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Part 1-Dawn of the olar A«

Those bounti s of n iture, « ir fossil fuels, wil
be effectively exha sted in 200 or so years
Before this ¢ 'mes 1) pass, ¥e shall burn the
seas 1nd the ocks r, ultimately, directly tap
the sun’s heat forou energy 1eeds. Thisis not
a statement «f desj 2ration. Technolog cally
no insuperabl ' prob! :ms exist. The core prob
lem is rathe one of bia- and inertic- tha

seer1s not to evapor ite exc:pt under the hea

of crisis. To place the energy piciure of the
not-too-distan futui : into focus, a seres i
initiated, in th is issu !, of major an: inno/ativ:
energy systems tha have his i1 commor
Any one of them, if fully exploited, could mee
our enc gy ne ds for many millenni 1 with mini
mal or 10 insuit to the environme 1.

SAMUEL WAL -RS!
“EnNEreY,” sai Jam : Clerk Jaxwell, ninet -enth-
century British s ientist, “is the go of things.” And
ever since Watt: engine in th: eighteenth century
used the chemica energy of wo 1 and coal to power
industrial machin :s, we have be n “zoing’”’ at 1n ac-
celerated rate. I rior to this, for millennial time. man
plodded along, e ergy-wise, at 2 donkey walk. But
between 1830 and (860, we broke into atro'. Re: ction
and impulse turbii es for extracting the pot 'ntial e ergy
of water stored at high heads were develo ed. ( a the
heels of these dev :lopments came Otto, Jaimle and
Diesel. Their achievements, between 1! /4 and 1905,
lcd to practieal internal-combustion eng ies ope ting
on liqui'l hydroer -bon fuels such as oil, zasolinc and
| erosene. At ab ut the same tim, Pars ns deve sped
the steam turbine and not long af er tha' at abou ; the
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begi ining of the twentieth cent iry, the first steam-
turl ine-di iven electric pow:r ge ierativg plants went
intc opera ion. We broke into a ¢ anter.

Fer capita energy con:umption and population
soa d—together. Until recent times they have al-
wa) moved togetier. In fact, curves of population
and )er cajita enel gy consumptic n over the past score
of 1 illennia are indistingu shab : from one another.
The . plot as a nearly hori ontal line just above zero
for the en'ire period of human history unti) the 'ast
thc 1sand ears or so. Then a b:rely perceptible -ise
beg ns as the present is approached.

the 1970 -orld population fi rure o about 3.6 billions.
Cu ves of energy priduction rom the fossil fue's behave
sim arly except ths . in the very recent past ti ey begin
atz ro[1).2

V : are p1obably now approaching full gallop. In
terr ; of @ w its of :nergy,? the energr transforma ion
i8 5 irtling  From the time »f Christ until the middle
of t e last century ma ikind used about 8 Q.
last centurv 4 Q y ere consimed, and
fror currei ¢ trend: . th> need in the next cer
be I ‘tween 100 anc 400 Q The United St
witl only 6 percent »f t e world’s population, ¢« nsume
37 | 'rcent of the world's energy.) Even if all known
mar inal and subriarg nal resou ces are con idered.
the roblein of div rsif sing the e iergy :ource would
not : e alle iated. TChe e iesiurees are Imited —about
81 ¢ for the Unitel S ates and 45 fo - th eniin
plant [2].

Sinee the known reeaverabic rese
are limited (6 @ lor the Unit::d State-
entire world) and t e supp!v of uran #
short supply within 20 year , ti

ury will

» alns
S 0ne,

id 23 € ifor ti
will be it
Jiali

* Numbers in brackets dc .ignate References a' end f article.,
*1¢ = 10 Btuor2.93 x 10" kwiu. e it the British therma!
unit, >r Bty, is definced as the heat n «cessar (o w 1 deg F the
temj rature f 1 Ib of wnter. To gise a p! vvical ide: of the size of
he ¢ it repr sents the h at liberated by the rombusti n of 38 billion
Lons bitumiinous coal. Another ex:mple: b d 400 million
autonobiles, € i«ch with 8 100-h} engine, snd ru them ¢ full throttie
nigh. and day for an e tire ye: r, we would >nsume in amount of
gasolineequive ent toal ut ane ) of energy.
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2Am- arve must follow « ne of three possible courses [1]:

went A continued rise for 1 brief period followed by a

radual leveling to some stable figure whicb the wold’s

stion iergy and materi- | resources are pable o’ supporting TABLE

g o or a long period of time. Reserves in Fossil Fuels

stion e Anovershoot of any possible st ble lev ' and a drop s

goore downward to eventually stabilize & some level com- _Fuel us.Q World, Q
ther. patible with the world's resources. Coal 4.600 18.00
pere e Resource exhaustion and a ge: eral cultiral decline. Natural gas 0.310 2.11
2 lost The curve would then reflect a pc rulation orrespond- | Petroleum 0.278 1.70
e rise ing to the lowest energy consumj ion level of a primi- oil 0.298 1.70

+2hi tive  xisti 1ce. Total 5486 | 22.91 sﬁ ¥
.- % ‘m,:,’- |
:

llﬁrard What is not possible is an i nlimited population ; it
0DS. S e Ty G
Bave growth. Consider this: If the 1 uman doubling time
of about 100 ye: rs were to pers it, then in the year
2070 there would be about 10'* p ‘rsons on eart! In ; (From Duncan and McKelvey,

fact, if the prescnt world populaiion were to C yuble U.S. Geological Survey, 1964 [S1).

begin

). In
1ation World fossil fuel uti'ization rate. (From Energy c¢ 1sumpticn in the United States, past, present, and future. (From Gaucher
niddle Ralph (6)). ). _
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" but 15 or more times, “there would be in the year 2500,

one man for each square meter on &ll of the land areas
of the earth, including Antarctica, Greenland, and the
Sahara Desert.” [1].

Barring the- apocalyptic destruction of the indus-
trialized world through thermonuclear war, one must
assume that humanity will opt for the second alterna-
tive. Predictions (by consensus of leading demog-
raphers [3]) are that the population of the earth will

* stabilize at about 7 X 10° sometime within the next

century [3, 4). But where then are the sources of
energy of appropriate magnitude to sustain a high-
energy-dependent world culture?

Some energy sources —falling water, the tides, and
the winds—are self-rer ewing, but the circumstances
under which they can be utilized are limited. The
world’s potential suppl/ of water power, for example,
is comparable in magiitude to the present rate of
energy consumption from fossil fuels. However, most
of this occurs in the industrially undeveloped areas of
Africa, South America, and Southeast Asia, and could
only be utilized by a parallel industrialization of these
areas. In addition, although water power is capable of
continuing for periods of geologic time, & practical
limit in the case of large dams and reservoirs is set by
the period of a few centuries required for the reservoirs
to fill with sediments.

Geothermal and tidal energy are now being exploited
in a few suitable sites around the world, but the ultimate
amount of power from these sources does not promise
to be larger than a small fraction of the world’s present

/ requirements. This leaves us with: nuclear energy,

rock burning (fission) and sea burning (fusion); solar
radiation; and the thermal heat of the oceans. As

Energy Conversion
form to another. (From Kettani [2]).

Alvin Weinberg, director of the AEC’s Oak Ridge
National Laboratory, notes, we must eventually fall
bac ¢ on ‘““‘the sea, the rocks (of average composition
sinc e true ores will have been exhausted), the air, and
the sun (equated: with fire). . .essentially Aristotle’s
fou -elements|” [4].

€ ea burning, 4lthough still a physicist’s dream at this

sta e, may yet become a reality within the next decaden ¢

If o it could be a serious contender for commercial
po ver in the quantities needed by the year 2001.

' echnologically, the problems involved pose no in-
sujerable physical or biological difficulties. The core
problem, to paraphrase M. K. Hubbert, a research geo-
ph ysicist of the National Academy of Sciences, is to
up root the deeply ingrained assumption that the growth
rates which have characterized this temporary period
arc the normal order of things rather than one of the
mest abnormal phases of human history. This period
is, he believes, ““a brief transitional episode between two
ve -y much longer periods, each characterized by rates
of change so slow a8 to be regarded essentially as periods
of nongrowth.”
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Chart. The circles represent the different forms of energy and the arrows the ways of converting energy from one
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Part 2—Thermal Sea Power

Advances in underwater technology can nOW  Vigm"aco meters (1312 0 the temperature is 43 F..
realize the old idea of generating power from

temperature differences between tropical sur- | i
face waters and colder currents flowing directly R 25°C, 77°F e
beneath. Such a tantalizing project is now \ 20°c, 68°F

S50
e
underway in the Caribbean in combination with \

two other projects—mariculture and fresh-
water production.

DEPTH, FEET

DEPTH, METERS

SAMUEL WALTERS!'

THE OCEANS, particularly the tropical seas, are built-
in collectors of the sun’s heat. Just one cubic mile of
watm seawater has absorbed trillions of Btu’s. The
Gulf Stream alone, it is estimated, carries northward
he‘:::.l sufficient to generate over 75 times the totul power -
production of the United States [1].2

To extract this thermal power one condition is indis- SATEN
pensable: the existence of two broad currents of water—
one warm, one cold—in close proximity to each other. Surface temperatures vary with the season, but an average of

Such juxtapositions are, fortunately, not uncommon. 8OF seem s reasonable figure for making power plant calculation
There are, in fact, many places within a few miles of 86 '
land in and near tropical waters such as the Caribbean
Sea and the Gulf Stream where ocean currents of vast
magnitude run within 2000 to 3000 ft of each other.
Their temperature differential is a constant 35 to 45 F
(surface layer 80 to 85 F, lower layer 40 to 45 F).

This paradox of nature occurs somewhat as follows:
Heat from the sun is absorbed in the surface water which,
on heating, expands to a lower density and stays above
the colder, heavier water below. This action, in col-

.+ laboration with the sluggish influence of the rotation of

_ 1 Btafl Editor, MrcuaNICAL ENGINEERING.
3 * Numbers in brackets designate References at end of article.
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