

contains every ounce of the comm's original
protemn, for use as livestock feed supple
ment. There's room for 4 thousand of thege
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Bruzil Switches to Aleaohaol

Braril has bholddy co

nent 1 11 il 1iH
BT i ressll wvhen alcohol pr CEqi
rom {arm crog hes two bilhon LRI E
- Proponents claim that by using
WO od-processing 1 1 nid
nlus and diseased crops, the naton [1F
vide the 11 hilhon grllons of aleohol a vear
needed to convert our gasoline to Fasohol



Todav methanol 1s made from natural gas

and used largely for making plastics and sol
But the technology exists to make it
siomass i coal, two of

abundant resources

If methanol finds a birthp
motive tuel, it probably will be California

*1 became interested while looking for
clean-burning fuels to relieve the smog prob-
iem,” recalled Professor Richard K. Pefley
Gl the University of Santa Clara. “For a dec
ade now we've successfully run a small fleet
o methanol

“Converting a gi=olihe-powered car to
methanol 1sn't complicated—a few changes
in the carburetor and manifold plus 2 hand-
ful of corrosion-resistant seals. As for per
lormance, methanol iz way abead—more
power and faster acceleration. The main
drawbacks are difhiculty In starting in cold
weather, which can be cured with fuel addi-
tives, and a low energy content—about half
that of gasoline—which is partlv offset by
methanol’s high octane

“The problem 1= the old chicken-and-ege
syndrome. Nobody's going to make metha-
nol automobiles until there's methanol in
the fuel pumps, and nobody's going to put it
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Testing one for the road, o scientist ot the
University of Santd Clara (n California
(far left) monitors a lobster's heartheat o
determine the ecological effects of spills of
cthyl and methyl alcohol. Findings -
cate far less damage than from petroleum
spills. The alcohols also cause less air pol-
lution than do petroleum products, ol
though they emit aldehydes whose effects
are still unknown

Common weeds vield crude oil at Native
Plants, Inc. (left), a biological laboratory
it Salt Lake City, Utah, Glass extractors
help measure vields of twe promising pe-
trivletrm ;":.".Iljlliu_:{'"ﬂ' i leweed, foregroind,

anid gopher plant

Behemoth with fangs of steel scoops ’

gil-rich sand ot Svnoruade Conode [ed

(following pages;, one of bwo. mmense
factlities. processing Canada’s  famed
Athabasca tor sands, U, 5, 1ar sands de-
wits. Igrvely in Utal, hold more oil than

'y
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in the pumps until there are cars to use it.”

A vicious cyvcle indeed. 1 found a Califor-
nian, however, who is setting out to be both
chicken and egg

*That's the idea,"” said Charles L. Stone
as the onetime AETOSPpACE engineer wiped
from his hands in his workshop
near Sacramento. “I'm approaching people
who operate vehicle fleets, firms like
Bank of America, Pacific Telephone, and
McDonnell Douglas that store their own
fuel and that depend on mobility even in the
worst gas crunch. I contract to provide them
with methanol cars converted here in the
shap, and with methanol at 79 cents a gal-
lon. And I warrant that each car will go as
tar on three gallons of methanol as it will on
two gallons of gasoline. although I expect
them to perform much better soon.”

How can he, when methanol has only half
the energy content of gasoline

“Bemember methanol’s high
Mr. stone replied. “"We can raise the com-
pression ratio for more power. We also ma-
chine our parts to extremely fine tolerances
Soon we'll have methanol cars getting the
same mileage they did on gasoline ™

Chuck Stone also has plans for producing

ETEASE

actane.
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methanol. He turned toward the distant
Sierra, its snowv peaks holding a tattered
white banneron the horizon. "Between here
and the mountains lies a belt of hardpan and
gravel that vou can't plow—good only for
grazing. It could grow enough eucalyptus
trees to provide methanol for every car on
the California highways, and the cattle
could graze beneath them. But we don't
need all that wood. The waste from our for-
est operations and our cities—these can pro-
vide a large chunk of our methanol. The
same can happen all across Amernca”

Another methanol plan comes from Dr.
Thomas B. Reed, senior scientist at the So-
lar Energy Research Institute in Colorado,
“We're developing small plants capable of
producing 30,000 gallons of methanaol or
ammonia a day. They could be installed al-
most anywhere, say by a local farm cooper-
ative, Farmers and others within 15 miles
would bring in cornstalks and other crop
residues, municipal wastes, trash thinned
from forests—anvthing organic. A plant
could produce enough ammonia in 15 days
to fertilize the surrounding farmland. The
rest of the vear's output would be methanol
to run tractors, cars, and botlers. It's a clean,
manageable, self-renewing system.”

A small handful of gaseous fuels could
dalso contribute to runnIng our cars.

With a few engineé adjustments, cars can
he converted o run on propane gas, a by-
product of oil refining. Methane, which oc-
curs as natural gas, sewer gas, and gasified
coal, becomes a liquid transport fuel when
stored under refrigerntion. Modesto, Cal-
fornia, is converting its city fleet to run on
methane made from municipal sewage.

Hvdrogen, the fuel of the sun, could be a
fuel of the future, Wherever there is water—
H,O—there is a sburce of hydrogen, But
freeing the hvdrogen molecules by electroly-
sis requires costly amounts of electricity
Further, bulky hydrogen is difficult to store
on board a vehicle, a problem scientists are
beginning to solve.

The winding down of the petroleum era

could also mean the rebirth of the clean, low-
maintenance electric vehicle, or EV.

For almost a century this appealing auto
has been hobbled by the limited perfor-
mance of the batteries that store its electric
enerzy:  heavy, expensive, short-lived,
capable of trips of only 40 or 50 miles.

Last vear both Guif + Western and Gen-
eral Motors announced breakthroughs with
hatteries that may double today’s drving
range and greatly increase the number of
recharges possible. General Motors plans to
be producing EVS by the mid-eighties.

The Department of Energy is encourag-
ing research on vehicles known as hyvbrids.
These electrics carry a small gasoline engine
to increase the EVs range.

Synfuels Fature Still Uncertain

In an emerging industry with the almost
limitless possibilities of synfuels, cananyone
foretell the future?

Some environmentalists fear they can,
and thev object Savs Kevin Markey of
Friends of the Earth: “Synfuels are not a
good investment, environmentally or eco-
nomically, compared with conservation,
and should be approached cautiously.”

From the opposite ditection, strong
voices cite the nation's dollar-draining
dependence on oil imports and the strategic
need for greater energy independence.

Others see pitfalls in too hasty a plunge.
“If we go too fast,” says Edward W. Mer-
row, an energy analyst for the Rand Corpo-
ration, “plants will cost more, thev'll be late,
and they'll have problems. And if this hap-
pens, we fail to signal OPEC that there’s an
upper limit to what it can charge for oil,”

As to how many barrels will be produced
when, and of what, the crystal ball obvious-
Iv is too cloudy to tell. But shale oil, coal lig-
uids, and alcohol seem to be on the way.

In Brazil, a2 knowledgeable manager of
the giant Volkswagen works observed that
America's energy [uture is complicated by
the confusing variety of choices that lies be-
fore us. It's not a bad problem to have.  []

Designed to be as scary a2 o scarecrow can be, un apparition sets sail on an oily tailings
pond at the Athabasea tar sands. At its feet rides a propane cannon thar booms twice a
minute. This rig and a hundred replicas successfully deter birds from alighting on water
polluted by processed sand. Environmental threats pose a primary obstacle to synfuels.
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bellowing cattle, now rumble day and *

night hauling silent coal from a high

rangeland that sits on 50 billion

a big chunk of Amer

S.
7

s energy future.
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UESTION: Why do the ranchers
Nere go around in lennis shoesy
Answer 5o vou can tell them

apart from all the coal miners

vEaring cowbov hools,
This cvnical explanation for thé profusion
it her cow

of fancy tooled leather hoots and
"-l__-_‘. gear tn Gillette. in the heart of 1l.‘|.-_'-.'l.-
ming’s Powder River Basin,
revolution, Gillette, once a cattle-loading
stop on the Burhington vorthern rayroad,
15 OOW i _~=|r;m'.|-rl-~.|p ENETEY boomtown
rapicly shedding its cow-lown past

But out in the lonely reaches along the
Powder River, ranchers are trying to hold to
old wavs and values in spite of stunmimng

T 1% |._

ik

change, On his 11.000-acre ranch, shirt off
hut with sweat ~l:'in--|' cowbov hal on the
back of his head. Ed Swartz tugged. pulled
and finally :L':-.tLLL'Il a calf into the world

"‘-."|.'|- were touch and o there for a min-
ute.” he said over s shoulder, as the call lay
In:ml:ni: next to its maother on the parn floor
“He's an awiul big critter to squeeze out of
such a little heifer.”

It had been seversl vears since 1 lust saw
Ed, a 39yvear-ald, third-gener; 1I|ur| CO -
boy, At first glance not much had changed.
Otherheifers. swollen with thewr hrstd nlves,
watched from their pen. But the peacetul-
ness of Ed's ranch, with its tiny drama of
new life, made a sharp contrast with the
larger dramat Lll-ﬂ*.u place around us

After a century of comioriable 1solation
walled off by the Bighorn "ri- MINTLALNS N Onde
side and the Hlack Hills on the other the
rumpled, lonely plaans of the basin's cattle
country have been :.Lll-;l'-r up in A massive
energy boom. A doren strip mines gape new
and raw against prairie dusted blue with
[lowering |u|-.r|u A mile<long coal tran cuts
through gr il where no trock existed
two vears before. (Once sleepy ranch Lowns
swell wiath thousands of miners, construc-
tion workers, rallroaders

And more, much more, to come, Another
20 ¢coal mines are planned, waiting for thi
citll for more coal from Chicugo, Houston,

Tokyo, Slurry pipelines may use billions ol “Nothing to do there” and three doays of

gallons of precious hasin water to carry thal rain send Chuck Voglewede ot of Crillette,
coal south and west, Hallf a dozen bilhon- Wyoming, capital of the coal beom, On a
dollar svnthetic-fuel plants mav rise Lo con- ride thot hod begim in Los Angeles; he
vert Powder River coal to oil and gas worked spring roundups, got his dog G L

All thiz i= aboul o transfigure 3 land as







large as Connecticul and Massachusett continue here without conflicting with the
combined: 14,000 sfjuarg n s siretching nation’s new energy demands
Jone the Powder River. And vel it 15 as “TI'm not sure any more, hesaid. Notlong

L I.' '.'I 5 Il'l III -|':. -lll. -III""I |.|.I |I"\' iI .-1| |1' il |E|.r|-' il:. III'II I.III 1 .: i|i£ L .-:-.'1II:.|.| II'I.-I.- ll'r:'.r|..'.-:'-

century ago, when Texas longhort drovers  suggested he tiy o Nevada 10 0ok OVEr a
and restless midwestern farm bovsdriftedin - 30,000-acre ranch—more than three times

to stay after discovering the prolem-nch he size of his. If he Liked it—and aereed Lo
shorterass that carpets the hasin floo el e company mine a s 5-fopot-thick seam

As Bl Swartz and T thumped across his  of coal under his Wyoming ranch—the 5.5-
pasture 11 4 ||‘.-'|-.I.1|- iruck, checking cattle, | million-dollar Nevada ::-i-u'r was his
neked whether the old mnching wavs coulid He turned it down
[his 15 mv home."” he said. Y My grand-
father homesteaded here. My ’..-.'|L|L'r SUr-
vived vears like the 1936 drought, when thi

sovernment bought cattle at 15 a head be-

cause nobody else wourld, then shot many of
them. T want to give my kKids something with
history attached to it, not just some piace a
nrparation bought for us."
But gthers have vielded o the pressures
Loak CPLEN K. KReno told me. ™ |.|'L'
next time vou come back here, the ranch lif

voll 200 now could all be gone,. She nag Just

sold half of her ranch to coal developers
F.nersvy Potential Is Enormous

Gary Glass, deputy director of the Wyo-
ming Greological Survey and a believerinen
erey development in the basin, would not
contest Mrs, Reno's view, Y1 this pation
mtends to produce enoueh energy o shape
itself up in the next ten vears, then vou're
looking at the future nght here. ™

[here are huge reserves of TAW energy in
the basin. Wyoming is second in the
iation to New Mexico in uranium reserves
with a third of the state’s supply under the
hasin. There is also oil, with pumping jacks
hobbing across the prairie like faraway 1n-
o Il'.|| NEYETT SEemt I %]

Butitis coal that sets this land apart. it
hillion tons, much of it very close to the sur-

LCE 1N Seams |.|J.I.|. somelimes riun as thick as

i story bullding is hieh

_ . - i B s . o N~ latlanldersa E L o o _
FT 5 1l I"ru_ﬁr La £&er N LEE 1 I i I VRS A II Irl |...:.-I : III. | IILl—l ATRT I-: :Il'_l.-lllll
: i i e I-|_|| 1E Fi I _:..... LE; i Tl
Saeey, A ) Rows of tratlers '-I'-”l.-: across the valley,
| 1 1 s 1 FEl e 11
i I L L LS 8 | - b | i T | W ' = - . = e - N -y SR .
2 Road eraders poashed aw Ay, urning N7
POl I - 2F Wils 5000 (1 il i AT k
two-lane state road I wasoninto a four-lang
i i | FTE T el R L I||r 8] II ||_! [T T ]
i |-. i 2] = i ||':.|'|'-'i--i'I |.|I|-.|||||I|'|-l'|-;-||-,|r|||| i) || L1l
i VLT | il 'k i Lt L Ll red 1 i
§ = i e | ™ LT FF AT '_ 1 II_ | £ | Py Heegs
ciome o Far miner Ed Martinez [H2 UNACTROINS nir ll DL ITSTEATN BT SETATE

(facing page) the answer o his: T-shirt yedars. And a plastic sign on a roadside
miight now be T eauldn't care less. " He wis honkv-tonk offered music and beer even
Teired ot arrtdd Ml SO FOeed o !|-.:'!I.“"-III||||--iF-IIJIZI"|

At night, souped-up cars and trucks hilled
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s ity bull but lots of buck as “El Toro™ jolts a patron in a




(rillette bar. Even as cowboys work the mines, miners trv electric rodeo.




Aluminum Conestogas mahe




Coal-bearing strata
of the Powder River Basin
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WiLh newCcomers
hars. Car radios blared country and western
songs, one of which seemed a particularcls

appropriate dirge for Giallette's past
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Replacing the lost cowboys are the energy
boomers ke Marty Yuill, a2 voung woman
who drew admiring glances from the male
ciners in the café when

WE Were sipping

| came hete last vear,” she smd. “to find

work that patd better and was more exciting
“Ihd vou find what you wanted?”
“You bet 1 did,” Marty said with a grin
she got a job packing 3 '-[IIIIIIHI bags with
blazting material for the coal mines, *I'm
L Sed sail Marty, “but you ought
1o see how it shakes up the govs | meet

_]l ] _'-r_.-_ll-\._l I Il"l. I

than the jobs avallable back home, "

10 18 IIOW

-II-. |;|.||:.\_I:| |.\_.I|I|'.|| ||_|_'|-

pournng into the hasin in t E DS 1w Virars.

Most are voung—ihe average age here is
2a—amd some make good monev. The start-

ing pay tor an apprentice heavy-equipment

NPATTLOTE POWET frn [T . i Last | ' :
. . he Last Cowboy song” hy Ed Bruce and Ri
| | P Ir En Fi i
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Anticipating the boom of Black Thunder, Arco’s nearby mine, the
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compiny planned the prefabricated birth of Wright, Wyoming.







operagtoring ool strip mine1s more Lthan 511
i howr, abowut what a cow hand can expect
to cnrn for half & doav's work ona rancl

But there 15 a darker sude to this boom

| L Ly i) l '|| VinLer l ]!
II LL = i | | || L i rl'l'-'!llll-l'lll e
[ Rl .:'!L"'l"i-'i_ VD 2 TECenNL eSLimateE, ona
inevery 250 residents has attempted suicids

w4 1] L3y (o0l fee xhihi |
“boomtown ssyndrome” —a pattern of socia

= typical of people who come looking for
the rainbow’s end. At the Northern Ww

mng Mental Fleadth Center many cases in
valve marital conthict, wite and child abuse,

and alcohol problems
Coping With Boom Times

Gillette’s Mavor Mike Enzi disputes that
gloomy assessment, “Weve goit problems all
rieht, but mast have been blown out of pro-
portion. We've been called the baby-abuss
capitnl, which just 1sn't true. " On the wall of
his office 1= & plague with the city's officiad-
and preferred—iitle: Energy Capital of the
Nabon, GiHette has grown from 4,000 peo

e when he came here 1o 1969 1o 14,000, In
ETVO N BT LE Y ||-_|_|- -_|:|-|'l-:||||.;-: _ll_.l"l-;'
i) LA ||!:|'!|'. dttributable to

‘1ol rather talk about present-day positivi
soiutions than histoncally negatve prob
emy,” Mavor bEnn continued. “Nobod
FINENLIGRNSOUr . } EraLs |'.!||!_-':|||'_- | | "
re more baseball plavers than oc Uinls if
all the bars m the countv.” Furthermos
sincethe mid-seventies, Gillette has expand
ed its ¢lectrical power, sewnee treatment,
Witer '“:ll':ll"- and rosds. The ratio of new
homesto mobile housing 15 now about EVEn

With Joe Hamner, president of the Carter
Mining Company, | visited one of the ba-
sin's busiest strip mmes. Carter, a division

of Exxon Coal, has i viesled more than 144

The sofas were coming, but nobody w
lsedd on this day in Crillette fabove ). Th
Linerant furmiture store soon moved dlong
i the il held 0T [ g Fs
e the | Tha
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Nouchdown at the whistle sends the stars of two pichup reams




back to their giant trucks to haul away strip-mined coal at 120 tons a load




million dollars in its Rawhide and Caballo
coal mnes. In 1979 the two mines smpped
4.7 million tons, and by 1690 could be pro-
ducing 36 million,

“We tell our workers we will be here daz-
eing coal for the next 30 or 40 vears,” said
Hamnerin a deep east Texas drawl

At the Rawhide Mine there is so much
coal that the electric shovels and 180-ton
belly dump triucks with their tén-foot tires
are tovs against that massive seam. Mine
manager Pete Erickson explained that the
mine will follow the coal seam across 6,000
acres of ranchland,

Asthe miners open up new sections of the
seam, they will fill in the mined-out pit be-
hind. “Five vears from now this hole will be
restored to its original condition—minus the
coal, of course,” Erickson said. He pointed
to & gentle grazs-covered slope where a cou-
ple of antelope grazed. “We reclaimed that
hill,” Erickson said proudlv. “But some
folksstill argue it can’t be done.™

On the other side of the fence, so to spenk,
are ranchers and environmentalisis like Ro-
land Landry, who warn that, with o dozen
pperating strip mines and more to come, the
large-scale disturbance of the prairie will
leave apermanent scar. Landry helped form
the Powder River Basin Resource Couneil,
most of whose 600 members look skeptically
at claims by Exxon, Arco, and others that
mines can be permanently reclaimed.

“Thiz is delicate country,” Landry said.
“The reclamation looks great—now, But af-
ter a couple of drought vears and heavy graz-
ing, it could be right back to moonscape.™

The basin's coal was ignored until recent
vears because the basin itself was ignorerd.
Westward travelers in the 19th century
skarted it and the treacherous Bighoms
when they could. Those who did pass
through—mostly along the Bozeman Trail
towurd Montana's goldfields—noted fine,
dark sand resembling gunpowder along the
riverbank—thus the name Powder River.

It was not until 1892; when & rutlroad
crossed the basin, that the importance of its
coal was recognized. The railroad tapped
deposits near Shetidan to fuel its engines.

Mining camps sprang up filled with Poles,
[talians, and Irish, whose descendants min-
gle with the children of English and Scottish
ranchers on the streets of Sheridan today.
The Burlington Northern bums diesel
fuel todav, but it hauls a lot of coal—about
80 million tons in 1979, I swung aboard coal
train number 5048, a line of 110 drange-
and-black hopper cars, each holding 103
tons, stretehing out of sight around a Bend
three-guarters of a mile back. The tran,
pulled by six engines, was bound for Hous-
ton; its 11.5350-ton lead would provide as
much electricity as that city uses from all
sources every ten hours, By 1983 this stretch
of track could be one of the busiest in the
country, carrving 30 coal trains daily,

Opposition or Control?

Such booming prospects alarm old ranch-
ing families. Near the quiet community of
Buffalo (population 3,800), Texaco and Mo-
bil want to build synthetic-fuel plants. One
evening I spent several hours in the base-
ment of the Buffalo Congregational Church
listening in on a strategy sesston cilled by
opponents of the proposed plants.

A schoolteacher, a lorest ranger, several
rinchers, and perhaps three dozen other
peaple attended the meeting, The impact of
the energy projects on the area would be
enormous, they said: & work forceof 10,000
to build the two plants, several billion gal-
lons of water to run them, and potentially se-
rious pollution that could drft inte the
nearby unspoiled Bighorn Mountains

stll, I wondered, what chance did 40
people have of halting a project of this mag-
nitude? 1 asked Wyoming's 11, 5. Senator
Malcolm Wallop, whose ranch sprawls into
the foothills of the Bighorns a few miles {rom
the site of Texacn's proposed project.

“I doubt there’s much that can be done,”
he said. “Sadly, the time spent trying to stop
development is perhaps wasted. It could be
better used to control the impact.

“People of Wyoming have never given
sround happily, But today we have to give
ground because irresistible changes are
coming to this part of the West. " 0

The paths of glory—cattie glory or il or coal glory—stil lead but to the grave,
trenerations of boomers will pass before Powsder River coal [ights i1s last lamp.
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