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If your candle hasn't burnt out yet, you
wil read in this article a rational ac-
count of some of the possible catises
and “cures’ of the nation’s current
ghergy crisis.

Steve

. The word "crlsis”, which, Webster
reminds us, means both a cruclal time
and a turping point, has besn used

. libarally duting the past vear fo de-
scribe a shortage of petroleum snergy
at the consumer level of the sconomy.

America has had a supertluity of crises
in its history: thesse have ranged from
crises in condidence and credibllity to
more substantial difffculties,” such as
the Great Depresslon of the 1930%. In
this historical context, the energy sit-
uation clearly has not recelved its at-
tention because it in itself is relatlvely
important as crlses go; rather, the cur-
rant sltuatfon Is Important because it
répresents a new vatlety of crises. The
possibility of long term shartages of a
crucial resource s a problem unpre-
cedented for American soclety, Ths
effects un the Unlted States of such a
shortage are unknown and many po-
tential solutions are untried,

During the past three months, the
enerdy erlsls has madified America in
many little ways, Recently a Baltimore
television station ran sixty second
spots entltled "Energy Tips", pointing
out to bulb loving Americans the heat
and light creating potentials of candles.
In Chicago, people can now maké ap-
poliitments with their service stations
to go buy gasoline, Department stores

. are-reporting an alarming increase in
the sales of gasoline siphons and, not
surprisingly, locking gasoline caps.

This past Christimas, coal in ones
stocking no longer meant that the
stocking's owner was a bad little boy
or girl.

At Yale, as at other acadermic insti-
tutions, the energy ctisis was the
impetus for further belt tightening,
President Kingman Brewster in a letter
to the Yala community outlined In
November the Universily's measures
for energy conservation, The Adrminis-
tration rejected a proposal to extend
Christmas vacation until the first wesk
of Februaty, but the Yale dormitorles
wera shut down between December 22
and January 10 and major University
facilities ware closed or only partially
operatad. Custodial services set ther-
mostats in the University's buildings at
68 degrees Farenheif; in many in-
stances the thermostat setting dial was
ramoved to prevent tampering. Finally,
the President appolnted a Faculty
Energy Advisory Committes to explore
additional means for saving energy, Of
course, the most important element of
the energy crisis is not its effect on
Amarlean colleges and universities; the
more important elements, to be dealt
with in this article, deal with the
national and International aspects of
the crisis.

The Insatiable Demand

What s the cause of the current
crisls? The question is direct; unfor-
tunately, the facts surrounding the
energy crisis indicate that its answar is
complicated. Each year for the past
thirty years, the world has demandsd
an exponentially increasing amount of
energy. The world population Is cur-
rently doubling every 30 to 35 years,

and predicted world energy consump-
tion Is expested to triple by the vear
2000, In America, increased uss of
anergy has been advocated as the key
to the cure of innumsrable sogial and
technologlcat problems. More anergy
will be neaded to heat and light more
homes, revitalize urban centers, and
clean up the air and water, By the turn
of the century, Americans are expect-
ed 1o double thelr energy consump-
tion, .

in the underdeveloped countriss,
however, even more growth is ex-
pected, Based on the correlation be-
tween ehergy consumption and stan-
dard of living (Figure 1}, the hops for a
batter life for the poor nations of the
world has come to hinge upon the
avallability of cheap plentiful energy
supplies, This, coupled agatn with ex-
ponentlally Increasing populations in
the underdevsloped countries {doub-
fing every 20-30 vyears), will pheno-
menally increase the “third world™ de-
mand for energy in the next throo
dacades.

A majority of the energy used by
hoth developed and underdeveloped
counttles is in the form of petroleum,
peiroleum exported from a small group
of Middle Eastern natlons well en-
dowed with petroleum reserves (Figure
2}, The major importers of oll are
among the major industrial nations of
the world and include Japan and
Westarn Europe, both of whom have
comae to dapand heavily on the export-
ing nations to meat their energy needs.
France imports 83 per cent of its ol
from the Middle East; the figure for
West Germany Is 74 per cent, Even the
United States, in the past self-suffl-
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dent in energy production, has grad-
tally heen Joining the ranks of the
‘have not” nations; in 1872, 18 per
sant of America’s annual petroleum
same from abroad, 6 per cant from the
Arab nations.

Thus, in Europe and Japan, the'short
erm cause of the energy crisis can be
raslly identified as the Arab oll em-
rargo. In the United States, howaver,
iince only 6 per cent of the oll supply
~as affected hy the embargo, this can
w0t be the entire story. Evidence has
iccumulated indicating sizeable leak-
1ge of Arab oil through the blockade to
mmbargoed markets, Also, the United
itates experienced a shortage of
1asoline in May and June of 1973 and a
nodest fuel oil shortage during the
[972-1973 winter, both before the Arab
it supplies were cui off,

It is clear that even without .the ofl
ymbargo, the United States would
ava a domestic petroleum produgts

shortage because of insufficlent erude:

il refining capaclty. In the 1967-1972
seriod, oif refining capacity grew
dower than the demand for petroleum
sroduets by approximately 2,1 million
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barrels a day. To mest the expscted
demand in 1985, refining capacity still
neads to be expanded by § million
barrels a day. In 1972, hovaver, due to
gconomic conslderations, no new re-
fineries were being built and in many
cases plans for refinery expansion had
heen delayed or shelved. A reflnery is
an expensive investment, a 180,000
harrel a day capacity plant costing over
5200 million; without crude unegui-

vacably avatlable for its operation, the.

initial cost makes the Investment risk
unattractive, .

Bomestic Econoinlc Problems

It is apparant, then, that economic
effects are also involved In.the cause of
the energy crisls, Evidence indicates
that federal interference in prices has
had adverse effects on the supply and
demand balance in the petroleum mar-
ket, The .wage-price freeze fixed
Amerlean patrolaum product prices at
lavels lowar than those prices abroad,
encouraging export of. reflnad petro-
loum to markets overseas and increas-
ing demand at home, in addition fo
making refinery construction unatlras-
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tive to oll firms. Indeed, a recent Walf
Streat Journal article indlcated that
excesslve demand for petroleum pro-
ducts encouraged by U.S. price con-
trols probably'has been more to blame
for American fuel shortages. than the
Arab ofl embargo,

Professor Jamaes Tobln, of the Yate
Dapartment of Economics, suggested
fow petroleum prices, an insufficient
expansion of refining capabilities by
the- olf companies, and the lack of a
national energy policy as among the
causes of the energy crisis. In response
to-several questions by, Yale Sclentfiic,
Dr. Tobin notad that some increase In
petroleum prices would be necessary

to bring demand more in line with sup-.:

ply, although he also pointed outt
the currently skyrocketing oil; spri
wers mueh higher than neces
encourage development of n
sources,

withoutadlsastert it
of life,” Tobln

for a long Him
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Amaticans the price incentive 1o do
{likewisel."

This then leads us to the next Im.
partant question: what is the solution
to the energy orlsls? In the long run,
the solution of ensrgy shartages must
deal with the ultimate causs of the
shortages — the exponentially in-
creasing demand for energy. Short run
solutions exist, however, and are de-
stgned to deal with the Immediate cri-
sls. These short term solutions are
based on the assumption that the
shortage of oil was caused by the Arab
oll ambargo. Therefore, many planners
argue that temporary measures, in-
cluding allocation and rationing, are
needed fo tide the American people
over untl! either the lifting of the em-
bargo or the discovery of soma new
technology makes sufficient energy
agaln available to mest the demand.
Presumably, at that time, all allocation
and rationing programs would termin-
ate,

Government Actlon
;. This philosophy was at the heart of
2 the, cuirent Administation’s “Project

pita Energy Consumptlon,
hetwesn snergy consumption
{Source: Office of Sotence and Technology)
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Figure 3. United States Energy Consumption Growth:

Independence,” a pragrar designed to
make the United States energy self
sufficient by 1980, The Adminlstra-
tion’s plan eliminated rationing as a
present response to the crisls situation
because of the inequities, bureaucracy,
and potential economic Imbalancss
that tradltional rationing systems
would entail, Rathsr, at the heart of the
proposal was an effort 1o create maore
domestic pstroleumn and non-petrole-
um energy suppliss, These included
making aveilable by pipeline 10 billlon
barrels of oil heneath the northern
Alaska coast and the development of
oil shale deposits, Developmant of o
shale as a new source of petroleum
potentially opens a currently unused
large reserve of fossil fuels; current es-
fimates Indicate that there are 600 bil-
tion barrels of “high grade’” oil shale
beneath 11 milfion acres in Wyoming,
Colorado, and Utah. By an in situ pro-
cessing system the shale is heated In
the ground to drive off the trapped oll
— these reserves may be availabla for
as low a cost as five dollars per barrel
{in comparison with a current cost of
$18.76 for a barrel of Libyan oil}.

Amerlca’s exponentially inoreasing demand for energy
Includes an Increaslng share contrlbuted by oll ang
nuclear powar. {Source: Bureau of Minss)

Unfortunately, mere discovery of
new petroloum deposiis is anly a short
term solution. Given an exponentially

“incraasing demand for energy, one

must fInd it absurd to expect that there
fs sufficient petroleum in the earth's
crust to continue to provide ths pro-
portion of energy that it has provided
up to the present time, Indeed, beyond
pure snargy considerations, petroleum
is far more valuable In the fong run for
its abllity to serve as a source for
petrochemical fesdstooks. Thus an in-
toermediata range sclution to the world
onergy shortage must be based on
finding an alternative for petrolewm on
the energy market, Several of the more
important alternatives, to bs discussed
and compared below, Include “naiur-
al’” energy sources, such as geo-
thermal, tidel, wind, and solar power,
and nuclear energy sources, such as
tisslon, breader, and hydrogen fusion
reactors, A

"Natural’” Alternatlves

The “natural” sources of energy of-
fer In many ways an attractive alter-
native to the combustion of fossil fuels.
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As a group, such sources have hegen
used on a small scale for some tma,
They are generally non-polluting and
renewable. Geothsrmal power is based
on the fact that scattered over the
earth's crust are areas termed geologic
“hot spots’”’, or reglons under which
magma, or molten rock, has been
forced anomalously close to the sur-
face. This dome of magma heats the
surrounding rocks which In turn heat
water in adjacent porous rocks. Whan
water heated in this fashion reachas
the earth's surface, geysers or, moare
often, hot springs are formed. Use of
hot springs dates back to the days of
the Romans; currently, in {eeland and
New Zealand, nations well endowad
with geologic heat sources, gsother-
mally heated public baths are stiil pop-
ular,

The first use of geothermal powsr to
supply electricity came In 1904 with the
building'in Lardersllo, Italy, of a gener-
aling facliity drawing energy from a
natural geyser and steam flald; the field
currently has a capacity of 370 mega-
watts, Similar facilitles have since bean
developed In New Zealand, Iceland,
Japan, the Soviet Union, and Californ-
ia. In addition to supplying power,
some geothermal wells also provide a
source of desaited water,

Future devslopments of geotharmal
power Is a promising source of modest
amounts of anergy. Turkey, the
Amoericas from Alaska to Chlle, and the
African rift valley are all potantial areas
for development, Donald White, of the
U.8. Geologic Survey, has estimated
that 4 x 1620 joules, or approximately
12 million magawatt years, of thermal
energy are stored In the most Im-
portant geothermal areas. In the ex-
traction of this energy, sfficlencies
could be expected to be anywhere
between 10 and 26 per cent, yislding a
total energy supply of betwean 1.2 and
3 million megawatt vears of energy
available for consumption. Howsver,
this figure Is small compared with ex-
pected American slactiicity consump-
ton in the year 2000,

There are a reasonable number of
problems assoclated with geotharmal
Power in addition to Its small capacity.
Drilling a steam well 1000 meters deep
¢osts between $60,000 and $160,000,
and a complately daveloped fisld could
bs expected to have a cost comparable
to that of conventional power plants,
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Large scale use of any one geothermal
field can create severa! problems,
Infection of large amounts of water
into heatad rocks will cause “channsl-
ing,” or the creation of large percola-
tion channels at the expense of smaller
channels, praventing efficient heat
transfer from the rock to the water. An
oven more serious long range problam
arises from the fact that with a large
amount of heat extraction from
underlying rock, the rate limiting step
for energy use ultimately would be the
conduction of heat from rocks deeper
in the earth to the developed region —
a process that, because of the in-
sulating qualities of rock, would be
expected to be reasonably slow,

Wind and Water

A proposal for similar small scale
utilizatlon of a natural energy source
for slectric power production involves
tidal power. In its simplest form, the
proposal calls for the Isolation of a tidal
basin with dams. At high tide the basin
is filled, and at fow tide the collected
wateris allowed to run out of the basin
and through an electrle generator, Only
one full scale tidal electiic plant has
been built to date; it Is in France and
has a capacity of approximately 320
megawatts, Several othar sies have
been proposed for similar generating
stations; thass include the Severn
River in Wales and the Bay of Fundy in
New Brunswick, Canada,

Tidal power, fike geothormal powaer,
is limitad in scope, David Rose of the
Massachusetiis Instituto of Technology
pointed out that “If a fow dike were
bullt araund the entire U.S. to harness
all of the tides, the resulting electiic
power would only satlsfy the needs of
a city the size of Boston.” Further
limitations Inelude probloms in locating
tidal electric plants, Tidal basins require
conslderable area and suitable land for
tidal basin construction Is not plentiful,

A third natural power sautce is the
wind. Long used to generate electricity
and pump watsr on American farms,
windmills became a rarity with the
inauguration of rural electrification.
Because wind power Is a pollution-free
rehewable resource, thers has recently
baen & revival of interest in both large
and small scale electric generation with
windrmills,

America’s first large scals wind-
electtic station was bullt during World

War § in Vermont, With a generating
capacity of 1,260 kilowatts, the il
operated successfully for sixteen
months. Aithough shmilar farge scale
windmills have been suggested for fu-
ture large scale energy production, the
most current interest in wind genera-
tion has involved small windmills
supplying sufficient enargy for ong
household, One such windmill current-
ly on the market is capable of supply-
ing 200 kilowatt-hours of elactriclty a
month, the power being stored in bat-
teries to provide electricity whoen the
wind is not blowing. Many limitations
of wind power are apparent, howaver,
In many patts of the country, average
wind speeds are inadequate and un-
reliable. Also, simple caleulations show
hat a staggering number of windmills
would have to be bullt hefore wind
power would have any significant part
in providing future ensrgy needs,

Solar energy Is the final “natural”
energy source to be discussed; it is
probably the most likely of the energy
sources discussed so far to be ufilized
on a farge seale basis, Until recently the
only uses for solar energy have bssn
for elactric generation in spacecraft
and small seale heating {e.g. in green-
houses). The earth reradiates 120,000
million megawatts back into space per
year, and virtually all of this goss un-
utifized,

Greenhouses

Several methods have been pro-
posed for the collection of the sw's
energy. One praposal involves distrl-
buting panels of light to slectricity
convertar cells over a dasert area, con-
verting the energy in the sofar rays in-
cident on thase panels directly to elec-
tric energy. Such an operation s
roughly 10 per cent efficlent. Another
possibliity Is to use tha “greenhouse
effecl” to trap sofar energy by heating
alr contained in a wood hox covered on
one slde with a polyethelene shset,

The heated air is then blown by a fan ~

Into a selar heated house. Finally, to
prevent loss of energy due to adverse
weather and pollution conditions
scheme advocates orbiting
power colflection satellite in
ary orbit around the earth; the:
would beam the engrgy
the earth via microway




that energy consumption in 1870 was
2.2 milion magawatts, to supply all of
America's expected energy needs In
1980 using solar plants with 10 per cent
efffciency would require a solar collec-
tion area raughly the size of Arizona,
The large size and thersfare large cost
of solar power generating plants rmakes
them unattractive for current use as
large scale snargy sources. Neverthe-
less, since solar power i completely
renewable and non-polluting, in the
long run it offers the best alternative to
the next set of energy generation facil-
ities to be discussed, nuclear power
regetars.

“Unnatural” Alternatlves

Nuclear poveer plants may be divided
into thres broad categorles: conven-
tional reactors, which obtain energy by
flssfors {or splitting) of the nuclei of
heavy atoms such as uranium 235
breeder reactors, which run on uran-
um or plutonium but, during opera-
tion, croats more fisslonable materlal
than they consume by bombarding
tharfum or uranium 238 with neutrons;
and fusion reactors, which obtain
energy by the fusion of two hydrogen
nuslet to form a heffum nucleus,

American nhuclear powsr plants of
the conventional vatlety numbered 22
in 1971 and had a combined capacity
of 9,132 megawatts per year, Another
99 plants with a combined capacity of
80,000 megawatts were alther under
construetion or on order. By the ysar
2000, nuclear power plants may bse
supplying 80 per cent of America’s
olectiical energy, This set of plants
offer Amerlea’s only major technologi-
cally proven alternative to fossil fuel
power. Environmental problems with

conventional nuclear installations have
bsen well documented. The most sar-
lous problem relating to long term
planning, however, is the fact that by
the year 2000 an acute shortage of low
cost uranium 235 reactor fuel will have
developed. Thus, conventional reac-
tors clearly are only an intermediate
ferm solution to the enargy shortage,

Breedsr reactors have baen advo.
cated as long term replacernents for
conventional reactors. Because they

¢reate fuel during their operation, a set .

of breaders in theory wauld never run
out of fuel necessary -for thelr own
operation, Brisfly described, the oper-
atlon of a hreeder depends on the
ability of excess neutrons from the
fission process to convert bombarded
“fertile” isotopes of heavy metals into
fissionable isotopes. Two such fertila
isotopes are uranium 238 and thorlum
232, both in abundant natural supply.

Current ressarch has led to the con-
struetion of several liquid motal fast
breeder reactors {"liguid metal” rsfers
to the heat transfer system used and
"fast” refers to the use of fast neu-
trons in the breeding reaction}; other
potentlal breeders include the gas
cooled fast breedér reactor and the
thermal {slow neutron} breeders, Fast
breader reactors which create pluton-
lurm 239 as the end product have re-
cently recelved the most attention bg-
cause their bresding efficlencies are
the highest. Glenn Seaborg of the
Atomic Energy Commission has esti-
mated that the flrst reactor of this type
Wil be commercially available by 1985,

Rscurring Fears
Problems with breeder reactors are
numerous, howevear, These includs

technological as well as environmentg|
and soclological difficuitles, Structural
difficuliies are created by the instg.
bilitles of most metals under intensg
neutron hombardment. Furthermoro,
to obtain "bred"” fuel, the reactor fusl
pellets must be removed from the
reactor and transported over long dis-
fances for chamical processing to iso.
late the plutonium, This ihwolves the
possible releaso of radioactive nucleg.
tides to the-environment in the frans-
port and pracessing of the fusl olo-
fnonts, as well as during the long term
storage of radioastive wasta produets,
Finally, large numbers of breeder reac.
tors would create large inventorles of
plutonium which is considerad by
many to be ane of the most dangerous
alaments known, If obtainad by the in-
correGt persons, plutonium could easily
be fashloned into nuslear explosives
suitable for political blackmail, Thus
breeder reactors are not without dis-
advaniages, disadvantages which in
the minds of many make them afn un-
desirable enargy alternative no matter
how much energy they can potentiaily
provide,

In contrgst, the hydrogen fusion
reactor is considered to be an ldeal
method for creating power. The bhasls
of fusion power is that the fusion of
hydregen nuclei to form helium re-
leases large amounts of enargy In a
progess similar to the process oceuring
in the sun. Fusion power is advocated
as safo, free from radioactive waste
hy-products, and relatively abundantiy
supplied with fuel,

The single biggest difficuity with
hydrogen fusion is technological,
Fuslon reactions take place only at
temperatures.in excess of 100 milllon

FISSION PRODUCTS AND NEUTRONS
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Figure 4, Flsston
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Flgure 5, Fuslon

Fusion occurs when tritlum and dewterium {two lsotopes of

hydragen) or two deuteriums eombina to form helium,

Yale Sclentific




degraes centigrads and at thess tem-
peratures, the hydrogen fuel exists as a
plasina, or lonlzad mixtura of electrons
and atomic nuclei, Confining this
plasmna at sufficlently high pressures
has been attempted using magnetic
fields, as materlal containers on con-
tact with the plasma would cool the
plasma to a temperature too low for
fusion to take place. These altempts
have only been partially successful due
to instabilitles inherent In the plasma;
nevertheless contaltiment of a plasma
has been achieved for perlods of a few
thousandths of a second,

Fuslon powaer, despite all of its po-
tentlal, will not be available bafore the
year 2000, Research progress has baen
in many cases frustratingly slow; much
of the hasic technotogy still nesds io
be developed. A further problern arfses
from the fact that cutrent fusion pro-
cesses being developed use tritlum, a
relatlvely rare isotope of hydrogen, as a
fuel. Tritium is manufactured from
lithium 8, a not-too-abundant isotope
of lithium. The measured raeservas of
this isotope in the Unifed States,
Canada, and Africa include only 67,000
metric tons, making the poteniial
energy detivable using trittum fueled
fusion reactors squal approximately to
the energy content of the world‘s fossil
fuels.

QOutlook for the Future

This completes a brief survey of in-
tormediate solutions to the energy orl-
sis. These solutions are classifled as
intermediate in range because al-
though they do not deal with the ul-
timate causs of the energy shortags,
they do serve to reduce the demand
pressure from the world’'s petroleum
reserves. What is presented to the
reader Is a selection of small scale ap-
proaches to the ctlsls, many involving
incomplete technologies, ecological
problems, and occasionally majar po-
tentials, It should be made clear that,
axcept possibly for breeder reactors,
he new energy source definitely will be
available by the year 2000 In any signi-
ticant quantities to mest the expected
exponentlally increasing energy de-
mand. Even this date Involves a con-
siderable gamble; it is entirely con-
Gelvable that the most promising now
source of powaer, the fusion reactor,
may not be available then,
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Figure 6. Exponentlal Growth:

Growth of world populatlon with tims In
an exponentlal fashion Is one cause of in-
oreaslitg energy domand and the ensrgy
erlsls, {Source: Unlted Natlons)

Thus, with an exponentially increas-
ing demand resulting in large part from
ah inereasing world population, partl-
cularly in the underdaveloped coun-
tries, the planet-wide energy situation
for the next three decades looks some-
what grim. Although much of the
coming demand .may be met by in-
creased rellaice on traditional energy
sources such as coal and pstroleum,
even the most rapld possible develop-
ment of alternative energy supplies
prabably wiil not prevent more serlous
future energy shortages. This is parti-
cularly true in relation to the correlation
betwasn the standards of living and
energy consumption, If the goal of
bringing to the current world popula-
tion of ¢lose to four bHllon persons a
standard of living comparable to that
of even the poorest nations of the
western world seems difficult, it may
be safely considered impossible 1o
substantially Improve the lot of a pop-
utation doubling in sfze every 36 years.
Thus, the only true long range energy
policy consenant with economic and
acologiecal standards requires long
range population stability resulting
from a controlled birthrate, To mest
the chalfenge of the energy ctisis, the
exponential rates of Industrial and po-
pulation growth that have prevailed for
the past two centuries must ceasse.

Steve Benner Is a sophomore in Yale
College,
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